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Table S1. Reaction equations

Reaction Reaction

number name Reaction
ELYS + EILE + ELEU + EVAL + ETYR + 7 AKG + ATP +9 NAD +
1 AAtoSUC 2 NADP=>4 GLU +3 SUC + MAL +8 ACCOA + ADP + 9 NADH
+2 NADPH
2 AK ATP + AMP =>2 ADP
3 AKGDH AKG + NAD => SCOA + NADH
4 ALATA GLU +PYR = AKG + EALA
5 ARGl ARG =>UREA + ORN
6 ARGt EARG + ATP => ARG + ADP
7 ASL AS =>FUM + ARG
8 ASN ASN = ASP + NH4
9 ASNt EASN + ATP => ASN + ADP
10 ASPt EASP + ATP => ASP + ADP
11 ASS CTR + ASP + ATP => AS + AMP
12 ASTA ASP + AKG = OXA + GLU
13 ATPase ATP => ADP
14 CITS CIT + NAD => AKG + NADH
15 CK ADP +PCr=ATP +Cr
16 CSs ACCOA + OXA =>CIT
17 FUM FUM => MAL
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Table S1. Reaction equations (continued)

Reaction Reaction ;
number name Reaction
18 G6PDH G6P +2 NADP => R5P + 2 NADPH
19 GLDH GLU + NAD = AKG + NADH + NH4
20 GLN GLN =NH4 + GLU
21 GLNt EGLN + ATP => GLN + ADP
22 GLUt GLU + ADP => EGLU + ATP
23 GLYt EGLY + ATP =>GLY + ADP
0.06 EALA +0.04 EARG + 0.03 EASN + 0.04 EASP + 0.02 ECYS +
0.03 EGLN +0.04 EGLU +0.06 EGLY + 0.02 EHIS + 0.03 EILE +
24 growth 0.06 ELEU + 0.06 ELYS + 0.01 EMET + 0.02 EPHE + 0.03 EPRO +
0.05 ESER +0.04 ETHR + 0.005 ETRP + 0.02 ETYR + 0.04 EVAL +
3.78 ATP +0.03 G6P + 0.03 R5P + 0.09 CIT => X + 3.78 ADP
25 HISARGTA EHIS + EARG + AKG =>4 GLU + NH4
26 HK EGLC + ATP => G6P + ADP
27 IDO ETRP =>KYN
28 iNOS ARG + NADP => CTR + NADPH + NO
29 KOT KYN + AKG =>KYT + GLU
30 LDH PYR + NADH => ELAC + NAD
31 leak 2 NADH =>2 NAD
32 ME MAL + NAD =>PYR + NADH
33 MLD MAL + NAD => OXA + NADH
34 NADPHox NADPH =>NADP
35 NAT 2 R5P +2 ATP + GLN => NAD + AMP + GLU
36 NHG NAD + ATP =>NADP + ADP
37 OCT ORN =>CTR
38 PC PYR + ATP => OXA + ADP
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Table S1. Reaction equations (continued)

Reaction Reaction ]
Reaction
number name
39 PYR + NAD = ACCOA + NADH
40 PFK F6P + ATP = 2 GAP + ADP
41 PGI G6P =F6P
42 PGK GAP + ADP + NAD => PEP + ATP + NADH
43 PK PEP + ADP =>PYR + ATP
. R5P+2 GLN + ASP+ GLY +5 ATP=2GLU +FUM +4 ADP +2
44 PPRibP
AMP
45 resp 2NADH +4 ADP =>2 NAD +4 ATP
46 SCOAS SCOA + ADP => ATP + SUC
47 SDH SUC +0.66 NAD + ADP => FUM + 0.66 NADH + ATP
48 SDHH ESER => PYR + NH4
49 TK 3 R5P =>2 F6P + GAP
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Table S2. Successive steps for model calibration

