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The Detailed Mathematical Model

Model Input- Plasma macronutrients

pri = 5, CaAlaO = 025,
if (Gpi < 5);

t—20
Cagy =5— (56— Gpi) * (1 —exp (— W));else

t—0
if (Gpi>5);Cagy =5+ (Gpi —5) * (1 —exp (—W» ;else Ca_Glu =5+ 1;
end

end

%Cag, =

CaGlup> . 10 %

1.88 ) " 180’

if (FF <0.68)

t—0
Cappy = 0.68 — (0.68 — FF) (1 —exp (- W)) ;else
if (FF > 0.68);;

t
Cappy = 0.68 + (FF — 0.68) * (1 —exp (—W» ;else Ca_FFA = 0.68;

end
end

if Adm < 0.25;

Capa = 0.25 — (0.25 — Adm) * (1 ~exp (- %)) Celse

if (Adm > 0.25);

Cagg = 0.25 + (AAm — 0.25) * (1 —exp (— t;—0)> ;else Ca_Ala = 0.25;

end
end

Metabolic Controllers and regulations

%Redox controllers RDXon = Rdxp '
Kyap, = 0.45; P ™ Rdxp + Kgaxp'
Knapu, = 0.05; RDXe.. = Rdxy .
Ko, = Kwapn, N7 Rdxy + Kraxy |
Rdxp — K )
NAD),
K __1 %GTP — GDP Controller
Raxn KRde ' KGTPL = 029,
NADH, Kepp, = 0.1;
Rdxp = b, GTP
NAD, _ L
GtP = Gpp,’
Rdxy = Rdxp’ 1
} Gdp = —;



_ KGTPL .
KGfp - ]
KGDPL

1
Keap = @;

Gtp

GTPpyy = —————;
P Gtp + Ko

K, tp = ’

KAdp =
Atp

Atp + Kyep ’
Adp

Adp + KAdp;

ATPpyy, =

ATPy,, =
ATP, 2 28"

= x| —o0mmov- ]

Nevz 2.82 + ATP?)’

%Glucagon Activated Calcium Cascade

LRS.
GPRT = 26« (95000 + LRS)‘
_ GPRT.2
, PLCi*
1P3i.t8
Cal =35+ (W)

%AMPK

AMPKg; = AMPK;

c
PKAL =m— 6;

%Common Function of Insulin Ef fect

x17?

InsquEff =051+ (5 * (m

)

2.3?
ITLSU.NtvEff =1.25 = m 5

%Common Function of Glucgon ef fect

PKA?
GlCTlptvEff =05%14+10+% m )

2

%GLycolysis Regulation

3 x172 _
Apewgiysis =5\ 1172 1 2252

SREBP?
SREBPnglysis =5 SREBP+2'22 ;

CHREBp?
CHREBth”glysis =5x CHREBpZ 422 ;
AMPKEff
AMPKEffglysis =5% (AMPK,?ff + 0.552 ;
0.42
FOXOnew = 125 5 2 Fox 07

Reggiysis = (0.20)
* (1 + AKtPnglysis
+ SREBPPtvglysis + AMPKEffglysis

+ CHREBth,,glysis) £ FOXOypp;

%GLycolysis Regulation I

x17*
AR Cpevgrysis = 16\ 1178 1 225 )
SREBP?
SREBPresgiyss = 5%\ SREBP? 1 2.22)
CHREBp?
CHREBDptsgys = > *\ CHREBp? + 22)’
AMPKZ
AMPK, =5 LES, P
I Tgtysis AMPKZ.; +0.552 )’
Eff
0.42

FOXOy,, = 1.25 % ———
Ny *0.4% + FOX0?

RegGluGGpL = (0.20)
* (1 + AKtPngysis
+ SREBPPtvglysis + AMPKEffglysis

+ CHREBDpeyy, . ) * FOXOpey;

%GLycolysis Regulation Il — Pyruvate kinase



cAMP 0 i
CAMP,, = 6 YoGluconeogenesis 111

32¢ CREB 28 CREB®®
2 = *x|—mmmo—o0— |
CAMP ___ 25 , Ptvosapgp CREB39 +0.663)’
NtYPEPpyr © 252 4+ cAMPZ’ CEBPa3
CEBP =9 ——;
Glu —24[1- 53 ) aPtVGlunsts * CEBPa3 + 23
PEPPyrpey 53+ Glui) ) ( FOX03 >
FOXO0 =94 ——;
RegPEPpyr = 1.16 * Reggiysis * CAMPNtvPEPPyr PtvGlunsis FOX03 + 043
* Glupgp ; pGct s PGC1? )
Pyrpey EffGinsis — 2 * PGC12 + 22’

0.62
AMPKypygy o = 1216 % [ ———— )

%Gluconeogenesis I 0.6 + AMPKZ,

CREB 10 (—CREBZ )
PtvGilunsis = * )
6 CRgg;; 0.662 ReGonnpgp = 0.2 % (1 + CREBpryy,,
a
CEBPaPtVGlunsis =3 EhDA1 L o1 5 + FOXOPtUGlunsis
CEBPa' + 2 + CEBPapy,
FOXOl Glunsis
FOXOptvgnes = 3 * (m). + PGClEff(;msiS)
PcCl ( PGC 12 > % * AMPKNtVGlunsis;
EffGinsis = * 2 2 ; 0
PGCI" + 2 0.62 %FFA Synthesis
AMPK =1216%(———); SREBP*
Ntvglynsis * (0.62 + AMPKbgff> SREBPPWFAsym = (SREBPZ 702
Reggumsis = 0.2 % (1 + CREBpeyg,,,. CHREBp?
+ FOXOPt”Glunsis CHREBthvFASynt =10~ CHREBPZ + 32
+ CEBPprygp01 PPARg.!
+ PGClgrrg ) PPARGrewrpsyne = 3%\ - bpaRg 1+ 21
* AMPKNtvg1umsis’ Glsan
GIST NPt poyne = Glsmn? + 0. Glsmn? + 0.22
%Gluconeogenesis 11 0.62
CRER? AMPKy,, =111+ ( > ;
— P syni 2 4
CREBptvgepg, = 28 (CREB3 n 0.663)’ e " 6; -
CEBPa' TRB = 1.25 * (—
CEBPaprygy = 3 (m) TREST+ 2
FOXO03
FOXOPthlunsis =9x (m>' RegFAsynt = 0.2 % (1 + SREBPPtVFAsynt
PGl _ PGC 12 + CHREBthUFAsynt
Ef fonsis = PGC1%2 422 )’ + PPARgPtVFAsynt
2
AMPKNtv = 1216 * (LZ) H + GlsmnPfVFAsynt)
Glunsis 2 ’
0.6% + AMPKj s * AMPKNWFASym * TRBNtvFAsym;

2.252
AR Tytogep,, = 125+ | =57 |

x17.2+ 2.32
0,
Reggepey, = 0-2 * (1 + CREBptygg,,, YoFFA BrechdOWn
+ FOXOPt”Glunsis PKAL = % —6;
+ CEBPaPtVGlunsis PKA _ PKA%
+ PGClggpg) povease = 5"\ praz 1 22

« AMPK . AKT ; PPARab?
NtvGrynsis Ntvgspg,,, PPARabptuFABrk =3x (m ’



2.02
SREBPNevrpa. = 1.25 % (m)

FOXOptugpgn, = 2.+ | FOXO! m)
TRB3
TRB3 e = 2* (g3 1)

RegFABTk =0.2 % (1 + PKAPtUFABTk
+ PPARGDp 1y 5
+FOX OPtVFABrk +TRB 3P“7FABrk)
% SREBPyry 5

%TG Synthesis

SREBPpyypgy e = 9 * (

x172
AKTPt‘UTGsynt = 5 * m ’

PPARg?
PPARgPthcsynt =10+ PPARg? + 32 ;

SREBP3
SREBP3 +2.03)’

RegTGSynt = 025
x (1 + SREBPprpg
+ AKTPtVTGsynt

+ PPAR gpt,,TGSym) ;

%TG Breakdown

c
PKAL =m— 6;

PKA?
PKAPfUTGBrk =5= ;

PKA? + 22

2.252
ARTwevrgone = 125 %\ (172 1 2252 )

F0X0.! )

FOXOptvrgan. = 3+ (m

Regreprk = 0.33 (1 + PKAptvrgpr
+ FOXOPtUTGBrk) * AKTN“’TGBTR;

%Protein Synthesis

S6K1p, !
S6Kptopyosyme = 50 ;

"S6K1p, 1+ 41
x17%
AKtPtUprosynf = 20 * m ’

Regprosynt = 0.33
* (1 + S6KPtVPrasynt

+ AKtPtVPrasynt) ;

%Protein Breakdown

PKA,!
PKAPtVProBrk =2 ;

"PKA, 1+ 11
AKTNtvPTOBTk = 1.25 * (
Ay = 1;

Regproprk = 0.5.% (1 + PKAppy,,, ).
* AKTNtVProBrk;

2.25.2 )
"x17.242.252)’

%Glycogen Synthasis

Gsk3 3 (10)

=3%x|—]:

SK3p 90)’
x23

GSk?’act = m;

RegGlysynt =12+« (

Gsk32,,
Gsk32, + Gsk3%)’

%Glycogen Breakdown
GPay = 0.025;

GPa

GPa + GPag
Cal®
CaleffGlyBrk =2x Call + 3.01 ;
AMP 0 ( AMP, )
= | ———— ) -

GlyBri 1.6 + AMP,)’

Reggiysri = (0.33)
+ (1+ GPagy; + Cal

+ AMPgiypy )

effGlyBrk

%TCA cycle
%Pyruvate dehydrogenase

x17.4
ARpewppn =175\ 217372250 )7
CHREBp?
CHREBp? +32)’

Cal?
Calpppy = 9+ (Cal.2+ 7.02>;
%ATPNWPDH =
Regppy = (0.25 % 1.135)
* (1+ AKtppypp,, + Calpeyppy,
+ CHREBDpryppy )i

CHREBDpiy,,, = 10 (

%Citrate synthase

x17.4
Atprves = 174\ 72254 )
CHREBp? )

CHREBppty.; = 10 * (m



Cal.?
Calpeves = 9\ Carzr 7.02)

Regcs = (0.25 x 1.135)
* (14 AKtppyppg + Calppygg
+ CHREBDpy,);

%Isocitrate dehydrogenase

Cal*®
CaleISD = 4.5.% m 5

RegISD =0.5=* (1 + CalptvISD);

%alpa Ketoglutarate

Regakc = 1;
%0xidative phosphorylation
PKAL = 550 =6’

PKA,> '\
PKA,2+32)’

Cal?
Calewvospros = *\Caz + 6.02 )7

Rengphos = 0.33.
« (1 + PK Abtug epnos

PKAPtvoxphOS = 10.% (

+ CalP“’Oxphos);

%ATP Hydrolysis

Call
CaleffATPlysis = 4 * Call—+551 ’

Regarpiysis = 0.5.% (1 + CaleffATPlysis);

%Urea Cycle

CEBPa*
CEBPaPtvURC =17 % H

CEBPa* + 24

3.02
PPARAbNtyype = 1.25 * (m)
cAMP

—6;
3.2e
CAM Ppyp . = 10 * (

cAMP,, =
cAMPZ
cAMPZ +32)’

AA 35 Ala,
v 0.4! + Ala}

Regyrc = 0.25 * (1 + CEBPapyyp,
+ CAMPpiyy . + Adpry)
* PPARADytyypcs

%Glucose uptake

SREBP?3
SREBPPthluup = 9 * H

SREBP3 +2.23
Regaluup =0.33 (1 + InsupwEff

+ SREBPptygp, )

%FFA uptake

PPARab?
PPARathUFatup = 5 * N

PPARab? + 2.0?
Regpatup =0.33%0.85

* (1 + InsuPWEff
+ PPARGDpcypyy,, )

%Amino Acid uptake

cAMP
cCAMP,; = 370 ;

CAMPPthAup = 10*(

cAMPZ
3.5% + cAMPT2t>;
mTORRaptorf ) )
MTORgprorz + 1.52)
Regan,, = 0.25 * (1+ Instpey, ., + mTORpy,

+ cAMPP“,AAup) ;

mTORPt,, = 5 * (

%Cholesterol synthesis regulation
SREBP? >

SREBPpevcno = 9% <5REBP3 +2.03

0.62
AMPKNtvchol =1.25* <m>’

2

PKAntygy,, = 1.25 * (—22 TR

Regchotsyn, = 0.5 * (1+ SREBPpe, )
* AMPKNt‘UChol * PKANt‘UChol;



Metabolic Fluxes

%Glycolysis — I

%Glu + ATP — ——— G6p + ADP
VGluGGpL = 748 * 22 * Re'gGluGGpL;
KgluL = 75,
ngrpFGPL = 0.01; %;
bgkrp = 07,
Ngirp = 2;
Kokrpr, = 15;
KATPL = 0.28;
nglu = 16,
b * F6
F6pf — 1— ( gkrp PL ) :
Fép; + ngrwepL
GluLnk
Gkf = kil ;
(GluLZkrp) + (ngTpGluLn >
gkrp
Glu, ngp, ( ATP, )
F, =V * g * * Fopr * Gkf; % = ATP
Glugep;, ( GlucﬁpL) KgluL - + GluL Ny KATPL +ATPL f Ptv
Glucokinase )
° Hexokinase
%Gluconeogenesis — 111
%Gop ————————— —— - Glu + Ppi
Vespgr, = 184 2.5 % 1.25 * Reggepep,,s

Koep, = 0.2 * 3;

Gép,
Faspan, = (Voona, ) * (W»

%Glycolysis 11
VG6pFepL = 0.264 = 1.0 * Reggiysis
KG6pL = 0.4‘;
1

Regeupns = 125+ (1)

Lc

G6
Feeprep, = Vaep * P * Regcitppys
138 Fepj, G6pL + KG6pL PFK

VF6pGﬁpL = 1.05 * Reggunsis;
KF6pL = 0.05;
Fép,



%Pentose Phosphate shunt1

%G6p + 2NADP — ——— R5p + 2NADPH + Co2
NADP,

NADPH,’

0.93

71"

Veoprsp, = 0-28 * 1.5 * Regrasyne; %

rsnp; =

vnp, =

KG6pR5pL = 0.4‘;

rsnpy, Gép,
Fee = Vee * ( ) * ;
PRspL PrspL - \vnpy +1snpy/ \Keepgs,, T GOPL

%Pentose Phosphate shunt1l

%3R5P — ——— 2F6p + GAP1
VRST’FﬁpcapL = 0.14 % 0.8 * Regrasynt;
KRSPFspaapL = 0.004;

F v R5p,,
= * .
RSPFspGapL RSPFepGapL KRSpFGpG + R5p, H
apy,

%Glycogenesis

%G6p + ATP — — — ——— Gly + ADP + 2Ppi
VG6pGlyL =04 RegGlysynt;

Kgep, = 0.2;

Kyrp, = 0.27;

F (V ) UTPL G6pL
= * * .
G6DGly, G6pGilyy, Kyrp, + UTP, Kgep, +G6DL)’

%Glycogenolysis

%Gly + Ppi — — — —— G6p
CGly = 500,

K10 =02;ic, =8;
KAMPL = 016,

Kyrp, = 2.8;
Gly,

Fmaxgryge, = (1+ Klna:) * (GlyL - CGly>;_Gly_Eff
= Fmax_Gly_G6p_L * exp(—(0.693 * Glu_L/Ki_Glu));

/ AMP,
ATP,

=3.x| [;
ffGlyBrk (AMPL) 5. KAMPL
ATP, Karp,

VGIYGGpL = 3.84 * 1.0 x Reggiypri * GluGlyEff;
Kgiy, = 500;
KPPiL = 46,
F_Gly_Gép_L = (V_Gly_Gép_L) x AMP_eff_GlyBrk * (((Gly_L = Ppi_L)/(K_Gly_L = K_Ppi_L))/(1
+ (Gly_L/K Gly_L) ...
+(Ppi_L/K_Ppi_L) + ((Gly_L = Ppi_L) /(K_Gly_L * K_Ppi_L))));

AMP,




%Glycolysis 11l — PFK
VF6PF16pr = 0.5384 * 0.5 * Regguysis;

KF6pL = 0.05;
KAMPL = 016,
KATPL = 28,
AMP;
AMP,., = 2 % ATP,

KAMPL AMP, ’
(KATPL) +(arry)

1
Regcitppe = 1.25 % (T(:ltu)’

Fép,
FFﬁpnspr = VF6PF1epr * (KF6p T F6pL> * AMPy * RegcuPFK;
L
%Gluconeogenesis
VF16pr6pL = 1.056 * Reggunsis;
KF16pr = 0.02;

i ) F16bp,

= * )
F16bprep, — TF16bPFop, T\ Ko o+ F16bp, )’
%%Aldolase
%F16bp < — — ——— DHAP + GRP
%%G6P + ATP — ——— 2GA3p + ADP

VF16prapL = 0.269 * 1.5 * RegGlysis;
KF16pr = 0.04;

; B Fl6bp,
F16bPGap, = (VFlebpaapL) * Ke1epp, + F16bp, )’

%%Gluconeogenesis — 11
%2GAP — ——— G6p + Ppi
VGaPFmpr = 2.112 % 2 * Reggunsis;

Kgap, = 0.11 % 3;

Gap,,
FGapplspr = (VGaZ’wapL) * (KGapL + GapL>;

%Glycolysis — 111
%Gap + Ppi + NAD + ADP — — — —— PEP + NADH + ATP

122.5
Gluyeygp, = <m>,
VG‘WPEPL =522 % 1 % Reggysis * Glunepgp,s %
Kgap, = 0.11;
Kppi, = 4.6 *1;
FGapPEPL = (VGapPEPL) * AT Pypy * RDXypy * ...
(((Gap_L = Ppi_L)/(K_Gap_L * K_Ppi_L))/(1 + (Gap_L/K_Gap_L) + (Ppi_L/K_Ppi_L) ...



