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Fig. S1. Scheme of metabolic regulation of E. coli central carbon metabolism. Enzymes
participating in the pathway are shown by blue font, metabolites by black. Red dotted lines
correspond to the inhibition, blue to the activation.
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Fig. S2. Scheme of predicted steady-state flux distribution in E. coli strain with knock out by the
gene coding PykA aerobically grown in continuous culture and limiting concentration of carbon
source. Under respective rate equation number there are a comparison between steady state
values of fluxes and fluxomic data published by different authors [31,37,38]. Dimension of

fluxes is mM/min.
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Fig. S3. Scheme of predicted steady-state flux distribution in E. coli strain with knock out by the
gene coding PykA aerobically grown in continuous culture and limiting concentration of carbon

source. Under respective rate equation number there is predicted by the model 2 steady sate

fluxes. Dimension of fluxes is mM/min.



Technical description of the kinetic model

ODE system, conservation laws, explicit functions, rate equations for recycling

reaction and outputs

The kinetic model of E. coli CCM is determined using the following ODE system:

dG6%lt=V1+V2+V4‘V5‘Vm_V60;

dGlc _in
dt

dF6%t=V5 Vo + Vs =V = Vo = Vs = Vs = Vi

=V =Vy Vi

de%t =V 4V, =V, =V, =V

dGAD/, V4V, 4V, + Vs + Vg = Vg =Vig;
dDAP/, ~V, ¥, ~V,;

dBP%t=V10—Vn;

dPGA3/, ~V, V., ~V,;
dPGA%t=V12—VI3;
dPE%t=Vl3+V30+V31—Vl—Vz—Vm‘Vw‘Vw_VéS;
dpyrdt=Vl+V2+V14+Vls Vo + Vi + Vs =V =V3y = Ve
dGl6%t =V, -V, =V

dPG%t SV AV Vi~V

dRuS%t =Vy =V =V =Viis

611351%,t=V21 +V, =V

dXSP/ V) =V

dE4%z =V, +V, =V

dS7%t =V, Vs = Vios

ATkl =,y ~ Vs = Vs

a’Tktc%,t =V + Vo + Vs

dTaldt = V)=V,

dTalc%h =V, + Vs

dKDPG/\ — 7, ~Vs,;

dOA%t =V + Vg + Vi =Vig =Vis =V

aMal =V Vi =V =V = Vi =V



dcCit dt = V35 - V36;

dAc%t = V36 - V37;

diCit dt = Vso - Vss - V45;

dK%t = V38 - V39 - V72;

dSuc Vip =V + V55

dt =
a’Fumdt =V, -V
dGlx = Vis =V
diCD/ =V = V,y;
dlCD_Pdt VTV
dAcedt =V Vi

dSucCo%t =V =V = Vs

dCOA) VgtV + Vg 4 Vg + Vg + Vo =Vig =V
dCOAS — Vg Vi + Vg 4 Vg + Vg + Vo =Vig =V
dAcCo% =V =Vis =Vig =Vsg =V

det =V =V =V

dOH,
dt

dNADP%Z =Vie +Vig + Vi + Vi = V5y = Vi35

=V +Vy +Vs

dNAD%t = Vi =Vig=Vyy =Vig + Vs + V33

ANADH /! — V4 Vg + Vg + Vi + Vg = Vg + Vi

ANAD/\ =V, = Vs Vg =Vig =V + Vg =V

dAT%t=VH AV 4V +Vis + Vg =V, =V =V, =Vyy =V =Vis = Viy5
dADP/, =~V ~Vy =V, =Vis =Vig 4V 4V 4V, 4 Vg 4V 424V,
dAM%t =V +V, +V

dCAMF%lt=V57 ~ Vi

We used simplified equations for the recycling and output reactions. These rate equations were

derived using reversible or first-order mass action laws.

Recycling rate equations:

V51 = k:echADH * (NADH - NA7

eq _NADH )



Vsz = k:eciNADPH * (NADPH - NAD%

eq_NADPH )

Vis =kyee pu® (NAD * NADPH — NADH * NAD%{ )
eq_pnt

Vi = k.

* 0
‘ H, -
e (Q /<qu112)

Ve =kl ® (ATP* AMP — ADP* /“37 )
eq _adk

I/56 = k»:’c ATPsynth *| ADP* Phosph - A77
- eq_ ATPsynth

I/57 = k:ec cyad * ATP- CAM7
_9 KquWA
VSR = k:ecicyuA * (CAMP - AM%{eq,cyaA )

Vg = k:eciATPsynth * (ACCOA ~ Ace* Co%

eq _ ATPsynth )

Output reactions:

Veo = kout_GGP *GOP Ve = kout_F6P *F6P Ve = kout_DAP *DAP

9

b

out _ Pyr

Vs =k *Pyr Vg, = kout_E4P *EAP Vg = kout_RSP *R5P

3

V69 = kaut_S7P * S7P V70 = koutfRuSP * RUSP V71 = kout_OAA * OAA V72 = koutiKG * KG

9

Vis = out_GAP *GAP Vg, = koutiPGA3 *PGA3 Vis = Kous_ppp ™ PEP
V.

— %k
73 T kout_SucCoA SucCoA . V74 = k

[

U [0) A
A . 75 k A ce )
t ACCoA CC A N out ce

3

Conservation laws:

ATP,, = ATP + ADP + AMP + cAMP .
ICD,, =]CD+]CD_P; ’
O =0 +0H,.

Co4,,, = CoA +’ACCOA +SucCoA
Tal,, =Tal +Talc3, |
Tkt,, = Tkt + Tktc3 ’,

NAD,,, = NAD + NA’DH ,

NAPD,, = NADP + NAD})H;

The following explicit functions were used to estimate the concentrations of magnesium
complexes taking part as substrates in particular enzyme reactions:



ATP* M, K * M,
ATPMgo = g . ATP, = d_ATPMg % :
& /Kd_ATPMg +Mg) / Ky i + Mg)
ADPMg = ADP*Mg : ADP. = Ky apeug * Mg .
(KdiADPMg + Mg) / (Kd_ADPMg + Mg)

FbP* M, K * M
FbPMg = g : FbP, = d_rorug % .
& /Kd_FbPMg + Mg) / Ky rypre + Mg )’

where ATPMg, ADPMg and FbPMg: concentration of magnesium complexes; ATPg, ADPrand
FbPy: concentrations of free metabolites, Mg: concentration of free magnesium ions; Kq atpmeg,
K4 appme and Kg ropmg: respective dissociation constants.



Values of the model parameters
Table 1S. Values of the parameters, which have been estimated against different in vivo
experimental data on fluxomics, metabolomics and enzyme specific activity [S1,S4]. Model
parameters, which appear in the rate equations of particular enzymes, are given in the section

“Kinetic models of the particular enzymes” of this supplementary material.

Parameter Value Parameter Value
Kiee napH 70 min”' Viu prs 22 mM/min
Keq napn 12.6 Vin_pgi 57 mM/min
Kec NaDPH 400 min” Viur pprea 25 mM/min
KequADPH 12.3 Vm",P.ka 25 mM/min

Kiee put 50 min”' Y 437 mM/min
Key pu 1.08 Vin 1pi 510 mM/min
Kree om2 500 min™' Vi Ga 50 mM/min
Keg om2 15 Vi pek 111 mM/min
Kreciadk 34 I/minm 309 mM/min
Keg adr 1.13 Vin Eno 23 mM/min
Kree apsynin 1.5 min” Viur pyka 10 mM/min
KeqﬁATPsynth 2500 erﬁPku 24 mM/min
Kree cyan 1.4 min™! Vi zuf 26 mM/min
Keq cyas 0.0001 Vin_pel 750 mM/min
Kirec cpaa 1000 min™' Vin Grd 8.5 mM/min
Keq cpaa 0.0001 Vin Rpe 90 mM/min
Kiee accos 0 min™ Vi rpi 90 mM/min
Keq accon 25 Vin Eda 5 mM/min
Vi Eda 5 mM/min
Kou cop 0.0313 min’! Vour Fopase 5 mM/min
KoutﬁFﬁP 0.131 l'l'lil'l-1 VmﬁGle 0 mM/min
Kou_pap 0.4 min™' Viur bpe 4 mM/min
KoutiGAP 0 min-l I/miPckA 15 mM/min
Kou_pGas 0.3 min™' Vi Pps 4 mM/min
Kous_pep 0.317 min’' Vour Mac 100 mM/min
Kout pyr 0.74 min™ Viur MacB 100 mM/min
Kou_kap 1.47 min" Vin_pan 20 mM/min
Kou s7p 0 min’! Vi Gita 486 mM/min
Kous rsp 1.13 min™ Vin aent 500 mM/min
Kous_rusp 0 min™' Vi sen2 500 mM/min
Kour 044 1.984 min™ Vin ted 30 mM/min
Kou k6 3.57 min™ Vi ag 10.6 mM/min
Kour_Succon 0 min™ Vi stc 50 mM/min
KoutﬁAcCoA 5 l'l'lil'l-1 VmﬁSdh 45 mM/min
Kour_ace 0 min™' Vo Fum 37.2 mM/min
I/1717Mq() 50 mM/min
Vin_man 99 mM/min
I/nLAMA 8 mM/min
I/1117AceB 12 mM/min

Vm AceK 2.5 mM/min




Table 2S. Values of the model parameters, which have been taken from the different literature
sources. The initial concentrations of model variables have been taken from the literature [1S].

Parameter Value (mM) Literature source

Glc_out 0.0647 taken form [1S];
Mg2+ 1 taken form [2S];
Phosph 5 taken form [3S];
HCO* 10 taken form [3S];
ATPio 4.48 taken form [1S];
NADio 1.57 taken form [1S];
NADP 1.1 taken form [1S];
Qo 1 taken form [1S];
CoAot 0.5 taken form [1S];
ICDyot 0.043 taken form [4S];
Tal 0.006 taken form [5S];
Tkteot 0.007 taken form [6S];
Kq atpme 0.0588 taken form [7S];
Kd appmg 0.9 taken form [7S];
K4 ropme 10 taken form [7S];

pH 7.5 taken form [3S];




Kinetic models of the particular enzymes

We used a standard approach for the development of kinetic models of particular enzymes. This

approach can be subdivided into 5 steps.
1. Investigation of the catalytic and regulatory enzyme properties.
2. Development of the catalytic cycle scheme by considering the metabolic regulation.