4 of 30

Step Used Determined Step Used Determined

number metabolite reactions number metabolite reactions

1 X growth 24 ASN ASN

2 PCr CK 25 ASP ASTA

3 EGLC HK 26 ACCOA CS & PDH

4 ELAC LDH 27 CIT CITS

5 ETRP IDO 28 AKG AKGDH & GLD

6 KYN KOT 29 SCOA SCOAS

7 ELEU AAtoSUC 30 SuC SDH

8 EHIS HISARGTA 31 NH4 GLN

9 EGLY GLYt 32 FUM FUM

10 UREA ARGI1 33 GLN NAT

11 NO iNOS 34 AMP AK

12 R5P PPRibP 35 G6P G6PDH & PGI

13 R5P NAT. 36 NADPH NADPHox

14 EARG ARGt 37 NADP NHG

15 EGLU GLUt 38 F6P PFK & TK

16 EGLN GLNt 39 GAP PGK

17 EALA ALATA 40 PEP PK

18 ESER SDHH 41 R5P EP

19 EASN ASNt 42 MAL ME & MLD

20 EASP ASPt 43 OXA PC

21 ORN OCT 44 ADP ATPase & resp

22 CTR ASS 45 NAD leak

23 AS-ARG ASL
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Figure S1. Experimental data and model simulation of cofactors and nucleotides concentrations:
(A) Nicotinamide adenine dinucleotide concentration; (B) Nicotinamide adenine dinucleotide H
concentration; (C) Nicotinamide adenine dinucleotide phosphate concentration; (D) Nicotinamide
adenine dinucleotide phosphate H concentration; (E) Adenosine triphosphate concentration; (F)
Adenosine diphosphate concentration; (G) Adenosine monophosphate concentration. B are P4
cells experimental data, ® are P9 cells experimental- Data Average values are shown for both
passages (n=3). Blue line is P4 cells simulation, red line is P9 cells simulation.
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Table S3. Parameter values for average simulation

