Supplementary Material S1:
Copasi model Ransac-Mazat 2021 MITOYeast_AKG_12_v14.cps
INTRODUCTION.

According to [1], we define as global quantities in Copasi, ‘fmu’ which determines the part of
A (DpSI) in AuH* (PMF). Here we take for simplicity: fmu = 0.8 and thus DPSI = fmu*PMF (Volts) and
DPH = (1-fmu)*PMF/Z (in pH units).

We also define Z = In(10)*RT/F = 0.06 Volts at 30°C.

All stoichiometric coefficients are integer, which is necessary for the calculation of the EFMs
(Elementary Flux Modes).

o-KETOGLUTARATE DEHYDROGENASE (AKGDH): AKGm + NADm + CoAm -> SucCoAm + NADHm +
COo2

It is supposed irreversible (AG°=-27.2 + 7.7 kJ/mol => K'eq = 5.9 x 10%) and inhibited by its products
NADH and SucCoA. We propose an irreversible mass action law for the substrates, modulated by
competitive inhibition terms for NADHm and SucCoAm with KAKGdh_NADH = 0.03 mM and
KAKGdh_SucCoA = 10 uM taken from the literature [2-4]:
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or linearly written:
VM_AKGDH*AKGmM*NADmM*CoAm*(1/(1+NADHmM/KAKGdh_NADH))*(1/(1+SucCoAm/KAKGdh_SucCo
A))

ANT:5 * ADPc+5 * ATPm +4 * PMF =5 * ADPm + 5 * ATPc
We take the reversible mass action law with the intervention of DPSI = fmu*PMF

VANT = VM_ANT*(ADPc*ATPmM-ADPmM*ATPc*10/(-fmu*PMF))

ASYNT

ATP SYNTHASE (ASYNT) : 3 * ADPm + 3 * Pim + 10 * PMF = 3 * ATPm
(stoichiometry of yeast ATP synthase: 10 H* per 3 ATP).
We took the expression of Bohnensack [1]:
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where nA is the number of protons translocated per ATP synthesised (3.3 in the case of yeast), Phi_p
takes into account the DPH in the phosphate ions equilibrium (see[1]) and PMFa is the standard
phosphorylation potential (0.150 V) [1].

ATPASE : ATPc -> ADPc + Pic



We take a Henri-Michaelis-Menten equation [5] with the ATPc as substrate:
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CITRATE SYNTHASE (CS) : AcCoAm + 0AAm = CITm + CoAm

We consider the reaction as reversible and take the rate expression of Cornish-Bowden and Hofmeyr
[6] with or without the inhibition by ATP (the inhibition by CoA is supposed to be included in the

reverse rate)
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with the consensus values (in mM) : KCS_OAA = 0.005 ; KCS_ACOA =0.01 ; KQ_CS = 2.10”6 (Veech
JBC 1973) ; KiCS_ATP = 0.3 ; KCS_CIT = 3 ; KCS_COA = 0.04.

FUMARASE: FUMm = MALm

Reversible Henri-Michaelis-Menten equation, which takes into account the equilibrium constant
KQ_FUMASE = 4.4 in order to satisfy Haldane relationship:

(KFUMASE_FUM = 0.004 mM et KFUMASE_MAL = 0.009 mM)
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IDH3: ACONITASE-ISOCITRATE DEHYDROGENASE 3
Aconitase and isocitrate dehydrogenase are joined together in the reaction:
CITm + NADm = AKGm + NADHm + CO2

and the rate equation:
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LEAK: PMF -> PMFm

We take the equation:
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MDH MALATE DEHYDROGENASE (Mitochondrial: MDH2): MALm + NADm = OAAm + NADHm

Mass Action reversible with Keq = 0.0002

MALIC ENZYME (ME2): Malate + NAD(P)+ = pyruvate + CO2 + NAD(P)H.

Mass action reversible with Keq (NAD ou NADPH) = 7.6 1073

NDI: NADHm + Q -> NADm + QH2

In yeast, NDl is the internal dehydrogenase, which takes the place of complex | in mammal's
mitochondria. Because it does not excrete protons, its equilibrium constants Keq= 4.10% can be
calculated from the difference in the Q/QH2 and NAD/NADH midpoint potentials (+0.085 V and -0.32
V respectively).

Because the Keq value, it is supposed irreversible, we take k1 =1 s™ in a irreversible mass action law.

