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Supplementary material

S1. Bioreactor modeling

A compartment model consists of decomposing the spatial zone of a bioreaction vessel into
several units (compartments) of equal volume and assumed to be fully mixed [1]. The reactor
depicted in figure S1 (left hand side) is broken down into 70 compartments (right hand side).

Hydrodynamics in the vessel is characterized by the different fluxes assumed to be generated
by the action of a stirrer and/or the gassed pneumatic power following sound approaches [2-
3]. Description of these fluxes are:

Circulation flux (CF): It is the flux caused by the stirrer mechanical power.

Exchange flux (EF): this flux accounts for the presence of eddies causing an axial turbulent
flow throughout the vessel.

Induced flux (IF): This flux is only considered when there is pneumatic power caused by gas
injection, frequently air. Itis responsible for interconnecting zones delimited by several
impellers when gas bubbles are present.

Power input by impellers: The power input is a critical aspect in compartment models. Here,
the bottom impeller is assumed to be a single impeller in the vessel, and its power input is
assumed to be the smaller among the other impellers because air is usually sparged below it.

Relative power input for the bottom impeller
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Figure S1. Bioreactor description

All the other impellers behave similarly since no air sparger is located beneath them; however,
their power input is lower and can be described by equation S2 as follows, for instance for
impeller 2:

PLéND3>O.432 (82)
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Where P, is the total power input by two Rushton turbines without gas, which can be derived
from:

PLTL = nPL1 (83)

This equation states that, under no gassing conditions, the total power delivered by n
impellers equals n times the power on one single impeller. To calculate the power on one
single impeller without gas, the classical expression shown in equation S4 can be used.

P, = Pop;N3D5> (S4)

Based on the above considerations, it is possible to know the power input for the set of
impellers, which imply two different values for CF, IF and EF, the one related to the bottom
impeller and the other for the rest.

Vrabel’s model [2] considers:

1. The compartment modelis built for half of the bioreactor assuming an axial symmetry.

2. Each impeller produces two loops, one above and one below. Each loop is assumed
to be an agitated vessel in series with the other linked by an axial exchange flux (EF).

3. Liquid streams linking two different impeller zones is the induced flux (IF).

4. CF and IF are real fluxes within the vessel in only one direction, while EF is an apparent
flux that considers a turbulent exchange between compartments and is modeled as a
two-direction flux

CF can be calculated from equation S5 depending on whether the impeller is under gassed
conditions or not.

B B

Que = (%G) or Q= (%G) KpND3 (S5)

Q;: flowrate discharged by the impeller when there is not gas, subscript G stands for
gassed conditions ; Kp: flow number; B: constant

N:stirrer speed; D: impeller diameter; P: power of the impeller
Pg:power input when under gassed conditions

Values for Kp and § depend on the impeller type. Here, for a radial Rushton turbine 0.75 and
0.34 are used, respectively. Thus:

0.34

P
CF = (?G) K.ND3 (S6a)



K, =2+08*Kp (S6b)

In equation S6a, K, is altered by factors 2 and 0.8, which consider that CF is twice @, to
account for the flux dragged by momentum, but not all goes in the radial direction, hence an
80% of it is established.

To derive EF (Equation S7), expressions accounting for the presence of eddies are considered.
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Where the expression for the mean quadratic velocity under gassed conditions is assumed
(Equation S8)

1

u’G = (eGle)§ (888)
l, = 0.08D (S8b)
() ur
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pL ZT H;(1 —¢g) (S8c)

p.:liquid density; Py: Power number; vg: superficial gas velocity
&c: gas holdup; H;: height of the impeller region; T: bioreactor diameter

[, is a characteristic length of the eddies and is correlated to the impeller diameter. ¢;; is the
power dissipated under gassed conditions.

The induced flux, IF is obtained from equation S9

O _ Qg

IF = kiQ—LG = kax —(Pa)0'34 (S9)
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P

Here k; is a proportionality constant and k,y is a constant that depends on the dimensional
configuration of the bioreactor. Equation S9 correlates the volumetric flowrate of the injected
gas, Q;, and the flowrate discharged by the impeller, Q.