Parameters Values Units Parameters Values Units
VMAXg4t050C 6.20 x 10 mmol-10-cells-h! kmgrowthepye 1.60 x 102 mM
vmax,g 1.92 x 104 mmol-10-<cells-h-! kmgrowthgpro 1.00 x 102 mM
VMAXAkGDH 1.53 x 10 mmol-10-cells-h! kmgrowtheser 1.10 x 10 mM
vMaxXapara 1.09 x 10 mmol-10-cells-h! kmgrowtngrur 9.60 x 10 mM
UVMAXgpc1 1.88 x 10- mmol-10-6cells-h KMy, owtheryr 1.20 x 10-2 mM
VMAX4pet 5.15 x 105 mmol-10-cells-h-! kMg owthzyas 1.30 x 102 mM
VMax ), 1.33 x 10 mmol-10-cells-h-! kmgrowengep 9.90 x 103 mmol-10-cells
VMax,sy 5.00 x 10-0 mmol-10-cells-h kmgrowthRsp 5.82x 1012 mmol-10-cells
VMAX 5Nt 5.47 x 10-% mmol-10¢cells-h kmyisarcTa e 5.49 x 10-% mmol-10-cells
vMax,sps 9.29 x 1012 mmol-10-%cells-h-! kmyisaret Agare 4.00 x 101 mM
vMax,ss 1.20 x 10 mmol-10-cells-h-! kmyisarer agy;s 1.50 x 100t mM
vMaxssra 8.90 x 107 mmol-10-cells-h-! kmyg ,» 6.00 x 105 /
VMAXrpase 6.64 x 100 mmol-10*cells-h kmpyg,c.c 5.00 mM
VMaxcrs 1.08 x 10 mmol-10-cells-h-! kigk.op 1.00 x 107 mmol-10-cells
vmaxcx 2.04 x 10+ mmol-10cellsh! KAk anp yrp 1.00 x 102 /
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Values Units
vmaxcs 1.08 x 10 mmol-10-6cells-h1 alphayy yyp .. 1.10 /
VMaxpyy 1.43 x 10 mmol-10-6cells-h-! betayg ,, PaTp 1.05 /
VMAXgeppy 5.00 x 105 mmol-10<cells-h kmipogrrp 1.00 x 102 mM
vMaxgipy 6.25 x 10-08 mmol-10-6cells-h-! kminos ARG 1.00 x 1003 mmol-10-cells
vmaxgy 1.07 x 10 mmol-10-cells-h! kminosy app 3.00 x 107 /
VmMaxgine 2.28 x 10 mmol-10-cells-h kmgoreyn 1.00 x 102 mM
VMaxgy: 3.15 x 105 mmol-10-cells-h-! kmgor e 1.00 x 107 mmol-10-cells
VMaxgys 1.59 x 1006 mmol-10-cells-h! kmpuyann 1.01 x 107 /
VMAXgrowth 6.97 x 102 ht kmypmpy g 1.08 x 107 mmol-10-cells
VMAXy1SARGTA 1.90 x 1005 mmol-10-6cells-h! kiLDHPYR 4.50 x 1007 mmol-10-cells
vmaxyy 1.00 x 10 mmol-10-6cells-h1 KALDHamp 7 9.00 x 10+ /
VMaxpo 1.35 x 1045 mmol-10<cells-h- alphaiphyp .., 4.65 x 101 /
vmax;nos 1.21 x 10% mmol-10-cells-h! betaLDHAMpATP 1.20 x 10+ /
VMaxgor 1.11 x 105 mmol-10¢cells-h! kMyeaiy apm 1.00 x 10-06 /
vmax;py 8.80 x 10 mmol-10<cells-h! kmuyg, .o 1.00 x 10- /
VMaXeqk 2.39 x 10 mmol-10-6cells-h! kmy, EmAL 1.00 x 10-06 mmol-10-cells
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Values Units
vmaxyg 1.00 x 10-06 mmol-10-6cells-h! kmyp MAL 1.00 x 10-06 mmol-10-cells
vmMaxy,p 1.53 x 10 mmol-10<cells-h kmuyipyapn 1.00 x 10- /
VMAXNADPHox 5.33 x 10 mmol-10<cells-h kmMyappHO XN ApPH 1.00 x 10 /
VMAaxyar 5.00 x 10-8 mmol-10-cells-h-! kmyarp.p 1.00 x 10-10 mmol-10-cells
VMaxyye 1.40 x 100 mmol-10<cells-h kmyar ,0p 5.00 x 10-% /
vmaxocr 1.42 x 1004 mmol-10-6cells-h! kmy ATGLN 4.00 x 100 mmol-10-cells
vmaxpc 7.90 x 107 mmol-10-6cells-h! kmyye NAD 1.00 x 10-06 mmol-10-cells
vMaxppy 1.17 x 100 mmol-10<cells-h kmyye ,rp 5.00 x 10-% /
VMaXppg 2.12 x 10 mmol-10-cells-h kmoctopn 5.01 x 102 mmol-10-cells
YVMaxpg; 9.73 x 102 mmol-10<cells-h kmpc,.p 5.00 x 10-% /
VMaXpck 2.80 x 102 mmol-10-6cells-h! kaCPYR 1.00 x 1007 mmol-10-cells
vmaxpg 9.51 x 10 mmol-10<cells-h kmppuyapn 1.00 x 10-0 /
YMAaXppripp 2.40 x 1001 mmol-10-6cells-h! kmppy PYR 2.00 x 107 mmol-10-cells
VMAXyegp 7.20 x 10-4 mmol-10-cells-h! kmppk ,rp 3.58 x 10 /
VMAXscoas 1.42 x 1003 mmol-10-6cells-h-! kmpp Krep 3.00 x 1007 mmol-10-cells
vmaxspy 1.39 x 10 mmol-10%cells-h1 Kaprk amp 4rp 9.00 x 102 /
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Values Units
Ymaxspun 1.21 x 105 mmol-10-cells-ht alphappg,yp, ., 4.70 x 101 /
vmaxrg 1.98 x 1006 mmol-10%cells-h1 betaprk sup ,1p 1.05 x 101 /
vmaxrg 1.93 x 10 mmol-10-cells-h! kmpe..p 2.01 x 105 mmol-10-cells
VMAXT AT 4 3.16 x 10 mmol-10-cells-h! kmpe..p 1.32 x 10+ mmol-10-cells
VMaxrasy 1.00 x 10-08 mmol-10-6cells-h! Kipg Ipgp 3.70 x 107 mmol-10-cells
vmaxreg 1.97 x 1006 mmol-10-¢cells-h! kmpek ,pp 2.51 x 1008 /
VMaxrpg; 1.97 x 10 mmol-10-cells-h-! kmpe,,» 1.02 x 10 mmol-10-¢cells
VMAXTapaTA 6.07 x 105 mmol-10-cells-h-! kmpegpan 2.21 x 1008 /
VMaxrgy 1.79 x 1001 mmol-10<cells-h! kmpy, o 1.47 x 10-4 /
VMaxrgipy 522 x 100 mmol-10-cells-h kmp KpEp 7.92 x 1008 mmol-10-cells
Vgrowtharp 1.19 x 1002 mmol-10-cells kapKFGP 2.09 x 10-08 mmol-10-cells
Vgrowthapp 1.19 x 1002 mmol-10-cells alphapKFGP 9.89 x 10 mmol-10-cells
Vgrowtherr 2.73 x 10 mmol-10-cells betapg,,, 1.89 mmol-10-cells
Vgrowthgara 1.89 x 104 mmol-10-cells kmppribp ,cp 5.00 x 101 mmol-10-cells
Vgrowthgare 1.19 x 10-4 mmol-10-<cells kmppripp 47p 5.00 x 10-% /
Vgrowthgasy 9.07 x 105 mmol-10-cells kmpprippe,y 3.00 mmol-10-cells
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Units
Vgrowthgasp 1.13 x 100 mmol-10-cells kmppRiprLY 2.00 x 10-01 mmol-10-cells
Vgrowthgcys 4.57 x 10 mmol-10-cells kmppRiprSP 1.00 x 101 mmol-10-cells
Vgrowthgsiy 1.01 x 100 mmol-10-cells kmrespADp 1.00 x 10-06 mmol-10-cells
VgrowthgeLy 1.22 x 10 mmol-10-6cells kM esppany 2.00 x 10-0 /
VgrowthgeLy 1.69 x 10 mmol-10-cells kmgscoas,pp 1.00 x 1006 /
Vgrowthgy;s 4.50 x 100 mmol-10-cells kmSCOASSCOA 4.00 x 107 mmol-10-cells
Vgrowthg g 1.02 x 10 mmol-10-cells kmgspu ,pp 1.00 x 1006 /
Vgrowthg gy 1.78 x 10-# mmol-10-cells kmgspuy .o 1.00 x 10 mM
Vgrowthgpys 1.80 x 1004 mmol-10-5cells kmgspug, . 3.00 x 10 mmol-10-cells
Vgrowthemer 4.35 x 105 mmol-10-cells kmspungoer 1.00 x 1001 mM
Vgrowthgpyg 6.90 x 105 mmol-10-cells kmpg. ., 1.09 x 107 mmol-10-cells
Vgrowthgpro 9.86 x 10 mmol-10-cells
Vgrowthgsgr 1.35 x 100+ mmol-10-cells
Vgrowtheryr 1.22 x 10- mmol-10-cells
Vgrowtherrp 1.39 x 105 mmol-10-cells

