Asp-IVL.nb

A Mathematical Model for the Flow of Carbon Through th
Asparate, Threonine and the Branched Chain Amino Acid
Pathways of Escherichia colir K12.
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(» call Cellerator and kMech iInto Mathematica Kernel x)
<< cellerator.m;
<< kMech.m;

Cellerator™ 1.4.6 (30-July-2004) loaded 27-Aug-2005 17:01
using Mathematica Version 5.0 for Microsoft Windows (June 11, 2003)

kMech i1s loaded

(» kMech Input of Enzyme Mechanisms for the Mathematical Modeling
of Threonine (Thr), L-isoleucine (ILE), L-valine (VAL),
and L-leucine (LEU) Biosynthesis x)

Asp$Thr$Synthesis = Union |

{{{AKI}éjiHDHI},
{0, 0,

GMWC [cGMWC » cASA, LGMWC » LASA, nGMWC -» nASA, KGMWC - {KmHDHIASA},
kcatGMWC - kcat$AKI$SHDHIT }},

{{{HDHlfii{AKl},
{({}.{}.{}}

GMWC [cGMWC -» cAsp, LGMWC -» LAsp, nGMWC » nAsp, KGMWC - {KmAKIAsp},
kcatGMWC » kcat$HDHISAKI]}},

AKI
{{{Asp} = {AspP},
{{},{Thr}, {}}

GMWC [cGMWC -» cAKI, LGMWC -» LAKI, nGMWC - nAKIl, KGMWC - {KmAKIAsp, KiAKIAspThr},
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E

ILESynthesis = Union|

kcatGMWC » kcat$AKI$Asp]}},

AKI1
Enz[{Asp, ATP} = {AspP, ADP}, BiBi [kFAKIIAsp, krAKIIAsp, kcat$AKI1$Asp] ],

AKILI1
{{{Asp} = {AspP},
{{}.{Lys},{}}

GMWC [cGMWC -» cAKITI, LGMWC » LAKIII, nGMWC -» nAKIII,
KGMWC - {KmAKI11Asp, KiAKIl11AspLys}, kcatGMWC - kcat$AKIII$Asp]}},

ASD

Enz[{AspP, NADPH} = {ASA, NADP, Phosphate}, BiTri [KFASDAspP, krASDAspP, kcat$ASD$,
ASD

Enz[{ASA, NADP, Phosphate} = {AspP, NADPH}, TriBi [KFASDASA, krASDASA, kcat$ASDSAS,

HDHI
{{{ASA} = {Hse},
({3, {Thr}, {3}

GMWC [cGMWC -» cHDHI, LGMWC -» LHDHI, nGMWC -» nHDHI , KGMWC » {KmHDHIASA, KiHDHIASAT
kcatGMWC - kcat$HDHI$ASAT }},

{{ASA > ¢, kFASA}},
{{Hse » ¢, kfHse}},

HDHI 1
Enz[{ASA, NADPH} = {Hse, NADP}, BiBi [KFHDHIIASA, krHDHIIASA, kcat$HDHII$ASA] ],

HSK
Enz[{Hse, ATP} = {HseP, ADP}, BiBi [kFHSKHse, krHSKHse, kcat$HSK$Hse],
Cl[Thr, kfFiHSKHseThr, kriHSKHseThr] ] ,

TS
{{HseP = Thr, kfTSHseP, krTSHseP, kcat$TS$HseP}}

TDA
{{{Thr}= {aKB, NH3},
{{val}, {1le}}

GMWC [NGMWC —» nTDA, cGMWC - cTDA, LGMWC -» LOTDA, kcatGMWC - kcat$TDA,
KGMWC -» {KmThr, Kaval, Kille}]}},
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KDC
{{ aKB = propionylCoA, kfKDCaKB, krkDCaKB, kcat$KDC$akB}},

AHAS I, AHASICH3CO
Enz[{Pyr akB} = {CO2, aAHB}, PingPong [kFAHASIPyr, krAHASIPyr, kcat$AHASISPYr,

kFfAHAS1aKB, krAHASIaKB, kcat$AHASI$aKB],
NCI[Val, kFiAHASIPyrVal, kriAHASIPyrVal, kfiAHASIaKBVal, kriAHASlaKBval,

residuaIRateAHASIValaKB]],

AHASI I, AHAS I 1CH3CO
Enz[{Pyr akB} = {COz2, aAHB}, PingPong [kFAHASIIPyr, KrAHASIIPyr, kcat$AHASI I$Pyr,

kFAHASI 1aKB, krAHASI1aKB, kcat$AHASII$aKB]],

AHASI11,AHAST1ICH3CO
Enz[{Pyr, akKB} = {COz. aAHB}, PingPong [kFAHASIIIPyr, krAHASIIIPyr, kcat$AHASI I ISPy

kFAHASI11aKB, krAHASII1aKB, kcat$AHASI I 1$akB],
NCI[Val, kFiAHASI1IPyrVal, kriAHASIIIPyrVal, kFiAHASII1aKBVal, kriAHASI I 1aKBVval
residualRateAHASI I 1ValakB] |,

IR
Enz[{aAHB, NADPH} = {aDMV, NADP}, BiBi [kFIRaAHB, krlRaAHB, kcat$IR$aAHB] ],

DAD
{{aDMV = aKMV, kFDADaDMV, krDADaDMV, kcat$DAD$aDMV}},

TB, TBNH2
Enz[{GIu aKMV} = {aKG, Ile}, PingPong[FkFTBGIu, fkrTBGlu, fkcat$TBSGIu, FkFTBakKM

TkrTBakMV, 'fkcat$TB$aKMV]],

TB, TBNH2
Enz[{lle akKG} = {aKMV, Glu}, PingPong[rkfTBlle, rkrTBlle, rkcat$TB$lle, rkfTBaKG.

rkrTBakG, rkcat$TB$aKG] |,
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LIVI
{{exllezzlle, kfLIVIexlle, krL1VIexlle, kcat$L|V|$ex||e}},

LIVII
{{exllezzlle, kfLIVIlexlle, krLIVIlexlle, kcat$L|V||$ex||e}},

{{aKMV » acetylCoA, kcat$aKmV}i},
{{lle > protein, kcat$lle}}];

VALSynthesiis = Union |

AHAST , AHAS ICH3CO i
Enz[{Pyr, Pyr} = {CO2, aAL}, PingPong[kFAHASIPyr, krAHASIPyr, kcat$AHASI$Pyr,

kFfAHASIPyr2, krAHASIPyr2, kcat$AHASI$Pyr2],
NCI[Val, kFiAHASIPyrVal, kriAHASIPyrval, kFiAHASIPyr2val, kriAHASIPyr2val,
residualRateAHASIValPyr2] |,

AHASI I, AHAST ICH3CO
Enz[{Pyr, Pyr} = {CO2, aAL}, PingPong[kFAHASIIPyr, krAHASIIPyr, kcat$AHASI 1 $Pyr,

kFAHASIIPyr2, krAHASIIPyr2, kcat$AHASII$Pyr2]],

AHAST11,AHASI 1 1CH3CO
Enz[{Pyr, Pyr} = {CO2, aAL}, PingPong[kFAHASII1Pyr, krAHASI1IPyr, kcat$AHASI I 1$Pyr

kFAHAST1IPyr2, KrAHASIIIPyr2, kcat$AHASIII$Pyr2],
NCI[Val, kFiAHASI1IPyrVal, kriAHASIIIPyrVal, kFiAHASIIIPyr2val, kriAHASI1IPyr2\v
residualRateAHASI I 1ValPyr2] ],

IR
Enz[{aAL, NADPH} = {aDHIV, NADP}, BiBi [kFIRaAL, kriRaAL, kcat$IR$aAL]],

DAD
{{aDHIszaKIV, kfDADaDH1V, krDADaDHIV, kcat$DAD$aDHIV}},
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TC, TCNH2
Enz[{AIa, akKlV} = {Pyr, Val}, PingPong[fkfTCAla, fkrTCAla, fkcat$TC$Ala, FkFTCaKI

fkrTCaKIV,'fkcat$TC$aKIV]],

TC,TCNH2
Enz[{VaI, Pyr} = {aKlV, Ala}, PingPong[rkfTCVal, rkrTCVval, rkcat$TC$val, rkfTCPyr
rkrTCPyr, rkcat$TC$Pyr] ],

TB, TBNH2
Enz[{GIu, aK1V} = {aKG, Val}, PingPong[fkFfTBGlu, fkrTBGlu, fkcat$TB$Glu, FkFTBaKI\
fkrTBaKIV,'fkcat$TB$aKIV]],

TB, TBNH2
Enz[{VaI, akKG} = {aKlV, Glu}, PingPong[rkfTBVal, rkrTBVal, rkcat$TB$val, rkfTBakKG
rkrTBakG, rkcat$TB$aKG] |,

LIVI
{{exVaI::Val, kfLIVIexVval, krLIVIexVval, kcat$LIVI$exVal}},

LIVII
{{exVaI::Val, kfLIVIlexVal, krLI1VIlexVval, kcat$LIVII$exVal}},

{{aK1V » pantothenate, kcat$aKIV}},
{{Vval » protein, kcat$val}}];

LEUSynthesis = Union|

IPMS, IPMSacetyl
Enz[{acetylCoA, aKIV} = {CoA, alPM},

PingPong [kFIPMSacetylCoA, kriPMSacetylCoA, kcat$lIPMS$acetylCoA, kFIPMSaK1V,
krIPMSaK1V, kcat$IPMS$aKIV], Cl[Leu, kFilPMSLeu, krilPMSLeu],
NCI[Leu, kfilPMSacetylLeu, krilPMSacetylLeu] ],
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1PMI
{{aIPMzabIPM, kfIPMIalPM, kr1PMIalPM, kcat$IPMI$aIPM}},

1PMI
{{bIPM::aIPM, kFIPMIDIPM, kr1IPMIDbIPM, kcat$IPMI$bIPM}},

1PMDH
Enz[{bIPM, NAD} = {aKI1C, NADH}, BiBi [kFIPMDHbIPM, kr1PMDHbIPM, kcat$|PMDH$bIPM]],

TB, TBNH2
Enz[{GIu, aKIC} = {aKG, Leu}, PingPong[FfkfTBGlu, FkrTBGlu, fkcat$TBSGlu, FKkFTBaKI(

fkrTBaKIC, fkcat$TB$aKIC]],

TB, TBNH2
Enz[{Leu, aKG} = {aKIC, Glu}, PingPong[rkfTBLeu, rkrTBLeu, rkcat$TB$Leu, rkfTBaKG.

rkrTBakG, rkcat$TB$aKG] |,

{{aKIC » glutarylCoA, kcat$aKIC}},

LIVI

{{exLeu:zLeu, kfLIVIexLeu, krLI1VIexLeu, kcat$LIVI$exLeu}},
LIVII

{{exLeu:zLeu, kfLIVIlexLeu, krL1VIIlexLeu, kcat$LIVII$exLeu}},

LS
{{exLeu:zLeu, kfLSexLeu, krLSexLeu, kcat$LS$exLeu}},
{{Leu - protein, kcat$lLeu}}];

THR$ILESVALSLEUSSYnthesis = Union[Asp$Thr$Synthesis, ILESynthesis, VALSynthesis,
LEUSynthesis] ;
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(» Cellerator-interpreted Ordinary Differential Equations (ODEs) and
Equations for the MWC Model and Substrate Generators . x)

interpret[THR$ILESVALSLEUSSynthesis] ;

(*

Modifications for Substrate Generators:
The generated ODEs require some modifications to include the
constant substrate fluxes for the steady state simulation

1. Substrate Generators:
Set the fTirst derivatives of the following substrates to O
to simulate constant flux,
Asp® [t]==0, ATP"[t]==0, NADP"[t]==0, NADPH"[t]==0, Phosphate”[t]=:=0,
Pyr[t]==0, Glu®"[t]==0, Ala"[t]==0, exlle’'[t]==0, exVal'[t]=0,
exLeu [t]=0, acetylCoA’ [t]==0, NAD’[t]=0,
*)