Finally, the model is completed with the mass balance for each compartment once the three
fluxes characterizing hydrodynamics have been defined. Thus, equation S10 represents the
mass balance for component i, and considers a reactive term, R;, and a gas-liquid mass
transferterm, T; [1].
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S2. Modeling cellular metabolism

The modeling approach used here consists of a set of differential mass balances for the
intracellular metabolites in which the different reaction fluxes are modeled with
corresponding kinetic expressions. This approach allows us to capture the dynamic variation
of metabolite concentrations and fluxes in time. The general representation of the model is
described by equation S11.

dx
- = S11
I Sv v(x, k,E) (S11)

x:vector of intracellular metabolite concentrations; E: enzyme concentration,;

k: kinetic parameters

The glucose uptake is modeled by the traditional hyperbolic function (Equation S12)

— qs,max [Glcex] (4)
U=k + [Glc,,]

qsmax: Maximal specific rate for glucose uptake; K;: Af finity constant
[Glcyy]: Extracellularglucose concentration.

The model considers a set of intracellular metabolic networks as shown in figure S2, which
includes the glycolytic pathway, the pentose phosphate pathway and some pathways for
the metabolism of reserve carbohydrates, such as glycogen and trehalose, following the
study of Suarez-Mendez et al. [4].
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Figure S2. Main kinetic pathway considered in the metabolic model. Adapted from [5]

Mass balances (Differential equations)

The set of differential equations that describe the network mathematically is as follows:
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Where v; is the metabolic flux of each enzymatic reaction and is represented by a kinetic
expression.

Structure of the kinetic metabolic model

Kinetic expressions for intracellular reactions were adapted from literature, mainly those
considered by Smallbone et al. [6] and Messiha et al. [7] due to its comprehensiveness
including metabolic regulations and kinetic mechanisms for the different enzymatic
reactions. Reactions for the intracellular cycling of reserve carbohydrates (i.e., glucose)
were developed based on those following the reported in the study of Suarez-Mendez et
al. [4].
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    d x  d t = S . v               ,     v ( x , k ,   E )


  x : v e c t o r   o f   i n t r a c e l l u l a r   m e t a b o l i t e   c o n c e n t r a t i o n s ; E : e n z y m e   c o n c e n t r a t i o n ;


  k : k i n e t i c   p a r a m e t e r s


  k : k i n e t i c   p a r a m e t e r s


    q  s =     q  s , m a x [ G l   c  e x ]    K  s +  [ G l   c  e x ]


    q  s , m a x : M a x i m a l   s p e c i f i c   r a t e   f o r   g l u c o s e   u p t a k e ;   K  s : A f f i n i t y   c o n s t a n t


    d  [ G l c ]  d t =   v  u p t a k e −   v 1 + 2   v 20 +   v 34


    d  [ G l c 6 P ]  d t =   v 1 −   v 2 −   v 3 −   v 16 −   v 18 −   v 22


    d  [ G l c 6 P ]  d t =   v 1 −   v 2 −   v 3 −   v 16 −   v 18 −   v 22


    d  [ F r u 6 P ]  d t =   v 3 −   v 4 +   v 28 +   v 29


    d  [ F r u 6 P ]  d t =   v 3 −   v 4 +   v 28 +   v 29


    d  [ F r u B P ]  d t =   v 4 −   v 5 −   k  f [ F r u B P ]


    d  [ F r u B P ]  d t =   v 4 −   v 5 −   k  f [ F r u B P ]


    d  [ G A P ]  d t =   v 5 +   v 9 −   v 10 +   v 27 −   v 28 +   v 29 −   k  g  [ G A P ]


    d  [ G A P ]  d t =   v 5 +   v 9 −   v 10 +   v 27 −   v 28 +   v 29 −   k  g  [ G A P ]


