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2OGMC 

  
  

   

                                                                                   

                                                                                          

                                                                                                                          

                                                        

                                                                                                                                                  

                                                                                                                                      

                                                                                                                                             

                                                                                                                                                      

                                                                                                                                                    

                                                                       

                                                                                                        

                                                                                      

                                                                                                                                                  

                                                                                                                                

                                                                        

                                                                                            

                                                          

                                                                      
                                                     

                                                                    

                                                                                                

                                                                                  

                                                                        

                                                       

                                                                                                                   

                                                                                   

                                                                                        

                                                                                                                                            

                                                                                                                                                      

                               

                                                                                

                                                                         

                                                                     

                                                                                    

                                                                             

                                                                                   

                                                                                         

                                                                        

                                                                                      

                                                                                   
                                                                                 

                                                                              

                                                                            

                                                                                               

                                                     

                                                                                                                          

                                                                                     

                                                                       

                                                                               

                                                                                                                                                         

                                                                          

                                                                                                          

                                                                                                                                                         

                                                                                            

                                                               

                                                                         

                                                                                                 

                                                                                  

                                                                     

                                                                           

                                                                                                                                               

                                                                    

                                                                                              

                                                                                                                                                                        

                                                                                                                               

                                                                                                                            

                                                                          

                                                                               

                                                                                      

                                                                                                                        

                                                                                                                                                    

                                                                                                         

                                                                                                                                                

                                                                                                                          

                                                                                                                                             

                                                                                                                          

                                                                                                 

                                                            

                                                                                                          

                                                                   

                                                                                              

                                                                                            

                                                                                        

                                                                 

                                                                      

                                                                          

                                                                                       

                                                                                                                               

                                                                               

                                                                                      

                                                                                               

                                     

                                                                           

                                                                           

                                                                                       

                                                                                                                                                      

                                                                     

                                                                                

                                                                                                                               

                                                                           

                                                                                                     

                                                                                                             

                                                                                   

                                                                                     

                                                                                  

                                                                                                                                              

                                                                                                                      

                                                                                                                              

                                                                                          

                                                            

                                                                                                            

                                                                                                                            

                                     

                                                                                            

                                                                         

                                                                                             

                                                          

                                                                                                                                             

                                                                                        

                                                                                                    

                                                                         

                                                                                                                                                          

                                                                       

                                                                                                

                                                                                                                                

  

  

  

  

  

   

   

   

  

  

  

   

  

   

  

  

   

   

  

  

   

  

  

   

  

  

  

   

   

   

   

   

  

   

   

  

   

  

   

  

   

  

  

  
   

  

   

  

  

   

  

  

   

   

  

   

  

  

   

  

  

   

  

  

   

   

  

  

   

  

   

  

  

   

  

   

  

   

  

  

   

   

  

  

   

  

  

   

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

   

  

  

  

  

   

  

  

  

   

  

  

   

   

  

   

   



AAC1 

   

                                             

                                                                                            

                                        

                                      

                                                                          

                              

                                                               

                                                         

                                                                   

                                                                                 

                      

                                

                                                                                                                                 

                                

                                         

                                                                        

                              

                                        

                                        

                                                                          

                                          

                                  

                                                                                                     

                                         

                                          

                                          

                                        

                               

                                                                                            

                                                       

                                                              

                 

                                

                                                                                                                     

                            

                                                                                  

                              

                                                             

                                          

                                          

                                        

                         

                                                                        

                                        

                                               

                                                                                            

                                        

                                                                 

                                  

                                                                              

                   

                                                                                            

                                                                                     

                                                         

                                          

                                          

                                                                        

                                

                                                   

                                        

                                                                           

                                                                                      

                                                                

                                               

                                          

                                                                                                   

                                  

                                          

                   

                                                       

                                                           

                                         

                                        

                                                              

                                                                                    

                                                                                     

                                         

                                                                                      

                                                        

                                                                       

                                         

                                  

                                 

                                        

                                      

                                        

                                                                                      

                                

                               

                                                                                     

                                 

                                        

                                

                                          

                                                                             

                               

                                 

                                  

                                        

                                             

                  

                               

                                                                     

                                                                                 

                                                                                            

                                                             

                                                                       

                                                                               

                                                                               

                                        

                                        

                                                       

                                             

                                                                                     

                                         

                                          

                                

                                             

                                                                                          

                                             

                                                                  

                                                               

                                                      

                                  

                               

                                                                      

                                                             

                                                                                                                                             

                              

                                                                       

                                                                    

                                                                              

                                                                               

                                                                                

                                                            

                                                                                            

                                          

                                 

                                        

                                                            

                                                                                     

                                              

                                                                          

                                

                                                                                

                                        

                                

                              

                                                       

                                                                            

                                          

                               

                                       

                                                                                 

                              

                                        

                                          

                               

                                      

                                                                          

                              

                             

                                                                               

                                                                                        

                                          

                                                                                  

                                         

                              

                                                                                   

                                                                    

                                      

                                                             

                                             

                                  

                                                                                 

                                                        

                                                                       

                                                          

                                                              

                                                          

                                                                       

                                                                        

                                       

                                                                        

                                                                        

                                                                               

                                                          

                                                       
                                 

                              

                                          

                                        

                                                                

                                                                           

                                                                                       

                              

                                                                               

                                                                        

                                              

                                

  

   

   

  

  

  

  

  

  

  

  

   

  

  

  

  

   

  

  

   

  

  

  

   

  

  
   

   

  

  

  

  

  

  

   

   

  

  

  

  

  

  

   

   

  

  

   

  

  

  

   

   

  

  

  

  

  

  

  

  
   

   

  

  

   

  

   

   

   

  

  

   

   

   

   

  

  

  

  

  

   

   

  

  

  

   

   
  

  

  

  

   

   

  

  

  

   

   

   

   

  

  

   

   

   

  

  

  

  

  

  

  

   

   

  

   

  

  

   

   

   

  

   

  

  

  

  

   

  

  

  

  

   

  

  

  

  

   

  

  

  

  

   

   

  

  

   

   

   

  

   

  

  

  

   

  

   

   

  

  

  

   

   

   

  

   

  

  

  

   

  

  

  

  

  

   

   

   

   

  

  

  

  

  

  

   

  

   

   

   

  

  

  

  

  

   

   

  



AADH 

    

                                                                        

                                                                   

                                                                                                                          

                                                                

                                                                          

                                                                             

                                                                    

                                                                                                                                      

                                                                                 

                                                                                    

                                                                          

                                                                      

                                                                       

                                                                                                                                            

                                                                                

                                                                 

                                                                           

                                                                                                                     

                                                                

                                                                        

                                                                                             

                                                                             

                                                                         

                                                                             
                                                                          

                                                                       

                                                                                                                                            

                                                                                    

                                                                                                               

                                                                       

                                                                     

                                                                         

                                                                          

                                                                                

                                                                     

                                                                                

                                                                     

                                                                       

                                                                           

                                                                       

                                                                      

                                                                                 

                                                                                                                               

                                                                                   

                                                    

                                                                  

                                                                                   

                                                                 

                                                            

                                                                                                                  

                                                                   

                                                                          

                                                                    

                                                                                 

                                                                   

                                                                         

                                                                           

                                                                   

                         

                                                                                   

                                                                                    

                                                                                 

                                                                                                             

                                                                                                                     

                                                                          

                      

                                                                                   

                                                                               

                                                                                                                                      

                                                                                      

                                                                               

                                                                  

                                                                                  
                                                                        

                                                                                

                                                                           

                                                                      

                                                                                                                 

                                                                                                                       

                                                                                   

                                                                        

                                                                 

                                                                    

                                                                    

                                                                                                                                        

                                                              

                                                                  

                                                      

                                                                    

                                                               

                                                                      

                                                                   

                                                   

                                                                       

                                                                      

                                                                          

                                                                          

                                                                   

                                                                          

                                                              

                                                                       

                                                                   

                                                               

                                                                                   

                                                                    

                                                                                                                        

                                                                       

                  

                                                                   

                                                                                   

                                                                   

                                                                                 

                                                                                  

  

   

  

   

  

  

   

   

  

   

  

  

  

  

  

  

   

   

   

   

   

   

  

  

   

  

  

   

   

   

   

   

   

   

   

  

   

   

  

   

    

   

  

   

   

   

   

   
  

   

   

   

  

  

  

  

   

  

   

  

  

  

   

  

   

  

   

   

   

  

   

   

   

  

   

  

  

  

  

  

  

   

  

  

   

  

   

  

   

   

   

  

  

  

  

   

   

   

  

  

   

   

  
   

  

  

  

   

   

   



AAT -Alanine/aspartate aminotransferase 

 
  

   

                                                                                                            

                                                                                                          

                                                                                                                

                                                                                                           

                                                                                                                  

                                                                                                                 

                                                                                                           

                                                                                                                 

                                                                                                            

                                                                                                                 

                                                                                                          

                                                                                                                       

                                                                                                        

                                                                                                                           

                                                                                                      

                                                                                                                     

                                                                                                           

                                                                                                    

                                                                                                          

                                                                                                                       

                                                                                                                             

                                                                                                             

                                                                                                             

                                                                                                                  

                                                                               

                                        

                                                                                                                                   

                                                                                                                

                                                                                                                               

                                                                                                            

                                                                                                                         

                                                                                                            

                                                                                                               

                                                                                                            

                                                                                                        

                                                                                                            

                                                                                                            

                                                                                                             

                                                                                                           

                                                                                                               

                                                                                                          

                                                                                                            

                                                                                                               

                                                                                                                         

                                                                                                          

                                                                                                                                          

                                                                                                           

                                                                                                                         

                                                                                                                 

                                                                                                               

                                                                                                  

                                                                                                                

                                                                                                            

                                                                                                          

                                                                                                         

                                                                                                               

                                                                                                                

                                                                                                                          

                                                                                                                 

                                                                                 

                                                                                                             

                                                                                                          

                                                                                                               

                                                                                 

                                                                                                                                                               

                                                                                                           

                                                                                                                       

                                                                                                               

                                                                             

                                                                                                             

                                                                              

                                                                                                               

                                                                                  

                                                                                                           

                                                                                                                 

                                                                                                                                  

                                                                                                          

                                                                                                           

                                       

                                                                                                           

                                                                                                               

                                       

                                                                                                             

                                                                                                              

                                                                                                          

                                                                                                           

                                                                                                                      

                                                                                                             

                                                                              

                                                                                                            

                                                                                                            

                                                                                                            

                                                                                                                       

                                                                                

                                                                                                                             

                                                                                

                                         

                                                                                                                 

                                                                                  

                                                                                                             

                                                                                                            

                                                                                                            

                                                                                                          

                                                                       

                                                                                                               

                                                                                                          

                                                                                                            

                                                                              

                                                                                                             

                                                                                                            

                                                                                                               

                                                                                                           

                                                                                                           

                                                                                                                         

                                       

                                                                                                            

                                                                                                             

                                                                                                               

                                                                                                                   

  

   

  

  

  

  

  

  

  

  

   

  

   

  

  

  

  

   

  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

  

  

   

  

  

   

  

   

   

   

  

   

  

   

   

   

  

  

  

  

  

   

  

  

  

  

   

   

  

  

  

  

  

  

   

   

  

  

  

  

   

  

  

  

   

  

  

  

   

  

  

   

  
  

  

  

   

  

  

  

   

   

   

  

  

  

   

   

  

  

   

   

  

  

   

  

   

  

  

  

  

  

  

   



ACAT –  

 
  

   

                                                                                                                      

                                                           

                                                                                  

                                                                         

                                                                                  

                                                                      

                                                                                 

                                                                                

                                                                         

                                                       

                                                   

                                                                                         

                                                            

                                                                                      

                                                                                                                                       

                                                                                                                                                                                  

                                                                                    

                                                                        

                                                                                                                          

                                                                                                                                 

                                                              

                                                               

                                                                                                          

                                                                    

                                                                                                                                                                     

                                                                                            

                                                                                                       

                                                                                                                 

                                                                                                             

                                                                                                                                  

                                                                                       

                                                                    

                                                                     

                                                                                     

                                                                   

                                                                                                           

                                                                                   

                                                                       

                                                                                          

                                                               

                                                                         

                                                                                

                                                                

                                                                                                                                                                                                                           

                                                                                                                                    

                                                                               

                                                                                                          

                                                          

                                                                                                                                 

                                                                                                                                   

                                                                 

                                                                     

                                                                  

                                                                                                                                           

                                                                                                

                                                                                        

                                                                                                                                             

                                                                                                                                    

                                                             

                                        

                                                                                

                                                                                                                                        

                                                        

                                                                                                            

                                                                                                                

                                                                             

                                                                       

                                                                                   

                                                        

                                                                         

                                                                                                                                         

                                                          

                                                                                                                      

                                                                   

                                                                                                                                        

                                                                                                                      

                                                           

                                                             

                                                                                                                                   

                                                                      

                                                                                                                                                         

                                                                                                          

                                                                                          

                                                          

                                                                                                                                       

                                                                           

                                                                                                        

                                                                              

                                                             

                                                                        

                                                                       

                                                                         

                                                         

                                                                            

                                                                                             

                                                                                                            

  

   

   

  

  

   

   

  

  

   

  

  

  

  

  

  

   

   

   

   

  

   

   

  

  

  

  

   

   

  

  

  

   

   

  

   

  

  

  

  

  

   

  

   

  

   

   

  

  

  

   

  

  

   

  

  

  

  

  

   

   

  

   

   

   

   

   

  

  

   

  

  

  

  

   

  

  

  

  

   

   

  

   

  

   

   

  

   

   

   

  

  

  



ACTE/ACOT - acyl-CoA thioesterase 

 
  

   

                                                               

                                                                                                                                     

                                                                                                                                         

                                                                                

                                                                    

                                                                      

                                                                                      

                                                                    

                                                                                                          

                                                                       

                                                                        

                                                                        

                                                                  

                                                                 

                                                                    

                                                                    

                                                                                                                                       

                                                                       

                                                            

                                                                           

                                                                                                                                   

                                                         

                                                                    

                                                                            

                                                                                   

                                                                     

                                                                             

                                                                  

                                                                             

                                                                 

                                                                                                                                         

                                                                              

                                                                       

                                                                                      

                                                          

                                                                       

                                                                             

                                                                       

                                                                                                                                   

                                                                        

                                                               

                                                                            

                                                                              

                                                                                  

                                                                       

                                                                                    

                                                                         

                                                                   

                                                             

                                                                           

                                                               

                                                                 

                                                                                  

                                                                   

                                                                         

                                                                                

                                                                            

                                                                    

                                                                  

                                                                 

                                                                                                                                   

                                                                                  

                                                                                                                                               

                                                                          

                                                                    

                                                                

                                                                        

                                                                        

                                                           

                                                                 

                                                                            

                                                         

                                                              

                                                                           

                                                                       

                                                                                                                                

                                                                

                                                                         

                                                                      

                                                                                

                                                                                   

                                                                 

                                                                                                                            

                                                                   

                                                      

                                                                    

                                                                     

                                                                 

                                                                 

                                                                 

                                                                                   

                                                                              

                                                                                                                                           

                                                                      

                                                                  

                                                                     

                                                                                      

                                                                         

                                                                                    

                                                                   

                                                                    

                                                                       

                                                                                                                                         

                                                                                                                            

                                                                          

                                                                    

                                                                             

                                                                                                                                                          

                                                                                  

                                                                         

   

   

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

   

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

   

   

  

   

  

   

  

   

   

  

   

  

  

  

  

  

   

  

   

   

  

  

  

  

  

  

    

  

  

  

  

  

  

  

   

   

  

  

   

  

  

  

  

  

  

   

   

  

  

  

  

   

   

  

  



ACO – aconythase 

      

                                                                                  

                                         

                                                                    

                                                                     

                                         

                                                               

                                                                                             

                                                                            

                                                                       

                                                            

                                                         

                                                                                     

                                                                                                  

                                                                     

                                                                                

                                                                            

                                                                             

                                                   

                                        

                                                                                    

                                                                    

                                                                                

                                                                                       

                                                                 

                                                                                

                                                                               

                                          

                                                                   

                                                           

                                          

                                                                

                                                                        

                                                                                      

                                                                  

                                        

                                                                         

                                                             

                                                                                       

                                                             

                                                                                                     

                                                               

                                        

                                                     

                                                                                                

                                                                                        

                                                                          

                                          

                                      

                                                                       

                                        

                                                                         

                                                                

                                                                             

                                                                          

                                                                                     

                                                                               

                                                                 

                                                                                

                                                                                             

                                                                             

                                                                               

                                                     

                                                                                  

                  

                                                                     

                                                                                

                                                             

                                                                          

                                                                   

                                                           

                                                               
                                                                        

                                                          

                                                                  

                                                                                     

                                                                                          

                                                                  

                                                                                             

                                                                    

                                        

                                                                          

                                                           

                                                                                     

                                                                                          

                                                      

                                                                               

                                                                                    

                                                                        

                                                                

                                                                                  

                                                                       

                                                                       

                                                                        

                                        

                                                                  

                                                                       

                                                                  

                                                                                       

                              

                                                                                  

                                                                    

                              

                                                                                      

                                                                              

                                                                              

                                                                                                
                                                                

                                                                         

                                      

                                                                  

                      

                                                

                                                                                               

                                                                                         

                                                                  

                                                                                                  

                                               

                                                               

                                                                   

                                                                   

                                          

                                                                             

                                                                     

                                          

                                                                              

                                                              

                                                                         

                                                                                    

                                                                            

                                                                                           

                                                                      

                                                                            

                                                                         

                                                                                                       

                                                                                          

                                                                   

                                                                                                    

                                                                               

                                                                  

                                                          

                                                             

                                                                              

                                                                

                                                                          

                                                                                      

                                                                     

                                                                    

                                                           

                                                                    

                                                                 

                                                                       

                               

                                             

                                                                                     

                                

                                                                                    

                                                                            

                                                                    

                                                                                

                                        

                                                               

                                                                                    

                                                          

                                                                  

                                                         

                                                                     

                                                                                             

                                                                      

                                                                     

                                                                                

                                                                    

                                                                     

                                                                                                           

                                                                       

                                                            

                                                                 

                                                                                      

                                                                               

                                                                      

                                                                                                  

                              

                                        

                                          

                                                                    

                                                                                

                              

                                                                      

                                                                        

                                                                                                          

                                                                   

                                                                   

                                                                    

                                                                       

                                                                       

                                                                   

                                                                            

                                                                      

                                                                   

                                                                                       

                                             

                                                                            

                                                                                

                                                                              

                                                                            

                                                                        

                                                                    

                                          

                                                                            

                                                                                    

                                        

                                                                                

                                                                    

                                          

                                                                               

                                                                                

                                                                                  

                                                                       

                                          

                                                                       

                                                                     

                                             

                                                                

                                                                     

                                                                                        

                                                                      

                                                       

                                                                            

                                                                      

                                                                                          

                                                                          

                                                                        

                                                                               

                                                                               

                                                                                        

                                                                  

                                                               

                                                                          

                                                                             

                                                                           

                                                                    

                                                                                         

                                                                   

                                                                           

                                                                    

                                                                  

                                                                            

                                                             

                                                        

                                                                      

                                                                       

                                                                    

                              

                                                                               

                                                              

                                                                    

                                                                               

                                                                             

                                                            

                                               

                                          

                                                                         

                                                                           

                                                                                        

                                                                                 

                                                                    

                                                                                  

                                                                         

                                                                

                                        

                                                                           

                                                                              

                                                                    

                                                                       

                                                                                                

                                                                                      

               

                                                                       

                                                                                  

                                                                                 

                                                                                        

                                                      

                                                                                  

                                                                 

                                          

                                                                    

                                                                                  

                                                                                     

                                                                      

                                                                                                   

                                                                       

                                                                         

                                                                

                                                          

                                                                               

                                                                         

                                                                     

                                                                             

                                                                      

                                                  

                                                                         

                                                                     

                                                                        

                                                               

                                                                         

                                                                 

                                                                             

                                                                  

                                  

                                                               

                                                                           

                                                                            

                                                               

                                                                           

                                                                                     

                                                                                 

                                                                                

                                                       

                                                    

                                                                     

                                                                    

                                                                                   

                                                                       

                                                                                           

                                                                        

                              

                                          

                                                                                                 

                                                                 

                                                               

                                                                  

                                                               

                                                                                        

                                                                 

                                                                       

                                                                                    

                                                                   

                                                         

                                                              

                                                                        

                                                                                              

                                                                                               

                                                                                       

                              

                                                                     

                                                                           

                                                                

                                                                                     

                                              

                                                                

                                                                                  

                                                                    

                                                                                   

                                        

                 

                                                                             

                                                                

                                                                      

                                             

                                                                                

                                                                            

                                                   

                                                                         

                                                                         

                                          

                                                           

                                                                    

                                                                                               

                                                        

                                                                 

                                                                                                    

                                                                 

                                                                       

                                                                                 

                                                                       

                                                                          

                                                                        

                                               

                                                                 

                                                                              

                                        

                                                                  

                                                            

                                                                            

                                                                     

                                                               

                                                                          

                                                                       

                                                                       

                                                                        

                                                                                     

                                                                        

                                                                 

                                                                                      

                                                                 

                                                                           

                                                                           

                                                                            

                                        

                                                                            

                                                                                               

                                                                           

                                                                        

                                                                                        

                                                                   

                                                                                           

                                                                    

                                             

                                                            

                                                                       

                                                               

                                                                        

                                                                            

                                                                                    

                                                                         

                                                                           

                                                                

                                                                                  

                                                                              

                                                                         

                                  

                                          

                                                                

                                                                      

                                                                                    

                                                                 

                                  

                                                                   

                                

                                                                                                

                                                                             

                                                                          

                                                                            

                                                                                        

                                                                                             

                                                                

                                                                  

                                      

                                                                       

                                                                 

                                                                                                   

                                                                                              

                         

                                                                 

                                                                

                                                               

  

  

   

  

   

   

  

  

  

   

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

   

  

  

   

  

  

  

   

  

   

  

  

  

  

   

  

  

   

  

   

  

   

   

  

  

   

   

   
   

  

  

  

  

   

  

   

   

  

  

   

   

   

   

  

   

  

  
  

   

  

   

  

   

   

  

  

  

   

  

  

   

   

   

  

  

   

  

  

   

  

   

   

  

   

   

  

   

  

  

   

   

  

   

  

   

   

  

   

  

  

  

   

  

   

   

   

  

  

   

   

   

   

   

   

  

  

   

   

  

  

  

   

  

  

   

   

   

  

   

   

   

  

   

  

  

   

   

  

  

   

  

   

  

   

   

   

  

  

   

  

   

   

    

   

   

   

   

   

   

   

   

   

   

   

  

   

   

   

  

  

  

  

  

   

   

   

  

  

  

   

  

   

   

   

  

  

   

  

  

  

   

   

   

  

   

   

   

  

   

   

   

  

   

  

   

   

   

   

   

   

   

   

  

   

  

   

     

   

   

  

  

  

   

   

  

  

   

   

   

  

   

   

   

  

  

  

   

   

   

   

  

   

  

   

  

  

  

  

  

   

  

   

   

   

  

   

   

  

   

  

   

   

   

   

  

  

  

   

   

   

   

  

   

   

   

  

   

   

   

   

  

   

   

   

  

  

  

   

  

   

   

   

  

  

  

  

  

  

   

   

   

  

  

  

  

  

   

   

  

   

   

   

  

   

   

  

   

   

  

   

  

   

  

  

  

   

   

  

   

  

   

  

   

  

  

   

  

  

  

   

   

   

  

  

   

   

  

   

  

   

  

   

   

  

  

  

  

  

  

  

  

   

   

  

   

  

   

   

   

   

  

  

   

  

   

   

   

  

   

   

   

  

  

  

   

  

  

   

   

   

   

   

  

  

  

  

   

  

   

   

   

  

  

   

  

  

  

  

  

  

   

  

   

  

   

  

  

   

  

  

   



AK 

 
  

   

                                                                                                                                                               

                                                        

                                                        

                                                                       

                                                   

                                                                                                                        

                                                         

                                                                     

                                                       

                                                         

                                                        

                                                          

                                                        

                                                        

                                                                     

                                                                         

                                                        

                                                  

                                                   

                                                    

                                                           

                                                            

                                                       

                                                               

                                                        

                                           

                 

                                                             

                                                          

                                                        

                                                 

                                                                                                                   

                                                                                                                        

                                                          

                                                

                                                                                                                                                  

                                                                                                                                                          

                                                     

                                                                                                               

                                                                                                                                                             

                                                       

                                                        

                                                      

                                                                                

                                                    

                                                                 

                                                        

              

                                                              

                                                          

                                                                                                            

                                                          

                                                          

                                                        

                                                                                                                                                      

                                                        

                                                                  

                                                                   

                                                          

                                                        

                                                                

              

                                                                                                                                                     

                                                        

                                                                                                                                                         

                                                        

                                                         

                                                       

                                                        

                                                                                                                                                

                                                        

                                                                          

                                                                                                                                                      

                                                                                    

                                                          

                                                          

                                                                 

                                                                        

                                                          

                                                        

                                                                                                           

                                                         

                                                                                                                                                               

                                                          

                                                          

                                                                 

                                                        

                                                        

                                                                                                                                                             

                                                          

                                                                                                    

                                                        

                                                          

                                                          

                                                         

                                                    

                                                        

                                                          

                                                          

                                                          

                                                                                                               

                                                       

                                                                                                                                                               

                                                    

                                                        

                                                          

                                                          

                                                          

                                                               

                                                       

                                                                                                                                                                   

                                                          

                                                        

                                                    

                                                          

                                                         

                                                                             

                                                                

                                                    

                                                     

                                                                                                                                                           

                                                                       

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

   

  

  

  

  

  

   

   

  

   

   

   

  

   

   

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

   

  

  

  

   

  

  

  

   

  

   

   

  

   

  

   

  

   

  

   

  

  

  

  

   

  

  

   

  

   

  

  

  

   

  

  

  

  

   

   
  

   

   

   

   

  

   

  

  

  

  

   

  

  

   

  

   

  

   

  

   

   

  

  

   

  

  

  



ALDH - aldehyde dehydrogenase 

 
  

   

                                                      

                                                     

                                                              

                                                                           

                                                                            

                                                                             
                                                                    

                                                                                                                                                           

                                                                              

                                         

                                                                                  

                                                                              

                                                         

                                                                               

                                                               

                                                                                                                                                     

                                                                               

                                                                          

                                                                    

                                                

                                                                               

                                                                            

                                                                                  

                                                                         

                                                              

                                                                                                                                              

                                                                        

                                                                                                                                           

                                                                             

                                                                    

                                                                                

                                                                        

                                                                            
                                                                            

                                                                

                                                                          

                                                                                        

                                                                                                                                              
                                                                                                                                                   

                                                     

                                                                                                                                    

                                                                        

                                                                                

                                                                            

                                                               

                                                                                

                                                                  

                                                                        

                                                                                                                                      

                                                                              

                                                                            
                                                                             

                                                                                 

                                                                                                                                    

                                                                     

                                                                              

                                                                                                                           

                                                                                    

                                                                           

                                                                                 

                                                                         

                                                                         

                                                                         

                                                                              

                                                                                                                                    

                                                                                  

                                                              

                                                                                   

                                                                               

                                                                             

                                                      

                                                                             

                                                                              

                                                                             

                                                                            

                                                                       

                                                             

                                                                              

                                                                                                                                            

                                                                 

                                                                 

                                                                           

                                                                              

                                                                                                                                        

                                                                          

                                                                   

                                                                              

                                                    

                                                                              

                                                

                                                                                                                                                 

                                                                                                                                        

                                                                   

                                                                                

                                                                                                                                                           

                                                                   

                                                                                           

                                                                            

                                                                              

                                                                                                                                                          

                                                                                                                                                           