3. Derivation of a rate equation by taking into account appropriate level of its detail. In the
case of reversible enzymes we used rate equation, wherein V. in forward direction is
considered only. Vpay in reverse direction, which is commonly hard to estimate from the
published experimetal data, is not included in the rate equations. Instead, each rate
equation includes K, which is implemented on the basis of Haldane relationships. K, is
treated as independent parameter which value is identified on the basis of available
experimental data. . The dependence of the enzyme rate on pH was taken into account by
using the standard method described in the main text of this manuscript. All respective
equations Z,y (eq. 6 in the main text) and O,y (eq. 7 in the main text) are almost the same

for most enzymes.

4. Verification of the model parameters. Depending on the available information parameter
values can be obtained in the following ways: taken from literature sources or databases
(EnzDB, BRENDA, EMP, WIT, etc.); calculated from values of other parameters;
estimated from different experimental data about enzyme kinetics (measured in vitro);
and assumed from general knowledge or model assumptions (free parameters). All
literature sources that have been used during verification of the particular enzyme models

are given in the tables of parameter values.
5. Model testing, analysis of behavior, and generation of predictions.

Simplified PTS rate equation
We have used simplified rate equations for the description of phosphotransferase system

(PTS) functioning on the basis of the data published in [8S].
V. prs *Glc _out* PEP

Vo= m
1 KmiGlciout *KnLPEP + KmiGlciaut *PEP + KmiPEP * GIC_OMt + GZC_Out >kPE;f’

V, = I/miPTS *Glc _in* PEP
’ KmiGlciin >l<I<m7PEP + KmiGlciin *PEP + KmipEP *Glc _l}’l +Glc _Out * PEP



Values of the model parameters have been taken form literature and equal to 5 pM
(K cic outs K Gic in) and 0.3 mM (K, pep) [9S]. All maximal rats of the reactions (Vm) are given

in Table 1S of this supplementary material.

Models of glycolysis enzymes
Glycolysis consists of 10 reactions catalysed by 15 enzymes. There are more number of
enzymes than reactions because of presence of isoforms, which duplicate 4 of enzymes. Most
probably, that these enzymes are analogs of each other, because there are significant differences
in their mechanisms of catalytic cycle and regulation. Nevertheless, we could develop separate
kinetic models only for the isoenzymes of phosphofructokinase (PfkA and PfkB) and
pyruvatekinase (PykA and PykF). This is because of lack of quantitative experimental
information about the properties of other isoforms (such as FbaA and FbaB; PgmA, PgmB and
Pgml). Therefore we used generic rate equations for Fba and Pgm reactions. Similarly,
simplified descriptions using the first level of detailing were developed for enzymes such as Glk,
Pgi, Fba, Gap, Pgk, Pgm and Eno. Kinetic models of PfkA, PtkB, PykA and PykF, which show
allosteric properties, were developed using the third level of detailing. Therefore, we finally
developed 11 kinetic models for glycolysis enzymes. The brief descriptions of these enzymes are
presented below. Detailed descriptions of PfkA (V) and PtkB (V) were published earlier

[10S,11S] and they are not given in this supplementary material.

Glucokinase (Glk).

The reaction catalysed by Glk does not play a main role in the overall flux of inflowing
glucose phosphorylation. However, we considered this enzyme for the model, because it
increases at particular metabolic conditions [12S]. We have used simplified Random Bi Bi rate

equation for the Glk reaction.

Vm_le * QpH_le *(Gle _in* ATP - G6P* ADPK )

_ eq_Glk
V4 =

K *K, ap+ K, 4p*Glc_in+K *ATP +Glc _in* ATP +

m_Glc_in

+K oo FK 667 N AD7 + G6P* ADP
SOl AT ( KmiGﬁP KmfADP KnLGﬁP *KmiADP

1 + 2 % lo(pHmiG[k —l’K?G/k)

m_Glc_in

QPILG/k N + 1O(PH—PKJ;11¢) + 10(2*pHm7le —PH—PKJ;/A»)

Parameter values and sources for verification are shown in table 38S.

Table 3S. Values of the Glk parameters.



Parameter Value Literature source

Keq Gik 20 Taken from [13S];
PK G 10 Free parameter;
pHm gy 7.85 Estimated from [14S];
Ko Gic_in 3.76 mM Taken from [14S];
Ko arp 0.78 mM Taken from [14S];
Ko _app 100 mM Free parameter;
K gsp 100 mM Free parameter;

Phosphoglucose isomerase (Pgi).
This enzyme catalyses reversible isomerization of G6P to F6P, therefore we described

Pgi by reversible Michaelis-Menten equation with addition of PEP inhibition, which was
observed recently [15S].

Vm_Pgi *QpH_Pgi *(G6P - F6%< . )
eq _Pgi

VS -
Km ger T G6P+K"’—G6P / 4 Tm_G6P /
7 Km*mp Kef’,PEP
14210/ 7K )
Qphini =

1 + lo(pH_pK’Pgi) + 10(2*PH;n7Pgi—PH—PK7Pgi)

Parameter values and sources for verification are shown in table 48S.

Table 4S. Values of the Pgi parameters.

Parameter Value Literature source
Koy pgi 0.4 Taken form [13S];
PK pgi 10 Estimated from [16S];

PH, pyi 8.43 Estimated from [16S];
K, Gsp 0.28 mM Taken form [17S];
K, rsp 0.147 mM Taken form [17S];
Kor pep 0.26 mM Taken form [15S];

Fructose-1,6-bisphosphate aldolase (Fba).

This enzyme catalyses reaction of FbP cleavage with formation of GAP and DAP. As it
was noted before we didn’t provide separate rate equations for aldolase isoforms and used single
rate equation. We described Fba by Ordered Uni Bi rate equation in accordance with Cleland’s

classification with additional inhibition by PEP, which was observed recently [15S].

Vo_ssa* Qo™ (FOP-CAPTDAL )
eq Fba
Vs _ q_
K, o+ FbP+K, PE? + DA7 + GA7 + DAP* GA7
n-rer - ( Kej'iPEP KmeAP KmiGAP KmiGAP *KmiDAP
1 + 2 * 1 O(IIHmiF[m_pKiFha)
Qphjba =

+ 1 O(PH*PKﬂm ) + 10(2*PHmjha *PH*PKme)

Parameter values and sources for verification are shown in table 58S.



Table 5S. Values of the Fba parameters.

Parameter Value Literature source
Keq Fra 0.19 Taken from [18S];
PK Fpa 14.6 Estimated from [19S];
PH,, Fpa 10.92 Estimated from [19S];
Ko car 0.13 mM Taken from [20S];
K, rop 0.12 mM Taken from [19S];
K, par 0.13 mM Taken from [19S];
Kor pep 1.85 mM Taken from [158S];

Triose-phosphate isomerase (Tpi)

Tpi catalyses reaction of reversible isomerization, therefore this enzyme is described by

reversible Michaelis-Menten equation.

Vm Tpi * QpH Tpi *(DAP -GAP )
- B Ke Tpi
o= "GP,
K
K, pp+DAP+ 7P /
- KmiGAP
4 21 Qo =PK )
QpthP" = PH‘I’KJ;m‘) + 1O(Q*PHHLIpi—PH—Piji)

+10(

Parameter values and sources for verification are shown in table 68S.

Table 6S. Values of the Tpi parameters.

Parameter Value Literature source
Koy 1pi 0.04 Taken from [13S];
PK 1pi 10 Estimated from [21S];
PH,, 1pi 8.43 Estimated from [21S];
Ko car 0.28 mM Taken from [22S];
K, pap 0.147 mM Taken from [22S];

Glyceraldehyde-3-phosphate dehydrogenase (Gdh)
There is only one active form of Gdh in E. coli cells. We described Gdh by Random Bi

Ter rate equation in accordance with Cleland’s classification [23S].

V;n can T Qo can ¥ (GAP* NAD* Phosph — BPG* NAD[%{ )
1(17 H, G —PK Gan eq_Gdh

V 1 ’\ *x10
0= % I'+2Z * *
K/Q%P Gdh = NAD K Plhiosph =+ klm NALJ I(m Ihanh IfA[f-L I(m GAP Km _ Phosph NAD+Km GAP Km NAD Phosph+
H, Gan—PH-P. Gdl

,(pH K
Ky oo *GHPANAD + K MNAjg 104 K, o * Phosph* NAD + GAP* NAD* Phosph +

Parameter Values and s(oé;}) /s for Ve%gﬁ%ybn are shgp@:l*l};} f}ﬁ;}e 78.

+ m_GAP m_NAD m _ Phosph K K
m_BPG m_ NADH m_BPG m_ NADH



Table 7S. Values of the Gdh parameters.
Parameter Value Literature source
Keg Gan 20 Taken from [13S];
PK Gan 14.6 Estimated from [24S];
PH, Gan 10.92 Estimated from [24S];
Ko ap 0.89 mM Taken from [25S];
K, wnap 0.045 mM Taken from [255];
KmﬁPhosph 0.53 mM Taken from [ZSS],
Ko src 0.2 mM Taken from [26S];
Ko napw 0.012 mM Taken from [26S];

Phosphoglycerate kinase (Pgk).

The first step of substrate phosphorylation is catalysed by Pgk. This enzyme functions by
Random Bi Bi mechanism and does not have metabolic regulations. Therefore, we described Pgk
by simplified Random Bi Bi rate equation derived using quasi steady-state method. However, its
activity like for many other kinases depends on the presence of magnesium ions in the system,
because the complex of ADP with Mg”" becomes an actual substrate for this enzyme. We used
explicit functions to take into account this enzyme’s peculiarity. Therefore, in the model,
ATPMg”> and ADPMg” are explicit functions depending on ADP and Mg free concentrations
(see the first part of this supplementary material). That is a general approach for considering the
dependence of enzyme activity on magnesium ions, which we used for all enzymes, which have

such peculiarity.

