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Supplementary Materials: Identifying biomarkers

of Wharton’s Jelly mesenchymal stem cells using a
dynamic metabolic model: The cell passage effect

Benoit Laflaquiere, Gabrielle Leclercq, Chandarong Choey, Jingkui Chen, Sabine Peres, Caryn
Ito, Mario Jolicoeur

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 ARG1 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 CS 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+2GLN + 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 SuUC 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
VMAXgpt050C 6.20 x 10 mmol-10-cells-h-! kmgrowthepye 1.60 x 102 mM
vmax,g 1.92 x 10 mmol-10-cells-h-1 kmgrowtngpro 1.00 x 102 mM
VMAXAkGDH 1.53 x 10 mmol-10-cells-h-! kmgrowtheser 1.10 x 10 mM
vMaxapara 1.09 x 10 mmol-10-cells-h! kmgrowthgrur 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 owthgyaL 1.30 x 102 mM
VMax,;, 1.33 x 10 mmol-10-cells-h! kmgrowengep 9.90 x 1013 mmol-10-cells
VMax,sy 5.00 x 10-0 mmol-10-cells-h kmgrowthRs p 5.82x 1012 mmol-10-cells
VMAX 5Nt 5.47 x 10-% mmol-10<cells-h! kmyisarcra 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-1 kmyisarer agy;s 1.50 x 100t mM
vMaxssra 8.90 x 107 mmol-10-cells-h-! kmyg ,» 6.00 x 105 /
VMAX4rpase 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 4rp 1.00 x 102 /

Metabolites 2017, 7, x; doi: FOR PEER REVIEW
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Values Units
vmax s 1.08 x 103 mmol-10-6cells-h1 alphayy yyp .. 1.10 /
VMaxpyy 1.43 x 10 mmol-10-6cells-h-! betaHKAMPATP 1.05 /
VMAXgeppy 5.00 x 105 mmol-10<cells-h! kmipogrep 1.00 x 102 mM
vMmaxgipy 6.25 x 10-08 mmol-10-6cells-h-! kmiNOSARG 1.00 x 1003 mmol-10-cells
vmaxg,y 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! kmypuyann 1.01 x 107 /
VMAXgrowth 6.97 x 102 ht kmyppy 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 KALDHgmp 7 9.00 x 102 /
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 apn 1.00 x 10-06 /
vmax;py 8.80 x 10 mmol-10<cells-h! kmuyg, . 1.00 x 10- /
UMaXeqk 2.39 x 10 mmol-10-6cells-h kmMEMAL 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! kmMLDMAL 1.00 x 10-06 mmol-10-cells
vmMaxy,p 1.53 x 10 mmol-10<cells-h! kmuyipyan 1.00 x 10- /
VMAXNADPHox 5.33 x 105 mmol-10<cells-h! kmMyappHO XN ApPH 1.00 x 107 /
VMAaxyar 5.00 x 10-8 mmol-10-cells-h-! kmyarp.p 1.00 x 1010 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 10 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
VMaxpg; 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 /
UMAaXppripp 2.40 x 1001 mmol-10-6cells-h! kaDHPYR 2.00 x 107 mmol-10-cells
VMAXyegp 7.20 x 10-4 mmol-10-cells-h-! kmppk ,0p 3.58 x 10 /
VMAXscoas 1.42 x 10-03 mmol-10-6cells-h-! kmpFKFGP 3.00 x 107 mmol-10-cells
vmaxspy 1.39 x 10 mmol-10%cells-h1 KaprK amp 1rp 9.00 x 102 /
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Table S3. Parameter values for average simulation (continued)

