
Supplementary Information 

Parametrizations and initial values for model calculations
Tables of relevant parameters for the respective Michaelis-Menten processes. 
The model parameters and initial conditions are defined as dimensionless quantities because the objective is to investigate the qualitative and quantitative behavior of the system rather than to calibrate the model to a particular biochemical setting. Nevertheless, the relative parameter values are chosen to be biologically plausible. For example, in Eq. (3), describing the intrinsic ATP–ADP cycle, the ratio of the rate constants  and  is selected so that the steady-state ATP-to-ADP ratio falls between 2 and 10. This range is motivated by experimentally observed cellular ATP:ADP ratios, which vary across organisms and physiological states, while values around 10:1 have been described as typical of living cells (Hardie et al. 2003). The terminology used for the different classes of kinetic parameters—namely association (on) rates, dissociation (off) rates, charging (activation) rates, discharging/uncharging (deactivation) rates, and catalytic rates—is consistent with that introduced in the Materials and Methods section. The decay rate denotes the disappearance of the corresponding catalytic intermediate complexes.

	General constants, real and vector valued model parameters,
vectors being elements in 

	
	total number of ribozymes

	
	total number of ribozymes unloaded with ATP on their allosteric side

	
	natural rate of ADP production in habitat – Eq. (3)

	
	natural rate of ATP production in habitat – Eq. (3)

	
	vector of decay rate of ribozymes



	Parameters for type 1 catalytic processes – according to Eq. (1), 
matrices being elements in 

	Parameter
	Description

	
	matrix of on-rates 

	
	matrix of off-rates 

	
	matrix of charge-rates

	
	matrix of uncharge-rates

	
	matrix of cat-rates of ribozyme  thereof, 

	
	matrix of coefficients defining ATP-consumption of charge processes

	
	matrix of decay rates of entries of 

	
	matrix of decay rates of entries of 



	Parameters for type 2 catalytic processes – according to Eq. (2) 
matrices being elements in 

	Parameter
	Description

	
	matrix of on-rates 

	
	matrix of off-rates 

	
	matrix of charge-rates

	
	matrix of uncharge-rates

	
	matrix of cat-rates of ribozyme  thereof, 

	
	matrix of coefficients defining ATP-consumption of charge processes

	
	matrix of decay rates of entries of 

	
	matrix of decay rates of entries of 



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 
vectors being elements in 

	Parameter
	Description

	
	vector of on-rates of ribozymes with ADP

	
	vector of off-rates thereof

	
	vector of charge-rates thereof

	
	vector of uncharge-rates thereof

	
	vector of cat-rates of ATP production

	
	vector of coefficients defining ATP-consumption of charge processes

	
	vector of activation decay rate of entries of 

	
	vector activation decay rate of entries of 

	
	vector of on-rates of ribozymes with ATP

	
	vector of off-rates thereof

	
	vector of charge-rates thereof

	
	vector of uncharge-rates therof

	
	vector of cat-rates of ADP production

	
	vector of coefficients defining ATP-consumption of charge processes

	
	vector of decay rates of entries of 

	
	vector of decay rates of entries of 



	Parameters for allosteric binding – according to Eq. (6) 
vectors being elements in 

	Parameter
	Description

	
	m-vector of allosteric binding rates of ribozymes with ATP

	
	m-vector of reverse reaction rates thereof




Concrete parametrizations 
Model calculations for Fig. 1
Fig. 1 is a pure schematic exhibit of a possible evolution of the ATP-ADP cycle. Therefore, parametrization is irrelevant here. 

Model calculations for Fig. 2
	General constants, real-valued model parameters, numerical discretization parameters

	
	2

	
	1

	
	0.01

	
	0.1

	
	0.01

	
	0.015

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1) 

	All parameter entries are zero, i.e. no processes of type 1 in Figs 2 model.



	Parameters for type 2 catalytic processes – according to Eq. (2) 
All parameter entries are zero except:

	
	0.1

	
	0.01

	
	0.05

	
	0.005

	
	0.2

	
	1.0

	
	0.01

	
	0.0001



	Initial values for type 2 catalytic processes.
All initial values are zero except for: 

	
	0.5

	
	0.5

	
	1.0



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 

	No type 3 catalysis in Fig. 2 model: all relevant parameter entries are zero.



	Parameters for allosteric binding – according to Eq. (6) 

	No allosteric binding process in Fig. 2 model: all relevant parameter entries are zero.




Model calculations for Fig. 3
	General constants, real-valued model parameters, numerical discretization parameters

	
	4

	
	2

	
	0.01

	
	0.1

	
	= 0.01 for all relevant  (i.e. where >0)

	
	0.55

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1) 

	All parameter entries are zero, i.e. no processes of type 1 in Figs 3 model. 