{myODEs, myVars} =

{{aAHB’ [t] = -kFIRaAHB aAHB[t] IR[t] NADPH[t] + kcat$AHAS I$akB $Comp lex$akBSAHAS I CH3(
kcat$AHASI1$aKB residualRateAHAS1ValakB $Comp lex$aKBSAHASICH3CO$Val$[t] +
kcat$AHASI 13aKB $Comp lex$aKBSAHAS T ICH3COS[t] +
kcat$AHASI 1 1$5aKB $Comp lex$aKBSAHAST I ICH3COS$[t] +
kcat$AHASI 1 1$aKB residualRateAHASI I 1ValakB $Complex$aKBSAHAS I 1 ICH3CO$SVal$[t] +
kr1RaAHB $Comp lex$ IR$aAHBSNADPHS$[ ],

aAL’[t] == -KFIRaAL aAL[t] IR[t] NADPH[t] + kr IRaAL $Complex$IR$aALSNADPHS[t] +

kcat$AHASI$Pyr2 $Complex$Pyr$AHASICH3COS$[t] +
kcat$AHASI$PyYr2 residualRateAHASIValPyr2 $Complex$Pyr$AHASICH3CO$SVal$[t] +
kcat$AHAS I 1$Pyr2 $Comp lex$Pyr$AHAST ICH3COS[t] +
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kcat$AHASI 1 1$Pyr2 $Complex$Pyr$AHAST I ICH3COS[t] +
kcat$AHASI11$Pyr2 residualRateAHAST 1 1ValPyr2 $Complex$Pyr$AHASI I ICH3CO$SVal$[t
acetylCoA'[t] =0,
aDHIV’ [t] == -kfDADaDHIV aDHIV[t] DAD[t] + krDADaDHIV $Complex$aDHIV$DADS[t] +
kcat$IR$aAL $ComplexSIRSaALSNADPHS[ L],
aDMV’ [t] == -kFDADaDMV aDMV [t] DAD[t] + krDADaDMV $Complex$aDMV$DADS[t] +
kcat$I1R$aAHB $Complex$ IR$aAHBSNADPHS[ €] ,
ADP’ [t] == kcat$AKI 1$Asp $Comp IexSAKI 1SASPSATPS[t] + kcat$HSKSHse $Comp lex$HSKS$Hsed
AHASI’ [t] = -KFAHASIPyr AHASI [t] Pyr[t] - KFiAHASIPyrval AHASI [t] Val [t] +
kriAHASIPyrVal $Complex$AHASI$Val$[t] + kcat$AHASI1$aKB $SComp lex$aKBSAHAS ICH3COS
kcat$AHASI$Pyr2 $Complex$Pyr$AHASICH3CO$S[t] + KrAHASIPyr $Comp lex$Pyr$AHASIS[t]
AHASICH3CO’ [t] == -KFAHASIaKB AHASICH3CO[t] akB[t] - KFAHASIPyr2 AHASICH3CO[t] Pyr[1
kFfiAHASIaKBVal AHASICH3CO[t] Val [t] + kriAHASI1aKBVal $Complex$AHASICH3CO$Val$[t
krAHAS1aKB $Comp 1ex$aKB$SAHASICH3COS$[t] + krAHASIPyr2 $Complex$Pyr$AHASICH3COS$[1
kcat$AHASI$Pyr $Complex$Pyr$AHASIS L],
AHASIT I’ [t] == -kFAHASI IPyr AHASI I [t] Pyr[t] + kcat$AHASI 1$aKB $Comp lex$aKBSAHASIT ICH
kcat$AHAS I 1$Pyr2 $Comp 1ex$Pyr$AHAST ICH3CO$[t] + krAHAST IPyr $Comp lex$Pyr$AHASI |
AHASITICH3CO’ [t] == -kFAHASI 1aKB AHASI ICH3CO[t] aKB[t] - kFAHASI IPyr2 AHASI 1CH3CO[t]
krAHAS 1 1akB $Comp 1ex$akB$AHAS I ICH3CO$[t] + krAHASTIPyr2 $Complex$Pyr$AHAST I CH3(
kcat$AHAS I 1$Pyr $Complex$Pyr$AHASIIS[E],
AHASTII’ [t] == —kFAHASTIIPyr AHASI 11 [t] Pyr[t] - KFiAHASI1IPyrval AHASIII[t] Val [t]
kriAHASIT 1 IPyrVal $Complex$AHASI T I$Val$[t] +
kcat$AHASIT 1 13aKB $Comp lex$aKBSAHAST 1 ICH3CO$[t] +
kcat$AHASIT 1 1$Pyr2 $Comp lex$Pyr$AHASIT I ICH3CO$[t] + krAHAST I IPyr $Comp lex$Pyr$AH/
AHAST 1 ICH3CO’ [t] == —-KFAHASI I 1aKB AHAST I ICH3CO[t] aKB[t] -
KFAHASI11Pyr2 AHAST 1 ICH3CO[t] Pyr[t] - kFiAHASI I 1akBVal AHASI I 1CH3CO[t] Val [t] +
kriAHASI 1 1akBVal $Complex$AHASIT 1 ICH3CO$Val$[t] +
krAHASI 1 1aKB $Comp lex$aKB$AHAS T I ICH3CO$[t] +
krAHAST11Pyr2 $Complex$Pyr$AHAST I ICH3CO$[t] + kcat$AHAST 1 I$Pyr $Comp lex$Pyr$AH/
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alPM [t] == -kFIPMIaIPM alPM[t] IPMI[t] + kr IPMIaIPM $Complex$alPMSIPMIS[t] +
kcat$1PMS$aK1V $Complex$aKIVEIPMSacety1$[t] + kcatSIPMISbIPM $Complex$b1PM$SIPMI

akB’ [t] == -kFAHASIaKB AHASICH3CO[t] aKB[t] - kFAHASI 1aKB AHASI ICH3CO[t] aKB[t] -
KFAHAST I 1aKB AHAST 1 ICH3CO[t] aKB[t] - kFKDCaKB aKB[t] KDC[t] +

[ cTDA LOTDA (1 + Ile_[t])nTDA Thr[t] (1 + CTDAThr[t] )—l+nTDA

+

[kcat$TDA TDA[t] LS — KmThr
minr

KmThr KaVval
KmThr

Thr[t] (1 + Thr_[t])—1+nTDA (1+ Val [t] )I’lTDA ]] /

Ile[t] \NTPA CTDA Thr[t] \NnTPA Thr[t] \nTPA Val [t] \nTPA
(LOTDA(1+—-) (1+ ) (1_) (1_) )

Kille KmThr KmThr Kaval
KFAHAS 1aKB aKB [t] $Complex$AHASICH3CO$Val$[t] -
KFAHASI I 1aKB aKB[t] $Complex$AHAST I ICH3CO$Val$[t] +
krAHAS 1aKB $Comp lex$aKB$AHAS ICH3CO$[t] + krAHAS1aKB $Comp lex$aKB$SAHAS I1CH3COS$Val
krAHASI 1aKB $Comp 1ex$aKB$SAHAS I ICH3CO$[t] + krAHASIT I 1aKB $Comp lex$aKBSAHAST I 1 CH:
krAHASI 1 1aKB $Comp lex$aKB$AHAST I ICH3CO$Val$[t] + krkDCaKB $Complex$aKB$KDCSH[t],
aKG’ [t] = -rkfTBaKG aKG[t] TBNH2[t] + rkrTBaKG $Complex$aKGSTBNH2$[t] +
fkcat$TBSGIu $SComplex$GIusTBS[t],

AKI' [€] =
AKI[E] (1+ SULEL) =18 cASA L ASA AKI[E] (1 + SESAAKILEL ) ~nh
- [kcat$SAKI$HDHI KmHDH1ASA N KmHDH I ASA
KmHDHIASA KmHDHIASA
AKI[t] \NASA CASA AKI [T] | NASA
ASA[t] /(1+—) +LASA(1+ ) J+
KmHDHIASA KmHDH 1ASA
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kcat$HDHI$AKI Asp[t]

HDHI [t] (1 + M)—lmASp cAsp LAsp HDHI [t] (1 + CcAsp HDHI [t] )—1+nAsp

KmAKIAsp . KmAK1Asp /
KmAKTAsp KmAKTAsp
HDHI[t] \nAsp CAsp HDHI [t] \NAsp
((1+—) +LASp(1+ ) ),
KmAKTAsp KmAKTAsp

aKIC' [t] = -kcat$aKIC aKIC[t] - FkFTBaKIC aKIC[t] TBNH2[t] +
TkrTBaKIC $Complex$aKICSTBNH2$[t] + kcat$IPMDHS$b IPM $Comp 1ex$ 1 PMDH$b IPMSNADS[ ]
rkcat$TB$Leu $Complex$LeuSTBS[t],

AKII’[t] == -kFAKIIAsp AK1 1 [t] Asp[t] ATP[t] + kcat$AKI 15Asp $Comp lexSAKT ISASPSATPS|
KrAK1 1Asp $Complex$AK I 1SASpSATPS[t], AKITI'[t] == 0,

aK1V' [t] == -kcat$aKIlV aKIV[t] - kFIPMSaKIV aKI1V[t] IPMSacetyl[t] -
FKFTBaKIV aK1V [t] TBNH2[t] - FKFTCaKIV aKlV[t] TCNH2[t] +
kcat$DADSaDHIV $Comp lex$aDHIVSDADS[t] + krIPMSaK1V $Complex$aK1VSIPMSacety 1$[t]
kr1PMSaK1V $Complex$aK1V$IPMSacetyl$Leu$[t] + FkrTBaKIV $Complex$aKIVSTBNH2S$[ €]
TkrTCaKIV $Complex$aKIVSTCNH2$[t] - kFIPMSaKIV aK1V[t] $Complex$IPMSacetyl$Leu$
rkcat$TB$Val $Complex$Val$TBS[t] + rkcat$TCSVal $Complex$Val$TCH[t],

akMV’ [t] = -kcat$aKMV aKMV [t] - FKFTBaKMV akKMV [t] TBNH2[t] +
kcat$DAD$SaDMV $Comp lex$aDMVSDADS[t] + FkrTBakKMV $Complex$akKMVSTBNH2S[t] +
rkcat$TBs$11e $Complex$l 1e$TBS[t],

Ala’[t] =0,

ASA’ [t] == -kFASA ASA[t] - KFHDHIIASA ASA[t] HDHI I [t] NADPH[t] -
KFASDASA ASA[t] ASD[t] NADP[t] Phosphate[t] -

kcat$HDHI$ASA HDHI [t]
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ASA[t] (1+ 2ALH_
KmHDHIASA

KmHDHIASA

) -1+nHDHI

+

KmHDHIASA KiHDHIASAThr
KmHDHIASA

CHDHILHDHIASA[t](1_+_Cﬂ2ﬂﬁ§ﬂll_)‘1+”'"[>HI (1+ Thrit] )mmH|]]//

1 ASA[t] nHDH cHDHI ASA[t] \nHDHI Thr[t] nHDH]
(( i KmHDHIASA) KmHDHTASA ) (1+ KiHDHIASAThr) )
krASDASA $Comp Iex$ASDSASASNADPSPhosphate$[t] +
kcat$ASDSAsSpPP $Comp lexSASDSASPPSNADPHS[t] + KrHDHI IASA $Comp lex$HDHI I SASASNADPL
ASD’ [t] == -kFASDASpP ASD[t] AspP[t] NADPH[t] - KFASDASA ASA[t] ASD[t] NADP[t] Phosph
kcat$ASDFASA $Comp 1exSASDSASASNADPSPhosphate$[t] +
krASDASA $Comp 1ex$ASD$SASASNADPSPhosphate$[t] +
kcat$ASDSAsSpPP $Comp 1exSASDSASPPINADPHS[t] + KrASDAspP $Comp 1ex$ASDSASpPSNADPHS|
Asp’[t] =0,
AspP’ [t] ==

+LHDHI(1+

kcat$AKI 1 1$Asp AKT T [t]