- PGA3* ATPMg*"
Vmﬁng *Qprng *(BPG*ADPMg - g/{ )
V = eq_Pgk
UK, sr6 Ky app v K, o *BPG+ K, oo * ADPMg™ + BPG* ADPMg™ + ...
- * ATPMo*"
T < . pG/y +ATPMg/ , PGA3 [
m-Bro m-ApP ( KmiPGA?s KmiATP KmfPGA} *KmiATP
1 + 2 % 1 O(pHnLng _pKink)
Qph—ng - + IO(PH‘PIQ ng) + IO(Z*PHmink‘PH‘PKi ng)
Parameter values and sources for verification are shown in table §S.
Table 8S. Values of the Pgk parameters.
Parameter Value Literature source
Keq pok 100 Taken from [13S];
PK por 10 Estimated from [21S];
PH,, pok 7.49 Estimated from [21S];
K. Brc 0.18 mM Taken from [22S];
K, app 0.2 mM Taken from [22S];
Ko poas 1.28 mM Taken from [22S];
K, urp 0.48 mM Taken from [22S];




Phosphoglycerate mutase (Pgm)

Pgm catalyses reaction of reversible isomerization, therefore this enzyme is described by

reversible Michaelis-Menten equation.

VmﬁPgm * QPH,Pgm * (PGA3 — PG/% )
eq

_Pgm

Km PGA3 + PGA3 + m_PGA3 G. /
7 Km_PGA2

1+2*1 O(pH’”*P”"’ K )

V12=

Qphinm =

1+ IO(pH—pK Pgm) n 10(2*pHm pem—PH =K Pgm)

Parameter values and sources for verification are shown in table 98S.

Table 9S. Values of the Pgm parameters.

Parameter Value Literature source
Keq Pem 0.1 Taken from [13S];
PK pom 7.79 Free parameter;

PH, pem 7.28 Taken from [27S];

Ko pouas 1. mM Taken from [27S];

Ko _pcaz 1.47 mM Taken from [27S];
Enolase (Eno)

Eno catalyses reaction of reversible dehydration, therefore this enzyme is described by

reversible Michaelis-Menten equation as well.

Vm Eno * QpH Eno *(PGAz - PE7 )
B - eq _Eno

* PEP
K s+ P02 Koo " PE
7 Km _PEP

1 + 2 * lo(pHm’Elm_pK’Em})

V13=

Qph _Eno =

+ IO(pH_pK,EW) + 1O(Z*PHWE”U—PH-/JKJW)

Parameter values and sources for verification are shown in table 10S.

Table 10S. Values of the Eno parameters.

Parameter Value Literature source
KeqﬁEno 3 Taken from [138],
PK gno 10 Free parameter;

PHu_Eno 8.3 Taken from [28S];
KnLPGAZ 0.1 mM Taken from [288],
K, pep 0.1 mM Taken from [28S];

Pyruvatekinase-1 (PykF)

As mentioned before, there are 2 active pyruvatekinase isoforms in E. coli cells, PykF

and PykA [29S-31S]. PykF has been considered the main pyruvatekinase, although the specific



activities of isoforms show that both enzymes have important roles during growth on the basic
carbon substrates [30S]. The main biochemical PykF peculiarities are as follows:
1. PykF has an oligomeric structure (main form of the enzyme is a tetramer) [30S].
2. Dependence of PykF initial velocity on PEP concentration has a pronounced sigmoid
shape [308S,32S,33S].
3. PykF can use both ADP and GDP as phosphate acceptor [30S].
4. PykF activity is strongly dependent on the concentration of magnesium ions, thereby
showing that the true substrate of this reaction is a complex of ADP with Mg*" [30S].
5. PykF has a complicated profile of metabolic regulation. Thus, FbB activates and SucCoA
inhibits it [30S, 34S].
6. FDbP has a regulatory binding site, which is structurally separated from the catalytic centre
[35S].
7. Different FbP analogs can activate PykF as well [36S].
8. ADP inhibits enzyme activity at high substrate concentration [30S].
9. The dependence of maximal PykF activity on pH has an asymmetric shape [33S].

The main property of the enzymes is their allosteric character. Therefore, we are able to
use the MWS approach for the correct description of the PykF peculiarities. Development of
PykF model was based on generalisation of MWS approach, as proposed by Popova and Sel’kov
[37S-40S]. The technical issues and a detailed description of the model development process can
be found in our previous articles [10S,118S].

The rate equation of PykF monomer (f) at R-state can be represented in the following
way:

er_Pku *(ADPMg7 *PEP)

/= K
H* h_2 *
(1 + %(h_l + 4[* ) Denom _PykF _r

Denom _PykF _r =K, *K +K *PEP +

ir _PEP mr_ADPMg~ mr_ADPMg~

ADP, ADP, * PEP
* * / /
Koy e K’”’fADPMg_ ( /(irADP ¥ AirADP *Ki, pep ) ¥

+K,, pep* ADPMg™ + ADPMg™ * PEP +

+K *K

ir _PEP "y ADPMg *(KmriATPMg *Pyr+K,, * ATPMg®™ + ATPMg*" *Pyr)
The rate equation of PykF monomer at T-state (f”) has the analogous form but different

parameter values. The Q function of PykF can be represented as follows:

n

1+Fb7 . 1+Sucic07

( K(:"/}inP KZﬁfSll(‘f(,‘oA s i
E

1+Fb7 * 1+Suc_c0y )

( Keﬁ” _Fbp KE}/I‘fSllL‘fCGA

0=1,+

E



K *K *E K *K *E

ir _PEP mr ADPMo™ o it PEP mt_ ADPMg~ o
- g . E = - .

E_ = t ’
Denom _PykF t

' Denom _ PykF _r

where E,, total enzyme concentration.

The complete PykF rate equation (V;5) can be obtained by substituting these equations in
equation 4 in the main text of the manuscript. The final equation includes 31 parameters. The

values and sensitivity ranges of the model parameters are given in table 11S.

Table 118S. Values of the PykF parameters.

Parameter  Value (mM) Range of sensitivity Literature source

(mM)
Konr apprg 0.029 0.004 - 0.06 Estimated from [30S,34S];
Konr GpPMg 0.01 0.004 - 0.012 Estimated from [30S];
Ko peP 3.48e-02 6.21e-03 — 6.02e-02 Estimated from [30S,34S];
Kir pep 1.02 03-1.6 Estimated from [30S,34S];
Kir app 330 50-ND? Estimated from [308,34S];
Kir app 4e-03 1.3e-03 — 7.1e-03 Estimated from [30S];
Ko mop 0.049 0.042 — 0.055 Estimated from [30S,34S];
Kep succos 500 40— ND Estimated from [34S];
K pyr 100 ND Free parameter;
Ko arp 250 100 — 1000 Estimated from [34S];
Kar app pyr 100 ND Free parameter;
Kot apPug 7.32e-06 1le-06 — 2.3e-05 Estimated from [30S,34S];
Ko aprug 0.011 0.005-0.014 Estimated from [30S];
Ko peP 1.92 0.6 -2.56 Estimated from [30S,34S];
K pep 50 4.64 —95 Estimated from [30S,34S];
Kii app 0.075 0.029-0.2 Estimated from [30S,34S];
K op 3.7e-05 1.19e-05 — 5.27e-05 Estimated from [30S];
Ko rop 700 100 —ND Estimated from [30S,34S];
Kefi- Succoa 5.37e-04 1.19¢-04 — 9.8e-04 Estimated from [34S];
K pyr 100 ND Free parameter;
K arp 5.89 0.2-25 Estimated from [30S];
K app pyr 100 ND Free parameter;
L, 10* 2e+03 — 4e+04 Estimated from [30S,34S];
o' 10* ND Estimated from [30S,34S];
n' 4 ND Free parameter [30S];
K 2e-05 le-05 — 3e-05 Estimated from [33S];
K > 8.96¢e-05 5.7¢-5 — 9.9¢-5 Estimated from [33S];

T ; 5
- parameters Ly, o, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.

Pyruvatekinase-2 (PykA).
This isoform of pyruvatekinase was studied lesser than the first one. Only 2 studies have

characterised the biochemical properties of this enzyme [31S,32S]. The main differences of



PykA from PykF are the metabolic regulatory profile (PykA is activated by AMP and the main
intermediates of PMP) and strong specificity to ADP as the phosphate acceptor [31S,32S]. Other
PykA peculiarities are the same as those for PykF. Because of these facts, we were able to use
generalisation of the MWS approach to describe correctly the PykF peculiarities [37S-40S].

The rate equation of PykF monomer (f) at R-state can be represented by the following
way:

Vi pis *(ADPMg™ * PEP)

S = K
H* /1_/ *
(1+ /{h_l+ H*) Denom _PykA _r

Denom PykA r=K *K +K * PEP +

ir _PEP mr_ ADPMg~ mr_ ADPMg~

ADP, ADP, * PEP
* * / /
R per K""*ADPMg_ ( / K apr ¥ AirADP *K pep ) ¥

+K * ADPMg™ + ADPMg™ * PEP +

mr_ PEP

+K *K

ir_PEP "y ADPMg~ *(KmriATPMg *Pyr+K,, * ATPMg®™ + ATPMg*" *Pyr)
The rate equation of PykF monomer at T-state (f”) has the analogous form but different

parameter values. The Q function of PykF can be represented as follows:

n

1 E
Q =/ = L
’ 1+AM7 +F67 +G67 +S77 +) E
Kef'riAMP Ke/i;FGP Ke‘/riGﬁP Ker7S7P
X5P R5P RuSP
+ + +
%{efri)(SP %{gﬁiRSP %{Eﬁ‘iRMSP
% * * *
E _ KiriPEP KmriADPMg_ Eo X E _ KitiPEP KmtiADPMg_ Eo A
' Denom _PykA _r ' Denom _PykA _t

where E,, total enzyme concentration.

The complete PykA rate equation (V;4) can be obtained by substituting these equations in
equation 4 in the main text of the manuscript. The final equation includes 31 parameters. The

values and sensitivity ranges of model parameters are given in table 12S.

Table 128S. Values of the PykA parameters.

