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1 Introduction

This document is a supplementary material to the above article and acts as a companion
to the SBML file provided as additional file 1: yeast_example.xml. The content of this
document is generated from the SBML file and acts as a convenient view of the model of
yeast central metabolism. The composition of the model is discussed in the main text.



2 Contents of the SBML model of the example yeast network
2.1 Definition of all species
Legend: m - mitochondria, ¢ - cytosol, x - external.

Symbol  Compartments Description

AA ¢, m C00084 Acetaldehyde

AC ¢, m C00033 Acetate

AH ¢ C01077 O-Acetyl-L-homoserine
ALA ¢, m, X C00041 L-Alanine

AN c C00108 Anthranilate

ARG ¢, X C00062 L-Arginine

AS c C03406 N-(L-Arginino)succinate
ASN c, X C00152 L-Asparagine

ASP ¢, m, X C00049 L-Aspartate

AcCoA ¢, m, X C00024 Acetyl-CoA

C ¢ C00327 L-Citrulline

CH ¢ C00251 Chorismate

CI m C00158 Citrate/Isocitrate

CcO2 ¢, m, X C00011 Carbon dioxide

CpP ¢ C00169 Carbamoyl phosphate
EivP ¢ C00279 D-Erythrose 4-phosphate
FU ¢, m C00122 Fumarate

FviP ¢, X C05345 [-D-Fructose 6-phosphate
GL C, X C00031 D-Glucose

GLN ¢, m, X C00064 L-Glutamine

GLU ¢, m, X C00025 L-Glutamate

GLY ¢, X C00037 Glycine

GP ¢ C00111 Glycerone phosphate
GiiiP , C00118 D-Glyceraldehyde 3-phosphate
GviP , C00668 a-D-Glucose 6-phosphate
HC ¢ C00155 L-Homocysteine

HCO3- ¢, m C00288 Bicarbonate

HIS c, X C00135 L-Histidine

I ¢ C00463 Indole

ILE ¢, m, X C00407 L-Isoleucine

I0S ¢, m C04236 (2S)-2-Isopropyl-3-oxosuccinate
IP ¢ C03506 Indoleglycerol phosphate
LEU ¢, m, X C00123 L-Leucine

LYS C, X C00047 L-Lysine

MA m C00149 Malate

MET ¢, X C00073 L-Methionine

MO ¢, m C00141 3-Methyl-2-oxobutanoic acid

table continues ...



Table 1: (continued)

Symbol  Compartments Description

OA ¢, m, X C00036 Oxaloacetate

OAG ¢ C05533 Oxaloglutarate

oG ¢, m C00026 2-Oxoglutarate

OR ¢, m C00077 L-Ornithine

PEP ¢ C00074 Phosphoenolpyruvate

PHE c, X C00079 L-Phenylalanine

PRO c, X C00148 L-Proline

PY ¢, m C00022 Pyruvate

PvRA c C04302 N-(5-Phospho-3-D-ribosyl)anthranilate
RLvP ¢ C00199 D-Ribulose 5-phosphate

RvP C, X C00117 D-Ribose 5-phosphate

SER c, X C00065 L-Serine

SU m C00042 Succinate

SUCoA m C00091 Succinyl-CoA

SiiiP ¢ C03175 Shikimate 3-phosphate

SviiP ¢ C05382 D-Sedoheptulose 7-phosphate

THR c, m, X C00188 L-Threonine

TRP ¢, X C00078 L-Tryptophan

TYR ¢, X C00082 L-Tyrosine

VAL ¢, m, X C00183 L-Valine

XvP ¢ C00231 D-Xylulose 5-phosphate

XviCPA ¢ Six carbon analogue used in the CPA reaction.
YiGOG ¢, m One carbon analogue used in GLU-OG stoichiometry.
YiiXvP ¢ Intermediate product of reaction R01830 (TKL1 or TKL2)
ZiiPY m Part of PY used in ILE, VAL, and LEU biosynthesis.
ZiiXvP c Intermediate product of reaction R01641 (TKL1 or TKL2)
ZiiiFviP c Intermediate product of reaction R01827 (TAL1)
ZivALT ¢, m Used to link the stoichiometry of the ALT reaction.
ZVAAT ¢, m Used to link the stoichiometry of the AAT1 and AAT2 reactions.
ZviGOG ¢, m Six carbon analogue used in GLU-OG stoichiometry.




