Reduced Model of rat liver beta oxidation

function [output] = liver_Karen_red(varargin)
time = varargin{l};
statevector = varargin{2};
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% STATES
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Cl6AcylCarCYT = statevector(l);
Cl6AcylCarMAT = statevector(2);
C16AcyICOAMAT = statevector(3);
C16Enoy1CoAMAT = statevector(4);
Cl4AcylCarCYT = statevector(5);
Cl4AcylCarMAT = statevector(6);
C14AcyICOAMAT = statevector(7);
C14Enoy1CoAMAT = statevector(8);
Cl12AcylCarCYT = statevector(9);
Cl12AcylCarMAT = statevector(10);
C12AcyICOAMAT = statevector(1ll);
C12Enoy1CoAMAT = statevector(12);
C10AcylICarCYT = statevector(13);
C10AcylICarMAT = statevector(14);
C10AcyICOAMAT = statevector(1l5);
C10Enoy1CoAMAT = statevector(16);
C8AcylICarCYT = statevector(17);
C8AcylICarMAT = statevector(18);
C8AcyICoAMAT = statevector(19);
C8EnoyICoAMAT = statevector(20);
C6AcylICarCYT = statevector(21);
C6AcylCarMAT = statevector(22);
C6AcyICOAMAT = statevector(23);

C6EnoyICOAMAT = statevector(24);
C6KetoacyICOAMAT = statevector(25);

C4AcyICarCYT = statevector(26);
C4AcylCarMAT = statevector(27);
C4AcyICOAMAT = statevector(28);

C4EnoyICOAMAT = statevector(29);
C4AcetoacylCoAMAT = statevector(30);
AcetyICoAMAT = statevector(3l);
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% PARAMETERS (Note that we have removed all the redundant parameters)
%6%9%696%%%%6%6%%%%6%%% % %6%6% % %6%6%% % %6%% % %6%6%%% %6%6% % %6%6%%% %6%6%
C16AcyICOACYT = 26.8%exp(-0.18*time);

Veptl = 0.012;

KmcptlC16Acy ICOACYT = 13.8;

KmcptlCarCYT = 125;

KmcptlC1l6AcylCarCYT = 136;

KmcptlCoACYT = 40.7;

KicptlMalCoACYT = 9.1;

Keqcptl = 0.45;

ncptl = 2.4799;

Vfcact = 0.42;



KmcactC16AcylCarCYT
KmcactCarMAT = 130;
KicactCl6AcylCarCYT
KicactCarCYT = 200;
sfcpt2C16 = 0.85;
sfcpt2Cl4 = 1;
sfcpt2C1l2 = 0.95;
sfcpt2C8 = 0.35;
sfcpt2C6 = 0.15;
sfcpt2C4 = 0.01;
Vept2 = 0.391;
Kmcpt2C16Acy1CarMAT
Kmcpt2CoAMAT = 30;
Kmcpt2C16Acy 1COAMAT
Kmcpt2C6Acy ICOAMAT
Kmcpt2C4Acy ICOAMAT
Kmcpt2CarMAT = 350;
Keqcpt2 = 2.22;
sfvicadC16 1;
sfvicadCl14 = 0.42;
sftvlcadC12 0.11;
Vvicad = 0.008;

KmvicadC16Acy 1CoAMAT
KmvicadC14Acy 1CoAMAT
KmvicadC12Acy 1CoAMAT

KmvicadFAD = 0.12;

= 15;

= 56;

= 51;

38;
1000;
1000000;

6.5;
4;
2.7;

KmcadEnoyl1CoAMAT = 1.08;

KmvilcadFADH = 24.2;
Keqcad = 6;
sflcadCl6
sflcadCl4
sflcadCl12 0.9;
sflcadC10 0.75;
Vlcad = 0.01;
KmlcadC16Acy ICOAMAT
KmlcadC14Acy ICOAMAT
KmlcadC12Acy ICOAMAT
KmlcadC10Acy ICOAMAT
KmlcadC8Acy ICOAMAT
KmlcadFAD =0.12;
KmlcadFADH = 24.2;
sfmcadCl2 = 0.38;
sfmcadCl10 = 0.8;
sftmcadC8 0.87;
stmcadC6 1;
Vmcad = 0.081;
KmmcadC12Acy ICOAMAT
KmmcadC10Acy ICOAMAT
KmmcadC8Acy ICOAMAT
KmmcadC6Acy ICOAMAT
KmmcadC4Acy ICOAMAT
KmmcadFAD = 0.12;
KmmcadFADH = 24_.2;
sfscadC4 = 1;

Vscad = 0.081;
KmscadC6Acy ICOAMAT
KmscadC4Acy 1CoOAMAT

0.9;
1;

2.5;
7.4;

24._3;
123;

5.7;
5.4;

9.4;
135;

285;
10.7;

%



KmscadFAD = 0.12;
KmscadFADH = 24.2;
sfcrotCe6 83;
sfcrotC4
Vcrot = 3.6;

KmcrotC6Enoy ICOAMAT = 25;
KmcrotC4Enoy ICOAMAT = 40;
KicrotC4AcetoacylCoA = 1.6;
Keqcrot = 3.13;

sfmschadC6 = 1;

sftmschadC4 = 0.67;

