Supplemental Materials

Supplemental Material

Description
The supplemental materials consist of five parts.

Part A: Tables of parameters in the transport and reaction fluxes.
Part B: Dynamic mass balance equation
Part C: Description of reaction flux and transport fluxes

Part D: Description of transport fluxes



Part A Tables of transport and reaction fluxes at resting, steady state, and corresponding parame-
ters.

Al: Table of parameters in transport fluxes

Species ‘]l?l<—>cyt,F,k M Type I fiber (R) Type I fiber (R)
k (mmql/min/ (mmbcl)ac(yé) Tmax,bl<—>cyt,R,k ﬂ'bl(—myt,R,k Tmax,bl<—>cyt,W,k ﬂ'bl(—)t:yt,w,k
kg fiber) (mmol/min/kg ) (I/min/kg) (mmol/min/kg) (I/min/kg)
Transport between blood and cytosol
Glc 0.0488 2.5 0.103 N/A 0.102 N/A
Pyr 0.003 1.0 0.266 N/A 0.224 N/A
Lac -0.0225 5.0 0.518 N/A 0.595 N/A
Ala -0.0163 N/A N/A 0.019 N/A 0.012
Glr -0.002 N/A N/A 0.08 N/A 0.092
FFA 0.0183 1.0 0.261 N/A 0.23
CO;, -0.471 N/A N/A 6.454 N/A 6.454
0, 0.605 N/A N/A 39.58 N/A 39.582
H* -1.81E-6 4.79E-5 1.46E-5 N/A 1.46E-5 N/A
Transport between cytosol and mitochondria
0
SpeCieS ‘]cyu—)mit,l.:,k M cyt<>mit Tmax,cyu—>mit,R,k ﬂ’Cyt<—>mit,R,k Tmax,cyt<—>mit,W,k Z’cyk—)mit,w k
k (Tg%'t’);"r')“’ (mmol/L)  (mmol/min) (I/min/kg) (mmol/min) (I/min/kg)
0, 0.605 N/A N/A 89.57 N/A 89.57
CO;, -0.471 N/A N/A 3.863 N/A 3.863
Pyr 0.05975 0.053 0.268 N/A 0.487 N/A
FAC 0.01825 0.002 0.080 N/A 0.154 N/A
Pi 2.895 1.375 12.649 N/A 24.495 N/A
CoA -0.0183 0.04 0.128 N/A 0.072 N/A
ATP - ADP -2.895 865653 5.251 N/A 4.831 N/A
NADH- 0.001
NAD 0.071 15.794 0.096 N/A 0.096 N/A
H* 6.86E-6 2.64E-5 2.51E-5 N/A 2.64E-5 N/A