Asp—[t] -1+nAKI I
REPLIEL (1+ KmAKHIAsp) . 1
KmAKT 1 1Asp KmAKT 1 1Asp
CAKI 11 Asp[t] \-1+nAKITI Lys[t] nAKI I
(CAKIIILAKIIIAsp[t](1+ ) (1+ - ) )
KmAKI I IAsp KiAKI I lAspLys

NAKILIT1
[

CAKI LI Asp[t] nAKITE Lys[t] NAKI I
+LAKIII(1+ ) (1+ )
KmAKT 1 1Asp

KmAKT11Asp KiAKI I 1AspLys
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KFASDASPP ASD[t] AspP[t] NADPH[t] +

kcat$AKIS$Asp AKI [t]

Asp[t] -1+nAKI
ASp[t] (1 * KmAKIAsp)
+
KmAKTAsp
CAKI LAKI Asp[t] (14 SAKLAsprt) ) —enAl (g, __Thrit] ) nA
KmAKI1Asp KiAKIAspThr /
KmAKTAsp
Asp[t NAK1 CAKI Asp[t] \NAKI Thr[t NAKI
((1+—p[] ) + LAKI (1+ p[]) (1+ - [t] ) )+
KmAKITAsp KmAKTAsp KiAKIAspThr

kcat$AKI 13Asp $Comp lexSAKT 1SASpSATPS[t] +
kcat$ASDSASA $Comp 1exSASDSASASNADPSPhosphate$[t] +
krASDAspP $Comp 1ex$ASD$ASpPSNADPHS[ L],

ATP’[t] = O,

bIPM [t] = -KFIPMIDIPM bIPM[t] IPMI [t] - kFIPMDHbIPM bIPM[t] IPMDH[t] NAD[t] +
kcat$1PMI$alPM $Complex$alPMSIPMIS[t] + krIPMIbIPM $Complex$bIPMSIPMIS[t] +
kr 1PMDHb 1PM $Comp 1ex$ 1 PMDHS$b I PMSNADS[t] ,

CO2'[t] == kcat$AHASI I 1$Pyr $Complex$Pyr$AHAST IS L] +
kcat$AHASI 1 1$Pyr residualRateAHASI I 1ValaKB $Complex$Pyr$AHAST I I$Val$[t] +
kcat$AHAS T 1$Pyr $Complex$Pyr$AHASIIS[ ] + kcatSAHASI$Pyr $Comp lex$Pyr$AHASIS[t]
kcat$AHASI$Pyr residualRateAHASIValaKB $Complex$Pyr$AHASI$Val$[t],

CoA’ [t] = kcat$IPMS$acetylCoA $Complex$acety ICOASIPMSS[t],

DAD’ [t] == -kFDADaDHIV aDHIV [t] DAD[t] - KFDADaDMV aDMV [t] DAD[t] +
kcat$DADSaDHIV $Comp lex$aDHIVSDADS[t] + krDADaDHIV $Complex$aDHIVSDADS[t] +
kcat$DAD$aDMV $Complex$aDMV$SDADS[t] + krDADaDMV $Comp lex$aDMVSDADS[ L],

exlle’'[t] =0,
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exLeu’'[t] =0,
exvVal’'[t] =0,

Glu'[t] == 0,
glutarylCoA’ [t] == kcat$aKIC aKIC[t],
HDHI’ [t] ==
AKI[TE] (1+ 2Lt ) 1SR CASA LASA AKI[E] (1 + st 1l ) LA
kcat$AKISHDHI l + il
KmHDH IASA KmHDH IASA
AKI[t] |DNASA CASA AKI [t] | NASA
ASA[t] /( 1+—) +LASA(1+ ) )_
KmHDH 1ASA KmHDH 1ASA
kcat$HDHI$AKI Asp [t]
HDHI [t] (1 + SRHLIEL ) =10ASP cagp | Asp HDHI [t] (1 + SASRHDHILE) ) =4+nAsp
KmAK1Asp KmAK1Asp /
+
KmAKTAsp KmAKTAsp
HDHI[t] \NAsp cAsp HDHI [t] \"Asp
((1+—) +LASp(1+ ) ],
KmAKTAsp KmAKTAsp

HDHI N’ [t] == -kFHDHI IASA ASA[t] HDHI I [t] NADPH[t] +
kcat$HDH I 1SASA $Comp lex$HDH I ISASASNADPHS[t] + KrHDHI TASA $Comp Iex$HDH I ISASASNAL
Hse’[t] == -kfHse Hse[t] - kFHSKHse ATP[t] Hse[t] HSK[t] +

kcat$HDHI$ASA HDHI [t]
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ASA [t] (1 + ASA[t] ) -1+nHDHI
KmHDHIASA

KmHDHIASA

+

KmHDH1ASA KiHDHIASAThr
KmHDHIASA

CHDHI LHDHI ASA[t] (1 + w)‘“”HDH' (1 . Thrit] )nHDHI ]]/

1 ASA[t] nHDH cHDHI ASA[t] \nHDHI Thr[t] nHDH]

(( i KmHDHIASA) KmHDHTASA ) (1+ KiHDHIASAThr) )
kcat$HDHI1 I1$ASA $Comp Iex$HDH I ISASASNADPHS[t] + krHSKHse $Comp 1ex$HSKSHSeSATPS[ t]

HseP’ [t] == -kFTSHseP HseP[t] TS[t] + krTSHseP $Complex$HseP$TS$[t] +
kcat$HSKS$Hse $Comp lex$HSK$HseSATPS[ L],

HSK’[t] == -kFHSKHse ATP[t] Hse[t] HSK[t] - kKFIHSKHseThr HSK[t] Thr[t] +
kcat$HSKSHse $Comp lex$HSKSHseSATPS[t] + krHSKHse $Comp lex$HSKSHseSATPS[t] +
kriHSKHseThr $Complex$HSK$Thr$[t],

Ile’'[t] == -kcat$lle lle[t] - rkfTBlIle lle[t] TB[t] + Fkcat$TBSakKMV $Comp lex$aKMVSTBN
kcat$LIVII$exlle $Complex$exlleSLIVIIS[t] + kcat$LIVISex] le $ComplexPexlle$SLIV]
rkrTBlle $Complex$l 1e$TBS[t],

IPMDH’ [t] == -kFIPMDHbIPM bIPM[t] IPMDH[t] NAD[t] +
kcat$1PMDH$b IPM $Comp 1ex$ 1PMDH$b IPMSNADS[t] + kr IPMDHbIPM $Comp 1ex$ 1PMDHS$b 1 PM$!

IPMI’ [t] == -KFIPMIalPM alPM[t] IPMI[t] - kFIPMIDIPM bIPM[t] IPMI[t] +
kcat$1PMI$alPM $Complex$alPMSIPMIS[t] + krIPM1alPM $Complex$al PMSIPMIS[E] +
kcat$IPMISbIPM $Complex$bIPMSIPMIS[t] + kr IPMIDIPM $Complex$bIPMSIPMIS[ L],

IPMS’ [t] == -kFIPMSacetylCoA acetylCoA[t] IPMS[t] - kFiIPMSLeu IPMS[t] Leu[t] +
kr1PMSacetylCoA $Complex$acety ICOASIPMSS[t] +
kcat$I1PMS$aK IV $Complex$aKIVEIPMSacetyl$[t] + kri IPMSLeu $Complex$IPMS$SLeu$[t],

IPMSacetyl’ [t] == -kFIPMSaK1V aK1V[t] IPMSacetyl [t] - kFilPMSacetylLeu IPMSacetyl [t
kcat$1PMS$acety1CoA $Complex$acety ICOASIPMSH[t] +
kr 1PMSaK1V $Complex$aK1V$SIPMSacetyl1$[t] + krilPMSacetylLeu $Complex$IPMSacetyl

IR’ [t] == -kFIRaAHB aAHB[t] IR[t] NADPH[t] - KFIRaAL aAL [t] IR[t] NADPH[t] +

+ LHDHI (1 +
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kcat$I1R$aAHB $Comp lex$ IR$SaAHBSNADPHS[t] + Kr IRAAHB $Comp lex$ IRSaAHBSNADPHS[t] +
kcat$IR$aAL $ComplexSIRSAALSNADPHS[t] + krIRaAL $Complex$ IR$aALSNADPHS[ L],

KDC’ [t] == -kFKDCaKB aKB[t] KDC[t] + kcat$KDC$akB $Complex$akBSKDCH[t] +
krkKDCaKB $Comp lex$aKBSKDCS[t],

Leu’[t] == -kcat$Leu Leu[t] - kFilIPMSLeu IPMS[t] Leu[t] -
kfilIPMSacetylLeu IPMSacetyl [t] Leu[t] - rkfTBLeu Leu[t] TB[t] +
fkcat$TB$aKIC $Complex$aKICSTBNH2S[t] -
kfilPMSacetylLeu Leu[t] $Complex$aKIVSIPMSacetyl$[t] +
krilPMSacetylLeu $Complex$aKIV$IPMSacety1$Leu$[t] +
kcat$L1VII$exLeu $ComplexPexLeuSLIVIIS[t] + kcat$L1VI$exLeu $ComplexpexLeuSL IV
kcat$LS$exLeu $Complex$exLeu$LS$H[t] + kriIPMSacetylLeu $Complex$IPMSacetyl$Leus
kriIPMSLeu $Complex$1PMS$Leu$[t] + rkrTBLeu $Complex$Leu$TBS[ L],

LIVI'[t] = -kFLIVIexlleexlle[t] LIVI[t] - kFLIVIexLeuexLeu[t] LIVI[t] -
kfLIVIexVal exvVal [t] LIVI[t] + kcatSLIVI$exlle $SComplex$exI1eSLIVIS[t] +
krLIVIexlle $Complex$exl1eSLIVIS[t] + kcatSLIVI$SexLeu $Complex$exLeuSLIVIS[t] +
krL1VIexLeu $Complex$exLeuSLIVIS[t] + kcat$LIVI$exVal $ComplexSexValSLIVIS[t] +
krL1VIexVal $Complex$exValSLIVIS[t],

LIVII'[t] == -kfLIVIlexlleexlle[t] LIVII[t] - kFLIVIlexLeuexLeu[t] LIVII[t] -
kFfLIVIIexVal exVal [t] LIVII[t] + kcat$SLIVII$exlle $SComplex$exIleSLIVIIS[t] +
krLIVIIexlle $Complex$exl1eSLIVIIS[t] + kcat$SLIVII$exLeu $ComplexSexLeuSLIVIIS|
krLIVIlexLeu $Complex$exLeuSLIVIIS[t] + kcat$SLIVII$exVal $ComplexSexValSLIVIIS|
krL1VI1exVal $Complex$exVal$SLIVII$[t],

LS [t] == -kFfLSexLeu exLeu[t] LS[t] + kcat$LS$exLeu $ComplexPexLeuSLS$H[t] +
krLSexLeu $Complex$exLeu$SLS$[t],

Lys’[t] = O,
NAD'[t] == O,
NADH’ [t] == kcat$I1PMDH$b1PM $Comp lex$I1PMDH$b IPM$NADS[ L] ,
NADP’ [t] = O,

NADPH' [t] == O,
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NH3' [t] =

Kille KmThr

+

KmThr

CcTDA LOTDA (1 + Ile[t] )nTDA Thr [t] (1 + CTDA Thr[t] ) -1+nTDA
kcat$TDA TDA[t]

KmThr Kaval
KmThr

Thr[t] (1+ Thr[t] )—1+nTDA (1+ Val [t] )nTDA ]] /

Ile[t] \NTPA CTDA Thr[t] \NnTDA Thr[t] \nTPA Val [t] \NTPA
(LOTDA (1+—) (1+ ) + (1+—) (1+—) )