Vmschad = 1;
KmmschadC6Hydroxyacy 1COAMAT
KmmschadC4Hydroxyacy 1COAMAT
KmmschadNADMAT = 58.5;
KmmschadC6Ketoacy ICOAMAT = 5.8;
KmmschadC4AcetoacyCOAMAT = 16.9;
KmmschadNADHMAT = 5.4;

=0
=1

28.6;
69.9;

Kegmschad = 2.17/1074;
stmckatC6 = 1;
stmckatC4 = 0.49;

Vmckat = 0.377;

KmmckatC6Ketoacy ICOAMAT = 6.7;
KmmckatC4Acetoacy ICOAMAT = 12._4;
KmmckatCoAMAT = 26.6;

KmmckatC4Acy ICOAMAT = 13.83;
KmmckatAcety ICOAMAT = 30;
Kegmckat = 1051;

stmtpCl6 = 1;

stmtpCl4 = 0.9;

sfmtpCl2 = 0.81;

stmtpCl0 = 0.73;

stmtpC8 = 0.34;

Vmtp = 2.84;

KmmtpCl6Enoy ICOAMAT = 25;
KmmtpNADMAT = 60;
KmmtpCoAMAT = 30;
KmmtpC1l6Acy ICOAMAT = 13.83;
KmmtpNADHMAT = 50;
KmmtpAcetyl COAMAT = 30;
Kegmtp = 7138.4971/10M4;
CarCYT 400;

CoACYT = 140;

MalCoACYT = O0;

CarMAT = 950;

FADEMAT = 0.77;
NADEMAT = 250;
CoAMATt = 5000;
VCYT = 0.01;

VMAT = 1.8/1076;
Ksacesink = 6000000;
Klacesink = 30;

FADHMAT = 0.46;

NADHMAT = 16;

NAD = NADtMAT - NADHMAT;
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% REACTION KINETICS
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COAMAT = COAMATt - C16AcylCoAMAT - C16EnoylCoAMAT - C14AcylCoAMAT -
C14EnoyICoAMAT - C12AcylICoAMAT - C12EnoylICoAMAT - C10AcyICoAMAT -
C10EnoyICoAMAT - C8AcylCoAMAT - C8EnoylCoAMAT - C6AcylCoAMAT - C6EnoylCoAMAT
- C6KetoacylCoAMAT - C4AcylICoAMAT - C4EnoylICoAMAT - C4AcetoacylCoAMAT -
Acety ICOAMAT;

veptlCle = CPT1([Veptl, KmcptlCl6AcylICoACYT, KmcptlCarCYT,
KmcptlC1l6AcylICarCYT, KmcptlCoACYT, KicptlMalCoACYT, Keqcptl, C16AcyIlCoACYT,
CarCYT, C16AcylCarCYT, CoACYT, MalCoACYT, ncptl]);

vcactCl6 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactC16AcylCarCYT, KicactCarCYT, C16AcylCarCYT, CarMAT, C16AcylCarMAT,
CarCYTD);

vcactCl4 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactCl16AcylCarCYT, KicactCarCYT, Cl4AcylCarCYT, CarMAT, Cl4AcylCarMAT,
CarCYTD);

vcactCl2 = CACT([Vfcact, KmcactC1l6AcylCarCYT, KmcactCarMAT,
KicactC16AcylCarCYT, KicactCarCYT, Cl12AcylCarCYT, CarMAT, C12AcylCarMAT,
CarCYTD);

vcactCl0 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactC16AcylCarCYT, KicactCarCYT, C1O0AcylCarCYT, CarMAT, C1OAcylCarMAT,
CarCYTD);

vcactC8 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactCl6AcylCarCYT, KicactCarCYT, C8AcylCarCYT, CarMAT, C8AcylCarMAT,
CarCYTD);

vcactC6 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactCl6AcylCarCYT, KicactCarCYT, C6AcylCarCYT, CarMAT, C6AcylCarMAT,
CarCYTD);

vcactC4 = CACT([Vfcact, KmcactCl6AcylCarCYT, KmcactCarMAT,
KicactCl16AcylICarCYT, KicactCarCYT, C4AcylCarCYT, CarMAT, C4AcylCarMAT,
CarCYTD);

vcpt2Cl6 = CPT2([sfcpt2Cl6, Vept2, Kmept2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C16Acy ICOAMAT, Kmcpt2C16AcylCoAMAT, Kmcpt2C6Acy ICOAMAT,
Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, Cl16AcylCarMAT, Cl4AcylCarMAT,
C12AcylCarMAT, C1OAcylCarMAT, C8AcylCarMAT, C6AcylCarMAT, C4AcylCarMAT,
COAMAT, C16AcyIlCoAMAT, Cl4AcylCoAMAT, C12AcylCoAMAT, C10AcylCoAMAT,
C8AcyICoAMAT, C6AcylICoAMAT, C4AcyIlCoAMAT, CarMAT]);

vcpt2Cl4 = CPT2([sfcpt2Cl4, Vept2, Kmept2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C16Acy ICOAMAT, Kmcpt2C16AcylCoAMAT, Kmcpt2C6Acy ICOAMAT,
Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, Cl4AcylCarMAT, C16AcylCarMAT,
C12AcylCarMAT, C1OAcylCarMAT, C8AcylCarMAT, C6AcylCarMAT, C4AcylCarMAT,
COAMAT, C14AcylCoAMAT, C16AcylCoAMAT, C12AcylCoAMAT, C10AcylCoAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, C4AcyIlCoAMAT, CarMAT]);