Parameters Values Units Parameters Values Units
vmaxspun 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 1001 /
vmaxrg 1.93 x 10 mmol-10-cells-h-! kmpe..p 2.01 x 105 mmol-10-cells
VMAXT A4 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 kiPGIPEP 3.70 x 107 mmol-10-cells
vmaxreg 1.97 x 100 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! kmpekyan 2.21 x 1008 /
VMaxrgy 1.79 x 1001 mmol-10-<cells-h! kmpy,,» 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 102 mmol-10-cells kapKFGP 2.09 x 10-08 mmol-10-cells
Vgrowthapp 1.19 x 102 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 1004 mmol-10-5cells kmppribp ,cp 5.00 x 1001 mmol-10-cells
Vgrowthgare 1.19 x 10- mmol-10-<cells kmppripp 47p 5.00 x 10+ /
Vgrowthgasy 9.07 x 10 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 1004 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 1004 mmol-10-cells kmrespADp 1.00 x 10-06 mmol-10-cells
VgrowthgeLy 1.22 x 10 mmol-10-cells kM esppany 2.00 x 10-0 /
VgrowthgeLy 1.69 x 104 mmol-10-cells kmgscoas ,pp 1.00 x 1006 /
Vgrowthgy;s 4.50 x 100 mmol-10-cells kmSCOASSCOA 4.00 x 1097 mmol-10-cells
VgrowthgLg 1.02 x 104 mmol-10-cells kmgspu ,pp 1.00 x 1006 /
Vgrowthg gy 1.78 x 10-% mmol-10-cells kmspuy .o 1.00 x 10-% mM
VgrowthgLys 1.80 x 1004 mmol-10-5cells kmgspug, . 3.00 x 10 mmol-10-cells
Vgrowthemer 4.35 x 105 mmol-10-cells kmspumgoer 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 L kem * TATP NAD NADP
[ ] AAtoSUC gk G FADP? + kmAAtoSUCATp ﬁ + kmAAtoSUCNAD ﬁ + kmAAtoSUCNADp
[ IL ] [ VAL] [ L U] [ TYR] [ LYS]

[ IL 1+ kmuseosucey [ VALI+ kMuseosuceya, [ L Ul+ KMusrosucpry [ TYRI+ kMpscosucprye [ LYST+ kMaarosucy,ys

[ATP] [ADP]
Voo . [AMP] . [ADP] B . [ATP]
2 Ak = VMmaXug [AMP] + kmAKAMP [ATP] K vmaxryg iADP: i
[ADP] T KMuk rp [ATP] T KMk pp
[NAD]
v _ . [AKG] [NADH]
3 AKGDH — VMAXagGpH [AKG] + kmAKGDHAKG [NAD] P
m*‘ MUKGDHN ap
[GLU] [PYR] [AKG] [ ALA]

4 VarLata = VMAXgpa74 [GLU]

5 Vare1 = vMaxypey

+ kMuparag,, [PYRI+ kMmgparap,,

— vmaxr_ALATA »

[ARG]

[ARG] + kmyrg1 ,p,

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

Number Flux
[ATP]
Vapee = vmax, 4DP] L ARG)
6 ARGt = ARGt * TATP] "T ARG] + km
_ADP_ + kmARGtATp [ ] ARGtEARG
. [AS]
= VMaxsg T
7 ASL ASETTAST+ kmygy,
, [ASN] [ASP] [NH4]
= UMax,gy ® - ° *
8 asn AN TASNT + kmgsy,oy AN "TASPT + Kimasy,e, | INHA]+ Kimgsy,
[ATP]
Visye = vmax, |4DP] L ASw]
9 ASNt = AsNt * TATP] "T ASNT + km
_ADP_ + kmASNtATP [ ] ASNtEASN
[ATP]
Vispe = vmax, 4DP] L ASP]
10 aspt = 4sPt * TATP] *T ASP] + km
_ADP_ + kmASPtATp [ ] ASPtEASP
[ATP]
~ [ASP] [ADP] [CTR]
1 Viss = vmaxyss ® * TATP] *

[ADP]
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Table S5. Flux kinetic equations (continued)

Number i
) [AKG] [ASP] [GLU] [0XA]
= vmax ° ° - ) .
12 st ATATAKGT+ Kysrage  TASPTH Kigsrayg, o T4 " TGLUT+ Kitasragy,  [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, [OXAl+ kmes,,,
[FUM]

17 Veum = vMaxgyy

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

11 of 30

Number Flux
[NADP]
v — max . [G6P] . [NADPH]
18 G6PDH = G6PDH * TG6P] + kMgepprg.p INADP] K
[NADPH] + KMgGeppHyspp
[NAD]
V, = vmax [GLU] [NADH] vmaxr, [AKG]
GLDH = GLDH ® ° - GLDH °® °
GLU] + km [NAD] AKG] + km [NADH]
19 [ ] GLDHgLy m + kaLDHNAD [ ] GLDHp g L ——__4 + kaLDHNADH
[NH4]