Parameter Value (mM) Range of sensitivity Literature source
(mM)
Konr apPug 0.2 0.001 —0.09 Estimated from [31S];
Ko pEP 1.1e-06 1.7e-07 — 8.52e-06 Estimated from [31S];

Kir pep 0.084 0.003 - 0.97 Estimated from [31S];




K app 330 50 -ND* Estimated from [31S];

K pyr 100 ND Free parameter;

K arp 100 ND Free parameter;
Kar 4pp pyr 100 ND Free parameter;
Kot apPMg 8.48e-02 7.5e-03 — 2.3e-01 Estimated from [31S];

K, pEP 0.054 0.002 -0.47 Estimated from [31S];

K pep 0.83 0.02-5.2 Estimated from [31S];

Kii app 0.314 0.0013 -2.1 Estimated from [31S];

K pyr 100 ND Free parameter;

K arp 100 ND Free parameter;

K app pyr 100 ND Free parameter;
Koo amp 0.16 ND Taken from [31S];
Ko Gsp 0.08 ND Taken from [31S];
Ko rop 2 ND Taken from [31S];
Ko s7p 0.1 ND Taken from [31S];
Kep xsp 0.13 ND Taken from [31S];
Kep rsp 0.001 ND Taken from [31S];
Ko rusp 0.004 ND Taken from [31S];

L, 25.3 1.4-57 Estimated from [31S];
o' 10* ND Estimated from [31S];
n' 4 ND Taken from [31S];
K 1.71e-06 le-06 — 3e-06 Estimated from [31S];
K > 2.41e-02 1.7e-05 — 2.9e-05 Estimated from [31S];

T ; -
- parameters Ly, o, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.

Models of pentose-monophosphate and Entner-Doudoroff pathways enzymes

PMP consists of 9 reactions catalysed by 10 enzymes. Rpi, Tkt and Tal are duplicated by
isoforms. We used generic rate equations for these reactions, because of the lack of quantitative
experimental data about enzyme properties. Additionally, Tkt and Tal show multiple activities;
therefore, these reactions were described using the ODE subsystem considering enzyme states as
variables. Moreover, we considered the presence of noncatalytic hydrolysis Gl6P for our model,
because this process can have a physiological significance [41S]. The Entner-Doudoroff pathway
consists of 2 supplementary reactions different from PMP and catalysed by two enzymes.
Finally, for both pathways we developed 9 kinetic models of single enzymes using the first,

second and fourth levels of detailing.

Glucose-6-phosphate dehydrogenase (Zwf).

The first step of PMP is an oxidation of G6P using NADP', which is the main Zwf
cofactor at physiological conditions. Other Zwf biochemical properties are product inhibition
with NADPH and functioning by Random mechanism [42S, 42S]. We described Zwf activity by

Random Bi Ter rate equation in accordance with Cleland’s classification.



m_

v M*(G6P*NADP_ GZ6P*NADP17 )
’ eq Iwf

-~
I

K, . *K +K,, sop *NADP+K,, 0 * G6P+ NADP*G6P +
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Parameter values and sources for verification are shown in table 138S.

Table 13S. Values of the Zwf parameters

Parameter Value Literature source
Keg zwf 6e+10 Taken from [44S];
Ky 4.89¢-04 mM Estimated from [42S];
Ky > 1.6e-07 mM Estimated from [42S];
K, Gsp 0.156 mM Estimated from [42S, 43S];
K, napp 0.0274 mM Estimated from [42S, 43S];
Ka cep 0.192 mM Estimated from [42S, 43S];
K., Gisp 0.122 mM Estimated from [42S, 43S];
K, nappu 0.0168 mM Estimated from [42S, 43S];
Ky cisp 0.02 mM Estimated from [42S, 43S];

6-phosphogluconolactonase (Pgl)
Pgl catalyses reaction of reversible dehydration of GI6P, therefore this enzyme is

described by reversible Michaelis-Menten equation.

. PG
Ve (G16P— %qug;)

N, =
1l K Nk +GI6P+ e pGy,
Kh_l H+ m_GIl6P Km e
K _ Vm_Pgl *Km_Pgn
eq_Pgl — r
i Vm_Pgl >kl{m_GléP

Parameter values and sources for verification are shown in table 14S.

Table 14S. Values of the Pgl parameters

Parameter Value (mM) Literature source
Keg pol 42.8 Taken from [41S];
Ky 5.61e-03 Estimated from [45S];
K > 9.73e-06 Estimated from [45S];
Ko cisp 0.023 Taken from [46S];

Ko PGa 10 Taken from [46S];




As reaction of hydrolysis can process spontaneously, we assumed rate equation for this

reaction described by reversible mass action law and verified against data published in [41S].

Vig = KhydiGléP * (GZ6P - PG7

where Kjq cisp equal to 0.01 min" and K., 54 Gisp t0 42.8.
yd._ q_hyd_

eq_hyd_Gl6P)

6-phosphogluconate dehydrogenase (Gnd).

The second NADP-dependent PMP step is catalased by Gnd. In spite of other PMP
enzymes Gnd has several metabolic regulators, e. g. it is inhibited by FbP and ATP.
Additionally, this enzyme has product inhibition by NADPH [47S,48S]. Analogously to Zwf we
described Gnd activity by Random Bi Ter rate equation in accordance with Cleland’s

classification.

v Gnd*( PGn* NA Dp_RuSP*NADPH*HCO%{ )
- eq_Gnd

+ K
* H h_2
Den _Gnd (1+ X, + /+)
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VK, o KK s N Ru57 + NADPH N
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eq Gnd — r
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Parameter values and sources for verification are shown in table 158S.

Table 15S. Values of the Gnd parameters

Parameter Value (mM) Literature source
Keg Gna 50 Taken form [49S];

Ky 5.76e-04 Estimated from [36S];

K > 5e-07 Estimated from [36S];

Ko pon 0.033 Estimated from [36S];

K napp 0.015 Estimated from [36S];




Ky napp 0.117 Estimated from [36S];

Ker 4P PGn 0.065 Estimated from [47S];
Ker arp 0.14 Estimated from [47S];
Ker pop 0.013 Estimated from [47S, 36S];

KefinPiNADPH 0.0052 Estimated from [47S, 368],

Ka nappu 0.0034 Estimated from [47S, 36S];
Ky rusp 0.044 Estimated from [47S, 36S];
K4 Heos 100 Free parameter;

During the model analysis, an additional version of the Gnd equation was derived. Based
on the model assumption, we assumed the presence of additional metabolic regulation (model 2)

and integrated it into the rate equation.

m

+ K
Den  Gnd*[1+H - ”/+ * 1+PE7
N ( %{hl H ) ( Ke_f;PEP

The dissociation constant (K.s prp) Was assumed equal to 5 mM, based on the maximum

V Gnd*( PGn* NA DP_RuSP*NADPH*HCO%{ )
- eq Gnd

Vo

coincidence with experimental data on steady state metabolomics.

Ribulose-phosphate 3-epimerase (Rpe).
Rpe catalyses reaction of reversible isomerization of RuSP, therefore this enzyme is

described by reversible Michaelis-Menten equation.

. X5P
Vm*Rpﬁ (RMSP_ ﬁ(eq Rpe)

) K Km u
(1+H/</11 * h%{+)*(KmRu5P+Ru5P+I<RSP.X5P

m_X5P

V20=

Parameter values and sources for verification are shown in table 168S.

Table 16S. Values of the Rpe parameters

Parameter Value (mM) Literature source
Keg rpe L5 Taken from [48S];
Ky 9.47e-04 Estimated from [48S];
K > 1.02e-06 Estimated from [48S];
Ko rusp 0.872 Estimated from [48S];
K, xsp 0.893 Estimated from [48S];

Ribose-5-phosphate isomerase (Rpi).
Rpi catalyses reaction of reversible isomerization of Ru5SP, therefore this enzyme is
described by reversible Michaelis-Menten equation. Additionally, this enzyme has one metabolic

effector, E4P, therefore this peculiarity was added into the model account.



. RSP
Vo o (RuSP— %{ R_)
V _ eq_Rpi

21 % K K
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h_1 -
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Parameter values and sources for verification are shown in table 178S.

Table 17S. Values of the Rpi parameters

Parameter Value (mM) Literature source
Keg rpi 0.33 Taken from [48S];
Ky 1.65e-04 Estimated from [51S];
Ky > 1.05e-07 Estimated from [51S];
Ko rusp 3.53e-03 Estimated from [52S];
K, rsp 1.23e-04 Estimated from [52S];
Ko pap 0.67 Estimated from [50S];
Transketolase (Tkt).

Tkt catalyses the transfer of a two-carbon ketogroup from one carbohydrate (X5P, F6P,
S7P) to another (GAP, E4P, R5P respectively). This enzyme does not have metabolic regulation
and other complex biochemical peculiarities, but shows nontrivial catalytic mechanism and
multiple activities. Therefore, we described Tkt with an ODE system, where variables are not
only substrates but also enzyme states [5S].

The ODE system considering the Tkt multiple activities can be represented in the

following way:

dTkt_X5P/ __y, . dTkic2_GAP/ _,, .
dt~ 2 e "
dTkt F6P y . dTkic2_E4P/ _,
di = dt— "
dTkt _STP/ _ ;. dTkic2_RSP/ _,, .
dr~ % e

Kewr xsp_gap * (XSP*Tht - GAP*Tkt‘Q/ )
eq_X5P_GAP
+ K /
H h_ 2
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K * K
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eq F6P_ EAP
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K
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Kcat7s7P7R5p *(STP*Thkt —RSP*Tktc% )

eq STP_R5P
+ K /
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Parameters values and sources for verification are shown in table 18S.

Table 18S. Values of the Tkt parameters

Parameter Value Literature source
Koy xsp 1 Taken from [53S];
Keq ror 0.5 Estimated from [55S];
Keq s7p 0.33 Taken from [53S];

Kear x5p Gap 7872 min™ Taken from [53S];

Kear Fop E4p 4143 min™ Estimated from [55S];
Kear s7P RSP 7872 min™ Taken from [53S];
Ky 1.24e-04 mM Estimated from [54S];
Ky > 4.5e-06 mM Estimated from [54S];
Ky xsp 0.022 mM Estimated from [53S];
Ka rsp 0.079 mM Estimated from [53S];
Ky pap 0.001 mM Estimated from [55S];
Ky gap 0.02 mM Estimated from [53S];
K4 rep 0.07 mM Estimated from [55S];
Ky s7p 0.06 mM Estimated from [53S];
Transaldolase (Tal).