vept2Cl2 = CPT2([sfcpt2Cl2, Vcept2, Kmept2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C16Acy ICOAMAT, Kmcpt2C16AcylCoAMAT, Kmcpt2C6Acy ICOAMAT,
Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, Cl12AcylCarMAT, C16AcylCarMAT,
Cl4AcylCarMAT, C1OAcylCarMAT, C8AcylCarMAT, C6AcylCarMAT, C4AcylCarMAT,
COoAMAT, C12AcylCoAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C10AcyICoAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, C4AcyIlCoAMAT, CarMAT]);

vept2C1l0 = CPT2([sfcpt2Cl2, Vcpt2, Kmcpt2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C16Acy ICOAMAT, Kmcpt2C16AcylCoAMAT, Kmcpt2C6Acy ICOAMAT,
Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, C10AcylCarMAT, C16AcylCarMAT,
Cl4AcylCarMAT, Cl1l2AcylCarMAT, C8AcylCarMAT, C6AcylCarMAT, C4AcylCarMAT,
CoAMAT, C10AcyICoAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C12AcylCoAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, C4AcyIlCoAMAT, CarMAT]);



vept2C8 = CPT2([sfcpt2C8, Vcpt2, Kmcpt2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C16Acy ICOAMAT, Kmcpt2C16AcylCoAMAT, Kmcpt2C6Acy ICOAMAT,

Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, C8AcylCarMAT, C16AcylCarMAT,
Cl4AcylCarMAT, Cl12AcylCarMAT, C1lO0AcylCarMAT, C6AcylCarMAT, C4AcylCarMAT,
COoAMAT, C8AcyICoAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C12AcylCoAMAT,
C10AcyICoAMAT, C6AcylICoAMAT, C4AcyIlCoAMAT, CarMAT]);

vept2C6 = CPT2([sfcpt2C6, Vept2, Kmcpt2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C6Acy ICOAMAT, Kmcpt2C16Acy 1ICOAMAT, Kmcpt2C16Acy ICOAMAT,

Kmcpt2C4Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, C6AcylCarMAT, C1l6AcylCarMAT,
Cl4AcylCarMAT, Cl12AcylCarMAT, C1l0AcylCarMAT, C8AcylCarMAT, C4AcylCarMAT,
COoAMAT, C6AcylICoAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C12AcylCoAMAT,
C10AcyICoAMAT, C8AcyICoAMAT, C4AcyIlCoAMAT, CarMAT]);

vept2C4 = CPT2([sfcpt2C4, Vept2, Kmcpt2Cl6AcylCarMAT, Kmcpt2CoAMAT,
Kmcpt2C4Acy ICOAMAT, Kmcpt2C16Acy 1COAMAT, Kmcpt2C16Acy ICOAMAT,

Kmcpt2C6Acy ICOAMAT, Kmcpt2CarMAT, Keqcpt2, C4AcylCarMAT, C1l6AcylCarMAT,
Cl4AcylCarMAT, Cl12AcylCarMAT, C1lOAcylCarMAT, C8AcylCarMAT, C6AcylCarMAT,
CoAMAT, C4AcylCoAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C12AcylCoAMAT,
C10AcyICoAMAT, C8AcyICoAMAT, C6AcylCoAMAT, CarMAT]);

vvlcadC16 = VLCAD([sfvicadC16, Vvicad, KmvicadCl6AcylCoAMAT,
KmvIlcadC14Acy1CoAMAT, KmvlcadCl12AcyICoAMAT, KmvlcadFAD, KmcadEnoylCOAMAT,
KmvlcadFADH, Keqcad, C16AcylCoAMAT, C14AcylCoAMAT, C12AcyIlCoAMAT, FADtMAT,
C16Enoy1CoAMAT, C14EnoylICoAMAT, C12EnoylCoAMAT, FADHMAT]);

vvilcadC14 = VLCAD([sfvicadCl14, Vvicad, KmvicadCl4AcylCoAMAT,

KmvlcadC16Acy 1CoAMAT, KmvlcadCl12AcylCoAMAT, KmvlcadFAD, KmcadEnoylCoAMAT,
KmvlcadFADH, Keqcad, C14AcylCoAMAT, C1l6AcylCoAMAT, C12AcyIlCoAMAT, FADtMAT,
C14Enoy1CoAMAT, C16EnoylICoAMAT, C12EnoylCoAMAT, FADHMAT]);

vvilcadCl12 = VLCAD([sfvicadC12, Vvicad, KmvicadC12AcylCoAMAT,

KmvIlcadC16Acy 1CoAMAT, KmvlcadCl4AcylCoAMAT, KmvlcadFAD, KmcadEnoylCoAMAT,
KmvlcadFADH, Keqcad, C12AcylCoAMAT, C1l6AcylCoAMAT, C14AcyIlCoAMAT, FADtMAT,
C12Enoy1CoAMAT, C16EnoylICoAMAT, Cl1l4EnoylCoAMAT, FADHMAT]);