                                                                                    

                                                                   

                                                                

                                                                                                                                      

                                                      

                                                                    

                                                                                       

                                                                                    

                                                          

                                                                              

                                                                      

                                                                          

                                                                                                                         

                                                                               

                                                           

                                                                               
                                                                             

                                                                   

  

  

  

   

  

  

  

   

   

  

  

   

  

  

   

  

  

  

  

   

   

   

  

   

  

  
  

  

   

   

   

   

   

   

   

  

   

  

  

   

   

   

   

  

   

  

   

   

  

   

  

  

  

   

  

   

   

  

   

  

  

   

  

  

  

   

   

   

   

  

  

   

   

  

   

  

   

  

   

  

   

   

  

   

  

  

  

   

  

  

   

  

  

  

  

   

   

  

  

   

  

   

  

  

  

  

   

  

   

  

   

  

  

  

  

  

   



ALT –  

     

                   

                                                                        

                                                                          

                                                               

                                                                       

                                                                            

                                                                                           

                                                                 

                                  

                                                                                  

                                                                               

                                                              

                                                                            

                                                                     

                                                                    

                                                                      

                                                                           

                                               

                                                                           

                                                                          

                                               

                                             

                                         

                                                                                    

                                                                                       

                   

                                                                                 

                                                                             

                                                                                

                                                                                  

                                                                           

                                                                               

                                     

                                                                            

                                                                             

                                                                                  

                                                               

                                          

                                                                                

                                  

                                                                                          

                                                                                     

                                                                            

                                                            

                              

                                          

                                                             

                                                                     

                                                                        

                                                                                             

                                                               

                                                                 

                                        

                                                                          

                                                                       

                                                                              

                                                                                 

                                                                                 

                                                               

                                                                

                                                                               

                                                                                       

                                                                                                

                                                                               

                                                                   

                                                                            

                                                                                          

                                                                     

                                        

                                 

                                                                             

                                                                               

                              

                                                                                 

                                                                       

                                                                                       

                                                                                

                                                                                

                                             

                                                                                 

                                                                               

                                                                       

                                                                     

                                                                         

                                                                             

                                                                           

                                                                      

                                                                                    

                                                                                 

                                                                        

                                                                                        

                                                                                 

                                                                                     

                                                                   

                                  

                                          

                                                                          

                               

                                                                               

                                                                                  

                                                                                

                                                                       

                                                                            

                                                                               

                                              

                                                                   

                                                                                 

                                                              

                                                                        

                                                                       

                                                                   

                                                                              

                                                               

                                              

                                                                              

                                                                               

                                                                           

                                                                       

                

                                                               

                                  

                                                                          

                                                                                   

                                                            
                                                    

                                                                                        

                                          

                                                                    

                                                                                          

                                                                

                                                                              

                                                                    

                                                               

                                      

                                                                          

                                                                                                 

                                                                       

                                                                                

                                                              

                                                                               

                                                                                           

                                                                     

                                                               

                                                                            

                                               

                                                                      

                                                                          

                                                                              

                                                                    

                                                             

                                                                   

                                                            

                                                                               

                                                                         

                                                                         

                                                                            

                                        

                                                                            

                                                                        

                                                                  

                                                                  

                                                                                  

                                                                                 

                                                                               

                                                                                  

                                                                     

                                                                            

                              

                                                                             

                                                                                        

                                                                

                                                                                  

                                                                               

                                                                

                                                            

                                                                                      

                                                                       

                                                                      

                 

                                                                    

                                                                                  

                                

                                                                                         

                                                                   

                                                                                  

                                                           

                 

                                         

                                                                               

                                                                                          

                                                                 

                                               

                                                             

                                                                        

                                                                     

                                                                                                    

                                                                 

                                                                       

                                         

                              

                                                                        

                                                                     

                                                                        

                                                                      

                                                                           

                                                                       

                                                                

                                                                 

                                                                                       

                                                      

                                                                                

                                                                            

                                                                                            

                                                                        

                                                                     

                                                                                     

                                                                                                   

                                                                             

                                       

                                                                                  

                                                                      

                                

                                                                                 

                                                                   

                                             

                                                                                            

                                        

                               

                               

                                                                         

                                                                                  

                                

                                                                 

                                        

                                                                          

                

                                  

                                                                                              

                                                                           

                             

                                                                        

                                                                      

                                                                        

                               

                                          

                                                                        

                                                                                                

                                                                                   

                                                                            

                                                                                           

                                                                                    

                                                                            

                                                                              

                                                                                  

                                

                                                                                

                                                                            

                                                                     

                                                                             

                                                                 

                                                                   

                                                                                        

                                                                    

                                                                            

                

                                             

                                

                 

                                                                             
                                                                             

                                       

                                        

                                                                            

                                                                  

                                                                                   

  

   

  

   

  

   

   

   

  

   

  

   

  

  

   

  

  

   

  

   

  

   

  

  

   

   

  

  

  

   

  

   

   

   

  

  

  

   

  

  

   

  

   

   

  

   

   

  

   

   

  

   

   

   

   

  

   

   

  

   

   

  

  

   

   

  

  

   

   

   

   

   

   

  

  

   

  

  

   

   

   

   

   

   

   

   

  

   

  

  

   

   

  

  

  

  

  

   

   

  

  

  

  

  

   

   

   

   

  

   

  

  

   

   

  

   

   

  

   

   

   

  

  

   

   

   

  

   

  

   

   

   

   

  

   

   

  

   

  

  

  

   

  

   

  

  

  

  

   

   

   

   

  

   

  

  

   

  

   

   

   

   

  

  

  

   

   

   

   

   

   

   

   

  

  

   

   

  

   

  

  

  

   

   

   

  

   

   

  

   

  

  

  

   

  

  

  

   

   

  

   

   

  

   

   

   

   

   

  

  

  

   

  

   

   

   

  

   

  

  

   

   

  

   

   

   

   

  

  

   

   

   

   

   

  

  

  

   

   

  

   

   

   

  

   

  

   

  

   

   

   

   

   

   

  

   

  

  

  

   

   

   

   

   

  

  

  

   

   

  

   

  

   



AST –  

     

                                          

                                                                        

                                                                               

                                                                         

                                                                           

                                                                     

                                                                                  

                                                                                        

                                        

                                        

                                         

                              

                                          

                                                                                     

                                                                             

                                                                                   

                                                        

                                                                                            

                                  

                                                                            

                                                        

                                                                    

                                                                         

                                                                            

                                                                  

                                                                              

                                                                            

                                                                     

                                         

                                                   

                                        

                                        

                                          

                                                   

                                                           

                                                                               

                                                                      

                                                   

                                                               

                                                                        

                                                                          

                                                                                

                              

                                                   

                                                                          

                                                                                

                                                                                      

                                         

                                                                                

                              

                   

                                                                                    

                                                                                                        

                                                                               

                                                   

                                                                          

                                                   

                                                               

                               

                                          

                                                 

                                                                

                                         

                                                               

                                                                                 

                                                   

                                                          

                                                                             

                                        

                                                                            

                               

                                          

                                                        

                              

                                                                        

                                                                              

                                                                                 

                                        

                                                                        

                              

                                          

                                                                 

                                                                           

                                                                            

                                          

                                                   

                                      

                                                                  

                                                                                      

                                                                        

                                                                      

                                                        

                                                                     

                                                                                 

                                                                            

                                                                          

                                                                                            

                                                                           

                                                                           

                                          

                                                

                                

                                                                   

                                                                                

                                                                                            

                                                                         

                                                                          

                                                     

                                                                              

                                             

                                                                                  

                                                            

                                                                       

                                                                                          

                                                                 

                                                                     

                                                                        

                                        

                                                                        

                                                        

               

                                                                  

                                                                        

                                        

                                                                            

                                      

                                          

                                                        

                                                                              

                                                                          

                                                                          

                                                                          

                                                                                  

                                                                           

                                         

                               

                                                                                        

                                                                              

                                                               

                                                                                    

                                          

                                                         

                                        

                              

                                                                          

                                                                          

                                                            

                                                                                                    

                                               

                                                                            

                                                                               

                                         

                                                   

                                                                        

                                                                          

                                                                             

                                                   

                                                                               

                                                                         

                                          

                                                                            

                                                                             

                                                                     

                                                                  

                                        

                                                                                     

                                          

                                                                                

                                        

                                                                  

                                                   

                                                                                

                                                           

                                                                                

                                                                        

                              

                                                                        

                                                                 

                                                   

                                                                             

                                                          

                                                                             

                                        

                                        

                                        

                              

                                                                                 

                                                                   

                                         

                                                                           

                                                              

                                        

                                                                                                         

                                                          

                                                                                          

                                                                   

                                                                                

                                        

                                          

                              

                                                                         

                                               

                                                         

                                                                         

                                                                    

                                                                               

                                         

                                                                              

                                      

                                        

                                                                                    

                                                                                      

                                                         

                                                                         

                                               

                                                                                             

                                                                       

                                                                         

                                                                               

                                                               

                                                                                  

                                                                                 

                                                            

                                                                          

                                                                              

                                                                        

                                                                         

                                                                          

                                                                          

                                                                           

                                        

                                         

                                                                               

                                                                                                     

                                                                               

                                                                          

                                                                      

                                                      

                                                                   

                                                                             

                                                                               

                                                                       

                                                                           

                                        

                                                                           

                                                                                    

                                                                      

                                                                             

                                                                       

                             

                                      

                                                                               

                              

                                             

                                        

                                                                               

                             

                                                                         

                                                                            

                                                                        

                             

                                                                                    

                                                     
                                                        

                                                    

                                                                                             

                               

                                                                            

                                                                          

                                                                       

                                                                                

                                                                              

                                                                               

                                                

                                               

                                      

                                        

                                                                        

                                                                                   

                                                                                                             

                                                     

                                                                          

                                                                             

                                  

                

                                                                   

                                                                      

                                                                

                                                           

                                                   

                                                                              

                                                       

                                                                                     

                                                                      

                                                           

                                                                          

                                                        

                                                                                     

                                                                                      

                                      

                                                                          

                                                   

                                                                                        

                                                                                             

                                                                        
                                                                           

                                                      

                                                       

                                         

                                              

                                                                       

                                                                              

                                                           

                                                                                           

                                                               

                                                                                                    

                                                                   

                                        

                                                          

                                                     

                               

                                        

                                                                                  

                                                                              

                                                                           

                                                      

                                                                               

                                                                        

                                                                               

                                                                                     

                                                    

                                         

                                                                              

                              

                                                                                 

                                        

                                                                       

                                                                        

                                                                               

                                        

                                                                       

                                                                                    

                                                                            

                                                                                 

                                         

                                                                           

                                       

                                                             

                                                   

                                                   

                                        

                                                   

                                        

                                                                       

                                        

                                              

                                                                           

                                                                               

                                        

                                       

                                                                              

                                        

                                                                         

                                                                      

                                                                            

                                                                                    

                                       

                                                                    

                                                  

                                          

                                                                                     

                                                                               

                                             

                                                    

                                                                            

                                                                             

                                        

                                                                                  

                                          

   

   

   

  

  

  

   

  

   

   

  

   

  

  

   

   

   

   

   

   

   

  

   

   

  

   

  

  

  

  

   

   

   

  

   

   

  

  

  

   

   

  

   

  

   

  

   

   

  

  

   

  

  

  

  

   

   

   

   

  

  

  

  

  

  

  

  

   

   

   

  

  

   

  

   

  

  

  

   

  

   

  

  

  

  

  

   

  

  

   

  

  

   

  

  

  

   

   

   

  

  

  

   

  

  

  

   

  

   

   

  

  

   

  

   

  

   

  

   

  

  

  

  

   

  

   

   

  

  

  

  

   

   

  

   

  

   

  

  

  

  

  

  

   

   

   

  

   

   

  

  

  

  

  

   

   

   

  

  

   

   

   

   

   

  

   

   

  

  

    

  

   

  

   

  

  

   

  

  

  

   

  

   

  

   

   

   

   

   

   

   

   

   

   

  

   

  

  

  

   

  

   

   

   

  

   

  

  

  

  

   

   

  

   

   

   

  

  

   

   

  

   

   

  

   

   

  

   

   

   

   

   
   

   

   

  

  

  

   

  

   

  

   

   

  

   

  

  

   

  

  

  

  

  

  

  

   

  

   

  

  

  

  

   

  

  

   

  

  

   

  

  

   

  

  

  

   

  

  

   

   

  

   

  

  

  

  

  

  

   

  

   

   

  

   

 

   

  

   

   

  

   

   

   

  

   

   

  

  

  

  

   

  

   

   

   

  

   

  

  

   

  

  

   

  

   

  

  

  

  

   

   

  

  

  

   

  

   

  

   

   

  

  

  

   

  

   

   

   

  

  

   

  

  

   

  

  

   

   

  

  

  

  

   

   

  

   

   

  

   

  

  

   

  

   



ATM1 - ABC transporter 

     

                                       

                                                           

                                     

                                                                            

                                                                      

                                         

                                                                             

                                                                                  

                                                                                      

                             

                                         

                                                                                     

                                                                               

                                       

                                                                    

                                                                                     

                  

                                                                                                     

                              

                                 

                                                                              
                                                                               

                                       

                   

                                                                  

                                                                   

                                                                                 

                                     

                                                                         

                                                                                    

                                                   

                                                                              

                                                                                     

                                                                

                                                          

                                                              

                                                                                     

                                       

                                           

                                                                     

                                                              

                                                                              

                                                                                       

                                                               

                                                                 

                              

                                                                                             

                                                                           

                                                                                             

                                                                                                 

                                                                                   

                                                                                 

                                 

                                                                     

                               

                                                                            

                                             

                                       

                                 

                                                                   

                                                                                              

                                                                          

                                                                                                                      

                                             

                                            

                                                                                           

                                                                                     

                      

                                 

                                                                                                                      

                                                                             

                                         

                                                        

                                                                             

                                             

                                         

                                                                               

                              

                                                                                           

                                 

                                                    

                                                                                 

                                                                                

                                 

                                                                                                               

                             

                                                                                    

                                                                              

                                                                               

                                 

                                                                            

                                                                      

                                                                                    

                                        

                                 

                                                  

                                                                                      

                                                                                       

                                                                                        

                                                                                             

                                                              

                                                                         

                                                  

                                                                                                

                                                                      

                                                            

                                                              

                                                    

                                                                                         

                                                                                                            

                              

                              

                                                                       

                                                                                                    

                                                                              

                                                                  

                                                                          

                              

                                       
                                       

                                                                 

                                                                     

                          

                                                                  

                                              

                                                          

                                                                                          

                                                        

                                                                

                                                        

                                                                                                        

                              

                                                                     

                                 

                                                               

                                                                       

                                                                        

                              

                                                                            

                                                                                                     

                                       

                                                                                        

                                                                               

                                                                                                               

                                                                                        

                                                       

                                

                                                                                

                                                                 

                                                                                 

                                       

                                                                      

                              

                                                                                

                                                                                                          

                                                            

                                                                               

                                                          

                                                                                      

                                                                                          

                                                                

                          

                                                                                  

                                                                                    

                                                                        

                                         

                                                        

                                                                                                               

                                                                                                     

                                                                                        

                                                                                                   

                                                                      

                                                                            

                                                   

                                                                                 

                                                                           

                                                                                            

                                       

                                       

                                                                                    

                        

                                 

                                 

                                                                                                   

                                                                            

                                                                                    

                                                              

                                                                                       

                                                                                                    

                                                           

                                                                                 

                                                                                            

                                                                             

                                                                                       

                                                         

                                                                                       

                                                                                             
                                                                                   

                             

                                                                                     

                                                                                 

                                         

                                                                     

                                                                                                                 

                                                                                                                    

                                                                                                   

                                 

                                                                                         

                                                                 

                                                                            

                                                                              

                             

                                                                                     

                                                                                                                    

                                                                                   

                                                                                         

                                                                                    

                                                                              

                                                                                 

                                                                

                                                                                                          

                                                                                                                            

                                                                        

                                                                       

                                                                    

                                                                             

                                       

                       

                                                                                                     

                                                                                             

                                     

                                                              

                                                                                                           

                                        

                                                               

                                                                   

                                                                               

                                                          

                               

                                                               

                                                                        

                                                                                       

                                                            

                                            

                                                                          

                                                          

                                       

                                                                              

                                                                  

                                                                                   

                                      

                                                                                                          

                                                                                              

                                       

                                                              

                                                                                

                                                                           

                                                            

                                                                              

                                                                                                     

                                                                              

                                                                    

                                                                     

                                                                               

                                                                  

                                                                        

                              

                                                                             

                                         

                             

                                                                                  

                                       

                                                              

                                       

                                       

                                                                             

                                                                     

                                                                                                                 

                                       

                                                                                             

                       

                                                                              

                                                                                 

                            

                                                   

                            

                                                                          

                                                                     

                                                                                 

                                                                                                                 

                                       

                         

                                                                                            

                                                                                             

                                                                                                   

                                                                                

                                                                   

                                     

                                         

                                                           

                                                                     

                                       

                                                                              

                                                                                             

                                                                    

                                                         

                                                                                      

                             

                                                       

                                                           

                                                                     

                                                                                     

                                                                    

                                                                  

                                                                        

                                                                                  

                                                                                                               

                                                                                       

                                                                                                          

                                                                                                                

                                                                                            

                                        

                                                                                                                

                                                                               

                                                                             

                                                  

                                       

                                                                                               

                        

                                                                                               

                                        

                             

                                             

                                                                                     

                                      

                                                                     

                                                                                        

                                                          

                                                                     

                                 

                                                                                        

                                        

                                                                                   

                                                                                                                      

                                                                       

                                                                    

                                                              

                                                                              

                                                                     

                                                                  

                                                                                          

                                                                                                                

                                           

                                                                                               

                                                       

                                                                     

                                                        

                                                                                           

                                                                                 

                                            

                                                                                                     

                              

                             

                                                                             

                                                                                                       

                                         

                                                   

                                                                      

                                               

                                                                      

                                                                                

                                                                                                 

                                                                

                                                                    

                                                                                       

                              

                                                                                 

                                                               

                                                                                    

                                       

                              

                                                                                             

                                             

                                                                                             

                                                               

                                 

                                                                    

                                                                                                        

                                             

                                                                                             

                                                                              

                                                                       

                                                                         

                                         

                                                                               

                                                                                                       

                                                                                             

                                                                         

                              

                                                                      

                                                                                            

                                                                

                       

                                           

                                                                                          

                                                                                                                     

                                                                                      

                                                                                     

                                                                            

                                                                              

                                                                          

                             

                                                                     

                                                                                       

                                                                                 

                                                                              

                                         

                                                                            

  

  

  

   

  

   

   

   

  

  

  

  

   

   

   

  

   

  

   

   

  

   

   

  

   

  

   

   

   

  

   

   

  

   

   

   

   

   

   

  

   

  

   

   

   

   

   

  

   

   

   

  

   

   

   

  

  

   

  

   

 

   

   

   

   

  

   

   

  

   

   

   

   

  

   

   

   

  

  

  

  

   

  

   

  

  

   

  

  

   

   

   

  

  

  

   

  

  

   

   

   

  

   

   

   

   

   

  

   

  

   

  

  

   

   

   

   

   

  

  

   

  

   

  

   

   

  

   

   

  

   

  

  

  

   

   

  

   

   

   

  

  

   

  

   

   

  

      

   

   

  

   

   

  

  

  

   

  

  

   

   

  

  

   

   

   

  

   

   

   

   

  

  

   

   

  

  

  

   

   

   

   

  

   

  

   

   

   

   

   

   

   

   

  

   

   

   

   

   

  

   

   

  

  

   

   

  

  

  

  

  

   

  

  

   

   

   

   

  

  

  

   

   

   

  

   

  

  

   

  

   

   

   

   

   

   

   

  

   

   

  

   

   

   

  

   

  

  

  

   

  

   

   

  

   

  

   

   

  

  

   

  

   

   

   

  

   

   

   

  

  

  

  

  

  

  

   

  

   

   

   

   

   

   

  

  

   

  

  

   

   

   

  

   

  

  

   

   

  

   

   

  

  

   

  

  

   

   

   

  

   

  

  

   

   

   

   

   

  

   

  

   

   

  

  

  

  

   

   

  

  

   

   

   

   

  

   

   

   

   

   

   

   

  

  

   

   

   
  

   

   

  

   

  

  

  

  

  

   

   

 

  

   

   

  

  

  

   

   

  

   

   

   

  

  

   

  

   

   

   

   

  

   

  

   

  

  

   

   

   

  

   

   

   

   

   

   

   

   

   

  

   

  

  

   

   

   

   

  

  

  

   

   

   

   



CBS – 

 
  

   

                                             

                                                                  

                                                               

                                          

                                        

                                                                  

                                            

                                                              

                                                                               

                                               

                                                                      

                                                                                

                                                                          

                                                                       

                                                                                                                

                                                                                  

                                                                

                                                                             

                                                                                     

                                                                              
                                                                           

                                                                            

                                      

                                                                            

                                                               

                                                                                        

                                                                     

                                                                           

                              

                                                                                                   

                                          

                                                                            

                                      

                                                                               

                                                                                     

                                                                                                      

                                                                    

                                                              

                                                                         

                                                                            

                                                                               

                                                                                    

                                                       

                                        

                                          

                                                                       

                                                                          

                                       

                                             

                                                                          

                                                                            

                                                                               

                              

                                                               

                                                                         

                                          

                               

                                                                                          

                                                                                              

                                                                              

                                                                

                                               

                                                                      

                                                                      
                                                                           

                                                                    

                                                                              

                                                                     

                                                                            

                              

                              

                                                                                       

                                                          

                                                                                                

                                                                                

                                                              

                                                                               

                                                                                        

                             

                                        

                                                                        

                                            

                                                             

                                

                                                                

                                                                                

                                                                                                               

                                             

                                                                        

                                             

                             

                                          

                                                                                  

                                                                       

                                                                               

                                          

                                                                                   

                                                                      

                                                                            

                                

                                                                                

                                                                 

                                        

                                                                              

                                                                          

                                                                             

                                             

                                                                                                       

                                                                  

                                        

                                                           

                                                       

                                                                         
                                                                         

                                                                  

                                                                               

                                  

                                                                        

                                       

                                                                  

                                                             

                                                                           

                                                       

                                                                        

                                             

                                                                    

                                        

                   

                                                                   

                                  

                            

                                                                               

                                                                

                                                                                

                                             

                                                                                      

                               

                                                                                              

                                              

                                        

                                

                                                                         

                                                            

                                                              

                                  

                                                            

                                        

                                                                                  

                                                                   

                                          

                   

                                                                                                          

                                                        

                                                                     

                                                                               

                                                                

                                                                              

                                                          

                                                                                          

                                                                                  

                                                                                     

                                                                          

                                                                         

                                                                              

                                                                               

                                               

                                         

                                                                       

                                                          

                                                              

                                                                                     

                                

                                                                               

                                          

                                                                                 

                                       

  

   

  

  

   

   

  

   

  

  

   

  

  

   

  

   

   

   

   

  

   

   

  

  

   

   

  

   

  

  

   

  

  

  

  

  

   

   

  

  

   

   

   

   

  

  

   

   

   

  

  

  

  

  

   

  

  

  

  

   

  

  

   

  

   

   

  

   

  

   

   

   

   

  

  

  

  

   

  

  

   

  

  

   

  

   

   

   

   

  

  

  

  

  

   

  

  

  

   

  

   

  

   

   

  

  

  

  

  

  

   

  

  

  

   

  

  

   

  

  

  

  

  

   

  

  

  

  

  

  

  

   

   

   

   

  

   

   

  

  

   

  

  

  

  

  

   

  

   

  

  

   

   

  

  

  

  

  

  

  

  

  

  

   

  

  

   

  

   

   

   

   

  



ECH - enoyl-CoA hydratase 

     

                                                                                                                                              

                                                                                      

                                                                                         

                                                                                                                                                             

                                                                                                                            

                                                                                                                                     

                                                                             

                                                                                                                      

                                                                                                            

                                                                    

                                                                                                                                  

                                                                                                                      

                                                                                                                          

                                                                        

                                                                                                          

                                                                                                                              

                                                                                                                      

                                                                                     

                                                                                                                       

                                                                                                                                            

                                                                                 

                                                                                                           

                                                                                                                      

                                                                           

                                                                                                 

                                                                                                                         

                                                                                                            

                                                        

                                                                                                                                                           

                                                                                                                          

                                                                                                            

                                                                                                                    

                                                                                                                   

                                                                                                                                            

                                                                                                                                      

                                                                                                                                 

                                                                                      

                                                                                                                                

                                                                                                              

                                                                                                                    

                                                                                 

                                                                                                                                                                

                                                                                                        

                                                                                 

                                                                                                                                  

                                                                                                        

                                                           

                                                                                                                                                           

                                                                

                                                                                                                                    

                                                                                                 

                                                                                                                                  

                                                                                                                                                            

                                                                                                                       

                                                                                                                                   

                                                                                                                                                                   

                                                                                                                            

                                                                                                                       

                                                                                                                   

                                                                        

                                                                                   

                                                                                                                                               

                                                                                                                                                         

                                                                                                                                                                      

                                                                                               

                                                                                                                                      

                                                                                                                                             

                                                                                                                                         

                                                                                                                   

                                                                                                                       

                                                                                                                                  

                                                                                                                         

                                                                                                                                                            

                                                                                                                                         

                                                                                                                                        

                                                                                

                                                                                                               

                                                                                                                                    

                                                                                  

                                                                                                  

                                                                                               

                                                                                                                              

                                                                                                                      

                                                                                                                                     

                                                                         

                                                                                                                          

                                                                                                                                                                   

                                                                                                                                                          

                                                                                                                        

                                                                                      

                                                                                                                            

                                                                                                                             

                                                                                                                          

                                                                                                                                         

                                                                                                                                            

                                                                                              

                                                                                                                             

                                                                                                                                   

                                                                                 

                                                                                                                                                      

                                                                                                                                                   

                                                                                

                                                                           

                                                                                                                                                   

                                                                                                                                                    

                                                                                                                      

                                                                                   

                                                                                                                  

                                                                                     

                                                                            

                                                                                                                              

                                                                                      

                                                                                             

                                                                                                                                                                

                                                                                                                                     

                                                                

                                                                  

                                                                                                                      

                                                                               

                                                                                     

                                                                                                                                  

                                                                                                                            

                                                                                                                                  

                                                                                                                      

                                                                                                                             

                                                                                       

                                                                                                                                  

                                                                                                                            

                                                                                 

                                                                                                                                          

                                                                                                                                              

                                                                                                                      

                                                                                                                                           

                                                                                               

                                                                                                                                   

                                                                                                                                            

                                                                                                                                     

                                                                                                                                   

                                                                                                                      

                                                                                                                                

                                                                                   

                                                                                        

                                                                                                                            

                                                                                                                                                                

                                                                                                                       

                                                                                                                      

                                                                               

                                                                                                                      

                                                                                                                            

                                                                                     

                                                                                                                        

                                                                                                                       

                                                                                                                            

                                                                                                                                                          

                                                                                                                                              

                                                                                                                             

                                                                                         

                                                                                                                         

                                                                   

                                                                                                                                                            

                                                                                                                                                          

                                                                                                                            

                                                                                                                                                            

                                                                                                                  

                                                                                          

                                                                           

                                                                                                                                                            

                                                                                                                    

                                                                                                                                          

                                                                                                                         

                                                                                                 

                                                                                                                         

                                                                                                                         

                                                                                                                         

                                                                                                                                    

                                                                                                                                   

                                                                                                                                                                   

                                                                                                                                                          

                                                                                                                                            

                                                                                                                                                                

                                                                                    

                                                                                                 

                                                                      

                                                                                                         

                                                                                                                                       

                                                                                                                                              

                                                                                                                        