+((Gap_L * Ppi_L)/(K_Gap_L * K_Ppi_L))));

%Gluconeogenesis — I
%PEP + 2ATP + NADH — ——— GAP + 2ADP + NAD + 2Ppi
VPEpGapL =7.83 2.0 1%Regoaapgp; %

KPEPL = 0.15 * 3;

(AMPL)2 \
ATP,
AMEjep = 5| T
AMP], L
\(2*(—KATPL)> +(ATPL)/

FPEPGapL = (VPEPGapL) * ATPPtv * RDXPtv * (

)

PEP,

"t )samp,,,
KPEPL+PEPL>* Act

%Glycerol 3 — P Oxidation

%GRP + NAD — — — —— GAP + NADH
VGTZ’GapL = 0.444 * Regguunsis;
Kerp, = 0.24;

Grp,
FGTpGapL - (VGrpGaPL) * RDXN“] * (m>'

%Gluconeogenesis IV
% %O0xaloacetae to PEP

VOAAPEPL = 3.6348 * 1.5 * Regoanppp;
KOAAPEPL = 0.002 * 2,

0AA.,:
F, =(V, 2L ;
oAdPERL ( OAAPEPL) " (OAACytL + KOAAPEPL> " GTPPW’

%Glycolysis — IV

%PEP + ADP — — — —— Pyr + ATP

VPEPPer = 2.285 2.0 * RegPEPPyr;

KPEPPer =0.15* 3;

Kpiq, = 0.8;

Kri6pp, = 0.02;

Alays,, = 1.25* <L> ;
Reg Ky, + Alay)’

Fl6bp,
Kri6pp, + F16pr> ’

F16bDpevg,, = (

PEP,

F = |V * | ——m8¥
PEPpyr; PEPpyr, ( KPEPPer ¥ PED,

> * AT Pyyyy * F16bppt,,Reg * AlaNtheg;

%Pyruvate Reduction
%Pyr + NADH — — — — — — - LAC + NAD
VPeraEL = 0.84;



KPer = 0.35;

Pyrey:
prrLacL = (VPYTLacL) * RDXPtv * ( 2L H

KPer + PerytL

%Lactate Oxidation

%LAC + NAD — — — ——— Pyr + NADH
VLac;:er = 1.92 * Reggrunsis;
Kiac, = 0.82;

Lac;,

P, = Vi) (g ) 0o

%Mal — ——— Pyr
_ NADP,
TSMPL = NaDPH,
0.93
vnp, = ——;
VMalper = 0.28 * 2 * RegFAsynt; %
Ky, = 0.5 * 3;

rsnp, ) (MalLC
*

= - 0,
FMaleTL VM“IPYTL * (rsan + vnp, * MalLC) v

KMalL

YPYTTransportt0 mitocondria
Veyrerans = 04309 * Reggiunsis;
KPyrtrans = 01’
_ VPyrtrans % PerytL — PyrmitL .
Pyrtrans = 1 + PerytL + PyrmitL ’

PYTtrans

KP YTtrans

%Gluconeogenesis V

%Pyruate Carboxylase

%Pyr + ATP + Co2 — — — —— OAA+ ADP + P
VPyro,qAL = 13.0992 * 1.5 * Regguunsis; Kpyr,,, = 0.25 % 2;
KCDZLZ = 15.4‘3;

KATPLI = 2.8;

na = 2.5;

Kacoq, = 0.04;

AMP =1

efnyT'OAA

F, =V, * PYTmiz, * ATP, *
Fyroan, = TPYTOAML "\ Pynnis, + Koyry, ) \ATPL+ Karp,,

( Co2, > . Ao, na AMp y
; /0
Co2; + Keozy, (Acoanena) + (Kacoapa) ef fPyroaa

%Pyruvate Dehydrogenase



%Pyr + Coa + NAD — — — —— Acoa + Co2 + NADH + H

VPyTAcoaL =18*15% RegPDH; % * ATPNth; %

0.25
Kpyriy = 025%2;%

0.450
KNADLG. = 0.4‘5; 0/0

KiNADHL = 0.05;

0.14
KcoaLa = 014’, % 4 )
Kiscoa, = 0.04;

F_Pyr_Acoa_L = (V_Pyr_Acoa_L * (Pyr_mit_L/(K_Pyr_La + Pyr_mit_L)) ...

NAD,

NAD, + (KNADLa . (1 + (Q”“ﬂ)))
INADH],

* (Coa_L/(Coa_L + (K_Coa_La * (1 + (Acoa_mit_L/Ki_Acoa_L))))));

%TCA Cycle — 1
%0AA + Acoa — —— Cit
VOAAACOG.CL'[L = 4,752 % 1.5 RegCS; % * ATPNL’UZ;

KOAAmi[L = 0.003;
KAC"amitL = 008, %

( AA;PL \

AMPpyy,, = 5. | s |
AMPL KAMPL /
AT PL KATPL

OAAm;t, * AcoQp;,

KOAAmitL * KAcoamitL

F, =V, *
OAAAcoaCith OAAAcoaCL-th

OAAm;t, AcoQm;s, OAAm;t, * AcOQp;t,
+ + +
KOAAmitL KAcoamitL KOAAmitL * KAcoamitL

%TCA Cycle — 111

%Cit — ——— AKG

VCitAKGL = 534 xRegsp * ATPyp2;
Kcith =1

Kiscoa = 3;

Scoa;,
SucoAyiy,s = 1+ (Ki );
Scoa

Citym + Keie,,,, * SUCOA Nty

FCitAKGL = VC’:tAKGL * (

%TCA Cycle — IV
%AKG — —— SucoA

) * RD Xty %0

) * AMPpiy,



VAKGSucoaL =11.96 * RegAKG * 20;
Kaxe, = 015 # 3;

KCUaL = 014,
KiSCoa = 3;
Scoa;
SuCOANthKG =1+ (KiS(:oa);
Kamp, = 0.16;
Kurp, = 2.8;
AMP,
ATP,
AMP = 3.*
Ptvakc (AMPL) 2 (KAMPL>
ATPL KATPL
AKG Coa
FAKG = VAKG * L * L * RDXNtv * AMPPW ’
o, sucoay AKG, + KAKGL Coa; + KcoaL * SuCOANthKc AKG

%SucCoA — ——— SuC

szaSuCL =19.136 1+ GlcnPtvEff; %;

KScoaL = 1.5;

KPpiL = 4.6; .
bl

Scoa; x ——————
F. -V * L KScuaL * KPpiL « GTP .
seoasue, = Vseousue, * | T (ScoaL) N (PpiL> N (5 o, «___PPU ) e
Kscoa, Kppi;, " Kscoay, * Kppi,
%Suc — ——- Scoa
VsucscoaL = 9568,
KSucL = 1’
Kcoq, = 0.14; c
Sucy, Coay, " GTPP .
tvs

FSucS = Vsuc *
coay, Scoay, Suc Coa Coa
1+< L>+(—L)+<Suc * L )
KSucL KCoaL L KSucL * KCuaL

%TCA Cycle =V
%Succinate — —— Malate
VSuCMazL = 4.784 * GlcnpwEff;
KSucL =1
Krap, = 2;
Keapn, = 0.24;
FAD,
FADH
(KFADL ) + FADL
Keapn, FADI;)

FADpy, =

Suc;,

FsuCMal SuCMalL (KSuCL +S‘U_CL) * FADPt-y;



%TCA Cycle — VII
%Mal — — — —0AA
Viatona,, = 5-424;
KMale = 1'
Mal,,,
Fraioaa,,, = YMaloaa,,, * m * RD Xty
%TCA Cycle — VI
%0AA — ——— Mal
VOAAMazL = 3.9468 * Glcnpt,,Eff * 1.5; %;
KOAAmitL = 0.003 * 2,

Foaa =Voaa * O0AAmie, * RDXp;
Malj .y, Malj .y, KOAAmitL + OAAmitL

%Malate Shuttle
VMalsmzL =1.9734 * GlcnpwEff * 1.563;

KMale = 1’
Mal,,,
FMal_ghtlL = VMalsmlL * (m ;
Lm

%Mal — —— OAA in cytosol
VMQIOAALE =55%15%* Glcnpt,,Eff * 1.563; Kyqyy, = 0.5 % 2;

Mal
Fuatgns = Viaigns * |t ) * RDXyeo;
0AAL 0AAL. Kyar,, + Mal,,

%%0AA — ——— Malin cyosol
VOAAMalLC = 1.8332 % 10,

KOAACytLC = 0002,

Foaa = Vouaa * OAAcytL * RDXpy;
Malj Maly KOAAcytLC + OAAcytL

%%%%%% — — — —Fatty Acid Metabolism — — — — — —

%C Citrate Shuttle
Vats,m = 0.3636 * RegFASynt;
Kpaicoa;; = 0.02;

Palcoa
Placoacisy,, =1+ (—Lm>,

KPalcoaLl-
Keitgpy = 1

Citim
Cltsne = "Citsnrl (Cith + Keiegy * Placoacitm) ’

%Cit + Coa + ATP — ——— 0OAA + Acoa + ADP + Pi
VCitOAAAcoaLE = 12%15=% Regrasynt;
Kcith = 0.5;

Kcoa, = 0.14 % 2;



Kpaicoa,; = 0.06;

Palcoay;,,
PlaCOaAcoaer =1+ m ;
Li

F v Cit,, Coa; ATP
cit = Veit *\ = * * Ptvy
0444c0a;, H0hhacoare  \Citye + Keiey, * Placoaycoqy,, Coay, + Kcoq, v

%Acoa + ATP + Co2 — —— Malcoa + ADP + Pi
VAwaMazcoaL = 0.6 * 1.228 * Regpasynt;

Kacoa,, = 0.03 % 1;

Kcit,, = 0.5 % 2;

Kpaicoa;; = 0.03;

KCUZL = 15.4‘3;
Palcoa;,
Palcoayqicoay,, = |1+ A ;
Palcoay;
Acoa,y; Cit
FAcoaMalcoa = VAcoaMalcoa * ( — > 1+ ( - i
L L AcoacytL + KAcoaLC * PalcoaMalcoaNtv KCith + Clth

Coz, ATP
* | ————— | % H
Keoz, + Co2,, ptv:

%Acoa + 7Malcoa + NADPH — ——— FFA + 8CoA + 14NADP + Co2
VMalcanFAL =0.12 * 1.5 * 1.5 * Regpasyne;

Kacoa,, = 0.06;

KMalcoaL = 0.06;

NADPH,
TSMPPL = NaDp,
L
7.1
vIPPL = g3

)-

FMalcanpAL = VMalcanpAL * (

rSnpp, ) ( Acoacy, > ( Malcoa,
* *
rsnpp, + vnpp,, Kacoay, + Acoacys,

%FFA 4+ ATP + CoA — ——— PalcoA + AMP + 2Pi
VFFApalwaL = 2.992 * ReGrapris
KFFAL = 0.57;

Kcoa, = 0.14 % 3;
KMalcoaLi = 0.06;

Malcoa;
Malcoapgicoay,, = |1+ ? ;
Malcoay;

F v FFA, Coa; ATP
= * * * N
FFApalcoay, FFApalcoa, ~ \ FFA, + Krpa, Coa, + Kcoq, * Malcoapgicoay,, ptv:

%Beta Oxidation
%Palcoa + 7CoA + 14NAD — —— 8ACo0A + 14NADH
VPalcoaAcoaL = 1.36 * 1.2 *x Regraprk * AT Pyty2;

Kpaicoay, = 0-02 % 1;

Kuaicoa, + MalcoaL> ’



KCOG.L = 014,
Kacoay,, = 0.04;

Acoamitg)
T E— ;

AcoaPalcoaNtv =11+ ( K
A

coat,

FPalcoaAwaL = VPalcoaAcoaL *

Palcoa,,, > ( Coa,
*

* RDXyey;
Ntv»
Palcoa, + Kpaicoay, * ACOpaicoay,, Coa; + KCOaL)

%Carnitine Shttule
Vearngny = 0-544 * Regrapr;
KPalcoaL =0.03;

KMalcoaLi = 0.03;

; _y . Palcoay, i Kymaicoay; )
carnsner = “Carnsae =\ palcoay. + Kpaicoa, Kwmaicoay, + Malcoa, )’

%Glycerol Phosphorylation

%GLR + ATP — — — — GRP + ADP
VGerrpL =0.576 % 0.5 * RegFAsynt * (1 + RegGlunsis); %
KGITL = 007,

_ Glr, _
Foirgrp, = (chrcrpL) * m * AT Ppy;

%Lypolysis

%TG — — — —— GLR + 3FA
VTGFFAGITL = 0.008 * Regrepri;
KTGL = 3!