2.2 Definition of all reactions

Gene

Reaction/flux

Cytosolic reactions:

AAo

ACo

BCo + GLNo
XviCPAo
AHo

ASPo

ASPo

ASPo + AcCoAo
GLUo

GLUo

SERo

GiiiPo
AcCoAo + OGo
OAGo

BCo + HCo
BCo + OAo
ZvAATo

0Go

PEPo + SiiiPo
EivPo + PEPo
CHo

CHo

ANo + RvPo
PvRAo

1Po

Io + SERo
CHo

BCo + PYo
ZivALTo
AcCoAo + MOo
10So

MOo

BCo + RvPo

VAAo_ACo
éé
VACo-AcCoAo
%é
VBCo-CPo_01
%——A
VBCo-CPo-02
éé
VB_AC_01
e%

VB_ASP_ASN

e
VB_ASP_THR
*é
VB_AcCoA_01
é—A
VB_GLU_GLN
éﬁ
VB_GLU_PRO
%é
VB_GiiiP-GLY

VB_GiiiP_SER

s
VB_LYS-C1
%——A

VB_LYS_C2
B

VB_OA_AcCoA_MET

VB_OAo-ASP.01
éé
VB_OAo-ASP_02
e
VB_OG_GLU_C
e
VB_PEP_01
e
VB_PEP_EivP_01
*é
VB_PEP_EivP_PHE

SRR,

VB_PEP_EivP_TRP_01

VB_PEP_EivP_TRP_02

VB,PEP,EivP,TRP,OS\

VB_PEP_EivP_TRP_04

VB_PEP_EivP_TRP_05

VB_PEP_EivP_TYR
—>

VB_PY_ALA_C1
*é
VB_PY_ALA_C2
%—A
VB_PY_AcCoA_C
éﬁ

VB_PY_AcCoA_LEU_C

VB_PY_VAL_C

e

VB_RvP_HIS

—

ACo
AcCoAo
XviCPAo
CPo + GLUo
ACo + HCo
ASNo

THRo

AHo

GLNo

PROo

CO, + GLYo
SERo

OAGo

CO, + LYSo
METo
ZvAATo
ASPo 4+ YiGOGo
GLUo

CHo

SiiiPo

CO, + PHEo
ANo + PYo
PvRAo

CO, + IPo
GiiiPo + Io
TRPo

CO, + TYRo
ZivALTo
ALAo + YiGOGo
I0So

CO, + LEUo
VALo

HISo

table continues ...



Table 2: (continued)

Gene Reaction/flux
THRo e ACo + GLYo
CO, S BCo
FviPo e GPo + GiiiPo
GLUo + YiGOGo B N ZviGOGo
ZviGOGo e BCo + OGo
GLo VGL% GviPo
GPo S GiiiPo
GiiiPo e PEPo
GviPo SRR, FviPo
GviPo LGP RN, CO, + RLvPo
OAo LOATER, CO, + PEPo
PEPo e PYo
GiiiPo + ZiiiFviPo et MEEVPSVIRGIPIL,  FyiPo
SviiPo B EMESVIRGRR  RivPo + ZiiiFviPo
FviPo ol IMPGHPXVEEVEOL  RivPo + YiiXvPo
GiiiPo + YiiXvPo et tBGHPXVERVER, X Pg
RvPo + ZiiXvPo — —ettMBGHPXVEREOL,  QyiiPo
XvPo —EESMRGIRXPRVER  GiiiPo + ZiiXvPo
PYo VPYo-Ado, AAo + CO,
BCo + PYo I/PL& OAo
RLvPo SRR, RvPo
ARGo LUS-ARG-OR, CO, + ORo
ASo S ARGo + FUo
ASPo 4+ Co w ASo
CPo + ORo % Co
XvPo RS RLvPo
Transport reactions:
ALAo DAt Rou, ALAx
ARGo PARGout ARGx
ASNo UASNour, ASNx
ASPo AP ou ASPx
AcCoAo LAcConou, AcCoAx
o, TCOpem, o,

table continues ...



Table 2: (continued)

Gene Reaction/flux
FviPo FviPx
GLNo O Nou GLNx
GLUo o Uout GLUx
GLYo Y out GLYx
GLx VGi) GLo
GiiiPo G o GiiiPx
GviPo ZGviPous GviPx
HISo ASou HISx
ILEo APout ILEx
LEUo 2B ou LEUx
LYSo T out LYSx
METo P ou METx
OAo 0ot OAx
PHEo THPou PHEX
PROo O0ut PROx
RvPo tvPout RvPx
SERo P out SERx
THRo HRout, THRx
TRPo THPout TRPx
TYRo RELLTTIN TYRx
VALo A Lout VALx
Cytosolic-mitochondrial transport reactions:
AAo SRR AAm
ALAm R ALAo
ASPm % ASPo
CO, e CO,
FUo et FUm
GLNo S GLNm
GLUm oL GLlo, GLUo
ILEm N ILEo
I0Sm St 10So
LEUm S LEUo

table continues ...