A2: Table of parameters in reaction fluxes

Reaction meax,R,sHp meax,W,S<—>P Keq,S<—>P an1,S<—>P Kr?‘l,S(—)P Kﬁm
Hexokinase 4.42E-01 6.7E-1 1.63E+04 | 3.29E+00 3.93E-07 2.78E+01
Glycogen synthase 6.93E+01 3.55E+01 2.67E+05 | 1.74E+04 1.58E+02 0
Glycogen phosphorylase 2.54E-01 2.55E-01 6.95E+00 | 3.06E-03 2.93E+05 1.87E-05
Phosphoglucose isomerase 4.24E-01 2.19e-01 3.67E-01 | 2.78E-01 4.86E-02 0
Phosphofructokinase 2.00E+00 1.52E+00 1.03E+04 | 2.88E-01 9.42E-08 9.35E-02
Aldolase +TPI 6.59E-01 6.77E-01 9.60E-01 | 6.67E-01 7.90E-02 0
GAZ3P dehydrogenase 2.63E-01 3.21E-01 7.87E-01 | 3.87E-02 1.96E-09 0
Phosphoglycerate kinase 1.19E-01 1.14E-01 5.88E+02 | 1.58E-03 3.19E-02 0
Pyruvate kinase 1.23E-01 1.18E-01 1.50E+09 | 7.61E-09 3.13E-01 2.67E-03
Lactate dehydrogenase 2.44E+44 2.44E+44 1.51E+09 | 1.17E+23 1.30E-15 0
Lipases 4.48E-03 7.61E-03 8.75E+00 | 1.67E+01 4.52E-15 0
G3P dehydrogenase 5.80E-03 6.86E-03 3.41E+08 | 1.96E-09 2.51E-02 0
Acyltransferase 6.69E-03 5.36E-03 3.32E+08 | 8.42E-09 2.73E-04 0
Acyl-CoA synthetase 2.16E+00 2.61E+00 3.75E+05 | 3.12E-01 6.21E-14 0
ATPase 1.51E+01 1.51E+01 1.47E+06 | 5.92E+00 1.04E-05 0
Adenylate kinase 200 200 0.111 1.32E+02 3.18E-05 0
Creatine kinase 200 200 2.37E+05 | 2.97E-04 2.07E+01 0
Alanine aminotransferase 4.55E-02 5.30E-02 2.94E+03 | 5.28E-02 1.44E+00 0
Pyruvate dehydrogenase 2.84E-01 1.99E-01 1.28E+07 | 3.15E-03 3.81E-07 3.61E-01
beta oxidation 5.00E-02 2.77E-02 | 2.40E+185| 4.67E-04 6.00E-06 0
Citrate synthase 9.25E-01 7.43E-01 5.83E+06 | 4.80E-04 9.55E-07 3.61E-01
Isocitrate dehydrogenase 8.88E-01 8.15E-01 1.71E+00 | 2.99E+00 9.48E-02 3.61E-01
AKG dehydrogenase 7.39E-01 4.98E-01 7.00E+06 | 1.58E-02 9.48E-01 0
SCoA synthetase 6.32E-01 6.70E-01 2.44E+00 | 1.35E+01 3.30E-01 0
Succinate dehydrogenase 7.12E-01 5.46E-01 1.62E+01 | 2.01E+00 2.28E-01 0
Malate dehydrogenase 6.58E-01 5.76E-01 1.30E-01 | 2.99E+00 3.00E-07 0
Complex | +IH+1V 2.63E+31 2.63E+31 9.88E+40 | 2.05E-06 3.15E+00 0
Complex I+I+1V 4,25E+18 3.72E+18 1.02E+27 | 3.94E-02 2.12E+00 0
ATP synthase 4.53E-09 5.05E-09 1.64E-04 | 2.71E-04 8.68E+00 0




Part B: Dynamic Mass Balances equation
Overall, the model incorporates 50 parameters associated with transport fluxes and 123
parameters associated with reaction fluxes, which can be evaluated and determined at resting and
exercise steady state. In addition, 28 unknown activation coefficients are incorporated into
specific transport (19) and reaction (9) fluxes.
Note:
1) The volume of blood domain Vy, includes the volume of capillary blood and the volume
of interstitial fluid. Here we assume they are in equilibrium.
2) The transport and reaction fluxes in each type of muscle fibers are normalized to the vo-

lume of each type of muscle fibers [mmol/(min kg fiber)].

Capillary Blood + Tissue ISF Domain

dC,, o
B1. s (;It'GI =Q (Cart,GIc - CbI,GIc ) - ‘be|<—>cyt,R,GIcVR - ‘]bflecyt,W,GIcVW
dC, oy
B2. bl (;I‘;Py = Q (Cart,Pyr - CbI,Pyr ) - ‘bel<—>cyt,R,PerR - ‘]bfl<—>cyt,W,PerW
dC, L
B3. Vbl ;ItL = Q (Cart,Lac _CbI,Lac ) o ‘]bf|<—>cyt,R,LacVR o ‘]bfl<—>cyt,W,LacVW
dC,, an
B4. bl dblt'Al = Q (Cart,AIa - CbI,AIa ) - ‘]b'?<—>cyt,R,AIaVR - Jb[;ecyt,w ,AIaVW
dC, o
BS. bl % = Q (Can,Glr o CbI,GIr ) o Jbr;e)cyt,R,GerR o Jbr:ecyt,W,GerW
dC
B6. Vbl erA = Q (Cart,FFA - CbI,FFA)_ bel<—>cyt,R,FFAVR - ‘bel<—>cyt,W,FFAVW
dc’
B7. bl,CO2 3,’:02 = Q (C;rt,COZ - CJI,COZ ) - Jbﬁecyt,R,COZVR - ‘]bF:<—>cyt,W,C02VW
F
B8. v, M=Q(c:T ~Cooz)— I8 Ve —J) v,
bl,02 dt art,02 bl,02 bleseyt,R,02V R ble>cytW,02Vw