Kille KmThr KmThr Kaval

pantothenate’ [t] == kcat$aKIV aKIV[t],

Phosphate’[t] == O,

propionyCoA’ [t] == kcat$KDC$aKB $Complex$akKBSKDCSH[t],

protein’[t] == kcat$lle lle[t] + kcat$Leu Leu[t] + kcat$val val [t],

Pyr'[t] =0,

TB' [t] == -FKFTBGluGlu[t] TB[t] - rkFTBIle lle[t] TB[t] - rkfFTBLeu Leu[t] TB[t] -
rkfTBval TB[t] Val [t] + rkcat$TBSaKG $Complex$aKGSTBNH2S[t] +
fkcat$TB$aKIC $Complex$aKICSTBNH2$[ ] + Fkcat$TBSaK1V $Complex$aKIVSTBNH2S[ €] +
Tkcat$TB$akKMV $Comp lexPaKMVSTBNH2$[t] + FkrTBGlu $Complex$GluSTBS[t] +
rkrTBlle $Complex$11e$TBS[t] + rkrTBLeu $Complex$Leu$STBS[t] +
rkrTBvVal $Complex$Vval$TBS[t],

TBNH2’ [t] == -rkfTBaKG aKG[t] TBNH2[t] - FkFTBaKIC aKIC[t] TBNH2[t] -
FKFTBaKIV aK1V[t] TBNH2[t] - FKFTBaKMV akMV [t] TBNH2[t] + rkrTBaKG $Complex$aKG$T!
TkrTBaKIC $Complex$aKICSTBNH2$[t] + FkrTBaKIlV $Complex$aK1VSTBNH2S[ €] +
fkrTBakMV $Complex$aKMVSTBNH2$[t] + Fkcat$STBSGIu $SComplex$GluSTBS[t] +
rkcat$TBs$11e $Complex$Sl1e$TBS[t] + rkcat$TBSLeu $ComplexSLeuSTBS[E] +
rkcat$TB$Val $Complex$Val$TBS[t],

TC'[t] = -FkFTCAlaAla[t] TC[t] - rkfTCVal TC[t] Val [t] +
Tkcat$TC$aK1V $ComplexPaKIVSTCNH2$[t] + FkrTCAla $Complex$AIa$TCH[t] +
rkcat$TC$Pyr $Complex$Pyr$TCNH2$[t] + rkrTCVal $Complex$Val$TCH[t],
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TCNH2’ [t] = -FkFTCaKIV aKIV[t] TCNH2[t] - rkFTCPyr Pyr[t] TCNH2[t] +

fkrTCaKIV $Complex$aKIVSTCNH2$[t] + Fkcat$TCSAla $SComplex$AIaSTCSH[t] +

rkrTCPyr $Complex$Pyr$TCNH2$[t] + rkcat$TCHVal $Complex$val$TCH[t], TDA'[t] == O,
Thr'[t] == -kFiHSKHseThr HSK[t] Thr[t] -

[ cTDA LOTDA (1 + Ile_[t])nTDA Thr[t] (1 + CTDAThr[t] )—l+nTDA

+

[kcat$TDA TDA[ ] Kille — KmThr
m r

KmThr Kaval
KmThr

Thr[t] (1 + Thr_[t])—1+nTDA (1+ Val [t] )I’lTDA ]] /

Ile[t] \NTPA CTDA Thr[t] \NnTPA Thr[t] \nTPA Val [t] \nTPA
(LOTDA(1+—-) (1+ ) (1_) (1_) )

Kille KmThr KmThr Kaval
kcat$TS$HseP $Complex$HsePSTSH[t] + kriHSKHseThr $Complex$HSKSThr$[t],

TS’ [t] = -kFTSHseP HseP[t] TS[t] + kcat$TSSHseP $Complex$HsePSTSH[t] +
krTSHseP $Complex$HseP$TSS$[t],

Val’[t] == -kcat$Val Val [t] - kFiIAHASIPyrVal AHASI[t] Val [t] -
kFiAHAS1akBVal AHASICH3CO[t] Val [t] - kFiIAHASIIIPyrval AHASIII[t] Val [t] -
kFiAHASI I 1aKBVal AHAST1ICH3CO[t] Val [t] - rkfTBVal TB[t] Val [t] - rkFTCVal TC[t] V
kriAHAS1akBVal $Comp lex$AHASICH3COSVal$[t] +
kriAHASI 1 1akBVal $Complex$AHASIT 1 ICH3CO$Val$[t] +
kriAHASI1 1 IPyrVal $Complex$AHASI1I1$Val$[t] + kriAHASIPyrVal $Complex$AHASI$Val$|
kFiAHASI1akBVal Val [t] $Complex$aKBSAHASICH3COS[t] +
kriAHAS1aKBVal $Complex$aKB$AHASICH3CO$Val$[t] -
kFiAHASI 1 1aKBVal Val [t] $Complex$akBSAHASE I ICH3COS[t] +
kriAHASI 1 1aKBVal $Complex$akKB$SAHASI 1 1CH3CO$Val$[t] +
fkcat$TB$aK1V $Complex$aKIVSTBNH2$S[t] + Fkcat$TCSaKIV $Complex$aKIVSTCNH2$[t] +
kcat$L1VII$exVal $Complex$exValSLIVIIS[t] + kcat$SL1VI$exVal $ComplexpexValSLIVI
kFiAHASIPyr2val Val [t] $Complex$Pyr$AHASICH3COS[t] +
kriAHASIPyr2Val $Complex$Pyr$AHASICH3CO$Val$[t] -
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kFiIAHAST1IPyr2vVal Val [t] $Complex$Pyr$AHASIT I ICH3CO$[t] +
kriAHASI111Pyr2Val $Complex$Pyr$AHASI 1 ICH3CO$Val$[t] -
kFiAHASI 1 IPyrVal Val [t] $Complex$Pyr$AHASTTIS[t] +
KriAHASII1PyrVal $Complex$Pyr$AHASI I I$Val$[t] -
kfiAHASIPyrVal Val [t] $Complex$Pyr$AHASIS$[t] + kriAHASIPyrVal $Complex$Pyr$AHAS
rkrTBVal $Complex$Val$TBS[t] + rkrTCVal $Complex$Val$TCSH[t],
$Complex$acety ICoASIPMSS [t] == kFIPMSacetylCoA acetylCoA[t] IPMS[t] -
kcat$IPMS$acetyICoA $Complex$acety ICOASIPMSS[t] -
kr1PMSacety1CoA $Complex$acety ICOASIPMSS[t],
$Complex$aDHIV$DADS [t] == KFDADaDHIV aDHIV[t] DAD[t] -
kcat$DADSaDHIV $Comp lex$aDHIVSDADS[t] - krDADaDHIV $Complex$aDHIVSDADS[t] ,
$Comp lex$aDMVSDADS [t] == kFDADaDMV aDMV [t] DAD[t] - kcat$DAD$aDMV $Comp Iex$aDMVSDA
krDADaDMV $Comp lex$aDMV$DADS[t] ,
$Complex$AHASICH3CO$Val$ [t] == kFiAHASIaKBVal AHASICH3CO[t] Val [t] -
kriAHAS1aKBVal $Comp lex$AHASICH3CO$Val$[t] -
kFAHAS1aKB akKB[t] $Complex$AHASICH3CO$Val$[t] -
kFAHASIPyr2 Pyr [t] $Complex$AHASICH3COSVal$[t] +
krAHAS 1aKB $Comp lex$aKBSAHASICH3CO$Val$[t] +
kcat$AHASI1$aKB residualRateAHAS1ValakB $Comp lex$aKBSAHASICH3CO$Val$[t] +
krAHASIPyr2 $Complex$Pyr$AHASICH3CO$Val$[t] +
kcat$AHASI$PYr2 residualRateAHASIValPyr2 $Complex$Pyr$AHASICH3CO$Val$[t],
$Complex$SAHASI I ICH3COSVal$ [t] ==
kFfiAHASI 1 1aKBVal AHASIT1ICH3CO[t] Val [t] - kriAHASI I 1aKBVal $Complex$AHASI 1 1CH3CO
KFAHAST 1 1aKB aKB [t] $Complex$AHASI 1 1CH3CO$Val$[t] -
kFAHAST11Pyr2 Pyr[t] $Complex$AHASI I ICH3CO$Val$[t] +
krAHASI I 1aKB $Comp lex$aKB$AHAS T 1 ICH3CO$Val$[t] +
kcat$AHASI I 15aKB residualRateAHASI I 1ValaKB $Complex$akKBSAHAST 1 ICH3CO$Val$[t] +
krAHAS I 11Pyr2 $Complex$Pyr$AHASI 1 ICH3COSVal$[t] +
kcat$AHASI 1 1$Pyr2 residualRateAHASI 1 IValPyr2 $Complex$Pyr$AHAST 1 1CH3CO$Val$[t
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$Complex$AHASIE I I$Val$ [t] == kFIAHASITIPyrval AHASITI [t] Val [t] -
kriAHASI11IPyrVal $Complex$AHAST11$Val$[t] - kFAHASTTIPyr Pyr[t] $Complex$AHASIH I
krAHASIT 11Pyr $Complex$Pyr$AHASI I 1$Val$[t] +
kcat$AHASI 1 1$Pyr residualRateAHASI I 1ValaKB $Complex$Pyr$AHASI I I$Val$[t],
$Complex$AHASISVal$ [t] == kFiAHASIPyrVal AHASI [t] Val [t] -
kriAHASIPyrVal $Complex$AHASI$Val$[t] - kFAHASIPyr Pyr[t] $Complex$AHASISVal$[t
krAHASIPyr $Complex$Pyr$AHASI$Val$[t] +
kcat$AHASI$Pyr residualRateAHASIValaKB $Complex$Pyr$AHASI$Val$[t],
$Complex$alPM$IPMIS [t] == KFIPMIalPM alPM[t] IPMI[t] -
kcat$IPMI$alPM $Complex$alPMSIPMIS[t] - krIPMIalPM $Complex$alPM$SIPMIS L],
$Comp lex$akBSAHAS ICH3CO$ [t] == KFAHASI1akB AHASICH3CO[t] aKB[t] -
kcat$AHAS I $akB $Comp 1ex$aKBSAHASICH3CO$[t] - krAHASIaKB $Comp 1ex$aKBSAHAS I CH3C(
kFiAHASIaKBVal Val [t] $Complex$akBSAHAS ICH3COS$[t] +
kriAHAS1akKBVal $Complex$akKB$AHASICH3CO$Val$[t],
$Comp lex$aKBSAHASICH3COSVal$ [t] ==
kFfAHAS1aKB akKB[t] $Complex$AHASICH3CO$Val$[t] +
kFiAHASIaKBVal Val [t] $Complex$akBSAHAS ICH3CO$[t] -
krAHAS 1aKB $Comp lex$aKB$SAHASICH3CO$Val$[t] -
kriAHAS1aKBVal $Comp lex$akKB$AHASICH3CO$SVal$[t] -
kcat$AHASI1$aKB residualRateAHASIValaKB $Comp lex$aKB$AHASICH3COSVal$[t],
$Comp lex$aKBSAHASI ICH3COP [t] ==
KFAHASI 1akB AHAS I ICH3CO[t] aKB[t] - kcat$AHAS I 1$akB $Comp lex$aKBSAHAS I ICH3COS[ L]
krAHASI 1aKB $Comp 1ex$aKB$SAHAS I ICH3CO$[t],
$Comp lex$aKBSAHASI 1 ICH3COS [t] ==
kFAHAST11aKB AHASTTICH3CO[t] aKB[t] - kcat$AHASI I 1$aKB $Comp lex$aKBSAHAS T I ICH3CO
krAHASI 1 1aKB $Comp lex$akKB$AHASIT 1 ICH3COS$[t] -
kFiAHASI I 1aKBVal Val [t] $Complex$aKB$AHAST I ICH3CO$[t] +
kriAHASI 1 1akBVal $Complex$aKB$SAHAST 1 1CH3CO$Val$[t],
$Comp lex$aKBSAHAS T 1 ICH3CO$Vald [t] =
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KFAHAST I 1aKB aKB [t] $Complex$AHASI I ICH3CO$Val$[t] +
kFiAHASI I 1aKBVal Val [t] $Complex$akB$AHAST I ICH3CO$[t] -
krAHASI I 1aKB $Comp lex$aKB$AHAS T 1 ICH3CO$Val$[t] -
kriAHASI 1 1akBVal $Complex$aKB$SAHAST I 1CH3CO$Val$[t] -
kcat$AHASI 1 1$5aKB residualRateAHASI I 1ValakB $Comp lex$aKBSAHASIT I ICH3CO$Val$[t],
$Complex$aKBSKDCH [t] == kFKDCaKB aKB[t] KDC[t] - kcat$SKDC$aKB $Comp lex$aKBSKDCSH[t]
krkKDCaKB $Comp lex$aKBSKDCS[t],
$Complex$aKGSTBNH2$ [t] == rkFTBaKG aKG[t] TBNH2[t] - rkcat$TB$aKG $Comp lex$aKGSTBN
rkrTBakG $Comp lex$aKG$TBNH2$[ L],
$Complex$ak IC$TBNH2$' [t] == FkFTBaKIC aKIC[t] TBNH2[t] -
fkcat$TB$aKIC $Complex$aKICSTBNH2$[t] - FkrTBaKIC $Complex$aKICSTBNH2S[ L],
$Comp lex$AKI ISASpSATPS [t] == kFAKI1Asp AKI 1 [t] Asp[t] ATP[t] -
kcat$AKI 13Asp $Comp lexSAKT 1SASpSATPS[t] - krAKT 1Asp $Comp lex$SAK I 1SASpSATPS[ L],
$Complex$aKIV$IPMSacetyl$ [t] ==
kFIPMSaKI1V aK1V[t] IPMSacetyl [t] - kcat$IPMS$aK IV $Complex$aKIVEIPMSacetyl$[t] -
kr 1PMSaK1V $Complex$aK1V$IPMSacety1$[t] -
kfilPMSacetylLeu Leu[t] $Complex$aKIV$IPMSacetyl$[t] +
krilPMSacetylLeu $Complex$aKIV$IPMSacetyl$Leu$[t],
$Complex$aKlV$IPMSacetyl$Leus [t] ==
kfilPMSacetylLeu Leu[t] $Complex$aKIV$IPMSacetyl$[t] -
krilPMSacetylLeu $Complex$aKIV$IPMSacetyl$Leu$[t] -
kr 1PMSaK1V $Complex$aK1V$SIPMSacety I$Leu$[t] +
kFIPMSaK1V aK1V[t] $Complex$IPMSacetyl$Leu$[t],
$Complex$ak IVSTBNH2$' [t] == FkFTBaKIV aK1V[t] TBNH2[t] -
fkcat$TBSaKI1V $Complex$aKIVSTBNH2S[t] - FkrTBaKI1V $Complex$aK1VSTBNH2$[ ],
$Complex$ak IVSTCNH2$ [t] == FkFTCaKIV aKIV[t] TCNH2[t] -
fkcat$TCSaK 1V $Complex$aKIVSTCNH2$[t] - FkrTCaKIlV $Complex$aKIVSTCNH2B[t],
$Complex$akMVSTBNH2$' [t] == FKFTBaKMV akMV [t] TBNH2[t] -
fkcat$TBSakKMV $Comp lex$aKMVSTBNH2$[t] - FkrTBaKMV $Complex$aKMVSTBNH2S[t] ,
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$Complex$AIa$TCH [t] == FkFTCAla Ala[t] TC[t] - Fkcat$TCHAla $Complex$Ala$TCH[t] -