5.73 x 105 mmol-10-cells

ngOWthETYR
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units
Vgrowthgy ay, 1.31 x 1004 mmol-10-6¢ells
Vgrowthgep 8.79 x 10 mmol-10-cells
Vgrowthgsp 7.34 x 105 mM
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Table S4. MRM transition and retention time of each amino acid

Compound name IS Precursor ion Product ion frag  CE polarity RT min
Cystine NO 241.3 241 76 0 pos 14.78
Homoarginine YES 189.2 144 92 12 pos 14.44
Tyrosine NO 182.2 136.1 66 8 pos 8.74
Homophenylalanine YES 180.2 134.1 75 8 pos 6.12
Arginine NO 175.2 70.1 95 24 pos 15.09
Phenylalanine NO 166.2 120.1 72 8 pos 6.92
Histidine NO 156.2 110.1 81 12 pos 16.84
Methionine-d3 YES 153.2 136.1 69 4 pos 8.22
Methionine NO 150.2 133 63 pos 8.18
Glutamic acid NO 148.1 84.1 72 16 pos 12.59
Lysine NO 147.2 84.1 66 12 pos 15.48
Glutamine NO 147.2 84.1 72 16 pos 11.3
Aspartic acid NO 134.1 74.1 61 12 pos 14.23
Asparagine NO 133.1 74 60 12 pos 11.87
Isoleucine NO 132.2 86.1 63 pos 7.431
Leucine NO 132.2 86.1 72 pos 7.431
Threonine NO 120.1 103.1 133 16 pos 6.94
Valine NO 118.2 72.1 55 8 pos 9
Proline NO 116.1 70.1 75 12 pos 9.6
Serine NO 106.1 60.1 60 8 pos 11.62
Alanine NO 90.1 44.1 42 8 pos 10.7
Glycine NO 76.1 30.1 39 4 pos 11.47
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Table S5. Flux kinetic equations

8 of 30

Number Flux
[ATP] [NAD] vADP)
y = o [AKG] [ADP] [NADH] [NADPH]
1 AAtosuc = AAtoSUC * AT+ km * TATP NAD NADP
[ ] AAtoSUC kG FADP? + kmAAtoSUCATp ﬁ + kmAAtoSUCNAD ﬁ + kmAAtoSUCNADp
[EILE] [EVAL] [ELEU] [ETYR] [ELYS]

[EILE] + kMuutosucey [EVALI+ kMuseosuceyn, [ELEUl+ KMuprosucpry LETYR] + kMpscosucpryr  [ELYST+ kMaarosucp,ys

[ATP] [ADP]
Vo . [AMP] . [ADP] B . [ATP]
2 Ak = VMmaXxuk [AMP] + kmAKAMP [ATP] K vmaxtyg iADP: i
[ADP] T KMk rp [ATP] T KMk pp
[NAD]
v _ . [AKG] [NADH]
3 AKGDH — VMAaXagcpy [AKG] + kmAKGDHAKG [NAD] P
m*‘ MUKGDHN ap
[GLU] [PYR] [AKG] [EALA]

4 VarLata = VMaXgpa74 [GLU]

5 Vare1 = vMaxupey

+ kMuparag,, [PYRI+ kMyparap,,

— vmaxr_ALATA «

[ARG]

[ARG] + kmrg1 ,p,

[AKG] + kmypara e [EALAl + kMyparap,, .
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Table S5. Flux kinetic equations (continued)