Kinetic model describing Tal properties was developed using analogous to Tkt model
assumptions. Only differences were in a number of possible enzyme activities and substrates
(F6P and S7P as donors, E4P and GAP as acceptors respectively) and structure of transferred
group [6S].

The ODE system considering the Tal multiple activities can be represented in the
following way:

_dTal _S7P dTalc3_E4P

dTal FO6P . dT. AP . .
DV e drales ¢ =V =V dr = V2o
KcatﬁFéPﬁGAP *(F6P*Tal - GAP*TaZC% )
eq F6P_GAP
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(1+ %{hl + %—I*)
K *K

Kequ7P7E4P = s dF%d cap

Parameter values and sources for verification are shown in table 198S.

Vas =

Table 19S. Values of the Tal parameters



Parameter Value Literature source

Keq ror 0.11 Taken from [6S];
Koy s7p 26.6 Estimated from [6S];

Kear 6P Gap 4200 min™ Taken from [6S];
Kear s7P 4P 2100 min™ Estimated from [6S];
Ky 4.43e-04 mM Estimated from [56S];
Ky > 1.9e-07 mM Estimated from [56S];
Ky pap 0.025 mM Estimated from [57S];
Ky gap 0.014 mM Estimated from [57S];
Ki rep 0.333 mM Estimated from [57S];
Ky s7p 0.107 mM Estimated from [57S];

6-phosphogluconate dehydratase (Edd).
Edd catalyses reaction of reversible dehydration of GI6P. This enzyme does not have

metabolic effectors, therefore this enzyme is described by reversible Michaelis-Menten equation.

Vo baa ™ pH _Edd *(PGn - KDPG )
- - Ke Edd
Vi = X %KDPG ) |
K, o +PGn+  m-ror /
- KmiKDPG
1 + 2 *lo(pHmiEdd _pKiEzld)
QpH_Edd =

+ lo(pH_pKiEdd) + 10(2*PHm7E114‘PH‘PKiEM)

Parameter values and sources for verification are shown in table 20S.

Table 20S. Values of the Edd parameters

Parameter Value Literature source
Keq Eda 1000 Taken from [58S];
PK Eaa 10 Free parameter;
PHy paa 6.4 Taken from [58S];
Ko pon 0.6 mM Taken from [58S];
K, xkppG 1 mM Free parameter;
KDPG-aldolase (Eda).
Eda is described by simplified Ordered Uni Bi equation in accordance with Cleland’s
classification:
*
VmiEda *QpHiEda *(KDPG - GAP PJ%{ )
V50 = eq_Eda

Pyr GAP Pyr* GA7
K +KDPG +K,, * o ¥ +
m_KDPG _KDPG ( /q;fyr %{mimp K, cp* K, py,

142 %101 rem% s

Y PR B TR

Parameter values and sources for verification are shown in table 218S.



Table 21S. Values of the Eda parameters

Parameter Value Literature source
Keq Eia 0.5 Taken from [59S];
PK ria 10 Free parameter;
PH, Eda 7.5 Taken from [59S];
Ko ap 1 mM Free parameter;
K, pyr 10 mM Free parameter;

K, kprc 0.35 mM Taken from [59S];

Kinetic models of gluconeogenesis enzymes

Most of the gluconeogenesis enzymes are the same as those for glycolysis. Different
enzymes were observed only for those reactions involving the irreversible glycolysis steps (e.g.
phosphofructokinase and pyruvate kinase reactions). Finally, we developed 7 kinetic models for

such enzymes: 4 using the third level of detailing, one with the second, and 2 with the first.

Fructosebisphosphatase-1 (Fbpase).

Fbpase is the main fructosebisphosphatase in E. coli cells. The activity of this
gluconeogenesis enzyme was observed at growth on glucose as well [60S], where Fbp forms
futile cycle together with Ptk enzymes. The other Fbpase biochemical peculiarities are as
follows:

1. Fbpase has an oligomeric structure (main form of the enzyme is a tetramer) [61S-63S];

2. Enzyme activity has strong dependence on the concentration of magnesium ions. However, it
is not completely clear which forms act as true substrates. Most probably, the free form of
FbP and magnesium ions take these parts, whereas complex of FbP with magnesium plays
the role of the competitive inhibitor [64S-67S];

3. AMP also competitively inhibits Fbpase by binding to the magnesium ions site [61S-64S].

4. Fbpase has allosteric regulation as well. PEP increase activity of this enzyme [61S-63S].

Most enzymes have an allosteric character. Because of this fact, we are able to use
generalisation of the MWS approach for the correct description of Fbpase peculiarities.
Development of Fbpase model was based on the generalisation of the MWS approach proposed
by Popova and Sel’kov [37S-40S]. Our previous studies showed the technical issues and the
model development process [10S,11S].

The rate equation of Fbpase monomer (f) at R-state can be represented in the following

way:
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The rate equation of Fbp monomer at T-state (f”) has the analogous form but different
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parameter values. The Q function of Fbp can be represented as follows:
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where E, — total enzyme concentration.

The complete Fbp rate equation (/>7) can be obtained by substituting these equations in
equation 4 in the main text of the manuscript. The final equation includes 31 parameters. The

values and sensitivity ranges of the model parameters are given in table 22S.

Table 228S. Values of the Fbp parameters.

Parameter Value (mM) Range of sensitivity Literature source
(mM)
Ko mg 0.039 0.031 - 0.046 Estimated from [64S-67S];
Ko Fop 8.42¢-03 6.21e-03 — 1.02e-02 Estimated from [64S-67S];
K rop 1.12 0.88 —1.37 Estimated from [64S-67S];
Kir roryg 0.76 0.55-0.93 Estimated from [64S-67S];
Kir roryg Mg 0.356 0.17-0.57 Estimated from [64S-67S];
Kir amp 1.22¢-03 8.6e-04 — 1.69¢-03 Estimated from [64S-67S];
Kir amp rop 0.0256 0.0163 —0.0389 Estimated from [64S-67S];
Ko pep 0.45 0.28 - 0.69 Estimated from [61S];
K rop 9.72 045-22.2 Estimated from [65S];

Kir Phosph 15.8 0.875 —46 Estimated from [65S];




Kir rop Mg 0.385 0.024 -6.78 Estimated from [65S];

Kir Fop phosph 6.6 0.67 — 48 Estimated from [65S];
Kir Phosph Mg 0.856 0.031-16.5 Estimated from [65S];
Kir F6p Phosph Mg 48.4 2.31-158 Estimated from [65S];
Kot vg 55 44 — 67 Estimated from [65S];
Kot pop le-05 ND — 5e-05 Estimated from [64S-67S];
Kt rop 6.89e-03 2.71e-03 —9.47e-03 Estimated from [64S-67S];
Kt ropyg 6.42¢-03 4.99¢-03 — 8.63e-02 Estimated from [64S-67S];
K[L FbPMg Mg 100 24 - 230 Estimated from [648-678],
Kt amp 2.55e-04 1.09e-04 — 5.63e-04 Estimated from [64S-67S];
Kt amp Fop 690 330 -850 Estimated from [64S-67S];
Ko pep 550 86 —ND Estimated from [61S];
Kis rop 0.304 0.01-5.7 Estimated from [65S];
K phosph 3.21 0.1-15.5 Estimated from [65S];
Kt rop Mg 315 45 - 812 Estimated from [65S];
K 76p phosph 915 450 - 1680 Estimated from [65S];
Kit phosph Mg 539 127 - 980 Estimated from [65S];
Kt r6p phosph Mg 16.5 0.25-78 Estimated from [65S];
L,k 8.15e-04 4.09¢-04 — 9.72¢-04 Estimated from [64S-67S];
o' 10* ND Estimated from [64S-67S];
n' 4 ND Taken from [68S];
K 7.51e-06 5.34e-06 — 9.12¢-06 Estimated from [65S];
K 2.65¢-05 1.7e-05 — 3.7e-05 Estimated from [65S];

T - -
— parameters Lo, W,, W, @, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.

Fructosebisphosphatase-2 (GlpX).
Unfortunately, there is a lack of quantitative information about GlpX properties [63S].
Therefore, despite the evidences about allosteric properties we have to use the simplified

approach (the level of detailing) for the derivation of its rate equation.
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FbP. + K
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14 2% 107" a7 )

st=
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Parameter values and sources for verification are shown in table 238S.

Table 23S. Values of the GlpX parameters.

Parameter Value Literature source
Keq cipx 10* Taken from [69S];
PK apx 14.6 Estimated from [65S];

PH, Gy 10.92 Estimated from [65S];
K, rop 0.025 mM Taken from [69S];

Ko phosph 10 mM Free parameter;




K, rsp 10 mM Free parameter;

Phosphoenolpyruvate synthetase (PpsA)

PEP can be produced directly by using a single reaction with Pyr and ATP as substrates
in E. coli cells. PpsA is an enzyme responsible for the catalysis of this reaction and has the
following biochemical peculiarities:

1. PpsA acts by Ping Pong Uni Bi Bi Uni mechanism in correspondence to Cleland’s

classification [70S,71S]

2. True PpsA substrate is ATPMg”, the free form of ATP takes part as competitive

inhibitor [71S]

3. Presence of magnesium ions in the catalytic site significantly increases the rate of the

second reaction step [71S]

4. There is essential product inhibition by AMP and PEP [70S].

5. PpsA is also inhibited by ADP and TCA cycle intermediates, such as KG and OAA.

Most probably, this inhibition has competitive character [70S].
6. The enzyme has different pH-optimums for forward and reverse reactions [72S].
A rate equation taking into account all the noted enzyme peculiarities can be expressed in

the following way:

« ( ATPMg™ * Pyy — AMP* PEP* Phospl *Mg7 )
eq_PpsA

PEP ATP ADP 044 KG
Lo+Zyp+Zy +Z2Z,+72; +Z;7 +Z,7" +7,

4

m_ PpsA

V31=

where Zg =Z5, *(K,, ,, *ATPMg™ +Z,, *K, 1y, * Pyr+ ATPMg™ * Pyr)

m_Pyr
P% (20, * 2, + 25,2}
eq_PpsA
Zh =70 * Ky e * Koy o ¥ AMP* PEP+ 2, *K, \ *K, ... * PEP* Phosph+
+ Ko vig ™ Ko _prag * AMP™ Phosph* Mg% + AMP* PEP* Phosph* Mg**
d_Phosph

Zp =K, ppp* AMP* Phosph* Mg™*;

K

* *
ef _ATP Keq _PpsA ZMg )

ZATP _ 7§ *(KmATPMg i r*ATP/ + WPp.vA *Kmil’EP * AMP* Phosph *Mg2+ *ATV
! pH K
of _ATP

ZADP _ 7S K., oy * Pyr* ADP, N Wepes * K, pep ™ AMP* Phosph * Mgt * ADP,
oo K K *K *7Z
ef _ADP ef _ADP eq_PpsA Mg



ZOAA - ZS %k KmiPyr *ATPMgz_ * OAA + WPpsA *KmiPhosph *KdiAMP *Kdng *PEP*OAA*ZMg
1 pH K K *K

ef _OAA

eq_PpsA )

ef 044

ZKG = ZS % Kmnyr *ATPMgz_ *KG + W*KmiP/waph *KdiAMP *Kdng *PEP*KG*ZMg
1 PH K K *K
ef _KG ef KG eq_PpsA

K
zs, —1+H/ sy
KhSl

K
z", —1+H/ h P/
Kh Pl
Mg2+
Z, =1
e " /<dMg

Parameter values and sources for verification are shown in table 248S.