PYRUVATE DEHYDROGENASE (PDH) : NAD* + CoA + Pyruvate -> NADH + CO2 + Acetyl-CoA

NADm + CoAm + PYRm -> NADHm + CO2 + ACoAm

We take the equation given in [7]. This reaction with a complex mechanism is taken as irreversible
despite its AG° =-35.3 + 6.4 kl/mol (K'eq = 1.6 x 10° ). We take into account an inhibition by the
products NADH and acetyl-CoA (ACoA) (which is more or less equivalent to a reversible mechanism):
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Linearly written, the equation reads:
VMPDH*(CoAm/(KPDHCoAm+CoAm))*(PYRm/(KPDHPYR+PYRm))* (NADm/(KPDHNAD*(1+NADHm/Ki
NADH)+NADm))*(KiACoA/(KiACoA+ACoAm))

Pi TRANSPORT (Pit): 5 * Pic + PMF =5 * Pim
The electroneutral transport of Pi with a H* (or against OH’) is very fast so that the phosphate

distribution is supposed to be in equilibrium (taking into account the ApH).

According to[1] we take:



Pim Pim _ 0.2.PMF
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or linearly written:

V_Pit = VM_Pit*(1-Pim/Pic*107(-0.2*PMF/Z))

RCII (Respiratory complex Il) or SDH (Succinate dehydrogenase): SUCCm + Q = FUMm + QH2;
OAAmM

Keqg =70 is calculated from the difference in the midpoint potentials of the pairs Fumarate/Succinate
(E1 =+0.03 V) and Q/QH2 (E2 = + 0.085 V).

We adopt the rate equation of Cornish-Bowden and Hofmeyr [6] with a competitive inhibition
of oxaloacetate with succinate and fumarate:
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With the consensus values (for mammalian ): KSDH_SUCC = 85 uM, KspH_rum = 100 uM,
KspH_g = 1.5 UM (Grivennikova et al., [8]) and KspH_gHz = 1.5 UM (arbitrarily equal to Ku® =
1.5 uM in absence of known determination). KiSDH_OAA_=0.07 uM (0.01< <0.4)

Note that oxaloacetate (OAAM) is not a metabolite of our model

RCIIl or bcl complex: 5 * QH2 + 10 * Cox =5 * Q + 10 * Cred + 12 * PMF (4 protons (4x0.2 = 0.8 PMF)
and 2 charges (2x0.8=1.6))*5.

We follow the model of Bernard Korzeniewski [9] which was also taken over by Daniel A. Beard [8] of
a linear dependence of the rate upon the difference of potential near equilibrium:

VCIIl = VM_CIII * AECII.

AECII (for two electrons) decomposes into a AECllIchem =2(EC — EQ) which accounts for the chemical
part of the reaction and —2.4 * PMF (Volts) corresponding to the protons and charges transported on
either side of the inner mitochondrial membrane

AECII =2(EC—-EQ) —2.4.PMF = 2 ([ECo + RT/F *In(Cox/Cred)] — [EQo + RT/2F*In(Q/QH2)]) — 2.4.PMF

With ECo (standard potential of Cred/Cox) = + 0.25 V and EQo (standard potential of Q/QH2) =
+0.085 V and with RT/F. In(10) = 0.06 V at 30°C, we obtain:

AECIIl =2[0.25 + 0.06.log10(Cox/Cred) — (0.085+ 0.03. log10(Q/QH2)] — 2.4.PMF



Linearly written the equation reads:
VM_CIII*(0.50+0.12*log10(Cox/Cred))-(0.17+0.06*log1o(Q/QH2))-2.4*PMF)

RCIV or Cytochrome c oxidase. 20 * Cred + 5 * 02 -> 20 * Cox + 10 * H20 + 36 * PMF
We take an equation close to that of Korzeniewski ((6)):

VMcpy * Cred
KO

SUCCINATE THIOKINASE or SUCCINYL-COA SYNTHETASE (SUCTHIOK): SUCCoAm + ADPm + Pim =
SUCCm + ATPm + CoAm

We consider this equation as reversible with KQ_STK = 1.3 integrated in the mass action law
equation:

VM_STK*(SUCCoAm*ADPm*Pim -(SUCCm*ATPm*CoAm)/(KQ_STK))

ODC1 or ODC2 (Oxo-dicarboxylate carrier)
T2: AKGc + MALm -> AKGm + MALc . (ODC)
Mass action irreversible

T6: 5* PYRm ->5 * PYRc + PMF

Mass action irreversible

T22: AKGc + SUCCm -> AKGm + SUCCc . (ODC)
Mass action irreversible

T23: AKGc + CITm -> AKGm + CITc (ODC)
Mass action reversible

T2, T22 and T23 are taken irreversible because MAL, SUCC ant CIT are not present outside
mitochondria in our model.

As an indication, Odcl exchanges the following internal metabolites against AKG ext (with the
corresponding rate in mmol.min/mg prot): AKG (112), Malate (56), Succinate (19). [11]

DIC (Dicarboxylate carrier)

T31: MALm + Pic = MALc + Pim .
Mass action irreversible

T33: SUCCc + Pim = SUCCm + Pic .