vlcadC16 = LCAD([sflcadC16, Vlcad, KmlcadC16AcylCoAMAT, KmlcadCl4AcyIlCoAMAT,
KmlcadC12AcyICoAMAT, KmlcadClOAcyICoAMAT, KmlcadC8AcyIlCoAMAT, KmlcadFAD,
KmcadEnoy ICoAMAT, KmlcadFADH, Keqcad, C16AcylCoAMAT, C14AcyIlCoAMAT,
C12AcyICoAMAT, C1O0AcyICoAMAT, C8AcyICoAMAT, FADtMAT, C16EnoylCOAMAT,
C14Enoy1CoAMAT, C12EnoylICoAMAT, C1OEnoylCoAMAT, C8EnoylCoAMAT, FADHMAT]);
vlcadC14 = LCAD([sflcadC14, Vlcad, KmlcadCl4AcylCoAMAT, KmlcadCl6AcyICoAMAT,
KmlcadC12AcyICoAMAT, KmlcadClOAcyICoAMAT, KmlcadC8AcylCoAMAT, KmlcadFAD,
KmcadEnoy ICoAMAT, KmlcadFADH, Keqcad, C14AcylCoAMAT, C16AcyIlCoAMAT,
C12AcyICOAMAT, C1O0AcyICoAMAT, C8AcyICoAMAT, FADtMAT, C1l4EnoylICOAMAT,
C16Enoy1CoAMAT, C12EnoylICoAMAT, C1OEnoylCoAMAT, C8EnoylCoAMAT, FADHMAT]);
vilcadC12 = LCAD([sflcadCl12, Vlcad, KmlcadC12AcylCoAMAT, KmlcadCl6AcyICoAMAT,
KmlcadC14AcyICoAMAT, KmlcadClOAcyIlCoAMAT, KmlcadC8AcylCoAMAT, KmlcadFAD,
KmcadEnoy ICoAMAT, KmlcadFADH, Keqcad, C12AcylCoAMAT, C16AcylCoOAMAT,
C14AcylICoAMAT, C1O0AcyICoAMAT, C8AcyICoAMAT, FADtMAT, C1l4EnoylICOAMAT,
C16Enoy1CoAMAT, C14EnoylICoAMAT, C1OEnoylCoAMAT, C8EnoylCoAMAT, FADHMAT]);
vlcadC1l0 = LCAD([sflcadC10, Vlcad, KmlcadCl0AcylCoAMAT, KmlcadCl6AcyICoAMAT,
KmlcadC14AcyICoAMAT, KmlcadC1l2AcyICoAMAT, KmlcadC8AcylCoAMAT, KmlcadFAD,
KmcadEnoy ICoAMAT, KmlcadFADH, Keqcad, C10AcylCoAMAT, C16AcylCOAMAT,
C14AcylICoAMAT, C12AcyICoAMAT, C8AcyICoAMAT, FADEtMAT, C10EnoylCOAMAT,
C16Enoy1CoAMAT, C14EnoylICoAMAT, C12EnoylCoAMAT, C8EnoylCoAMAT, FADHMAT]);
vlcadC8 = O0;

vmcadC12 = MCAD([sfmcadCl1l2, Vmcad, KmmcadCl2AcylCoAMAT, KmmcadC1lOAcyICoAMAT,
KmmcadC8Acy 1CoAMAT, KmmcadC6AcylCoAMAT, KmmcadC4AcylCoAMAT, KmmcadFAD,
KmcadEnoy ICOAMAT, KmmcadFADH, Keqcad, C12AcylCoAMAT, C10AcyIlCoOAMAT,
C8AcyICoAMAT, C6AcylICoAMAT, C4AcylCoAMAT, FADEMAT, C12EnoylCoOAMAT,
C10Enoy1CoAMAT, C8EnoylCoAMAT, C6EnoylCoAMAT, C4EnoylCoAMAT, FADHMAT]);



vmcadC1l0 = MCAD([sfmcadCl10, Vmcad, KmmcadClOAcylCoAMAT, KmmcadCl2AcylCoAMAT,
KmmcadC8Acy ICoAMAT, KmmcadC6AcyICoAMAT, KmmcadC4AcylCoAMAT, KmmcadFAD,
KmcadEnoylCoAMAT, KmmcadFADH, Keqcad, C10AcylCoAMAT, C12AcylCoAMAT,
C8AcyICoAMAT, C6AcyICoAMAT, C4AcyIlCoOAMAT, FADEMAT, C1O0EnoylCOAMAT,
C12Enoy1CoAMAT, C8EnoylCoAMAT, C6EnoylCoAMAT, C4EnoylCoAMAT, FADHMAT]);
vmcadC8 = MCAD([sfmcadC8, Vmcad, KmmcadC8AcylCoAMAT, KmmcadCl2AcylCoAMAT,
KmmcadC10Acy ICOAMAT, KmmcadC6Acy1CoAMAT, KmmcadC4AcylCoAMAT, KmmcadFAD,
KmcadEnoylCoAMAT, KmmcadFADH, Keqgcad, C8AcylCoAMAT, C12AcylCoAMAT,
C10AcyICoAMAT, C6AcyICoAMAT, C4AcyIlCoAMAT, FADEMAT, C8EnoylCOAMAT,
C12Enoy1CoAMAT, C10EnoylCoAMAT, C6EnoylICoAMAT, C4EnoylCoAMAT, FADHMAT]);
vmcadC6 = MCAD([sfmcadC6, Vmcad, KmmcadC6AcylCoAMAT, KmmcadCl2AcylCoAMAT,
KmmcadC10Acy ICoAMAT, KmmcadC8AcylCoAMAT, KmmcadC4AcylCoAMAT, KmmcadFAD,
KmcadEnoylCoAMAT, KmmcadFADH, Keqcad, C6AcylCoAMAT, C12AcylCoAMAT,
C10AcyICoAMAT, C8AcyICoAMAT, C4AcylCoAMAT, FADEMAT, C6EnoylCOAMAT,
C12Enoy1CoAMAT, C10EnoylCoAMAT, C8EnoylCoAMAT, C4EnoylCoAMAT, FADHMAT]);
vscadC4 = SCAD([sfscadC4, Vscad, KmscadC4AcylCoAMAT, KmscadC6AcylCoAMAT,
KmscadFAD, KmcadEnoylCoAMAT, KmscadFADH, Keqcad, C4AcylICoAMAT, C6AcylCoAMAT,
FADEMAT, C4EnoylCoAMAT, C6EnoylCoAMAT, FADHMAT]);