dc, ...
BY. V,—"-=Q(C, - ~Cyp )~ VAR Viy

dt blescyt,R,HT VR~ Y blescyt W H

Tissue Cells Cytosolic Domain: F (ST, FT)

Cl cht,F dCcyt,F,GIc _ Jf _¢
. — “Ybleeyt F Gle Tyt F Glc <G 6P
V. o dt
C2 ch[,F dCcyt,F,Pyr _ Jf _Jf + _ _
) V dt — “Ybleseyt,F,Pyr cyt<>mit,F,Pyr cyt,F,PEP<Pyr ¢cyt,F,Pyr<—>Lac ¢cyt,F,Pyr<—>AIa
F
03 cht,F dCcyt,F,Lac _ Jf +
. ~ Ybleoyt,FLac cyt,F,PyrLac
V. ot
C4 cht,F dCcyt,F,AIa _ J p
. - bIecyt,F,AIa—i_ cyt,F,Pyr<>Ala
V. ot
C5 cht,F dCcyt,F,GIr _ J p
' - bI<—>cyt,F,GIr+ cyt,F,Tgl«<>Glr
V. dt
C6 cht,F dCcyt,F,FFA _ Jf +3 _
' — “Yblecoyt,F,FFA ¢cyt,F,TgI<—>GIr ¢cyt,F,FFA<—>FAC
V. ot
F
Cc7 cht,F,coz dCcyt,F,COZ _JP Jp
: — VYbleoeyt,F,CO02 ~ Yeytomit,F,CO2
V. dt
F
cs cht,F,oz dCcyt,F,oz P _J°r
' ~ VYbl<eyt,F,02 cyt<>mit,F,02
V, dt
C9 VCyT,F dCCyt,F,G'y _¢ _¢
: — Poyt,F .G6P ©Gly tyt F Gly <G 6P
V. o dt
Clo VCyt,F dCCyt,F,GGP _
' vV dt — Yyt F Glc>G6P _¢cyt,F,66P<—>Gly + cyt,F ,Gly«>G6P _¢cy1,F,GSP<—>F6P
F
Cll cht,F dCcyt,F,F(SP _
: = ¢cyt,F,GGP<—>F6P _¢cyt,F,F6P<—>FlGBP
V. dt
C12 cht,F dCcyt,F,FlGBP _
. - ¢cyt,F,F6P<—>FIGBP _¢cyt,F,FIGBP<—>GA3P
V. dt
C13 VCyt,F dCcyt,F,GA3P _ 2
. V dt - ¢cyt,F,F16BP<—>GA3P _¢cyt,F,GA3P<—>Gr3P _¢cyt,F,GA3P<—>13BPG
F



Cl4 cht,F dCcyt,F,l3BPG _
. V dt - ¢cyt,F,GA3P<—>13BPG _¢cyt,F,lSBPG<—>PEP
F
C15 VCyt,F dCCyt,F,PEP _
: V. dt — Ycyt,F 13BPG<«>PEP _¢cyt,F,PEP<—>Pyr
F