                                                                                                                                                          

                                                                                                                      

                                                                                                                      

                                                                                                                                             

                                              

                                                                                                           

                                                                                                                        

                                                                                                                          

                                                                                                                  

                                                                                                 

                                                                                                                      

                                                                                                                                 

                                                                                                         

                                                                                          

                                                                         

                                                                                                                                  

                                                                                           

                                                                                                                                         

                                                                                                                                 

                                                                                                                                    

                                                                                                                             

                                                                                                                                      

                                                                                                                                                           

                                                                                   

                                                                                                                                                          

                                                                                                                        

                                                                                                         

                                                                           

                                                                                                                                               

                                                                                                                                                          

                                                                                      

                                                                                                                                

                                                                                               

                                                                                   

                                                                                                                      

                                                                             

                                                                                           

                                                    

                                                      

                                                                                         

                                                                                                                         

                                                                                  

                                                                                                 

                                                                                                          

                                                                                                                                         

                                                                                              

                                                                                                     

                                                                                             

                                                                                                                                                   

                                                                                                                   

                                                 

                                                                                                          

                                                                                                                                                          

                                                                                                                  

                                                                                                                      

                                                                                                                                    

                                                                                                                                            

                                                                                                                        

                                                                                                                      

                                                                                     

                                                                                                                                       

                                                                                                

                                                                                                                                                          

                                                                                                                                     

                                                                                                                                         

                                                                                                                                     

                                                                                    

                                                                                                                          

                                                                                                                                     

                                                                         

                                                                                                           

                                                                                                                              

                                                                                                                                       

                                                                                                                                    

                                                                                                                             

                                                                                            

                                                                                                                                  

                                                                                                                              

                                                                                                                                             

                                                                                                                                  

                                                                                                                                                          

                                                                                                                                                          

                                                                                                                      

                                                                                                              

                                                                                                                              

                                                                                                                                  

                                                                                                                             

                                                                                                                                  

                                                                                                                                 

                                                                                                                                

                                                                                                

                                                                                     

                                                                                                               

                                                                                                                                                          

                                                                                                                                 

                                                                                                                                

                                                                                                                                                          

                                                                                                                                 

                                                                                                                                                    

                                                                                                                    

                                                          

                                                                                                                                         

                                                                                           

                                                                                                                                                        

                                                                                      

                                                                                                                                    

                                                                                                                                               

                                                                                                                      

                                                                                 

                                                                                                                                  

                                                                                                                                     

                                                                               

                                                                                                                                     

                                                                                                                                 

                                                                                                                                                            

                                                                   

                                                                                                                                  

                                                                                                                                     

                                                                                                                                  

                                                                                        

                                                                                 

                                                                                                                                                

                                                                                                                                                          

                                                                

                                                                                                                                               

                                                                                                                                              

                                                                                                                                 

                                                                                                                                    

                                                                                                                                  

                                                                                     

                                                                                                 

                                                                                                                            

                                                                                                                         

                                                                                                                  

                                                                                 

                                                                                   

                                                                                                                                  

                                                                                                                      

                                                                                                                                  

                                                                                                                                 

                                                                                                                                    

                                                                                                                            

                                                                                                                                                

                                                                                                                            

                                                                                                                              

                                                                                                                        

                                                                                                                                                      

                                                                                  

                                                                                                                                                          

                                                                                                                                 

                                                                                                                                         

                                                                                                                         

                                                                                    

                                                                                                                          

                                                                         

                                                                                                                                

                                                                                                                             

                                                                                                                                        

                                                                                                                                                       

                                                                                                                                  

                                                                                                    

                                                                                                                              

                                                                                                                                     

                                                                                                                  

                                                                                    

                                                                                                                                                          

                                                                                                                             

                                                                                                                                                                 

                                                                                   

                                                                                  

                                                                                                                                                                   

                                                                      

                                                                                                                                        

                                                                                                                                                          

                                                                                                                      

  

  

  

   

  

   

   

  

  

   

   

  

   

  

  

   

   

  

   

  

   

   

   

   

  

  

   

   

   

   

   

   

  

  

   

  

  

   

   

   

  

   

  

   

   

  

   

   

   

  

   

   

   

  

   

   

  

   

   

   

   

   

   

  

  

  

  

   

   

   

  

  

  

   

   

  

   

   

   

   

   

   

  

  

  

   

  

   

  

  

  

   

  

   

  

   

   

  

   

  

   

  

  

  

   

  

  

   

   

  

   

   

   

   

   

  

   

  

   

  

   

   

  
  

  

   

  

   

  

  

   

  

  

   

  

  

   

   

   

   

   

   

   

  

  

   

  

   

  

  

  

   

   

  

  

  

   

  

  

   

   

  

  

   

  

   

  

  

   

  

   

  

  

  

   

   

   

   

   

  

   

  

  

   

   

  

  

  

   

  

   

   

   

  

  

   

  

   

   

   

   

   

   

   

   

  

  

   

  

  

  

  

   

   

   

  

   

   

  

   

   

   

  

  

   

   

   

  

  

   

   

   

   

   

  

   

   

  

   

  

   

  

   

  

   

   

  

  

   

  

  

   

  

   

  

  

   

   

  

   

  

  

   

  

  

  

   

  

   

   

   

  

  

  

  

   

  

   

  

  

   

  

   

  

  

  

   

   

   

   

  

   

   

   

  

   

   

  

   

   

   

  

  

   

  

   

  

  

  

   

  
  

   

   

  

   

  

   

   

  

  

  

   

  

   

   

   

   

   

  

   

  

   

   

   

   

   

  

   

  

   

   

  

   

  

  

  

  

  

  

   

   

  

   

   

   

   

  

   

   



ENO - 

 
  

   

                                                            

                                                                 

                                                     

                                                                                                                               

                                                                           

                                         

                                                                                   

                                       

                                            

                                                                                  

                                                           

                                   

                                                        

                                                                                 

                                                                                                               

                                                                  

                                                                             

                                                   

                                                                                                                        

                                                                   

                                                                          

                                                                                   

                                                              

                                                                                                               

                                                            

                                                          

                                                                                        

                                                                                                                 

                                                                  

                                       

                                                                                                                                         

                                                    

                                                                                       

                                                                                                              

                                                                                                                 

                                                  

                                      

                                     

                                             

                                                                 

                                                             

                                                                                                                

                                                                            

                                                                                    

                                                             

                                                             

                                             

                                                                                                              

                                                                                                                       

                                                                                                                                 

                                                      

                                           

                                         

                                                                                                                 

                                                               

                                               

                                         

                                                                   

                                             

                                                          

                                                        

                                                         

                                                                              

                                                                                                                          

                                                                                                           

                                                                  

                                                                                                        

                                                                   

                                                                                  

                                                                                                                                 

                                            

                                                 

                                          

                                                                                     

                                                                 

                                                                                                                                   

                                                     

                                                        

                                                 

                                                                                                                                          

                                               

                                                           

                                                      

                                                               

                                      

                                                                                                              

                                                                        

                                                           

                                                                                                               

                                                                                                                            

                                                                                                                       

                                                                                   

                                                                     

                                                           

                                                                                                                            

                                                                                                             

                                                                           

                                                    

                                                                                   

                                                                       

                                                 

                                                        

                                                                                                                    

                                                                

                                                          

                                                         

                                                                                   

                                             

                                                                               

                                                                   

                                                                           

                                                                                                                            

                                                                                                                            

                                                                                                                 

                                                                

                                                        

                                                                              

                                           

                                                              

                                                     

                                                          

                                                                                                                                  

                                    

                                                       

                                                               

                                             

                                                                                                                            

                                                                                                                                  

                                          

                                                                 

                                                          

                                                                     

                                                                                                     

                                         

                                                                                                                                          

                                    

                                                                  

                                                             

                                                                                                                         

                                                                                  

                                                          

                                   

                                                              

                                                                                                                          

                                                 

   

   

  

   

  

  

  

  

   

  

  

   

   

   

   

  

   

  

  

   

   

   

   

  

   

   

   

   

  

   

  

   

  

  

   

  

  

   

  

  

  

  

  

  

   

  

   

  

   

   

  

   

  

  

   

   

  

  

  

  

   

  

   

  

  

  

   

  

   

   

  

  

   

  

  

   

   

  

  

   

   

  

   

  

  

  

  

  

  

  

   

   

  

  

   

   

   

  

  

   

   

  

  

  

   

   

   

  

   

  

  

  

  

  

   

  

   

   

   

  

   

   

  

   

  

   

  

   

  

  

   

   

  

  

   

   

  

  

   

   

   

  

  



FD –  

     

                                                                      

                                                                                                                                                        

                                                                                                                                      

                                                               

                                                              

                                                                          

                                                                        

                                                                                                                                      

                                                            

                                                                 

                                                                                                                              

                                                               

                                                                  

                                                                                

                                                                            

                                                                  

                                                          

                                               

                 

                                                                       

                                                                        

                                                                   

                                                   

                                                                    

                                                   

                                                                                                                                                                                

                                                                                                                                                

                                                                     

                                                     

                                                                                                                                                             

                                                                     

                                                       

                                                        

                                                                                                                                                                      

                                                                                                                                                                       

                                                      

                                                                  

                                                                                                                                      

                                                                                                                                          

                                                                 

                                                               

                                                               

                                                                    

                                                                           

                                                                                                                                     

                                                                          

                                                                                                                                    

                                                                  

                   

                                                                          

                                                                         

                                                     

                                                                                  

                                                                                                                                                                                                                              

                                                              

                                                                                                                              

                                               

                                                                  

                                                          

                                                            

                                                                                                                                                         

                

                                                               

                                                                                                                                   

                                                       

                                                          

                   

                                                                        

                                                                             

                                                     

                   

                                                              

                                                                                                                                       

                                                             

                                                                                                                                     

                                                                               

                                                                                     

                                                                                                                                                                         

                                                                              

                                                                                                                                                                               

                                                                         

                                                              

                                                             

                                                                                                                                                                            

                                                   

                                                                           

                                                                                                                                       

                                                                            

                                                                                                                                      

                                                                    

                                                                          

                                                                         

                                                                           

                                                                        

                                                                                              

                                                                          

                                                                  

                                                                                                                          

                                                                  

                                                          

                                                                          

                                                               

                                                                                                                                                                      

                                                                                                                                                            

                                       

                

                                                              

                                                              

              

                                                                         

                                                       

                                                  

                                                             

                                                               

                                                                  

                                                                                                                                                                         

                                                                          

                                                                                                                                                                         

                                                                                                                            

                                                                   

                                                                 

                                                                                                                                                                         

                                                              

                                                                              

                                                       

                                                              

                                                                                                           

                                                                          

                                                                        

                                                                 

                

                                                                  

                                                                           

                                                                           

                                                                   

                                                                                                                                                                       

                                                                                

                                                                                                                                

                                                                                                                                                                             

                                                              

                                                                                                                              

                                                                                                                                                                               

                                                                               

                                                            

                                                                                                                                            

                                                          

                                                                                                                                      

                                                                

                                                   

                                                                        

                                                                        

                                                           

                                                                                                                

                                                                         

                                                                               

                                                                                                                                                                                                                         

                                                              

                                                              

                                                                           

                                                                            

                                                                                           

                                                                                                                                                  

                                                                     

                                                                  

                                                                           

                                                                  

                                                                                                                                 

                                                                                                                                                                                                                           

                                                                                                                               

                                                                           

                                                                

                                                                   

                                                             

                                                                      

                                                                                                                                        

                                                               

                                                        

                                                                                                                                    

                                                                                    

                                                                                                                                   

                                                                

                                                                

                                                                  

                                                                  

                                                                                                                                                                                   

                                                                                                                                                              

                                                                                                                                                                   

                                                                                                                                         

                                                              

                                                   

                                              

                                                          

                   

                                                                        

                                                             

                                                                     

                                                                                          

                                                                                                                                                                      

                                                          

                                                                                 

                                                                                                                                             

                   

                                                                          

  

  

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

   

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

   

  

  

  

  

   

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

   

  

   

  

  

   

  

   

  

  

  

  

  

   

   

   

   

   

  

  

  

  

   

  

  

  

  

  

   

   

   

  

  

   

   

   

  

  

  

  

  

   

  

   

  

  

  

  

   

  

   

  

  

   

  

  

  

  

   

   

  

  

  

   

  

  

   

   

   

  

  

  

  

  

   

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

   

  

  

  

  

   

  

   

  

  

   

  

  

  

  

  

   

  

  

  

  

  

   

  

   

  

  

   
  

  

   

   

  

   

  

  

  

  

  

  

   

  

  

  



FRD - fumarate reductase 

     

                                                                                                                       

                                                                                                                                                                

                                                                                                                                                                                         

                                                                                            

                                                                     

                                                           

                                                                                                                          

                                                                                                                          

                                                                                                                                    

                                                                                                               

                                                                                                                          

                                                                                                            

                                                                                                                                              

                                                                                    

                                                                                                                                

                                                                               

                                                                                                                                      

                                                                                                                   

                                                                                                                                                         

                                                                                                                      

                                                                                                                                 

                                                                 

                                                                                                                       

                                                                                                                                                                           

                                                                                                                                                            

                                                                                                                                                                   

                                                                                                                                           

                                                                                                                                                              

                                                                                                                    

                                                                                                                                      

                                                                                                                                                          

                                                                                                                                                                        

                                                                    

                                                                          

                                                                                       

                                                                                                             

                                                                                                                         

                                                                           

                                                                

                                                                    

                                                                                                               

                                                                                                                                                                   

                                                                       

                                                                                                                            

                                                                                                               

                                                                                                                             

                                                                                                                            

                                                                                                                            

                                                                                                                       

                                                                                                                                

                                             

                                                                                                                         

                                                                                                                                    

                                                                                                                                               

                                                                                                                                               

                                                                                                                                    

                                                                                                                                                           

                                                         

                                                            

                                                                           

                                                                                                                                                      

                                                                                                                                                                

                                                                                                                                  

                                                                   

                                                                                                                                                                             

                                                                                                                      

                                                                                                               

                                                                                                                                  

                                                                                                                                            

                                                                                                                                 

                                                                                                                                                          

                                                                                                                                  

                                                                                                           

                                                                                                                                                                

                                                                                                                  

                                                                                                                                  

                                                                                                                                                          

                                                                                                                                                        

                                                     

                                                                                                                                                                           

                                                                                                                                                                

                                                                                                                                     

                                                                            

                                                                                                                                  

                                                                                                                                                             

                                                                                                                                                   

                                                                                                                       

                                                                                                                             

                                                                                                                             

                                                                                                                                  

                                                                                             

                                                                                                                                                          

                                                                                                                                                          

                                                                                                                         

                                                                                                                                    

                                                                                                

                                                                                                                      

                                                                                                                                     

                                                                                                                                

                                                                                                                             

                                                                                                                                                                      

                                                                                                                                                           

                                                                

                                                                                                                                     

                                                                                                                                      

                                                                                                                                                                                 

                                                                          

                                                                                                                                 

                                                                                                                                  

                                                                                                                                     

                                                                                                              

                                                         

                                                                                                                                                                                  

                                                                                                           

                                                                                                                    

                                                                                                                            

                                                                                                                                         

                                                                                                                          

                                                                  

                                                                

                                                                                                                                                            

                                                                                                                   

                                                           

                                                                                                                      

                                                                        

                                                                                                                                             

                                                                                                                                                            

                                                                                                               

                                                                               

                                                                                                                            

                                                                                                          

                                                                                                                                                                             

                                                                                                                                                                

                                                   

                                                                                                                                                                             

                                                                                                         

                                                                                                            

                                                                                                                                                                  

                                                      

                                                                                                                        

                                                                                                                   

                                                     

                                                                                                                                                                

                                                                                                                                                                   

                                                                  

                                                                                                                              

                                                                                                                         

                                                                                                                                     

                                                                                                                                                                   

                                                                                       

                                                                                                                                                                      

                                                        

                                                                                                                                     

                                                

                                                                                                                  

                                                                                                                                     

                                                                                                                                                                                  

                                                                                                                      

                                                                                                                         

                                                                                                                                                                           

                                                                                                                      

                                                                                                                      

                                                                             

                                                                              

                                                                

                                                                                                                                         

                                                                                                                              

                                                                                                                              

                                                                                                                             

                                                                                                                                                              

                                                                                                                                

                                                                                                                                        

                                                                                                                  

                                                                                                                                                                           

                                             

                                                                                                                        

                                                                                                                      

                                                                       

                                                                                                                            

                                                                                                                                                            

                                                                                                                          

                                                                                                                                

                                                               

                                                                 

                                                    

                                                                   

                                                    

                                                                                                                                  

                                                                                                                         

                                                                                                                                                

                                                                                                                              

                                                                                                                                

                                                                                                                      

                                                                                                                                                                   

                                                                                                                                  

                                                                                                                                                                

                                                                                                                                                                           

                                                 

                                                                                                                        

                                                                                                                             

                                                                                                                                      

                                                                                   

                                                                                                                                 

                                                                                                                          

                                                     

                                                                                                                      

                                                

                                                                          

                                                                                                              

                                                                        

                                                                                                                          

                                                                     

                                             

                                                                                                                                      

                                                                                                                                          

                                                               

                                                                                                                                                                         

                                                                                                                      

                                                                                                                                                          

                                                                                                                                  

                                                                                                                                                                

                                                                                                                                                          

                                                                                                               

                                                                                                                            

                                                                                                                                                            

                                                                                                                                                       

                                                                                                                                     

                                                                                                                                       

                                                                                                                       

                                                                                                                                            

                                                                                                                              

                                                                                                                      

                                                          

                                                       

                                                           

                                                          

                                                                                                                              

                                                                                                                                              

                                                                                    

                                                                                                                                    

                                                                               

                                                                                                                          

                                                                                                                                               

                                                                                                                      

                                                                                                                                  

                                                                             

                                                                        

                                                                                                                          

                                                                                                                             

                                                                                                                                                          

                                                                                                           

                                                                                                                              

                                                                                                                              

                                                                                                                                                                   

                                                                                                                            

                                                                      

                                                                                                                                                    

                                                                                                                       

                                                                                                            

                                                                                                                                                                           

                                                                                                                        

                                                                                                                                               

                                                                                                                  

                                                  

                                                                                                                                  

                                                                                                                                         

                                                                                                                                                          

                                                                                                                                                      

                                                        

                                                                                  

                                                                                                                        

                                                                                                                                         

                                                                                                                                     

                                                                                                                      

                                                                                                                                                                           

                                                                                                                                 

                                                                                                                                

                                                                                                                                                                   

                                                                                                                                              

                                                                                                                            

                                                                                                                                      

                                                                                                                      

                                                                                                               

                                                                                                                                    

                                                                                   

                                                                                                                                                                           

                                                                                                                          

                                                                                    

                                                                                                                                                                  

                                                                                                                                                    

                                                   

                                                                                                                                                         

                                                                                                                                   

                                                                                                                          

                                                   

                                                                                                                                                          

                                                                 

                                                                                                                                   

                                                                                                                                                  

                                                                                                                                                       

                                                  

                                                                           

                                                     

                                                                                                                                                                                 

                                                                                                                                 

                                                                                                                          

                                                     

                                                                                                                            

                                                                                                                                 

                                                                                                                        

                                                                                                                    

                                                                             

                                                                                                                            

                                                                                                                          

                                                                                                                      

                                                                                                                                

                                                                                                                                                         

                                                                                                                             

                                                        

                                                                                                                                    

                                                                

                                                                                          

                                                                                                                                  

                                                                                                                                       

                                                                                                                      

                                             

                                                                            

                                                                                                                                                   

                                                           

                                                                                                                                                           

                                                                                                                                                                

                                                                                                                              

                                                                                                                            

                                                                                                                                                

                                                                                                                                              

                                                                                                                         

                                                                                                                                        

                                                                                                                                                         

                                                    

                                                                           

                                                                                                                                

                                                                                                                          

                                                                                                                                

                                                                                                                    

                                                                                                                                                                             

                                                                                                                                  

                                                                                                                                              

                                                                                                        

                                                                                   

                                                                                                                                                                                

                                                                                                                                  

                                                        

                                                                                                                         

                                                                                                                                             

                                                                                                                             

                                                                                                                                                          

                                                                                                                                  

                                                                                                                                    

                                                                                                                               

                                                 

                                                                                                                  

                                                      

                                                                                                                                            

                                                                                                                                                             

                                                                                                                                                          

                                                                                                                                         

                                                                                                                   

                                                                                                                                                                           

                                                                                                                                                                  

                                                                                                                              

                                                                                                                            

                                                                                                                      

                                                                                                         

                                                                                                                                     

                                                                             

                                                                                                                            

                                                                                                                                     

                                                                             

                                                                                                                                                          

                                                                                                                                     

                                                                                                                      

                                                                                                                                         

                                                                                                                                               

                                                                               

                                                                                                                                                          

                                                                                                                                          

                                                                                                                                             

                                                                   

                                                                                                                                                

                                                                                                                                  

                                                                                                                                                           

                                                                                                                                         

                                                                            

                                                                                                                                 

                                                                                                                                            

                                                                                                                                                                      

                                                                                                                                         

                                                                                                                                

                                                                                                                                                

                                                                                                                                                                      

                                                                                                                                

                                                                                                                                                                                  

                                                                                                                                            

                                                                                                                                  

                                                                                                                          

                                                                                                                                  

                                                                                                                          

                                                                                                                        

                                                                

                                                                                                                                   

                                                                                                                      

                                                                                                                                

                                                                                                                                  

                                                                                                                                 

                                                                                                         

                                                                                                                                   

                                                                                                                                                            

                                                                                                          

                                                                                                                                         

                                                                                                                      

                                                                                                                                         

                                                                                                                                                                           

                                                                                                                                                                 

                                                       

                                                                     

                                                                                                                        

                                                                                                                            

                                                                                                                                                          

                                                                                                                            

                                                                                                                         

                                                                                                                                       

                                                                                                                                   

                                                                                                                                  

                                                                                                                            

                                                                                                                                                          

                                               

                                                                                                                                                                           

                                                                                                                                 

                                                        

                                                                                                                                        

                                                                   

                                                   

                                                                    

                                                                                                                                    

                                                                                                                         

                                                                                                                          

                                                                                                                                                          

                                                                                                                                            

                                                                                                                      

                                                                                                                                                                         

                                                                                                                                                            

                                                                                                                          

                                       

                                                                                                                                                                      

                                                                                                                                                         

                                                                                                               

                                                                                                                                  

                                                                                                          

                                                                                                                   

                                                                                                                  

                                                                                                                                                   

                                                                                     

                                                                                                                                                          

                                                                                                             

                                                                                                                                

  

  

  

   

   

   

   

  

   

   

  

   

   

  

  

   

  

   

  

  

  

  

  

  

   

  

   

  

   

  

   

  

   

  

   

  

   

   

  

  

   

  

  

  

   

   

   

  

   

  

  

   

  

  

  

   

  

  

   

  

   

  

   

  

   

   

  

   

  

  

   

  

  

  

   

   

  

   

   

  

   

  

   

   

   

  

  

  

  

  

   

   

   

  

  

  

  

   

   

   

   

   

   

  

  

   

  

  

   

  

  

  

   

   

  

   

  

   

  

  

   

   

   

  

   

   

   

  

   

  

   

   

   

   

  

   

   

   

   

   

  

   

   

  

  

  

  

   

  

   

  

   

  

  

  

   

   

  

  

   

  

   

  

  

   

  

   

  

  

   

   

  

   

  

   

   

   

   

   

   

  

   

  

   

   

  

  

  

  

  

   

  

  

   

  

  

   

  

  

  

   

   

   

  

   

   

   

   

   

   

  

   

  

   

   

  

  

  

  

   

   

   

  

  

   

   

  

  

  

  

   

   

  

  

   

   

   

   

   

   

  

  

   

  

  

   

  

   

  

   

   

   

  

  

  

   

   

   

   

  

  

   

   

   

  

   

  

  

   

   

   

  

  

  

   

   

  

   

   

  

   

  

   

   

   

  

  

  

   

  

   

  

   

   

  

   

   

  

  

   

  

  

  

   

  

   

  

  

  

   

   

   

   

  

  

  

  

   

  

  

   

   

  

   

  

   

  

   

   

  

  

  

   

  

  

  

   

   

   

  

   

  

   

   

  

  

   

   

   

   

   

  

   

   

  

   

   

  

   

   

  

  

  

   

  

  

  

  

   

   

   

  

  

  

  

  

  

  

   

   

   

  

   
   

   

   

  

   

  

  

  

  

   

   

  

   

   

  

  

  

   

   

   

   

  

   

  

   

   

  

  

   

   

  

  

  

   

  

  

   

   

   

   

   

   

   

  

   

   

   

  

  

   

  

  

   

   

   

  

   

  

  

   

  

   

  

   

  

  

  

   

   

  

   

   

  

  

   

   

   



FUM –  

 
  

   

                                                                 

                                                              

                                

                            

                                                                                     

                              

                 

                                                                  

                                       

                                                                         

                                     

                                            

                                                                                         

                                                                        

                                                                            

                                                               

                                                        

                              

                                 

                                                                    

                                                                         

                                       

                              

                                                                                   

                                      

                             

                                                                       

                                                                     

                                                                   

                                                         

                                                                 

                                              

                                                                                 

                                                                     

                                                                   

                                            

                                             

                                                                 

                                                                            

                                                                             

                                                                                    

                                             

                                                                  

                              

                             

                                                                

                                       

                                                             

                                                                    
                                                                           

                                                                                     

                                                                                                 

                   

                                                                                   

                                                                

                                                                     

                                         

                                                               

                                       

                                                                                   

                                                            

                   

                              

                                                                  

                                         

                                                                                             

                                       

                                                                              

                                                                                   

                                                                              

                                                                                  

                                                                            

                                                                

                            

                                       

                                       

                                         

                                                                

                                         

                                                                                 

                            

                                                                                    

                                                                      

                                                                        

                                                                        
                                                                                                

                                                                                                 

                                                                                   

                                                                                    

                                                                                   

                                                                   

                  

                                                                      
                                                                                 

                                                                    

                               

                                                                           

                                         

                                                                                            

                                                     

                                                                                                  

   

  

  

  

  

   

  

  

   

  

   

  

  

   

  

   

  

  

   

  

  

  

  

  

  

   

  

  

  

   

  

  

  

  

   

  

  

  

  

   

  

   

  

   

   

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

   

  

   

  

  

  

   

   

   

   

   

   

  

   

  

  

   

   

   

   

  

  

  

   

  

  

   

   

  

  

   



GCSH –  

     

                                      

                                                                                                           

                      

                                                                                    

                                                  

                                                                

                                                                                       

                                                                   

                                                                         

                                                                             

                                                                             

                                                                   

                                                                                                              

                                                                            

                                                                            

                                                                

                                                                                            

                                                        

                                                                     

                                                                                      

                                                                         

                                                                  

                                                                                       

                                                   

                        

                                                                

                                                                     

                                                                     

                                                                       

                 

                                                  

                                                                                         

                                                    

                                                                          

                                                                    

                                                                            

                                                        

                                                                                       

                                                                 

                       

                                                              

                                                                   

                                                         

                                                       

                                                                    

                                                                       

                                                                        

                                                                      

                                                                                                        

                                                                       

                                                                    

                                                                                                                        

                                                                

                                                            

                                                                          

                                                                            

                                                                                       

                                                                            

                                                                 

                                                                               

                              

                                                                         

                                                                          

                                                                                                  

                                                                             

                                                               

                                                                        

                                                                                

                                                                    
                                                                           

                                             

                                                                        

                                                                                   

                                                                        

                                                                               

                                                                     

                                                                        

                                                                   

                              

                                                                  

                                                                            

                                                                       

                                                                                

                                                                                                

                                                     

                                                                                         

                                                                        

                                                                    

                                                                          

                                                                      