vermsC6 = CRMS([sfcrotC6, Vcrot, KmcrotC6EnoyICoAMAT, KmcrotC4EnoylCoAMAT,
KicrotC4AcetoacylCoA, Keqcrot, C6EnoylCoAMAT, C4EnoylCoAMAT, sfmschadCé,
Vmschad, KmmschadC6HydroxyacylCoAMAT, KmmschadNADMAT,

KmmschadC6Ketoacy ICOAMAT, KmmschadC4AcetoacyICoAMAT, KmmschadNADHMAT,
Kegmschad, NAD, C6KetoacylCoAMAT, C4AcetoacylCoAMAT, NADHMAT,
C4AcetoacylCoAMAT]);

vermsC4 = CRMS([sfcrotC4, Vcrot, KmcrotC4EnoylCoAMAT, KmcrotC6EnoylCoAMAT,
KicrotC4AcetoacylCoA, Keqcrot, C4EnoylCoAMAT, C6EnoylCoAMAT, sfmschadC4,
Vmschad, KmmschadC4HydroxyacylCoAMAT, KmmschadNADMAT,
KmmschadC4AcetoacylCoAMAT, KmmschadC6Ketoacy ICOAMAT, KmmschadNADHMAT,
Kegmschad, NAD, C4AcetoacylCoAMAT, C6KetoacylCoAMAT, NADHMAT,
C4AcetoacylCoAMAT]);

vmckatC6é = MCKATA([sfmckatC6, Vmckat, KmmckatC6KetoacylCoAMAT,
KmmckatC4Acetoacy ICOAMAT, KmmckatCoAMAT, KmmckatC4AcylCOAMAT,

KmmckatAcety ICOAMAT, Kegmckat, C6KetoacylCoAMAT, C4AcetoacylCoAMAT, CoAMAT,
C4Acy ICOAMAT, C16AcylCoAMAT, Cl14AcylCoAMAT, C12AcylCoAMAT, C10AcylCoAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, AcetylCoAMAT]);

vmckatC4 = MCKATB([sfmckatC4, Vmckat, KmmckatC4AcetoacylCoAMAT,
KmmckatC6Ketoacy ICOAMAT, KmmckatCoAMAT, KmmckatC4AcylCoAMAT,

KmmckatAcety ICOAMAT, Kegmckat, C4AcetoacylCoAMAT, C6KetoacylCoAMAT, CoAMAT,
C4Acy ICOAMAT, C16AcylCoAMAT, C14AcylCoAMAT, C12AcylCoAMAT, C10AcyIlCoAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, AcetylCoAMAT]);

vmtpCl6 = MTP([sfmtpCl6, Vmtp, KmmtpCl6EnoylCoAMAT, KmmtpNADMAT, KmmtpCoAMAT,
KmmtpC1l6Acy ICOAMAT, KmmtpNADHMAT, KmmtpAcetylCoAMAT, Kegmtp, C16EnoylCoAMAT,
C14Enoy1CoAMAT, C12EnoylCoAMAT, C10EnoylICoAMAT, C8EnoylCOAMAT, NADEMAT,
COAMAT, Cl1l4AcyIlCoAMAT, C16AcylCoAMAT, C12AcylCoAMAT, C1lOAcylCOAMAT,
C8AcyICoAMAT, C6AcylCoAMAT, NADHMAT, AcetylCoAMAT]);

vmtpCl4 = MTP([sfmtpCl4, Vmtp, KmmtpCl6EnoylCoAMAT, KmmtpNADMAT, KmmtpCoAMAT,
KmmtpC1l6Acy ICOAMAT, KmmtpNADHMAT, KmmtpAcetylCoAMAT, Kegmtp, C1l4EnoylCoAMAT,
C16Enoy1CoAMAT, C12EnoylCoAMAT, C1lOEnoylICoAMAT, C8EnoyIlCoAMAT, NADtMAT,
COAMAT, C12AcyIlCoAMAT, C16AcyICoAMAT, C1l4AcylCoAMAT, C1lOAcylCOAMAT,