F (V ) TG,
= | —m— | -
TGFFAGIr, TGrrAGy, Krg, + TG, ’

%Triglyceride Synthesis

%GRP + 3FA + 6ATP — — — — — — — — — TG + 6ADP + 7Ppi

VFFAGTPTGL = 0.8 * 1.0 * Regrgsynts

Krpa, = 0.57;

Kerp, = 0.24;

F_FFA Grp_TG_L = (V_FFA_Grp_TG_L) * ATP_Ptv * (((FFA_L * Grp_L)/(K_FFA_L * K_Grp_L)) ...
/(1 + (FFA_L/K FFA L)+ (Grp_L/K _Grp_L) + ((FFA_L * Grp_L)/(K_FFA_L x K_Grp_L))));

%TCA Cycle —VII

%Acoa — ——— Ket
VAcoaKetL = 0.1+ InsuNt,,Eff;
Keamp = 107°%;

ep =2;

cAMP®P ) _
K2 .,)+ (cAMPe?) ) |

camp

FACOaKetL = VAcoaKetL * (Acoamitf) * 1+ ((



%Ketone transport
VtKetL = 0.1;
Txet;, = Vitger, * Kety;

%O0xidative Phosphorylation

%02 + 6ADP + 6Ppi + 2NADH — — — ——— 2H20 + 6ATP + 2NAD
VOZHZOLn =40.076 * 0.8 * Regoxpnos;
K,z, = 0.027;
Kpaxp = 0.11;
Kppi, = 4.6;
_ Rdxp , .
Fornsop, = (Vozunop,) * ATPaew * (W) + (((02.L * Ppi_L)/(K_02_L  K_Ppi_L))/((1

+ (02_L/K_02_L) + (Ppi_L/K_Ppi_L) + ((02_L * Ppi_L)/(K_o2_L * K_Ppi_L)))));

%02 + 4ADP + 4Ppi + 2FADH — — — ——— 2H20 + 4ATP + 2FAD
VOZHZOLf =16.16 = 0.9 * Regoxphos;

K,,, = 0.027;

KPpiL = 4’.6;

KFADHL = 0.24‘;

KFADL =2

FADH,

FAD,

Krapn, FADH,; ’
( Keao, ) + ( FAD, )

Fozuoy, = (VoszoLf) % ATPysy * FADHpp, * (((02_L % Ppi_L)/(K_02_L * K_Ppi_L))/((1 + (02_L/K_02_L)
+(Ppi_L/K_Ppi_L) + ((02_L * Ppi_L)/(K_02_L * K_Ppi_L)))));

FADHp,, =

%ATP Hydrolysis

%ATP — — — —— ADP + Ppi
VATPADPL = 33.4004 = 0.70 * RegATPlysis;
KATPL = 28,

_ ATP,
Fateaor, = (Voreaon,) *\ o= a7, )

%Alanine Transport

%ATP—— GTP
VATPGTPLm = 87.5;

Kequrpgrp, = 0-8464;
Karp,,, = 2.8;%1.33;
Kepp,,, = 0.1;%0.031;
Kupp,,, = 0.8;%0.042;
Kerp,,, = 0.3;%0.15;

F_ATP_GTP_L = (((V_(ATP_(GTP_Lm))/(K_(ATP_Lm) * K_(GDP_Lm))) * ((ATP_L * GDP_L) — ((ADP_L
* (GTP_L)/(Keq_(ATP_(GTP_L)))))))/ ((1 + (ATP_L/K_ATP_Lm)) * (1
+ (GDP,/K_GDP_Lm)) + ((1 + (ADP_L/K_ADP_Lm)) * (1 + (GTP_L/K_GTP_Lm))) — 1));



%Adenylate Kinase
%ATP + AMP < — — ——— 2ADP

VATPAMPADPL = 25;
KquTPAMpADPL =1.43;
KATPL4, = 2.8; %009;
KAMPLZ = 0.16; %008;
KADPLZ = 0.8; %011;

VATPAMP 2
— PADPL Vo | (ATP, * AMP,) — ___ADP;
(KATPL4 * KAMPL2> (Arp, 1) KquTPAMpADPL

Farp = ;
AMPapry - (ATPL ) (14 (AMPL) N (2 _ ADP, ) . (ADF?
KATPL4 KAMPL2 KADPLZ KADpr

%ATP + UDP < ——— ADP + UTP
VATPUTPL = 87.5 * 0.10; % * InsuPtUEff;
KquTPUTpL = 1'

%KGDPL = 0.031,

Kyrp,, = 2.8;
Kapp,, = 0.8;
%Kgrp, = 0.15;
Kypp, = 0.19;
KUTPL = 16;

Varpyre, ADP, * UTP
k| % (ATP, * UDP,) — | 55 2——L
(KATPL3 * KUDPL> ( L ) ( KquTPUTpL >

Farp =
L ATP, UDP, ADP, UTP,
1+ w1+ () )+ (1 + (2252 ) )« (1 + -1
Karp,, Kypp, Kappy, Kyrp,

%%%% %% — — — —Amino Acid Metabolism — — — — — — — —

%Pyruvate formation from Amino Acids

%Ala + AKG — ——— pyr + Gmt

Vatapyy, = 0-96 * ReGpropri; % * ReGaiunsisi NSUkfr1y,, * (1 + Glegngysyy,,) * 1.33;% * 120;
Kpiq, = 0.20;

Kakg, = 0.15;

) ) Ala, AKG,
= * * -
Alapyr; Alapyry AlaL + KAlaL AKG, + KAKGL ’

%Protein sunthesis

%Pyr + Gmt — ——— AKG + Ala
VPyTAlaL = 0.32 * Regprosynt;
KPer = 0.25;

Kgme, = 0.3;% 4.3;



F, -V . PyTmie, . amt,, .
Fyrata, Pyrata, Pyrmie, + Kpyr, Gmt, + Keme, '

%Aspartate formation
VOAAAsprtL = 0.768 * 0.5625;
KOAALC = 0.002 * 05,

Kgme, = 0.3 % 0.5;

0AAgy:, Gmt,
Fonnaspre, = Voaaaspre, * * ;
pry e \OAAgy,, + Koasy,,) \Gmt, + Ko,

%Aspartate to OAA

%Asprt + AKG — ——— Gmt + 0AA
VASP”OAAL = 0.256 * 1.5 * Regpropr;
KAsprtL =0.6 *2;

KAKGL = 0.15;

Asprt; AKG;,
FASthOAA = VASth‘OAA * * )
L L \Asprt; + KASWtL AKG; + KAKGL

%Protein synthesis
%Ala — —— Prot
Vatapyoe = 0.1 % 1.5 * Regprosynt;

Kpiq, = 0.25 % 2;
Ala;
FAlaProtL = VAlaProt * m ’
L

%Asprt — —— Prot
VAsprtpth =0.1%25* RegProsynt;
KASthL = 0.6 * 4,
Asprt,,

F, =V ¥ | ——— ——|;

Asprtproty Asprtproty (ASpT'tL + KAsprtL>
%Gmt — ——— Prot
VGltmpth =0.1x15% RegProsynt;
Kgitm, = 0.5%2;
F v Gltm,

Gltmprog, — VGltmprog, * m ;

%Prot break down

%Protyy
VPTOtAlaL = 0.1 * Regpropri;
KPrutL = 250;

F v Prot;
= | ——mmm |,
Protaia; Protaia; PTOtL +KPrutL



%Protysyre

VPrOtAsprtL = 0.1 % 0.75 * Regpropr;
Kproe, = 250 % 0.5;

AMPpy, = 1;

Prot;
FProtAS rty VProtAS rer ¥
Pt PriL \Proty + Kprot,,

) * AM Pp,,,;

%Protem:
%Protgimet

VP’”DfGltmL = 0.1 * Regpropri;
Kprot, = 250;

Prot;
FProtGl = VProtGl * ;
tmy, tmL - \Prot, + Kprot,,

%Urea cycle

%UC — 1
%Gmt + NADP < — — ——- AKG + NH4 + NADPH
VGmtAKcL =0.96 * 1 * 2.5 * Regpropri;

Kome, = 0.3 % 4;
2.5
FEANtgpn = 1.0 (2.52 n FFA§>;
Gmt,,

= _ : 0
FGmtAKGL VGmtAKGL * (Gth T KGth> * RDXNtT] * FFANL’T]GDH! %
%AKG + NH4 + NADPH < — — —— Gmt + NADP

VAKGGth =0.64 * RegProsynt;

KAKGL = 0.15 * 1,

KNH4-L = 0.086;

v . AKG, NH4, RDX
= * * * H
AKGemey, = TAKGeme, "\ AK G, + Ky, ) \NH4, + Kyya, Pvr

%UC — 11
%N — Acytyl glutamate formation
%Acoagy, < ——— Coa + NAG

VAC"“GthAcL =02x*1;
Keme, = 0.3;

Kacoay,, = 0.04 *0.5;
Kprg, = 0.07  1;

Arg;
Regargyae =1+ Arg; + Karg ;
L

Acoty;y, > . ( Gmt,

Facoa = Vacoa * * Reg, ;
GmENAGy GmitnaG,  \Acoamie, + Kacoay,, Gmty, + Kgme, InaG’

%NAG + Coa < — — —— Acoa + Gmt
VNAGAcoacth - 04 * 20’

Kcoa, = 0.14;



KNAGL =0.02 * 3,

F v NAG, Coaq,,
= * * .

%UC — 111
%Carbomyl phosphate formation
%NH4 + Co2 + 2ATP — — — — — —— — Crbphos + 2ADP + 2pi
VNHA,CrbphosL =1.6%3.1%1* Regypc * 1.563;
KNH4-L = 0.086 * 5;
Kcoz, = 1543 % 1;
KNAGL =0.02 * 1,
R _ NAG,
CInacers = \NAG, + Kyag, )’

182
FFAwevers = 10\ Tga 3 Traz )
AMPpyy,,, = 1;

NH4, Co2,
FNH4CT””’1°SL - VNH4C”’”""SL * NH4;, + Kyya, ) Co2; + Kcoz, *ReGnaceps * ATFrew * FE Antvces

* AMPpryc,,;

%UC =1V

%Citrullin formation

%Crbphos + Ornitine — — — ——-= Citrullin + Pi
VcrbphosornitCitrinL = 0.64 3.0 * 1.75 * Regygc * 1.563;

KCprhOSL = 005 * 40,
Kormiz, = 0.052 % 2;

. y Crbphos,, Ornit,,
C b h . . . = i . . * * | .
TbPROSOrnitcipyiy, CrbphoSornltatrmL Crbphos; + KCrbphosL Ornit; + KOTm'tL H

%UC -V

%Citrulin + Aspartate + ATP — — — —— Succinate + Arginine + ADP + Pi
g

VCitrinAsprtArgL =25%128%*2* Regypc * 1.563;

KcitrinL =0.03 % 5;
Kpspre, = 0.6;
(AMPL)2
ATP;
2

AMP,\? Kamp,
(Fret) + (3 * (KATPL)
F v Citrin,, Asprt;

Citrinasprearg,, Cltrinasprearg, ~ \ Citrin, + Keitrin, Asprt, + Kyspre,

AMPPtUCitrin =12«

> * AT Ppyy AMPPfVctm'n;

%UC —VI
%Arg — — — —— Urea + Ornitine
VATQOrnitUreaL =032%1x2x RegURC * 1.563 * 1.25;

Karg, = 0.07 * 3;

F v Arg,
. = ) 3 [ —
ATgOrthreaL ATgOrthreaL ArgL KArgL ’



%Glutamine deamination
VGltmcth = 0.256 * 1.5 * Regpropri;
Kgiem = 0.5 x 2;

Gltm,
Fatmans, = Votmans, * (giem, + Fom)

%%%% — — — — — — — Hexoseamine Pathway — — — — — — — — — %% %% %
% — Glucosamoine formation

%F6p + Glutamine — ——— Glucosamine

VF6pczsan = 0.6 *0.062 * 2.23 % 0.1 * 0.5; %e — 1

Kpep, =0.1,% — — — — —

Keim = 0.5 % 2;

KiGlNAC = 0.015 * 3;

FFA,
FFAppyyep = 4 * ( );

FFA, + 1.7
GlNAcL)

Kiginvac

’

Fép, Gltm,,
FFﬁpGlsan = VFﬁpGlsan * *
Foép,, + Krep, Gltm;, + Kgiem * GINACy 1y,

GINACyipyep = 1 + (

> * FFAptyysp * GlUupiyyops

%N — acetylglucosamine Formation
%Glucosamine + Acoa + UTP — — — — — — — UDPy — AcetylGlucosamine + Coa + Ppi
=005%143%2%0.1%0.5%0.5 %e —1

VGlsmnGlNAcL

K¢ismn = 0.26;
Kicoazye, = 0.03;
KUTPL = 0.27;

Glu,
Glupeopsp = | 3+ (quL ¥ 12) ’

F v ( Glsmn; ) Acoacyy; UTp, Gl
= * * * * Glu ;
Glsmnginacy, GlsmngiNacy, Glsan +KGlsmn AcoacytL + KAcoacytL UTPL +KUTPL Ptvysp

%NAcetylglucosaminedecay
kdgmae = 0.01 %2 % 0.5 % 0.11; %e — 1
KmGlNAC = 0.015 = 3,

GlNACdecay = kdglnac * (

GINAc, ) .
GINAc, + Kmgya/’

%%%%% - - - ——-—"—-—"—-"—-—"-"-"-"-—"-—"-—"—-"—"—"—————— Cholesterol biosynthesis Pathway — — — —

NADPH,
rsnpp, = W; %.0.015; %
L
7.1

vnpp, = mi



%HMGCoa Synthesis

%3Acoa — — — —— HMGCoa + 2Coa — — — —HMGCoA synthase
VAcoaHMGCoaL =(1.5+8e—4) * REgCholsynt;

Kpcoq, = 0.03;

Kichoy, = 12;

; _y . Acoacye, . Kicnoz
ACOAHMGCoay, — "ACOAHMGCoay, Acoacys, + Kacoa, Kigpopz + Chol?)’

%Mevelonate synthesis — —HMGCoA Reductase
%HMGCoa + 2NADPH — — — —— Mevl + 2NADP

VHMGCoaMe,,lL = (1.5*20e — 4) = REgCholsynt;
KHMGCoaL =0.03;
Kiyer = 0.4;

Mevly,, = 1+(MevlL) ;
Vvt = KiMevl '

HMGCoa,, rsnpp,, KiChozi
Fumecoapen, = Vamacoapen, * (HMGCoaL + Kymecoa, * Melew> * (rsnppL + vnppL) * (KiChozf + Cholf)
* AT Pytyz;
%Squalene synthesis
%Mevl + NADPH + 3ATP — ——— Squl + NADP + 3ADP + 3Pi + Co2;
VMevlsqulL =(32*1le—4) = RegChalsynt;
Kyev, = 0.2;

Mevl, ) ( rsnpp,
*

F, =V, ) AT Pp,,;
Mevisqyi; Mevisqyi; * (MevlL + KMevlL rsnpp, + vnpp, * Ptv

%Cholesterol synthesis

%Squl + 202 + NADPH — ——— Chol + NADP + 2Co2;
VSqulChnlL =(16x1le—4)* RegCholsynt;
quulL = 018,

F v Squl; ( rsnpp, )
= * * N
Sdulchoy, — TSaichol, "\ Squl, + Ksqui, ) \rsnppy +vnpp,)’

%Bile Acid Synthesis
VCholBileL = (5.5x1e—5) * Regcmzsymi

KChDIL =6;

F v Chol; ( rsnpp;, )
= * * .
Cholpite, Cholgite, ™ \ Chol, + Kchou, rsnpp, + vnpp,/)’

%%%%%%Plasma uptake and release of Metabolites %% %% %
%Gy,

%Glu,,, = —0.731;

Thotug,, = 40; %37.5;

Mbgp,, = 12;

Gl R Th o et
= * * - .
Uup,, €Y6luyyp Glucyt Mbgy, + Chgry, Mbgy, + Glu, ’




%PyT,

TberL =1.12;
Mbper = 0.068;
MbeTCytL = 1;

CbP T Peryt
Pyr, =Tb * (%> —|1.02 = L ;
uPL T TPYTL S\ \Mbpyy, + Chpyr, Mbpyy, + Mbpy, .,

%Lacy,
Thyge, = 2.816;
Mbyg., = 0.6;