                                                                                  

                                                            

                                                                                               

                                                                          

                                                                                  

                                                                    

                                                                      

               

                                                                  

                                                     

                  

                                               

                                                               

                                                        

              

                                                                        

                                                                               

                                                                                                                                                                                     

                                                                     

                                                                                                

                                                                  

                                                                                   

                                                                     

                                                          

                

                                                                                      

                                                                                

                                                                                        

                                                                              

                                                                        

                                                                 

                                                                   

                                      

                                                                           

                                                                       

                                                                 

                                                                                    

                                                                          

                                                                        

                                                                             

                                                                        

                                                                           

                                                                                           

                             

                                                                                      

                                                                                                     

                         

                                                                             

                                                                                

                                                              

                                                                         

                                                          

                                                                         

                                                                         

                                                              

                                                             

                                                           

                                                                                                  

                                                                                  

                                                                     

                                                                                             

                                                                 

                                               

                                                                               

                                                                        

                                                                              

                                                                 

                                                                    

                                                                             

                                                                          

                                                   

                                                                       

                                                                           

                                                     

                                                                                    

                                                                

                                                                              

                                                                     

                                                                   

                                                                                             

                                                                                                            

                                                                                

                                                                     

                                                               

                                       

                                                                     

                                                                                                    

                                                                       

                                                                                   

                                      

                                                                                                                                                                             

                                                                                

                                                                 

                                                                               

                                                                                       

                                                                                

                                                                                             

                                                                  

                                               

                                                                                 

                                                                                   

                                                                  

                                                                            

                                                                        

                                                                       

                                                                                  

                                                              

                                                                     

                                                                                              

                                                            

                                                                    

                                                            

                                                                                  

                                                                                  

                                                                                       

                                                                                 

                                                                   

                                                                                                

                

                                      

                                                                         

                                                      

                                                                        

                                                           

                                                             

                                                              

                                                           

                                                            

                                                                                        

                                                                               

                                                           

                                                                     

                                                                 

                                                             

                                                 

                                                                         

                                                                   

                                                                           

                                      

                                                                           

                                                                     

                                               

                 

               

                                                         

                                                                             

                                                                              

                                                                                

                                                                                         

                                                                           

                                                                    

                                                                      

                                                                         

                                                                

                                                                      

                                                                              

                                                                                        

                                                                        

                                                                            

                                                                    

                                                               

                                                                              

                                                                 

                  

                                                                              

                                                                                  

                                                                     

                

                                                                   

                                                                               

                                                               

                                                                           

                             

                                                                     

                                                                               

                                                                 

                                                                                           

                                                                               

                                                                                  

                                                                            

                                                                                                                                                                          

                                                                          

                

                                                                  

                                                                                                                                                                  

                       

                                                                 

                                                               

                            

                                                                

                                                                           

                                                                        

                                                                       

                       

                                                                        

                                                                   

                                                                                 
                                                                                  

                                                                

                                                                      

                                                                                    

                                                                                                          

                                                                            

                                                  

                                                                                         

                                                                              

                                                         

                                                                             

                                                             

                                                             

                                                                  

                                                            

                                                                  

                                                                           

                                                                     

                                                                         

                                                      

                                                                               

                                                                                         

                                

                                                                   

                                                                                       

                                                                                            

                                                                     

                                                               

                                                                                    

                                                                    

                

                                                                                       

                                                           

                          

                                                                       

                                                                    

                                                                                        

                                                                              

                                                                  

                                                                                         

                                                                  

                       

                                                                   

                                                              

                                                                         

                                                         

                                                                         

                                                                                                           

                                                                                         

                                                  

                  

                                                                                 

                                                                                 

                                                               

                                                                          

                                                           

                                                                      

                                                                               

                 

                                                        

                                                                      

                  

                                                                                     

                                                                              

                   

                                                                              

                                        

                                                                                                              

                                                                     

                                                  

                                                                              

                                                                           

                                                                       

                                                           

                                                                            

                                                                                                     

                                                              

                                                                          

                                                                 

                                                         

                                                                

                                                               

                                                               

                                                                      

                                                                                          

                                                             

                                                                        

                                                                   

                                                           

                                                                 

                                                               

                                                                                      

                                                                      

                                                      

                                                                               

                                                                           

                                                                             

                                                              

                                                              

                                                                          

                                                                                     

                                                                     

  

  

   

  

  

  

   

   

   

   

   

  

  

   

  

   

   

   

   

   

  

   

  

  

  

  

  

  

   

  

   

  

  

   

   

  

  

  

  

   

  

  

  

   

  

  

  

  

  

  

  

   

 

   

  

  

   

  

  

  

   

   

  

   

  

   

  

  

   

  

  

   

   

  

   

   

  

  

  

  

  

  

   

   

  

  

  

  

  

  

   

  

   

  

  

   

   

   

  

  

  

   

   

   

  

 

  

   

  

  

  

  

  

   

  

  

  

  

   

   

  

   

  

   

  

  

  

  

  

  

  

  

   

  

  

  

  

   

  

   

  

  

   

   

  

   

  

  

  

  

  

   

  

  

  

   

  

  

   

   

  

  

  

  

   

  

   

  

  

  

   

  

   

  

  

  

  

   

  

   

  

  

   

  

  

   

   

  

   

  

  

   

   

  

  

   

  

   

   

   

  

   

  

  

  

  

  

   

  

  

  

   

   

  

  

  

   

  

   

  

   

   

   

  

  

  

   

  

   

  

   

  

  

  

   

   

  

   

   

  

   

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

   

  

  

   

   

  

   

  

  

  

  

  

  

  

   

  

  

  

   

  

  

  

   

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

   

  

  

  

   

   

  

  

  

  

  

   

   

  

  

   

  

  

   

  

  

   

  

 

  

   

   

   

  

   

  

  

  

  

  

  

  

   

   

   

  

  

  

  

   

  

  

   

  

  

  

  

   

  

   

   

  

  

   

  

   

  

   

  

  

   

  

  

  

  

  

  

   

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

  



GCSL –  

     

                                                                        

                                                                       

                                                                            

                                                            

                                                                         

                          

                                                                           

                                                                              

                                                                                      

                                                                     

                                                               

                                                                                 

                                                                                                                                                                                        

                                                                               

                                                                

                                                         

                                                         

                                           

                                                                        

                                                          

                               

                                                         

                                                                   

                                                         

                                                                         

                                                                               

                                                                  

                                                                

                                                                          

                                                                                 

                                

                                                                                     

                                                                    

                                                                       

                                                                                

                                                                                             

                                                                                        

                                                                          

                                                                                         

                                                                    

                                                             

                                                                      

                                                                         

                                                                       

                                                                               

                                                                           

                   

                                                         

                                           

                                                                 

                                                                                                                                                                    

                                                               

                                                                                                  

                                                                                                              

                                                          

                                         

                                                                    

                 

                                                                                                            

                                                                     

                                                               

                                           

                                                                 

                                           

                                                                            

                                                                     

                                                

                                       

                                                                

                                          

                                                            

                                          

                                                                   

                                                                       

                                                                      

                                                                                           

                                                                                          

                                                                           

                                                                            

                                              

                                                          

                                                                        

                                                                                                           

                                                       

                                                                 

                                                      

                                                                         

                                                                             

                                                                    

                                                                         

                                                       

                                                                  

               

                                                                              

                                                                   

                                                                               

                                                                  

                                         

                                                         

                                                                             

                                                                           

                                                                                  

                                                                       

                                                                        

                   

                                                         

                                                                  

                                                  

                                           

                                                                             

                                                                        

                                                                                           

                                                                                 

                                                                          

                                                           

                                                                              

                                                                

                                

                                                                                   

                                       

                                                        

                                          

                                                      

                                         

                                                         

                                         

                                                               

                                                                       

                                                                                    

                                                                                    

                                                                                         

                                              

                                                                              

                                         

                               

                                                                               

                                       

                                                                                                                                                                               

                                                

                                                                                                   

                                                                                

                                                

                                                                       

                                                  

                                 

                                       

                                                                       

                                   

                                                                                 

                                                                           

                                                  

                                                               

                                                                                           

                                                                                                                                                                   

                                                                             

                                                                    

                                

                                                                       

                                

                                                                                    

                                         

                                                                         

                       

                                                                   

                                                                             

                                             

                                                         

                                               

                                          

                                                                           

                   

                                                                        

                                                                

                                                            

                                                                       

                                                                            

                               

                                                       

                                                                                                

                                                                                        

                                                                                         

                

                                                                              

                                                                            

                                                                              

                                                       

                                                                        

                                              

                                                                     

                                                                               

                                                         

                                                                         

                                                                     

                                           

                                                                       

                                                          

                                                                                   

                                                          

                                              

                                                                     

                                                                     

                                                                                    

                               

                                                                            

                                                                   

                                                                                                                                                                  

                                                                                    

                                                                     

                                                                   

                                

                                                                             
                                                                                      

                                                                                         
                                                                              

                                                                                       

                                                                       

                                                                              

                                                                                         

                                   

                                       

                                              

                                                                          

                                 

                                                               

                                                                            

                                                                       

                                                                                                                                                                                       

                                                                                

                                                                               

                                                                               

                                           

                                                                                       

                                                                                    

                                                                                 

                                                                              

                                                                                             

                                                                                  

                                                                      

                                                

                                                                    

                                                                    

                                                                        

                                         

                                                                         

                                                               

                                                                       

                                                                        

                                         

                                                                                                

                                                                      

                                                                                

                                                                   

                               

                                                                 
                                                                

                                                                        

                                                                    

                                                                                          

                                                       

                                                                  

                                             

                   

                                                  

                                                                                  

                                                                         

                                                            

                                                                           

                                             

                                                                                 

                  

                                                                            

                                                                                                                                                                                       

                                                                        

                                                                         

                                                                           

                                                                            

                                                         

                                                                      

                                                                                        

                                   

                                                          

                                                                                  

                                         

                                                                        

                                                                               

                                                                                       

  

   

  

   

  

  

  

  

  

  

  

  

   

  

   

  

  

  

  

  

   

  

   

  

   

  

   

   

   

  

  

  

   

  

   

  

   

   

  

  

  

  

  

   

   

  

   

  

  

  

   

  

  

   

  

  

   

   

   

   

  

  

  

  

   

   

   

  

  

   

   

   

   

   

   

   

  

   

  

  

  

   

   

   

  

   

   

  

      

  

   

  

  

  

  

  

  

  

   

  

  

   

   

   

  

  

   

   

   

  

  

  

   

  

   

  

  

   

  

   

   

  

  

  

  

  

  

  

  

   

  

   

   

  

  
  

  

  

  

   

   

   

   

   

  

   

  

   

   

  

  

   

  

   

  

  

  

   

   

  

  

  

  

  

  

  

  

  

   

  

   

   

  

  

  

  

   

  

   

   

   

   

  

   

  

  

   

   

   

   

   

  

  

   

  

  

  

  

  

   

   

   

  

  

  

   

  

   

  

   

  

  

  

   

  

  

   

  

  

  

   

   

  

   

   

  

  

   

  

  

  

   

   

  

   

   

  

   

   

  

   

  

  

  

  

  

  

  

   

  

   

   

  

   

  

  

   

  

  

   

  

  

  

   

  

  

  

   

  

  

  

   

  

   

  

  

  

   

  

  

   

  

  



GCST –  

     

                                                                                               

                                                                     

                                                                 

                       

                 

                                        

                                                               

                                                  

                                                                             

                                                                             

                                                                     

                                            

                                                                   

                                                     

                                                                          

                                              

                                                                   

                                                                              

                                     

                                                                               

                                                                      

                                                                                   

                                                              

                

                                                                       

                                                                                

                                                                        

                                                                                      

                         

                                               

                                                                              

                       

                                                                

                                                                        

                                                                                       

                                         

                                                                            

                                                                                     

                                                                                

                                                                                   

                                        

                                                                    

                                                                             

                                                                      

                                                                      

                                                                                              

                                                           

                                                                                       

                                                                               

                                       

                                                                      

                                                                

                                                                 

                                                                                                     

                                                            

                                                                                 

                                                         

                                                                               

                                                 

                                                                                                                                                                   

                                                                                         

                                            

                                                              

                                                                     

                                                                           

                               

                                                         

                                                                  

                                                     

                                                                  

                                                                                 

                                                                                     

                                                                                    

                                                                          

                                                                                    

                                                              

                                                           

                                                                                           

                                                             

                                                                                                 

                                                                                   

                  

                                                                        

                                                      

                                                                                    

                                                          

                                       

                                                                       

                

                                                                                       

                                                                                         

                                                                                  

                                                         

                                                                     

                                                            

                                                                    

                                                                 

                                                                                                                                        

                   

                                                                             

                                                                                 

                                                               

                                                               

                                                                                              

                                                                                                     

                                       

                             

                                                          

                                                                      

                                                                                      

               

                                              

                                                                         

                                                                           

                                                                              

                                     

                                                      

                                                                                

                                         

               

                                                                                

                                                                 

                                                                 

                                                                           

                                                           

                                                                          

                                                                                  

                                                                       

                                                                                    

                                                                         

                                                       

                                                           

                                                          

                                                                        

                                                           

                                                                                                  

                                                                                   

                                                                      

                                                                                 

                                                                       

                                                                                              

                                                                          

                                                                                        

                                                                             

                                            

                                                                     

                                                                   

                                                                    

                                                           

                                                                                 

                                                                                 

                                                                  

                                     

                                                                        

                                                                                          

                       

                                                                    

                             

                                                                        

                  

                                                      

                                     

                                                                           

                                                                       

                                                      

                                                                        

                                                                     

                                                                  

                                                                       

                                             

                                                                

                                                                          

                                                                                       

                                                                           

                                                                              

                                                                      

                                                               

                                                 

                                                                               

                                                                                                       

                                                                         

                               

                          

                                                                           

                                                                    

                                                                      

                                                                   

                                                                         

                       

                                                                                     

                                                                   

                                                                                                          

                                                                               

                                       

                                                                        

                                                                                  

                                                                                                           

                                                                          

                                                                   

                                                                        

                                                                   

                                                              

                                                                  

                                                                                                              

                                                                                          

                                                             

                                                                        

                                                                                       

                                                                        

                                                                                          

                       

                                                     

                                                                                   

                                                                       

                              

                                                                                   

                                       

                                                                

                              

                                                                               

                                                            

                                                                    

                                                                                 

                                                                     

                                                       

                                                                                       

                                                                         

                                                                     

                                                                                 

                                

                                                                                

                                                                      

                                       

                                                                            

                                                                   

                                                                    

                

                                                                          

                                                              

                                                           

                                                                        

                                                               

                                                                               

                 

                                                                           

                                                                   

                                                                       

                                                                  

                                                                          

                                                                       

                 

                                                                

                                                                     

                                                            

                                                                                      

                                                                             

                  

                                       

                                                                                         

                                                                              

                                                         

                                                                       

                                                                              

                      

                       

                                                  

                                                                     

                                                                                      

                                                                       

                                                                  

                                                                      

                                                                           

                                                                         

                                 

                                                        

                                                                    

                                        

                                                                  

                                                                            

                                                                     

                                                                                     

                                                                          

                                                                         

                                                                

                                 

                                                                    

                                                                                           

                                                                                    

                                                                

                                                                             

                                                                            

                                                               

                                                                     

                                                                          

                                                                                    

                                                                                        

                                                                              

                  

                                                                 

                        

                                                                          

                                                        

                                            

                                                                           

                                                                                 

                                                                                  

                                                                 

                                                                                           

                                                       

                             

                                                                             

                                                                   

                                                                                    

                                                                              

             

                                                                         

                                                                            

                                                                      

                                              

                                                                                                          

                                                                    

                                                                                                           

                                                                                       

                                                                    

                                                                   

                                     

                                                                     

                                                                     

                                                      

                                                                        

                                                                 

                                                               

                                                                                

                                                                          

                                                                     

                                                                        

                  

                             

                                                                

                                                                         

                                                                                

                                       

                                                                           

                                                                        

                                             

                                                                               

                                                                         

                                              

   

  

  

   

   

   

   

   

  

   

  

  

  

  

   

  

  

   

   

  

   

  

  

  

   

  

   

   

   

  

   

  

   

   

   

  

  

   

  

  

   

   

  

  

   

   

   

   

   

  

  

  

   

   

  

  

  

  

   

   

   

  

   

  

   

  

   

  

  

   

   

   

   

  

  

  

  

   

  

   

  

   

   

  

   

   

   

  

   

  

   

  

   

  

   

   

  

  

  

   

   

   

   

  

  

  

   

  

  

   

  

   

  

   

   

  

  

   

  

   

   

   

  

  

   

   

  

   

   

   

  

   

   

  

   

  

  

   

   

   

   

  

  

   

  

   

   

   

   

  

  

  

  

   

  

  

  

  

  

  

  

   

   

   

   

   

   

   

  

   

   

  

   

   

   

   

   

  

   

   

  

  

  

   

  

  

  

  

   

  

  

   

   

   

  

  

   

   

  

   

  

   

  

  

  

  

   

  

   

   

  

   

   

   

   

  

  

  

  

  

   

  

  

   

   

  

  

   

  

  

   

   

  

  

  

  

  

   

  

   

   

  

  

   

  

   

  

   

   

   

  

  

  

   

   

  

   

   

  

  

  

  

  

  

  
  

  

   

   

  

   

   

  

   

   

   

   

   

  

  

  

  

   

   

   

  

  

   

  

   

   

  

  

  

   

   

  

  

  

   

  

   

  

   

   

  

   

  

   

   

  

   

   

  

   

   

   

   

   

  

 

   

   

  

  

  

  

   

  

  

   

   

   

   

   

  

  

  

   

   

   

   

  

   

  

  



GcvP –  

 
  

   

                                                  

                                               

                                       

                                                      

                                                                           

                                                                     

                                                                                    

                                                              

                                                                        

                                                                               

                                                                                                                                                                

                                                         

                                 

                                                                                    

                                                                  

                                                               

                                         

                                                                                 

                                                                                  

                                                   

                                                                    

                                                                  

                                                                                  

                                                                           

                                                                                  

                                                                                           

                                                          

                                                                                                  

                                                                         

                    

                                                                                       

                                                                                          

                                                                        

                                                                                

                                                                                    

                                                                                   

                                              

                                                            

                                                                                                    

                                                                             

                                

                                                                         

                                                                               

                                                                            

                              

                                                                                                           

                                                                                                            

                                                                   

                                                               

                                                                                                     

                               

                                                                                     

                                                                        

                                                                                                  

                                       

                                                                               

                                                                               

                                       

                                                                            

                                                

                                                                       

                                                                                         

                                             

                    

                                                                                           

                                                                                

                              

                                                                                      

                                                                     

                                                                                       

                                                                                           

                                                                        

                                

                                                                           

                                                                               

                                                              

                                                                                       

                                                                                                     

                                                                                          

                                                               

                    

                                                                                

                                                                               

                                                                               

                                                                                  

                                           

                                                                                                

                                                                               

                                                                           

                                                                              

                                                                                

                                   

   

   

   

   

  

   

  

   

   

  

  

  

  

   

   

   

  

  

  

   

  

   

  

  

   

   

   

   

   

  

  

   

  

  

   

  

   

   

   

   

   

  

   

   

   

  

  

  

   

  

   

   

  

  

  

   

   

  

   

   

  

  

   

  

   

  

   

  

  

   

   

  

  

  

   

  

  

  

  

  

  

   

   

   

   

  

  

  

   

   



GDH - glutamate dehydrogenase 

     

                                                                                  

                                                                    

                                                                                                                        

                                                                                                                                              

                                                                                                                       

                                                                         

                                                                 

                                                                                 

                                                                         

                                                                                                                                        

                                                                                             

                                                                       

                                                                 

                                                               

                                                                        

                                                          

                                                                                                                                       

                                                                                                                                      

                                                                                 

                                                                                                                                                                          

                                                                     

                                                                             

                                                                                  

                                                                        

                                                                          

                                                                                

                                                                                                                          

                                                                                                                        

                                                                            

                                                                                                                              

                                                                                                                           

                                                                                                  

                                                                                                      

                      

                                                               

                                                                                 

                                                                  

                                                                                   

                                                                      

                                                                          

                                                                                                                                        

                                                                     

                                                                                                                                      

                                                                          

                                                                           

                                                                                                                        

                                                                                                                                      

                                                                                                                                       

                                                                                                               

                                                                                                                          

                                                                             

                                                                                   

                                                                                                             

                                                                 

                                                                           

                                                                    

                                                                                                                                            

                                                                                                                                                                                                         

                                                                                                                             

                                                                                                                                      

                                                                                 

                                                               

                                                                                                                                      

                                                                                                             

                                                                                                             

                                                                                 

                                                                 

                                                                                                                                                               

                                                                    

                                                    

                                                                             

                                                                            

                                                               

                                                                                                                              

                                                                                                                

                                                                                                               

                                                                     

                                                                                    

                                                                              

                                                                            

                                                                                                                

                                                                                                                                       

                                                                             

                                                                          

                                                                     

                                                                   

                                                          

                                                                                        

                                                                             

                                                                          

                                                                                                                                    

                                                                       

                                                                           

                                                                                                                                                                                     

                                                                                                                                            

                                                                                                              

                                                                         

                                                                               

                                                            

                                                                    

                                                                       

                                                                          

                                                                                                                                           

                                                                                                                                        

                                                                                                                                   

                                                                                                               

                                                                        

                                                                                  

                                                                                                                        

                                                                       

                                                              

                                                                                                                               

                                                                        

                                                                                                                        

                                                                 

                                                                                                               

                                                                                                                                   

                                                             

                                                                       

                                                                                                                                        

                                                                                     

                                                                                                                                    

                                                                           

                                                                                                                        

                                                                      

                                                                                                             

                         

                                                                                                                                    

                                                                                                                           

                                                                                                                                                

                                                                         

                                                                              

                                                                                                                     

                                                                                     

                  

                                                                                                                            

                                                                                                             

                                                         

                                                                                                                                        

                                                                       

                                                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                      

                                                                                                                   

                                                                                                        

                                                                                                                                      

                                                                                

                                                                       

                                                                                                                        

                                                                                                             

                                                                                                                          

                                                                                                                                                

                                                                   

                                                                                                                                      

                                                                                                                           

                                                                                                                              

                                                                                

                                                                                                                                          

                                                                            

                                                                                                                                      

                                                                    

                                                                                                                                              

                                                                                                                 

                                                                       

                                                                             

                                                                                   

                                                                    

  

  

   

  

   

   

  

  

  

   

   

  

  

   

  

   

  

   

  

   

  

   

   

   

  

  

  

  

  

   

  

  

  

  

  

  

  

   

  

  

  

   

  

  

  

  

  

   

   

   

  

   

  

  

  

   

   

  

  

  

   

  

   

  

   

  

  

   

  

   

   

   

  

   

   

  

  

   

   

  

  

  

   

   

   

  

  

   

  

  

   

   

   

  

  

   

   
  

  

  

   

   

  

  

  

   

   

  

  

  

   

   

  

  

   

  

   

   

  

  

  

   

   

  

   

  

   

  

  

  

   

   

   

   

  

   

  

  
  

   

   

   

   

  

   

  

  

  

  

  

   

   

   

   

  

   

  

   

   

  

  

   

  

   

  

  



Grpe –  

     

                                                                           

                                                                                           

                                                                            

                                                                  

                               

                                         

                                                            

                                                                               

                                             

                                                                         

                                                                      

                                                                    

                                                                                     

                                                           

                                                                            

                                                                          

                                                                

                                                                         

                                                         

                                                             

                           

                                         

                                             

                                             

                                                                                      

                                                                              

                                                                       

                                                                 

                                                                      

                                                                         

                                                                           

                                                                       

                                                                  

                                                                  

                                                                    

                                                              

                                                            

                                                                                    

                                         

                                                                   

                                             

                                       

                                                            

                                                              

                                                                       

                                                                           

                                                                                         

                                         

                                                                           

                                                                                

                                                                      

                                                                       

                                                                                           

                                                                               

                                              

                                                                               

                                           

                                                                      

                                         

                                                                    

                                              

                                              

                                                                          

                                             

                                                                         

                                                                      

                                             

                                                                          

                                                          

                                                                            

                                                                    

                                                                                   

                                                                             

                                                                       

                                                                             

                                                                     

                                                               

                                                                    

                                              

                                                                   

                                                                                       

                                                                            

                                                                        

                                              

                                                                            

                                                         

                                         

                                                                 

                                                                      

                                                                 

                                                                            

                                                              

                                             

                                                                

                                                                                                      

                                                                       

                                                                           

                    

                                         

                                              

                                                                           

                                                                          

                                                                     

                                                                        

                                                                                 

                                                                  

                                              

                                                                 

                                                                     

                                                                               

                                                                                    

                                                                     

                                                                          

                                                                      

                                                                              

                                                            

                                              

                                                                        

                                                                       

                                         

                                                                             

                                                                                      

                                                                  

                                                                                           

                                                                                  

                                                                 

                                         

                                                                                     

                                                                   

                                                                              

                                                                          

                                                           

                                                                           

                                                                             

                                                                            

                                                              

                                                                

                                                                

                                                                 

                                                                          

                                                                   

                                         

                                                                       

                                                                         

                                                                    

                                                                               

                                                                                            

                                             

                                                                           

                                         

                                              

                                               

                                                                                          

                                                                         

                   

                                                                                            

                                                                                 

                                                                             

                                                                            

                                                                         

                                                                             

                                                                       

                                                                           

                                                                      

                                                                                 

                                                                            

                                                                      

                                              

                                                                            

                                                                            

                                                                          

                                                           

                                                                              

                                                                           

                                                                       

                                                                        

                                                                            

                                                                         

                                                                    

                                                                        

                                              

                                                                         

                                                              

                                                                                 

                               

                                              

                                                                 

                                                                 

                                                                                

                                                                  

                                                       

                                                                                  

                                                                            

                                                                                      

                                              

                                                                                         

                                   

                                                               

                                                         

                                         

                                                                       

                                                                              

                                                                 

                                                                  

                                                                   

                                                                          

                                                                                

                                                                 

                                                                            

                                                                          

                                                                    

                                                                                               

                                                                                   

                                                                        

                                                                              

                                                                   

                                                                             
                                                                    

                                                                            

                                              

                                                                

                                                                     

                                                                           

                                             

                                                                    

                                                                     

                                                         

                                                                 

                                                                          

                                                                     

                                                                     

                                                                             

                                                                 

                                             

                                                                         

                                                                              

                                                                                 

                                                                       

                                           

                                                                                  

                                                                        

                                                                        

                                                                   

                                

                                                                    

                                         

                                                      

                                                                                                   

                                                                          

                                                                              

                                                                                           

                                                                           

                                                                           

                                                                    

                                                                               

                                                                 

                                               

                                                                             

                                                                  

                               

                                                                       

                                                                    

                                                                       

                                                                                     

                                

                                                                          

                                                                             

                                                                            

                                                                          

                                              

                                                                                 

                                                                

                                         

                                                                       

                                

                                                                          

                                                                                   

                                                                          

                                                                  
                                                                               

                                         

                                                                     

                                                         

                                                                              

                                                                     

                                                                            

                                                                              

                                                                    

                                                                        

                                                            

                                                          

                                                                                                  

                                                                   

                                             

                                                                           

                                                                 

                                                                   

                                                                            

                                                            

                                                                  

                                                                        

                                                                        

                    

                                                                                        

                                                            

                                                                                        

                                                                     

                                              

                                                            

                                             

                                                                                

                                             

                                              

                                                             

                                                                         

                                                                            

                                                            

                                                                                    

                                                                      

                                                             

                                                                          

                                                                    

                                                                               

                                                            

                                                                                         

                                                                 

                                         

                                             

                                       

                                                            

                                                                    

                                                                         

                                         

                                                                               

                                                               