    d  [ D H A P ]  d t =   v 5 −   v 9


    d  [ B P G ]  d t =   v 10 −   v 11


    d  [ B P G ]  d t =   v 10 −   v 11


    d  [ 3 P G ]  d t =   v 11 −   v 12


    d  [ 3 P G ]  d t =   v 11 −   v 12


    d  [ 2 P G ]  d t =   v 12 −   v 13


    d  [ 2 P G ]  d t =   v 12 −   v 13


    d  [ P E P ]  d t =   v 13 −   v 14


    d  [ P E P ]  d t =   v 13 −   v 14


    d  [ P y r ]  d t =   v 14 −   v 15


    d  [ P y r ]  d t =   v 14 −   v 15


    d  [ U T P ]  d t = −   v 17 +   v 21


    d  [ U T P ]  d t = −   v 17 +   v 21


    d  [ U D P ]  d t =   v 18 −   v 21 +   v 30 +   v 31


    d  [ U D P ]  d t =   v 18 −   v 21 +   v 30 +   v 31


    d  [ U D P G l c ]  d t =   v 17 −   v 18 −   v 30 −   v 31


    d  [ U D P G l c ]  d t =   v 17 −   v 18 −   v 30 −   v 31


    d  [ G l c 1 P ]  d t =   v 16 −   v 17 +   v 33


    d  [ G l c 1 P ]  d t =   v 16 −   v 17 +   v 33


    d  [ T 6 P ]  d t =   v 18 −   v 19


    d  [ T 6 P ]  d t =   v 18 −   v 19


    d  [ T r e h ]  d t =   v 19 −   v 20


    d  [ T r e h ]  d t =   v 19 −   v 20


    d  [   ( 𝛼  1 , 4   g l u c o s i   l )  n ]  d t =   v 30 −   v 31


    d  [   ( 𝛼  1 , 4   g l u c o s i   l )  n ]  d t =   v 30 −   v 31


    d  [    (   𝛼  1 , 4   g l u c o s i l )  n + 1 ]  d t =   v 31 −   v 32


    d  [    (   𝛼  1 , 4   g l u c o s i l )  n + 1 ]  d t =   v 31 −   v 32


    d  [ g l y c o ]  d t =   v 32 −   v 33 −   v 34 −   k  g l y [ g l y c o ]


    d  [ g l y c o ]  d t =   v 32 −   v 33 −   v 34 −   k  g l y [ g l y c o ]


    d  [ P G L 6 ]  d t =   v 22 −   v 23


    d  [ P G L 6 ]  d t =   v 22 −   v 23


    d  [ P G 6 ]  d t =   v 23 −   v 24


    d  [ P G 6 ]  d t =   v 23 −   v 24


    d  [ R u l 5 P ]  d t =   v 24 −   v 25 −   v 26


    d  [ R u l 5 P ]  d t =   v 24 −   v 25 −   v 26


    d  [ R i b 5 P ]  d t =   v 25 −   v 27


    d  [ X y l 5 P ]  d t =   v 26 −   v 27 −   v 29


    d  [ X y l 5 P ]  d t =   v 26 −   v 27 −   v 29


    d  [ s e d 7 P ]  d t =   v 27 −   v 28


    d  [ s e d 7 P ]  d t =   v 27 −   v 28


    d  [ E r y 4 P ]  d t =   v 28 −   v 29


    d  [ E r y 4 P ]  d t =   v 28 −   v 29


    d  [ A T P ]  d t = −   v 1 −   v 2 −   v 4 +   v 6 −   v 7 −   v 8 +   v 11 +   v 14 −   v 21


    d  [ A T P ]  d t = −   v 1 −   v 2 −   v 4 +   v 6 −   v 7 −   v 8 +   v 11 +   v 14 −   v 21


    d  [ A D P ]  d t =   v 1 +   v 2 +   v 4 −   v 6 +   v 7 + 2   v 8 −   v 11 −   v 14 +   v 21


    d  [ A D P ]  d t =   v 1 +   v 2 +   v 4 −   v 6 +   v 7 + 2   v 8 −   v 11 −   v 14 +   v 21


    d  [ A M P ]  d t = −   v 8


    d  [ A M P ]  d t = −   v 8


    v  i


  𝑮 𝒍 𝒄 + 𝑨 𝑻 𝑷      → 


    v 1 =     v  m a x  [ G l c ]  [ A T P ]    K  i ,   G l c     K  A T P  ( 1 +    [ T 6 P ]    K  T 6 P ) +  [ G l c ]   K  A T P +  [ A T P ]   K  G l c    ( 1 +    [ T 6 P ]    K  T 6 P ) +  [ G l c ] [ A T P ]