V yt, F dCcyt,F,TgI

C
Cl6. —— = ¢cyt,F,Gr3P<—>Tg| _¢cyt,F,Tg|<->G|r
V. dt
C17 cht,F dCcyt,F,Gr3P _
. v dt - ¢cyt,F,GA3P<—>Gr3P _¢cyt,F,Gr3P<—>TgI
F
C18 cht,F dCcyt,F,FAC =_J f + _3¢
: V dt cytesmit,F,FAC cyt,F,FFA<FAC cyt,F,Gr3P Tl
F
C19 cht,F dCcyt,F,PCr _ ¢ -V dCcyt,F,Cr
. — "%yt FPCrocr T Vet T o
VF dt cyt r<-Cr cyt dt
C20.
-Jf - - -
dC cyt<>mit,F,ATP/ADP ¢cyt,F,GGP<—>GIy ¢cyt,F,GIc<—>GGP dC
cht,F cyt,F,ATP VCVI,F cyt,F,ADP
-~ 4. ¢cyl,F,F6P<—>F16BP + ¢cyt,F,133PG<—>PEP + ¢cyr,F,PEP<—>Pyr - -
V, dt V. dt
2¢cyt,F,FFA<—>FAC _¢cyl,F,ATP<—>ADP +¢cyt,F,PCr<—>Cr _¢cyt,F,AMP<—>ADP
C21 VCyt,F dCCyt,F,AMP _ ¢
: — ~ Peyt,F AMP<ADP
V. dt
cht,F dCcyt,F,Pi __Jf _ +2 _ + +
C22 V. ot — Yoyteoomit,F,Pi ¢cyt,F,GIy<—>GGP ¢cyt,F,GGP<—>GIy ¢cyt,F,GA3P<—>138PG ¢cyI,F,Gr3P<—>TgI
: F
2¢cyt, F,FFAFAC + ¢cyt ,F ATP>ADP
V . . dC
cyt,F cyt,F,CoA f
C23. v dt - _‘]cyt<—>mit, F,COA+ 3¢cyt F,.GBR>Tgl ¢cyt F, FFA> FAC
F
C24.
cht,F dccyt,F,NADH _ f -V dccyt F, NAD
Vv dt = T ¥ tytomit, F, NADH/ NAD' + ¢cyt,F,GA3P(—>13BPG - ¢cyt, F.Pyr> Lac_¢cy1; FGBR>GBP™ vV oyt F dt
[=



dC J f ¢Cyt,F,G|C<—>G6P + ¢Cyt,F,F6P(—>FlGBP + ¢Cyt,F,GA3P(—>J.SBPG
cht,F oyt F HY ble>cyt,F H* 2.303 C 3
V—T = ; + ﬂ GLEH® —¢cyt,F,pEpprr _¢cyt,F,Pyr<—>Lac + ¢cyt,F,TgI<—>GIr _¢cyt,F,GA3P<—>Gr3P
F “Yeytomit,FH* oyt +2¢ " _¢ _qleak
eyt,F FFAGFAC T Poyt, F AP ADP — Pyt F PCroCr Y gytesmit,FoH

where B, is buffering capacity of cytosol for protons

Tissue Cells Mitochondrial Domain:

F
Vmit,F,OZ deit,F,OZ

— 1P
vV dt - ‘]Cyt<—>mit,F,02 _O'5¢mit,F,02<—>H 20,NADH _0'5¢mit,F,02<—>H 20,FADH 2
F

M1.