Table 2: (continued)

Gene

Reaction/flux

MOm
OAo
0Go

ORm
PYo
THRo
VALm

YMOm_-MOo

N

_YOA0OAm,

B

_Y0Go 0Gm,

R

YORm_ORo

s
VPYo_PYm
%——A
VTHRo-THRm
%é
VVALm_VALo

T

Mitochondrial reactions:

AAm

ACm

GLNm + OGm
GLUm

HCO; + OAm
ZvAATm

OGm

HCO; +PYm
ZivALTm

IOSm

AcCoAm + MOm
PYm

PYm + ZiiPYm
THRm + ZiiPYm
MOm

GLUm + YiGOGm
ZviGOGm

CIm

FUm

MAm

MAm

VAAm_ACm

—

VACm_AcCoAm

ZACm-AcCoAm,
1%
VB.Gur,
LR

VB_GLU_OR
%—\

VB_OAm-ASP_01

R

VB_.OAm_ASP_02

N

VB_OG_GLU_M

= =

VB_PY_ALA_M1

R

VB_PY_ALA_M2

B

VB,PY,ACCOA,LEU,M\

VB_PY_AcCoA_M
*__—A

VB_PY_M1

VB_PY_M2

=
VB_PY_THR.ILE
éé
VB_PY_VAL_M
éﬁ
YGLUm-OGm_01
éé
YGLUmM-OGm-02
éé

VTCA_CIm_-OGm
%

VTCA_FUm-MAm

—

VTCA_MAmMm-OAm

e e

VTCA_MAm_PYm
%

MOo
OAm
OGm
ORo
PYm
THRm
VALo

ACm

AcCoAm
2GLUm

ORm
ZvAATm
ASPm + YiGOGm
GLUm
ZivALTm
ALAm + YiGOGm
CO, + LEUm
I0OSm

CO, + ZiiPYm
MOm

ILEm

VALm
ZviGOGm
HCO; + OGm
CO, + OGm
MAm

OAm

COy +PYm

VTCA_OAm_AcCoAm_CIm CIm

AcCoAm + OAm
OGm VTCA-OGm-SUCoAm, CO, + SUCoAm
AcCoAm + CO,

VTCA_SUCoAm_SUm SUm

PY VTCA_PYm_AcCoAm
m

SUCoAm

table continues ...



Table 2: (continued)

Gene Reaction/flux

VTCA_SUm_FU
SUm ==

FUm




3 Symbolic solution of the steady state problem
3.1 Flux relations

Cytosolic flux relations:

VAAo_ACo = VAcCoAows — VB_PY_AcCoA_LEUM — VB.THR.GLY — YI0Sm_10S0 T VLEUou T VLYSout
VACo_AcCoAo = VAcCoAgus — VB_PY_AcCoA LEUM — YI0Sm_10So + VLEUow T VLYSous T YMETout
VBCo.CPo.01 = VUS_C_ASP_AS

VBCo_CPo_02 — VUS_C_ASP_AS

VB_AC.01 = VMETout

VB_ASP_ASN = VASNut

VB_ASP_THR = VB_THR.GLY 1 VILE,y T YTHRout

VB_AcCoA 01 = VMETout

VB_GLU.GLN = VB_GLT T VGLN,y, 1T VUS_C_ASP_AS

VB_GLU_PRO = VPROous

VB_GiiiP.GLY = —VB_THR.GLY T+ VGLYout

VB_GiiiP_SER = —VB_THR.GLY T VGLYouw T VSERout T VTRPout

VBLYS.C1 = VLYSous

VB_LYS.C2 = VLYSout

VB_OA_AcCoA_MET = VMETous

VB_OA0_ASP.01 = VASNou T VASPouws — YASPm_ASPo T VB.THR_GLY T VILEow + YMETouw, T VTHRow +
VUS_.C_ASP_AS

VB_OA0_ASP_02 = VASNous T VASPous — YASPm_ASPo T VB.THR_GLY T VILEow T YMETous T VTHRow T
VUS_C_ASP_AS

VB_OG.GLU.C = VALAow T YASNew T YASPous — YASPm_ASPo — VB_PY_ALAM1 + VB_.THR.GLY T
UlLEgus — VYLYSout T VMETous — YOG0.0Gm T VTHRgw T VUS.C_ASP_AS

VB_PEP.01 = VPHEqu T VTRPouw T VTYRous
VB_PEP_EivP.01 = VPHE,u T VTRPour T YTYRout
VB_PEP_EivP_PHE = VPHE

VB_PEP_EivP_TRP_.01 = VTRPy4
VB_PEP_EivP_.TRP.02 = VTRPoyut

VB _PEP_EivP_TRP_.03 — VTRPout



VB_PEP_EivP_TRP.04 — VTRPous
UVB_PEP_EivP_.TRP_.05 = VTRP,y
VB_PEP_EivP.TYR = VTYRout
VB_PY_ALA_C1 = VALAow — VB_PY_ALA_M1

VB_PY_ALA_C2 = VALAow — VB_.PY_ALA_M1

VB_PY_AcCoA_C = —VB_PY_AcCoA_LEUM — YI0Sm_10So T VLEUous
VB_PY_AcCoA LEU.C = —VB_PY_AcCoA LEUM T VLEUgy
VB_PY_VAL.C = —VB_PY_.VALM T VVALou

VB _RvP_HIS = VHISous

VCD_BC = VARGous T YASNouws T YASPouws T VB.THR.GLY T VGLNow T YGLUous T VHISous T VILEgus +
VLYSouws T 2UMETow T YOA_PEP + VOAw T VPROguw: T VTCA MAm_PYm + VTHRgw T VUS.C_ASP_AS