  G l c 6 P      →  A T P → A D P    v 2


    v 2 =   k  [ G l c 6 P ] [ A T P ]


    v 2 =   k  [ G l c 6 P ] [ A T P ]


  G l c 6 P    ⇌    v 3 F r u 6 P


    v 3 =  [ P G I ]     k  c a t  (    [ G l c 6 P ]    K  G l c 6 P −    [ F r u 6 P ]    K  G l c 6 P   K  e q )  1 +    [ G l c 6 P ]    K  G l c 6 P +    [ F r u 6 P ]    K  F r u 6 P


    v 3 =  [ P G I ]     k  c a t  (    [ G l c 6 P ]    K  G l c 6 P −    [ F r u 6 P ]    K  G l c 6 P   K  e q )  1 +    [ G l c 6 P ]    K  G l c 6 P +    [ F r u 6 P ]    K  F r u 6 P


  F r u 6 P + A T P    →    v 4   F r u B P + A D P


    v 4 =    [ P F K ]   k  c a t     g  R  [ F r u 6 P ]    K  F r u 6 P    [ A T P ]    K  A T P    ( 1 +    [ F r u 6 P ]    K  F r u 6 P +    [ A T P ]    K  A T P +     g  R  [ F r u 6 P ]  [ A T P ]    K  F r u 6 P   K  A T P ) 3     ( 1 +    [ F r u 6 P ]    K  F r u 6 P +    [ A T P ]    K  A T P +     g  R  [ F r u 6 P ]  [ A T P ]    K  F r u 6 P   K  A T P ) 4 +   L 0    (   1 +     c  i , A T P  [ A T P ]    K  i , A T P    1 +    [ A T P ]    K  i , A T P ) 4    (   1 +     c  i ,   A M P  [ A M P ]    K  i , A M P  1 +    [ A M P ]    K  i , A M P ) 4    ( 1 +     c  A T P  [ A T P ]    K  A T P ) 4


    v 4 =    [ P F K ]   k  c a t     g  R  [ F r u 6 P ]    K  F r u 6 P    [ A T P ]    K  A T P    ( 1 +    [ F r u 6 P ]    K  F r u 6 P +    [ A T P ]    K  A T P +     g  R  [ F r u 6 P ]  [ A T P ]    K  F r u 6 P   K  A T P ) 3     ( 1 +    [ F r u 6 P ]    K  F r u 6 P +    [ A T P ]    K  A T P +     g  R  [ F r u 6 P ]  [ A T P ]    K  F r u 6 P   K  A T P ) 4 +   L 0    (   1 +     c  i , A T P  [ A T P ]    K  i , A T P    1 +    [ A T P ]    K  i , A T P ) 4    (   1 +     c  i ,   A M P  [ A M P ]    K  i , A M P  1 +    [ A M P ]    K  i , A M P ) 4    ( 1 +     c  A T P  [ A T P ]    K  A T P ) 4


  F r u B P    ⇌    v 5 G A P + D H A P


    v 5 =     V 1   V 2  (  [ F r u B P ] −    [ G A P ]  [ D H A P ]    K  e q )    V 2   K  F r u B P   V 2  [ F r u B P ] +     V 1   K  D H A P    K  e q  [ G A P ] +     V 1   K  G A P    K  e q  [ D H A P ] +     V 2    K  i ,   G A P  [ F r u B P ]  [ G A P ] +     V 1    K  e q  [ G A P ] [ D H A P ]  


    v 5 =     V 1   V 2  (  [ F r u B P ] −    [ G A P ]  [ D H A P ]    K  e q )    V 2   K  F r u B P   V 2  [ F r u B P ] +     V 1   K  D H A P    K  e q  [ G A P ] +     V 1   K  G A P    K  e q  [ D H A P ] +     V 2    K  i ,   G A P  [ F r u B P ]  [ G A P ] +     V 1    K  e q  [ G A P ] [ D H A P ]  