M2 Vmit,F,COZ dCrEit,F,COZ

—_ 1P
V dt - ‘]cyt<—>mit,F,C02 + (¢mit,F,Pyr<—>ACoA + mit,F,Cit<>AKG + mit,F,AKG<—>SCOA)
F
M3 Vmit,F deit,F,Pyr _ Jf _
) V. dt — Yeytomit,F,Pyr ¢mit,F,Pyr<—>ACoA
F
Vmit,F deit,F,FAC _ Jf _
M4 V dt — “Yeytomit,F,FAC ¢mit,F,FAC<—>ACOA
F
M5.
f
cyt<>mit,F,NADH /NAD* + ¢mit,F,Pyr<—>ACoA + 7¢mit,F,FAC(—>AC0A dC
Vmit,F deit,F,NADH = + + + _ __Vmit,F mit,F,NAD*
- ¢mit,F,Cit<—)AKG ¢mit,F,AKG<—>SCOA ¢mit,F,MaI<—>Oxa -
V, dt V, dt
¢mit,F ,024>H20,NADH
M6 Vmit,F deit,F,ATP _ —J f + + -V deit,F,ADP
' - cyte>mit,F,ATP/ADP mit,F,SCoA«->Suc mit,F,ADP«<>ATP — mit,F
V. dt dt
M7 Vmit,F deit,F,Pi _ Jf _¢ _¢
' V/ dt — Ycite>mit,F,Pi mit,F,SCoA«>Suc mit,F,ADP - ATP
F
M8.
Vmit,F deit,F,COA _Jf _¢ _7¢ + _¢ +
V dt — Yeytemit,F,CoA mit,F,Pyr<>ACoA mit,F,FAC<«>ACo0A mit,F,ACoA-Cit mit,F, AKG«>SCoA mit,F,SCoA«>Suc
F
M9 Vmit,F deit,F,ACoA _ +8 _
. V. dt _¢mit,F,Pyr<—>ACOA ¢mit,F,FAC<—>ACoA ¢mit,F,ACoA<—>Cit
F
dC

mit, F mit,F,Cit
M10. = ¢mit,F,ACoA<—>Cit - ¢mit,F,Cit<—>AKG
V.  dt




V,.r dC

mit, F mit, F, AKG __
Mll - ¢mit,F,Cit<—> AKG ¢mit, F, AKG~ SCot
V.  dt
M12 Vmit,F deit,F,SCoA _
. — Pmit,F, AKG«>SCoA ¢miL F, SCoA-> Suc
V. dt
M13 Vmit,F deit,F,Suc _
. = ¢mit,F,SCoA<—> Suc ¢mit F, Suax> Mal
V. dt
M14 Vmit,F deit,F,MaI _
. = ¢mit,F,Suc<—> Mal — ¢mit, F, Mak> Oxe
V.  dt
M15.
Vmil,F deit,OAA . _ VmiL F d C C C C
v —d t = ¢mit,MaI<—>OAA_ ¢mir, ACoA- Cit — V E mit cit™ mit aket mit scoAT niSuc + mit, Mal
F F
M16 Vmit,F deit,F,FADH?_ _ 7 _ Vmit,F deit,F,FAD
. - ¢mit,F,FAC<—>ACOA + mit,F,Suc<>Mal _¢mit,F,02HH 20,FADH2 —
V. dt V. dt
M17.
leak
cyt<—>mi[,F,H* + ¢mit,F,Pyr<—>ACoA + 7¢mit,F,FAC<—>ACoA + mit,F,ACoACit
Vmit,F deit,F,HJr _ Jf 2303 10 1 6
V. dt T gtomit,FHT + B mit,FH* +¢mit,F,Male>0xa —(10+ )¢mit,F,02»Hzo,NADH - ¢mit,F,02»H20,FADH2
E mit
+(3 _1)¢mit,F,ADP<—>ATP
where g . is buffering capacity of mitochondria for protons
C —d AV =10 6 3 leak
IMM dt - ¢mit,F,02—>H20,NADH + ¢mit,F,OZ—>H20,FADH2 - ¢mit,F,ADP<—>ATP T Yeytemit,FH*
M18.