VFviP_GP_GiiiP = —VFyiPou + VGLy — 1/3VGviP RIvP — VGviPow — 2/3VHIS0w — 1/3VPHE, —
2/3VRvPowi — VTRPow — 1/3VTYRow

VGLU6.0Go01 = VALAow + VASNow T VASPouws — YASPm_ASPo — VB_PY.ALA M1 T VB.THR.GLY +
UILEgu, T YMETouw T VTHRow T YUS.C_ASP_AS

VGLU0.0Go02 = VALAoue T VASNow T VASPouws — YASPm_ASPo — VB_PY.ALAM1 T VB_.THR.GLY +
UlLEgus T YMETouws T YTHRouwe T YUS_C_ASP_AS

VGL_GviP = VGL;,

VGP GiiiP = —UFviPow, + VGLy — 1/3VGviP RIvP — VGniPow — 2/3VHISew — 1/3VPHE,. —
2/3VRvPowi = VTRPow — 1/3VTYRow

VGiiiP_ PEP = VB_.THR_.GLY — 2VFViP0m —VGLYout ‘|—2VGLin —VGiiiPout — 1 / 3VGviP RLvP — 27/Gvipout -
5/3vn1S, — 4/3VPHE G — 5/3VRvPou — VSERow — SVTRPow — 4/3VTYR o

VGviP_FviP = VGL;, — VGviP_RLvP — VGviPous

VPEP_PY = VB.THR.GLY — 2VFviPou — VGLY out T 2VGLiy — VGiiiPou — 1/ 3VGviP RIvP — 2VGviPow; —
5/ 37/Hlsout + VoA_PEP — 10/ 31/PHEOut - 5/ 37/RVPOut — VSERous — 57/TRPout - 10/ 37/TYRout

VPPP_FviP_EivP_SviiP_GiiiP.01 = 1/3VGvip RLvp—1/3Vm1s,0 +1/3VpHE, . — 1/3VRvP o +1/3VTvR o0

VPPP_FviP_EivP_SviiP_GiiiP.02 = 1/3VGvip RLvP—1/3VH1S,0 +1/3VPHE, . — 1 /3VRvP o +1/3VTvR o0

VPPP_FviP_GiiiP_XvP_EivP.01 = —1/3Vavip RivP+1/3VH1S,0 T2/ 3VPHE . + 1/ 3VRvPy e +VTRP o T
2/3VTYRou,

VPPP_FviP_GiiiP_XvP_EivP.02 = —1/3Vavip Rivp+1/3VH1S, 0 T2/ 3VPHE w1/ 3VRvPowe TVTRPow +
2/3VTYR0ut

10



VPPP_SviiP_GiiiP_XvP_RvP_01 = 1/3Vcvip Rivp —1/3VH1S 0 +1/3VPHEow — 1/ 3VRvP o +1/3VTYRow
VPPP_SviiP_GiiiP_XvP_RvP.02 = 1/3VGviP RLvP —1/3Vn1S,0 +1/3VPHE, . — 1/ 3VRvPouw +1/3VTYRou

VPYo_.OAo = VARGout T VASNout T VASPows T VB.THR.GLY T VGLNow T YGLUouwt T YILEous T YLYSous T
UMETow T YVOAPEP + VOAouws T YPROous T YTCA_MAm_PYm + VTHRoue

VRLvP RvP = 1/3Vavip Rive + 2/3Vhi1s,. + 1/3VpHEqw + 2/3VRyPow, + VTRPow + 1/30TY R
VUS_ARG.OR = —VARGeu: T VUS.C_ASP_AS

VUS_AS_FU_ARG — VUS_C_ASP_AS

VUS.OR.C = VUS.C_ASP_AS

UXvP RIvP = —2/3VGvip RLvp +2/3Vm1s.. + 1/30pHEy . +2/3VRvPow + VTRPow + 1/3VTYRow

Transport relations:

VCO,0ut = —3VALAww — OVARGow — 4VASNow — 4VASPow — 2VAcCoAon — OVFVIPoy — OVGLNguy —
OVGLUou — 2VGLY ous T 6VGLm — 3VGiiiPous — OVGviPow — OVHISoue — OVILEG: — OVLEUGu: — OVLYSoue —
OUMETon: — 4VO0Aous — IVPHEow: — OVPROout — OVRvPous — OVSERows — 4VTHRow — 11VTRPow —
I TYRouw — DVVALout

Cytosolic-mitochondrial transport relations:

VAAo AAm = —VAcCoAouw, T VB_PY_AcCoA LEUM T VB_THR.GLY T Y10Sm_10S0 — VLEUouw — YLYSou: T
VPYo_AAo

VALAm_ALAo = VB_PY_ALA_M1

VCDm_CDo = —3VALAguw — 4VARGouw — SVASNout — SVASPous — 2VAcCoAous T VB_PY_AcCoA LEUM T+
2UB THR.GLY — OVFviPoy — 4VGLNow — 4VGLUGw — SVCGLY o T 6VGL;, — 3VGiiiPou — VGviP_RLVP —
6VGviPoys — DVHISout — OVILEous — (VLEUows — OVLYSout — SVMETous — 9Y0Aous — LOVPHE u — 4VPROGu: —
VPYo_AAo — DVRvPou; — SVSERou: T VTCAMAmM_PYm — SYTHRouws — L2VTRPou — 10VTYRou — OVVALows