Chrgc Lac,,
L =Tb L - ;
Hup, = T BLac, ((MbLaCL + Cbiae,)  \Mbygq, + Lac,

%Ala pool (release)
Thara, = 1.5 * 0.750;
Mbyq, = 0.25;
MbAlaLt = 05,

Al R Th nie, A
= * * - ;
upy, = ReGanyy, * Toua *\ \ 33, 3 ch Mbyg,, +Ala,) )’

%Gltm — Glutamine pool
Thgime, = 1.5 % 0.750;
Mbg, = 0.25;

Mbgitm,, = 1;

Glt R Tb Dty e
= * * - ]
Mup, €9amup Gimee Mbgiem,, + Chaia,, Mbeim,, + Gltm, ‘

%Asprt — Aspartate pool
Thaspre, = 0.25 % 1.5 % 0.750;
MbAsprtL = 025,

MbAsprtLt =1

Asprt R - Cbaiq, Asprt;
= * * — .
Spriyy, €9any, Asprty MbASthL n CbAlaL MbAsprtLt Y Asprt, ) )’

AA

= Alay,, + Gltmy,, + Asprt

upy, uPL;

%Free Fatty Acids(uptake)
Mbgpa, = 0.57;
Thepa, = 4.77;
lamgp,, = 1.9;

FFA R Th CDreay i
= * * - ;
upyL, €YFraty, FFAL MbFFAL + CbFFAL MbFFAL +FFA,) )’

%Glycerol(uptake)
lamg,,, = 32;

GlrupL = lamGlrL * (CbGlTL - GlT'L);



%Triglycerides (Uptake)
lamTGL = 0.01450;

TGTEIL = lamTGL * ((CbTGL - TGL))J

%Carbon dioxide production @ 0.8 RQ

lamc,,, = 0.140;
€02y = lachzL * (CbchL — 1= CoZL);

%O0xygen uptake @ 0.8 RQ

lamg,, = 0.86 = 51;
02,p, = lamg,, * (Cbpy, — 02,);

%Urea Transport

Vireagy = 0.32 * 1.563;

CaUreaL =8;

FUreaBld = VUreaBld * (UreaL —0.55 % CaUreaL);

%Ammonia Transport

Vinag,, = 1.367;

Cayys = 0.09;

Fnbagy = Virag * (NH4;, — 0.58 * Cayy,);

Volys, = 1.5;%lit
Vol = 1.5; %lit5; %
Voleep = 0.80 * Voly, ;% *.03; %
Voleyy = 0.75 %« Voleys;
Volyiy = 0.25 % Voleeys;
Volpa
VOltisL '
Vglu, =Voleyy; %1.397968; %
Vpyr, = Voleyy; %1.3484084; %
Voyrim = Volpia; %Vpyr; %0.05 = Vpyr,; %
Vlac, = Volcyy; %1.3933634; %
Vala, = Volgy; %1.3461162; %
Vglr, =Voleyy; %1.33471481; %
Vffa, =Volgy; %1.4353053; %
Vtg, = Voleyy; %1.3642343; %
Veff, = Voleyy; %1.144; %
Vef fim = Volyin; %Veff; %0.05 * 1.43; %
Vo2, =Vol,iu; %23.18173; %

VOlbldf =



ODE Equations — Mass Balance

%Glucose Balance
%G luprime
dP(1) = ((F_G6p_Glu_L) — (F_Glu_Gé6p_L) + (Glu_up_L))/Vglu_L;

%Glucose 6 — Phosphate balance

%G6pprime

dP(2) = ((F_Glu_G6p_L) + (F_Gly_Gé6p_L) — (F_G6p_Glu_L) — (F_G6p_Gly_L) — (F_Gép_Fép_L)
+ (F_Fé6p_G6p_L) — (F_Gé6p_R5p_L))/Veff_L;

%Glycogen Balance
%Glyprime
dP(3) = (((F_G6p_Gly_L) — (F_Gly_Gé6p_L)))/Veff_L;

%Glyceraldehyde Phosphate(GAP) Balance

%Gapprime

dP(4) = ((2 * (F_F16bp_Gap_L)) + (F_PEP_Gap_L) + (F_Grp_Gap_L) — (F_Gap_F16bp_L)
— (F_Gap_PEP_L) + ((1/3)  F_R5p_Fép_Gap_L))/Veff_L;

%PEP _cyt
dP(5) = (F_Gap_PEP_L — F_PEP_Gap_L — (F_PEP_Pyr_L)+ (F_OAA_PEP_L))/Veff_L;

%Pyruvate Balance

%Pyrprime =

dP(6) = ((F_PEP_Pyr_L) + (F_Lac_Pyr_L) — (F_Pyr_Lac_L) + (F_Ala_Pyr_L) — (F_Pyr_Ala_L)
+ F_Mal Pyr_L — F_Pyr_trans + Pyr_up_L)/Vpyr_L;

%Pyr_mit_L
dP(129) = (F_Pyr_trans — F_Pyr_OAA_L — F_Pyr_Acoa_L)/Vpyr_Lm;

%Lactate Balance
%Lacprime
dP(7) = ((F_Pyr_Lac_L) — (F_Lac_Pyr_L) + (Lac_up_L))/Vlac_L;

%Alanine Balance
%Alaprime
dP(8) = (F_Pyr_Ala_L — (F_Ala_Pyr_L) — (F_Ala_Prot_L) + (F_Prot_Ala_L) + (Ala_up_L))/Vala_L;

%Glycerol Balance
%Glrprime
dP(9) = (F_TG_FFAGlr_L) — (F_Glr_Grp_L) + (Glr_up_L))/Vglr_L;

%Free Fatty Acid Balance

%FFAprime

dP(10) = (3 * (F_TG_FFA_Glr_L)) + (F_Malcoa_FFA_L) — (F_FFA_Grp_TG_L) — (F_FFA_Palcoa_L)
+ (FFA_up_L))/Vffa_L;

%Glycerol 3 Phosphate(GRP)Balance
%Grpprime
dP(11) = ((F_Glr_Grp_L) — (F_Grp_Gap_L) — ((F_FFA_Grp_TG_L)/3))/Veff_L;



%Triglyceride Balance
%TGprime
dP(12) = (((F_FFA_Grp_TG_L)/3) — (F_TG_FFA_Glr_L) + (TG_rel_L))/Vtg_L;

%0xygen Balance
%02prime
dP(13) = (((—F_02_H20_Ln) — (F_02_H20_Lf)) + (02_up_L))/Vo2_L;

%C Carbon Dioxide Balance

%Co2prime

H_ion_cel = 7.94e — 5;

K_Co2_hyd = 7.95e — 4;

Vol_cel_Co2_L =Veff_L*(1+ (K_Co2_hyd/H_ion_cel));

dP(14) = (F_OAA_PEP_L + (7 x F_Malcoa_FFA_L) + F_Pyr_Acoa_L + F_Cit_ AKG_L + F_AKG_Scoa_L
+ F_G6p_R5p_L + F_Mal _Pyr_ L. — F_NH4_Crbphos_L — F_Pyr_OAA_L
— F_Acoa_Malcoa_L + Co2_rel_L)/Vol_cel_Co2_L;

%0O0xaloacetate Balance

%O0xa — Acetate — Cyt
dP(15) = ( F_Mal_OAA_Lc — F_OAA_Mal_Lc — F_OAA_PEP_L + F_Cit_0AA_Acoa_Lc
— F_OAA_Asprt_L + F_Asprt_OAA_L)/Veff_L;

%O0xa — Acetate — mit
dP(16) = (F_Pyr_OAA_L — F_OAA_Acoa_Cit_Lm — F_OAA_Mal_Lm + F_Mal OAA_Lm)/Veff_Lm;%

%Acetyl Coenzyme A (ACoA) BAlabce

%Acoa_cyt

dP(17) = ((F_Cit_OAA_Acoa_Lc) — (F_Acoa_Malcoa_L) — (F_Malcoa_FFA_L) — (F_Glsmn_GINAc_L) — (3
* F_Acoa_HMGCoa_L))/Veff_L;

%Acoa_mit
dP(18) = (F_Pyr_Acoa_L — F_0OAA_Acoa_Cit_Lm + (8 * F_Palcoa_Acoa_L) — F_Acoa_Gmt_NAG_L
+ F_NAG_Acoa_Gmt_L)/Veff_Lm;

%Citrate_mit
dP(19) = ((F_OAA_Acoa_Cit_Lm) — (F_Cit_AKG_L) — F_Cit_Shtl)/Veff_Lm;

%Citrate cyt
dP(130) = (F_Cit_Shtl — (F_Cit_OAA_Acoa_Lc))/Veff_L;

%AKG
dP(20) = ((F_Cit_AKG_L) — F_AKG_Scoa_L + F_Gmt_AKG_L — F_AKG_Gmt_L + F_Pyr_Ala_L
— F_Ala_Pyr_L — F_Asprt_OAA_L + F_OAA_Asprt_L)/Veff_Lm;

%Succinate
dP(21) = (F_Scoa_Suc_L — F_Suc_Scoa_L — F_Suc_Mal_L)/Veff_Lm;

%SCoa_L
dP(127) = (F_AKG_Scoa_L — F_Scoa_Suc_L + F_Suc_Scoa_L)/Veff_Lm;

%Malate_mit



dP(22) = (F_Suc_Mal_L + F_OAA_Mal_Lm — F_Mal_ OAA_Lm — F_Mal_Shtl_L
+ F_Citrin_Asprt_Arg_L)/Veff_Lm;

%Malate_cyt
dP(23) = (F_Mal_Shtl_ L + F_OAA_Mal_Lc — F_Mal_OAA_Lc — F_Mal_Pyr_L)/Veff_L;

%Ketone
dP(24) = (F_Acoa_Ket L — T_Ket_L)/Veff_Lm;

%Glutamate

dP(25) = (F_AKG_Gmt_L — F_Gmt_AKG_L — F_Pyr_Ala_L + F_Ala_Pyr_L + F_Asprt_OAA_L
— F_OAA_Asprt_L + F_Gltm_Gmt_L — F_Acoa_Gmt_NAG_L + F_NAG_Acoa_Gmt_L
+ F_Fép_Glsmn_L)/Veff_Lm;

%Coenzyme A (CoA)Balance

%Coa

dP(26) = ((—F_Pyr_Acoa_L) + (F_OAA_Acoa_Cit_Lm) — (F_Cit_OAA_Acoa_Lc) — (F_FFA_Palcoa_L) — (7
* F_Palcoa_Acoa_L) + (8 *x F_Malcoa_FFA_L) — (F_AKG_Scoa_L) — (F_Suc_Scoa_L)
+ (F_Scoa_Suc_L) + (F_Acoa_Gmt_NAG_L) — (F_NAG_Acoa_Gmt_L) + (F_Glsmn_GINAc_L)
+ (2* F_Acoa_HMGCoa_L) + (F_HMGCoa_Mevl_L))/Veff_L;

%NAD + Balance

dP(27) = ((F_PEP_Gap_L) + (F_Pyr_Lac_L)+ (2 x (F_O2_H20_Ln)) — (F_Gap_PEP_L) — (F_Pyr_Acoa_L)
— (F_Lac_Pyr_L) — (F_Grp_Gap_L) — F_Cit_ AKG_L + F_AKG_Gmt_L — F_Gmt_AKG_L...
— (F_AKG_Scoa_L) — (F_Mal_OAA_Lm) + (F_OAA_Mal_Lm) — (F_Mal_0OAA_Lc) + (F_OAA_Mal_Lc)
— (7 * (F_Palcoa_Acoa_L)))/Veff_L;

%NADH Balance

dP(28) = (—(F_PEP_Gap_L) — (F_Pyr_Lac_L) — (2 * (F_O2_H20_Ln)) + (F_Gap_PEP_L)
+ (F_Pyr_Acoa_L) + (F_Lac_Pyr_L) + (F_Grp_Gap_L) + F_Cit AKG_L — F_AKG_Gmt_L
+ F_Gmt_AKG_L + (F_AKG_Scoa_ L) + (F_Mal_OAA_Lm) — (F_OAA_Mal_Lm)
+ (F_Mal_0OAA_Lc) — (F_OAA_Mal_Lc) + (7 * (F_Palcoa_Acoa_L)))/Veff_L;

%ATP Balance
%ATPprime
dP(29) = ((F_Gap_PEP_L) + (F_PEP_Pyr_L) + (6 x (F_O2_H20_Ln)) + (4 * (F_O2_H20_Lf))
— (F_Glu_G6p_L) — (F_Cit_OAA_Acoa_Lc) — (F_F6p_F16bp_L) — (F_PEP_Gap_L)
— (F_Pyr_OAA_L) — (F_Glr_Grp_L) — (F_ATP_GTP_L) — (F_ATP_UTP_L) — (2
* F_NH4_Crbphos_L) — (F_Citrin_Asprt_Arg_L) — (2 * (F_FFA_Palcoa_L)) — (2
* (F_FFA_Grp_TG_L)) — ((F_Acoa_Malcoa_L)) — (F_ATP_ADP_L) — (F_ATP_AMP_ADP_L)
— (3*F_Mevl_Squl_L))/Veff_L;

%ADP Balance
%ADPprime



dP(30) = (—(F_Gap_PEP_L) — (F_PEP_Pyr_L) — (6 * (F_02_H20_Ln)) — (4 * (F_O2_H20_Lf))
+ (F_Glu_G6p_L) + (F_Cit_OAA_Acoa_Lc)
+(F_F6p_F16bp_L) + (F_PEP_Gap_L) + (F_Pyr_OAA_L) + (F_Glr_Grp_L) + (F_ATP_GTP_L)
+ (F_ATP_UTP_L) + (2 * F_NH4_Crbphos_L) + (F_Citrin_Asprt_Arg_L) +(2
* (F_FFA_Palcoa_L)) + (2 * (F_FFA_Grp_TG_L)) + ((F_Acoa_Malcoa_L))
+ (F_ATP_ADP_L) + (2 x F_ATP_AMP_ADP_L) + (3 * F_Mevl_Squl_L))/Veff_L; %

%GTP —
dP(31) = ((F_ATP_GTP_L) — (F_OAA_PEP_L) + F_Scoa_Suc_L — F_Suc_Scoa_L)/Veff_L;

%GDP
dP(32) = (—(F_ATP_GTP_L) + (F_OAA_PEP_L) — F_Scoa_Suc_L + F_Suc_Scoa_L)/Veff_L;

%Phosphate(Ppi) Balance

%Ppiprime

dP(33) = ((F_PEP_Gap_L) + (F_Pyr_OAA_L) + ((F_F16bp_Fé6p_L)) + (F_Gép_Glu_L) + (2
* (F_Gop_Gly_L)) + (2 * (F_FFA_Palcoa_L)) + (1 * F_NH4_Crbphos_L)
+ (F_Citrin_Asprt_Arg_L) + (F_Crbphos_Ornit_Citrin_L) + ((F_Acoa_Malcoa_L))
+ ((7/3) * (F_FFA_Grp_TG_L)) + (F_ATP_ADP_L) + (F_Cit_OAA_Acoa_Lc)
— (F_Gap_PEP_L) — (F_Gly_Gé6p_L) — (F_Scoa_Suc_L) + (F_Suc_Scoa_L)— (6
* (F_02_H20_Ln)) — (4 * (F_O2_H20_Lf)) + (F_Glsmn_GINAc_L) + (3
* F_Mevl_Squl_L))Veff_L;

%AMP

dP(34) = (—F_ATP_AMP_ADP_L)/Veff_L;

%Prot_L

dP(35) = (F_Ala_Prot_L — F_Prot_Ala_L + F_Asprt_Prot_L — F_Prot_Asprt_L + F_Gltm_Prot_L
— F_Prot_Gltm_L)/Veff_L;