Mass action irreversible

Parameters of the model:



P 0 | (RCI).VM_CHIl mmol/(1*s) 2
z 0.06 | (RCIV).VM_CIV 1/s 0.05
DGP 0.380956 | (RCIV).KO mmol/I 0.001
nA 3.333 | (LEAK).VM_Leak mmol/(I*s) 0.15
DG_SN 0.246103 | (LEAK).fleakodc1 ? 0
Gamma 12639.2 | (LEAK).fleakasynt ? 0
fmu 0.8 | (LEAK).KLEAK 1 10000
DPSI 0.150509 | (LEAK).VMASYNT ? 0
DPH 0.627122 | (LEAK).VMODC1 ? 0.0467299
Ac 5.00E-13 | (LEAK).Z mmol/I 0.06
Am 0.0299472 | (T2).k1 I/(mmol*s) 1
fPSI 0.8 | (NDI).k1 I/(mmol*s) 1
Nm 0.13973 | (RCII).VM_SDH mmol/(I*s) 1
fp 0.2 | (RCII).KSDH_SUCC mmol/I 0.085
Phi_p 3.59009 | (RCII).KiSDH_OAA mmol/I 0.07
VMASYNT 0 | (RCII).KSDH_Q mmol/I 0.0015
VMODC1 1.96 | (RCI).KQ_SDH 1 70
Kslip 1.00E-07 | (RCI1).KSDH_FUM mmol/I 0.1
Pslip 0 | (RCII).KSDH_QH2 mmol/I 0.0015
K02 0.001 | (T22).k1 I/(mmol*s) 0.4
VM_CIV 0.05 | (T31).k1 I/(mmol*s) 0
VMODC1_bis 0.0467299 | (T33).k1 I/(mmol*s) 0
Koligo 0.001 | (CS).VM_CS mmol/(I*s) 11.5
klsucc 0.4 | (CS).KCS_OAA mmol/I 0.005
kicit 0.56 | (CS).KCS_ACOA mmol/I 0.01
fsucc 0.4 | (CS).KQ_CS 1 2.00E+06
fcit 0.56 | (CS).KiCS_ATP mmol/I 0.3
quantity 0 | (CS).KCS_CIT mmol/I 3
ATP/O 0.346216 | (CS).KCS_COA mmol/I 0.04
(AKGDH).VM_AKGDH IA%/(mmolA?*s) 340 | (IDH3).VM_IDH3 mmol/(I*s) 5.8
(AKGDH).KAKGdh_NADH mmol/I 0.03 | (IDH3).KI3_CIT mmol/I 3.2
(AKGDH).KAKGdh_SucCoA mmol/I 0.01 | (IDH3).KI3_NAD mmol/I 0.2
(SUCTHIOK).VM_STK 1A2/(mmolA2*s) 6.97225 | (IDH3).KQ_IDH3 1 7
(SUCTHIOK).KQ_STK 1 1.3 | (IDH3).KI3_AKG mmol/I 9
(FUMARASE).VM_FUM mmol/(I*s) 12.5478 | (IDH3).KI3_NADH mmol/I 0.7
(FUMARASE).KFUMASE_FUM mmol/! 0.004 | (MDH2).k1 I/(mmol*s) 20
(FUMARASE).KQ_FUMASE 1 4 | (MDH2).k2 I/(mmol*s) 100000
(FUMARASE).KFUMASE_MAL mmol/I 0.009 | (ME2).k1 I/(mmol*s) 0
(ASYNT).VM_ASYNT mmol/(I*s) 0 | (ME2).k2 1A%/(mmolA2*s) 0
(ASYNT).PMFa mmol/I 0.15 | (PDH).VMPDH mmol/(I*s) 7
(ASYNT).Koligo mmol/I 0.001 | (PDH).KPDHPYR mmol/I 0.025
(ASYNT).Phi_p mmol/I 3.59009 | (PDH).KPDHNAD mmol/I 0.05
(ASYNT).Z ? 0.06 | (PDH).KiNADH mmol/I 0.036
(ASYNT).nA ? 3.333 | (PDH).KPDHCoAm mmol/I 0.013
(ANT).VM_ANT I/(mmol*s) 0.2 | (PDH).KiACoA mmol/I 0.035




(ANT).fmu I/mmol 0.8 | (T6).k1 1*4/(mmol”r4*s) 1
(Pit).VM_Pit mmol/(I*s) 200 | (T24).k1 1/s 100
(Pit).Z mmol/I 0.06 | (T24).k2 1/s 100
(ATPASE).VM_ATPASE mmol/(I*s) 0.05 | (T23).k1 I/(mmol*s) 0.56
(ATPASE).KATPASE_ATP mmol/I 3.57734
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