where C,,,, Is the capacitance of the IMM



Part C: Metabolic Reaction Fluxes

Reactions in Cytosol

1. Glycogen Phosphorylase

Gly,,, +Pi< Gly, +G6P

Ccy‘[,F,AMP vV Ccyt,F,GIyMCcyt,F,Pi Ccyt,F,GIynCcyl,F,GGP
C F.Gly—>G6P K ~ VF.Gly«G6P K
¢ _ cytF,ATP Gly—>G6P Gly«G6P
CytF.Gly«<>G6P —
< K Ctrl Ccyt,F,AMP 1+ Ccyt,F,GIy,HlCcyt,F,Pi Ccyt,F,GIyn Ccyt,F,G6P
Gly<>G6P
Ccyt,F,ATP KGIy»GGP KGkaG6P
2. Glycogen Synthase Gly,+G6P+ATP <> Gly, ,+ADP+2Pi
2
V Ccyt,F,GIyn cyt,F,GGPCcyt,F,ATP V Ccyt,F,GIy,HlCcyt,F,PiCcyt,F,ADP
F.G6P—Gly ~ VF,.G6P«Gly K
¢ _ G6P—Gly G6P<«Gly
FEEFOsY Ccyt,F,GIynCcyt,F,GGPCcyt,F,ATP Ccyt,F,GIyMCczyt,F,PiCcyt,F,ADP
1+ +
KGGPAGIy KG6PeGIy
3. Hexokinase Glc+ATP <> G6P + ADP + H*
vV Ccyt,F,GIcCcyt,F,ATP CCWYFYGGPCCYTYFYADPCcyt,F,H+
Kcm F,Glc—>G6P K ~ VFGlc«G6P K
_ Cyt.F.Glc>G6P Glc>G6P GlcG6P
¢cyt,F,G|c<—>GGP - Kcm C C HC C C C =
Glec>gep T cyt,F,G6P 1+ cyt,F,Glc “~cyt,F,ATP i Cyt,F,G6P ~cyt,F,ADP ™~ eyt F H*
KGIC—)GGP KGIC<—GBP
4. Phosphoglucose Isomerase G6P «> F6P
vV Ccyt,F,GBP V Ccyt,F,FGP
F.G6P—F6P Ki ~ VGeP«F6P Ki
¢ _ G6P—>F6P G6P <« F6P
Cyt,F,G6P>F6P —
4 < 1+ Ccy‘[,F,GGP Ccy‘[,F,FGP
KGGPﬁFGP KGGP&FSP
5. Phosphofructokinase F6P +ATP <> F16BP + ADP +H"
V Ccyt,F,FGPCcyt,F,ATP _ CC)":FvFlﬁBPCCY‘xF:ADPCcyt,F,H*
F,F6P—>F16BP F,F6P«F16BP
¢ _ Ccyt,F,AMP KFGP—>F168P KF6P<—F168P
CYt,F,F6P<>F16BP — ctrl
KF6P<—>FlGBP + Ccyt,F,AMP 1+ Ccyt,F,FGPCcyt,F,ATP n CC)’T,F,FlﬁBPCC)’tvF,ADPCcyt,F,H*
KFGP—>FlGBP KFGP(—FlGBP
6. Glyceraldehyde 3-Phosphate Formation F16BP < 2 GA3P
2
vV Ccyt,F,Fl6BP v Ccyt,F,GASP
F,F16BP—>GA3P K ~ VFF16BP«GA3P K
¢ _ F16BP—>GA3P F16BP<GA3P
Cyt,F,F16BP<>GA3P — C C?2
14 _OLFF16BP cyt,F,GA3P
F16BP—GA3P KFlSBP(—GASP