Table 24S. Values of the PpsA parameters.

Parameter Value Literature source
Ky s 6.95e-07 Estimated from [72S];
Ky s > 1.43e-04 Estimated from [72S];
K p 1.43 Estimated from [72S];
Ky p > 1.54e-08 Estimated from [72S];
Wepsa 10 Taken from[72S];
Ko pyr 0.229 Estimated from [71S, 72S];
K, arpug 0.0549 Estimated from [71S, 72S];
K pyr 2740 Estimated from [71S, 72S];
Ka arpug 0.1 Estimated from [71S, 72S];
Ker app 0.0283 Estimated from [70S, 72S];
Kep arp 6.28e-04 Estimated from [70S, 72S];
Ker ke 0.274 Estimated from [70S, 72S];
Ker 044 0.796 Estimated from [70S, 72S];
K pep 20.7 Estimated from [71S, 72S];
Ko amp 3.84e-04 Estimated from [71S, 72S];
Ko phosph 422 Estimated from [718S, 72S];
Ky mg 36.9 Estimated from [71S, 72S];
Ky pep 95.7 Estimated from [70S, 72S];
Ky amp 1480 Estimated from [718S, 72S];
Ka Phosph 1730 Estimated from [70S, 72S];

Phosphoenolpyruvate carboxykinase (PckA).
This enzyme catalyses ADP-dependent carboxylation of PEP with formation of OAA.
We described PckA activity by simplified Random Bi Ter rate equation in accordance with

Cleland’s classification.



Vo peia™ Oy pua ™ (0AA* ATPMg * HCO, - APPME*PEP,

eq _PckA

V = \1—' Pk PkA}
Q30H PKkW;(aAA * Km ATP1M+ >Q’ﬁl()/-l{ "03 + IM{m ATPMg Km HCO3 OAA + Km _ 044 KmiHC03 * ATPMg
p. cl H-pK p m_PckA 2
+Km 011 mpAT;ng *%G@JOL [gm HCO3 g OAAE& ‘A)TPMg + Km_ATPMg * OAA * HCO3 +

+ Parge T Rdp &40, sorte$ AfiPMei fitkiopare shown in table 25S.

WK x K «[ ADPMg + PEP . ADPMg* PE7
n_ost” Ko_irow ™ ”T%le 5S. Valu€s Qﬁpuge Pc arameters. K, apeve ¥ K, pip
Parameter Value Literature source

Koy peka 1.88 Taken from [13S];
PK peia 10 Estimated from [73S];
PH, pera 8 Estimated from [73S];
Ko 044 0.67 mM Taken from [74S];
K, arpug 0.06 mM Taken from [74S];
K, bcos 13 mM Taken from [74S];
K, 4pPmg 0.05 mM Taken from [74S];
K, pep 0.07 mM Taken from [74S];

Phosphoenolpyruvate carboxylase (Ppc).

Just like PckA, Ppc catalyses PEP carboxylation with formation of OAA, although this
reaction is not coupled with ADP phosphorylation. Because of this reaction the equilibrium is
shifted to the OAA formation. Ppc reveals a number of allosteric properties, for example,
sigmoid dependences of enzyme activity on substrate concentration, oligomeric structure,
presence of regulatory sites for the enzymes effectors [75S-77S]. Therefore, we used the MWC
approach for the derivation of Ppc rate equation [37S-40S].

The rate equation of Ppc monomer (f) at R-state can be represented in the following way:

V. pe * HCO,* PEP
K
1+ b2 *Den Ppc_r
( %{h 1 ) —Pe-
Denom _Ppc_r=K, ppp*K — _+K, yco *PEP+K, 5" HCO; + HCO, * PEP +

Phosp7 OAA Phosph * OA7
+K, *K * + +
fr_PEP ~mr_HCO; ( K dr_Phosph %{ dr_ 044 K dr_HCO, * Kdr_ Phosph_ 044

The rate equation of Ppc monomer at T-state (f”) has the analogous form but different

parameter values.



Based on the available information about Ppc regulation, we assumed that at the enzyme
molecule, there are 2 regulatory sites—the activating site, wherein FbP and AcCoA bind, and the
inhibiting site, wherein Mal, Suc, Cit, and Fum bind [77S]. Additionally, there are a number of
contradictory data about the possible cooperative effects between some of these effectors.
Nevertheless, these data are not sufficient for the model complication. Therefore, we did not

consider this possible peculiarity; the final Q function for Ppc can be represented as follows:

n

1+ M‘y + F”W + SL7 + C7
L ( KeftiMal KeftiFum KeftiSuc K¢7Cit * 5

O=1L, E
1+ Fb7 + ACCO% '
Keﬁf_FbP Keﬁ_AcCoA
E = Ko per ™K, oo "Eo E = R rer™ K, e "Eo.
= ” t

r

Denom Ppc _r Denom Ppc t

where E,, total enzyme concentration.

The complete Ppc rate equation (V>9) can be obtained by by substituting these equations
in equation 4 in the main text of the manuscript. The final equation includes 23 parameters. The

values and sensitivity ranges of the model parameters are given in table 26S.

Table 26S. Values of the Ppc parameters.

Parameter Value (mM) Range of sensitivity (mM) Literature source
Ko HCO3 0.002 ND -0.29 Estimated from [75S-77S];
Ko PEP 3.2 1.08 - 5.57 Estimated from [75S-77S];
K pep 655 245 — 870 Estimated from [75S-77S];
Ko phosph 100 ND 2 Free parameter;
Kar 044 100 ND Free parameter;
Ko Phosph 044 100 ND Free parameter;
Kot meos 0.0022 ND -0.31 Estimated from [75S-77S];
Ko pep 5.12 2.98 —7.47 Estimated from [75S-77S];
K pep 0.0122 0.0013-0.2 Estimated from [75S-77S];
Kt Phosph 100 0.0013 - 2.1 Free parameter;
Kar 044 100 ND Free parameter;
Kt Phosph 044 100 ND Free parameter;
Ko mop 10 ND Taken from [76S];
Kep sccoa 0.14 ND Taken from [76S];
Kep var 0.23 ND Taken from [77S];
Kefi- suc 23 ND Taken from [77S];
Ko Fum 2.75 ND Taken from [77S];
]

Kefi cit 344 ND Taken from [77S

B




L, 6.37¢-06 1.4e-06 — 9.57e-06 Estimated from [75S-77S];
o' 10* ND Estimated from [31S];
n' 4 ND Taken from [31S];

Ky 1.71e-06 1.01e-06 — 2.43e-06 Estimated from [75S];
K > 6.1e-05 5.7¢-05 —6.9¢-05 Estimated from [75S];

T ; 5
- parameters Ly, w, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.

NAD-dependent malic enzyme (MaeA).

Malic enzymes catalyse the irreversible decarboxylation of Mal with the formation of
Pyr. Overall, the catalytic properties of MaeA and MaeB quite similar and have allosteric
character. The differences between the 2 malic enzymes are the cofactors and the metabolic
effectors [78S]. For example, MaeA uses NAD as a cofactor and is activated by Asp and
inhibited by ATP, CoA and AcCoA [79S-81S]. Moreover, MaeA activity is dependent on the
concentration of magnesium ions.

The rate equation of MaeA monomer (f) at R-state can be represented in the following

way:

M 2+
v, MaeA*Mal*NAD*(H g/< )
dr_Mg

(+Hﬁ( K”/ )*Den MaeA _r
h_1

*K

mr_Mal +

K

mr_Maly

*NAD + K

mr_NAD

Denom _MaeA _r=K, * Mal + NAD * Mal +

dr_NAD

+K oy vap * Ko s ( ﬁ(dr—NADH + /{dr_m + K *K

dr_NADH dr_NADH _Pyr ’
The rate equation of MaeA monomer at T-state (f°) has the analogous form but different
parameter values. Based on the analogous assumptions as those for the Ppc model we proposed

following Q function for MaeA:

n

1+A57 +AT7 * 1+ACCO% +C07 *
( K eft _Asp K(f/} _ATP Keﬂ _AcCoA Ke/l _CoA "

Q = LU %
1+AS7 +AT7 x 1+ACCO% +Co% -,
( Kefr _Asp K(f/}‘ _ATP Ke/r _AcCoA K(fﬁ‘ _CoA !
E = KdriNAD >kl{mrﬁ)\/ﬁzl *Eo . E = KdtiNAD *KmtiMal *Eo .
" Denom MaeA r "’ " Denom MaeA t

where E,, total enzyme concentration.

The complete MaeA rate equation (V3;3) can be obtained by by substituting these
equations in equation 4 in the main text of the manuscript. The final equation includes 21

parameters. The values and sensitivity ranges of the model parameters are given in table 278S.



Table 27S. Values of the MaeA parameters.