fkrTCAla $Complex$Ala$TCS[t],
$Comp 1ex$ASDSASASNADPSPhosphate$ [t] ==

kFASDASA ASA[t] ASD[t] NADP[t] Phosphate[t] -

kcat$ASDSASA $Comp 1ex$ASDSASASNADPSPhosphate$[t] -

krASDASA $Comp lex$ASDSASASNADPSPhosphate$[t],
$Comp 1ex$ASDSASPPSENADPHS [t] == KFASDAsSpP ASD[t] AspP[t] NADPH[t] -

kcat$ASDSAspPP $Comp 1ex$ASDSASpPPENADPHS[t] - KrASDAspP $Comp 1ex$ASDSASPPSNADPHS|
$Complex$bIPMSIPMIS [t] == KFIPMIDIPM bIPM[t] IPMI[t] -

kcat$SIPMI$b1PM $Complex$b IPMSIPMIS$S[t] - kr IPMIDIPM $Complex$SbIPMSIPMIS[ L],
$Complex$exl1e$SLIVII$ [t] == kFLIVIIexlleexlle[t] LIVII[t] -

kcat$SLIVII$exlle $SComplex$exileSLIVIIS[t] - krLIVIIexlle $Complex$exl 1eSLIVIIS|
$Complex$exlle$SLIVIF [t] == kFLIVIexlleexlle[t] LIVI[t] -

kcat$LI1VI$exlle $Complex$exl 1eSLIVIS[t] - krL1VIexlle $Complex$exIleSLIVIS[L],
$Complex$exLeu$SLIVIIS$ [t] == kFLIVIIexLeuexLeu[t] LIVII[T] -

kcat$LIVII$exLeu $Complex$exLeuSLIVIIS[t] - krLIVIIexLeu $Complex$exLeuSLIVIIS|
$Complex$exLeu$SLIVIF [t] == kFLIVIexLeuexLeu[t] LIVI[t] -

kcat$LI1VI$exLeu $Complex$exLeuSLIVIS[t] - krLIVIexLeu $Complex$exLeuSLIVIS[t],
$ComplexpexLeuSLSS$ [t] == kFLSexLeu exLeu[t] LS[t] - kcat$LSSexLeu $Complex$exLeusL

krLSexLeu $Complex$exLeuSLS$[t],
$Complex$exValSLIVIIS [t] == kFLIVIIexVal exvVal [t] LIVII[t] -

kcat$LIVII$exVal $Complex$exValSLIVIIS[t] - krLIVIIexVal $Complex$exVal$SLIVIIS|
$Complex$exVal$LIVIF [t] == kFLIVIexVal exvVal [t] LIVI[t] -

kcat$L1VI$exVal $Complex$exvVal$SLIVIS[t] - krL1VIexVal $Complex$exvVal$SLIVIS[t],
$Complex$GIu$TBS [t] == FKFTBGIu Glu[t] TB[t] - Fkcat$TBSGIu $Complex$GIuSTBS[t] -

fkrTBGlu $Complex$GlusTBS[t],
$Complex$HDH I I$SASASNADPHS' [t] == kFHDHIIASA ASA[t] HDHI I [t] NADPH[t] -

kcat$HDH I 1SASA $Comp lex$HDH I 1SASASNADPHS[t] - KrHDHI TASA $Comp Iex$HDH I I$ASASNAL
$Complex$HsePSTSS [t] == kKFTSHseP HseP[t] TS[t] - kcat$TS$HseP $Complex$HsePSTSH[t]
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krTSHseP $Complex$HseP$TSS$[t],
$Comp lex$HSKSHseSATPS [t] == kFHSKHse ATP[t] Hse[t] HSK[t] -

kcat$HSKSHse $Comp lexPHSKSHseSATPS[t] - krHSKHse $Comp lex$HSK$HseSATPS[t],
$Complex$HSKSThr$ [t] == kFiHSKHseThr HSK[t] Thr[t] - kriHSKHseThr $Complex$HSK$Thr.
$Complex$11e$TBS [t] == rkFTBIle Ile[t] TB[t] - rkcat$TBS11e $Complex$l1e$STBS[t] -

rkrTBlle $Complex$1 1e$TBS[t],
$Complex$1PMDHS$D 1PM$NADS [t] == KFIPMDHOIPM bIPM[t] IPMDH[t] NAD[t] -

kcat$1PMDH$b IPM $Complex$ 1 PMDH$b IPMSNADS[t] - kr IPMDHb 1PM $Comp 1ex$ 1 PMDHS$b I PM$!
$Complex$IPMSacetyl$Leud’ [t] == kFiIPMSacetylLeu IPMSacetyl[t] Leu[t] +

kr 1PMSaK1V $Complex$aK1V$SIPMSacety 1$SLeu$[t] -

krilPMSacetylLeu $Complex$1PMSacetyl$Leu$[t] -

kFIPMSaK1V aK1V[t] $Complex$IPMSacetyl$Leus[t],
$Complex$IPMS$SLeus’ [t] == kFiIPMSLeu IPMS[t] Leu[t] - kriIPMSLeu $Complex$1PMS$Leu$
$Complex$ IR$aAHBSNADPHS [t] == KFIRaAHB aAHB[t] IR[t] NADPH[t] -

kcat$1R$aAHB $Comp lex$ IRSaAHBSNADPHS[t] - kr IRaAHB $Complex$ IR$aAHBSNADPHS[t],
$Complex$IR$SaALSNADPHS' [t] == KFIRaAL aAL[t] IR[t] NADPH[t] -

kcat$IR$aAL $ComplexSIRSAALSNADPHS[t] - krIRaAL $Complex$IR$aALSNADPHS[ L],
$Complex$Leu$TBS [t] == rkFTBLeu Leu[t] TB[t] - rkcat$TBSLeu $Complex$LeusTBS[t] -

rkrTBLeu $Complex$Leu$TBS[t],
$Complex$Pyr$AHASICH3CO$ [t] == KFAHASIPyr2 AHASICH3CO[t] Pyr[t] -

kcat$AHASI$Pyr2 $Comp lex$Pyr$AHASICH3CO$[t] - KrAHASIPyr2 $Complex$Pyr$AHAS I CH!

kfiAHASIPyr2val Val [t] $Complex$Pyr$AHASICH3COS$[t] +

kriAHASIPyr2Val $Complex$Pyr$AHASICH3CO$Val$[t],
$Comp lex$Pyr$AHASICH3COSVal$ [t] ==

kFAHASIPyr2 Pyr [t] $Complex$AHASICH3COSVal$[t] +

kFiAHASIPyr2val Val [t] $Complex$Pyr$AHASICH3CO$[t] -

krAHASI1Pyr2 $Comp lex$Pyr$AHASICH3CO$Val$[t] -

kriAHASIPyr2Val $Complex$Pyr$AHASICH3CO$Val$[t] -

kcat$AHASI$Pyr2 residualRateAHASIValPyr2 $Comp lex$Pyr$AHASICH3COSVal$[t],
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$Comp1ex$Pyr$AHAS T ICH3CO$ [t] == KFAHASIIPyr2 AHASIICH3CO[t] Pyr[t] -

kcat$AHAS T 1$Pyr2 $Comp lex$Pyr$AHAST ICH3CO$[t] -

krAHAS I 1Pyr2 $Comp lex$Pyr$AHASI ICH3CO$[t],
$Complex$Pyr$AHAST I ICH3COS [t] ==

kFAHAST11Pyr2 AHAST1ICH3CO[t] Pyr[t] - kcat$AHAST 1 I1$Pyr2 $Complex$Pyr$AHAST 1 ICH3