                                                                                         

                                                                                

                                                               

                                                                           

                                                                                    

                                                                    

                                                                   

                                                       

                                       

                                                                                           

                               

                                                                                         

                                                                            

                                              

                                                                              

                                

                                                                     

                                                                   

                                                                 

                                                                                         
                                                                               

                                                                                      

                                         

                                                               

                                                                           

                                                                

                                             

                                                                                         

                                                                     

                                             

                                                                                  

                                                                 

   

   

  

   

   

  

  

  

   

   

  

  

  

   

  

  

   

  

   

  

  

  

  

   

   

 

   

  

  

  

 

  

   

   

  

   

 

  

   

  

   

  

   

  

   

   

  

   

  

  

   

   

   

   

  

  

  

  

  

   

   

  

  

   

   

   

   

  

   

   

   

   

   

   

   

   

   

   

   

  

   

   
  

  

   

   

   

   

   

   

   

  

  

  

  

  

   

  

   

  

  

  

   

   

  

  

   

   

  

   

  

  

  

   

  

  

   

   

  

  

   

  

  

  

  

  

  

  

  

  

   

   

   

   

  

  

  

  

   

   

  

 

   

   

  

   

   

   

  

  

  

  

  

  

   

   

   

  

   

  

  

   

   

   

  

   

  

  

   

   

   

   

   

  

  

  

  

  

 

   

  

  

  

   

   

   

   

  

   

   

  

   

   

   

  

  

   

   

   

  

  

  

  

  

   

   

  

  

  

  

   

  

   

  

   

   

  

   

   

   

  

  

  

  

  

   

   

   

   

   

  

  

   
   

   

  

   

  

   

   

   

  

   

  

   

   

   

   

  

  

  

  

  

  

  

   

  

   

   

  

  

   

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

   

 

  

  

   

   
  

  

   

   

   

   

   

  

   

  

  

   

  

  

  

   

   

   

  

   

   

  

   

   

   

  

  

   

   

  

  

   

  

   

   

  

  

   

   

  

  

   

   

   

  

  

  

  

   

   

   

  

   

  

   

  

   

  

   

  

  

   

  

  

  

  

   

   

   

  

   

   

  

   

  

   

   

   

  

   

   



Grx5 - glutaredoxin-5 

 
  

   

                                                                        

                                                          

                                                                                

                                                                                                         

                                                                                                                   

                                                                     

                                                                                                                                             

                                                                           

                                                                                                                   

                                                                                        

                                                                                         

                                                                                                                           

                        

                                                                                        

                   

                                                                                    

                                                                     

                                                                                

                                                                         

                                             

                                                                                                                      

                                                                                                                          

                                                                                                                       

                                                                                                                              

                                                                                                                      

                                                                                                                          

                                                                                           

                                                               

                                                                   

                                                                     

                                                                 

                                                       

                                                                    

                                                                  

                                                                         

                                                                    

                                                          

                                                                                                                         

                                                                 

                                                                   

                                                                                                                                 

                                                                                      

                                                                          

                                                                             

                                                   

                                                                                                                           

                                                                                                                      

                                                                                                                           

                                                     

                                                                       

                                                                             

                          

                                                                                                      

                                                                       

                                                                                                                        

                                                                         
                                                                     

                                                                            
                                                                                 

                                                             

                                                            

                                                                                                                                  

                                                                                                                 

                                                                     

                                                                         

                                                                                                                                          

                                                                                                                 

                                                                         

                                                                          

                                                                                                                                      

                                        

                                                                          

                                                                          

                                                                             

                                                                                                                              

                                                           

                                                             

                                                 
                                                        

                                                                                                                   

                                                                                                                      

                      

                                                                          

                                                                                                                                         

                                                  

                                                                                                                  

                  

                                                                                                                   

                                                                                     

                                                                                                                                                           

                                                                                                                   

                                                                          

                                                                           

                                                                                                                        

                                                                 
                                                        

                                                                

                                                                                                                                   

                                                                          

                                                               

                                                                                

                                                                             

                                                                                                                                     

                                                                                                                           

                                                                       

                                                                                                                                         

                                                                           

                                                                           

                                                                 

                                                                         
                                                         

                                                                     

                                                                        

                                                                     
                                                                            

                                                                                                                               

                                                                                

                        

                                                                                                                         

                                                                                                                           

                                                                               

                                                                                       

                                                                       

                                                                            

                                                          

                                                                                   

                                                                                 

                                                                  

                                                                      

                                                                                           

                                                                

                                                                     

                                                                          

                                                                                                                 

                                                                         

                                                                                                                      

                       

                                                                                        

                                                                                                                                                       
                                                                                                                                                       

                                                                   

                                                                                                                                   

                                                                                              

  

   

  

  

  

  

  

  

   

   

  

  

  

  

   

  

  

  

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

  

  

   

   

   

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

   

  

  

  

   

  



HIBADH - 3-hydroxyisobutyrate dehydrogenase 

     

                                                                                              

                                                                                                                                 

                                                                                                                                                    

                                                                                    

                                                                                        

                                                                                                                                           

                                                                             

                                                                                                                                          

                                                                  

                                                                                                                                     

                                                                                                                                                             

                                                                                     

                                                                                                         

                                                                   

                                                                                                                          

                                                                           

                                                                     

                                                                                                                             

                                                                                                                                                    

                                                                                                                          

                                                                                                                          

                                                                                                                                     

                                                                  

                                                                                                                                                                        

                                                                     

                                                                             

                                                                                                                                                                                   

                                                                                               

                                                                                         

                                                                           

                                                                                         

                                                                                                                                 

                                                       

                                                                               

                                                      

                                                                                             

                                                                         

                                                                                                                                           

                                                                                                                          

                                                                                                                                       

                                                                              

                                                                           

                                                                   

                                                                                  

                                                                                                                                  

                                                                                                                                            

                                                                              

                                                                                            

                                                                                                                                                                                              

                                                                                                                              

                                                                                                                                                                                        

                                                                                                                                               

                                                                                                                                 

                                                                                                                        

                                                                                                                                                     

                                                                 

                                                                                      

                                                                                                         

                                                       

                                                                            

                                                                                                                                     

                                                                                              

                                                                   

                                                                                                                                         

                                                                               

                                                                                                                                 

                                                                                                   

                                                                                                                                                          

                                                                                      

                                                                                

                                                                     

                                                                                                                                     

                                                                                                                                                 

                                                                                                                                                    

                                                                    

                                                                                                                                                           

                                                                                             

                                                                                     

                                                                            

                                                                                                                                        

                                                           

                                                                            

                                                                                                                                                           

                                                                                                            

                                                                                                  

                                                                                          

                                                                                 

                                                                                                                                       

                                                                           

                                                                                                                                                             

                                                                   

                                                                                                                                     

                                                                              

                                                                          

                                                                               

                                                                              

                                                                                                                                  

                                                                            

                                                                                                                                     

                                                                         

                                                                                                                              

                                                      

                                                                         

                                                                            

                                                                                          

                                                                                              

                                                                                            

                                                                                             

                                                                                      

                                                                                                                           

                                                                                     

                                                                              

                                                                            

                                                      

                                                                 

                                                                           

                                                                                                                          

                                                                                                                                  

                                                                               

                                                                                                                                                       

                                                                

                                                                                                

                                                                                          

                                                                                                                               

                                                                              

                                                             

                                                                   

                                                                         

                                                                                                                               

                                                                                                                                                    

                                                                                                                                     

                                                                                                                                       

                                                                 

                                                                                   

                                                                   

                                                                            

                                                                                                                                     

                                                      

                                                                       

                                                                                                                                 

                                                                             

                                                                                                                                           

                                                                          

                                                                                                                                                                  

                                                                                                                                     

                                                                                                                                        

                                                                                   

                                                                

                                                                                                                                                       

                                                                                                                                   

                                                                                                    

                                                                                             

                                                                          

                                                                                                                                         

                                                                                                                                  

                                                                        

                                                                         

                                                                  

                                                                                                                                                    

                                                                        

                                                                                                                                       

                                                                                                                             

                                                                                                              

                                                                                                                                                                             

                                                          

                                                                                                          

                                                                                                                                 

                                                                                                

                                                                                 

                                                                                                                                         

                                                       

                                                                           

   

  

   

  

  

  

   

   

  

  

   

  

  

  

  

  

   

  

   

  

  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

   

   

   

   

  

  

  

  

   

  

   

  

  

  

  

   

  

  

   

  

  

  

  

  

   

  

  

   

  

  

  

  
  

   

   

  

  

  

   

  

  

  

  

   

   

  

  

  

   

  

  

  

   

  

   

   

   

   

  

  

  

   

  

  

   

  

  

  

   

  

  

   

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

   

   

  

  

   

   

  

  

  

  

  

  

  

  

   

  

   

  

   

   

  

   

   

   

  

  

  

  

  

   

  

   

   

   

   

  

  



HSP10 - heat-shock protein 10 kD 

 
  

   

                                                               

                                                         

                                                                             

                                                                                        

                                                          

                                                                           

                                                                         

                                                                                                       

                                                                                    

                                                    

                                                                                     

                                                                                

                                                             

                                                                    

                                                      

                                                                          

                                                         

                                                                                       

                                                       

                                                              

                                                                       

                                                                                                                                                          

                                                                                       

                                                                 

                                                                                       

                                    

                                                             

                                                        

                                    

                                             

                                                                                      

                                                                                     

                    

                                                                

                                                              

                                                                                 

                                                                    

                                                                                                                         

                                                                                                                                                 

                                                                     

                                                                          
                                                    

                                                                  

                                                                              

                                                                         

                                                                                        

                                                                         
                                                                    

                                                    

                                                                                 

                                                              

                                                          

                                                       

                                                           

                           
                        

                   

                                                                   

                                                                             

                                                       

                                                                            

                                                                                     

                                                                                                                               

                                                                                                                    

                                                         

                                                                                            

                                                                                                                      

                                                                                                             

                                                                                          

                                                                                      

                                                                                               

                                                  

                                                                        

                                                                                                       

                                                                   

                                                                                                               

                                                            

                                                                                               

                                                                                                                                 

                                                                          

                                                                       

                                                                
                                                                                   

                                                          

                                                                                                                                     

                                                                    

                                                                    

                                                                             

                                                                                                     

                                                                       

                                                                     

                                                                            

                                                                                      

                                                                     

                                                                                                                          

                                                       

                                                                      
                                                                           

                                                                    

                                                           

                                                                               

                                                                          

                                                                                       

                                                       

                                                                                              

                                                                                

                                                                                                                    

                                                                                                       
                                                                                                      

                                                                       

                                                                                                                                     

                                                                         

                                                                              

                                                  

                                                                                                

                                                              

                                                                             

                                                                        

                                                                                             

                                                                                                            

                                                                                

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

   

  

  

   

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

   

  

  

   

   

  

  

   

  

   

   

  

   

  

  

  

  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

  

  

   

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

   

   

  

  



HSP60 - heat-shock proteins 60 kD 

 
  

   

                                                                                                                

                                                                                    

                                                          

                                                              

                                                          

                                                                                    

                                                                        

                                                                                   

                    

                                                                                                                          

                                                         

                                                                                      

                                                                  

                                                                  

                                                                    

                                          

                                                                                

                                                                  

                                                           

                                                                  

                                                                         

                                                                                      

                           

                                                             

                                                                       

                                                                                 

                                                                    

                                                             

                                               

                                                     

                                                                                                            

                                                                                 

                                                                    

                                                                                                                                  

                                                                                        

                                                            

                                                                               

                                                        

                                                                     

                                                                                                                              

                                                                      

                                                                            

                                                               

                                                                                    

                                                      

                                                                                      

                                                                                      

                                                             

                                                                                      

                                                                                  

                                                        

                                                                                    

                                                             

                                                          

                                                                       

                                                             

                                                              

                                                                                                

                                                                            

                                              

                                                                           

                                                                               

                                                                                                             

                                                                               

                                                                    

                                                                             

                                                                   

                                                                                                                              

                        

                                                                                                                        

                                                                                   

                                                      

                                                             

                                                                                 

                                                     

                                                             

                                                              

                                                                         

                                                                    

                                                                                                            

                                                        

                                                                                                                      

                                                        

                                                                       

                                                        

                                                                                      

                                                          

                                       

                                                                  

                                                                                           

                                                                                       

                                                                                                                           

                                                                               

                                                                                      

                                                                                                                          

                                                        

                                                                                 

                                                                                                                              

                                                                    

                                              

                                                           

                                                             

                                                                                                                                                          

                                                                            

                                                                                                                     

                                                                                                                              

                                                            

                                                                              

                                                                                                                   

                                                                       

                                                         

                                                            

                                                                                                

                                                             

                                                       

                                                          

                                                          

                                                                             

                                                                                                             

                                                                 

                                                                    

                                                       

                                                       

                                                                                      

                                                                                                                        

                                                                                    

                                                                             

                                                        

                                                                                      

                                                         

                                                             

                                                                                                             

                                                        

                                                                    

                                                                                  

  

  

  

   

  

  

   

  

   

   

   

  

   

  

  

   

   

  

  

  

  

  

   

   

   
   

  

  

   

   

  

   

  

  

  

   

  

  

  

   

  

  

   

  

   

   
  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

   

   

  

   

  

   

  

  

  

  

   

  

   

  

  

  

  

  

  

  

   

  

  

   

  

   

  

   

  

  

   

   

  

  

   

   

  

   

  

   

  

   

   

  

  

  

  

  

  

  

   

   

  

  

  

   

  

   

  

  

   

   

  

  

  

  

   

   

  

   

  



HSP90 - heat-shock protein 90 kD 

 
  

   

                                                                        

                                                        

                                                                               

                                                          

                                                           

                                                          

                                                                                      

                                                          

                                                               
                                                                 

                                                         

                                                                            

                                                     

                                                          

                   

                                                                                                                                                               

                                                                       

                                                        

                                                                                                                                          

                                                                         

                                                                             

                                                                          

                                                     

                                                                                 

                                                               

                                                              

                                                                                                                                                             

                                                                                                                                

                                                                 

                                                                   

                                              

                                                           

                                                                    

                                                              

                                                                       

                                                                        

                                                             

                                                                     

                                                                  

                                                        

                                                                                                                

                                                                                                                                                  

                                                        

                                                                     

                                                                

                                                                          

                                                                

                                                           

                        

                                                                  

                                                                             

                                                                   

                                                           

                                                                   

                                                         

                                                       

                                                  

                                                             

                                                                      

                                                          

                                                                                                                                                 

                                                                        

                                                                                    

                                                                                                                                                          

                                                                 

                                                                                                                  

                                                                   

                                                                          

                                                                          

                                                                                                                                                                    

                                                                                                                                                  

                    

                                                                                                                

                                                        

                                                                  

                                                                             

                                                                               

                                                                  

                                                                                                                                                                 

                                                       

                                                                                                                                                                     

                                                                  

                                                                       

                                                                                                                                                             

                                                                                                                                                                 

                                                  

                                            

                                                                                      

                                                     

                                                                                                                                                    

                                                                    

                                                                           

                                                                 

                                                          

                                                      

                                                                         

                                                           

                                        

                                                                                                                 

                                                           

                                                          

                                        

                                                      

                                                          

                                                                                   

                                                                   

                                                                                 

                                                                

                                                      
                                                                                                              

                           

                                              

                                                           

                                                  

                                                                    

                                                                                                                                                               

                                                               
                                                    

                                                        

  

  

  

  

  

  

  

  

  

   

   

   

   

   

   

  

   

  

  

  

  

  

  

   

  

   

  

   

  

  

   

  

   

  

  

   

  

  

   

   

  

  

   

   

   

   

  

  

  

   

    

  

  

  

  

  

   

  

   

  

  

   

   

   

  

  

  

  

  

   

  

   

   

   

   

  

  
  

  

   

  

  

   

   

   

  

   

  

  

  

  

  

   

  

   

   

  

   

   

  

   

  

  

  

  

   

  

   

   

   

   

  

   

  

   

  



IBD - isobutyrate dehydrogenase 

 
  

   

                                                                   

                                                                         

                                                                   

                                                            

                                                                                                                   

                                                                                                                                     

                                                                                  

                                                        

                                                                                                                

                                                                                

                                                                    

                                                                   
                                                                                 

                                                                                                               

                                                                                                 

                                                                                                            

                                                               

                                                                      

                                                                

                                                                                                                                                    

                                                                      

                                                              

                                                                                   

                                                                     

                                                                                                            

                                                                   

                                                                                                                             

                                                                

                                                                                                 

                                                                

                                                              

                                                                             

                                                                                  

                                                                                                                                      

                                                                      

                                                             

                                                                                              

                                                              

                                                                      

                                                                       

                                                                    

                                                                    

                                                                      

                                                              

                                                                                                                                   

                                                                                 

                                                                    

                                                                             

                                                            

                                                                                   

                                                              

                                                                                         

                                                                      

                                                                                                           

                                                                                                                                                   

                                                                                       

                                                                                                                                          

                                                                             

                                                                      

                                                              

                                                                             

                                                                                

                                                              

                                                                                                                                           

                                                                             

                                                                              

                                                                     

                                                                      

                                                                                       

                                                                                 

                                                                   

                                                                  

                                                                       

                                                                                     

                                                                                

                                                                                                                                            

                                                                                   

                                                                         

                                                                    

                                                            

                                                                                   

                                                                                                                                                

                                                                

                                                                  

                                                                

                                                                            

                                                                                              

                                                             

                                                                      

                                                                        

                                                                                                       

                                                                     

                                                               

                                                              

                                                                               
                                                                   

                                                                                

                                                                                                                                              

                                                                                

                                                                  

                                                                     

                                                                                  

                                                                          

                                                                                                                                              

                                                                                  

                                                                                                                                              

                                                                                    

                                                                      

                                                                                     

                                                                                              

                                                                                          

                                                                                      

                                                                             

  

   

  

  

  

   

  

  

   

  

  

  

  

   

  

  

  

   

  

  

   

  

  

  

  

   

  

  

   

   

   

  

  

  

   

  

  

   

  

  

  

  

  

  
   

   

  

  

  

   

  

   

   

  

  

   

  

   

   

  

   

  

   

  

   

  

  

   

  

  

  

   

   

  

  

   

  

  

  

  

  

   

   

   

   
  

  

   

  

   

   

   

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

  

   

   



IscS - cysteine desulfurase 

     

                                                                

                                                                

                                                                   

                                                         

                                                                             

                                                                  

                                                                         

                                                                         

                                                                               

                                                                                       

                                                                    

                                                                           

                                                                       

                                                                       

                                                                                    

                                                                      

                                                                       

                                                                                                          

                                                        

                                                             

                                                                         

                                                                              

                                                                   

                                                                       

                                                                  

                                                                   

                                                                                

                                                                   

                                                                   

                                                              

                                                                                                 

                                                              

                                                                  

                                                                                     

                                                                                                          

                                                         

                                                                            

                                                            

                                                             

                                                                         

                                        

                                                            

                                                                  

                                                                                 

                   

                                                                           

                                                                                    

                                                                      

                                                                    

                

                                                                           

                                                                       

                                                                                         

                                                        

                                                                             

                                                                                  

                                                                                              

                                                                                           

                                                      

                                                                           

                                                                                               

                                                           

                                                                          

                                                                                      

                                                                        

                                                                       

                                                                            

                                                                       

                                                                        

                                                                    

                                                                     

                                                                     

                                                     

                                                                   

                                                                            

                                                                          

                                                                       

                                                                  

                                                                                              

                                                                    

                                                                              

                  

                                                                        

                                                                        

                                        

                                                                          

                                                                  

                                                                         

                                                                                   

                                                                  

                                                                   

                                                               

                                                                

                                                                    

                                                      

                                                                          

                                                                   

                                                              

                                                                  

                                                        

                                                                                 

                                                                        

                                                                                                                                                            

                                                                

                                                                   

                                                              

                                                                

                                                                   

                                                                   

                                                         

                                                                          

                                                                        

                                                                       

                                                                  

                                                                           

                                                                  

                                                                                 

                                                                    

                                                                         

                                                                                         

                                                          

                                                                          

                                                                         

                                                                      

                                                                  

                                                                                      

                                                           

                                                                                                                                                                                                         

                                                                                      

                                                                                       

                                                                 

                                                                                                                                                                  

                                                              

                                                                    

                                                                    

                                                           

                                                                               

                                                                    

                                                              

                                                                       

                                                                               

                                                                           

                                                                              

                                                         

                                                               

                                                                                       

                                                                         

                                                                       

                                                                   

                                        

                                                                         

                                                                                                                                                                                                                   

                                                                          

                                                                              

                                                                          

                                                                                                 

                                                                      

                                                               

                                                               

                                                          

                                                                

                                                                                                            

                                                                 

                                                           

                                                                                                                                                              

                                                                           

                                                                  

                                                                      

                                                                      

                                                                               

                                                                                                          

                                                                          

                                                                  

                                                                    

                                                                                                                                            

                                                                              

                                                                     

                                                                        

                                                                 

                                                                    

                                                               

                                                                       

                                                                 

                

                                                                                                                                                               

                                                                                   

                                                                 

                                                                      

                                                                   

                                                                     

                                                                  

                                                          

                                                                                            

                                                                  

                                                     

                                                                  

                                                              

                                                           

                                                                      

                                                     

                                                                  

                                                                              

                                                                                          

                                                                             

                                                                          

                                                                       

                                                                      

                                                                                    

                                                                  

                                                                  

                                                                    

                                                                                    

                                                                                             

                                                                             

                                                          

                                                          

                                                            

                                                                                                 

                                                              

                                                                     

                                                                       

                                                             

                                                                  

                                                                  

                                                                  

                                                                                                                            

                                                                             

                                                                            

                                                                               

                                                              

                                                                        

                                                               

                                                                           

                                                                                   

                                                                  

                                                                    

                                                                  

                                                      

                                                                   

                                                        

                                                                            

                                                                                    

                                                               

                                                                            

                                                                          

                                                                   

                                                                                       

                                                                              

                                                                               

                                                                     

                                                                          

                                                          

                                             

                                                                        

                                                                                          

                                                                 

                                                                

                           

                                                                  

                                                              

                                                                             

                                                                              

                                                                           

                          

                                                                 

                                                                    

                                                                           

                                                                

                                                                    

                                                                

                                                                                                                                    

                                                                                        

                                                                               

                                                                     

                                                        

                                                                                

                                                                                        

                                                                         

                                                                                    

                                                               

                                                                           

                                                                  

                   

                                                                                     

                                                                       

                                                                  

                                                                      

                                                              

                                                                      

                                                                             

                                                                  

                                                                                                                       

                                                                                                                                                                                

                                                           

                                                         

                                                      

                                                            

                                                                                

                                        

                                                                                         

                                                                                               

                                                                             

                                                           

                                                                   

                                                         

                                                                           

                                                      

                                                                  

                                                                           

                                                                 

                                                                                        

                                                        

                                                                                         

                                                                                      

                                                                         

                                                                                                                

                                                                     

                                                                                       

                                                                  

                                                                    

                                                      

                                                                               

                                                              

                                                                            

                                                                                   

                                                                                             

                                                                          

                                                                 

                                                                                    

                                                                                       

                                                               

                                                                               

                                                                             

                                                                         

                                                               

                                                                                                         

                                                                                                          

                    

                                                                                 

                                                           

                                                                  

                                                                        

                                                                    

                                          

                                                                  

                                                                  

                                                                                         

                                                                         

                                                                            

                                                                     

                                                                     

                                                                                          

                                                                 

                                                                      

                                                           

                                                                

                                                                 

                                                                     

                                                               

                                                                                                                      

                                                                  

                                                               

                                                                

                                                        

                                                               

                                                                          

                                                                         

                                                                                               

                                         

                                                                

                                                                     

                                                                         

                                                                    

                                                            

                                                                                

                                                         

                                                                                                  

                                                                     

                                                                  

                                                                        

                                                                      

                                                                                                                                                                               

                                                                               

                                                     

                                                                                    

                                                                            

                                                                                        

                                                                            

                                                             

                                                                                

                                                               

                                                                         

                                                        

                                                                             

                                                                  

                                                                  

                                                                

                                                                               

                                                             

                                                                          

                                                              

                                                                    

                                                                            

                                                                         

                                                                       

                                                                       

                                                                                   

                                                     

                                                                                     

                                             

                                                                                  

                                                                                  

                       

                                                                     

                                                        

                                                      

                                                                   

                                                                                 

                                                                           

                                                            

                                                      

                                                                 

                                                                 

                                                        

                                                                                            

                                                                     

                                                                

                                                                             

                                                                    

                                                                              

                                                          

                                                               

                                                                    

                                                                        

                                                                   

                                                                  

                                                                   

                                                        

                                                                 

                                                                           

                                                                              

                                                                   

                                                                    

                                                                                       

                                                                                            

                                                                   

                                                        

                                                                                     

                   

                                                          

                                                         

                                                                                                                                                                                                             

                                                                                        

                                                                           

                                                                         

                                                                    

                                                                   

                                                               

                                                     

                                                                              

                                                                                 

                                                                       

                                                            

                                                                              

                                                          

                                                                            

                                                      

                                                                                  

                                                                              

                                                                       

                                                                              

                                                                

                                                                               

                                                                              

                                                                     

                                                                          

                                                                       

                                                                           

                                                                          

                                                                   

                                                         

                                                                                 

                                                              

                             

                                                                

                                                                             

                                                         

                                                                                 

                                                  

                                                         

                                                              

                                                                                       

                                                                  

                                                               

                                                                     

                                                                      

                                                                 

                                                     

                                                               

                                                           

                                                             

                                                                  

                                                                                  

                                                                    

                                                                     

                                                                       

                                                                  

                                                                           

                                        

                                                                                       

                                                                                                                                                                                                                   

                                                                                                                                                               

                                                                         

                                                      

                                                                                                                                     

                                                                                            

                                                                 

                                                                                                                                                            

                                                                                                 

                                                       

                                                                    

                   

                                                                                    

                                                                                   

                                                                     

                                                                  

                                                                        

                                                                           

                                                                     

                                                                                                                                              

                                                                                                           

                                                                          

                                                                   

                                                               

                    

                                                                                    

                                                              

                                                                           

                                                                                       

                                                                  

                                                                                                                                                                                                              

                                                                               

                                                                                    

                                                                                               

                                                                           

                                                                      

                                                               

                                                                       

                                                                                      

                                                                                  

                                                                            

                                                                               

                                                              

                                                                           

                                                         

                                                            

                                                                                 

                                                                                          

                                                                       

                                                                            

                                                                                                                                         

                                                                              

                                                                

                                                                              

                                                                                      

                                                        

                                                                                                                                                         
                                                                                   

                                                            

                                                                             

                                                                

                                                              

                                                                

                                                            

                                                                           

                                                                                 

                                                                          

                                                                         

                                                                       

                                                                                                  

                                                                                                                                         

                                                                       

                                                              

                                                                        

                                                     

                                                                                 

                                                                                  

                                                                   

                                                                  

                                                           

                                                                   

                                                                        

                                                 

                                                          

                                                                                        

                                                                      

                                                               

                                                                       

                                                                

                                                                      

                                                                       

                                                                 

                                                                

                                                                              

                                                        

                                                                

                                                                     

                                                                              

                                                                                       

                                                                                  

                                                                

                                                           

                                                      

                                                                      

                                                                                               

                                                                       

                                                        

                                                                    

                                                                 

                                                                                        

                                                                    

                                                                  

                                                                                              

                                                                                                                                      

                                                                         

                                                                          

                                                                              

                                                                  

                                                                              

                                                      

                                                                         

                                                                    

                                                                       

                                                                       

                                                                          

                                                                  

                                                                                                                                             

                                                                   

                                                           

                                                                                  

                                                                  

                                                                       

                                                                  

                                                                        

                                                                   

                                                 

                                                                        

                                                                             