Parameter Value (mM) Range of sensitivity Literature source
(mM)
Ko mar 0.532 0.011-1.09 Estimated from [79S,80S];
Konr NaD 0.033 0.001 - 0.15 Estimated from [79S,80S];
K nap 0.6 0.22 -1.67 Estimated from [79S,80S];
Kair mg 0.123 0.086 — 0.165 Estimated from [79S,80S];
Ko asp 0.362 0.189 — 0.481 Estimated from [79S,80S];
Kefio arp 89 35-ND Estimated from [79S,80S];
Kefio accoa 7.43 0.57 -ND Estimated from [79S,80S];
Kei con 1.5 0.2-8.1 Estimated from [79S,80S];
Kot Mal 0.093 0.007 - 0.31 Estimated from [79S,80S];
Kot nap 0.108 0.023 - 0.298 Estimated from [79S,80S];
Kt nap 0.0837 0.00013 - 0.57 Estimated from [79S,80S];
K g 0.93 0.076 - 1.11 Estimated from [79S,80S];
Kefi asp 0.583 0.341-0.75 Estimated from [79S,80S];
Kefi arp 0.26 0.195-10.33 Estimated from [79S,80S];
Kefi accoa 0.197 0.125-0.229 Estimated from [79S,80S];
Kefi cou 0.268 0.201 - 0.334 Estimated from [79S,80S];
L,k 19.9 7.87—34.7 Estimated from [79S,80S];
o' 10* ND Estimated from [79S,80S];
n' 4 ND Taken from [79S];
Ky 8.5e-07 5.09¢-07 — 1.92¢-06 Estimated from [81S];
K 5 2.82e-03 8.7e-04 —5.9¢-03 Estimated from [81S];

7 5 -
— parameters Ly, w, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.

NADP-dependent malic enzyme (MaeB).

MaeB uses NADP as a cofactor and it is inhibited by ATP, AcCoA, cAMP and OAA
[8285,83S]. In addition, product inhibition by NADP (and respective to this peculiarity inhibition
by NAD) has been observed for MaeB as well [83S].

The rate equation of MaeB monomer (f) at R-state can be represented in the following

way:

M 2+
I/mrMaeB*Mal*Z\[I4DP*(1'F g/{d " )
r_Mg

P
(1+H/<h_1 + ’“%_F)*Denom_MaeB_r

Denom_MaeB_r =K, yiop* K, v+ K,y s, ¥ NADP* (1 + OA%( ) +K,, vupp ™ Mal* (1 + NAD/y
- - - ofr 044 -

*
+NADP* Mal + L * Ko sa * ( NADP]—%{ + P% + NADPH P)7
dr_NADPH dr_Pyr

+
ofi_ NADH

3k s
dr_ NADPH K dr_NADPH _Pyr )



The rate equation of MaeB monomer at T-state (f°) has the analogous form but different
parameter values. Based on the analogous assumptions as those for the Ppc model we proposed

following Q function for MaeB:

1+cAM7 * 1+AcC07 *E
( K oft _cAMP K oft_ AcCod !
1+ cAM7 #(14 AcCo% *
( Ky camr K i accon !

Q=Lu*

* * * *
E = KdrﬁNADP KmriMal Eo . E = KdtiNADP KmtﬁMa/ Eo .
= ; =
Denom _MaeB _r " Denom MaeB t ’

where E,, total enzyme concentration.

The complete MaeB rate equation (V73;) can be obtained by by substituting these
equations in equation 4 in the main text of the manuscript. The final equation includes 23

parameters. The values and sensitivity ranges of the model parameters are given in table 28S.

Table 28S. Values of the MaeB parameters.

Parameter Value (mM) Range of sensitivity Literature source
(mM)

Ko Mal 3.71 3.11-4.29 Estimated from [82S,83S];
Koy NaDP 0.0221 0.0134 —-0.305 Estimated from [79S,80S];
Kar napp 0.0189 0.0012-0.415 Estimated from [79S,80S];

Kir mg 8.22e-04 1.19¢-04 —-3.3e-04 Estimated from [84S];
K naprr 0.011 0.009 -0.18 Estimated from [82S,83S];
Kefi NaDH 0.0165 0.002 —0.0269 Estimated from [82S,83S];
Kefi 044 7.06 5.51-9.49 Estimated from [828S,83S];
Kefic camp 0.49 021-0.72 Estimated from [82S,83S];
Kefi accon 0.0635 0.0491 - 0.0782 Estimated from [82S,83S];

Kot Mal 3.28 2.76 —3.75 Estimated from [82S,83S];
Kot napp 0.0219 0.013-0.302 Estimated from [79S,80S];
K napp 0.022 0.0025 —-0.049 Estimated from [79S,80S];

K mg 0.124 0.023 -0.21 Estimated from [84S];
K nappr 0.043 0.017-0.077 Estimated from [82S,83S];
Kei NaDH 0.015 0.0019 —0.255 Estimated from [828S,83S];
Kefi 044 1.25e-03 7.5e-04 —1.98e-03 Estimated from [82S,83S];
Kefi camp 1.57e-03 9.65e-04 —2.38e-03 Estimated from [82S,83S];
Kefi accon 2.19e-04 1.19e-04 —3.3e-04 Estimated from [82S,83S];

L' 0.134 0.047 - 0.225 Estimated from [82S,83S];
o' 10* ND Estimated from [82S,83S];
n' 6 ND Taken from [82S];

Ky 3.43e-07 1.68e-07 — 5.93e-06 Estimated from [85S];

K > 3.66e-05 1.81e-05 —5.99¢-05 Estimated from [85S];

7 5 -
— parameters Ly, w, n are dimensionless.

2 e .
— range of sensitivity wasn’t estimated.



Kinetic models of TCA cycle and glyoxylate bypass enzymes.

The TCA cycle and glyoxylate bypass totally consist of 13 reactions catalysed by 17
enzymes. As for the other CCM pathways, the number of enzymes is higher than the number of
reactions because of the presence of isoforms. As for glycolysis, since these enzymes are analogs
of each other, the isoforms can have essential differences in their catalytic or regulatory
mechanisms. However, we did not develop separate rate equations for the TCA cycle enzymes,
because of the lack of quantitative experimental information about particular isoforms.
Moreover, genetic regulation respective to genes coding these enzymes does not allow
simultaneous expression of isoforms. Therefore, production of the particular isoform is related to
the specified culture phase or oxygen concentration [86S-88S], and the possibility of reaction

duplication by isoform is minimised at a particular metabolic state.

Other kinetic models were mainly developed using the second level of detailing, although
2 enzymes were described by simplified equations (Mqo and AceB). Part of the TCA cycle
enzymes, such as CS (V3s5), ICD (V35) and AceK (V47 Vys) were described in detail in the
previous articles [88S,89S].

Pyruvate dehydrogenase complex (Pdh).

Pdh is a multiprotein complex with a complex catalytic mechanism. Nevertheless,
available experimental data show that the kinetic properties of this reaction can be successfully
described by Ping Pong Ter Bi mechanism in accordance with the Cleland classification [23S].

The rate equation for this enzyme can be expressed in the following way:

Vit *Q o o * Pyr* NAD* CoA

Pyr
K *K  xNAD*[14+ 1Y CoA NADH, CoA « NADH
e ool ( ¥ /<r117Pyr " %(miCoA " KmiNADH " KmiCoA KmiNADH ¥

NAD % Pyr % Cod
et K ¥ Pyr*Cod* [ 1+ NAD 4+ AcCoA4 + K, * K, * K, * AcCoA eeon ¥ 1+ Pyr o
- Km _NAD Km _AcCoA Km Kmy

i, KD s gh sk g Cod *NAD['% 1+ AcCo% + CO% + Co% oy FACCoA/
KmiNADH KVVI?AL'COA KmiCaA Km Km

140% IO(pHmiPdh—pKiPdh)

V. =

34

Qph,Pdh = | +10WHPK_PaR) 1 (2% pHim _Pdh=pH~pK _Pdh)

The values of parameters and sources of verification are shown in table 29S.



Table 29S. Values of the Pdh parameters.

Parameter Value Literature source
PK pan 10 Free parameter;
PH,, pan 6.8 Estimated from [91S];
K, pyr 0.26 mM Taken from [91S];
K, nap 0.01 mM Estimated from [90S];
Ko coa 0.005 mM Estimated from [90S];
K, sccoa 0.005 mM Estimated from [90S];
Koy napH 0.01 mM Free parameter;
Aconitase (AcnB)

This enzyme is coded by the acnB gene and it catalyses isocitrate formation from citrate
through aconitate. There are 3 isoforms of aconitases in E. coli. The 2 main enzymes are
aconitase A (acnAd) and B (acnB), and the minor one is aconitase C (acnC) [92S]. AcnA
expression is induced by Fe ions and other events related to oxidative stress during stationary
phase of growth. AcnB is the main enzyme at the exponential phase of culture growth. We
considered only AcnB isoform for the model. Both steps of the reaction were described as one
substrate-one product reactions catalysed by the same enzyme. Rate equations were included into

the model as follows:

V - V Clt - ACO/Keincnl ; V - V Keinan(Aco - iCit/Keinan)
35 m_ Acnl ACO lClt ) 36 m_ Acn2 ACO Clt o
K, ,(1+——+ )+ Cit K, .1+ + ) +iCit
N Km_Aco m_iCit N Km_Am m _Cit

Parameter values and sources for verification are shown in table 30S.

Table 30S. Values of the AcnB parameters.