KrAHAST 1 1Py r2 $Complex$Pyr$AHAST 1 ICH3CO$[t] -

KFiAHASTI1Pyr2val Val [t] $Complex$Pyr$AHASI I ICH3CO$[t] +

kriAHASI111Pyr2vVal $Complex$Pyr$AHASI 1 ICH3CO$Val$[t],
$Complex$Pyr$AHAST I ICH3CO$Vald [t] =

kFAHAST1IPyr2 Pyr[t] $Complex$AHASI I ICH3CO$Val$[t] +

kFiIAHAST1IPyr2val Val [t] $Complex$Pyr$AHASI I ICH3CO$[t] -

krAHAST11Pyr2 $Complex$Pyr$AHAST I ICH3CO$Val$[t] -

kriAHASI111Pyr2Val $Complex$Pyr$AHAST 1 ICH3CO$Val$[t] -

kcat$AHASI 1 1$Pyr2 residualRateAHASI I IValPyr2 $Complex$Pyr$AHAST 1 1CH3CO$Val$[t
$Complex$Pyr$AHASTIIS [t] == kKFAHASI1IPyr AHASIII [t] Pyr[t] -

kcat$AHASIT 1 1SPyr $Comp lex$Pyr$AHASTIIS[t] - kKrAHAST 1 IPyr $Complex$Pyr$AHAST TS|

kFiAHASI1IPyrVal Val [t] $Complex$Pyr$AHASIIIS[t] +

kriAHASI1IPyrVal $Complex$Pyr$AHASIII$Val$[t],
$Comp lex$Pyr$AHASI 1 1$Val$ [t] == KFAHASI I IPyr Pyr[t] $Complex$AHASIII$Val$[t] +

kFiAHASI1IPyrVal Val [t] $Complex$Pyr$AHASIIIS[t] -

krAHAST1IPyr $Complex$Pyr$AHAST I I$Val$[t] -

KriAHASII1PyrVal $Complex$Pyr$AHASI I I$Val$[t] -

kcat$AHASI 1 1$Pyr residualRateAHASI I 1ValakB $Complex$Pyr$AHASITISVal$[t],
$Complex$PYr$AHASI IS [t] == KFAHASIIPyr AHASITI [t] Pyr[t] -

kcat$AHAS T 1$Pyr $Comp lex$Pyr$AHASIIS[ ] - KrAHAST IPyr $Complex$Pyr$AHASIIS[ L],
$Complex$Pyr$AHASIS [t] == KFAHASIPyr AHASI [t] Pyr[t] -

kcat$AHASI$Pyr $Complex$Pyr$AHASIS[t] - KrAHASIPyr $Complex$Pyr$AHASIS[E] -

kFiAHASIPyrVal Val [t] $Complex$Pyr$AHASIS[t] + kriAHASIPyrVal $Complex$Pyr$AHAS
$Complex$Pyr$AHASISVal$ [t] == KFAHASIPyr Pyr[t] $Complex$AHASISVal$[t] +
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kfiAHASIPyrVal Val [t] $Complex$Pyr$AHASIS$[t] - kKrAHASIPyr $Complex$Pyr$AHASI$Va

kriAHASIPyrVal $Complex$Pyr$AHASI$Val$[t] -

kcat$AHASI$Pyr residualRateAHASIValaKB $Complex$Pyr$AHASI$Val$[t],
$Complex$Pyr$TCNH2$ [t] == rkFTCPyr Pyr[t] TCNH2[t] - rkcat$TC$Pyr $Complex$Pyr$TCN

rkrTCPyr $Complex$Pyr$TCNH2$[ €],

$Complex$Vval$TBS [t] == rkFTBVal TB[t] Val [t] - rkcat$TB$Val $Complex$Val$TBS[t] -

rkrTBvVal $Complex$Vval$TBS[t],

$Complex$Vval$TCH [t] == rkFTCVal TC[t] Val [t] - rkcat$TC$Val $Complex$Val$TCH[t] -

rkrTCval $Complex$val$TC$[t]},

{aAHB, aAL, acetylCoA, aDHIV, aDMV, ADP, AHASI, AHASICH3CO, AHASII1, AHASIICH3CO,
AHASI 11, AHASITICH3CO, alPM, akKB, aKG, AKI, aKIC, AKII, AKIII, aKIlV, akKMV, Ala,
ASA, ASD, Asp, AspP, ATP, bIPM, CO2, CoA, DAD, exlle, exLeu, exVal, Glu, glutarylCo
HDHI, HDHI I, Hse, HseP, HSK, Ile, IPMDH, IPMI, IPMS, IPMSacetyl, IR, KDC, Leu,
LIvl, LIVIIL, LS, Lys, NAD, NADH, NADP, NADPH, NH3, pantothenate, Phosphate,
propionylCoA, protein, Pyr, TB, TBNH2, TC, TCNH2, TDA, Thr, TS, val,
$Complex$acety ICoASIPMSS, $Complex$aDHIVSDADS, $Complex$aDMVSDADS,
$Comp Iex$AHASICH3COSVal$, $Complex$AHAST I ICH3CO$Val$, $Complex$AHASTIISVals,
$Complex$AHASISVal$, $Complex$alPMSIPMIS, $Complex$aKBSAHASICH3COS,
$Comp lex$aKBSAHASICH3COSVal$, $Complex$aKBSAHASI ICH3COS, $Complex$aKBSAHASIT T ICH
$Complex$akKBSAHASIT 1 ICH3COSVal$, $Complex$aKBSKDCSH, $Complex$aKGSTBNH2S,
$Comp lex$aKICSTBNH2$, $ComplexSAKI I$AsSpSATPS, $Complex$aKIVSIPMSacetyl$,
$Complex$aKIVSIPMSacety 1$SLeu$, $Complex$akK IVSTBNH2S, $Complex$aKIVSTCNH2S,
$Comp lex$aKMVSTBNH2S, $Complex$Ala$TCS, $ComplexSASDSASASNADPSPhosphate$,
$Comp 1ex$ASDSASpPSNADPHS, $Complex$bIPMSIPMIS, $Complex$exlle$SLIVIIS,
$Complex$exlle$LIVIS, $SComplex$exLeuSLIVIILS, $SComplex$exLeu$SLIVIS, $Complex$exLle
$ComplexPexvValSLIVIILS, $ComplexPexValSLIVIS, $Complex$CluSTBS, $ComplexSHDHI I BA!
$Complex$HseP$TSS, $ComplexPHSKSHseSATPS, $Complex$HSKSThrs, $Complex$l 1e$STBS,
$Comp 1ex$ 1 PMDHSb IPMSNADS, $Complex$IPMSacetyl$Leus, $Complex$IPMS$SLeus,
$Complex$I1R$aAHBSNADPHS, $Complex$IR$aALSNADPHS, $Complex$Leu$TBS,
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$Comp 1ex$Pyr$AHASICH3COS$, $Complex$Pyr$AHASICHICOSVal$, $ComplexSPyr$AHASITICH3C
$Comp lex$Pyr$AHAST 1 ICH3CO$, $Complex$Pyr$AHASITIICH3CO$SVal$, $Complex$Pyr$AHASII
$Complex$Pyr$AHAST I ISVals$, $Complex$Pyr$AHASTIES, $Complex$Pyr$AHASIES,

$Complex$Pyr$AHASISVal$, $SComplex$Pyr$TCNH2$, $Complex$Val$TBS, $Complexsval$TCe

(*
Inputs for Values of Km , Ki and kcat for each Enzyme.
Lambda Approximation Functions:Kf[],KF2S[] for kr,
Kr[] for Kkr
Omega Approximation Functions: Kfi[] for kri,
Kri[] for Kkri.

*)

Lambda = 100;
Omega = 1;
myKs = {

CASA = 1;

LASA = 1;

NASA = 4;

KmHDHIASA = 80;
kcat$AKISHDHI = 10000;

CASp =1;

LAsp=1;

nAsp = 4;

KmAKTAsp = 220;
kcat$HDHI$AKI = 10000;
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cAKI = 0.0001;
LAKI = 10000;
NAKI = 4;

KmAKTAsp = 220;
KiAKI1AspThr = 135;
kcat$AKIS$Asp = 100;

cAK111 = 0.00005;
LAKITI = 1000;
NAKITI = 2;

KmAKI11Asp = 30;
KiAKI11AspLys = 15;
kcat$AKI1 1 1$Asp = 20;

cHDHI = 0.008;

LHDHI = 3000;

NHDHI = 4;

KmHDHIASA = 80;
KiHDHIASAThr = 120;
kcat$HDHI$ASA = 800;

kTHDHIAKI = 1000;
kTAKIHDHI = 1000;

KmAKI 1Asp = 100; kcat$AKI1$Asp = 100;
kFfAKI 1Asp » KF[KmAKI 1Asp, kcat$AKI 1$Asp, Lambda],
krAKI1Asp » Kr [kcat$AKI 1$Asp, Lambda],

kmASDAspP = 22; kcat$ASD$SASpP = 40;
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kTASDAspP -» KF[kmASDAspP, kcat$ASD$AspP, Lambda],
krASDAspP - Kr [kcat$ASD$AspP, Lambda],

KmASDASA = 110; KmASDNADP = 140; KmASDPhosphate = 10200; kcat$ASD$ASA = 80;
kFASDASA -» KF3S[KmASDASA, KmASDNADP, KmASDPhosphate, kcat$ASDSASA, Lambda],
krASDASA - Kr [kcat$ASD$ASA, Lambda],

KmHDHI IASA = 100; kcat$HDHI 1$ASA = 100;
kFHDHI 1ASA » KF[KmHDHI IASA, kcat$HDHI I$ASA, Lambda],
krHDHI IASA - Kr [kcat$HDHI I$ASA, Lambda],

KmHSKHse = 110; kcat$HSK$Hse = 60;
kfHSKHse -» KF[KmHSKHse, kcat$HSK$Hse, Lambda],
krHSKHse - Kr [kcat$HSK$Hse, Lambda],

KiHSKHseThr = 1000;
kfiHSKHseThr » KFi [KmHSKHse, kcat$HSK$Hse, Lambda, Omega],
kriHSKHseThr -» Kri [KmHSKHse, kcat$HSK$Hse, Lambda, Omega, KiHSKHseThr],

kfASA = 0.05;
kfHse = 0.05;

KmTSHseP = 310; kcat$TS$HseP = 60;
kfTSHseP -» KF[KmTSHseP, kcat$TS$HseP, Lambda],
krTSHseP - Kr [kcat$TS$HseP, Lambda],

NTDA » 4,
cTDA » 0.013,
LOTDA » 1.05,
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kcat$TDA - 6000,

KmThr -» 2700,

Kaval - 550,

Kille» 15, (» TDA feedback resistant mutant, Kille=100000 =x)

KmKDCaKB = 1000; kcat$KDC$akB = 3000;
kfKDCakB -» KF[KmKDCaKB, kcat$KDC$aKB, Lambda],
krkKDCaKB - Kr [kcat$KDC$aKB, Lambda],

KmAHASIPyr = 10; kcat$AHASI$Pyr = 7000;
kFAHASIPyr -» KF[KmAHASIPyr, kcat$AHASIS$Pyr, Lambda],
krAHASIPyr - Kr [kcat$AHASI$Pyr, Lambda],

KmAHAS1aKB = 5000; kcat$AHASI$aKB = 7000;

kFfAHAS1aKB -» KF[KmAHAS1aKB, kcat$AHASI$aKB, Lambda],
krAHASI1aKB - Kr [kcat$AHAS1$aKB, Lambda],
residualRateAHASIValakB - 0,

KiAHASIVal = 200;

kFiAHASIPyrVal - KFi [KmAHASIPyr, kcat$AHASI$Pyr, Lambda, Omega],
kriAHASIPyrVal - Kri [KmAHASIPyr, kcat$AHASI$Pyr, Lambda, Omega, KiAHASIVal],
kFfiAHAS1aKBVal -» KFfi [KmAHASIaKB, kcat$AHAS1$aKB, Lambda, Omega],
kriAHASI1aKBVal - Kri [KmAHAS1aKB, kcat$AHASI$aKB, Lambda, Omega, KiAHASIVal],

KmAHASI IPyr = 10; kcat$AHASI I$Pyr = 7000;
kFfAHAS1 IPyr - KF[KmAHASI IPyr, kcat$AHASII$Pyr, Lambda],
krAHASI IPyr - Kr [kcat$AHASI 1$Pyr, Lambda],

KmAHASI11aKB = 150; kcat$AHASI 1$aKB = 7000;
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kFfAHASI 1aKB -» KF[KmAHASI 1akB, kcat$AHASI 1$aKB, Lambda],
krAHASI 1aKB - Kr [kcat$AHASI 1$aKB, Lambda],

KmAHASTTIPyr = 10; kcat$AHASIT 1 I$Pyr = 7000;
kFAHASTI1IPyr - KF[KmAHASI 1 IPyr, kcat$AHASI 1 1$Pyr, Lambda],
krAHAS111Pyr - Kr [kcat$AHAST I 1$Pyr, Lambda],

KmAHASIT I 1akKB = 150; kcat$AHASII11%$aKB = 7000;

kFAHASI I 1aKB -» KF[KmAHASI 1 1akB, kcat$AHASI11$aKB, Lambda],
krAHASI 11aKB - Kr [kcat$AHASI 1 1$aKB, Lambda],
residualRateAHASII1ValaKB - 0.15,