  A D P  →    v 6 A T P


  A T P  →    v 7   A D P


  A T P + A M P    ⇌    v 8   2   A D P


    v 6 = k [ A D P ]


    v 7 =       v  m a x  [ A T P ]    K  A T P  1 +    [ A T P ]    K  A T P


    v 8 = k  (  [ A M P ]  [ A T P ] −      [ A D P ] 2    K  e q )


  D H A P    ⇌    v 9   G A P


    v 9 =      [ T P I ]   k  c a t    K  D H A P  (  [ D H A P ] −    [ G A P ]    K  e q )  1 +    [ D H A P ]    K  D H A P +    [ G A P ]    K  G A P  ( 1 +    (    [ G A P ]    K  i , G A P ) 4 )


  G A P + N A   D +  ⇌    v 10   B P G + N A D H


    v 10 =    [ T D H ]   k  c a t  (    [ G A P ]  [ N A D ]    K  G A P   K  N A D −    [ B P G ]  [ N A D H ]    K  G A P   K  N A D   K  e q )   ( 1 +    [ G A P ]    K  G A P +    [ B P G ]    K  B P G )  ( 1 +    [ N A D ]    K  N A D +    [ N A D H ]    K  N A D H )


    v 10 =    [ T D H ]   k  c a t  (    [ G A P ]  [ N A D ]    K  G A P   K  N A D −    [ B P G ]  [ N A D H ]    K  G A P   K  N A D   K  e q )   ( 1 +    [ G A P ]    K  G A P +    [ B P G ]    K  B P G )  ( 1 +    [ N A D ]    K  N A D +    [ N A D H ]    K  N A D H )


  B P G + A D P    ⇌ 


    v 11 =     V 1   V 2  (  [ B P G ]  [ A D P ] −    [ A T P ]  [ 3 P G ]    K  e q )  D


  D =     K  i ,   B P G   K  A D P   V 2 +   K  A D P   V 2  [ B P G ] +   K  B P G   V 2  [ A D P ] +   V 2  [ B P G ]  [ A D P ] +     K  3 P G   V 1  [ A T P ]    K  e q +     K  A T P   V 1  [ 3 P G ]    K  e q +     V 1  [ A T P ]  [ 3 P G ]    K  e q +     K  3 P G   V 1  [ B P G ]  [ A T P ]    K  i ,   B P G   K  e q +     K  B P G   V 2  [ A D P ]  [ 3 P G ]    K  i , 3 P G +     V 2  [ B P G ]  [ A D P ]  [ A T P ]    K  i , A T P +     V 1  [ A D P ]  [ A T P ]  [ 3 P G ]    K  i , A D P   k  e q


  D =     K  i ,   B P G   K  A D P   V 2 +   K  A D P   V 2  [ B P G ] +   K  B P G   V 2  [ A D P ] +   V 2  [ B P G ]  [ A D P ] +     K  3 P G   V 1  [ A T P ]    K  e q +     K  A T P   V 1  [ 3 P G ]    K  e q +     V 1  [ A T P ]  [ 3 P G ]    K  e q +     K  3 P G   V 1  [ B P G ]  [ A T P ]    K  i ,   B P G   K  e q +     K  B P G   V 2  [ A D P ]  [ 3 P G ]    K  i , 3 P G +     V 2  [ B P G ]  [ A D P ]  [ A T P ]    K  i , A T P +     V 1  [ A D P ]  [ A T P ]  [ 3 P G ]    K  i , A D P   k  e q


  3 P G  ⇌    v 12   2 P G  


    v 12 =    [ G P M ]   k  c a t  (    [ 3 P G ]    K  3 P G −    [ 2 P G ]    K  3 P G   K  e q )  1 +    [ 3 P G ]    K  3 P G +    [ 2 P G ]    K  2 P G


    v 12 =    [ G P M ]   k  c a t  (    [ 3 P G ]    K  3 P G −    [ 2 P G ]    K  3 P G   K  e q )  1 +    [ 3 P G ]    K  3 P G +    [ 2 P G ]    K  2 P G


  2 P G  ⇌    v 13     P E P


    v 13 =    [ E N O ]   k  c a t  (    [ 2 P G ]    K  2 P G −    [ P E P ]    K  2 P G   K  e q )  1 +    [ 2 P G ]    K  2 P G +    [ P E P ]    K  P E P