%F6p

dP(123) = ((F_G6p_Fép_L) — (F_F6p_G6p_L) — (F_Fép_F16bp_L) + (F_F16bp_F6p_L) + ((2/3)
* F_R5p_Fép_Gap_L) — F_Fé6p_Glsmn_L)/Veff_L;

%F16bp

dP(131) = ((F_F6p_F16bp_L) — (F_F16bp_Fé6p_L) — (F_F16bp_Gap_L) + ((1/2)
* F_Gap_F16bp_L))/Veff_L;

%R5p
dP(124) = ((F_G6p_R5p_L) — (F_R5p_F6p_Gap_L))/Veff_L;

%NADPH
dP(125) = (2 * (F_G6p_R5p_L) + (F_Mal_Pyr_L) — (14 * F_Malcoa_FFA_L) — (2« F_HMGCoa_Mevl_L)
— (F_Mevl_Squl_L) — (F_Squl_Chol_L) — (F_Chol_Bile_L))/Veff_L;

%NADP
dP(126) = (—(2 * F_G6p_R5p_L) — (F_Mal_Pyr_L) + (14 * F_Malcoa_FFA_L) + (2« F_HMGCoa_Mevl_L)
+ (F_Mevl_Squl_L) + (F_Squl_Chol_L) + (F_Chol_Bile_L))/Veff_L;

%Malcoa
dP(132) = (F_Acoa_Malcoa_L — (7 * F_Malcoa_FFA_L))/Veff_L;

%Palcoa_cyt
dP(133) = (F_FFA_Palcoa_L — F_Carn_Shtl)/Veff_L;

%Palcoa_mit
dP(134) = (F_Carn_Shtl — F_Palcoa_Acoa_L)/Veff_Lm;



%UTP
dP(135) = (—F_Gé6p_Gly_L+ F_ATP_UTP_L — F_Glsmn_GINAc_L)/Veff_L;

%UDP
dP(136) = (F_G6p_Gly_L — F_ATP_UTP_L + GINAc_decay)/Veff_L;

%FADH
dP(137) = (F_Suc_Mal_L + (7 * F_Palcoa_Acoa_L) — (2 * (F_O2_H20_Lf)))/Veff_Lm;

%FAD
dP(138) = (—=F_Suc_Mal_L — (7 * F_Palcoa_Acoa_L) + (2 * (F_O2_H20_Lf)))/Veff_Lm;

%Asprartate
dP(140) = (F_OAA_Asprt_L — F_Asprt_OAA_L — F_Asprt_Prot_L + F_Prot_Asprt_L
— F_Citrin_Asprt_Arg_L + Asprt_up_L)/Veff_L;

%Ammonia — NH4
dP(141) = (F_Gmt_AKG_L — F_AKG_Gmt_L — F_NH4_Crbphos_L + F_Gltm_Gmt_L
— F_NH4_Bld)/Veff_Lm;

%Carbomyl phosphate
dP(142) = (F_NH4_Crbphos_L — F_Crbphos_Ornit_Citrin_L)/Veff_Lm;

%Citrullin
dP(143) = (F_Crbphos_Ornit_Citrin_L — F_Citrin_Asprt_Arg_L)/Veff_L;

%Arginine
dP(144) = (F_Citrin_Asprt_Arg_L — F_Arg_Ornit_Urea_L)/Veff_L;

%0O0rnitine

dP(145) = (F_Arg_Ornit_Urea_L — F_Crbphos_Ornit_Citrin_L) /Veff_L;

%Urea
dP(146) = (F_Arg_Ornit_Urea_L — F _Urea_Bld)/Veff_L;

%N — acetylglutamate
dP(147) = (F_Acoa_Gmt_NAG_L — F_NAG_Acoa_Gmt_L)/Veff_Lm;

%Glutamine
dP(150) = (—F_F6p_Glsmn_L + F_Prot_Gltm_L — F_Gltm_Prot_L — F_Gltm_Gmt_L + Gltm_up_L)/Veff_L;

%Glucosamine
dP(151) = (F_F6p_Glsmn_L — F_Glsmn_GINAc_L)/Veff_L;

%N — Acetylglucosamine
dP(152) = (F_Glsmn_GINAc_L — GINAc_decay)/Veff_L;

%HMGCoA
dP(160) = (F_Acoa_HMGCoa_L — F_HMGCoa_Mevl_L)/Veff_L;

%Mevelonate
dP(161) = (F_HMGCoa_Mevl_L — F_Mevl_Squl_L)/Veff_L;



%Squalene
dP(162) = (F_Mevl_Squl_ L — F_Squl_Chol_L)/Veff_L;

%Cholesterol
Chol_decay = 7.5e — 5 * Chol_L;
dP(163) = (F_Squl_Chol_L — F_Chol_Bile_L — Chol_decay)/Veff_L;

%Bile

Bile_decay = 1.5e — 5 * Bile_L;
dP(164) = (F_Chol_Bile_L — Bile_decay)/Veff_L;

Signaling and Meal Simulation

%Molecular model for Glucose mobilization and uptake

%O0m shri Ram Jairam Jai Jai Ram%%0m Shri Balkrushnai Namaha%
%O0m Shri Ganeshaya Namaha%%On Shri PanduRangAya Namaha%
%O0m Shri Saraswataye Namaha%%Omshri mauli Samarth%0OmshriRam

PTEN = 1;

SHIP = 1;

IRp = 8.97e — 13; %M

APequil = 100/11; %9.090909;

k1l = 6e7;%/M /min

k2 = 6e7;%/M /min

k3 = 2500; %/min

k4 = 0.003/9; %3.3333e — 4; %/min

k6 = 0.461; % /min

k7 = 4.16; % /min

k8 = 0.7065e12; % /min

k10 = (%) *2.77;

k13 = (4/96) * 0.167; %/ min%6.958333¢e — 3;
k14 = 96 x 0.001155; % /min%0.11088;
k15 = 0.2; % /min

k16 = 20; % /min

k17 = 0.2; % /min

k18 = 0.003; % /min

k19 = 2.1e — 3; % /min

k20 = 2.1e — 4; % /min

k21 = 1.67e —18; % /min

k22 = (2.5/7.45) * 4.16; % /min%1.395973;
k23 =10;% /min

k25 = 2.77;% /min

k26 = 6.9314; %10 = log(2); % /min
k27 = 6.9314; %10 = log(2); % /min
k28 = 0.167; % /min

k29 = 0.001155; %% /min

k31 = 0.346574; %(log(2))/2; Y%omin

k30 = k31 * (((2.5/7.45) * (3.70e — 13))/((6.27e — 13) — ((2.5/7.45) * (3.7¢ — 13)))); %0.085576;



k32 = 0.346574; %(In2/2)
k33 = 0.23105; %(In2/3)
R1 =9e — 13; %M

al =0.12; % /min

a2 =0.3; %/min

a3 = 0.01; % /min

a4 = 6e7; % /M/min

a5 = 0.2; % /min

b1l = 0.0151; % /min

b2 = 0.002; % /min

b3 = 0.01; % /min
V=11,%L

Vp =3; %L

Rm = 4.44e — 12; % M /min

cl =1162; % mg/l

pl = 0.005 = 180; %mmol/l; %/mg/!
p2 = 0.01594; %/mg/!

ql = 10;
q2 = 1.85;
%-——-——-——--—-- new calcium model — — — — — — — — —

nl=0.1;% = 60

n2=15%2;%1.5

n3 = 0.64; % = 60

n4 =0.19;% —*60 — — — — —

n5 = 4.88; % * 60

n6=118% —*«60 — — — — — — — — — —

n7 = 2.08;% = 70

n8 = 32.24; % = 60

n9 =29.09;% 60 —— — — — — —

n10 = 5;% = 60
nl1=267%+«60——— — — — — — —

nl2 = 0.7; % = 60

nl1l3 = 13.58; % * 60

nl4 = 153; % = 60

n1l5=016;% —*60 —— — — — — — — — — —
nlé6 = 4.85;% = 60

n17=005%—-—-—*60—— — — — — — — — — — — — —

% — — — —Parameters

C1 =10 *60; %/sec

c2 =100 * 60; %micro Mol/sec

c3a = 5.2 *x 60e — 3; %/sec

c4 =4 x60e —3; %/sec

¢5 =52 60e —3;%/sec

G23 =1%*60e —7;%)/sec

c6 = 0.2 *x60; % /sec

kcall = 1.47 * 60e3; %micro mol/sec

kcal2 = 35.4;
kplcl = 2.19 = 60e3; %micro mol/sec
kplc2 =5.7;

c7 = 6.5 x 60e4; %6.4e4/sec — — — —Scaled



c8 =650 % 60;%/sec — — — — — — — — — Scaled — Desensitization constant
A0 = 3;

B1=100;%100—m— - — — — — — — — — Value scaled

B2 = 1e6;

kpc = 6.06 = 60e — 4; %/sec

kpcl = 0.282;

kpc2 = 0.255;

RO = 126500;

G0 =100000;

%————————————— = Meal simulation———————-——————— —— — — —

conf = 5.31915; % — —conversion factor from mg/kg/min to mg/l/min for glucose appearance

%ie — by using distribution volm of glucose = 1.88dl/Kg

Kmaxi = 0.0558; %0.054; %/min

Kmini = 0.0080; %0.006; %/min

Kg_abs = 0.057; % * ((1 — exp(—((t — 100)./90)))); %0.057; %0.071; %0.057; %/min0.012 — — — —
— —Glu absorption rate connst.

Kp_abs = 0.01; %097; %/min - — — — — — — — — Protein absn.rate
Kft_abs = 0.015;
Kf_abs = 0.015; % .x ((1 — exp(—((t —100)./180)))); %/min — — — — — — — — — — — — Fat absn.rate

Kgri = 0.0558; %/min

F = 0.90; %dimensionless

a =0.00013;%/mg

b = 0.7;%0.82; %dim

¢ = 0.00236 * 180; %0.00236; %/mg
d=0=%0.10; %dim

% CHO = 0 * 70000;

% Pro = 0% 20000; %mg

% Fat =0%*20000; %mg — — —mmol20000;
TF1 = CHO + Pro + Fat; %108000/180;
BW =75;%Kg

KexA = 0.0005; %/min

KexB = 10; %mmol/l

b_Qst = 0;

b_Qstl = 0;

b_Qst2 = 0;

b_Qgut = 0;

b_Glu_gut = 0;

b_Pro_gut = 0;

b_Fat_gut = 0;

%——————————— = Glucose/Protein/Fat Rate of appearance — — — — — — —

TF2 =1;%108000;

CHO2 = 1;%70000;

TF3 =1;%108000;

CHO3 = 1;%70000;
TF =TF1;

if t == 0&&t <= 100;

P1=0;
TF =TF1;
else

if t>100&&t <100+ (0.0002=«TF);
P1 =d;



TF =TF1,

else
P1 = 0;
TF =TF1,;
end
end
%TF =TF1;

Qst = Qstl + Qst2;
alpha = (2.5/(TF * (1 — b)));
beta = (2.5/(TF *¢));

if P1>0;
Kempt = Kmini + (((Kmaxi — Kmini)/2) * ((tanh(alpha * (Qst — (b * TF)))) + 1));

else
Kempt =0;
end

%Qst1
dP(102) = —(Kgri * Qstl) + TF * P1;

%Qst2
dP(103) = —(Kempt = Qst2) + (Kgri » Qstl);

glf = (CHO/TF); %(CHO/TF)
dP(104) = (Qst2 * glf x Kempt) — (Kg_abs * Glu_gut);

%Rate Glucose appearance
Ra_Glu = ((F * Kg_abs * Glu_gut)); % — — — — — converted from mg/min to mmol/min

%Amount of Protein in Gut — Pro_gut
prf = (Pro/TF);
dP(105) = (Qst2 * prf * Kempt) — (Kp_abs * Pro_gut);

Kpt_abs = 0.01;
dP(165) = (Kp_abs * Pro_gut) — (Kpt_abs * Pro_Int);

%Amount of Fat in Gut Fat_gut

ftf = (Fat/TF);

dP(106) = (Qst2 * ftf * Kempt) — (Kft_abs * Fat_gut);
%Rate of appearance of protein —

Ra_Pro = ((F * Kpt_abs * Pro_Int)/130);

%Amount of Fat in Gut Fat_gut

%ftf = (Fat/TF);

dP(107) = (Kft_abs * Fat_gut) — (Kf_abs * Fat_Int);



%Rate of appearance of Fat —
Ra_Fat = ((F * Kf_abs * Fat_Int)/290); % — — — — — converted from mg/min to mmol/min

dP(166) = 0; % — (b1 + b2) * Ins_P + Ins_sec;

%%%%%%%%% Blood Glucose %% % %% %%
Uii =1+ (Ca_Glup™4/(Ca_Glup™4 + 2"4)); % — mg/kg/min0.4166; Y%ommol/min — — — — —
kx1 = 0.0005;
if Ca_Glup > 339;
K_ex = kx1 * (Ca_Glup — 339);
else
K ex =0;
end

kgpl = 0.065;%0.065
kgp2 = 0.079; %0.079

Vm0=250%1;%————— mg/kg/minl.04167; %mmol/min% — — — — —
Vmx = 0.047 «0.1; % — — —mg/kg/min — —/pmol/10.0196;

Km0 = 225.6; % — — — —mg/kg7.55;

Kmx = 0;

Vi = 0.05;

Ins_P = (InsP/Vi);

Vm_X =VmO0 + Vmx * 0.27 * Ins_P; %Ins_Int;
Km_X = Km0 + Kmx = 0.27 = Ins_P; %Ins_Int;

Uid_g = (Vm_X * Ca_Glu_OT /(Km_X + Ca_Glu_0T));
Glu_up_L1 = —Glu_up_L » 180/75;
Ra_Glul = Ra_Glu/75;

%Plasma Glucose
dP(154) = 0; %(Glu_up_L1 + Ra_Glul — Uii — K_ex — kgpl * Ca_Glup + kgp2 * Ca_Glu_0T)/5.0;

%Glucose in Other tissues
dP(155) = 0; %(—Uid_g + kgpl * Ca_Glup — kgp2 * Ca_Glu_OT);

kapl = 0.1 * (11 * Ca_Alap”"2.5/(Ca_Alap”2.5 + 0.65"2.5));
kap2 = 0.9 = (5072 /(Ins_P"2 4+ 50"2));

Vma0O = 0.025;
Vmxa = 0.01 * 0.27 * 50 * 2.25 * (16.5 * (Ins_P*2.5/(Ins_P"2.5 + 15072.5)));
Kma0 = 0.65;

Vm_A = Vma0 + Vmxa;
Km_A = KmaQO;

Uid_p = (Vm_A * Ca_Alap"3/(Km_A"3 + Ca_Alap"3));

%Plasma Amino Acids



dP(156) = 0 * (—AA_up_L + Ra_Pro — kapl + kap2 — Uid_p)/5;

%AA in Other tissues

dP(157) = 0* =Uid_p + kapl — kap2;

kfpl =0.07 * (11 * Ca_FFAp"2.5/(Ca_FFAp"2.5 + 1.772.5));
kfp2 = 0.6 x (5072/(Ins_P"2 + 50"2));

Vmf0 = 0.025;
Vmxf = 0.01 % 0.27 * 50 * 1.5 * (16.5 * (Ins_P"3.0/(Ins_P"3.0 + 125"3.0)));
Kmf0 =17,

Vmp = Vmf0 + Vmxf;
Km_F = Kmf0;

Uid_F = (Vm_F % Ca_FFAp"3/(Km_F"3 + Ca_FFAp"3));

%Plasma FF Acids
dP(158) = 0 * (—FFA_up_L + Ra_Fat — kfpl + kfp2 — Uid_F)/5;

%FF in Other tissues

dP(159) = 0 —=Uid_F + kfpl —kfp2;
Ca_Co2_F =1.22;

Ca_Co2_T_L = 22.2;

Ca_02_F = 0.135;

Ca_02_T_L = 9.235;

Ca TG = 1;

Ca_Pyr = 0.068;

Ca_Lac = 0.7; %0.5;

Ca_Glr = 0.07;9%0.07;

dP(36) = 0;

% — — — Insulin kinetics Parameters — — — — — — — —
Vi=0.05%L/kg

ml = 0.190; %/min

m2 = 0.484; %/min

m4 = 0.194; %/min

m5 = 0.0304 * Vi; %1.52e — 3; %%1.52e9; %0.0304e — 12; %0.608; %; % min/M — —
— 0.0304; % min. Kg /pmol

mé6 = 0.6471; % dimensionless

gamma = 0.5; %min

%Insulin secretion
K_AA = 0.5;

K_FF =1.8;

na =5.8;

nf = 4.8;

n = 4.65;

K_Glu = 8.9;

V_ Glu =48e —12;%
V_Ala =17e — 12;
V_FFA = 21e — 12;
Ins_sec = V_Glux (Ca_Glu."n./(Ca_Glu."n + K_Glu.n))...