KiAHASI11Val = 20;

kFiAHASI 1 IPyrVal - KFi [KmAHASI 1 IPyr, kcat$AHASI 1 I$Pyr, Lambda, Omega],
kriAHASI1IPyrVal -» Kri [KmAHAST I IPyr, kcat$AHAST 1 1$Pyr, Lambda, Omega, KiAHASI11Ve
kFfiAHASI 1 1aKBVal -» KFi [KmAHASI I 1aKB, kcat$AHASI 11$aKB, Lambda, Omega],

kriAHASI I laKBVal - Kri [KmAHASI I 1aKB, kcat$AHASI11$aKB, Lambda, Omega, KiAHASI11Ve

KmIRaAHB = 780; KmIRNADPH = 15; kcat$IR$aAHB = 4700;
kflRaAHB -» KF2S[KmIRaAHB, KmIRNADPH, kcat$lR$aAHB, Lambda],
krilRaAHB - Kr [kcat$IR$aAHB, Lambda],

KmDADaDMV = 750; kcat$DAD$aDMV = 24000;
kfDADaDMV - KF[KmDADaDMV, kcat$DAD$aDMV, Lambda],
krDADaDMV - Kr [kcat$DAD$aDMV, Lambda],

KmTBGIu = 1000; fkcat$TB$Glu = 2000;
TkfTBGlu - KF[KmTBGlu, fkcat$TB$Glu, Lambda],
TkrTBGlu -» Kr [fkcat$TB$Glu, Lambda],
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KmTBaKMV = 200; fkcat$TBSaKMV = 1500;
fkfTBaKMV » KF[KmTBaKMV, fkcat$TB$akKMV, Lambda],
TkrTBakKMV - Kr [fkcat$TB$aKMV, Lambda],

KmTBlle = 600; rkcat$TB$I1le = 3000;
rkfTBlle » KF[KmTBIle, rkcat$TB$lle, Lambda],
rkrTBlle -» Kr[rkcat$TB$lle, Lambda],

KmTBaKG = 2500; rkcat$TB$aKG = 2100;
rkfTBaKG » KF[KmTBaKG, rkcat$TB$akG, Lambda],
rkrTBaKG - Kr [rkcat$TB$aKG, Lambdaj,

KmLIVIexlle = 7; kcat$LIVI$exlle = 200;
kfLIVlexlle » KF[KmLIVIexlle, kcat$LIVI$exlle, Lambda],
krLIVIexlle » Kr [kcat$LIVI$exlle, Lambda],

KmLIVIlexlle = 1; kcat$SLIVII$exlle = 1;
kfLIVIlexlle » KF[KmLIVIIexlle, kcat$LIVII$exlle, Lambda],
krLIVIlexlle » Kr[kcat$LI1VII$exlle, Lambda],

kcat$akKMV -» 5,
kcat$lle - 0.2,

KmAHASIPyr = 10; kcat$AHASI$Pyr = 7000;
kFAHASIPyr -» KF[KmAHASIPyr, kcat$AHASISPyr, Lambda],
krAHASIPyr - Kr [kcat$AHASI$Pyr, Lambda],

KmAHASIPyr2 = 1000; kcat$AHASI$Pyr2 = 7000;
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kFAHASIPyr2 - KF[KmAHASIPyr2, kcat$AHASI$Pyr2, Lambda],
krAHASIPyr2 -» Kr [kcat$AHASI$Pyr2, Lambda],
residualRateAHASIValPyr2 - 0,

KiAHASIVal = 200;

kFfiAHASIPyrval - Kfi [KmAHASIPyr, kcat$AHAS1$Pyr, Lambda, Omega],

kriAHASIPyrVal - Kri [KmAHASIPyr, kcat$AHASI$Pyr, Lambda, Omega, KiAHASIVal],
kFfiAHASIPyr2val - Kfi [KmAHASIPyr2, kcat$AHASI$Pyr2, Lambda, Omega],
kriAHASIPyr2Val -» Kri [KmAHASIPyr2, kcat$AHASI$Pyr2, Lambda, Omega, KiAHASIVal],

KmAHAS T IPyr = 10; kcat$AHASI I1$Pyr = 7000;
kFAHASITIPyr -» KF[KmAHASI IPyr, kcat$AHASII$Pyr, Lambda],
krAHASI 1Pyr - Kr [kcat$AHASI 1$Pyr, Lambda],

KmAHAST IPyr2 = 10000; kcat$AHASI I$Pyr2 = 7000;
kFAHASTIPyr2 - KF[KmAHASI IPyr2, kcat$AHASII$Pyr2, Lambdaj,
krAHAST1Pyr2 -» Kr [kcat$AHAST 1$Pyr2, Lambda],

KmAHASTTIPyr = 10; kcat$AHASIT 1 I1$Pyr = 7000;
kFAHAST1IPyr - KF[KmAHASI 1 IPyr, kcat$AHASI 1 I1$Pyr, Lambda],
krAHAS111Pyr - Kr [kcat$AHAST I 1$Pyr, Lambda],

KmAHAST 1 1Pyr2 = 7000; kcat$AHASI11$Pyr2 = 7000;

kFAHASTI11Pyr2 - KF[KmAHAST11Pyr2, kcat$AHASI1I$Pyr2, Lambda],
krAHAST11Pyr2 -» Kr [kcat$AHASI 1 1$Pyr2, Lambda],
residualRateAHASI I 1ValPyr2 - 0.15,

KiAHASI11Val = 20;
kFiAHASIT1IPyrVal -» KFi [KmAHASI I 1Pyr, kcat$AHASI 1 I$Pyr, Lambda, Omega],
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kriAHASI1IPyrVal - Kri [KmAHASI 1 IPyr, kcat$AHASIT 1 1$Pyr, Lambda, Omega, KiAHASI I 1Ve
kFiIAHASI 1 IPyr2Val - KFi [KmAHAST1IPyr2, kcat$AHASI1I$Pyr2, Lambda, Omega],
kriAHAST1IPyr2Val -» Kri [KmAHAST11Pyr2, kcat$AHASI 1 I$Pyr2, Lambda, Omega, KiAHASII

KmIRaAL = 290; KmIRNADPH = 15; kcat$IR$aAL = 1100;
kfIRaAL » KF2S[KmIRaAL, KmIRNADPH, kcat$lR$aAL, Lambda],
krlRaAL -» Kr[kcat$IR$aAL, Lambda],

KmDADaDHI1V = 2800; kcat$DAD$aDHIV = 24000;
kfDADaDHI1V - KF[KmDADaDHIV, kcat$DAD$aDHIV, Lambda],
krDADaDHI1V - Kr [kcat$DAD$aDHIV, Lambda],

KmTBGlu = 1000; fkcat$TB$Glu = 2000;
fkFTBGIu » KF[KmTBGlu, fkcat$TB$Glu, Lambda],
fkrTBGlu - Kr [fkcat$TB$Glu, Lambda],

KmTBaK1V = 300; fkcat$TB$aKIlV = 930;
fkfTBaKIV » KF[KmTBaK1V, fkcat$TB$aKlV, Lambda],
TkrTBaKIV - Kr [fkcat$TB$aKIV, Lambda],

KmTBVal = 2700; rkcat$TB$Val = 2000;
rkfTBVal » KF[KmTBVal, rkcat$TB$val, Lambda],
rkrTBVal - Kr[rkcat$TB$Val, Lambda],

KmTBaKG = 2500; rkcat$TB$aKG = 2100;
rkfTBaKG » KF[KmTBaKG, rkcat$TB$akG, Lambda],
rkrTBaKG - Kr [rkcat$TB$aKG, Lambda],

KmTCAla = 100; fkcat$TCPAla = 2000;
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fkfTCAla » KF[KmTCAla, fkcat$TC$Ala, Lambda],
fkrTCAla -» Kr[fkcat$TC$Ala, Lambda],

KmTCaKI1V = 100; fkcat$TC$aKIlV = 1500;
fkFTCaKIV » KF[KmTCaK1V, fkcat$TC$aKlV, Lambda],
TfkrTCaKIV - Kr[fkcat$TCSaKIV, Lambda],

KmTCVal = 3000; rkcat$TC$val = 3000;
rkfTCVal » KF[KmTCVal, rkcat$TC$val, Lambda],
rkrTCVal - Kr[rkcat$TCs$val, Lambda],

KmTCPyr = 2000; rkcat$TC$Pyr = 3000;
rkfTCPyr » KF[KmTCPyr, rkcat$TC$Pyr, Lambdaj,
rkrTCPyr -» Kr [rkcat$TC$Pyr, Lambda],

KmLIVIexVal = 2; kcat$LI1VI$exVal = 500;
kfLIVIexVal -» KF[KmLIVIexVal, kcat$LI1VI$exVal, Lambda],
krL1VIexVal - Kr [kcat$L1VI$exVal, Lambda],

KmLIVIIexVal = 1; kcat$SLIVII$exval = 1;
kfLIVIlexVal - KF[KmLIVIlexVal, kcat$SLIVII$exVval, Lambda],
krLIVIlexVal -» Kr [kcat$LIVII1$exVal, Lambda],

kcat$aKIlV » 70,
kcat$val - 0.2,

KmIPMSacetylCoA = 200 ; kcat$lPMS$acetylCoA = 1000;
kflIPMSacetyl1CoA -» KF[KmIPMSacetylCoA, kcat$lPMS$acetylCoA, Lambda],
kr1PMSacetylICoA - Kr [kcat$IPMS$acetylCoA, Lambda],
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KmIPMSaK1V = 60; kcat$lIPMS$aK1V = 1000;
kFIPMSaK1V - KF[KmIPMSaK1V, kcat$IPMS$aKIV, Lambda],
kr1PMSaK1V - Kr [kcat$IPMS$aKIV, Lambda],

K1 IPMSLeu = 200;
kfiIPMSLeu -» KFi [KmIPMSacetylCoA, kcat$lPMS$acetylCoA, Lambda, Omega],
krilIPMSLeu - Kri [KmIPMSacetylCoA, kcat$lPMS$acetylCoA, Lambda, Omega, KiIPMSLeu],

KilIPMSacetylLeu = 500;
kfilPMSacetylLeu -» KFi [KmIPMSaK1V, kcat$lPMS$aK1V, Lambda, Omega],
krilPMSacetylLeu - Kri [KmIPMSaK1V, kcat$IPMS$aKIV, Lambda, Omega, KilPMSacetylLel

KmIPMIalPM = 100; kcat$IPMI$alPM = 1000;
kFIPMIalPM -» KF[KmIPMIalPM, kcat$IPMI$alPM, Lambda],
kriPMIalPM - Kr [kcat$IPMI$alPM, Lambda],

KmIPMIbIPM = 100; kcat$IPMI$bIPM = 1000;
kFIPMIbIPM » KF[KmIPMIbIPM, kcat$IPMISbIPM, Lambda],
krIPMIbIPM - Kr [kcat$IPMI$bIPM, Lambda],

KmIPMDHbIPM = 105; KmIPMDHNAD = 320; kcat$I1PMDH$bIPM = 4000;
kFfIPMDHbIPM -» KF2S[KmIPMDHbIPM, KmIPMDHNAD, kcat$lIPMDH$bIPM, Lambda],
kr IPMDHbIPM - Kr [kcat$1PMDH$bIPM, Lambda],

KmTBGlu = 1000; fkcat$TB$GIlu = 2000;
fkFTBGIu » KF[KmTBGlu, fkcat$TB$Glu, Lambda],
fkrTBGlu -» Kr [fkcat$TB$Glu, Lambda],
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};

KmTBaKIC = 200; fkcat$TB$aKIC = 3600;
fkfTBaKIC -» KF[KmTBaKIC, fkcat$TB$aKIC, Lambda],
fkrTBaKIC - Kr [fkcat$TB$aKIC, Lambda],

KmTBLeu = 4400; rkcat$TB$Leu = 2800;
rkfTBLeu - KF[KmTBLeu, rkcat$TB$Leu, Lambda],
rkrTBLeu -» Kr [rkcat$TB$Leu, Lambda],

KmTBaKG = 2500; rkcat$TB$aKG = 2100;
rkfTBaKG » KF[KmTBaKG, rkcat$TB$akKG, Lambda],
rkrTBaKG - Kr [rkcat$TB$%aKG, Lambda],