VFUo FUm = VUS_C_ASP_AS

VGLNo_.GLNm = VB_GLT

VGLUM_GLUo = VB_GLT T VGLNouw T VGLUgu + VLYSouw T Y0Go.OGm 1+ VPROout
VILEm_ILEo = VILEqut

VLEUm_LEUo = VB_PY_AcCoA_ LEU.M

UMOm_-MOo = —VB_PY_AcCoA_LEUM — VB_PY_VAL.M — YI0Sm_10So T VLEUgu T YVALout

VOA0_.OAm = VARGou T YASPm_ASPo T VGLNouw T VGLUGw T VLYSous T VPROous T VTCA MAmM_PYm —
VUS_C_ASP_AS

VORm_ORo = VARGout

VPYo PYm = —VALAguw — VARCGous — YASNows — YASPouw T VB_PY_ALA M1 — 27/FviPOut — VGLNgw —
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VGLUgnt — VGLY one 1+ 2VG Ly, — VGiiiPoy, — 1/ 3VGiP_RIvP — 2VGviPoy — D/ 3VHISgut — VILEgu — VLY Sout —
UMETow — YOAow — 10/3VPHE, .. — VPROww — YPYoAAo — D/3VRyPyu — VSERow — VTCA_MAmM_PYm —
VTHRouw — 4VTRPow — 10/3VTYRou,

VTHRo_THRm = VILEout

VVALm_VALo = VB_PY_VAL.M

Mitochondrial flux relations:

VAAmM_ACm = —VAcCoAgut T VB_PY_AcCoA_LEUM T VB_THR_GLY 1 Y10Sm_10S0 — VLEUout — YLYSout T
VPYo_AAo
VACm_AcCoAm = —VAcCoAow T VB.PY_AcCoA LEUM T VB.THR.GLY Tt YIOSm_I0So — VLEUgw —

VLYSouw T VPYo_AAo
VB_GLU.OR = VARGout
VB_OAm_ASP_01 — VASPm_ASPo
VB_OAm_ASP_02 = VASPm_ASPo

VB_.OG.CLUM = VARGouw T YASPm_ASPo — VB_GLT T VB_PY_ALA_M1 T VGLNgu T VGLUow T YLYSous T
V0Go.0Gm T VPROout

VB PY_ALA_ M2 — VB_PY_ALA_M1

VB_PY_AcCoAM = VB_PY_AcCoA_LEUM T YI0Sm_I0So
VB PY M1 = VILEgy T VLEUow T YVALou

VB_PY M2 = VLEUgu T YVALout

VB_PY_THR.ILE = VILEout

VGLUm.OGm.01 = VASPm_ASPo + VB_PY_ALA_M1
VGLUM_-OGm_02 = VYASPm_ASPo T VB_PY_ALA_M1

VTCA_CIm-OGm = —VALAout —YARGous — YASNous — VASPout — VAcCoAous T VB THR-GLY — 2VFviPoys —
VGLNow —VGLUowt — VGLY out T 2VG Ly — VGiiiPous — 1/ 3VGviP RLvP — 2VGviPow; — D/ SVHIS ouy — 2VILEow; —
BVLEUgue — 2VLYSaus — PMETow — VOAow — 10/ 3VPHE ., — VPROGw —5/3VRvPou, — VSERou — VTHRout —
4VTRP0m — 10 / 31/TYROut - 27/\/ALOut

UTCAFUmMAm = —VALAow — 2VARGouw — VASNow — VASPows — YAcCoAows T+ VB.THR.GLY —
2UpiPoy — 2VGLNgw — 2VGLUgn — VGLYous + 2VGLy — VGiiiPows — 1/3VGviP RLvP — 2VGviPow —
5/3VH1S0m = 2VILEow — 3VLEUsw — 3VI¥Sews — VMETow — YOAgw — 10/3VPHE,. — 2UPROL —
5/3VRyPon — VSERow — VTHRow — 4VTRPow — 10/3V0vRyy + VUS.C ASPAS — 2VVALgw

VTCAMAmM_OAm — “VALAguw — 27/ARGOut — VASNout — VASPouws — VYAcCoAgws T VB.THR.GLY —
2UFyiPyy — 2VGLNow — 2VGLUgw — VGLYow T 2VGLy, — VGiiiPow — 1/3VGviP RIvP — 2VGviPoy —
5/3VHISpue — 2VILEow — SVLEUgu: — SVLYSeu — UMETows — YOAow — 10/3VPHE — 2VPRO —
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5/3VRvPyy — VSERw — YTCAMAmMPYm — YTHRow — 4VTRP.w — 10/3VTyR,, + VUS.CASP.AS
2UVALgut

UTCA_OAm_AcCoAm_Clm = —VALAow — YARGouws — YASNows — YASPout — YAcCoAgy + VB.THR.GLY