[NH4] + kMgipuyy.,

[GLN] [GLU] [NH4]

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

[ATP]
V = vmax [ADP] [ GLN]
o1 GLNt = GLNt * TATP ‘T GLN] + k
FADP? ¥ kg | CENVIF KMaineguy
[ADP]
S [ATP] . [GLU]
- GLUt = GLUt " TADP] [GLU] + kmgLyeg,,

[ATP] + kMerLue,pp

[GLU] + kmgyy,,, [NH4]+ kmgy,,.,




Metabolites 2017, 7, x FOR PEER REVIEW

Table S5. Flux kinetic equations (continued)

12 of 30

Number Flux
ATP]
V = vmax * [ADP] * L GLY]
” GLYt = GLYt ™ TATP] [ GLY]+ kmeryegey

[ATP]

ADP [CIT] [G6P] [R5P]

* * *

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

—|
—

Vgrowth = UVMaXgrowth * [ATP]

[ADP] + kmgTOWthATp
[ ARG] [ TRP] [ GLU] [ GLN]
* * * *
[ ARG] + kmgrowthEARG [ TRP] + kmgrowthETRp [ GLU] + kmgrowthEGLU [ GLN] + kmgrowthEGLN
[ ALA] [ S R] [ ASN] [ ASP]
* * * *
24 [ ALA] + kmgrowthEALA [ S R] + kmgrowthESER [ ASN] + kmgrowthEASN [ ASP] + kmgrowthEAsp
[ IL ] [ VAL] [ THR] [ L U]
* * * *
[ IL ] + kmgrowthEILE [ VAL] + kmgrowthEVAL [ THR] + kmgrowthETHR [ L U] + kmgrowthELEU
[ TYR] [ CYS] [ LYS] [ PRO]
* * * *
[ TYR] + kmgrowthETYR [ CYS] + kmgrowthECys [ LYS] + kmgrowthELys [ PRO] + kmgTOWthEpRo
[ M T] [ PH ] [ HIS] [ GLY]

* * * *
[ M T] + kmgrowthEMET [ PH ]+ kmgTOWthEpHE [ HIS] + kmgrowthEHIS [ GLY] + kmgrowthEGLy
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Table S5. Flux kinetic equations (continued)

Number Flux

[AKG] [ ARG] [ HIS]

* *
[AKG] + kmyisarcrage | ARGl + kmyisarerag,e [ HIS1 + kMyisarerag,;s

25 VhisarcTa = VMAXyisarcTa *

betaHKAMPATP * ATP
[ GLC]* | 1 +
[ATP] alphaHKAMpATP HKAMPATP
[ADP] .1
Vyk = vmaxyy * * o
2 HK HK * TATP] [AMP] kLHK + [G6P]
[ L 4 ke GeP
[ADP] are 1 _IATPT ) | [ GLC]+ |1 +
HKEGLC kaHKAMPATp alphaHKAMP e aHKAMpATP
) [ TRP]
= *
o7 100 = VX0 R PT + kmipoprrs
[NADP]
b [ARG] . [NADPH]
28 iNoS = MOS T TARG] + kmyyos,p, INADP]
[NADPH] T "™ivosnapp
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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] [ I + alphapy e . * Kaipp,p
—[NAD] ATP ATP
Vv, =
30 LpH = UMax;py * [I[VADI-S] + 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 Vurp = vmaxyg *