+(V_Ala.x ((Ca_Ala™na)./(((Ca_Ala™na) + K_AA. *na))))...
+(V_FFA.x (Ca_FFA."nf)./((Ca_FFA."nf) + K_FF."nf));
ISR = (Ins_sec/1e — 12);
dP(37) = —(gamma * InsV) + ISR;

InSec = gamma * InsV;

%HE — Hepatic Extraction
HE = (—mb5 * InSec) + m6;

m3 = ((HE *m1)/(1 — HE));

%InsL

dP(38) = (—=(m1 + m3) = InsL) + (m2 x InsP) + InSec; %Insu_seci
INSLIV = (InsL/Vi) x 1e — 12;

%InsP
dP(39) = (—(m2 + m4) * InsP) + (m1 * InsL); % = 10" — 10;

%INS = (InsP/Vi) * 1le — 12;

%Insulin in interstetial fluid — Ins_Int — — — Cobeli model — 1982
p2u = 0.0331;
p2v = 12e — 6;

b_InsP = 2.5/Vi; %50.35e — 12;
dP(40) = 0; % — (p2u = Ins_Int) + p2u * (INS — b_InsP);

%Insu F —— — — — — Insulin concentration in Inerstetial fluid — —Cobelli model — 2007
ml3 = 0.02;
m31 = 0.042;

V_Insu_F = 0.106 = 75;
InsPi = (InsP);
dP(41) = 0; %(—(m13 * Insu_F) + (m31 * InsPi))/V_Insu_F;

%x1 = cellular insulin,

b1 = 0.0151 = 10;

b3 = 0.010 = 10; %0.002

dP(42) = (—k1 *x1 % x2) — (b3 * x1) + (b1 * Vp x INSLIV /V);

400
if x17 < (H)'
PTP = 1% (1—(0.25 (x17/(100/11))));
else
PTP = 0;
end

xla = x1;



%x2 = concentration of unbound surface insulin receptor
dP(43) = (k15 * x3) + (k17 * PTP * x5) — (k1 * x1a * x2) + (k18 * x6) — (k4 * x2);

%x3 = concentration of unphosphorylated once — bound surface receptors,
dP(44) = (k1 * x1a * x2) — (k15 * x3) — (k3 * x3);

%x4 = concentration of phosphorylated twice — bound surface receptors,
dP(45) = (k2 * x1a * x5) — (k16 * x4) + (k20 * x7) — (k19 * x4);

%x5 = concentration of phosphorylated once — bound surface receptors,
dP(46) = (k3 *x3) + (k16 * x4) — (k2 * x1a * x5) — (k17 * PTP * x5) + (k20 * x8) — (k19 * x5);

%x6 = concentration of unbound unphosphorylated intracellular receptors,
%k21 = 1.67e — 18; % /min
if (x6+x7+x8) > 1le—13;
k5 = k21 +10e — 2; %1.67e — 17;
else k5 =60%*k21;%1.002e — 16;

end

dP(47) = k5 — (k21 % x6) + (k6 * PTP x (x7 + x8)) + (k4 * x2) — (k18 * x6);

%x7 = concentration of phosphorylated twice — bound intracellular receptors,
dP(48) = (k19 * x4) — (k20 * x7) — (k6 * PTP * x7);

%x8 = concentration of phosphorylated once — bound intracellular receptors,
dP(49) = (k19 * x5) — (k20 * x8) — (k6 * PTP * x8);

%x9 = concentration of unphosphorylated IRS — 1,

S6K_Ntv = 9 * (S6K1p_L"4)/((8"4.0 + S6K1p_L"4.0)); %7"1.3y10/25); %
PKC = 20 % ((x19"4)/((124) + (x1974))); %(x1971.8)/((17));

%AKTmax = 20;

%FO0XO0_Ptv_IRS = 3.« (FOX0."1./(FOX0."1 + 0.50"1));

k34 = 0.1;

dP(50) = (k22 % PTP * x10) — ((k7 * x9 * (x4 + x5)/IRp)) + (k30 * x10a) — ((k31 * PKC * x9)) — (k34
* S6K_Ntv * x9);

%x10 = concentration of tyrosine — phosphorylated IRS — 1,
dP(51) = (((k7 * x9 * (x4 + x5)/IRp)) + (k23 * x12) — (((k22 = PTP) + (k8 * x11)) * x10)); % * S6K;

%x10a = concentration of serine — phosphorylated IRS — 1,
dP(52) = ((k31 * PKC * x9) — (k30 * x10a) + (k34 * S6Kys, * x9));

%x11 = concentration of unactivated PI3 — kinase,
dP(53) = (k23 * x12) — (k8 * x11 * x10);

%x12 = concentration of tyrosine — phosphorylated IRS — 1/activated PI3 — kinase complex,
dP(54) = (k8 * x11 * x10) — (k23 * x12);



%x13 = percentage of PI1(3,4,5)P3 out of the total lipid population,

k9sim = 1.39; % /min

k9bas = (0.31/99.4) * (94/3.1) * k9sim;

PI3K = (k8 = (3.7e — 13) * (1e — 13))/(k8 * (3.7e — 13) + k23); %2.54e — 15;
k9 = ((k9sim — k9bas) * (x12/PI3K)) + kO9bas;

k24 = (94/3.1) * k9sim; %42.1484;

dP(55) = (k9 * x14) + (k10 * x15) — (((k24 * PTEN) + (k25 * SHIP)) * x13);

%x14 = percentage of PI(4,5)P2 out of the total lipid population,
dP(56) = (k24 « PTEN * x13) — (k9 * x14);

%x15 = percentage of PI(3,4)P2 out of the total lipid population,
dP(57) = (k25 * SHIP = x13) — (k10 * x15);

%x16 = percentage of inactivated PKB /AKT,

FOXO_Ptv_Akt =1+ (FOX0"4/(FOX0"4 + 0.75"4));

mTORC2_act_AKT = 4 * (mTOR_Rictor_L"2/(mTOR_Rictor_L"2 + 40"2));
kmr = 0.01 *x mTORC2_act_AKT;

GINAc_inact_Akt = 1  (0.0452/(0.0452 + GINAc_L"2));
TRB3_Ntv_AKT = 1+ (3"2/(TRB3"2 + 3/2));

if x13 > 0.31;
PI3K_Act_fn = ((x13 -0.31)/(3.1 — 0.31));
else

PI3K _Act_fn = 0; %2e — 4;

end

%global k11i
k11 = (0.1 * k26 = 0.7) * PI3K_Act_fn * GINAc_inact_Akt * TRB3_Ntv_AKT; % * (1.0 + FOXO_Ptv_Akt);

dP(58) = (k26 * x17) — (k11 * x16) — (kmr * x16);

%x17 = percentage of activated PKB /AKT,
dP(59) = (k11 * x16) — (k26 * x17) + (kmr * x16);

%x18 = percentage of inactivated PKC — f,
GINAc_act_PKC = 3 * (GINAc_L/(GINAc_L + 0.045));
FFA_Ptv_PKC =1+ 9+ (FFA_L"3/(FFA_L"3 + 1.4"3));
DAG_Ptv_PKC =1+ 5+ (DAG"3/(6"3 + DAG"3));

k12 = (0.1 * k27) * PI3K_Act_fn * FFA_Ptv_PKC * GINAc_act_PKC * DAG_Ptv_PKC;% * FFA_Ntv_PKC
* ((x13-0.31)/(3.1 = 0.31))

%Cal_pkc_rgl = 0; %2 * (Ccal™2/(5"2 + Ccal"2));
dP(60) = (k27 * x19) — (k12 * x18);

%x19 = percentage of activated PKC — f.
dP(61) = (k12 * x18) — (k27 * x19);

%Glucose uptake
%x20 — Percentage of intracellular GLUT4



Vng = 6;
ng = 8;
Kng = 8;
(0.2 *x17) + (0.8 * x19)
eff = ( APequil )
qui
Ig4 = ((2/3) — (4/96)) = k28 = ef f;
kl4e = k14;
dP(62) = (k28 * x21) — ((k13 + 1g4) * x20);

’

%x21 — Percentage of cell Surface GLUT4
dP(63) = (((k13 + Ig4) * x20) — (k28 * x21));

%x22 — Percentage of GSK3 activated — — — — — — — dephosphorylation
PKA_ Li = (C/7.7¢ — 6) + (PKa/1.3e — 4);

FFA_Ntv_GSK3 = 1.11 % (1.5"2)/((1.5"2) + FFA_L"2);
GINAc_inact_GSK3 = 1.11 % (0.0373/(0.03"3 + GINAc_L"3));
PP1 reg_Gsk3 = 3 x (PP1/(PP1 + (2 = 1.250e — 4)));

G6p_act_Gsk3 =5 ((G6p_L"2)/((G6p_L"2) + 0.4"2));
Cal_Ntv_Glysynt = (6.7"2/(6.7"2 + Cal"2));

k32L = k32 * (x17/(100/11)) * 0.416 * (1 + G6p_act_Gsk3 + PP1_reg_Gsk3) * Cal_Ntv_Glysynt
* FFA_Ntv_GSK3 * GINAc_inact_GSK3; % * PKA_gsk3_rgl_L; %

G6p_inact_Gsk3p = ((0.4"2)/(0.4"2 + G6p_L"2));
PKA_act_GSK3p = 0.625 * (1 + (5 * (PKA_Li"2/((PKA_Li"2) + (4)"2))));
k33L = k33 x PKA_act_GSK3p * G6p_inact_Gsk3p;

dP(64) = k33L * x23 — k32L * x22;

%x23 — percentage of inactivated GSK3 — — — —phosphorylated — —This activates
%Glycogen synthasis
dP(65) = k32L » x22 — k33L * x23;

dP(153) = 0; %(kg8i * Gép_act_Gsk3i x PP1_reg_Gsk3i » GSK3_eff) — (kg7i * PKA_act_GSK3p1l
* Gop_inact_Gsk3pi * Glysy);

% % % % % % % % % % % %% % % % % %% %% Glucagon Secretion and kinetics% % % % % % % %% % % % % %

%Gucagon balance — —Glcgn
Gm = 2.0e — 10; %2.23e — 10; % M /min
%ul — Glucagon Infusion rate
%Am_Glen = (Ca_Ala — 0.25);
if (Ca_Ala —0.25) >=0;
Am_Glen = (Ca_Ala — 0.25);
else
Am_Glcn = 0;
end
AA_Glen_ Eff = 125e — 12 * ((Am_Glen™4.5) /(Am_Glen™4.5 + 0.774.5));
Glen_Sec = (Gm/(1 + (q1 * exp(pl * (Ca_Glu — 5))))) + AA_Glecn_Eff;
% %Gsec = (a71 * (lef f = Geff) * 2.857e — 3);



% Gsec = (a71 * (leff = Geff) * 2.857e — 11);

%Plasma Glucagon conc.

%Gnp = —(al + a2) * Gnp + ul;
%Glsec = ((Gsec/GIn_mol) * 1000);
al =0.12; % /min

a2 = 0.3; %/min

a3 = 0.01; % /min

dP(66) = (—(al + a2) = Gnp) + Glen_Sec; %Glsec;

%% % %% %% %% %% % % %% % % %% — —Glucagon Calcium Signalling — — — — ——— — — — — —

alf = 10000;

%———————————— = — = Glucagon receptor model - — — — — — — — — — — — — — —
%Glucagaon Signalling Pathway

%Hg — Cellular Glucagon Concentration

%GLCN = Gnp; %Glen_Pl

GIn_recp = 9e — 13; %Mol

%c2a = c2 x 1e6; %((126500 — LRS)/126500) * (a4 * Glecn_F * Gln_recp)

a4 = 6e7; % /M /min

al=012,%—-—————— adjusted from 0.12 to 0.012;
a3 =0.1;
Rt = 126500;

dP(67) = (al *Vp x Gnp/V) — (a3 * Glen_F) — ((a4) * Glen_F = (FR/Rt) * Gln_recp); % + (alf * c2
* Glen_F * RS); %; % +

GCN = Gnp * 1e6; %Glcn_PlGlen_F

3 =c3a*(2*(GCN)/(((50.0e —6)) + GCN));

%dp(26) — FR — free receptor

dP(68) = (C1*LR) — (c2 * GCN * FR) — (c3 * FR) + (c4 * RS);

%dP(26) — RS — Sequesterd receptor
dP(69) = (C1* LRS) — (alf * c2 * GCN * RS) + (c3 * FR) — (c4 * RS);

%dP(27) — LR — Ligand bound receptor
dP(70) = (c2 * GCN * FR) — (C1 * LR) + ((c4/alf) * LRS) — (c¢3 * LR) + (c5 * LRP);

GPRT = 26.% (LRS./(95000 + LRS));

PLCi = 233.% (GPRT.2./(32.72 + GPRT.2));
IP3i = 16.3.% (PLCi. "4./(42."4 + PLCi. M));
Cal = 35.% (IP3i.71.8)./(9. 1.8 + IP3i.1.8);

%dP(28) — LRS — ligand bound sequestered receptor

%GPRT; % = Gprt;

dP(71) = (c¢3 * LR) — ((c4/alf) * LRS) + (alf * c2 * GCN * RS) — (C1 * LRS) — (c8 = (1 + ((A0
* (GPRT))/(B1 + (GPRT)))) * (LRS/(B2 + LRS)));

%dP(31) — LRP
dP(72) = (c8 * (1 + ((A0 * (GPRT))/(B1 + (GPRT)))) * (LRS/(B2 + LRS))) — (c5 * LRP);



%Ccal = 0.0072.x (PLC."3) — 0.5418.% (PLC."2) + 14.006.* PLC — 119.93;

%——————————= Another Calciummodel - - - —-—-—-—-—-—-————————— — — — — —
%Cal = 35 * (IP3°1.8)/(971.8 + IP371.8);
%Ccal = Cal;
% IGprti = 10 — (Gprt);
% %dP(21) — Gprt
dP(73) = 0;%n1 + (Gprt * n2 = (((LRS + LR)/Rt)"0.8)) — (Gprt * ((n3 * (PLC/(Gprt +n4))) + (n5
* Ccal/((Gprt + n6))))); % (Lig_bnd + Rcp_Seq)(1 + (((LRS + RS))/Rt)

% %dP(22) — PLC
dP(74) = 0;%n7 * Gprt — (n8 * PLC/(PLC + n9));

%IP30; %

bi =2%60;%/s

vi =2 *60;

ks = 0.02;

kcl =1;

csi = —1;