  P E P + A D P    ⇌    v 14 P Y R + A T P


    v 14 =   v  m a x       g  R   𝛼 1   𝛼 2   R  n − 1    R  n + L   T  n


    𝛼 1 =    [ P E P ]    K  P E P ,     𝛼 2 =    [ A D P ]    K  A D P


    𝛼 1 =    [ P E P ]    K  P E P ,     𝛼 2 =    [ A D P ]    K  A D P


  R = 1 +     𝛼 1 +     𝛼 2 +   g  R   𝛼 1   𝛼 2


  R = 1 +     𝛼 1 +     𝛼 2 +   g  R   𝛼 1   𝛼 2


  T = 1 +   c 2   𝛼 2


  T = 1 +   c 2   𝛼 2


  L =   L 0    (   1 +     c  i , A T P  [ A T P ]    K  i , A T P  1 +    [ A T P ]    K  i , A T P   )  n    (   1 +     c  i , F r u B P  [ F r u B P ]    K  i , F r u B P  1 +    [ F r u B P ]    K  i , F r u B P   )  n


  L =   L 0    (   1 +     c  i , A T P  [ A T P ]    K  i , A T P  1 +    [ A T P ]    K  i , A T P   )  n    (   1 +     c  i , F r u B P  [ F r u B P ]    K  i , F r u B P  1 +    [ F r u B P ]    K  i , F r u B P   )  n


  p y r  →    v 15


    v 15 = k [ p y r ]


    v 15 = k [ p y r ]


  G l c 6 P  ⇌ 


    v 16 =       v  m a x    K  G l c 6 P  (  [ G l c 6 P ] −    [ G l c 1 P ]    K  e q )  1 +    [ G l c 6 P ]    K  G l c 6 P +    [ G l c 1 P ]    K  G l c 1 P


    v 16 =       v  m a x    K  G l c 6 P  (  [ G l c 6 P ] −    [ G l c 1 P ]    K  e q )  1 +    [ G l c 6 P ]    K  G l c 6 P +    [ G l c 1 P ]    K  G l c 1 P


  G l c 1 P + U T P  →    v 17 U D P G l c + P   P  i


    v 17 =       v  m a x    [ U T P ]  [ G l c 1 P ]    K  U T P   K  G l c 1 P      K  i , U T P    K  U T P +    [ U T P ]    K  U T P +    [ G l c 1 P ]    K  G l c 1 P +    [ U T P ]  [ G l c 1 P ]    K  U T P   K  G l c 1 P +     K  i , U T P    K  U T P    [ U D P G l c ]    K  i , U D P G l c +    [ G l c 1 P ]    K  G l c 1 P    [ U D P G l c ]    K  i . U D P G l c  


    v 17 =       v  m a x    [ U T P ]  [ G l c 1 P ]    K  U T P   K  G l c 1 P      K  i , U T P    K  U T P +    [ U T P ]    K  U T P +    [ G l c 1 P ]    K  G l c 1 P +    [ U T P ]  [ G l c 1 P ]    K  U T P   K  G l c 1 P +     K  i , U T P    K  U T P    [ U D P G l c ]    K  i , U D P G l c +    [ G l c 1 P ]    K  G l c 1 P    [ U D P G l c ]    K  i . U D P G l c  


  U D P G l c + G l c 6 P    →    v 18 T 6 P + U D P


    v 18 =     v  m a x  [ U D P G l c ]  [ G l c 6 P ]    K  i , U D P G l c   K  G l c 6 P +   K  G l c 6 P  [ U D P G l c ] +  [ U D P G l c ] [ G l c 6 P ]


    v 18 =     v  m a x  [ U D P G l c ]  [ G l c 6 P ]    K  i , U D P G l c   K  G l c 6 P +   K  G l c 6 P  [ U D P G l c ] +  [ U D P G l c ] [ G l c 6 P ]


  T 6 P  →    v 19   P  i + T r e h


    v 19 =     V 1   V 2 [ T 6 P ]    K  T 6 P   V 2 +   V 2  [ T 6 P ] +     K    P  i   V 1  [ T r e h ]    K  e q


    v 19 =     V 1   V 2 [ T 6 P ]    K  T 6 P   V 2 +   V 2  [ T 6 P ] +     K    P  i   V 1  [ T r e h ]    K  e q