Number Flux
[ATP]
y = o [ADP] [EARG]
6 ARGt = ARGt * TATP] " [EARG] + km
_ADP_ + kmARGtATp [ ] ARGtEARG
. [AS]
= VMaXpgq * o
7 ASL ASETTAST + kmygy,
. [ASN] [ASP] [NH4]
= vMax,gy ® - ¢ ¢
8 asn AN TASNT + kg oy AN "TASPT ¥ kiasy,e, | INHA]+ kg,
[ATP]
Visye = vmax, [4DP] LEASN]
9 ASNt = ASNt ® [ATP] * EASN1+ km
_ADP_ + kmASNtATP [ ] ASNtEASN
[ATP]
v = vmax, ADP] (457
10 aspt = 4spt * TATP] *[EASP] + km
_ADP_ + kmASPtATp [ ] ASPtEASP
[ATP]
[ASP] [ADP] [CTR]
11 Vass = vmaxyss * *

[ASP] + kmyss,,, [ATP]

[ADP]

+ kmASSATP
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Table S5. Flux kinetic equations (continued)

Number i
) [AKG] [ASP] [GLU] [0XA]
= vmax ° ° B ) .
12 st ATATAKGT+ KMysrage  TASPTH Kigsrayg, " “TGLUT+ Kiasragy,  [OXAT+ Kitasrag,,
’ [ATP]
— *
. ATPase VMaXarpgse [ATP] + kmATPaSEATP
[NAD]

[CIT] [NADH]

y VCITS = VMaXcirs ®

[CIT] + kmepsy, NAD]

[NADH] + kmCITSNAD

[ADP] [ATP]
Ve = omae. . [ATP] . [PCr]  omare. - [ADP] [Cr]
15 K = < *TADP] [PCr]+ kmek,e, e lArP] [Cr]+ kmey,,
[ATP] McKapp [ADP] T KMekyrp
v [ACCOA] [0XA]
= VMaXrc ® .
16 “ “ "[ACCOAl + kmes, o, [OXA+ kmes,,,
[FUM]

17 Veum = vMaxpyy

[FUM]+ kMpyppyng
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Table S5. Flux kinetic equations (continued)

11 of 30

Number Flux
[NADP]
V. = vmax, . [GoP] . [NADPH]
18 G6PDH — G6PDH [G6P] + ka6PDH65p [NADP] B
[NADPH] t K™MasrpHnape
[NAD]
V. = vmax, [GLU] [NADH] vmaxr, [AKG]
GLDH = GLDH °® ° - GLDH ® °
[GLU] + km [NAD] [AKG] + km [NADH]
19 GLDHgLy [NADH] + kaLDHNAD GLDH pkG + kaLDHNADH
[NH4]

[NH4] + kMgrpupyy.,

[GLN] [GLU] [NH4]

20 Very = vmaxgpy ® [GLN] + kaLNGLN — vmaxr_GLN e .

[ATP]

V.ine = vIMAx 4DP] FaL]
’ GLNt GLNt [EGLN] + kMginepe,y

[ATP]
[ADP] + kaLNtATp

ADP
ATP] . [GLU]
[GLU] + kmgLye,,,

—
—

—

22 VGLUt = vmaxGLUt * [ADP]
[ATP] + kMerue,pp

[GLU] + kmgyy,,, [NH4]+ kmgy,,,
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Table S5. Flux kinetic equations (continued)

12 of 30

Number Flux
ATP]
V = vmax * [ADP] * EGLY]
” GLYt = GLYt * TATP] [EGLY] + kmgryegs,,

[ATP]

ADP [CIT] [G6P] [R5P]

* * *

[CIT] + kmgrowthCIT [G6P] + kmgrowthgﬁp [RSP] + kmgTOWthRsp

—
—

Vgrowth = UVMaXgrowth * [ATP]

[ADP] + kmgTOWthATp
[EARG] [ETRP] [EGLU] [EGLN]
* * * *
[EARG] + kmgrowtng sre [ETRP] + kmgrowthgrrp [EGLU] + kmgrowthge,y [EGLN] + kmgrowtnggon
[EALA] [ESER] [EASN] [EASP]
* * * *
24 [EALA] + kmgrowtngaa [ESER] + kmgrowthgsrr [EASN] + kmgrowtngon [EASP] + kmgrowtng sp
[EILE] [EVAL] [ETHR] [ELEU]
* * * *
[EILE] + kmgrowtng,z [EVAL] + kmgrowtngy ., [ETHR] + kmgrowt hpryr [ELEU] + kmgrowthg, ry
[ETYR] [ECYS] [ELYS] [EPRO]
* * * *
[ETYR] + kmgrowthgryr [ECYS] + kmgrowtngeys [ELYS] + kmgrowtng,ys [EPRO] + kmgrowthgpro
[EMET] [EPHE] [EHIS] [EGLY]
* * * *