2UFyiP g —VGLNow —VGLUow —VGLY gt T2VG Ly, —VGiiiPow — 1/ 3VGviP RLvP — 2VGviPyw, — D/ SVHIS gt —

2UILEu — SVLEUout — 2VLYSout — VMETou: — YOAou: — 10/ 3VPHE e — VPROgu: — 9/ 3VRvPout — VSERout
VTHRou — 4AVTRPouw — 10/3VTYRou — 2VVALows

UTCA-OGm_SUCoAm = —VALAows — 2VARGous — YASNows — YASPout — YAcCoAow: T VB.THR.GLY
2UpiPon — 2VGLNgw — 2VGLUgw — VGILYou T+ 2VGLy — VGiiiPows — 1/3VGviP RIvP — 2VGviPous
5/3VHISws — 2VILEow — SVLEUgw — SVLYSoue — UMETow — YOAows — 10/3VPHE,. — 2VPROu,
5/3VRvPous — VSERou — YTHRouw — 4VTRPou — 10/3VTYRou — 2WVALou,

VTCA_PYm_AcCoAm — ~VALAout — YARGouw — VASNous — VASPoue — QVFviPout —VGLNgw —VYGLUguw —

VGLY 0w + 2VGL,, — VGiiiPow — 1/3VGviP RLvP — 2VGviPow — D/3VHISow — 2VILEgw — 2VLEUow
VLYSons — UMETon — VOAgw — 10/3VPHE W — VPROww — VPYo AAo — D/ 3VRvPow — VSERgu — VTHRout
AVTRP g, — 10/3VTYRow — 2UVALows

UTCA_SUCoAm.SUm = —VALAgus — 2VARGout — YASNows — VASPout — YAcCoAons + VB.THR.GLY
2UFyiPoue — 2VGLNow — 2VGLUow — VGLYou T 2VG.Lin — VGiiiPouy — 1/ 3VGviPRIvP — 2VGviPout
5/3VHISw — 2VILEow — SVLEUsw — SVLYSoue — UMETow — YOAows — 10/3VPHE,. — 2VPROu,
5/3VRvPow — VSERow — VTHRow — 4VTRPw — 10/3V1vRow — 2WWALow

UTCASUm.FUm = —VALAow — 2VARGous — YASNows — VYASPouws — VAcCoAows T VB.THR.GLY
2UFyiPoue — 2VGLNow — 2VGLUow — VGLYous T 2VGLin — VGiiiPouy — 1/ 3VGviPRIvP — 2VGviPous
5/3VHISow — 2VILEow — SVLEUow — SVLYSous — UMETow — YOAow — 10/3VPHE.. — 2VPROu,
5/3VRvPow — VSERow — VTHRow — 4VTRPow — 10/3VTyRow — 2WWALow

3.2 Constraints

The following constraints are implications of irreversibility conditions (positiveness of uni-

directional fluxes) in the system of reactions:

SVALAou T BVARGou 1 3VASNow: T 3VASPou T OVFviPoy 1 3VGLNow + 3VGLUw T 3VGLYou
3UGiiiPous T VGviP RLVP T OVGviPoy T OVHISow T OVILEG: T OVLEUw: + 3VLySowe T SVMETou
3V0Aow T 10VPHE, . + 3VPROw: T 3VPYo_AAo T OVRVPou: T+ BVSEReus T SVTHRows T L12UTRPout
L10VTYRgu + O60VALGw < 6Ly,

3VALAGuw T OVARGow: T BVASNou: T BVASPouws T 3VAcCoAou: T OVFviPow, T OVGLNGw T OVGLU
3VGLY oue T 3VGiiiPous T VGviP RLvP T OVGviPoy T OVHISowe T OVILEGw: T LEUGw: T IVLYSour
3UMETowe T 3V0A0u: T 10VPHE e T OVPROGu T OVRvPout T SVSERou: T SUTHRow T L12VTRPow
10UTYRgw + 6VALGw < 3VB.THR.GLY + 6VGL;,

+
+
_+_

+
+
_+_

3/2VALAout +3VARGout +2VASNout +2VASPout +VACCOAout +3VFViPout +5/2VGLNout +5/2VGLUout +

VGLY 0w + 3/2VGiiPoy + 3VGviPow + SVHISyw T+ SVILEww + SVLEUsw: T SVLYSow + D/ 2VMET
200A . + 9/2UPHE T+ 5/2UPROG T O/2VRvPow t 3/2V8ER T 2VTHRG T+ 11/2VTRP,,,
9/2VTYRout + 5/2VVALout S 3VGLin
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VARGouw < VUS.C_ASP_AS
VB_PY_AcCoA LEUM < VLEUou

VB.THR.GLY < VGLYout
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4 Values of independent fluxes used to generate Figure 1.