C8Acy ICoAMAT, C6AcylCoAMAT, NADHMAT, AcetylCoAMAT]);

vmtpCl2 = MTP([sfmtpCl2, Vmtp, KmmtpCl6EnoylCoAMAT, KmmtpNADMAT, KmmtpCoAMAT,
KmmtpC1l6Acy ICOAMAT, KmmtpNADHMAT, KmmtpAcetylCoAMAT, Kegmtp, C12EnoylCoAMAT,
C16Enoy1CoAMAT, Cl14EnoylCoAMAT, C1lOEnoylICoAMAT, C8EnoyIlCoAMAT, NADtMAT,
COAMAT, C10AcyIlCoAMAT, C16AcylCoAMAT, C1l4AcyIlCoAMAT, C12AcylCOAMAT,

C8Acy ICoAMAT, C6AcylCoAMAT, NADHMAT, AcetylCoAMAT]);

vmtpCl0 = MTP([sfmtpCl0, Vmtp, KmmtpCl6EnoylCoAMAT, KmmtpNADMAT, KmmtpCoAMAT,
KmmtpC1l6Acy ICOAMAT, KmmtpNADHMAT, KmmtpAcetyICoAMAT, Kegmtp, C1OEnoylCoAMAT,



C16Enoy1CoAMAT, C14EnoylCoAMAT, C12EnoylICoAMAT, C8EnoylCoOAMAT, NADtMAT,
CoAMAT, C8AcylICoAMAT, C16AcylCoAMAT, C1l4AcylCoAMAT, C12AcylCoAMAT,

C10Acy ICOAMAT, C6AcylICoAMAT, NADHMAT, AcetylCoAMAT]);

vmtpC8 = MTP([sfmtpC8, Vmtp, KmmtpCl6EnoylCoAMAT, KmmtpNADMAT, KmmtpCoAMAT,
KmmtpC1l6Acy ICOAMAT, KmmtpNADHMAT, KmmtpAcetyICoAMAT, Kegmtp, C8EnoylCoAMAT,
C16Enoy1CoAMAT, C14EnoylCoAMAT, C12EnoylICoAMAT, C10EnoylCoAMAT, NADtMAT,
COAMAT, C6AcylICoAMAT, C16AcylCoAMAT, C1l4AcylCoAMAT, C12AcylCoAMAT,

C10Acy ICOAMAT, C8AcylICoAMAT, NADHMAT, AcetylCoAMAT]);

vacesink = RES([Ksacesink, AcetylCoAMAT, Klacesink]);

%%%%%%%%%%%6%%%6%%%6%%%6%%6%0%%6%%%6%%%6%%%6%%6%6%%6%6% %% % %% %
% DIFFERENTIAL EQUATIONS
%%%%%%%%%%%6%%%6%%%6%%%6%%6%0%%6%%%6%%%6%%%6%%6%6%%6%6% %% % %% %

output(l) = (vcptlClé - vcactCl6)/VCYT;

output(2) = (vcactCl6 - vcpt2C1l6)/VMAT;

output(3) = (vcpt2Cl6 - vvlcadCl6 - vlcadCl6)/VMAT;

output(4) = (vvlcadCl16 + vlcadC1l6 - vmtpCl6)/VMAT;

output(b) = - vcactC14/VCYT;

output(6) = (vcactCl4 - vcpt2Cl4)/VMAT;

output(7) = (vcpt2Cl4 + vmtpCl6 - vvlcadCl4 - vicadCl4)/VMAT;
output(8) = (vvlcadCl14 + vicadCl4 - vmtpCl4)/VMAT;

output(9) = - vcactC12/VCYT;

output(10) = (vcactCl2 - vcpt2C12)/VMAT;

output(l11l) = (vcpt2Cl2 + vmtpCl4 - vvlcadCl2 - vlcadCl2 - vmcadCl2)/VMAT;
output(12) = (vvlcadCl2 + vilcadCl2 + vmcadCl2 - vmtpCl2)/VMAT;
output(13) = - vcactCl0/VCYT;

output(14) = (vcactCl0 - vcpt2C10)/VMAT;

output(l1l5) = (vcpt2C10 + vmtpCl2 - vlcadCl0 - vmcadCl0)/VMAT;
output(16) = (vlcadCl10 + vmcadCl0 - vmtpCl0)/VMAT;

output(l7) = - vcactC8/VCYT;

output(18) = (vcactC8 - vcpt2C8)/VMAT;

output(19) = (vcpt2C8 + vmtpCl0 - vicadC8 - vmcadC8)/VMAT;
output(20) = (vlcadC8 + vmcadC8 - vmtpC8)/VMAT;

output(21) = - vcactC6/VCYT;

output(22) = (vcactC6 - vcpt2C6)/VMAT;

output(23) = (vcpt2C6 + vmtpC8 - vmcadC6)/VMAT;

output(24) = (vmcadC6 - vcrmsC6)/VMAT;

output(25) = (vcrmsC6 - vmckatC6)/VMAT;

output(26) = - vcactC4/VCYT;

output(27) = (vcactC4 - vcpt2C4)/VMAT;

output(28) = (vcpt2C4 + vmckatCé6 - vscadC4)/VMAT;

output(29) = (vscadC4 - vcrmsC4)/VMAT;

output(30) = (vcrmsC4 - vmckatC4)/VMAT;

output(31) = (L/VMAT)*(vmtpCl6 + vmtpCld + vmtpCl2 + vmtpClO + vmtpC8 +
vmckatC6 + 2*vmckatC4 - vacesink);