  T r e h  →    v 20 2   G l c


    v 20 =     V 1   V 2  (  [ T r e h ] −      [ G l c ] 2    K  e q )    K  T r e h   V 2 +   V 2  [ T r e h ] + 2     K  G l c   V 1  [ G l c ]    K  e q +     V 1    [ G l c ] 2    K  e q +     V 2  [ T r e h ]  [ G l c ]    K  i , G l c


    v 20 =     V 1   V 2  (  [ T r e h ] −      [ G l c ] 2    K  e q )    K  T r e h   V 2 +   V 2  [ T r e h ] + 2     K  G l c   V 1  [ G l c ]    K  e q +     V 1    [ G l c ] 2    K  e q +     V 2  [ T r e h ]  [ G l c ]    K  i , G l c


  U D P + A T P  →    v 21 U T P + A D P


    v 21 = k  [ U D P ] [ A T P ]


    v 21 = k  [ U D P ] [ A T P ]


  G l c 6 P + N A D P    →    v 22 P G L 6 + N A D P H


    v 22 =    [ Z W F ]   k  c a t  [ G l c 6 P ]  [ N A D P ]    K  G l c 6 P   K  N A D P  ( 1 +    [ G l c 6 P ]    K  G l c 6 P +    [ P G L 6 ]    K  P G L 6 )  ( 1 +    [ N A D P ]    K  N A D P +    [ N A D P H ]    K  N A D P H )


  P G L 6  →    v 23 P G 6


    v 23 =    [ S O L ]   k  c a t  [ P G L 6 ]    K  P G L 6    ( 1 +    [ P G L 6 ]    K  P G L 6 +    [ P G 6 ]    K  P G 6 )


  P G 6 + N A D P  →    v 24 R u l 5 P + N A D P H


    v 24 =    [ G N D ]   k  c a t  [ P G 6 ]  [ N A D P ]    K  P G 6   K  N A D P  ( 1 +    [ P G 6 ]    K  P G 6 +    [ R u l 5 P ]    K  R u l 5 P )  ( 1 +    [ N A D P ]    K  N A D P +    [ N A D P H ]    K  N A D P H )


  R u l 5 P  ⇌    v 25 R i b 5 P


    v 25 =    [ R K I ]   k  c a t  (  [ R u l 5 P ] −    [ R i b 5 P ]    K  e q )    K  R u l 5 P  ( 1 +    [ R u l 5 P ]    K  R u l 5 P +    [ R i b 5 P ]    K  R i b 5 P )


    v 25 =    [ R K I ]   k  c a t  (  [ R u l 5 P ] −    [ R i b 5 P ]    K  e q )    K  R u l 5 P  ( 1 +    [ R u l 5 P ]    K  R u l 5 P +    [ R i b 5 P ]    K  R i b 5 P )


  R u l 5 P    ⇌    v 26 X y l 5 P


    v 26 =    [ R P E ]   k  c a t  (  [ R u l 5 P ] −    [ X y l 5 P ]    K  e q )    K  R u l 5 P  ( 1 +    [ R u l 5 P ]    K  R u l 5 P +    [ X y l 5 P ]    K  X y l 5 P )


  X y l 5 P + R i b 5 P    ⇌    v 27 G A P + S e d 7 P


  X y l 5 P + E r y 4 P  ⇌    v 29 G A P + F r u 6 P


    v 27 =    [ T K L ]   k  c a t  (  [ X y l 5 P ]  [ R i b 5 P ] −    [ G A P ]  [ S e d 7 P ]    K  e q )    K  X y l 5 P   K  R i b 5 P  ( 1 +    [ X y l 5 P ]    K  X y l 5 P +    [ G A P ]    K  G A P )  ( 1 +    [ E r y 4 P ]    K  E r y 4 P +    [ F r u 6 P ]    K  F r u 6 P +    [ R i b 5 P ]    K  R i b 5 P +    [ S e d 7 P ]    K  S e d 7 P )


    v 29 =    [ T K L ]   k  c a t  (  [ X y l 5 P ]  [ E r y 4 P ] −    [ G A P ]  [ F r u 6 P ]    K  e q )    K  X y l 5 P   K  E r y 4 P  ( 1 +    [ X y l 5 P ]    K  X y l 5 P +    [ G A P ]    K  G A P )  ( 1 +    [ E r y 4 P ]    K  E r y 4 P +    [ F r u 6 P ]    K  F r u 6 P +    [ R i b 5 P ]    K  R i b 5 P +    [ S e d 7 P ]    K  S e d 7 P )