External flux Value (a.u.) Internal flux Value (a.u.)
VALAow 2:77 VASPm_ASPo 2
l/ARGOllt 194 VB_GLT 4
VASNow 0.82 vBpy AaLaMl 1.0
VASPoy  2-39 VBPY_AcCoA.LEUM 2

VAcCoAoy, 0-3 VBPYVALM 1
VFviPou 11 vBTHR.GLY O
VGLNgw 1-06 VGviP_RLvP 9
VGLUow 9-04 V10Sm10S0 0
VGLYow 1.17 voarep O

vaL,, 100 Y0Go.0Gm 0
VGiiiPous 0.4 UPYo.AAo 10

VGviPous 3-8 UTCA_MAm PYm 0
VHISoy 0.8 VUS.C.ASP.AS ~ 2.D

VILEout 2.33
VLEUgut 3.57
VLYSout 3.45
VMET out 0.51

VOAout 0.36
VPHEut 2.43
VPROout 1.66
VRvPout 2.6
VSERout 1.12
VTHRout 1.54
VUTRPout 0.62
VTYRout 1.84
VVALout 2.66
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5 Symbolic solution of the steady state problem with measured values
5.1 Flux relations

Final flux values after substituting all specified independent flux values from the above
Table are shown in bold.
Cytosolic flux relations:

VAAo ACo = 1-320 — VB PY_AcCoA LEUM — VB.THR.GLY — Y10Sm_10S0 = 9.320
VACo_AcCoAo = 1-830 — VB PY_AcCoA LEUM — VI0Sm_10S0 = 9.830
VBCo.CPo.01 = VUs_c_AsP.As = 2.500

VBCo.CPo.02 = VUS_C_ASP.AS = 2.500

vB ac.o1 = 0.510 = 0.510

v asp_Asy = 0.820 = 0.820

vp_asp_THR = 3.870 + vp TR GLY = 3.870

VB AcCoA01 = 0.510 = 0.510

vg.aru.cLN = 1.060 + v grr + vus.c.asp.as = 7.560
VB_GLU.PRO = 1.660 = 1.660

vp_giip_.cLy = 1.170 — v Tur cLy = 1.170

VB GiiiP SER = 2.910 — v tHR cry = 2.910

UB.1ys.c1 = 3.450 = 3.450

VB Lys.ce = 3.450 = 3.450

VB_OA_AcCoA MET = 0.010 = 0.510

VB_.0Ao ASP.01 = 1.590 — VASpm_ASPo + VB THR.GLY + Vus_c_asp.as = 8.090
VB_.0Ao ASP.02 = 1.590 — VAspm ASPo + VB THR.GLY + Vus.c_asp.as = 8.090

VB.oG.GLU.C = 6.910—1AsPm_ASPo—VB_PY_ALA M1 +VB.THR.GLY —Y0Go_0Gm +VUS_C_ASP_AS =
6.410

vg_pep.o1 = 4.890 = 4.890

VB PEP_EivP.01 = 4.890 = 4.890
UVB_PEP_EivP_PHE = 2.430 = 2.430
vp_pEP_EivP_.TRP01 = 0.620 = 0.620
vp_pEP_ Eivp.TRP.02 = 0.620 = 0.620

VB_PEP_EivP_.TRP.03 = 0.620 = 0.620
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vp_pEP Eivp_ TRP.04 = 0.620 = 0.620

vB_pEP_EivP_TRP05 = 0.620 = 0.620

VB_PEP_EivP.TYR = 1.840 = 1.840

vBpy ALA.C1 = 2.770 — vg py_ aLam = 1.770

VBPY ALA.C2 = 2.770 — g py_ aLam1 = 1.770

VB_PY_AcCoAC = 3.570 — VB_PY_AcCoA LEUM — V10Sm_10s0 = 1.570
VB_PY_AcCoA LEU.C = 3.970 — VB py AcCoa LEUM = 1.570
vp_py.vaL.c = 2.660 — vg_py_vaL.m = 1.660

v rvp.uis = 0.800 = 0.800

vep.e = 20.410 + v THR GLY + VOA_PEP + VTCA MAm_PYm T YUs.c.Asp.as = 22.910
Vrvir_ap_Giip = 80.890 — 1/3vayip rivp = 79.223

VGLU0.0Go.01 = 10.360 — VAspm_AsPo — VB_PY_ALAM1 T VB_THR.GLY + VUs_c_asp_as = 9.860
VGLU0.0Go.02 = 10.360 — VAspm_Aspo — VB_PY_ALA M1 + VB_THR.GLY + VUs_c_asp_as = 9.860
var.avie = 100.000 = 100.000

vap_giip = 80.890 — 1/3vayip rLvp = 79.223

vGiiip_pEp = 154.440 + vg_rar gLy — 1/3VGvip rive = 152.773

VGvip_Fvip = 96.200 — vgyip rvp = 91.200

vppp_py = 144.660 + v thr_cry — 1/3Vavip rive + Voa pep = 142.993
VPPP_FviP_EivP_SviiP_Giiip.01 = 0.290 + 1 / 3vavip rLvp = 1.957