*
MAL] + km [NAD]
[MAL] MomaL - Napa] T MmN

[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 i
) [NADPH]
— *
" NaDPHox = VMAXNAbPHox * TNADPH] KMy approxyappy
[ATP]
Vnar = vMaxy,r * [ADP] * [GLN] * —
25 NAT = NAT
[ﬁgl;] + kmNATATP [GLN] + kmNATGLN [RSP] + kmNATRSP
[ATP] _INAD]
% = vmax * [ADP] A2
6 NHG = NHG ™ TATP] i [NAD] K
[ADP| + KMyyGarp [NADH] * KMnGNap
’ [ORN]
= vMaxgpcr *
. ocT oCT “TORN] + kmocropn
[ATP]
Vo = vmaxp, * [ADP] * PYE]
N (T ¢ * 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 PbH = et INAD] [PYR] + kmppypy,
[NADH] + *"PpHNap
[AMP]
betaPFKAMPATP * [ATP]
[ATP] [FeP]« | 1+ alpha * ka
m p PFKAMPATP PFKAMPATP
40 Vprxk = vmaxppyg * [ATP] + o [[AMP]] [[AMP]]
[ADP] TP ATP ATP
lempekpep * | 1+ T, 0 + [FOP]x [ 1 + gppa— * Kapry
AMP 4p AMP 4p AMP 4p
Y Yooy = vmeg = [G6P] . Kipgipgp ~ vmaxryy + [F6P]
[G6P] + kMpgiyp Kipgipg + [P Pl [F6P]+ kmpgy,,,
[ADP] [NAD]
M . [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] " PPl (1 i alphapy g, * kapy g,
PK = PK * TADP) [F6P] [F6P]
|ATP] t kMpkupp  KMpkpgp * (1 * m) PPl (1 * alphapy,, * kaPKFéP)
[ATP]
Lo [ASP] . [ADP] . [GLN] i [GLY] . [R5P]
44 PPRibP PPRIDP = TASP] + kMpprivpaspy  LATP] + kMppp; [GLNT+ kmppgivpg,y  [GLY]+ kMpprivpg,,  [RSP]+ kMpprippyg,
7ADP_ PPRIbP gTp
y [ADP] [NADH]
A = vmax * *
5 resp TP [ADP] + kmreSpADP [NADH] + kmrESpNADH
[ADP]
V. = vmax * [ATP] * 5c04]
A =
6 SCOAS SCOAS ™ [ADP] + km [SCOA] + kmscoasgeoa
[ATP] SCOASADP
[ADP] [NAD]
Vspy = vmaxgpy * [ATP] INADH] * LSuc]
47 SDH SDH [ADP] [NAD] [SUC] + kmSDHSUC

[aTP] T KMsorar  NADH] T KMspHwap
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Table S5. Flux kinetic equations (continued)

18 of 30

Number Flux
[ S R]
48 Vspun = vmaxspyy *[ S Rl + kmspun
ESER
[R5P]
49 Vrk = vmaxrg *

[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= Ve + 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) — Vakepn + Varara — Vasta + Verrs + Veron — Viisarera — Vior — (Vgrowth * [AKG])
d[AMP]
4 BT Vak + Vass + Vyar + (2 * Vppripp) — (Vgrowth « [AMP])
d[ARG]
5 T — Varer + Varee + Vast — Vinos — (Vgrowth « [ARG])
d[AS]
6 T — Vst + Vass — (Vgrowth * [AS])
d[ASN]
7 = —Vasny + Vasne — (Vgrowth « [ASN])

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

Saaon Differential equations
number
g d[ASP]
T Vasn + Vaspe = Vass — Vasra — Veprine — (Vgrowth * [ASP ])
d[ATP]
gt = Vaarosuc = Vax = Varce = Vasne = Vasee = Vass = Varpase + Vex = Vowe + Voroe = Vorve = Vi
9
— (2 * VNAT) - VNHG - VPC - VPFK + VPGK + VPK - (5 * VPPRibP) + (4 * Vresp) + VSCOAS + VSDH
- (Vgrowth * [ATP]) - (VgrowthATP * Vgrowth)
d[CIT]
10 dt = —Veors + Ves — (VQT‘OW”I * [CIT]) - (VgrowthCIT * Vgrowth)
d[F6P]
11 = ~Verk + Vear + (2 * Vig) = (Vyrowen * [F6P])
d[FUM]
12 dr Vas, = Veum + Veprive + Vspu — (ngwth * [FUM])
d[G6P]
1 dt = ~ Voeron + Vik = Vear — (V ro th * [G6P]) - (V ro th ¢ * Vro th)
d[GAP]
1 dt = (2 * Vprx) = Vpax + Vrg — (Vgrowth * [GAP])
d[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 * Vrsarera) + Vkor + 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) — Vaxeon — Verrs — Voo + Vionw + (2 * Viear) — Ve — Vuwp + Var — Vne — Vepn
- VPGK + (2 * Vresp) - (O 66 * VSDH) - (Vgrowth * [NAD])
d[NADH]
20 —ar (9 * Vaarosuc) + Vakepu + Verrs + Voron — Viow — (2 * Vigar) + Vg + Vo + Vepr + Ve
- (2 * Vresp) + (O 66 * VSDH) - (Vgrowth * [NADH])
d[NADP]
21 —ar —(2 * Vaarosuc) — (2 * Vgeppu) — Vinos + Vapprox + Vue — (Vgrowth * [NADP])
d[NADPH]
22 TR (2 * Vyarosuc) + (2 * Vgeppu) + Vinos — Vvapprox — (Vgrowth * [NADPH])
d[0XA]
23 = Vasra — 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)