	Parameters for type 2 catalytic processes – according to Eq. (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2

	
	==0.01 

	
	=0.05, =0.06,

	
	= 0.005, = 0.004

	
	= 0.2, = 0.005, = 0.25

	
	= 1.0, = 0.8

	
	= 0.01 for all relevant 

	
	= 0.0001 for all relevant 



	Initial values for type 2 catalytic processes 
All Initial values are zero except for:

	
	0.5

	
	0.5

	
	= 1.0



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 

	No type 3 catalysis in Fig. 3 model: all relevant parameter entries are zero.



	Parameters for allosteric binding – according to Eq. (6) 

	No allosteric binding process in Fig. 3 model: all relevant parameter entries are zero.



Model calculations for Fig. 4
	General constants, real-valued model parameters, numerical discretization parameters

	
	4

	
	2

	
	0.01

	
	0.1

	
	= 0.01 for all relevant 

	
	0.55

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1) 

	All parameter entries are zero, i.e. no processes of type 1 in Fig. 4 model. 



	Parameters for type 2 catalytic processes – according to equation (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2, = 0.1,
=== 0.15

	
	=== 0.01, 
=== 0.001

	
	= 0.05, == 0.06

	
	= 0.005, == 0.004

	
	= 0.2,  = 0.005, = 0.25, = 0.22

	
	= 1.0, = 0.8, = 0.9

	
	= 0.01, for all relevant 

	
	= 0.0001, for all relevant 



	Initial values for type 2 catalytic processes 
All Initial values are zero except for:

	
	0.5

	
	0.5

	
	=1.0



	Parameters for type 3 catalytic processes – according to Eq. (4) and (5) 

	No type 3 catalysis in Fig. 4 model: all relevant parameter entries are zero.




	Parameters for allosteric binding – according to Eq. (6).
All entries of respective vectors are zero except for the following:

	
	0.1

	
	0.05



Model calculations for Fig. 5
Fig. 5 use the same parametrization as Fig. 4, except for the following parameters:
	
	0.02, double rate as compared to Fig. 4

	
	0.2, double rate as compared to Fig. 4



Model calculations for Fig. 6
	General constants, real-valued model parameters, numerical discretization parameters

	
	8

	
	4

	
	0.01

	
	0.1

	
	= 0.01 for all relevant 

	
	0.55

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1). 
All entries of respective matrices and vectors are zero except for the following:

	
	= =0.6

	
	= =0.01

	
	= =0.2

	
	= =0.01

	
	= = 0.5

	
	= = 0.1

	
	= 0.01 for all relevant 

	
	= 0.0001 for all relevant 



	Parameters for type 2 catalytic processes – according to Eq. (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2, = 0.2, = 0.1, = 0.2, = 0.1,
= 0.1,
= 0.4, = 0.1,
= 0.1, = 0.4, = 0.4, = 0.1, = 0.1,
= 0.4,
= 0.4, = 0.4

	
	= 0.01 for all relevant 
 0.001 for all relevant  with  >1

	
	= 0.05, = = = = = 0.06 

	
	= 0.005, ===== 0.004 

	
	 =0.2, = 0.001, = 0.25,
= 0.01, = 0.02, = 0.25, 
= 0.22, = 0.25, = 0.22,

	
	= 1.0, = 0.8, = 0.8, = 0.9, = 0.8, = 0.9

	
	= 0.01 for all relevant 

	
	= 0.0001 for all relevant 



	Initial values for type 2 catalytic processes.
All Initial values are zero except for:

	
	0.5

	
	0.5

	
	= 1.0, = 0.05



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 

	No type 3 catalysis here: all relevant parameter entries are zero




	Parameters for allosteric binding – according to Eq. (6).
All entries of respective vectors are zero except for the following:

	
	= = 0.1

	
	= = 0.05



Model calculations for Fig. 7
Fig. 7 follow the same parametrization as Figs 6, except for the following parameters: 
	
	0.03, triple rate as compared to Fig. 4

	
	0.3, triple rate as compared to Fig. 4




Model calculations for Fig. 8
	General constants, real-valued model parameters, numerical discretization parameters

	
	4

	
	2

	
	0.01

	
	0.1

	
	=0.01 for all relevant 

	
	0.55

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1) 

	All parameter entries are zero, i.e. no processes of type 1 in Fig. 8 model.