VpPP_FviP_EivP_SviiP_Giiip.02 = 0.290 + 1/3vGyip rivp = 1.957

Vppp_FviP_GiiiP_XvP_EivP.01 = 4.600 — 1/3vayip rivp = 2.933

Vppp_Fvip_GiiiP XvP_Eivp.02 = 4.600 — 1/3vGyip rivp = 2.933

VpPP_sviiP_GiiiP_XvP_RvP.01 = 0.290 + 1/3vGyip rive = 1.957

VpPP_sviiP_GiiiP_XvP_RvP.02 = 0.290 + 1/3vGyip rLvp = 1.957

VPYo 0Ao = 19.100 + vB THR GLY + YOA PEP + VYTCA MAm PYm = 19.100

VRLvp_Rvp = 4.310 + 1/3vGvip Rrive = 5.977

Vus.ARG.OR = —1.940 + vys_c.asp.as = 0.560

VUS_AS_FU_ARG = Vus.c.Asp.As = 2.500
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VUS.OR.C = Vus_c.asp.as = 2.500

Uxvp RLvP = 4.310 — 2/3vGyip mivp = 0.977

Transport relations:
Vco,out = 299.360 = 299.360

Cytosolic-mitochondrial transport relations:
VaAoAAm = — 1320 + VB PY_AcCoA LEUM + VB.THR.GLY + 10Sm_10S0 + VPYo_AAo = 4.680

VALAm ALAo = VB.PY ALA M1 = 1.000

VcDm.CDo = 308.6304+-VB_py_AcCoA LEU M+2VB_THR_GLY —VGviP_RLvP —VPYo AAoTVTCA_ MAmM_PYm =

295.630

VFUo FUm = VUs.c.Aasp.as = 2.500

VGLNo.GLNm = VB_arr = 4.000

VGLUm.GLUo = 9.210 + B gLr + YoGo.0Gm = 13.210

VILEm_ ILEo = 2.330 = 2.330

VLEUm_LEUo = VB_PY_AcCoA LEUM = 2.000

UMOm-MOo = 6.230 — VB PY_AcCoA LEUM — VB_PY_VAL.M — Y10Sm_10S0 = 3.230
VOoAo.OAm = 11.150 + VAsPm_ASPo + VTCA MAm_PYm — YUs.c.asp.as = 10.650

YORm.ORo = 1.940 = 1.940

UpYo pym = 123.4104vp py_ara M1 —1/3VGvip RLvP — VPYo AAo —VTCA MAm PYm = 112.743

UTHRo.THRm = 2.330 = 2.330

UVALm_VALo = VB_PY.vAL.M = 1.000

Mitochondrial flux relations:
VAAm ACm = —1.320 4+ VB_PY_AcCoA LEUM + VB THR.GLY + Y10Sm_10S0 + VPYo Aro = 4.680

VACm_AcCoAm = —7.320 4+ VB Py _AcCoA LEUM + VB_THR_GLY T Y10Sm_10So0 + VPYo_AAo = 4.680
V. aLU.Or = 1.940 = 1.940

VB.OAm_ASP_01 = VYASPm_Aspo — 2.000

VB.OAm_ASP_02 = VASPm_ASPo = 2.000

vB.oa.cLuM = 11.150 + vaspm_asPo — VB.aLT + VBPY.ALA M1 + YOGo.0Gm = 10.150
VB_PY_ALA M2 = VB Py ALAM1 = 1.000

VB_PY_AcCoAM = VB_PY_AcCoA_LEUM T Y10Sm 1080 = 2.000
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VB PY.M1 — 8.560 = 8.560
Vg py M2 = 6.230 = 6.230
VB_PY_THR_ILE — 2.330 = 2.330

VGLUmM.OGm.01 = VASPm_ASPo 1+ VB_Py_ALA M1 = 3.000

VGLUm.OGm.02 = VASPm_ASPo + VB_py_aLAM1 = 3.000

VTCA_CIm.0Gm = 101.300 + vg_tHR_ GLY — 1/3VGvipRIvP = 99.633
vreA_FUmMAm = 90.150 + vg_thr_cry — 1/3Vavip mivp + Vus.c.asp.as = 90.983

YA MAm.OAm = 90.150 + VB THR_ GLY — 1/3VGviP_RLvP — VTCA MAmM_PYm + VUS.C_ASP.AS =
90.983

UTCA_OAm_AcCoAm_Clm = 101.300 + vg_tur Ly — 1/3Vavip_rive = 99.633
UTCA_0Gm.SUCoAm = 90.150 + vg_rur gLy — 1/3VGvip rLve = 88.483
VTCA_PYm AcCoAm = 108.620 — 1/3VGvip RivP — VPYo.AAo = 96.953
UTCA_SUCoAm.SUm = 90.150 + vg tHR cLy — 1/3Vavip RLve = 88.483

vrea_sUm Fum = 90.150 + vg_tar Ly — 1/3vavip rivp = 88.483

5.2 Constraints

1.94 < vys_casp.as

VB_PY AcCoA LEUM < 3.57
vg.THR.GLY < 1.17

VawiP RLvP + 3.0Upvo ane < 325.86

VGvip RIvP < 270.45 + 3.0vB_THR. GLY
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