[EMET] + kMgrowtngypr EPHE]+ kMgrowtnppye [EHIS] + kMgroweng,, s [EGLY]+ kMgrowtne,y
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Table S5. Flux kinetic equations (continued)

Number Flux

[AKG] [EARG] [EHIS]
* *
[AKG] + kmpyisarcrage [EARGl+ kMmpisarerag,e [EHIS] + kMyisarerag,;s

25 VhisarcTa = VMAXyisarcTa *

betayy ,pp .. *
(EGLC]+ | 1 + ATP ATP
[ATP] alphaHKAMpATP HKAMPATP
S * [ADP] ) leKaeP
2 HK HK * TATP] [AMP] kLHK + [G6P]
[ Iy e GeP
[ADP] ATP Mok N -l-ﬂ + [EGLC]= | 1 +
EGLC kaHKAMPATp alphaHKAMp T aHKAMPATp
. [ETRP]
= *
o7 100 = VX100 " TETRPT + kMipoprrs
[NADP]
. — max . [ARG] i [NADPH|
28 iNos = WNOS T TARG] + kmuyos,s; _INADP] k
[NADPH] T “Minosnape
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Table S5. Flux kinetic equations (continued)

Number Flux
] [AKG] [KYN]
= vmaxgoer * *
- KOT KOT *TAKG] + kmgor e [KYN]+ kmyor,,.

[AMP]
betaLDHAMPATP * [ATP]

PYR 1
[NADH] [ 1+ + alphaipy e . * Kaipp e
—[NAD] ATP ATP
V, =
30 LpH = VMax;py * [I[VADl-i] + ke [AMP] [AMP]
NAD NADH [ATP] [ATP]
Miphpyr * | 1+ g + [PYR]= | 1 + alpha * ka
LDHAMP g7p LDHAMP g7p LDHAMP g7p
v [NADH]
= vmax *
31 leak leak [NADH] + kmleakNADH
_INAD]
[MAL] [NADH]
32 Vurg = vmaxyg *

*
MAL] + km [NAD]
[MAL] MmaL Napa] T MmN A

[NAD]

[MAL] . [NADH]
[MAL] + kmy,p,,,, INAD]

33 Vmip = vmaxyp *

INADH] T K1Mmionap
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Table S5. Flux kinetic equations (continued)

15 of 30

Number s
) [NADPH]
— *
" NaDPHox = VMAXNAbPHox * TNADPH] KMy approxyappy
[ATP]
Vnar = vmaxy,r * [ADP] * [GLN] * (Ror!
25 NAT = NAT
[ﬁgl;] + kmNATATP [GLN] + kmNATGLN [RSP] + kmNATRSP
[ATP] _INAD]
v, = vmax * [ADP] NADH]
6 NHG = NHG ™ TATP] i [NAD] K
[ADP] + KMyyGarp [NADH] T MG ap
’ [ORN]
= vMaxgpcr *
. ocT oCT “TORN] + kmocropy
[ATP]
Vo = vmaxp, * [ADP] * PYE]
N (o ¢ * TATP] PYR] + km
[ADP] T KMpcare PYRL+ Koo
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Table S5. Flux kinetic equations (continued)

16 of 30

Number Flux
[NAD]
S, [NADH] . [PYR]
39 PDH = et INAD] [PYR] + kmppypyp
[NADH] + *"PpHNaD
[AMP]
betaPFKAMPATP * [ATP]
[ATP] [FeP]« | 1+ alpha * ka
m p PFKAMPATP PFKAMPATP
40 Vprxk = vmaxppg * [ATP] + o [[AMP]] [[AMP]]
[ADP] TP ATP ATP
fempekpep * | 1+ T, o + [FOP]x | 1 + gppa— * Kpry
AMP 4p AMP qp AMP qp
Y Yooy = vmeg = [G6P] . Kipgipgp _ vmaxryg + [F6P]
[G6P] + kMg, Kipgipgp + [PEP] [F6P]+ kmpgy,,,
[ADP] [NAD]
. ) [ATP] . [GAP] . [NADH]
42 PGK = VMAQaXpgk [ADP] [GAP] + kaGKGAP [NAD]

[ATP]

+ kaGKADp

[NADH]

+ kaGKNAD
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Table S5. Flux kinetic equations (continued)