  G A P + S e d 7 P    ⇌    v 28   F r u 6 p + E r y 4 P


    v 28 =    [ T A L ]   k  c a t  (  [ G A P ]  [ S e d 7 P ] −    [ F r u 6 P ]  [ E r y 4 P ]    K  e q )    K  G A P   K  S e d 7 P  ( 1 +    [ G A P ]    K  G A P +    [ F r u 6 P ]    K  F r u 6 P )  ( 1 +    [ S e d 7 P ]    K  S e d 7 P +    [ E r y 4 P ]    K  E r y 4 P )


    v 28 =    [ T A L ]   k  c a t  (  [ G A P ]  [ S e d 7 P ] −    [ F r u 6 P ]  [ E r y 4 P ]    K  e q )    K  G A P   K  S e d 7 P  ( 1 +    [ G A P ]    K  G A P +    [ F r u 6 P ]    K  F r u 6 P )  ( 1 +    [ S e d 7 P ]    K  S e d 7 P +    [ E r y 4 P ]    K  E r y 4 P )


  g l g + U D P G l c    ⇌    v 30   ( 𝛼  1 , 4   g l u c o s i   l )  n + U D P


    v 30 = k  [ U D P G l c ] [ G l g ]


    v 30 = k  [ U D P G l c ] [ G l g ]


     (   𝛼  1 , 4   g l u c o s i l )  n + U D P G l c  ⇌    v 31    (   𝛼  1 , 4   g l u c o s i l )  n + 1 + U D P


    v 31 =     v  m a x     𝛼    ( 1 + 𝛼 ) 3    L     ( 1 + 𝛾 ) 4 +    ( 1 + 𝛼 ) 4 ;     𝛼 =    [ U D P G l c ]    K  U D P G l c , 𝛾 =    [ G l c 6 P ]    K  G l c 6 P


    v 31 =     v  m a x     𝛼    ( 1 + 𝛼 ) 3    L     ( 1 + 𝛾 ) 4 +    ( 1 + 𝛼 ) 4 ;     𝛼 =    [ U D P G l c ]    K  U D P G l c , 𝛾 =    [ G l c 6 P ]    K  G l c 6 P


  n    (   𝛼  1 , 4 g l u c o s i l ) 7 +    (   𝛼  1 , 4 g l u c o s i l )  n + 1  ⇌    v 32 g l y c   o  n


    v 32 = k [    (   𝛼  1 , 4 g l u c o s i l )  n + 1 ]


    v 32 = k [    (   𝛼  1 , 4 g l u c o s i l )  n + 1 ]


  g l y c   o  n  (   𝛼  1 , 4 ) +   P  i    ⇌    v 33     G l c 1 P + g l y c   o  n − 1


    v 33 =   v  m a x   𝛼  ( 1 + 𝛼 )  L    ( 1 + 𝛽 ) 2 +    ( 1 + 𝛼 ) 2 ;   𝛼 =    [ G l y c o ]    K  G l y c o ,   𝛽 =    [ G l c 6 P ]    K  G l c 6 P


    v 33 =   v  m a x   𝛼  ( 1 + 𝛼 )  L    ( 1 + 𝛽 ) 2 +    ( 1 + 𝛼 ) 2 ;   𝛼 =    [ G l y c o ]    K  G l y c o ,   𝛽 =    [ G l c 6 P ]    K  G l c 6 P


  g l y c   o  n    (   𝛼  1 , 6 )  ⇌    v 34 g l y c   o  n − 1 + G l c


    v 34 = k [ g l y c o ]


    v 34 = k [ g l y c o ]