Kclp = kcl + csi* (C/(ks + C))™4;

%Cal_cti = Ccal;

dP(75) = 0; %vi * ((0.1 * Ccal * 0.1 * PLC)/(Kclp + 0.1 * Ccal)) — bi * (IP3);

% %dP(23) — Ccal

dP(76) = 0;%(n10 * Ccal * IP3 % Ecal/(Ecal + n11)) + (n12 * IP3) 4+ (n13 * Gprt) — (n14 * Ccal/(Ccal
+ nl15)) — (n16 = Ccal /(Ccal + n17));

%

% %dP (24) — Ecal

dP(77) = 0;%(n16 * Ccal /(Ccal +nl17)) — (n10 * Ccal * PLC * Ecal/(Ecal + n11));

%PKC

PKCt = 1;

PKCa = PKCt — PKCi;

vpl =1 % 60;

vp2 = 0.7 = 60;

kdc = 0.2 * 10;

dP(78) = 0; %vpl * (DAG * 0.1 x Ccal/(kdc + DAG)) * PKCa — vp2 * (PKCi/(kdc + DAG));

%DAG

vi = 2 % 60;

vf = 1.5%60;

bd = 0.50 * 60; %/sec

K FFA_ L =1.35;

dP(79) = vi = ((0.1 * Cal * 0.1 * PLCi)/(Kclp + 0.1 x Cal)) + vf = (FFA_L) — bd * DAG; % — dP(78);

% %% %% %% %% % %% %% %% Glucagon Signaling Model% % % % % % % % % % % % % % % % % % % % % % % % % % % % %

%——————————= Rates for Glycogen Signalling in Liver - ————————— — — — — —
% function par = par_glycogen()

kgl = 1.4 *60; % min — 1 rate constant for phosphorylation of inhibitor [48]



kg2 =0.001 = 60; % 0.01 min — 1 rate constant for dephosphorylation of inhibitor [assumed]

kg3 = 20 *60; % min — 1 rate constant for phosphorylation of phosphorylase kinase [assumed]
kg4 = 5 % 60; % min — 1 rate constant for dephosphorylation of phosphorylase kinase [assumed]
kg5 = 20 % 60; % min — 1 rate constant for phosphorylation of Phosphorylase [42]

kg6 = 5 % 60; % min — 1 rate constant for dephosphorylation of Phosphorylase [49]

kg7 = 20 % 60; % min — 1 rate constant for phosphorylation of glycogen synthase [assumed]
kg8 = 0.05 % 60; % min — 1 rate constant for dephosphorylation of glycogen synthase [assumed]
%k8g = 5 *60;

%% % %% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
% Michaelis — Menten constants

%% % %% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
kmgl = 5 /1000; % mM for inhibitor phosphorylation [48]

kmg2 = 0.7 /1000; % mM for dephosphorylation of Inhibitor [52]

kmg3 = 0.4 /1000; % mM for Phosphorylation of phosphorylase kinase [assumed |
kmg4 = 1.1 /1000; % mM for dephosphorylation of phosphorylase kinase [52]
kmg5 = 10 /1000; % mM for phosphorylation of phosphorylase [25]

kmg6 = 5/1000; % mM for dephosphorylation of phosphorylase [47]

kmg7 = 15 /1000; % mM for phosphorylation of glycogen synthase [assumed |
kmg8 = 0.12 /1000; % mM for dephosphorylation of glycogen synthase [50]

kd1l =0.002/1000; %;

capkt = 0.25 /1000; % mM total R2C2 ie.cAMP dependent protein kinase, CAPK [3]
It = 1.8 /1000; % mM total Inhibitor concentration [3]

kt 2.5 /1000; % mM total Phosphorylase kinase [35]

pt = 70 /1000; % mM total Glycogen Phosphorylase [3]

%pt = 80 /1000; % mM total Glycogen Phosphorylase [3]

st = 3/1000; % mM total Glycogen synthase [3]

PP1t = 0.25 /1000; % mM PTPase 1 [33]

PP2A = 0.025 /1000; % 0.025

%kgll = 0.043 /1000; % mM Dissociation constant of cAMP [35]
%kg22 = 0.7 /1000; % mM Dissociation constant of cAMP [35]
ki = 100 /1000; % mM cAMP inhibition constant
campt = 10 /1000; % mM maximum cAMP |3]
kg2j = 349500 /1000; % mM activation constant of glucose — 6 — phosphate for synthase PP1
gépt = 700 /1000; % mM maximum glucose — 6 — Phosphate [33]
kgi = 10000 /1000; % mM activation constant of glucose for phosphorylase phosphatase
s1li = 100; % a multiplicative factor for glucose — 6
— phosphate ef fect on glycogen synthase dephosphorylation
kg2i = 500 /1000; % mM inhibition due to glucose — 6 — phosphate = 0.05 mM
s2i = 0.001; % a multiplicative factor for glucose ef fect on phosphorylase phosphatase

kggl = 1.50 x 60e — 7; %0.00031 * min
— 1 rate constant for phosphorylation of PP1 by AKT [assumed ]
kmggl = 0.4/1000; % mM for Phosphorylation of PP1 [assumed]

GLN = Gnp; %Glcn_F; %Gnp; %0.30e — 6; %0.033 * Gln_Sec;
INS = x1la;
%kd is regulated by glycogen

Gly_ L =470;%

Gly_M = 95;
c0_L = 5.0;%210;
c0O_M = 5;%47.5; %47.5;



ex = 5;
kdmax = 3.2/1000;
kdmin = 2/1000;

. cOz* .
kd, = ((kdmax — kdmin) * (W) + kdmm),

kd_M = (kdmax — kdmin) = (cO_M"ex/(cO_M"ex + Gly_M"ex)) + kdmin;

k_al = .001 =60 * 1000; % min —1mM — 1 dissociation rate constant for PP1_GPa
kal = k_al/kd_L; % min — 1 association rate constant for PP1_GPa

k_am = .001 60 * 1000; % min —1mM — 1 dissociation rate constant for PP1_Ip
kam = k_am/kd_M; % min — 1 association rate constant for PP1_Ip

%kgc_1 = 1000 * 60 * 1000"2; % dissociation rate constant for [R2C(cAMP)2] + [C]
klla = 0.043 /1000; % mM Dissociation constant of cAMP [35](R2C2 * (cAMP"2))/(R2_C_cAMP?2
* C);
k22a = 0.7 /1000; % mM Dissociation constant of cAMP [35](R2_C_cAMP2 * (cAMP"2))/(R2_cAMP4
* C); %

kgc_1 = 60 *1000; %1.3953¢15;

kgcl = kgc_1/kl1la; % association rate constant for [R2C(cAMP)2] + [C]

%kgc_2 = 1000 * 60 * 100072; % dissociation rate constant for [R2(cAMP)4] + [C]
kgc_2 = 1000 * 60; %8.5714e13;

kgc2 = kgc_2/k22a; % assoc

campt = 10 /1000; %

Phk = PKa;

PKA = C;

CAMPK = R2C2;
CAMPK_cAMP2 = R2_C_cAMP2;
CAMPK _cAMP4 = R2_cAMP4;

Epn = 0;
K_epn = 250e — 12;

gsk_eff = x23/x22;
GSK3_rgl = 3.6 x (gsk_eff /(0.3 + gsk_eff));

gluc = Glu_L;
gbp = Gép_L;

kmg5s = kmg5.x (1 + (sli* g6p./kg2i)); % * GSK3_rgl; % — — — G6p Ef fect on Gly phos
kmg6s = kmg6./(1 + (s2i * gluc./kgi)); % — — — Glucose ef fect on Glycogen Phosphorylation
kmg7s = kmg7.* (1 + (sli* gébp./kg2i)); % + GSK3_rgl; % — — — Inhibitory Gép Ef fect on Gly Synth
kmg8s = kmg8./(1 + (sli x gbp./kg2i)); % * GSK3_rgl; % — — — activation G6p Ef fect on Gly Synth

%Calcium regulation of Phk
Cal_max = 20;

Cal = 0.1 * Ccal; Y%omMol

Cal_rgl = 4 * ((Cal)/(Cal_max));
%AKT regulation



Aktmax = 100/11;
Akt_act = 1; %4 = (x17 /Aktmax);

%GSk3_Amax = 60; %%15 in Muscle
GSK3_act_rgl = 2+ (x23/(25 + x23));

GSK3_Inmax = 74; % — — — 85 in muscle
GSK3_inact_rgl = 2 * (x22/(GSK3_Inmax + x22));
inh = 2 * (GSK3_Inmax /(GSK3_Inmax + x22));

gsk_eff = x23/x22;
GSK3_rgl = 3.6 * (gsk_eff /(0.3 + gsk_eff));

cqi = 2.5;
kq = 0.003;
Kck = 1+ (cqi * (Cal*3.0/(973.0 + Cal”3.0))); Effect of PKC on cAMP activation

Jg3 = (kg3 = (PKA) = (kt — Phk) / (kmg3 + (kt — Phk))); — — Activation of Phk by PKA

Jg4 = (kg4 = (PP1 + PP1_GPa) * Phk [/ (kmg4 + Phk)); %; — — —Deactivation of Phk by PP1
Jg5 = (kg5 * Phk * (pt — GPa) / (kmg5s + (pt — GPa))); % — — — Activation of Gly Phos by Phk
Jg6 = (kg6 * (PP1+ PP1_GPa) * GPa [/ (kmg6s + GPa)); — — —Deactvation Glyphos by PP1

7 (k 7 « (Phk + PKA) GSa )
= * * .
Jg g (kmg7s + GSa)/)’

Jg8 = (kg8 x (PP1) * (st — GSa) / (kmg8s + (st — GSa)));

Jg9 = kal x PP1 * GPa — k_al * PP1_GPa;
Jg10 = kgcl * CAMPK * (cAMP"2) — kgc_1 x CAMPK_cAMP2 * PKA;
Jg11 = kgc2 » CAMPK_cAMP2 x (cAMP"2) — kgc_2 » CAMPK_cAMP4 x PKA;

%dPKA
dP(86) = Jg10 + jgl11;

kcl = 107(-5.5);
keml = 16.33e — 12;

kc2 = 1x1.25;
kem2 =1;
pn = 2.0;

pe = 4;

12 Kck * kel ( GLNT* ) k2 ( PDE3a™ ) AMP
= * * —_ * * .
/9 ¢ ¢ kcm1Pe + GLNPe ¢ kcm?2p + PDE3aP™ ¢ ’

Val = 1.5 * 1.8e18;
Va2 = 1.5 x 2.5e9;
kcampl = 2 x 3.2e — 6;
kcamp?2 = 2 x 3.2e — 6;
PKAt = 0.6e — 3;

Jg13 = (Val * ((cAMP"2)/(kcampl + cAMP)) * (PKAt — PKA)) — (Va2 * PKA/(kcamp2 + cAMP));



% GLYCOGEN ode eqns:

%dPP1

dP(80) = —Jg9;
%dPP1_GPa
dP(81) = Jg9;
%dPhk

dpP(82) = Jg3 — Jg4;

%dGPa
dP(83) = Jg5— Jg6 —]g9;

%dGSa
dP(84) = Jg8 — Jg7;

%dCAMPK
dP(85) = — Jg10;

%dPKA
dP(86) = (Jg10 + Jg11);

%dCAMPK_cAMP2
dP(87) = Jg10 — Jg11;

dP(88) = Jg11;

%dcAMP
dP(89) = Jg12 — 2 (Jg10 + Jg11);

%PDE3 Activation by AKt

%PDE3a

kakt = 0.125;

kpde = 0.300;

PDE3t = 5; %30e — 12;

PKA_L = C/8.0e — 6;

K1_PDE3a =7e —12;

K2_PDE3a = 10e — 12;

K_bpde3 = 0.01;

dP(90) = K_bpde3 + ((kakt * (x1771.5/(3.6"1.5 + x17”1.5))) * (PDE3t — PDE3a)) — (kpde
* ((PKA_L"1)/(5"1 + (PKA_L"1))) * PDE3a);

%%%%%%%%%% — ————————————————— — — mTOR signaling in Muscle — — — — — —
- —%%%% %%

%————- Total Concntrations — — — — — — —

%In = 0.1;

RaptorT = 50;

RictorT = 50;

mTORT = 100;

FKBP38T = 50; %50



S6K1T = 50;

PRAS40T = 50;
RhebT = 100;
GEF = 0.2;

% — — — —Parameters — — — — — — —
fl=1;

f2=5;

f3=1;

f4=1

f5=75;
f6=1%04;
f7=13e—-1;
f8 =1.5e — 2;
f9 = 324;

f10 = 300;

f11 = 6.6e — 3;
f12 =1.38e — 1;
f13 =10;

f14 =10;
f15=1;

fl6 =1;

f17 =1;
f18=1;

f19 = 15;

f20 = 1.50e — 3;
f21 =0.5e — 3;
f22 =1.0;
f23=1;
f24=1;

f25 = 2.0;

f26 =1.5;

ftM =1
ft_.L=0.6x*1.0;
fm1l =700;
fm2 = 20;
fad_M = 1.3;
fad_L =0.2 % 3;
faa_M =4 *5;
faa L =4+%0.2;
fpp =6;

fnr = 200;

fto = 2;

na = 0.8;

np = 1.2;

nt = 4;

nr = 2;

ns = 4.20;

nb = 1.0;

%%% — —— —— — Regulations — — — — —

AA_L = (05*Ala_ L+ 04 *Gltm_L + 0.1 x Asprt_L);



GTP_l = GTP_L * 1e3;
GDP_l = GDP_L * 1e3;

%TSC
%q = AKT/AKTt;
AKTmax = 10;

Ins_act_L = ((x17)/AKTmax);

AMPK _Ntv_TSC = ((0.75"2)/(0.75"2 + AMPK_Eff"2));

TSC_L = 0.02 + (0.03 * (1 —Ins_act_L * AMPK _Ntv_TSC)); %
PDK1 L =5 (x15/(2.5 + x15)); %2

m_L = (0.1 + (10 * AA_L"2/(0.2"2 + AA_L"2)));

%m = 10;

%AA influence on RhebGTP translocation and ef fect of Rheb overexpression

ktf L= ft L*(((AA_L"nb)/(AA_L"nb + fad_L"nb)) + ((RhebGTP_L"nr)/(RhebGTP_L"nr
+ fnr *nr)));

%Translocated RhebGTP
RhebaT = ktf_L* RhebGTP_L;

Rheba_L = RhebaT — (FKBP38_RhebGTP_L + mTOR_Raptor_FKBP38_RhebGTP_L);

%Rheba = (y5 * S80) — (y3 + y8);
% AA influence on binding of RhebGTP tp mTOR_Raptor_FKBP38;

K4r_L = f4 « ((AA_L"na)/(AA_L"na + fad_L"na));

%mTOR regulation of phosphatase of S6K1

PP2Amax = 5;

PP2A_L = PP2Amax * (fpp"np/(fpp"np + mTOR_Raptor_L"np));
%PP2A regulation of mTOR raptor

df1_L = ((fto™nt)/(fto"nt + PP2A_L"nt));

%AA and insulin influence on phosphorylation of PRAS40
K14r_L = f14 x ((AA_L"na)/(AA_L*na + fad_L"na)) * Ins_act_L;
% %mTOR_Raptor activation by AA in absence of insulin

K19r_L = f19 * ((AA_L*ns)/(AA_L"ns + faa_L"ns));

%Flooding by RhebGTP overexpression

K22r_L = f22 = (Rheba_L"2)/(10"2 + Rheba_L"2); %
%-——-——--——--- mass balance — — — — — — — — — — —