                                                                                

                                                                                        

                                                            

                                                                                 

                                                                                                          

                                                                          

                                                         

                                                                    

                                                                                

                                                                                                        

                                                                                          

                                                                                               

                                                                                      

                                                        

                                                                 

                                                                          

                                                               

                                                                    

                                                                        

                                                              

                                                                                                    

                                                                 

                                                                      

                                                               

                                                                          

                                                            

                                                                                    

                                                                          

                                                                     

                                                                       

                                                                              

                                                                                              

                                                                    

                                                  

                                                                            

                                                                    

                                                                                                             

                                                                          

                                                                                                                                                                                 

                                                                              

                                                                         

                                                                  

                                                                        

                                                                    

                                                                                

                                                                            

                                                                        

                                                                       

                                                                  

                                                                         

                                                                                  

                                                                    

                                                               

                                                         

                                                                    

                                                                           

                                                                       

                                                                                                                                                                                                              

                                                                                                                                                                                                        

                                                        

                                                                              

                                                                                

                                                                                                    

                                                                               

                                                                              

                                                                                                                                                             

                                                                         

                                                                      

                                                                                     

                                                                            

                                           

                                                     

                                                               

                          

                                                                                                              

                                                                             

                                                        

                                                          

                                                                   

                                                        

                                                                              

                                                                              

                                                                  

                                                        

                                                                    

                                                                

                                                                                            

                                                                

                                                                    

                                                       

                                                                       

                                                                         

                                                                 

                                                                   

                                                                                          

                                                                              

                                                             

                                                                              

                                                                                   

                                                                   

                                                                    

                                                              

                                             

                                                                  

                                                          

                                                                           

                                                                                                                                                           

                                                                                                                                            

                                                                                          

                                                                 

                                                                                               

                                                                     

                                                                                                    

                                                            

                                                               

                                                                                                                                                    

                                                                

                                                                  

                                                                                

                                                    

                                                                                           

                                                                                      

                                                                       

                                                                             

                                                                      

                                                                                           

                                                                  

  

  

   

   

   

 

  

  

  

  

  

   

  

  

 

  

  

  

  

  

   

  

  

  

  

   

   

   

  

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

 

   

   

   

  

   

  

  

 

  

  

  

  

  

 

  

  

  

  

   

  

  

  

   

   

   

  

  

  

  
  

   

   

  

 

  

  

  

   

  

  

  

  

   

   

  

   

 

  

  

   

  

  

   

   

   

   

  

  

   

  

  

   

  

  

  

  

  

   

  

  

  

 

   

  

  

  

  

   

  

  

   

  

  

  

  

   

   

  

   

  

   

  

  

  

  

  

   

   

   

  

   

  

  

  

   

  

   

  

  

  

   

  

   

   

  

   

  

  

  

   

   

   

  

   

  

   

  

  

   

  

  

  

   

  

  

  

  

   

  

  

  

  

  

   

   

  

  

   

  

   

  

  

  

  

   

   

  

  

   

  

  

 

   

  

   

  

  

  

   

   

  

   

  

  

  

  

   

   

  

   

   

   

  

  

   

   

  

 

   

   

  

   

  

   

  

 

  

   

  

   

   

  

  

  

  

   

 

   

   

  

   

   

   

   

  

  

 

  

   

  

  

   

  

  

   

   

  

   

   

   

  

  

  

   

 

  

 

   

  

   

  

  

  

  

  

  

   

   

  

  

   

  

  

  

  

   

  

  

  

  

   

  

  

   

   

  

  

   

  

  

 

   

  

   

   

  

  

  

  

  

   

   

   

   

  

  

  

  

  

  

  

   

  

  

  

  

 

   

  

  

  

  

  

  

  

  

  

  

  

  

   

   

   

  

  

  

   

 

  

   

   

   

  

  

   

  

  

  

  

  

   

  

  

   

  

  

  

  

   

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

   

  

   

  

  

   

  

  

  

  

   

   

  

  

  

  

  

  

  

  

   

  

  

  

   

  

   

  

   

   

  

   

  

  

  

  

  

   

   

  

   
  

  

  

  

  

   

   

 

  

   

  

  

  

  

  

  

   

  

  

   

   

  

  

  

  

  

  

  

  

   

   

  

  

   

  

  

  

  

  

  

  

   

   

   

  

  

   

  

  

  

  

   

  

   

   

  

  

  

   

 

  

  

   

  

  

  

   

   

  

  

 

  

  

  

  

  

 

  

   

  

  

   

   

  

  

  

   

   

  

  

  

   

  

  

  

   

  

 

   

  

   

 

   

  

  

   

  

  

  

   

  

   

   

   

  

  

  

  

  

  

   

   

   

   

   

  

   

  

  

  

  

   

  

  

  

 

   

  

  

 

   

   

   

  

  

   

  

  

   

  

  

  

   

   

   

   

 

   

   

  

   

  

   

   

 

  

  

  

  

  

   

   

   

   

   

   

  

  

   

  

  

   

  

  

 

  

  

 

  

  

  

  

   

  

  

  

   

   

  

  

  

  

   

  

  

  

  

  

   

  

  

   

  

  

   

   

   

  

   

  

   

   

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

 

  

  

   

  

  

   

   

   

   

   

  

   

   

  

   

  

   

  

  

  

   

 

 

   

   

   

  

  

   

  

   

  

   

  

   

  

  

   

  

   

   

  

 

   

  

  

  

  

  

   

  

  

  

  

  

   

   

  

  

   

  

   

  

  

  

  

   

  

  

   

   

  

  

  

  

  

  

  

   

  



IscU –  

 
  

   

                                                                      

                                                                               

                                                                          

                   

                                                                                           

                                                                              

                                                                               

                                                                                           

                                                                                           

                                           

                                                                    

                                                                           

                                                               

                                                                                   

                                                                                       

                                                                       

                                                                      

                                                              

                                                                      

                                                                           

                                                                     

                                                

                                                                                

                                                                        

                                                                            

                                                                                       

                                                                    

                                                                         

                                                  

                                         

                                                                         

                                                                            

                             

                                                                        

                                                                           

                                                                     

                                                                                    

                                                                                        

                                                                            

                                                                   

                                                                                 

                                                                       

                                                                                        

                                                                       

                                                  

                                                                           

                                        

                                                                        

                                                               

                                                                

                                                                                                  

                                                                            

                                                               

                                                          

                                                                            

                                                                                        

                                                                               

                                          

                                                         

                                                                                 

                  

                                                          

                                                       

                                                                    

                                                                                 

                                                                        

                                                                      

                                                               

                                                                       

                                                                         

                                                      

                                                                            

                                                                      

                                                                  

                                                                         

                                

                                                                                  

                                                       

                                                       

                                                                       

                                                             

                          

                                                       

                                                                                    

                                                                    

                                                                     

                                                                         

                                                                                                                                                                      

                                                                          

                      

                                                                           

                                                                    

                                                                               

                                                                                

                                                                

                                                                    

                                                               

                                                                

                                                                               

                                                                                  

                                                                     

                                                                        

                                                         

                                                                          

                                                             

                                                                 

                                                                       

                                                                                     

                                                                                

                                                                             

        

                                                                               

                       

                                                        

                                              

                                                        

                                                                        

                                                   

                                                                               

                                                                   

                              

                                                                          

                                                                                        

                                                       

                                                           

                                                                                                                                                                                                          

                                                          

                                              

                                          

                                                                             

                                                                                           

                                          

                                                               

                                                                            

                                              

                                                        

                                                          

                                                                      

                                               

                                                                                

                                                                                           

                                                                                           

                                                                                               

                          

                                                                                         

                                                                             

                                                                 

                                                                       

                                  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

  
  

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

  

   

  

   

  

  

  

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

   

   

  

   

   

  

  

  

  

  

  

  

   

   

  

  

  

  

   

  

  

   

  

  

   

  

  

   

   

   

  

  

  

  

  

  

   

  



MDH - malate dehydrogenase 

 
  

   

                                                                             

                                                                         

                                                       

                                         

                                                                       

                                                                     

                                                                                    

                                                                                 

                                                                              

                                                                         

                                                                               

                                                                          

                                                               

                                                                      

                                             

                                                                       

                                                            

                                         

                                                                

                                                                           

                                      

                                                                              

                                                                             

                                                                    

                                                                                  

                                                                      

                                                                                          

                                                                        

                                

                                                                        

                                                                                

                                                                  

                                  

                                                                                  

                  

                                                                                  

                                                                                     

                                                                     
                                                                          

                                                              

                                                                  

                                                                   

                                                                                  

                                        

                                                                             

                                                                                      

                                                                               

                                                                                      

                                                                                  

                                

                                                                           

                                                                                          

                                          

                                                               

                                                                     

                                                                                             

                                               

                                                                                         

                                         

                                                     

                                                                

                                                                           

                                                                      

                                                                            

                                                                            

                                                                            

                                                                                 

                                                                                               

                                                                            

                                                                     

                                      
                                

                                                                     

                                                                                               

                                

                                                                            

                                                                          

                                                                               

                                                                             

                                                           

                                                                        

                                                                            

                                                                                           

                                                                                                

                                                                                   

                                                                            

                                                                              

                                                                            

                                                                         

                                                                                 

                                                                              

                                         

                                                               

                                                                               

                                                                                   

                                                                          

                                                                                           

                                                                        

                                                                    

                                                                                 

                                                                         

                                                                          

                                                                                  

                                                   

                                                              

                                                                               

                                                                       

                                                                                   

                                                                                  

                                                                       

                                                                            

                             

                                                                    

                                                                                     
                                                                  

                                                                            

                                                        

                                  

                                                                             

                                                                                

                                                                

                               

                                                                        

                                                                

                                                                                 

                                          

                                        

                             

                                                                      

                                        

                                                                              

                                                                                       

                                                                               

                                                                                       

                                                                                  

                                                                               

                                                                            

                                                                               

                                                                         

                                                            
                                        

                                                                            

                                                                       

                                                                    

                                                       

                                                                      

                                                          

                                                                        

                                                                                

                                                                                

                                                                        

                                             

                                                                          

                                                                              

                                                                  

                                                                   

                                                                     

                                                                       

                                                                            

                                                                           

  

   

  

  

  

   

  

  

   

  

   

  

  

  

  

  

   

  

   

   

   

  

  

  

  

  

  

  

  

  

   

  

   

   

   

   

  

  

  

   

   

   

  

  

  

  

  
   

  

   

  

  

  

   

  

  

  

   

  

   

   

   

  

  

  

  

   

   

   

   

  

  

  

   

   

  

  

  

  

  

   

  

   

  

   

  

  

  

   

   

   

   

  

  

   

  

  

  

  

   

  

  

   

  

  

   

   

  

  

   

  

  

   

   
  

   

  

  

  

  

  

  

  

  

   

  

  

  

  

   

   

   

  

  

  

   

  

  

   

   

  

   

   

  

  

  

  

   

  

   

  

   

  

  

  

  

  

  



ME - malic enzyme 

     

                                                                    

                                                                    

                            

                                                          

                                                              

                                                                           

                                                               

                   

                                                                             

                                                                         

                                                                   

                                                                 

                                                                                

                                                     

                                                                                                

                                                                                  

                                                                      

                                          

                                          

                                                        

                                                                              

                                                                

                                                                                

                                                                     

                                                          

                                                                                   

                                                                            

                                                                                   

                             

                                                                         

                                                                    

                                                                    

                         

                                                          

                                                           

                   

                                                                           

                                                                

                                                                       

                                                          

                                                                     

                                                                          

                                                                      

                                                                

                                                                                   

                                                                                      

                                                                             

                   

                                                                     

                                                 

                                                          

                                                              

                                                               

                                                                             

                                                                   

                                                                           

                                                          

                                                     

                                                                 

                                                                          
                                                                                

                                                                        

                                                                           

                                                                                     

                                                           

                                                          

                                                                       

                                                                       

                                                               

                    

                                                                       

                                                                       

                                                                     

                                                            

                                                                            

                                                           

                                                                                              

                                                                             

                                                                  

                                                                          

                                                                           

                                                                       

                                                                                     

                                                                               

                                                                           

                                                                  

                                                      

                                                           

                                                                   

                                                                         

                                                                

                           

                                                                      

                                                                              

                                                                       

                                                                           

                                                                 

                                                                  

                                                                             

                                                             

                                                                  

                                          

                                                         

                             

                                                                        

                                                                    

                                                                

                                            

                      

                                                                       

                                                        

                                                           

                                                                     

                                 

                                                 

                                                                             

                                                                       

                                                               

                  

                                                                                   

                                                       

                                                           

                                                                        

                                                                           

                                                                               

                                                                  

                                                                       

                                                                     

                                                                 

                                                                     

                                                                

                                                                

                                                                         

                                                                                     

                                                                    

                                                                    
                                                                  

                                                                

                                                     

                                                                            

                                                         

                                                                        

                                                                  

                                                                        

                   

                                                                    

                                                                                 

                   

                                                                            

                                                                    

                                                                        

                                                            

                                                          

                                                                        

                                                          

                                                                       

                                                                       

                                                                           

                                                           

                                                                    

                                                                                       

                                                                       

                                                               

                                                                                     

                                                                           

                                                                     

                                                               

                                                                       

                                                             

                                                     

                                                                           

                                                            

                                                                                       

                                             

                                                        

                                                                    

                                                           

                 

                                                                     

                                                                         

                    

                                                                               

                                                                    

                                                          

                                          

                                                                            

                                                            

                                          

                                                                                

                                                         

                                                                              

                                                  

                                                                  

                                                  

                                                          

                                                                  

                                           

                                                                 

                                                             

                                                                                  

                                                                                    

                                                                                

                                                                   

                                                                

                                                               

                                                           

                                                                 

                                                                         

                                                                           

                                                                    

                                                                         

                                                        

                                                                    

                                                                       

                                                            

                                                                           

                                                                       

                                                                                  

                                           

                                                                           

                                                                    

                                                           

                             

                                                                    

                                                                    

                                                                              

                                                                        

                           

                                                                               

                                                                

                                                            

                                

                                                                    

                                                                     

                                                                       

                                                                  

                                                                             

                                                     

                                                                               

                                                                     

                                                                       

                                                                                  

                                                                 

                                                                             
                                                                     

                                                                

                                                                              

                                                                      

                                                              

                                                                    

                                                       

                                                                     

                                                                              

                                                        

                                                                           

                                                                   

                                                                                    

                                                                              

                                                           

                                                             

                                                          

                                                     

                                                          

                                                                  

                                                                            

                                                                        

   

  

  

   

   

  

   

   

  

   

   

  

   

  

  

   

  

   

  

  

  

   

  

  

   

   

   

  

   

   

  

  

   

   

   

   

  

  

   

  

  

   

   

  

   

  

   

   

   

   

  

  

  

  

  

   

  

   

  

  

  

   

   

  

   

  

  

  

   

   

   

   

  

   

  

   

   

  

   

  

   

  

   

  

   

   

  

  

   

  

  

  

   

  

  

  

   

   

  

   

  

  

  

  

  

   

   

  

  

  

   

  

   

  

  
  

  

  

   

  

   

  

  

   

  

  

  

  

   

   

  

   

   

  

   

   

   

   

  

   

   

   

   

   

   

   

   

   

  

   

  

  

  

  

   

  

   

  

   

  

  

  

   

   

   

  

   

  

  

  

  

  

   

   

  

  

   

  

   

  

   

   

  

   

   

  

  

  

   

   

  

  

  

  

  

  

  

   

  

   

  

  

  

   

  

  

  

   

  

   

   

   

  

   

   

  

  

  

  

   

   

  

   

  

  

  

   

   

  

   

   

   

  

   

   

   

   

   

   

  

   

   

  

   

   

   

  

   

   

   

   

  

   

  

   

  

   

  

  

  

  

   

  



MMSDH - methylmalonate semialdehyde dehydrogenase 

 
  

   

                                                               

                                                                                          

                                                                                                                         

                                                    

                                                                    

                                                                                                                          

                                                                                                         

                                                                                                                                            

                                                                         

                                                                                                                                              

                                                                                                                                                      

                                                         

                                                                                                                                                          

                                                                                

                                                                                                                                      

                                                                                                                 

                                                                         

                                                                                                                                            

                                                                                                          

                                                                                    

                                                                                                                                    

                                                                                                        

                                                                                                                                         

                                                          

                                                                                                                                            

                                                                                                                                                 

                                                                                                                                      

                                                               

                                                                                                            

                                                                                                                             

                                                                                                                        

                                                                                    

                                                                                                                                    

                                                                    

                                                                                                     

                                                                                                                                                              

                                                                         

                                                                                            

                                                                                                     

                                                                                                        

                                                                                                                                 

                                                                   

                                                                                                                                                           

                                                               

                                                                                                                           

                                                                                                                                          

                                                                                                         

                                                                                                                                                 

                                                                          

                                                         

                                                  

                                                                                                                                                       

                                                                                                         

                                                                    

                                                                                                

                                                                    

                                                                                                                                             

                                                                

                                                                                                                              

                                                                          

                                                                                                                

                                                                                      

                                                                                      

                                                                   

                                                                                                                                                                 

                                                                                                     

                                                                                                                                            

                                                                   

                                                                               

                                                                                                                                                            

                                                                     

                                                                                                     

                                                                                                                                             

                                                                                                              

                                                                                     

                                                                                     

                                                         

                                                                                     

                                                                                                                

                                                                                                                        

                                                                                                                                                                  

                                                                                                       

                                                                      

                                                                                                                                          

                                                                     

                                                                                            

                                                                                                                  

                                                                      

                                                                

                                                                                                                            

                                                                                                                                      

                                                                                                            

                                                                                                                             

                                                                                                   

                                                                                                                                                 

                                                                                                                                           
                                                                                                            

                                                                      

                                                                         

                                                                                                                                                 

                                                                 

                                                                                                  

                                                                                                                                                            

                                                                                   

                                                                                                                      

                                                                                                                       

                                                           

                                                                   

                                                                   

                                                                                                                  

                                                                                                                                                            

                                                                            

                                                                                                

                                                                                   

                                                                                                          

                                                                              

                                                                         

                                                                                                                                                    

                                                                                                                 

                                                                 

                                                                                                                                               

                                                                                     

                                                                       

   

   

   

  

   

  

  

  

   

  

  

  

  

  

   

  

  

  

  

   

   

  

   

   

  

   

   

  

  

  

   

   

   

   

  

  

  

  

   

  

   

  

  

  

  

  

  

  

  

  

   

  

   

   

  

  

   

   

  

  

  

  

   

  

  

   

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

   

  

   

   

   

   

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

  

   

  

  

   

  

  

  

  

  



MPPa - mitochondrial processing peptidase A 

 
  

   

                                                                 

                                                                           

                                                                         

                                                                    

                                                 

                                                                                                                                                

                                                  

                                                                    

                                                                                           

                                                                

                                                                  

                                                     

                                                        

                                                                                          

                                                                                         

                                                                

                                                                    
                                                                            

                                                                                                                                        

                                                             

                                                                             

                                                                                     

                                                                                       

                                                                  

                                                                    

                                                               

                                                                                    

                                                                

                                                  

                                                                         

                                                                                                                                                           

                                                          
                                                      

                                                     

                                                                                     

                                                         

                                                     

                                                                   

                                                                                                                                                     

                                                                                                                      

                                                    

                                                                 

                                                                     

                                                      

                                                                                    

                                                                                  

                                                                                            

                                                             

                                                                                     
                                                                                                            

                                                                                                                      
                                                                                                                                      

                                                                             

                                                                                                                     
                                                                                                                                           

                                                                                            

                                                                  

                                                                                                                                   

                                                           

                                                                

                                                                                                                                                           

                                                                                                                                                           

                                                                 

                                                             

                                                           

                                                                                                                                             

                                                           

                                                                                                              

                                                                                     

                                                                    

                                                                                    

                                      

                                                                                      

                                                                                                                                                 
                                                                                                                                                

                                                                    

                                                                     

                                                           

                                                               

                                                                      

                                                                                                     

                                                                   

                                                                                                                                                 

                                                                               

                                                                 

                                                                                     

                                                             

                                                                                   

                                                                    

                                                                            

                                                                         

                                                                   

                                                                                

                                                                                                                             

                                                                  

                                                                                           

                                                                                   

                                                                           

                                                  

                                                                                                            

                                                                       

                                                         

  

   

  

  

   

   

   

   

   

  

  

  

   

  

   

   

  

  

   

   

   

   

   

  

   

  

   

  

  

  

  

  

   

  

   

  

   

  

   

   

  

   

  

  

  

  

   

   

   

  

   

   

  

   

  

   

  

   

   

  

  

   

  

   

   

   

  

  

  

   

   

  

   

  

  

   

  

  
   

   

  

   

  

   

  

   

  

  

   

   

  

  

   
   

  

   

   

   

   

  



MPPb - mitochondrial processing peptidase B 

 
  

   

                                                                                                                          

                                                                                                                                                 

                                                                                   

                                                                                         

                                                                                                                                             

                                                                                                                     

                                                                                                  

                                                                               

                                                                                                            

                                                                                                                      

                                                                   

                                                            

                                                                                                                        

                                                                   

                                                                                                                            

                                                        

                                                            

                                                

                                                         

                                                                 

                                                                                               

                                                                                                                                                         

                                                                     

                                                                         

                                                                                                            

                                                                              

                                                                                                                                           

                                                                           

                                                                                

                                                               

                                                                                                                            

                                                                    

                                                                                   

                                                                                                                     

                                                                                      

                                                                                    

                                                        

                                                                                                                                

                                                                                                                            

                                                                                                    

                                                           

                                                                                                                                

                                                               

                                                                                 

                                                                   

                                                                                                               

                                                                     

                                           

                                                                                                                     

                                                                  

                                                                                         

                                                             

                                                                                               

                                                                                      

                                                                              

                                                                        

                                                                                         

                                                                                                                                        

                                                          

                                                                                         

                                                                                                              

                                                                                                 

                                                                   

                                                                                                            

                                                                                                                       

                                                                      

                                                                                

                                                                     

                                                                                                            

                                                                                 

                                                         

                                           

                                                                   

                                                                                   

                                                                                                                                                 

                                             

                                                                     

                                                                           

                                                                   

                                                                                                        

                                                                     

                                                               

                                                        

                                                                                          

                                                                    

                                                   

                                                                               

                                                                                   

                                                                    

                                                           

                                                                        

                                                                                                                                

                                                                                                                                           

                                                                                               

  

  

   

  

   

  

  

  

  

   

  

  

  

   

  

  

   

  

   

   

  

   

  

  

   

   

  

  

  

   

   

   

   

  

   

   

  

   

  

  

   

  
  

   

  

  

   

   

   

  

  

  

  

  

  

   

  

   

  

   

  

  

   

   

   

  

  

  

  

  
  

   

   

  

   

   

   

  

  

   

   

   

   

  

  

   

  

  

   

  

  

  



OGDHE1 –  

 
  

   

                                                                                                                         

                                        

                                         

                              

                                                                                                                 

                                                                                                              
                                                                                                       

                                            

                                                                                                                      

                              

                                       

                                                                                                                 

                                                                                                       

                                     

                                                                                                       

                                        

                            

                                                                                                                

                                                                                                                

                                                                            

                                                                                                   

                                                                                                                            

                                                                                                              

                                        

                                         

                                                                                                               

                                     

                                                                                                           

                              

                                                                                                      

                                 

                                      

                            

                                            

                                         

                                        

                                                                                                              

                                                                                                  

                    

                                                                  

                                                                 

                                             

                                                                                                   

                                       

                                                                                                  

                                             

                                         

                                      

                            

                                                                                                           

                                                                                            

                                                                      

                                                                                               

                                             

                             

                                            

                                         

                                 

                                             

                                                                                                 

                                                                

                                                                                                              

                                                                                            

                                                                                                   

                                         

                            

                                     

                                                                            

                                         

                                        

                                                                                                            

                                                                                                    

                                                                                            

                              

                                                                                                                        

                                                                                                              

                                                                                                            

                                                                                                              

                                                                                                       

                                       

                                         

                                                                                                                

                                                                                                       

                                                                                                                   

                                       

                                                                                                           

                                                                                                 

                                                                       

                         

                                        

                                                                 

                                        

                                                                                                          

                                      

                                            

                              

                                                                                                                    

                                                                                                   

                                                                                                                        

                                         

                                                                                                            

                                                                                                         

                                                                                                 

                                       

                                                                                                   

                                                                                  

                                                                                      

                                                                                                            

                                         

                                                                                                 

                                       

                                                                                                       

              

                                                                                                    

                               

                                       

                                 

                                         

                                       

                                                                                         

                                 

                                                                                                                        

              

                                                                                                                   

                                        

                                                                                            

                                       

                                                                                                           

                                                                                                         

                               

                                                                                                                        

                                                                                                               

                                                                 

                                                                                                              

                                             

                                                                                                       

                                       

                                                                                                            

                                         

                                                                   

                                                                                                           

                                       

                                            

                                                                                        

                                                                                               

                                                                                                            

                                                                                                           

                                                                                                   

                                                                                                            

                                                                                                           

                                                                            

                                         

                                                                                                 

                                                                                                       

                                                                                                   

                                                                                                                     

                                         

                                                                                             

                                                                                                       

                                                                                 

                                                                                                            

                                        

                                                                                                    

                                                                                                    

                                                                                                            

                                         

                                                                                         

                                                                                             

                     

                                                                   

                                         

                                                                

  

   

   

   

   

  

  

  

   

  

  

  

  

   

  

  

   

  

  

   

   

   

   

   

   

   

   

   

   

   

   

  

   

   

  

   

   

   

   

   

   

   

  

  

  

   

   

   

   

   

  

   

  

   

   

  

  

  

   

  

   

   

  

  

   

  

  

   

   

   

   
  

  

   

  

   

   

  

   

   

   

  

   

  

   

   

  

  

  

   

   

  

   

  

   

   

  

  

  

  

   

  

  

   

  

  

  

  

  

   

   

   

   

   

   

   

   

   

   

  

  

  

   

   

  

   

   

   

   

  

   

  

   

  

  

   

   

  

   

   

   

   

   

  

  

   

   

   

  

  

   

   

  

   

   

   

   

   

  

   

  

  

   

  

   

   

  

  

   

   



OGDHE2 - 

 
  

   

                                                                                                                                           

                                                                           

                                                                 

                                                                            

                                                                                                                                                         

                                                                                                                

                                                                   

                                                                                                                                 

                                                                        

                                                            

                                                                                                                                                           

                                                                                                                                             

                                                                                                                                             

                                                                                                                                                     

                                                                                                    

                                                                                     

                                                                                                                                                                            

                                                                                            

                                                                

                                                                                                                                                                               

                                                          

                                                                                                                    

                                                                                

                                                                          

                                                                                    

                                                                  

                                                                                                                                                   

                                                        

                                                                                                                                                                    

                                                                                                                                                        

                                                                       

                                                                                                                                                              

                                                                                                     

                                                                  

                                                                                                                                                           

                                                                           

                                                                           

                                                         

                                                                                                                                                     

                                                                           

                                                                                                                                                

                                                                                                                                                       

                                                                                                                                                       

                                                                                                     

                                                                                                                                             

                                                        

                                                                 

                                                                                                                                                                            

                                                     

                                                                                                                                                         

                                                                                                                                                        

                                                                                                                                                     

                                                                             

                                                                                           

                                                                                                                                                                

                                                  

                                                             

                                                                   

                                                                                                                                                            

                                                                                                                                                

                                                                                                                                                               

                                                                                                                                                           

                                                                                                                                               

                                                         

                                                                                                                         

                                                                                                                                                             

                                                                                                                                                                    

                                                               

                                                              

                                                                                                                                              

                                                                                                                                                                                       

                                                                    

                                                                                                                                                      

                                                                  

                                                                                                                                             

                                                                                                                                      