Parameter Value Literature source
K. 11.2mM Estimated from [92S]
e 0.02mM Estimated from [92S]

K, . 0.0lmM Free parameter
Koy sem 0.032 Estimated from [93S]
Keincnz 2.615 Estimated from [93S]

Alpha-Ketoglutarate Dehydrogenase (Akg)

The rate equation for this enzyme was derived from the irreversible Ping Pong
mechanism with cooperative interaction between 2 catalytic sites since Akg shows alpha-

ketoglutarate (KG) inhibition at concentration higher than 0.08 mM [94S]. A detailed description



of the AKG model development can be found in our previous article [89S]. According to
available experimental data [95S] only the maximal rate depends on pH. The rate equation was

included into the model as follows:

v, = ke . : KG® * CoA* NAD .
ae K, ) KG* *CoA* NAD + KG* *k, ks 4, *NAD* K, ¢,/ (ky uoks e +Ks ok aig +

i By Lk ) v ek i KGPFCoAR K, (K ks e ¥R ks aie ¥ ok i)

+KG*CoA* NAD*K, y +KG* NAD*K, (K, ey ucks ! (ks uchs o +

Ky ks e o aieks ) ¥ KG*CoA* K, oKy ki ik e !y ks oo +

+k, k}fAkg + k27Akgk47Akg) + CoA* NAD * KU{GKLKGk k

3_akg™2_ akg

_Akg
Vios 1 * KG*CoA* NAD
+ —=

KG*CoA* NAD + KG* NAD* K + KG*CoA*K

m_CoA m_NAD

+Cod* NAD*K,, .

where V,, c ke is the maximal rate with 0.08 mM of alpha-ketoglutarate.

Parameter values and sources for verification are shown in table 318S.

Table 31S. Values of the Akg parameters.

Parameter Value Literature source
KmiKG 0.02 mM Estimated from [94S];
ot 0.076 mM Estimated from [94S];
K 0.098 mM Estimated from [94S];
m_NAD
K 0.25mM Estimated from [94S];
2_KG
V. 21.2mM/min Estimated from [94S];
0.08_ Akg
k, ke 1e5 1/min Estimated from [94S5]
k le7 1/min Estimated from [94S]
2_Akg
k3 ke le6 1/min Estimated from [94S]
k, ke 5e4 1/min Estimated from [94S]
KlfKG 0.05mM Estimated from [94S]
K(LCOA 0.07mM Estimated from [94S]
K 0.08mM Estimated from [94S]
d_NAD
K, 2.3e-5 mM Estimated from [95S]
K, 72 1.5e-7 mM Estimated from [95S]

Succinate Dehydrogenase (Sdh)

Sdh is a multiprotein complex which catalyses succinate oxidation to fumarate with

coenzyme Q reducing. The rate equation was taken according to Random Bi Bi mechanism:



*
Ve s *(S”C*Q_Fum QHZ/( )
- eq_Sdh
V41 =

* * *
Kd_SuL‘ Km_Q + Suc Km_Q + Q K

s TSUCTO +
+ K }
1+H / + |k
( Kh*I H ) +Kd7$uc >X<I<1717Q

Fum . OH, K'"*F”'"+ Fum QH,

ef _Fum KmiQHZ KefiFum KefiFum I<meH2

This enzyme is characterised by the complicated character of maximal enzyme activity
dependence on pH. In the present case, we assumed that a part of the rate equation parameters

should be depended on pH for correct taking into account this enzyme peculiarity.

Kd _Suc K

0 0
K uc = ;;K um = ef.il:um ;
- 1+H° +K”—/ - 1+H° +K”—/
K B H* Kh; H

Here K, and K, are the dissociation constants for protons from the free enzyme form and

from the enzyme complexes with succinate or coenzyme Q; K3 and K4 are the dissociation
constants for protons from the enzyme complexes with fumarate or reduced coenzyme Q.
Assumption of different affinity of protons with different enzyme forms and the introduction of 4
dissociation constants for protons were made on the basis of corresponding experimental data

[96S], wherein initial velocities dependences on pH differed for forward and reverse reactions.

Parameter values and sources for verification are shown in table 328S.

Table 32S. Values of the SDH parameters.

Parameter Value Literature source
Keq sdn 2250 Calculated from [101]
Ko 0.002 mM Estimated from [96S]
K om2 0.0045 mM Estimated from [96S]
Ket Fum 0.2 mM Estimated from [97S]
Ky suc 0.01 mM Estimated from [97S]
K suc 0.28 mM Estimated from [99S]
K Fum 0.45 mM Estimated from [100S]
Ky 1 le-4 mM mM Estimated from [96S]
Ky 2 5e-7 mM Estimated from [96S]
Ky 3 8.5¢-4 mM Estimated from [96S]
Ky 4 le-6 mM Estimated from [96S]

Fumarase (FumA)
Fum catalyses reaction of reversible hydration, therefore this enzyme is described by

reversible Michaelis-Menten equation.



Vv Fum -Mal
m_Fum ( ﬁ(eunm )

Mal*K
K, ..+ Fum+ “ ’”—F%
- Km_Mal

pH dependence of the enzyme activity was taken into account by the following changes

V42=

in the rate equation:

H K

kafFum KmOfFum(l + + Ih{_Z

kf Fum = K ; K — h_1 ;
- 1 H h_4 m_ Fum H K
t— 1+ + ot
Kh73 H tha H
H K
I<m07Mal(1 + Kh 1 + ;{_2)
K = _
m_Mal H Kh .
1+ +—=
K,, H

Parameter values and sources for verification are shown in table 33S.

Table 33S. Values of the Fum parameters.

Parameter Value Literature source

Kt Fum 1.86e5 1/min Estimated from [102S];

K: Fum 4.02e04 1/min Estimated from [102S];
K, .. 0.6 mM Estimated from [102S];
K, 0.7 mM Estimated from [102S];
K, 0.0316 mM Estimated from [102S];

K, 72 Se-7 mM Estimated from [102S];

K, , 1.26e-4 mM Estimated from [102S];

K, . 3.98¢-8 mM Estimated from [102S];

et Fum 5.4 Estimated from [102S];

Malate dehydrogenase (Mdh)

This enzyme is coded by mdh gene and catalyses the reaction of malate oxidation. Rate
equation was derived based on Ordered Bi Bi mechanism in accordance to Cleland’s

classification [103S]:



m

Vo van * (NADH *0OAA - NAD *Mc%{ )
Vi = _ eq Mdh
44 =

K 0ui ™K, yapy + NADH*K, . + K, .y ¥ OAA+ NADH * O4A4 +

K%K x( NAD *M% +NAD*M%
oM - NApH ( Km_NAD Km_Mal Km_NAD*Km_Mal

Parameter values and sources for verification are shown in table 34S.

Table 34S. Values of the Mdh parameters.

Parameter Value Literature source
Keq_Mdh le5 Estimated from [104S];
K ot 3mM Estimated from [104S];

K 0.003mM Estimated from [104S];
m_NADH

K 0.001lmM Estimated from [104S];
m_OAA

K 0.86mM Estimated from [104S];
m_Mal

K 0.64mM Estimated from [104S];
NAD

Malate dehydrogenase (Mqo)

This enzyme is coded by mgo gene and as well as Mdh catalyses the reaction of malate
oxidation, but transfers electrons directly to the quinine pool of the respiratory chain without
help of other cofactors. Unfortunately, there is a lack of quantitative experimental data for a
detailed description of Mqo functioning. Therefore, we used the first level of detailing for the

rate equation of this enzyme.

%
I/ntho * (Mal * Q - 044 QI_%{ )
eq_Mgo

V43 =
Km_Mal *Km_Q + K *Mal + Km_Ma, *O+Mal*Q +
+K, v ¥ K, 0¥ 0147 +Q[17 +0AA*Q17 %
e "= KmeAA KmeH2 KmeAA KmiQH2
Parameter values and sources for verification are shown in table 358S.
Table 35S. Values of the Mqo parameters.
Parameter Value Literature source
Keg Mo 9 Taken from [105S];
Ko Mal 0.435 mM Taken from [105S];

K. o 0.0414 mM Taken from [105S];




KmﬁOAA 10 mM
Km OH2 10 mM

Free parameter;
Free parameter;

Isocitrate lyase (AceA)

AceA is encoded by aced gene, and it catalyses the reaction of glyoxylate and succinate
formation from isocitrate. The rate equation was derived according to the Random Uni Bi
mechanism with E-iCit-Suc dead complex and with inhibitors, namely, 3-phosphoglycerate

(competitive to iCit) and phosphoenolpyruvate (non-competitive to iCit and Glx, competitive to

Suc) [103S].

. e *
I/miActzA[<m7be1<d*SuC (lClt ) o S%eq,AceA )

V45=
K

miiCzt m_Glx d _Suc

(1+PG

*
Suc iCit*K ZC” " Gl/
iCit
KEIY

+GIx*Suc*K

m _iCit

+ PEP

Kd _PG Kd_PEP

)+lClt*Km Glde Suc

Parameter values and sources for verification are shown in table 368S.

Table 36S. Values of the AceA parameters.

Parameter Value Literature source
Kf Acer 1675 1/min Estimated from [103S];
i 0.063mM Estimated from [103S];
K, on 0.13mM Estimated from [103S];
Km e 0.59mM Estimated from [103S];
KdﬁPG 0.8mM Estimated from [103S];
K, e 0.53mM Taken from [103S];
K: Acer 208 1/min Taken from [103S];
K 0.04mM Taken from [103S];
eis_iCit
Keip_PEP 1.14mM Taken from [103S];
Kegp_PEP 0.2mM Taken from [103S];
KdﬁPEP 1.05mM Taken from [103S];
Vi 0.993 mM/min Estimated from [103S];
K ) o 8.8 mM Estimated from [103S];
eq_ Ace.

Malate synthase (AceB)

1+ P E7 +
Keip_PEP

+Glx*Km iCith Suc 1+PE7 +SUC*Km iCit Km Glx +
- B egp PEP T



AceB is coded by aceB gene and catalyses the reaction of glyoxylate and acetyl-
Coenzyme A bond with malate formation [106S]. Rate equation was derived according to

Random Bi1 Bi mechanism.

Vi s *(sz* AcCoa-Mal*Col )
eq AceB

K, on* Ko secos ¥ Ky secon *Glx+ K, 5, * AcCod + Glx* AcCod +

m_Glx m

* x( Mal CoA Mal*CoA
+Kmiclx KnLACCOA ( %(m_Mal ¥ ﬁ{m_COA ¥ A’”_Mal *K"’—COA)

V46=

Parameter values and sources for verification are shown in table 378S.

Table 37S. Values of the AceB parameters.

Parameter Value Literature source
Keg acen 2.31e+05 Calculated [101S]
Ko cie 0.021 mM Taken from [107S];
Ko sccoa 0.009 mM Taken from [107S];
Ko ar 10 mM Free parameter;
K, coa 10 mM Free parameter;
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