Fauation Differential equations
number

d[PCr]

24 dt ( growth * [PCT])
d[P P]

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

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

27 dt = VGGPDH - (2 * VNAT) - VPPRibP * VTK) ( growth * [RSP ) ( growthgsp * growth)
d[SCOA]

28 atr Vakepn — Vscoas — (Vgrowth * [SCOA])
d[SUC]

29 P = ( * Vaarosuc) + Vscoas — Vspu — (Vgrowth « [SUC])
d[ ARG]

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

31 T (Vare1 — Vocr) * ([X]* 1000)
d[CTR]

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

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

EIlql.lt:l:::'l Differential equations
d| GLC
33 [ dt ] = (= Vug) = ([X] * 1000)
d[ LAC]
34 atr (Vipw) * ([X]* 1000)
d[ P
35 —a = (_VIDO — Vo thg g * Vro th) + ([X] = 1000)
d|KYN
% [dt ] = (Vipo — Vko ) * ([X] * 1000)
d|KY
7 [dt - (Vko ) * ([X]* 1000)
dl GL ]
38 —a = (VG vt~ Vo thg o * Vro th) * ([X] = 1000)
d[ GLN]
39 —a = (_VG Nt~ Vo thg ;v * Vro th) * ([X]* 1000)
d[ ALA]
+ ac (VA AA~ Viro thgara * Viro th) * ([X] * 1000)
dl S ]
Y - (_VSDHH ~ Vo thgsgr * Vro th) * ([X] * 1000)

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

Equation Differential equations
number
42 w = (_ Vasnt = Vro thgasy * V ro th) + ([X]* 1000)
43 % = (_VASPt — Vo thgas * Vro th) + ([X] * 1000)
44 dl dItL ] = (= Vaatosuc = Vro thgys * Vro ) * ([X]* 1000)
45 % = (= Vaarosuc = Vro thgya * Vro ) * (X * 1000)
46 ¥= (=Viro the ur * Vro ) * ([X]* 1000)
47 % = (~Vaatosuc = Vro thegy * Vro ) * ([X]* 1000)
48 % = (= Vaatosuc = Vo thg g * Vro w)* ([X]* 1000)
49 w= (=Vio thge s * Viro ) * ([X]* 1000)
50 dl LYS] = (= Vaarosuc = Vo thg, s * Vo ) * ([X]* 1000)

dt

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

b Differential equations
number

d[ P O]

! T dt (_Vro thg g * Vro th)*([X]* 1000)
dl M ]

” T dt (_V ro thgmg * V ro th) + ([X]* 1000)
d[ PH ]

» T dt (_Vro thg ue * V ro th)* ([X] = 1000)
d[ HIS]

54 ac (_VHISARG A~ Viro thegs * Vro th) * ([X] * 1000)
d[NH4]

55 T = (VASN + VG DH + VG N + VHISARG A + VSDHH) * ([X] * 1000)
d[ GLY]

56 T:(_VG Yt_VrO thg L *VI'O th)*([X]* 1000)
d A

>7 % = (Vare1) * ([X]* 1000)
d[X]

o8 dt = ([X]* Vro th)
d|NO

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

60 el _ (Vex) * ([X] = 1000)

dt
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