KmLIVlexLeu = 4; kcat$LIVI$exLeu = 100;
kfL1VlexLeu -» KF[KmLIVIexLeu, kcat$LIVI$exLeu, Lambda],
krLIVIexLeu -» Kr [kcat$LIVI$exLeu, Lambda],

KmLIVIlexLeu = 1; kcat$LIVII$exLeu = 1;
kfLIVIlexLeu » KF[KmLIVIlexLeu, kcat$LIVII$exLeu, Lambda],
krLIVIlexLeu -» Kr [kcat$LIVII1$exLeu, Lambda],

KmLSexLeu = 0.5; kcat$LS$exLeu = 100;
kfLSexLeu -» KF[KmLSexLeu, kcat$LS$exLeu, Lambda],
krLSexLeu - Kr [kcat$LS$exLeu, Lambda],

kcat$aKIC » 25,
kcat$Leu » 0.01
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(*
Inputs for Values of Substrate and Enzyme Concentrations (uM)
{ note: NADP[0]=0 1n yang" s pathway}

*)

myICs = {

AKI[0] ==8.1,
AKII[O] =0,
AKIII1[0] ==9.5,
ASD[0] ==6.2,
HDHI[0] == 8.1,
HDHIN1[O] == O,
HSK[0] == 5.6,
TS[0] == 8.3,

Asp[0] == 3600,

AspP[0] =0,
ASA[O0] == 0,
Hse[0] == O,
HseP[0] == O,
Lys[0] == 1000,
Thr[0] =

ATP[O] == 1000,
ADP[O] == 0,
NADP[0] == 1000,
NADPH[O] == 1000,
Phosphate[0] == 1000,
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$Comp 1exSAKI 1 SAsSpSATPS[O0] == O,

$Comp lexSASDSASASNADPSPhosphate$[0] ==
$Comp lex$SASDSASpPSNADPHS$[0] == O,
$Comp lex$SHDHI 1SASASNADPHS$[0] == O,
$Complex$HseP$TS$H[0] == O,

$Comp lex$HSKSHSeSATPS[0] == O,

$Comp lex$HSKSThr$[0] == O,

Pyr[0] == 1000,
Leu[0] == 0,
Ala[0] == 2000,
Glu[O0] == 2000,
I1e[0] ==

val[0] == O,
aKB[O0] ==
NH3[O0] ==
aAHB[O] ==
abMV[0] == 0,
aKMV[O] == 0,
akKG[0] == 0,
aAL[0] =0,
aDHIV[O] == 0,
akKlVv[0] =0,
alPM[0] == O,
bIPM[O] == O,
aKIC[O0] ==
propionylCoA[0O] ==

glutarylCoA[0] == 0,
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pantothenate[0] == 0,
acetylCoA[0] == 1000,

CoA[0] == 0,
NAD[O] == 1000,
NADH[O] == O,
C02[0] == 0,

protein[0] == 0,

TDA[O] == 3,
KDC[O] == 2,

AHASI [0] == 10,
AHASICH3CO[0] == O,
AHASII[O] == 0,
AHASIICH3CO[0] == 0,
AHASIII[O] == 2,
AHASI11CH3CO[0] == 0,

IR[O] == 13.5,
DAD[O] == 7,

TB[O] == 2.5,
TBNH2[0] == O,
TC[O] = 2,

TCNH2[0] == 0,

IPMS[O] == 5,
IPMSacetyl [0] == O,
IPMI [0] == 6,

(» E. coli K12 has no active AHASII «x)
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IPMDH[O] ==
LIVI[O] =10,
LIVII[O] == 0,
LS[O0] == 8,

(» extracellular amino acid treatment =)
exvVal [0] =0, (* 1000 for valine growth inhibition x)
exlle[0] =0, (» 500 for isoleucine rescue =)
exLeu[0] == 0O,

$Complex$akKBSKDCSH[0] = 0, $Complex$Pyr$AHASIS$[0] == O,
$Complex$AHASI$Val$[0] == 0, $ComplexSPyr$AHASISVal$[0] == 0,

$Comp 1ex$AHASICH3CO$Val$[0] == 0, $Complex$aKBSAHASICH3COS$[O0] == O,
$Comp lex$akKBSAHAS ICH3CO$Val$[0] == 0, $Complex$Pyr$AHASICH3COS[O0] =
$Comp 1ex$Pyr$AHASICH3COSVal$[0] == 0, $Complex$Pyr$AHASIIS[O] == O,
$Comp lex$aKBSAHAS I ICH3COS$[0] == 0, $Complex$Pyr$AHASIICH3CO$[0] == 0,
$Complex$Pyr$AHASITIS[0] == 0, $Complex$AHASIII$Val$[0] == 0,

$Comp lex$Pyr$AHASI11$Val$[0] == 0, $Complex$AHASIT I ICH3CO$Val$[0] == O,
$Comp lex$akBSAHAS I I ICH3CO$[0] == 0, $Complex$aKBSAHASI I ICH3COSVal$[0] =
$Complex$Pyr$AHASI 1 ICH3COS$[0] == 0, $ComplexSPyr$AHASIE I ICH3CO$Val$[0] ==
$Comp 1ex$IR$aAHBSNADPHS[0] == 0, $Complex$IR$aALSNADPH$[0] == 0,
$Complex$aDHIVSDADS[0] == 0, $Complex$aDMV$SDADS[O0] == O,

$Comp lex$CIuSTBS[0] == 0, $Complex$aKMVSTBNH2$[O0] == O,

$Comp lex$aK1VSTBNH2$[0] == 0, $Complex$11e$TBS[0] == O,
$Complex$Vval$TBS[0] == 0, $Complex$aKGSTBNH2$[0] == O,

$Comp lex$A1a$TCH[0] == 0, $Complex$aKIVSTCNH2$[O0] == O,
$Complex$ValSTCSH[0] == 0, $ComplexSPyr$TCNH2$[0] == O,
$Complex$exl1e$SLIVIS[0] == 0, $Complex$exIleSLIVIIS[O0] == O,
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$Complex$exValSLIVIS[0] = 0, $Complex$exvVal$SLIVIIS[O0] == 0,
$Complex$acety ICOASIPMSS$[0] == 0, $Complex$aKIVSIPMSacetyl$[0] == O,
$Complex$IPMS$SLeu$[0] == 0, $Complex$IPMSacetyl$Leu$[0] == O,
$Complex$aKIV$SIPMSacety 1$Leu$[0] == 0, $Complex$alPMSIPMIS[O] == O,
$Complex$b IPMSIPMIS[0] == 0, $Complex$IPMDHSbIPM$NADS[O] == O,
$Complex$aKICSTBNH2$[0] == 0, $Complex$Leu$TBS[0] == O,
$Complex$exLeuSLIVIS[0] = 0, $Complex$exLeusSLIVIIS[0] == 0,
$Complex$exLeu$LS$[0] == 0} ;

(*

Call the Mathematica NDSolve Function to Solve the ODEs with Given
Values of Kinetic Parameters and Substrate and Enzyme Concentrations
Listed Above.

*)

tmax = 100; (% minutes x)
mySolution = NDSolve[Join[myODEs /. myKs, mylCs], myVars, {t, O, tmax}, AccuracyGoal -
PrecisionGoal -» 3, MaxSteps -» 30000] ;

(» List of Substrates, Intermediates and Products for Graphic Outputs
Displayed Below x)

metabolites = {

Asp, AspP, ASA, Hse, HseP, HSK,

Thr, Pyr, aKB, aAHB, aAL, NADPH, aDMV, aDHIV, aKMV, aKlV, acetylCoA, alPM, bIPM,
NAD, aKIC, Glu, Ala, aKG, Ile, Val, Leu

};




Asp-IVL.nb

TBTCdistribution = {
TB, TBNH2, $Complex$Glu$TBS, $Complex$aKMVSTBNH2S, $Complex$aKIVSTBNH2S,
$Complex$aKICSTBNH2S,
$Complex$1 1e$TBS, $Complex$Val$TBS$, $Complex$Leu$TBS, $Complex$aKGSTBNH2S,
TC, TCNH2, $Complex$Ala$TCS, $Complex$aKIVSTCNH2S,
$Complex$Val$TC$, $Complex$Pyr$TCNH2$} ;

(» Define some plotting functions x)
FormalPlot[varName_ , displayTime_, YplotRange ] :=
Plot[varName[t] /. mySolution, {t, O, displayTime}, PlotRange -» YplotRange,
Background -» GrayLevel [1],
TextStyle » {FontWeight -» ""Bold", FontSize -» 14, FontFamily - ""Times New Roman'},
PlotStyle » {Thickness[0.01]}, AxesStyle » {Thickness[0.008]}];
DashPlot[varName_, displayTime_, YplotRange ] :=
Plot[varName[t] /. mySolution, {t, O, displayTime}, PlotRange -» YplotRange,
Background -» GrayLevel [1],
TextStyle » {FontWeight -» ""Bold", FontSize » 12, FontFamily » ""Times New Roman'},
PlotStyle » {Thickness[0.008], Dashing[{0.02, 0.025}]}, AxesStyle » {Thickness[O0.
DotPlot[varName_, displayTime_, YplotRange ] :=
Plot[varName[t] /. mySolution, {t, O, displayTime}, PlotRange -» YplotRange,
Background -» GrayLevel [1],
TextStyle » {FontWeight -» ""Bold", FontSize -» 12, FontFamily » ""Times New Roman'},
PlotStyle » {Thickness[0.008], Dashing[{0.001, 0.001, 0.001, 0.015}71},
AxesStyle » {Thickness[0.0006]}1];
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(*
Display Results of Simulation of Branched Chain Amino Acid
Simulation: Rates of Production of Metabolic Intermediates and End-
products.

X axis is Time (min), and Y axis is Concentration (uM)
*)

displayTime = 100;
Show [
GraphicsArray|[
Partition]
Map[Plot[#[t] /. mySolution, {t, O, displayTime}, PlotLabel » #, PlotRange - All,
DisplayFunction -» ldentity] &, metabolites], 3]
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FormalPlot[aKB, 100, All];
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FormalPlot[aDMV, 100, All];
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FormalPlot[1le, 100, All];
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FormalPlot[aAL, 100, {0, 10}7];
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FormalPlot[aKIV, 100, All];
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FormalPlot[alPM, 100, All];
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FormalPlot[aKIC, 100, All];
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FormalPlot[Asp, 100, All];
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FormalPlot[ASA, 100, {0, 650}7;
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FormalPlot[HseP, 100, {0, 250}];
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(* Pyr[0]= 1,000 =)



Asp-IVL.nb

Asp AspP
7000
6000 3000+
5000
4000 Uiy
3000 1000!
2000
1000 ‘ Qg/xxé

60 80 100
20 40 60 80 100

Hse HseP
0.35
0.3 200}
0.25

150}
0.2
0.15 100}
0.1
50+t
0.05
20 40 60 80 100 20 40 60 80 100

Thr Pyr
800+ 2000
600+ 1500
400+ 1000
200+ 500




Asp-IVL.nb

‘ 20 40 60 80 100 ‘ 20 40 60 80 100
aAHB aAL
0.03l 600
0.025! 500
0.02| 400
0.015! 300
0.01F 200
0.005! 100
20 40 60 80 100 20 40 60 80 100
aDMV aDHIV
0.61
250
0.5
200
0.4
150
0.3|
0.2l 1ook\-__——_
0.1° 50
20 40 60 80 100 20 40 60 80 100
aK1Vv acetylCoA
2000
150
125 1500
100
s 1000
50\\___ 500
25




Asp-IVL.nb

g = O N O W
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(*
Display Simulations of Partition of Transaminase B and C
X axis 1s Time (min), and Y axis i1s Concentration (uM)

*)

displayTime = 100;
Show [
GraphicsArray|[
Partition]
Map[Plot[#[t] /.- mySolution, {t, O, displayTime}, PlotLabel » #, PlotRange - All,
DisplayFunction -» ldentity] &, TBTCdistribution], 4]

]
1:

(* Pyr[0]= 1,000 =)
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(* Pyr[0]= 10,000 x)
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