%%%%%%%%%%%%%%6%%%6%%6%6%%6%0%%6%%%6%%%6%%%6%%%6%%6%6%%6%% %% %
% RETURN VALUES
%%%%%%%%%%%%%%6%%%6%%6%6%%6%0%%6%%%6%%%6%%%6%%%6%%6%6% %% % %% %

%

return a column vector

output = output(:);

%end;

function output = CPT1(input)

\

input(l);



Kmsl = input(2);
Kms2 = input(3);
Kmpl = input(4);
Kmp2 = input(b5);
Kil = input(6);
Keq = input(7);
S1 = input(8);

S2 = input(9);

P1 = input(10);
P2 = input(1l);
11 = input(12);
n = input(13);

output = (V*((S1*S2)/(Kmsl*Kms2) - (P1*P2)/(Kmsl1*Kms2*Keq)))/((1 + S1/Kmsl +
P1/Kmpl + (11/Kil)™n)*(1 + S2/Kms2 + P2/Kmp2));
%end;

function output = CACT(input)

VF = input(l);

Kms1 input(2);
input(3);
input(4);
input(5);

I
1 -
%)
iy
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output = VF*(S1*S2 - P1*P2)/(S1*S2 + Kms2*S1l + Kmsl1*S2*(1 + P2/Kip2) +
Kms2*P1*(1 + S1/Kisl) + P2*(Kmsl + P1));
%end;

function output = CPT2(input)
st = input(l);

V = input(2);
Kmsl = input(3);

Kms8 = input(4);
Kmpl = input(5);
Kmp2 = input(6);
Kmp6 = input(7);
Kmp7 = input(8);
Kmp8 = input(9);
Keq = input(10);
S1 = input(1ll);
S2 = input(12);
S3 = input(13);
S4 = input(14);
S5 = input(15);
S6 = input(16);
S7 = input(17);
S8 = input(18);
P1 = input(19);
P2 = input(20);
P3 = input(21);



P4 = input(22);
P5 = input(23);
P6 = input(24);
P7 = input(25);
P8 = input(26);

output = (sF*V*((S51*S8)/(Kms1*Kms8) - (P1*P8)/(Kmsl*Kms8*Keq)))/((1 + S1/Kmsl
+ P1/Kmpl + S2/Kmsl + P2/Kmp2 + S3/Kmsl + P3/Kmp2 + S4/Kmsl + P4/Kmp2 +
S5/Kmsl + P5/Kmp2 + S6/Kmsl + P6/Kmp6 + S7/Kmsl + P7/Kmp7)*(1 + S8/Kms8 +
P8/Kmp8));

%end;

function output = VLCAD(input)

st = input(l);
V = input(2);

Kmsl = input(3);
Kms2 = input(4);
Kms3 = input(b);
Kms4 = input(6);
Kmpl = input(7);
Kmp4 = input(8);
Keq = input(9);
S1 = input(10);
S2 = input(1l);
S3 = input(12);
S4 = input(13);
P1 = input(14);
P2 = input(15);
P3 = input(16);
P4 = input(17);

output = (sT*V*((S1*(S4 - P4))/(Kmsl*Kms4) - (P1*P4)/(Kmsl*Kms4*Keq)))/((1 +
S1/Kmsl + P1/Kmpl + S2/Kms2 + P2/Kmpl + S3/Kms3 + P3/Kmpl)*(1 + (S4 -
P4)/Kms4 + P4/Kmp4));

%end;

function output = LCAD(input)

st = input(l);
V = input(2);

Kmsl = input(3);
Kms2 = input(4);
Kms3 = input(b);
Kms4 = input(6);
Kms5 = input(7);
Kms6 = input(8);
Kmpl = input(9);
Kmp6 = input(10);
Keq = input(1l);
S1 = input(12);
S2 = input(13);
S3 = input(14);
S4 = input(15);
S5 = input(16);
S6 = input(17);
P1 = input(18);



P2 = input(19);
P3 = input(20);
P4 = input(21);
P5 = input(22);
P6 = input(23);

output = (sF*V*((S1*(S6 - P6))/(Kmsl*Kms6) - (P1*P6)/(Kmsl*Kms6*Keq)))/((1 +
S1/Kmsl + P1/Kmpl + S2/Kms2 + P2/Kmpl + S3/Kms3 + P3/Kmpl + S4/Kms4 + P4/Kmpl
+ S5/Kms5 + P5/Kmpl)*(1 + (S6 - P6)/Kms6 + P6/Kmp6));

%end;

function output = MCAD(input)
st = input(l);

V = input(2);
Kmsl = input(3);

Kms2 = input(4);
Kms3 = input(b);
Kms4 = input(6);
Kms5 = input(7);
Kms6 = input(8);
Kmpl = input(9);
Kmp6 = input(10);
Keq = input(1l);
S1 = input(12);
S2 = input(13);
S3 = input(14);
S4 = input(15);
S5 = input(16);
S6 = input(17);
P1 = input(18);
P2 = input(19);
P3 = input(20);
P4 = input(21);
P5 = input(22);
P6 = input(23);

output = (sF*V*((S1*(S6 - P6))/(Kmsl*Kms6) - (P1*P6)/(Kmsl*Kms6*Keq)))/((1 +
S1/Kmsl + P1/Kmpl + S2/Kms2 + P2/Kmpl + S3/Kms3 + P3/Kmpl + S4/Kms4 + P4/Kmpl
+ S5/Kms5 + P5/Kmpl)*(1 + (S6 - P6)/Kms6 + P6/Kmp6));