Number Flux
[ADP] betapy,,, * [FOP]
43 Vog = vmaxpy * [ATP] « (PEP] - (1 i alphapy,, * kapy,,p
PK = PK * TADP) [F6P] [F6P]
[ATP] + kMpgapp  KMpkppp * (1 + kaPerp) + [PEP] - (1 * alphapp,, * kaPKFsP)
[ATP]
S [ASP] . [ADP] . [GLN] . [GLY] . [R5P]
44 PPRIbP PPROP T TASP] + kmpppipp s, [ATP] + kMppg; [GLNT+ kmppribpg,y [GLY]+ kMpprivpg,, [RSP]+ kMpppipppg,
7ADP_ PPRIbP gTp
y [ADP] [NADH]
A = vmax * *
5 resp TP [ADP] + kmrespADP [NADH] + kmrESpNADH
[ADP]
V. = vmax * [ATP] * 15c04]
A =
6 SCOAS SCOAS ™ [ADP] + km [SCOA] + kmscoasgeon
[ATP] SCOASADP
[ADP] [NAD]
Vspy = vmaxgpy * [ATP] INADH] * LSuc]
47 SDH SDH [ADP] [NAD] [SUC] + kmSDHSUC

[ATP] T KMsoraor  NADH] T KMspHwap
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Table S5. Flux kinetic equations (continued)

18 of 30

Number -
) [ESER]
— *
N soHH = VMAXspun * Tpoppy 1 KMsprngser
[R5P]
) Vik = vmaxpyg *

[R5P] + kmypg,.,
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Table S6. Mass balances on metabolite concentrations

Equation Differential equations
number
d[ACCOA]
1 —a (8 * Vyarosuc)— Ves + Vepu- (Vgrowth * [ACCOA])
d[ADP]
T Vaatosuc + (2 * Vag) + Vagge + Vasne + Vaspe + Varpase= Vexk + Vene= Vorue + Vorve + Vax + Vne + Vec
2
+ Verk— Vo= Ve + (4 * Vopripp) —(4 * Vresp) = Vscoas— Vspu— (Vgrowth * [ADP])
+ (VgrowthADp * Vgrowth)
3 d[AKG]
i —(7 * Vaarosuc) — Vakepon + Varara — Vasta + Verrs + Veron — Viisarera — Vior — (Vgrowth * [AKG])
A d[AMP]
T Vak + Vass + Viyar + (2 * Vppripp) — (Vgrowth « [AMP])
d[ARG]
5 T — Varer + Varee + Vast — Vivos — (Vgrowth « [ARG])
d[AS]
6 T — Vst + Vags — (Vgrowth * [AS])
d[ASN]
7 = —Vasny + Vasne — (Vgrowth « [ASN])

dt
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Table S6. Mass balances on metabolite concentrations (continued)

Basatton Differential equations
number
o d[ASP]
T Vasn + Vaspe = Vass — Vasra — Veprine — (Vgrowth « [ASP ])
d[ATP]
ac Vaatosuc = Vak — Varet — Vasne = Vaspe = Vass = Varpase T Vex — Veine + Verue — Verye — Vauk
9
— (2 * Vyar) = Vnug — Vec — Verk + Vegx + Vox — (5 * Vppripp) + (4 * Vresp) + Vscoas + Vspu
- (Vgrowth * [ATP]) - (VgrowthATp * Vgrowth)
d[CIT]
10 dt - VCITS + VCS - (Vgrowth * [CIT ) ( growtherr ¥ growth)
d[F6P]
H dt = Verk + Ve + (2 * Vrye) = (Vgrowth x [F6P])
d[FUM]
12 dr Vast = Veum + Veprior + Vsor — (Vgrowen * [FUM])
d[G6P]
b . Veeppn + Vuk = Vear — (Vgrowth * [G6P] ) ( growthgep * growth)
d[GAP]
1 dt = (2 * Vprg) = Vpax + Vrg — (Vgrowth * [GAP])
d[GLN]
15 = —Ven + Verne — Vvar — 2 * Voprine) — (Vgrowen * [GLN])

dt
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Table S6. Mass balances on metabolite concentrations (continued)

21 of 30

Equation Differential equations
number
d[GLU]
16 i (4 * Vaarosuc) — Varara + Vasra — Voron + Vern — Vorue + (4 * Viygrsarera) + Vior + Vwar + (2 * Vepripp)
- (Vgrowth * [GLU])
[GLY]
17 d dt = Veryt — Veprivp — (Vgrowth * [GLY])
d[MAL]
18 T Vaatosuc + Veum — Ve — Vmwp — ( growth * [MAL])
d[NAD]
19 —ar —(9 * Vaarosuc) — Vakeon — Verrs — Vorow + Vionw + (2 * Viear) — Ve — Vuwp + Var — Vue — Vepn
- VPGK + (2 * V;‘esp) - (0-66 * VSDH) - (Vgrowth * [NAD])
d[NADH]
20 —ar (9 * Vaarosuc) + Vakepu + Verrs + Voronw — Viow — (2 * Vigar) + Vg + Vo + Vepr + Vegk
- (2 * V;‘esp) + (0-66 * VSDH) - (Vgrowth * [NADH])
d[NADP]
21 —ar —(2 * Vaarosuc) — (2 * Vgeppu) — Vinos + Vapprox + Vue — (Vgrowth * [NADP])
d[NADPH]
22 TR (2 * Vyarosuc) + (2 * Veeppu) + Vinos — Vivapprox — (Vgrowth * [NADPH])
d[0XA]
23 = Vasta — Ves + Vyrp + Vpe — (Vgrowth x [0XA])