	Parameters for type 2 catalytic processes – according to Eq. (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2,  = 0.1,
= 0.15,
= = 0.15

	
	= 0.01 for all relevant ,
= 0.001 for all relevant , with >1

	
	= 0.05, ==0.06

	
	= 0.005, == 0.004

	
	= 0.2,
= 0.001= 0.25,
= 0.22

	
	= 1.0, = 0.8, = 0.9

	
	 0.01 for all relevant 

	
	 0.0001 for all relevant 



	Initial values for type 2 catalytic processes.
All Initial values are zero except for:

	
	0.5

	
	0.5

	
	= 1.0, = 0.05



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 
All entries of respective vectors below are zero except the following:

	Parameter
	Description

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0

	
	0.1

	
	0.01

	
	0.01

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0

	
	0.1

	
	0.01

	
	0.01



	Parameters for allosteric binding – according to Eq. (6) 

	No allosteric binding process in Fig. 8 model: all relevant parameter entries are zero.



Model calculations for Fig. 9
	General constants, real-valued model parameters, numerical discretization parameters

	
	6

	
	3

	
	0.01

	
	0.1

	
	= 0.01 for all relevant 

	
	0.55

	# steps
	5000




	Parameters for type 1 catalytic processes – according to Eq. (1) 

	All parameter entries are zero, i.e. no processes of type 1 in Fig. 9 model.



	Parameters for type 2 catalytic processes – according to Eq. (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2, = 0.1, = 0.2, = 0.1
= 0.15, = 0.1,
= = 0.15, = = 0.1,
= 0.1, = 0.4,
= = 0.1, = = 0.4

	
	= 0.01 for all relevant ,
= 0.001, for all relevant , with >1

	
	= 0.05, ==== 0.06

	
	= 0.005, ==== 0.004

	
	= 0.2,
= 0.001= 0.25,
= 0.22,
= 0.001 = 0.25,
= 0.22

	
	= 1.0, = 0.8, = 0.9, = 0.8, = 0.9

	
	0.01 for all relevant ,

	
	0.0001 for all relevant 



	Initial values for type 2 catalytic processes.
All Initial values are zero except for:  

	
	0.5

	
	0.5

	
	= 1.0, = = 0.05



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 
All entries of respective vectors below are zero except for the following:

	Parameter
	Description

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0

	
	0.1

	
	0.01

	
	0.01

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0

	
	0.1

	
	0.01

	
	0.01




	Parameters for allosteric binding – according to Eq. (6).
All entries of respective vectors are zero except for the following:

	
	= = 0.1

	
	= = 0.05



Model calculations for Fig. 10
	General constants, real-valued model parameters, numerical discretization parameters

	
	10

	
	5

	
	0.01

	
	0.1

	
	= 0.01 for all relevant 

	
	0.55

	# steps
	5000



	Parameters for type 1 catalytic processes – according to Eq. (1). 
All entries of respective matrices and vectors are zero except for the following:

	
	= = 0.8

	
	= = 0.01

	
	= = 0.2

	
	= = 0.01

	
	= = 0.5

	
	= = 0.1

	
	= 0.01 for all relevant 

	
	= 0.0001 for all relevant 



	Parameters for type 2 catalytic processes – according to Eq. (2). 
All entries of respective matrices and vectors are zero except for the following:

	
	= 0.1, = 0.2, = 0.1, = 0.2, = 0.1, = 0.2,
= 0.2, = 0.1,
= 0.15, = = 0.1,
= = 0.15, = = = = = 0.1,
= 0.1, = 0.4,
= = 0.1, = = = 0.4,
= = = 0.1,
= = 0.1, = 0.4,
= = = = 0.1, = = 0.4

	
	= 0.01 for all relevant ,
= 0.001 for all relevant , , with >1

	
	= 0.05, == ===== 0.06

	
	= 0.005, ======= 0.004

	
	= 0.2,
= 0.001= 0.25,
= 0.22,
= 0.001, = 0.25,
= 0.22,
= 0.001= 0.25,
= 0.25,
= 0.22

	
	= 1.0, = 0.8, = 0.9, = 0.8, = 0.9, = 0.2, 
= 0.2, = 0.25

	
	0.01 for all relevant ,

	
	0.0001 for all relevant 



	Initial values for type 2 catalytic processes.
All Initial values are zero except:  

	
	0.5

	
	0.5

	
	= 1.0,= = 0.1



	Parameters for type 3 catalytic processes – according to Eqs. (4) and (5) 
All entries of respective vectors below are zero except for the following:

	Parameter
	Description

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0.

	
	0.1

	
	0.01

	
	0.01

	
	0.2

	
	0.01

	
	0.2

	
	0.01

	
	1.0

	
	0.1

	
	0.01

	
	0.01



	Parameters for allosteric binding – according to Eq. (6).
All entries of respective vectors are zero except for the following:

	
	= = = 0.1

	
	= = = 0.05