                                                                                                                                            

                                                                                                                                                

                                                                                                                                                                                 

                                                                                                                                                  

                                                  

                                                                                                       

                                                                   

                                                                   

                                                                     

                                                                                               

                                                                         

                                                                    

                                                                       

                                                                                                                                                                       

                                                                                                                                         

                                                                                                                                                                    

                                                                                                                                

                                                                                                                                                                  

                                                                                                                                                             

                                                                                                                                                            

                                                                                                                          

                                                                                                                                                          

                                                                 

                                                                                                                                                     

                                                              

                                                                     

                                                                                                                                                  

                                                                                                                                                     

                                                                                                                                                                            

                                                                                                                                                  

                                                                 

                                                                                                                                              

                                                                                                                                                             

                                                                     

                                                            

                                                   

                                                                                                                                         

                                                                 

  

  

   

  

  

   

  

  

   

  

  

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

   

   

  

   

  

  

  

   

  

   

   

  

   

  

  

  

   

  

   

  

   

   

   

   

  

   

  

  

     

   

  

  

  

  

  

   

  

  

  

   

  

  

  

  

  

   

    

  

   

  

  

    

  

  

  

  

   

  

  

   

   

  

  

   

  

   

  

  

  

   

  

  

   

  

  

  

  

  

   

   

   

  



P5CDH - pyrroline-5-carboxylate dehydrogenase 

 
  

   

                                                                                

                                                                                                                                    

                                                                                                                                                     

                                                            

                                                                 

                                                                                                                                                          

                                                                          

                                                                

                                                                     

                                                                               

                                                                        

                                                                  

                                                                        

                                                                                                                                                     

                                                                                                                          

                                                                           

                                                                       

                                                                           

                                                                                    

                                                     

                                                                   

                                                                                                                                        

                                                                                                           

                                                                                       

                                                                                       

                                                                 

                                                                        

                                                                                                                                              

                                                                     

                                                                  

                                                                   

                                                                                                     

                                                                     

                                                       

                                                                              

                                                                                                         

                                                                                                                     

                                                         

                                                                  

                                                                        

                                                   

                                                                                                                                                 

                                                          

                                                                             

                                                                             

                                                                    

                                                                                                         

                                                      

                                                                                                       

                                                                 

                                                                                     

                                                                     

                                                                  

                                                            

                                                                   

                                                                                                

                                                                  

                                                                              

                                                       

                                                                     

                                                                                                         

                                                        

                                                                   

                                                            

                                                                            

                                                                                      

                                                                    

                                                                                 

                                                                                                                                      

                                                                   

                                                                        

                                                                

                                                                                                                                                   

                                                                          

                                                                     

                                                      

                                                       

                                                                      

                                                                   

                                                              

                                                                 

                                                                                                 

                                                           

                                                               

                                                                                                                                                         

                                                                                                      

                                                             

                                                                    

                                                                                      

                                                                   

                                                                                                             

                                                                                                                                    

                                                                                                                               

                                                               

                                                                                                                                                          

                                                                                                                                              

                                                                                

                                                                              

                                                                                                                                                   

                                                                         

                                                               

                                                                                      

                                                                         

                                                                         

                                                         

                                                             

                                                                    

                                                                

                                                        

                                                                       

                                                                                                                                      

                                                        

                                                                                      

                                                                                                        

                                                                                                                          

  

   

   

  

  

   

  

   

   

  

  

  

  

  

  

  

  

  

  

   

   

  

   

  

   

   

   

  

   

   

  

  

   

  

  

  

  

  

  

  

  

  

  

   

   

  

   

  

  

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

   

   

  

  

  

   

  

  

   

   

   

   

  

   

   

  

   

  

  

  

   

  

  

   

  

   

  

  

  

   

  

   

   

  

  

  

  

   

   

  

   

   

  

  

  

   



PDHE3 –  

     

                                                             

                                                                                                                                                   

                                                                                                                                                                      

                                                                                                                                                                                       

                                                                        

                                                                                                                                                                                

                                                                                                                                       

                                                                                                                                      

                                                                                    

                                                                                                                                                     

                                                                                                                                                                                 

                                                                                                                                             

                                                                                                                                                         

                                                                                                                                           

                                                                                                                                                  

                                                                                                                                                                    

                                                                                                                                                                  

                                                                                                                                                                                 

                                                                                                                                                                            

                                                                                                                                                   

                                                                                                                                                             

                                                                                          

                                                                        

                                                              

                                                                                                                                                   

                                                                                                                          

                                                                                                                                           

                                                                                                                                     

                                                                                                                         

                                                                              

                                                                                                                                                    

                                                                                                                                        

                                                                                                                                                                   

                                                                                                                                   

                                                                         

                                                                                                                                                                                                 

                                                          

                                                                           

                                                                                                                                                                                   

                                                                                                                                                  

                                                                    

                                                                                

                                                                                                                                                                                             

                                                                                                                                              

                                                                                       

                                                                                                                                                                      

                                                                             

                                                                                                                                       

                                                                                                                      

                                                           

                                                                                                                                                                                       

                                                               

                                                                                                                                                                                 

                                                                                                                                                    

                                                                                

                                                                                                                                        

                                                                                                                                                   

                                                                                                                                                                                 

                                                                                                                  

                                                                                                                                                                                                                         

                                                                                                                                                   

                                                                          

                                                                                                                                                      

                                                                                                                                                                                                                            

                                                                                                                                                         

                                                                    

                                                                                                                                                                                       

                                                                                                                                             

                                                                                                                                            

                                                                  

                                                                          

                                                                                 

                                                                                                                                                                                                

                                                                                                                                                     

                                                                   

                                                                                                                                                    

                                                                     

                                                                                                                                                                            

                                                         

                                                                          

                                                                                                                                                     

                                                                   

                                                                                                                                                                 

                                                                                                                                                                                          

                                                                                                                                                      

                                                                                                                                                   

                                                                                                                                                   

                                                                                                                                                 

                                                                               

                                                                        

                                                                                                                

                                                                                                                                                          

                                                                                                                                                          

                                                                                                                                      

                                                                        

                                                                                                                                        

                                                                                                                                                                               

                                                                                                                                   

                                                                              

                                                                                  

                                                                                                                                                         

                                                                                            

                                                                                       

                                                                                                                                                                              

                                                                                                                                                       

                                                                                                                                                                    

                                                                      

                                                                              

                                                                      

                                                                                                                                                

                                                                                                                                                        

                                                                                                                                                                          

                                                                                                                                                                    

                                                                           

                                                                                                                                    

                                                                                                                                                                                 

                                                                                    

                                                                                                                                                     

                                                                                                                                                   

                                                                                                                           

                                                                    

                                                                                                                                                                

                                                                                                                                             

                                                                             

                                                                     

                                                                              

                                                                                                                                                                  

                                                                       

                                                                                                                                                                                   

                                                                                                                                                                                       

                                                                    

                                                                       

                                                                 

                                                                                                                                                                      

                                                                                                                                                                            

                                                                                                                                                   

                                                                                                                                                                            

                                                                                                                                                                

                                                            

                                                                                                                                                   

                                                                      

                                                                                                                                           

                                                                

                                                          

                                                          

                                                                                                                                                                      

                                                                             

                                                     

                                                                                                                                                    

                                                               

                                                          

                                                                                                                                        

                                                                                                                                                                

                                                                                                                                                 

                                                                                                                                        

                                                                                                                                         

                                                                                                                                                                                 

                                                                                                                                                                                   

                                                                                                                                                                                    

                                                                                                                                                                                             

                                                                           

                                                                                                                                                               

                                                                    

                                                                   

                                                                                                

                                                                

                                                     

                                                                                                                                                      

                                                                                                                                                          

                                                             

                                                                          

                                                                                                                                                                                       

                                                                                                                                     

                                                                                                                                                       

                                                                   

                                                                                                                                                   

                                                                 

                                                                                                                                        

                                                                                                                                                                            

                                                                                   

                                                                           

                                                                                                                                                 

                                                                                                                                                          

                                                                                                                                                       

                                                                                                                                                   

                                                                                                                                       

                                                                   

                                                                                                                                         

                                                                                        

                                                                                      

                                                                                    

                                                                                                                                                                      

                                                                                                                                                     

                                                                                                                                            

                                                                                       

                                                                                

                                                                                                                                                   

                                                                                                                                                                                      

                                                                                                                                                                                 

                                                                                                                                                                                   

                                                                                                                       

                                                                                                                                                    

                                                                                                                                                         

                                                                          

                                                                                                                                                   

                                                             

                                                                                                                                                          

                                                                                                                                                                                       

                                                                                                                                                         

                                                                               

                                                           

                                                                                               

                                                               

                                                                                                                                                                                     

                                                                        

                                                                                                                                                         

                                                                   

                                                                                                                                                                          

                                                                                                                                               

                                                                                                                                                              

                                                          

                                                                                                                                                     

                                                                                                                                                                                   

                                                                                                                                               

                                                                                                                                                                 

                                                                      

                                                                                                                                                     

                                                                                                                                                                                 

                                                                                                                                                                                          

                                                                                                                                                                              

                                                                                         

                                                                                                                                     

                                                                                                                                                                                   

                                                                  

                                                                                                                                           

                                                                                                                       

                                                                                                                                                

                                                                 

                                                                                                                                                        

                                                                              

                                                           

                                                                                                                       

                                                                 

                                                                              

                                                                                                                                                         

                                                                                                                                                                       

                                                                                                                                         

                                                                                                                                                 

                                                                                                                                                                               

                                                                                         

                                                                        

                                                                                                                                           

                                                                                                                                                                    

                                                                                                                                    

                                                                                     

                                                                                                                                   

                                                                                                                                                                                 

                                                                                                                                      

                                                                                  

                                                                   

                                                                       

                                                                                                                                                                

                                                                                                                       

                                                                                                                                                     

                                                                                                                                                    

                                                                    

                                                                       

                                                                                                                                                                             

                                                                                                                                                                      

                                                                                              

                                                                

                                                                                                                                                                

                                                                                                                                                         

                                                                                

                                                                                                                                                                                      

                                                                                                                                                   

                                                                                                                                                                      

                                                                                                 

                                                                                                                                                           

                                                                 

                                                                                                                                                                         

                                                                                                                                        

                                                                                                                                                        

                                                                                                                                        

                                                                                                                                                    

                                                                                                                        

                                                                              

                                                                                                                                                                            

                                                                                                                                                                                 

                                                                                                                                                          

                                                                                                                                                 

                                                                                                                                                                                 

                                                                                                                                  

                                                                                                                                                                     

                                                                                                                                                                    

                                                                                                                                                                                 

  

   

   

   

   

  

  

   

  

  

   

   

  

  

   

   

   

  

  

   

   

   

  

  

   

  

   

   

   

  

  

  

  

  

   

  

   

  

  

   

   

  

   

   

  

  

  

   

   

   

   

  

  

  

   

  

  

  

   

  

  

  

  

   

   

  

  

  

  

   

   

  

  

  

   

   

  

  

   
   

   

  

  

   

   

  

  

   

  

  

  

  

   

  

  

   

  

   

  

   

  

  

  

   

   

   

   

   

  

  

   

  

  

  

   

  

   

   

   

   

   

  

  

  

   

  

  

  

  

   

  

  

  

   

   

   

   

   

  

   

   

  

   

   

  

  

   

  

  

  

   

   

  

  

   

   

  

  

  

  

  

   

   

   

  

  

  

  

  

  

   

  

   

  

  

   

   

   

  

   

  

   

  

  

  

   

   

  

  

   

   

   

   

  

   

  

  

   

   

  

   

  

   

  

   

   

  

  

  

   

  

   

  

   

   

  

  

   

  

  

  

  

   

  

   

   

  

  

   

  

  

   

  

  

   

   

   

   

   

  

  

   

  

   

   

   

   

  

   

  

  

   

  

   

  

  

   

   

  

   

   

  

   

   

  

  

  

  

  

  

   

   

  

  

   

   

  

  

  

   

  

   

   

   

   

   

   

  

  

   

  

  

   

  



PDHE1A – Pyruvate dehydrogenase E1A 

 
  

   

                                                                                  

                                                                      

                                                              

                                                                                                   

                                                                                     

                                                                                 

                                                      

                                                                                    

                                                                     

                                       

                                      

                                        

                                       

                                                                             

                                            

                                                                            

                                                                                

                                                                                       

                                                                                  

                                                                       

                                       

                                                                                   

                                                                                                              

                                

                                              

                                     

                                                                          

                                       

                                                                               

                                                                                     

                                                                     

                                        

                                                                                     

                                                                                                                              

                                                                                                            

                                

                                                                                                       

                                                                            

                                                                            

                                                                                            

                                                       

                                                                 

                                        

                                                                                 

                                                                                

                                                                   

                                                         

                                       

                                                                                       

                                                                                                  

                                                                            

                                                                                       

                                                                                                                 

                                                                                         

                                                                                             

                                                                                                                              

                                                                                

                                       

                                                                                                                               

                                                                                                                                  

                                                                                

                                                                                                                

                                              

                                                                            

                                                           

                                                                                     

                                                                                

                                                                                                      

                                                                                                 

                                                                                

                                                                                                     

                                       

                                                                                                     

                                                          

                                                                           

                                                                                                  

                                                     

                                        

                                                                                        

                            

                                                                            

                                                                                  

                                                                      

                                                                                                                            

                                     

                                                                     

                                                                               

                                                                                     

                                                              

                                                                           

                                       

                                                              

                                                                               

                                     

                                                                            

                                                              

  

  

  

  

  

  

   

  

  

  

  

   

  

   

   

  

   

  

  

  

  

  

  

  

  

   

  

   

  

  

  

   

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

   

  

  

  

  

   

   

   

  

  

  

  

  

  

  

  
  

   

   

  

   

  

  

  

   

  

   

   

  

   

  

  

   

  

  

  

  

  

  

  

  

  

  

   



PDHE1A – Pyruvate dehydrogenase E1B 

 
  

   

                                            

                                                                                     

                                                                                             

                                                                           

                                                                                                                             

                                                                             

                              

                                                                                       

                                       

                                

                                                                                                       

                                                                                                  

                                                    

                                                                                                              

                                       

                                      

                                               

                                                                                       

                                                                                                                   

                                                                                                   

                                                          

                                                                 

                                                                                   

                                      

                                         

                                        

                             

                                                                                   

                                                                                     

                                                                                      

                                                          

                                                                           

                                                                                      

                              

                                                                     

                                                                                                             

                                                                                                             

                                                           

                                             

                                                                                    

                                     

                                                        

                               

                                         

                                     

                                                                             

                                                                                     

                                      

                                                                                                  

                                         

                                                                                   

                                                                                                                          

                                        

                                       

                                                                                                                         

                                         

                                                                    

                                                           

                                                                  

                                         

                                        

                                                                                                  

                                     

                             

                                       

                                       

                                        

                                                                                      

                                                                                                               

                                       

                                                               

                                                                                            

                                                                                                                   

                             

                                                                                   

                                                                                       

                                                                                          

                                                                                                              

                                       

                                       

                                                                                                               

                                                                                                   

                                             

                                         

                             

                                                                                  

                             

                                                                                                    

                                                        
                                                         

                              

                                        

                                                                                                             

                                                                                                                   

                                                                                                    

                                     

                                                                                                                        

                             

                                                                                      

                                                           

                                                                                               

                                          

                                                                                   

                                                                                 

                                       

                               

                                                                                        

                                                                                               

                              

                                                                                                                         

                                                           

                                                    

                                            

                                                                                     

                                                                          

                               

                                                                                                    

                                             

                                                      

                               

                                 

                                                                        

                                                                                              
                                                                                      

                                       

                                              

                                                                                              

                                                                                                                                   

                             

                                                                                                                  

                                                  

                                                                      

                                                                              

                              

                                                                                                

                                                                     

                                                                           

  

  

   

  

  

  

  

  

   

   

   

  

  

  

  

   

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

   

  

   

  

   

  

  

   

  

  

  

  

   

  

  

  

  

  

   

  

   

  

  

   

   

  

  

  

  

   

  

  

  

  

   

  

   

  

  

  

  

  

  

  

  

  

  

   

  

  

  

   

  

  

  

   

  

   

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

   

  



PDHE2 – Pyruvate dehydrogenase E2 

 
  

   

                              

                                                                                                           

                                                                      

                                     

                                                                              

                                              

                                                                                                                                            

                                                                    

                                                                                

                                                                            

                                       

                                       

                                                                            

                                                           

                                       

                                                                                                                                           

                                                          

                                 

                                                                                                                                  

                                         

                                                                                  

                                                                                               

                                         

                    

                                             

                                                                                   

                                         

                                         

                                         

                                                                                     

                              

                                         

                                       

                                       

                                                                                                        

                                 

                                                                                                   

                                                                

                                                                      

                                                                                  

                                                                                   

                              

                                                                                     

                                                                                                                 

                                                                                    

                               

                                                                                                                              

                                                                                  

                             

                                                              

                                                                

                                                                                  

                                                             

                            

                                                                                

                               

                                              

                                 

                             

                                            

                                                                           

                                                                                                                          

                                       

                                                                                                                 

                                                                

                                                                                                         

                                                                                                                                           

                                 

                                                            

                                                                                            

                                                          

                                        

                                                                                                        

                               

                                                                           

                                 

                                                                            

                                                         

                                     

                              

                                                                                        

                                                                                                                           

                                     

                                 

                              

                                       

                                              

                                       

                                                                 

                                       

                            

                   

                           

                                                                                                              

                                                                               

                                                                  

                                     

                                                                                

                                                                          

                        

                             

                                                               

                                                                                                             

                                                                                                      

                                         

   

  

  

  

   

  

   

   

  

  

  

  

   

  

   

  

  

  

   

  

  

   

  

   

   

  

   

  
  

   

  

   

  

   

  

  

  

  

   

  

  

   

  

  

   

  

  

   

  

   

  

  

  

   

  

  

  

  

  

  

   

  

  

  

  

   

  

   

  

  

  

  

   

  

   

   

  

  

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

  

   

   

  

   

  

  

  

   



PEPCK - phosphoenolpyruvate carboxykinase 

 
  

   

                                                                                    

                                                                                                                    

                                                                                                                                   

                                                                               

                                                                                                                               

                                                                                                                             

                                                                             

                                                                            

                                                                                                                                   

                                                                                                                            

                                                                                                                                                                                                        

                                                                           

                                                                               

                                                                                                                                

                                                                                                                                                       

                                                                                                                                                       

                                                                                                                 

                                                                                                                        

                                                                                              

                                                                                                                                           

                                                                            

                                                                                                                                    

                                                                          

                                                                                                                                     

                                                                                                                   

                                                                                                                

                                                                                  

                                                                                                                                

                                                                                       

                                                                             

                                                                                                                                         

                                                                                          

                                                                                                                  

                                                                             

                                                                                

                                                                            

                                                                           

                                                                            

                                                                                                                                               

                                                                          

                                                                                                                                                 

                                                                                                                                                    

                                                                                                                               

                                                                                       

                                                                                                                                                               

                                                                                                                   

                                                                                                                                                            

                                                                                 

                                                                                    

                                                                                 

                                                                                                                               

                                                                            

                                                                               

                                                                                                                               

                                                                                                                                                                                                                

                                                                                  

                                                                                                                       

                                                                                  

                                                                                                                               

                                                              

                                                                                 

                                                                      

                                                                             

                                                                                                                  

                                                                                                               

                                                                                                                                                             

                                                                              

                                                                                    

                                                                                                                                                          

                                                                               

                                                                                                                     

                                                                                                             

                                                                                                                 

                                                                                                                                             

                                                                                                                                              

                                                                                                                                

                                                                                                                                  

                                                                                                       

                                                                               

                                                                                 

                                                                                    

                                                                                                                                                                                                                                                     

                                                                              

                                                                                

                                                                                     

                                                                                                                 

                                                                                                        

                                                                                                                   

                                                                                     

                                                                                

                                                                                                                                                               

                                                                                  

                                                                                  

                                                                              

                                                                                                     

                                                                                                                                                             

                                                                                    

                                                                             

                                                                        

                                                                                                                                   

                                                                                                                      

                                                                                       

                                                                           

                                                                                                                                    

                                                                                                                      

                                                                                    

                                                                                                                                       

                                                                                                                                                                     

                                                                                                                                          

                                                                                                                           

                                                                                       

                                                                                    

                                                                          

                                                                                 

                                                                                                                          

                                                                    

                                                                            

                                                                                                                       

                                                                                                                                        

                                                                                           

                                                                                                                                                    

                                                                                                                  

                                                                             

   

   

  

   

  

  

  

  

   

  

  

   

  

   

  

  

  

   

   

  

   

  

  

  

  

  

  

   

   

  

  

  

   

   

   

   

   

   

  

   

   

  

  

      

  

  

   

  

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

   

  

  

  

  

  

  

   

   

   

  

  

  

   

   

   

   

  

   

   

  

   

   

  

   

  

   

  

   

   

  

   

  

  

   

  

  

  

   

  

  

  

   

  

   

  

  

   

  

  

  

   

   

  

   

  

  



PGM –  

     

                                                                                                                                

                                                          

                                                                                                                          

                                                                

                                                                                                                            

                                                                                                                                             

                                                                                                                                                

                                                                                                

                                                                                                                                                                

                                                                                                                                                          

                                                                                                                                                             

                                                                                                                          

                                                                                                                                                       

                                                                                                                      

                                                                                                                        

                                                                                 

                                                                              

                                                                                                         

                                                                                                                                                                        

                                                                                           

                                                                                                                               

                                                                                 

                                                                                                                                                       

                                                                                    

                                                                                              

                                                                                                                                                                                 

                                                                                                                                      

                                                                      

                                                                                            

                                                                                                                                     

                                                                                                                                                

                                                                                                                        

                                                                                                                      

                                                                                                                  

                                                                                                 

                                                                                               

                                                                                            

                                                                                                                                                       

                                                                                                                                  

                                                                                                 

                                                                                                                          

                                                                                                                                        

                                                                                                                                                             

                                                                                                         

                                                                                                                                                          

                                                                                 

                                                                                                                                                       

                                                                                 

                                                                                                                      

                                                                                           

                                                                                                             

                                                                                                                                                                               

                                                                                                                                   

                                                                                                                          

                                                                                                                                                                    

                                                                                                                                 

                                                                                                                                

                                                                                              

                                                                                                                                                                            

                                                                                             

                                                                                                                                                

                                                                                              

                                                                                                                            

                                                                                                                                                            

                                                                                                

                                                                                                                                                       

                                                                                                             

                                                                                                                        

                                                                                                                                                                            

                                                                                                                                             

                                                                                                                                                                                

                                                                                                         

                                                                                                                                                                         

                                                                                                                                           

                                                                                         

                                                                                                                      

                                                                                                                      

                                                                                                                                       

                                                                                                                            

                                                                                                                          

                                                                                                  

                                                                                                                                                                            

                                                                                                                                                           

                                                                                                             

                                                                                                                                                       

                                                                                                                                                                            

                                                                                                                                                  

                                                                                                                                                     

                                                                                                                                                       

                                                                                                                                                                            

                                                                                                                                         

                                                                                                             

                                                                                                                                   

                                                                                                                         

                                                                                            

                                                                                                                 

                                                                                                 

                                                                                                     

                                                                                                         

                                                                                                 

                                                                                               

                                                                                                                                   

                                                                                                                                 

                                                                                                                          

                                                                                                                                             

                                                                                                                          

                                                                                                                             

                                                                                                                        

                                                                                                                                    

                                                                                                         

                                                                                                                                                       

                                                                                                                      

                                                                                                                                   

                                                                                                                          

                                                                                                                                                             

                                                                                                            

                                                                                                                                                                  

                                                                                                                      

                                                                                                                                                                            

                                                                                                         

                                                                                                                      

                                                                                               

                                                                                                   

                                                                                                                                        

                                                                               

                                                                                                                  

                                                                                                

                                                                                                                          

                                                                                    

                                                                                                 

                                                                                                              

                                                                                                                        

                                                                                             

                                                                                                                      

                                                                                                 

                                                                                                 

                                                                                                                                                                            

                                                               

                                                                                                                      

                                                                                                                                                             

                                                                                                                      

                                                                                                                                        

                                                                                                                                                       

                                                                                                                        

                                                                                                                                                       

                                                                      

                                                                                                                                                         

                                                                                                                                     

                                                                                                                                                                               

                                                                               

                                                                                                                                   

                                                                                                                                

                                                                                                                                                                  

                                                                                                                                           

                                                                                  

                                                                                                         

                                                                                                                            

                                                                                               

                                                                                                                                                  

                                                                                                             

                                                                                                                                                  

                                                                                                                                                          

                                                                                                                                                       

                                                                                                                                                         

                                                                                                                          

                                                                                                                                 

                                                        

                                                                                                                                                                           

                                                              

                                                                                 

                                                                                                       

                                                                                

                                                                                                                      

                                                                                                                              

                                                                                                                                                               

                                                                               

                                                                                                 

                                                                                                                                

                                                                                                                                        

                                                                                                                                                                   

                                                                                                                                                       

                                                      

                                                                                                                                         

                                                                                                                   

                                                                                                                                       

                                                                                                                                                             

                                                                                               

                                                                          

                                                                                                           

                                                                                                                                                       

                                                                                                                              

                                                                                                                        

                                                                                                                                   

                                                                                                                                        

                                                                                                                                                           

                                                                                                                                                                    

                                                                                                                                          

                                                                                                                                   

                                                                                                                                                       

                                                                                                                                                                   

                                                                                             

                                                                                                  

                                                                                                                                                      

                                                                                                                                                     

                                                                                             

                                                                                                                                    

                                                                                                                       

                                                                                                                        

                                                                                                                                                                           

                                                                                                          

                                                                                                                                

                                                                                                     

                                                                                                                                                           

                                                                                                                       

                                                                                                                            

                                                                                                                                                

                                                                                                                   

                                                                                                                      

                                                                                                               

                                                                                                                                                  

                                                                                                                                              

                                                                                                                                

                                                                                                                          

                                                                               

                                                                                                                                

                                                                                                                                

                                                                                                                            

                                                                                                             

                                                                                                 

                                                                                                     

                                                                                                         

                                                                                

                                                                                                                          

                                                                                                                                                                       

                                                                                                 

                                                                                                                                                               

                                                                                                         

                                                                                 

                                                                                                                          

                                                                                                               

                                                                                                                      

                                                                                        

                                                                                               

                                                                                                 

                                                                                              

                                                                                                                                                                            

                                                                                                                        

                                                                                                                                                  

                                                                                                                                             

                                                                                                             

                                                                                                                                        

                                                                                                                                         

                                                                                                                   

                                                                                                                             

                                                                                                                                                                  

                                                                               

                                                                                                                            

                                                                                                

                                                                                                                                             

                                                                                               

                                                                                                                                                             

                                                                                                                                                      

                                                                                                                                 

                                                                                

                                                                                                                                                                  

                                                                                                         

                                                                                                                                                        

                                                                                               

                                                                                                                                                                            

                                                                                                                                                                            

                                                                                                                                                       

                                                                                                                          

                                                                                 

                                                                                 

                                                                                                                                                                                

                                                                                                                                      

                                                                                                 

                                                                                                                              

                                                                                                       

                                                                                                                           

                                                    

                                                                                                    

                                                                                                                         

                                                                                              

                                                                                                                              

                                                                                                                    

                                                                                                                   

                                                                                                                          

                                                                                                                          

                                                                                                                            

                                                        

                                                                                                  

                                                                                   

                                                                                                                                             

                                                                                                 

                                                                                                                      

                                                                                                                                                     

                                                                                                                                  

                                                                                                                               

                                                                                                                                  

                                                                                                                                                                 

                                                                                              

                                                                                                               

                                                                           

                                                                                                                                                                  

                                                                                                                                                                 