Rheb_L = RhebT — (RhebGTP_L + Rheba_L + RhebGDP_L + FKBP38_RhebGTP_L
+ mTOR_Raptor _FKBP38_RhebGTP_L);



PRAS40_L = PRAS4A0T — (PRAS40p_L + mTOR_Raptor_PRAS40_L
+ mTOR_Raptor_FKBP38_PRAS40_L);

mTOR_L = mTORT — (mTOR_Raptor_L + mTOR_Rictor_L + mTOR_Raptor_FKBP38_L
+ mTOR_Raptor_PRAS40_L + mTOR_Raptor_FKBP38_PRAS40_L
+ mTOR_Raptor_FKBP38_RhebGTP_L);

Raptor_L = RaptorT — (mTOR_Raptor_L + mTOR_Raptor_FKBP38_L + mTOR_Raptor_PRAS40_L
+ mTOR_Raptor _FKBP38_PRAS40_L + mTOR_Raptor_FKBP38_RhebGTP_L);

Rictor_L = RictorT — mTOR_Rictor_L;

FKBP38_L = FKBP38T — (FKBP38_RhebGTP_L + mTOR_Raptor_FKBP38_L
+ mTOR_Raptor _FKBP38_RhebGTP_L + mTOR_Raptor _FKBP38_PRAS40_L);

S6K1 L = S6K1T — S6K1p_L;

%%%%% ————————— Reaction rates — — — — — — — —
F1_L = f1+*mTOR_L * Raptor_L;

F2_L = f2 * (mTOR_Raptor_L);

F3_L = f3 * (mTOR_Raptor_L) * FKBP38_L;

F4_L = K4r_L * (mTOR_Raptor_FKBP38_L) x RhebGTP_L;

F5_L = f5 % (mTOR_Raptor_FKBP38_RhebGTP_L);

F6_L = f6 «x (FKBP38_RhebGTP_L);

F7_L = f7 * GTP_lL x Rheb_L;

F8_L = 8+ (RhebGTP_L);

F9_L = f9«TSC_L * (RhebGTP_L/(fm2 + RhebGTP_L));

F10_L = f10 * GEF * (RhebGDP_L/(fm1 + RhebGDP_L));
F11_L = f11 « RhebGDP_L;

F12_L = f12 * GDP_l * Rheb_L;

F13_L = f13 * (mTOR_Raptor_L) » (PRAS40_L);

F14_L = K14r_L * (mTOR_Raptor_PRAS40_L);

F15_L = f15 * (mTOR_Raptor_PRAS40_L) * FKBP38_L;

F16_L = f16 * (mTOR_Raptor_FKBP38_L) * PRAS40_L;

F17_L = f17 x (mTOR_Raptor _FKBP38_PRAS40_L) * RhebGTP_L;

F18_L = f18 * PRAS40p_L;



F19_L = K19r_L * (mTOR_Raptor _FKBP38_PRAS40_L);

F20_L = f20 * PDK1_L * (mTOR_Raptor_L) » df1_L * (S6K1_L);
F21 L = f21%S6K1p_L « PP2A_L;

F22_L = K22r_L * Rheba_L * mTOR_Raptor_PRAS40_L;

F23_L = f23 +*m_L * mTOR_Raptor_FKBP38_L * Rheba_L;

F24 L = f24 +m_L * mTOR_Raptor _FKBP38_PRAS40_L * Rheba_L;
%%%%%% — — — — — ODE — — — — — %% %% %%

%mTPR _raptor

dP(91) = F1.L — F2_L — F3_L + F5_.L — F13_L + F14_ L + F19_L + F22_L;

%(mTOR_Raptor_FKBP38)
dP(92) = F3_L +F5.L —F16_L —F23_L;

%(FKBP38_RhebGTP)
dP(93) = F5_L — F6_L + F24.L;% + F17_L;

%(mTOR_Raptor_PRAS40)
dP(94) = F13.L —F14_L — F15.L — F22_L + F24_L;% + F17_L;

%(mTOR_Raptor_FKBP38_PRAS40)
dP(95) = F16_L + F15_L — F19_L —F24_L;% — F17_L;

%S6K1p
AMPK_Ntv_S6K = ((0.75"2.0)/(0.75"2.0 + AMPK_Eff"2.0));
dP(96) = F20_L x AMPK_Ntv_S6K — F21_L;

%(mTOR_Raptor _FKBP38_RhebGTP)
dP(97) = F23_L — F5_L;% + F4_L;

%PRAS40p
dP(98) = F14_L — F18_L;

%RhebGTP
dP(99) = F7_L — F8_.L — F9_L + F10_L + F6_L;

%RhebGDP
dP(100) = F9_L — F10_L — F11_L + F12_L;

%mTOR_Rictor

S6K_inact_mTORC2 =2 * (S6K1p_L"1/(1071 + S6K1p_L"1));

AA_act_mTORC2 =5 x (AA_L"2/(AA_L"2 + 0.5"2));

dP(101) = f25*mTOR_L * Rictor_L = PI3K_Act_fn * AA_act mTORC2 — f26 * mTOR_Rictor_L = (1
+ S6K _inact_ mTORC2);



%N————————————— = — = Oxygen and Corbon dioxide distribution volums — — —

%—-————————- 02 — Co2 transport parameters — — — — — —
%C_art_02_F = 0.135; % — — — @100 mmHg
%C_bld_02_F = 0.0491; % — — — @36.37 mmHg
H_rbc = 0.45;

C_rbc=52;%———mM

K_Hb_02 = 7800.7; % — —/2.7mM

eta = 2.7;

HC_mit_Mb = 0.5;% — — —mM

C_mit Mb=5;%

K_Mb_02 = 308.64; % — — — mM

K_Hb_Co2 = 0.1237;% — — —/mM

K_Co2_hyd = 7.95e — 4; % — —mM
Vol_bld_L = Vol_bldf; %1.5; %lit5; %

%————————-—————— — = Oxygen and Corbon dioxide distribution volums — — —

Cb_02_T_L = Ch_02_L + ((4 * H_rbc * C_rbc * K_Hb_02 * ((Cb_02_L)"eta))/(1 + (K_Hb_02
* ((Cb_02_L)"eta))));

Vol_bld_02_L =Vol_bld_L+* (1+ ((4+etaxH_rbc+*C_rbc+K _Hb_02x ((Cb_02_L)"(eta—1)))/((1
+ K_Hb_02 * ((Cb_02_L)"eta))"2)));

pH_rbc = 7.24;

pH_plasm = 7.4;

C_pl_H = 10"(—pH_plasm + 3); % — —mM
C_rbc_H = 10" (—pH_rbc + 3); % — —mM

Vol_bld_Co2_L =Vol_bld_L* (14 ((4*H_rbc xC_rbc*K_Hb_C02)/((1+ K_Hb_Co2 x Cb_Co2_L)"2))
+ ((((1 = H_rbc)/C_pl_H) + (H_rbc/C_rbc_H)) * K_Co2_hyd));

Cb_Co2_T_L =Cb_Co2_L+ ((4*H_rbc*C_rbcxK Hb Co2+*Cb_Co2_L)/((1+ K_Hb_Co2 *Cb_Co2_L)))
+ ((((1 = H_rbc)/C_pl_ H) + (H_rbc/C_rbc_H)) * K_Co2_hyd * Cb_Co2_L);

Ql = 1.5;

INSLIV = InsL/Vi;

INS_b = 180e — 12;

Meal_bld_Eff =1+ (2.5« ((INSLIV ) /((INSLIV 4) + (3 *x INS_b)"4)));
Qlt = Ql x Meal_bld_Eff;

%—————- Blood metabolite balance — — — — — — — — — —

%Blood glucose — Cb_Glu

dP(108) = (Qlt * (Ca_Glu — Cb_Glu_L) — Glu_up_L)/Vol_bld_L;

%Blood Pyruvate balance — Cb_Pyr
dP(109) = (Qlt * (Ca_Pyr — Cb_Pyr_L) — Pyr_up_L)/Vol_bld_L;

%Blood Lactate balance — Cb_Lac,
dP(110) = (Qlt * (Ca_Lac — Cb_Lac_L) — Lac_up_L)/Vol_bld_L;



%Blood alanine balance — Cb_Ala
AA_up_L = Ala_up_L + Gltm_up_L + Asprt_up_L;
dP(111) = (Qlt * (Ca_Ala — Cb_Ala_L) — AA_up_L)/Vol_bld_L;

%Blood Glycerol balance — Cb_Glr
dP(112) = (Qlt * (Ca_Glr — Cb_Glr_L) — Glr_up_L)/Vol_bld_L;

%Blood FFA balance — Cb_FFA
dP(113) = (Qlt * (Ca_FFA — Cb_FFA_L) — FFA_up_L)/Vol_bld_L;

%Blood TG balance
dP(114) = (Qlt * (Ca_TG — Cb_TG_L) —TG_rel_L)/(Vol_bld_L);

%Blood Co2 balance — Cb_Co2_F
dP(115) = (Qlt * (Ca_Co2_T_L — Cb_Co2_T_L) — Co2_rel_L)/Vol_bld_Co2_L;

%Blood 02 balance — Cb_02_Fr
dP(116) = (Qlt * (Ca_02_T_L—Cb_02_T_L) — 02_up_L)/Vol_bld_02_L;

%%%%%%% - ————————— Transcriptional Regulation — — — —%% %% %% %%

%SREBP1c

ksrl = 0.005;

ksr2 = 0.005;

ksr0 = 0.0040;

Inseff = (x17 + x19)/3;

S6k_Ptv = 0.5 * (S6K1p_L"2/(S6K1p_L"2 + 1"2));

cAMP_Ntv = 2+ ((3.2e — 6)"2/((3.2e — 6)"2 + cAMP"2));

AMPK _Ntv = 1.25 x ((0.572)/(0.5*2 + AMPK_Eff"2));

FOX_Ntv_SREBP = (0.5"2/(FOX0"2 + (0.5"2)));

AKT_PKC_Ptv_SREBP =5 x (Insef f*2/(Insef f "2 + 2"2));

dP(117) = ksr0 + (ksrl = S6k_Ptv * cAMP_Ntv * AMPK_Ntv * FOX_Ntv_SREBP x AKT_PKC_Ptv_SREBP)
— ksr2 « (SREBP);

%PPARg
kprgl = 0.015;
kprg2 = 0.02;

kprg0 = 0.015;
kprg3 = 0.005;

FFA_Ptv = 12,5« (FFA_L"3.5/(FFA_L"3.5 + 1.71"3.5));

AKT_Ptv_PPARg = 5% (x17"2/(x17"2 + 2"2));

FOX_Ntv_PPARg = 1.25 x (0.5"2/(FOX0"2 + (0.5"2)));

dP(118) = kprg0 + (kprgl » AKT_Ptv_PPARg * S6k_Ptv x FOX_Ntv_PPARg) + (kprg3 » FFA_Ptv)
— kprg2 =« (PPARg);

%PPARab

kpral = 0.02 = 0.25;
kpra2 = 0.02;
kpra0 = 0.017;

PKA_Ptv_PPARa = 3 « (PKA_L"1.0/(PKA_L"1.0 + 2"1.0));

FFA_Ptv =5 (FFA_L"2/(FFA_L"2 + 1.15"2));

PGC_Ptv_PPARab =5 * (PGC1°2/(PGC1"2 + 2"2)); % * S6k_Ptv

dP(119) = kpra0 + (kpral * PKA_Ptv_PPARa * FFA_Ptv * PGC_Ptv_PPARab) — kpra2 = (PPARab); %



%CREB

kerl = 0.1;
ker2 = 0.3;
CREBt = 1;

PKA_Ptv_CREB = 5 * (PKA_L"2/(PKA_L 2 + 2/2));
AKT_Ntv_CREB = 1.5 x (2/(2 + x1772));
dP(120) = (kcrl * PKA_Ptv_CREB % (CREBt — CREB) * AKT_Ntv_CREB) — kcr2 * (CREB);

%CHREBp
khrl = 0.02;
khr2 = 0.02;
khr0 = 0.0025;

Glu_Ptv =145 * (Glu_L"5/(Glu_L"5 + 10"5));

PKA_L = (C/8.0e — 6;

PKA Ntv =1 % (322/(3"2 + PKA_L"2));

AMPK Ntv = 1.4 = ((0.4"2)/(0.4"2 + AMPK_Eff"2));

dP(121) = khr0 + (khrl = Glu_Ptv * PKA_Ntv * AMPK_Ntv) — khr2 * (CHREBp);

%FO0XO0

kfrll = 2.5346e — 3;

kfr0 =2.43e — 3;

kfr2 = 0.0216;

GINAc_Ptv_FOXO0 =9 * (GINAc_L"3/(GINAc_L"3 + 0.0373));

AMPK _Ntv = 1.25 % ((0.5072)/(0.5*2 + AMPK_Eff"2));

x17*

AKTeopoxo =3 * <x171 + 2.251>‘

PPARg_Ntv_FOX0 = (2"2/(PPARg"2 + 2"2));

dP(122) = kfr0 + ((kfr1ll « AMPK Ntv * PPARg_Ntv_FOXO * GINAc_Ptv_F0XO0)) — kfr2 » (FOX0
* AKT_Ntv_F0XO0);

%AMPK
K_AMP_L = 0.16;
K _ATP_L = 2.8;

AMP_ATP_AMPK = 2 » ((AMP_L/ATP_L)/((K_AMP_L/K_ATP_L) + (AMP_L/ATP_L)));
AKT_Ntv_AMPK =5 * (x17°2/(x1772 + 2.26"2));
PKA_Ntv_AMPK = (3"2/(3"2 + PKA_L"2));

AMPKt = 1;
kaml = 1;
Kam?2 = 2.25;

dP(128) = (kam1 x AMP_ATP_AMPK % (PKA_Ntv_AMPK) * (AMPKt — AMPK)) — Kam2 * (AMPK)
* AKT_Ntv_AMPK;

%CEBPa

kcb1 = 0.02 * 0.25;
kcb2 = 0.02;

kcb0 = 0.016;

PKC_Ntv_CEBPa = 1%* (3"2/(3"2 + x19"2));

CAMP_rt = cAMP/3.2e — 6;

cAMP_Ptv_CEBPa = 9 * (cAMP_rt"2/(cAMP_rt"2 + 32));

dP(139) = kcb0 + ((kcbl * PKC_Ntv_CEBPa * cAMP_Ptv_CEBPa)) — kcb2 * (CEBPa);

%PGC1



kpcl = 0.02 = 0.25;

kpc2 = 0.02;

kpc0 = 0.016;

FOXO_Ptv_PGC = 3 x (FOXO/(FOXO0 + 0.4));

AKT _Ntv_PGC = 1.25 % (2"2/(x17"2 + 2.2"2));

CREB_Ptv_PGC =9 = (CREB"3/(CREB"3 + 0.5"3));

dP(148) = kpc0 + ((kpcl * CREB_Ptv_PGC * FOXO_Ptv_PGC * AKT_Ntv_PGC)) — kpc2 » (PGC1);

%TRB3

ktrl = 0.02 = 0.25;
ktr2 = 0.02;

ktr0 = 0.014;

PI3K_Ptv_TRB = 3.8 * (x1371.5/(x131.5 + 1.25"1.5));

PKC_Ptv_TRB = 1.5 * (x1971/(x19"1 + 0.51));

PPAR_Ptv_TRB3 = 10 * ((PPARab"2)/((PPARab"2) + 3"2));

PGC_Ptv_PPARab = 5 * (PGC1°2/(PGC1"2 + 2°2));

dP(149) = ktr0 + (ktrl * PPAR_Ptv_TRB3 * PI3K_Ptv_TRB % PGC_Ptv_PPARab * PKC_Ptv_TRB) — (ktr2
+ TRB3);