%end;

function output = SCAD(input)

st = input(l);
V = input(2);

Kmsl = input(3);
Kms2 = input(4);
Kms3 = input(b);
Kmpl = input(6);
Kmp3 = input(7);
Keq = input(8);
S1 = input(9);
S2 = input(10);
S3 = input(1l);
P1 = input(12);



P2
P3

input(13);
input(14);

output = (sF*V*((S1*(S3 - P3))/(Kmsl1*Kms3) - (P1*P3)/(Kmsl*Kms3*Keq)))/((1 +
S1/Kmsl + P1/Kmpl + S2/Kms2 + P2/Kmpl)*(1 + (S3 - P3)/Kms3 + P3/Kmp3));

%end;
function output = CRMS(input)

sfc = input(l);
Vc = input(2);
Kms1l input(3);
Kms2 input(4);
i nput(5);
input(6);
input(7);
S2 input(8);
sfm = input(9);
Vm = input(10);
Kmmsl = input(1l);
KmpO input(12);
Kmpl input(13);
Kmp2 input(14);
Kmp3 input(15);
Kegm input(16);
PO input(17);
P1 input(18);
P2 input(19);
P3 input(20);
11 input(21);

~
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1w ]

output = (sfc*Vc*stm*Vm*((S1*P0)/(Kmsl1*Kmms1*KmpO) -

(P1*P3)/ (Kms1*Kmms1*KmpO*Keqc*Keqm)))/ (sfc*Vc*(1 + P1/Kmpl + P2/Kmp2)*(1 +
PO/KmpO + P3/Kmp3)/(Kmsl*Keqc)+sfm*Vm*PO*(1 + S1/Kmsl + S2/Kms2 +
11/Ki)/(Kmms1*Kmp0)) ;

%end;

function output = MCKATA(input)

st = input(l);
V = input(2);

Kmsl = input(3);
Kms2 = input(4);
Kms8 = input(b);
Kmpl = input(6);
Kmp8 = input(7);
Keq = input(8);
S1 = input(9);
S2 = input(10);
S8 = input(1ll);
P1 = input(12);
P2 = input(13);
P3 = input(14);
P4 = input(15);



P5 = input(16);
P6 = input(17);
P7 = input(18);
P8 = input(19);

output = (sF*V*((51*S8)/(Kms1*Kms8) - (P1*P8)/(Kmsl*Kms8*Keq)))/((1 + S1/Kmsl
+ P1/Kmpl + S2/Kms2 + P2/Kmpl + P3/Kmpl + P4/Kmpl + P5/Kmpl + P6/Kmpl +
P7/Kmpl + P8/Kmp8)*(1 + S8/Kms8 + P8/Kmp8));

%end;

function output = MCKATB(input)

st = input(l);
V = input(2);

Kmsl = input(3);
Kms2 = input(4);
Kms8 = input(b);
Kmpl = input(6);
Kmp8 = input(7);
Keq = input(8);
S1 = input(9);
S2 = input(10);
S8 = input(1ll);
P1 = input(12);
P2 = input(13);
P3 = input(14);
P4 = input(15);
P5 = input(16);
P6 = input(17);
P7 = input(18);
P8 = input(19);

output = (sF*V*((S51*S8)/(Kms1*Kms8) - (P8*P8)/(Kmsl*Kms8*Keq)))/((1 + S1/Kmsl
+ P1/Kmpl + S2/Kms2 + P2/Kmpl + P3/Kmpl + P4/Kmpl + P5/Kmpl + P6/Kmpl +
P7/Kmpl + P8/Kmp8)*(1 + S8/Kms8 + P8/Kmp8));

%end;

function output = MTP(input)
st = input(l);
V = input(2);

Kmsl = input(3);
Kms7 = input(4);
Kms8 = input(b);
Kmpl = input(6);
Kmp7 = input(7);
Kmp8 = input(8);
Keq = input(9);
S1 = input(10);
S2 = input(1ll);
S3 = input(12);
S4 = input(13);
S5 = input(14);
S7 = input(15);
S8 = input(16);
P1 = input(17);
P2 = input(18);



P3 = input(19);
P4 = input(20);
P5 = input(21);
P6 = input(22);
P7 = input(23);
P8 = input(24);

output = (sT*V*((S1*(S7 - P7)*S8)/(Kmsl*Kms7*Kms8) -

(P1*P7*P8)/ (Kms1*Kms7*Kms8*Keq)))/((1 + S1/Kmsl + P1/Kmpl + S2/Kmsl + P2/Kmpl
+ S3/Kmsl1l + P3/Kmpl + S4/Kmsl + P4/Kmpl + S5/Kmsl + P5/Kmpl + P6/Kmpl)*(1 +
(S7 - P7)/Kms7 + P7/Kmp7)*(1 + S8/Kms8 + P8/Kmp8));

%end;

function output = RES(input)
Ks = input(l);
S = input(2);
K1 = input(3);

output = Ks*(S - K1);
%end;