                                                                                                                                                                               

                                                                                                                                                         

                                                                                                                        

                                                                                                                                                                 

                                                                                                                                       

                                                                                                                                             

                                                                                                                           

                                                                                                                          

                                                                                                                           

                                                                                                                                                         

                                                                                                                                         

                                                          

                                                                                                                                                                  

                                                                                                                                                                        

                                                                            

                                                                             

                                                                                                                          

                                                                                               

                                                                      

                                                                                                                                                       

                                                                                                                                                       

                                                                                                                                                          

                                                                                                                

                                                                                                         

                                                                                      

                                                                                                                                   

                                                                                                       

                                                                                                                        

                                                                                                                      

                                                                                                                          

                                                                                                                           

                                                                                                 

                                                                                                                          

                                                                                                                  

                                                                                                               

                                                                                                                      

                                                                                                                                                

                                                                                                                          

  

   

   

   

   

  

  

   

   

   

   

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

   

 

  

  

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

   

   

  
  

  

   

  

   

   

   

   

  

  

  

   

   

 

   

  

   

  

  

  

   

  

  

   

  

   

  

  

  

  

  

  

  

   

  

  

   

   

   

  

  

  

  

  

  

  

   

  

  

  

   

  

  

  

  

  

  

   

  

  

   

  

  

  

  

  

   

   

  

  

  

  

  

   

  

  

  

   

  

  

  

   

   

  

  

  

   

  

   

   

  

  

  

   

   

  

  

  

   

   

   

   

  

   

   

  

  

   

  

   

   

  

  

   

  

  

  

  

  

  

  

  

  

   

   

  

   

   

  

  

  

  

  

   

  

   

   

  

   

   

   

   

   

  

  

  

  

  

  

   

   

  

  

   

   

  

   

  

  

  

  

  

   

  

   

  

   

   

  

  

   

  

   

   

   

  

  

  

   

  

   

   

  

  

  

  

  

   

   

  

  

  

  

  

  

   

   

  

  

   

  

  

  

   

  

  

   

   

   

  

   

  

  

   

  

  

   

  

  

  

  

  

  

   

  

   

  

  

   

   

  

  

   

   

  

  

  

   

   

  

  

   

   

  

   

   

   

   

   

   

  

  

  

  

  

   

   

  

  

  

  

   

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

  

   

  

  

   

  

  

  



 

PHOe - 

     

                                                                                        

                                                                                   

                                                                            

                                                                             

                                                                                                                                                       

                                                                                

                                                                         

                                                                                

                                                                               

                                                                                                          

                                                                                 

                                                                          

                                                                                          

                                                                                

                                                      

                                                                            

                                                                       

                                                                                                                      

                                                         

                                                           

                                                           

                                                                      

                                                                                 

                                                       

                                                                           

                                                                                                                                                       

                                                                         

                                                                                                                                             

                                                                                 

                                                                    

                                                                         

                                                                                                                                                          

                                                                       

                                                                    

                                                                            

                                                           

                                                                                                                  

                                                                            

                                                                         

                                                                       

                                                                    

                                                                                 

                                                                                       

                                                                             

                                                                                                                          

                                                                                                                                                           

                                                                         

                                                                                                                                                       

                                                                                 

                                                                               

                                                                    

                                                             

                                                                               

                                                                                  

                                                                            

                                                                                 

                                                                          

                                                                            

                                                                                                

                                                         

                                                                        

                                                                          

                                                                           

                                                                                          

                                                                          

                                                                                 

                                                                                  

                                                                                                                                             

                                                                                 

                                                                            
                                                                            

                                                                   

                                                        

                                                                          

                                                                              

                                                                                

                                                                            

                                                             

                                                                                

                                                                               

                                                                                

                                                                           

                                                           

                                                                          

                                                                                                                                

                                                                           

                                                                          

                                                                                     

                                                      

                                                                                         

                                                                           

                                                                                

                                                                             

                                                                                

                                                                                                                                                           

                                                                              

                                                                                      

                                                                                      

                                                                                                               

                                                                              

                                                                                     

                                                                            

                                                                           

                                                                                 

                                                                                 

                                                                          

                                                                                 

                                                                                      

                                                                       

                                                                  

                                                              

                                                                            

                                                                                 

                                                                    

                                                                 

                                                                              

   

  

  

  

  

   

  

  

   

  

  

  

   

  

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

   

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

   

  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

  

  

  

  

   

  

  

  

  

   

   

  

  

   

  

  

  
  

   

   

  

  

  

  

  

  

   

  

  

   

   

   

  

  

  

  

  

  

  

  

   

  

  

   



PRODH - proline dehydrogenase 

 
  

   

                                                                 

                                                                         

                                               

                                                                                 

                                                                          

                                                                             

                                                                           

                                                                                                         

                                                                              

                                                                               

                                                                     

                                                                    

                                                                         

                                                                              

                                                                                

                                                                      

                                                

                                                                              

                                                                                  

                                                                               

                                                                           

                                                                              

                                                                   

                                                                           

                                                                               

                                                                                

                                                             

                                                                     

                                                                                

                                                                           

                                                             

                                                                            

                                                                    

                                                                           

                                                                                

                                                                     

                                                                             

                                                                   

                                                                       

                                                                   

                                                               

                                                                      

                                                                              

                                                                        

                                                                      

                                                    

                                                                           

                                                              

                                                             

                                                                      

                                                                          

                                                                       

                                                                                  

                                                                               

                                                                                

                                                                   

                                                                               

                                                                             

                                                           

                                                             

                                                                     

                                                                       

                                                                   

                                                                         

                                                          

                                                                      

                                                                                 

                                                                           

                                                               

                                                                           

                                                                  

                                                                                

                                                                         

                                                                         

                                                                     

                                                                                 

                                                              

                                                                      

                                                                             

                                                                       

                                                                      

                                                          

                                                     

                                                                        

                                                                            

  

   

   

   

   
   

  

  

   

  

  

  

   

   

  

  

  

  

  

   

   

  

  

  

   

   

  

   

  

  

   

  

  

  

   

   

  

  

  

   

  

  

  

   

  

  

   

  

  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

   

   

   

  

  
  

  

   

  

  

  

  

  

  

  

  

  

  

   

   



PRX – peroxiredoxin 

 
  

   

                                                                                                                                        

                                                                               

                                                                  

                                                              

                                                    

                                                                   

                                                

                                                    

                                                       

                                                      

                                                                  

                                                                                                                 

                                                                         

                                                          

                  

                                                                         

                                           

                                                            

                                                                                                                           

                                                                                     

                                                                                                                                      

                                                                                                                                        

                                                   

                                                                  

                                                       

                       

                                                                  

                                                        

                                                       

                                                  

                                                   

                                                                        

                                                             

                                                                                                                        

                                                                           

                                                                

                                                                    

                                                                     

                                                      

                                                                          

                                                      

                                                          

                                                                

                                                         

                                                    

                                                 

                                                              

                                                            

                                                                                                                                      

                                                                                  

                                                                  

                                                              

                                                                    

                                                                   

                                                

                                                       

                                                       

                                                              

                                                  

                                     

                                                 

                                                      

                                                                             

                                                          

                                                    

                                                    

                                                               

                                                                     

                                                                

                                                                                                          

                                                   

                                                

                                                                                                                                  

                                                                  

                                     

                                                                                                                               

                                                                               

                                                    

                                                                                 

                                                      

                                                   

                                                             

                                                              

                                           

                                                                                                                                    

                                              

                          

                                                                  

                                                                     

                                                  

                                                                    

                                                

                                                                       

                                                                                                                              

                                                            

                                                                 

                                                                                                                         

                                                                     

                                                                                                                                      

                                                              

                                                       

                                                                  

                                                                                                                                           

                                                              

                                                                        

                   

                                                                        

                                                              

                                                          

                                                    

                                                          

  

   

  

  

  

  

   

  

  

  

  

  

  

  

   

   

  

  

   

  

   

   

  

   

   

   

   

  

  

   

  

  

  

  

  

  

  

  

   

   

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

   

   

  

  

  

  

  

  

  

   

  

  

  

   

  

  

   

   

  

  

  

  

  

   

  

  

   

  

   

  

  

  

  

  

  

  

   

  

  

  

  

  

   

  

  

  

   

  

  

  

  

  

  



SCSa – succinyl-CoA synthetase A 

     

                                                                 

                                                                             

                                                                                      

                                                                                     

                                                                                                                                                                                                                                 

                                                                   

                                                                                      

                                                       

                                                                   

                                                                      

                                                                           

                                                            

                                                                  

                                                                                                

                                                                                            

                                         

                                                          

                  

                                                                                                                                                                  

                                                                               

                                                                      

                                                                                           

                                                                     

                                                                            

                                                                              

                                                                          

                                                                                    

                                                                               

                                                        

                                                                           

                                                              

                                                            

                                                       

                                                                      

                                                                            

                                                                                           

                                                                                      

                                                                          

                              

                                                                                 

                                                        

                                                         

                                                                             

                                                       

                                                                                           

                                                         

                                                                 

                                                                                      

                                                                        

                                                                        

                                                                         

         

                                                      

        

                                      

                                                            

                                                                                           

                                                                 

                                                                        

                                                                                                 

                                                                  

                                                                                     

                                                                               

                                                               

                                                                          

                                                                      

                                                                                 

                                                                

                                                                        

                                                                                    

                                                        

                                                                        

                                               

                                                                

                                                                             

                                                       

                                                                          

                                                                                         

                                                                  

                  

                                                      

                                                                        

                                                                       

                                                                                            

                                                                                          

                                                        

         

                                                                     

                                                                                        

                                        

                

                                      

                                                                      

                                                                            

                              

                              

                                                                            

                                                                                 

                                                               

                                                           

                                                                            

                                              

                                                                       

                                               

                                                                                                            

                                                                                

                                                                  

                                                           

                                                            

                                                                      

                              

                                                                            

                                                                          

                                                   

                                                                          

                                                                               

                                                                   

                                                                    

                                                                              

                                                                                 

                                                                                                  

                                                                               

                                                                                 

                                                                    

                                                                              

                                                                        

                                                       

                                                                

                                                                    

                                                                                

                                                                               

                                          

                                                                 

                                                                                  

                                                                    

                                                                  

                                                                                                      

                                                                                    

         

                                                                                          

                                                                   

                                          

                                              

                                                                         

                                                                       

                                                                                                                                                                                 

                                                                         

                                                                  

                                                                       

                                                                         

                                                                                        

                                                                               

                                                              

                                                                                     

                                                          

                                                            

                                               

                                                                          

                                                            

                                                                                 

                                                                               

                                               

                                                            

                                                                             

                                                                             

                                                                   

                                                                                

                                                                   

                                                       

                                                          

                                                                   

                                                                       

                

                                                                         

                                                                                         

                                                          

                                                                                

                                                                                                      

                                                                 

                                                       

                                                                                                

                                                                                   

                                                       

                                                                                         

                                                        

                                                                   

                                                       

                                                                       

                                                                                       

                                                                           

                                                                                     

                                                                        

                                                       

                                                                     

                                                                                 

                                                                     

                                                                         

                                                                    

                                                                                     

                                                                                                 

                                                                                  

                               

                                                                     

                                                   

                                                         

                                                                       

                                                                

                                                                                                               

                                                                                           

                                                                           

                                                                    

                                                   

         

                                                                                 

                                      

                                                                                           

                                                                                      

                                                                       

                                                                  

                                                                                                

                                                                               

                                                                                        

                                                                                 

                                                                            

                                                                    

                                                                             

                                                                 

                                                                         

                                                                              

                                                                          

                                                                                   

                                                                            

                                                        

                                                       

                                        

                                                          

                                                                         

                                                                      

                                                                         

                                                       

                                                                          

                 

                                                                                    

                                                                             

                                                                                                            

                                                                                

                                                                            

                                                                 

                                                                        

                                                              

                                                                                                            

                                                                       

                                                                                                             

                                                                            

                                                                    

                                                                               

                                                                         

                                                                      

                                                                           

                                                                                       

                                                                                      

                                                                                

                                                               

                                                       

                                                                                                            

                                                                                                             

                                                                              

                                                                           

                                                                     

                                                                     

                                                                                    

                                                                                

                                                       

                                                                 

                                                                                       

                                                                                                           

                                                                    

                                                  

                                                                                           

                                                   

                                                                                                 

                                                                         

                                                                               

                                                          

                                                                               

                                                                                     

                                                            

                                                                                               

                                                                         

                                                                                    

                                                                                 

                                                                                                

                                                                                        

                                                                  

                                                                           

                                                                          

                                                                                  

                                                       

                                                                                                             

                                                                    

                                                                        

                                                                           

                                                          

                                                                                           

                                        

                                                                          

                                                                                  

                                                                    

                                                                                    

                                                                               

                                                                                

                                                                                           

                                                                                   

                                                          

                                                                                           

                                                                                

                                                                                    

                                                                            

                                                               

                                                                      

                                                                                         

                                                                

                                                                               

                              

                                                                       

                                                                           

                                                                                         

                                                                                 

                                                                                       

                                                                               

                                                                           

                                                                                          

                                                                               

                                                                                  

                                                                                       

                                                       

                                        

                                                                     

                                                                                  

                                                                 

                                                                                               

                

                                                             

                                              

                                                                 

                                                                           

                                                               

                                                                    

                                                                         

                                                                      

                                                             

                                                                 

                                                      

                                                            

                                                                                   

                                                                                           

                                                                                         

                                                           

                                                                            

                                                                                        

                                                       

                                                                     

                                      

                                                                                        

                                                                     

                                                 

                                                                      

                                                                   

                                                  

                                                                             

                                                            

  

   

  

   

   

   

   

  

  

   

   

  

  

  

  

  

  

  

  

   

   

  

   

   

   

   

  

  

  

  

   

   

  

  

   

  

   

   

   

   

  

  

  

   

   

   

   

   

   

   

  

   

   

  

   

  

  

  

   

   

  

  

   

   

   

  

  

  

  

   

   

  

   

  

  

  

   

  

   

   

   

   

   

  

   

  

   

  

   

   

  

  

   

  

   

   

   

  

   

   

  

  

  

  

   

  

   

  

  

   

  

  

   

  

   

   

  

  

   

   

   

  

  

  

   

   

  

  

  

   

  

  

   

   

  

  

  

   

   

  

   

  

   

   

   

  

   

   

  

  

   

   

  

  

   

   

  

  

  

  

   

  

   

  

   

   

  

  

  

   

  

   

  

  

  

  

  

   

  

  

  

   

  

   

   

   

   

  

   

  

  

   

  

  

  

  

   

  

  

   

  

   

  

   

  

   

  

   

  

  

   

  

  

  

   

  

   

   

  

  

  

  

   

  

  

  

  

  

   

   

  

   

  

   

  

   

   

   

  

  

   

  

  

  

   

  

  

   

   

  

  

  

  

  

  

  

  

  

  

  

   

  

   

  

   

   

  

   

  

  

  

  

   
   

  

  

  

   

  

  

   

  

   

   

  

   

   

   

   

   

  

  

  

   

   

  

   

  

   

  

  

  

  

   

  

  

  

   

  

  

   

   

   

   

  

   

   

   

  

  

   

  

   

  

  

  

  

   

   

  

   

  

   

   

  

   

   

  

  

   

   

   

   

   

  

   

  

  

   

  

   

   

  

   

   

  

  

  

  

  

  

  

   

   

  

   

  

   

   



 

SCSb - succinyl-CoA synthetase B 

 

  

   

                                                                                       

                                                                                                                                                                           

                                                                              

                                                                                                                                                                               

                                                                     

                 

                                                                    

                                                                               

                                                                                                              

                                                                                 

                                                                                 

                                                                                               

                                                        

                                                                      

                                                                                       

                                                                                                                                                           

                                                              

                                                                       

                                                                                                                                                           

                                                                                                                                       

                                                                                 

                                                       

                                                                                                                                                                            

                                                                                               

                                                                

                                                                            

                

                                                                                                                                                                                                                         

                                                         

                                                                                                                                                            

                                                                                      

                                                                                        

                                                       

                                                                                 

                                                                              

                                                       

                                                                                                    

                                                                        

                                                         

                                                                            

                                                              

                                                                                                                                               

                                                   

                                                                                                                                        

                                                                           

                                                                            

                                                                            

                                                                                                                                                           

                                                                                  

                                                       

                                                                                                                                                                 

                                                                 

                                                                          

                                                                                                

                                                                              

                                                                                                                                                                              

                                                                      

                                                                                  

                                                                        

                                                                                    

                                                                       

         

                                                                                       

                                                                                         

                                                                                                                            

                                                                                                                                          

                                                                                                                                                          

                  

                                                         

                                                                                                                                                                             

                                                                               

                                                                                 

                                                                        

                                                                                    

                                                                                                                                                          

                                                                                                             

                                                                                                                                                                            

                                                                                                                                       

                                                                                               

                                                                                

                                                                                                              

                                                                            

                                                                               

                                                                                                                                                                                                                            

                                                                                                                                                                               

                                                                                                                                                                            

                                                                     

                                                  

        

                                                 

                                                                         

                                                                                                                                 

         

                                                                            

                                                                       

                                                                         

                                                         

                                                                                  

                                                                                    

                                                                     

                                                                                                                                

                                                                                                                                                                                                                             

                                                                

                                                                                 

                                                                   

                                                   

                

                                                                        

                  

                                                          

                                                                                                                                     

                                                                                

                                                                                                                                      

                                                                                                                                               

                                                                                        

                                                                                                          

                                                                    

                                                                                         

                                                                          

                                                                               

                                                                                                              

                                                                               

                                                                                                                                     

                                                                   

                                                                                          

         

                                                                                           

                                                                            

                                                                                        

                                                                               

                                                                                     

                                                                     

                                                                                    

                                                       

                                                                               

                                                                                                                                                             

                                                                          

                                                                                                              

                                                       

                                                                                  

  

  

   

  

  

  

  

  

   

  

  

   

  

  

   

   

   

  

  

  
  

  

   

   

  

  

   

  

   

  

  

   

  

   

  

   

   

   

   

  

  

   

  

   

  

  

   

   

   

  

  

  

   

  

  

   

  

   

  

  

  

  

  

  

   

   

  

  

  

   

   

    

  

  

  

  

  

   

  

  

  

   

  

  

  

  

   

   

  

  

   

   

  

  

  

   

  

   

  

  

  

  

  

  

   

  

  

  

  

   

  

   

  

  

  

   

  

   

  

  

   

  

  

   

  

  

  

  

  

   

  

  

  

  

  

  

  



SDH –  

 
  

   

                                                                                                                           

                             

                                                                                                                       

                                         

                                         

                                            

                                                                           

                                       

                                        

                                       

                              

                                                                                                             

                                                                                                                   

                                                              

                                                        

                   

                                             

                                              

                                                                                                                            

                                         

                                        

                                            

                                                                                                            

                                     

                       

                             

                             

                                                                                           

                  

                                                                   

                                             

                                        

                                            

                              

                                 

                                                                                                         

                                                                                          

                                                                  

                                       

                                                                      

                                                                                 

                                             

                              

                                      

                                                                                                              

                                                                                        

                                                                                                                    

                                             

                                            

                                                                               

                                        

                              

                                                                                                           

                                            

                                                                                                            

                                                                   

                                                                                                                              

                                        

                             

                              

                                       

                                                                                                     

                                                                       

                                             

                                         

                                                                                                   

                                                                                       

                                                                                          

                                        

                               

                                                                                            

                                       

                             

                                                                                                                     

                                                               

                                         

                          

                                 

                                                                              

                                                                                                       

                             

                                                                           

                                

                             

                                       

                                                                                    

                              

                                     

                                            

                                            

                                                               

                                                                                                                          

                                                                      

                                                                                                                    

                                         

                                                                                                                         

  

  

   

   

  

  

  
   

  

   

   

  

  

  

  

  

  

   

  

  

  

   

  

  

  

   

  

   

  

   

   

  

  

  

  

   

   

  

  

   

  

  

  

  

  

   

   

   

  

  

   

  

   

   

   

  

   

  

  

  

  

  

  

  

  

  

  

   

   

   

  

  

   

  

  

   

  

   

  

   

   

   

   

  

  

   

  
   

   

  

  

   

  

  



SDR –  

 
  

   

                                                                   

                                                        

                                                                   

                                                                                                                                                                          

                                                            

                                                                                   

                                                                   

                                                                                                                                                    

                                                         

                                                                               

                                                                 

                                                              
                                                            

                                                                                                                      

                                                              

                                                                        

                                                                   

                                                                                                                                        

                                                            

                                                                      

                                                                  

                                                                                        

                                                                                                                                                                          

                                                                          

                                                                                

                                                                                                                 

                                                               

                                                                                                                  

                                                            

                                                       

                                                             

                                                                    

                                                                              

                                                              

                                                                     

                                                                                                                           

                                                                            

                                                                       

                                                                              

                                                                

                                                                                        

                                                            

                                                                     

                                                                                

                                                                                                                   

                                                                                                                           

                                                                    

                                                                  

                                                                                

                                                                        

                                                             

                                                                               

                                                                

                                                                                         

                                                                                        

                                                        

                                                

                                                              

                                                                                                                        

                                                                                

                                                                        

                                                              

                                                     

                                                                

                                                                                                                        

                                                                

                                                                                

                                                                      

                                                            

                                                                     

                                                                   

                                                                                                                      

                                                    

                                                                                                                                

                                                                                                                                                                          

                                                                              

                                                                       

                                                                

                                                                  

                                                                        

                                                                                                                        

                                                                  

                                                     

                                                                      

                                                              

                                                            

                                                              

                                                                            
                                                                          

                                                                        

                                                     

                                                      

                                                               

                                                                                     

                                                                 

                                                               

                                                                                     

                                                               

                                                                        

                                                                                                                                               

                                                           

                                                                 

                                                                                                                                                    

                                                                  

                                                                  

                                                                         

                                                               

                                                     

                                                            

                                                                          

                                                                                                                   

                                                             

                                                             

                                                                  

                                                        

  

  

  

  

  

   

  

   

   

   

  

   

  

  

  

  

  

  

  

   

  

   

   

  

  

   

  

  

   

  

   

  

   

  

  

  

  

   

  

  

   

   

   

  

  

  

   

  

  

  

   

  

  

   

   

  

  

  

  

  

  

   

   

  

   

   

  

   

   

   

   

  

  

  

  

   

  

  

  

   

  

  

  

   

  

  

  

  

  

   

  

   

   

   

  

  

  

   

   

   

   

   

  

  

  

   

   

  

   

   

   

   

  



SOD – superoxide dismutase 

 
  

   

                                                                           

                                                                     

                                                          

                                                               

                                                          

                                                                           

                                                              

                                                               

                                                               

                                                            

                                                                   

                                                                    

                                                                                                                       

                                                                                          

                                                             

                                                               

                                                                        

                                                                  

                                                                          

                                                                      

                                                                                       

                                                         

                                                                                   

                                                                         

                                                                   

                                                                                                          

                                                                       

                                                               

                                                                             

                                                    

                                            

                                                                                   

                         

                                                                

                                                                          

                                                              

                                                                              

                                                                    

                                                                                    

                                                         

                                                            

                                                                                                               

                                                                                      

                                                                                                                             

                                                                                                                            

                                                                      

                                                                  

                                                                        

                                                                            

                                                                                       

                                                                                                            

                                                                               

                                                                        

                                                                     

                                                                        

                                                                  

                      

                                                        

                                                                                                                     
                                                                                                          

                                                                

                                                       

                                                                                  
                                                                                

                                                                       

                                                                                                

                                                                    

                                                                                 

                                                                        

                                                                             

                                                                                                                   

                                                                 

                      

                                                                             

                                                          

                                                                                                               

                                                                                  

                                                             

                                                        

                                                                                               

                                                          

                                                                                                                         

                                                                                    

                                                                                                                         

                                          

                                                                           

                                                                                  

                                                                                                          

                                                                                

                                                                           

                                                      

                                                                                                               

                                                                 

                                                                           

                                                          

                                                            

                                                               

                                                                           

                                                                                  

                                                                 

                                                                  

                                                                                                                       

                                                                                    

                                                                                                                       
                                                                              

                                                                         

                                                              

                                                                              

                                                          

                                                                         

                                                                                               

                                                                       

                                                          

                                                                                       

                                                              

                                                                                

                                                                                          

                                                             

                                                                                   

                                                                                                                            

                                                                                                          

                                                        

                                                                               

                                                         

                 

    

  

  

  

  

  

  

   

  

  

  

   

   

  

   

  

   

  

  

   

  

   

  

  

   

  

  

  

   

  

  

   

  

  

   

  

  

  

  

  

   

   

  

  

  

  

  

  

   

  

   

  

   

   

  

   

  

  

  

  

   

  

  

  

  

   

  

   

  

   

  

  

   

  

  

   

   

  

  

  

  

  

   

  

  

  

  

  

   

   

  

  

   

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

   

   

   

  

  

  

  

   

  

  

   

  



TPI – 

 

  

   

                                                                    

                                                               

                                                                                

                                                                                                                                  

                                                         

                                                              

                                                               
                                                                     

                                                                             

                                                                  

                                                                

                                                                                 

                                                           

                                                                           

                                                            

                                                                                                                                  

                                                                

                                                                   

                                                                     

                                                       

                                                                  

                                                                                                                 

                                                                         

                                                           

                                                                                     

                                                            

                                                                          

                                                                            

                                                                  

                                                                 

                                                                          

                                                                                                                              

                                                         

                                                                                 

                                                            

                                                        

                                                                            

                                                                    

                                                                                

                                                                        

                                                                                                                 

                                                                                                                          

                                                                          

                                                        

                                                            

                                                                          

                                                                

                                                                            

                                                              
                                                               

                                                                             

                                                

                                                              

                                                                                

                                                                        

                                                         

                                                            

                                                             

                                                               

                                                              

                                                             

                                                                                                                            

                                                      

                                                                            

                                                                            

                                                                                                                            

                                                             

                                                                

                                                                         

                                                           

                                                          

                                                                                                                            

                                                                       

                                                                                

                                                                           

                                                                             

                                                                                     

                                                                 

                                                                 

                                                                 

                                                                                

                                                                                                                          

                                                                    

                                                                                  

                                                                 

                                                                             

                                                                                                                      

                                                                                 

                                                                                            

                                                                   

                                                                  

                                                            

                                                          

                                                                                                                              

                                                                

                                                                     

                                                               

                                                                                                              

                                                           

                                                                 

                                                 

                                                               

                                                                 

                                                           

                                                                     

                                                                          

                                                                                         

                                                                             

                                                                    

                                                                     

                                                          

                                                                                                                          

                                                                               

                                                           

                                                         

                                                                                                                            

                                                                                        

                                                  
                                                                     

                                                                  

   

  

  

  

  

  

   

  

   

   

  

  

  

   

   

  

   

  

   

  

  

   

   

  

  

   

   

   

  

   

   

  

  

  

  

  

   

   

   

  

  

   

  

  

  

  

   
  

  

  

  

   

  

  

  

   

   

  

  

  

  

  

  

   

  

  

  

   

   

  

  

   

  

   

   

  

  

  

  

  

   

  

   

   

   

  

  

  

  

   

  

  

   

  

  

  

   

  

  

  

  

  

  

  

  

  

   

  

  

  

  

   

  

  

  

  

  

  



Transmembrane proteins 

 
  

   

                                                                                                            

                                       

                                                                                                       

                                                                                                                                  

                                                                                                                                        

                                                                                                                          

                                                                                                                        

                                                                                                                

                                                                                                                      

                                            

                                            

                                            

                                                                                                                        

                                            

                                                                                                                                             

                                                                                                                                         

                                            

                                                                                                                    

                                                                                                                        

                                                                                                                          

                                                                                                         

  

  

  

  

  

  

  

  

  

   

  

   

  

   

   

  

   

  

  