dt




Metabolites 2017, 7, x FOR PEER REVIEW 22 of 30

Table S6. Mass balances on metabolite concentrations (continued)

Bquation Differential equations
number

d[PCr]

2 dt = —Vex — (Vgrowth * [PCT])
d[PEP]

25 —dt = VPGK - VPK - (VQTOWth * [PEP])
d[PYR]

26 dt = — VALATA - VLDH + VME - VPC - VPDH + VPK + VSDHH - (Vgrowth * [PYR])
d[R5P]

27 dt = Vgeppn — (2 * Vyar) — Vppripp — (3 * Vrg) — (Vgrowth * [RSP]) — (VgrowthRsp * ngwth)
d[SCOA]

28 a Vakeprn — Vscoas — (ngwm * [SCOA])
d[SUC]

29 ar (3 * Vaatosuc) + Vscoas — Vsor — (Vgrowen * [SUCI)
d[EARG]

30 ar (= Varce — Vaisarcra — Varowthgage * ngwth) « ([X]* 1000)
d[ORN]

31 FT (Varer — Vocr) = ([X] = 1000)
d[CTR]

32 = (= Vuss + Vinos + Vocr) * ([X] * 1000)

dt
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Table S6. Mass balances on metabolite concentrations (continued)

Equation Differential equations
number
33 % = (= Vyg) * ([X]* 1000)
wo BEAT (y - (x1- 1000
35 @ = (= Vipo = Verowthgrae * Verowtn) * ([X]* 1000)
36 d[I;:N] = (Vipo — Vkor) * ([X]* 1000)
v A (yeon « (1x1+ 1000)
38 @ = (VGLUt — Verowthggry * Vgrowth) + ([X] * 1000)
39 @ = (= Vount = Vgrowtheguy * Vgrowm) * ([X]+ 1000)
40 % = (Varata — Verowthgara * Vgrowth) * ([X] * 1000)
41 dIESER] (= Vspus — Vgrowthgsgs * Verowwn) * ([X] * 1000)

dt

23 of 30
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Table S6. Mass balances on metabolite concentrations (continued)

Equation Differential equations
number
42 @ = ( — Vasnt = Verowthgasy * Vgrowth) + ([X]* 1000)
43 % = ( — Vaspt = Verowthgasp * Vgrowth) + ([X] * 1000)
44 d[EéiltLE] = (= Vaatosuc — Vgrowthgy s * Verowtn) * ([X] * 1000)
45 % = (= Vaatosuc — Verowthgyar * Vgrowth) * ([X] * 1000)
46 @ = (= Vgrowtherug * Verowwn) * ([X] * 1000)
47 @ = (= Vaatosuc — Vgrowthggy * Verowtn) * ([X]* 1000)
48 @ = (= Vaarosuc — Vgrowthgryg * Verowtn) * ([X] * 1000)
49 @ = (= Vgrowtheeys * Vgrowmn) * ([X] * 1000)
%0 d[ELYS]

T (= Vaatosuc — Verowthgrys * Vgrowth) « ([X] = 1000)

24 of 30
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Table S6. Mass balances on metabolite concentrations (continued)

S Differential equations
number

d[EPRO]

> dt = (_ VgrOWthEPRO * Vgrowth) * ([X]* 1000)
d[EMET]

> dt = ( - VgrOWthEMET * Vgrowth) * ([X]* 1000)
d[EPHE]

> dt = ( - VgrOWthEPHE * Vgrowth) * ([X]* 1000)
d[EHIS]

- ac ( ~ VhisaraTa = Verowthgms * Vgrowth) * ([X] * 1000)
d[NH4]

> T (Vasn + Voron + Veun + Viisarera + Vspun) * ([X] * 1000)
d[EGLY]

» dt - ( ~ VeLye — Vgrowthgey * Vgrowth) * ([X] * 1000)
d|[UREA

27 [ dt ] = (Vare1) * ([X] = 1000)
d[X]

o8 dt = ([X] * Vgrowth)
d[NO

> [dt ]: (Vinos) * ([X] = 1000)
d|Cr

60 ler] (Vek) * ([X] * 1000)

dt
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