7. Glyceraldehyde 3-Phosphate Dehydrogenase GA3P + Pi+ NAD" «>13BPG + NADH +H*

vV Ccyt,F,GASPCcyi,F,PiCCyLF'NAD“' B Ccyt,F,lSBPGCcy‘[,F,NADHCCyt’F,H“'
F.GA3P—13BPG K F.GA3P«13BPG K
¢ _ GA3P—13BPG GA3P«13BPG
CYtF,GA3P«13BPG —
< 1+ Ccyt,F,GA3PCcyt,F,PiCcyt’;:’NAD* + Ccyt,F,l3BPGCcyt,F,NADHCcyt’F’H*
K sasrs138pc K easre13gre
8. Phosphoglycerate Kinase 13BPG + ADP «»> PEP + ATP
V Ccyt,F,lSBPGCcyt,F,ADP vV Ccyt,F,PEPCcyt,F,ATP
F,13BPG—PEP K ~ VF,13BPG «PEP K
¢ _ 13BPG—PEP 13BPG «PEP
CYLF,13BPG>PEP —
4 < 1+ Ccyt,F,lBBPGCcyt,F,ADP Ccyt,F,PEPCcyt,F,ATP
K aspcspep Kisspc e pep
9. Pyruvate Kinase PEP +ADP +H" <> Pyr+ ATP
v Ccyt,F,PEPCcyt,F,ADPCcyt,F,H+ vV Ccyt,F,Percyt,F,ATP
C F,PEP—Pyr K ~ VFPEP<«Pyr K
é _ CYtF,F16BP PEP—>Pyr PEP «Pyr
CYLF,PEPPYr — ctrl
< KPEL(—)PYR + Ccyl,F,FlGBP 1+ Ccyl,F,PEPCcyl,F,ADPCcyt,F,H+ + CCV{,F,PerCYT,F,ATP
PEP—Pyr KPEP(—Pyr
10. Lactate Dehydrogenase Pyr+NADH +H* <> Lac+ NAD"
V Ccyt,F,Percyl,F,NADHCCyLFJ_r Ccyt,F,LacCCy['F'NAD"
F,Pyr—Lac K ~ VFRPyreLac K
¢ _ Pyr—Lac PyreLac
cyt,F,Pyre>Lac —
° l+ Ccy‘[,F,Percy‘(,F,NADHCcyty;:yH+ n Ccyt,F,LacCCytYFYNAD’f
K Pyr—sLac K Pyr<«Lac
11. Alanine Formation (Alanine Aminotransferase) Pyr <> Ala
V Ccy‘[,F,Pyr V Ccyt,F,AIa
F,Pyr—Ala T VEPyreAla
¢ _ Pyr—Ala Pyr«<Ala
cyt,F,Pyr<>Ala
e 1+ Ccyt,F,Pyr + C(:yt,F,AIa
KPyraAIa KPyreAIa

10



12. Lipases (Triglycerides Hydrolysis) Tgl & GIr+3FFA+3 H*

3 3
V. Ccyt,F,TgI -V CCyt,F,GIrCcyt,F,FFACCytYFYH+

F,Tgl>GlIr K
Tgl—>GlIr Tgl«GIr

3 3
C + Ccyt,F,GIrCcyt,F,FFAC

1+ cytF,Tgl cytFH"
Tgl—>GlIr KTgIeGIr

F, Tgl<GlIr K

¢cyt,F,TgI<—>GIr =

13. Glycerol 3-Phosphate Dehydrogenase GA3P + NADH +H' <> Gr3P + NAD*

Ccyt,F,GA3PCcyt,F,NADH Ccyt,F,H" Ccy[,F,GrSPCCyt’F’NAD"
F.GA3P—Gr3P K ~ VF,GA3P«Gr3pP K
GA3P—Gr3pP

V

GA3P«Gr3P

¢cyt,F,GA3P<—>Gr3P =

Ccyt,F,GA3PCcyt,F,NADH Ccyt,F,H" n CCyt,F,GI’SPCCyt'FYNAD"
K K

1+

GA3P—Gr3P GA3P«Gr3pP

14. Acyltransferase (Triglyceride Synthesis) Gr3P+3 FAC <> Tgl+3 CoA+Pi
C c? C c? C

cyt,F,Gr3P ~cyt,F,FAC —V cyt,F,CoA
F,Gr3P—>Tgl K

cyt,F,Tgl
F,Gr3P«Tgl K

cyt,F,Pi

V,

Gr3P->Tgl

C3

cyt,F,FAC

Gr3P«Tgl

C

¢cyt,F,Gr3P<—>TgI = C
14 ZONFGRP

K

3
Ccyt,F,CoA

C

cyt,F,Tgl

K

cyt,F,Pi

Gr3P—Tgl Gr3P«Tgl

15. Acyl-CoA Synthetase FFA+CoA+2 ATP <> FAC+2 ADP+2Pi+2 H"
C C ok C C2,p aopClippCl

CYLEFFA™CALF COA AT _ CyLF,FAC “cyt,F, ADP “cyt,F,Pi eyt F,H+
FFFAFAC K FFFA<FAC K

C (o (o

cyt,F,ADP ~cyt,F,Pi

K

V,

FFA<FAC

CZ

cyt,F,H+

¢ _ FFA—>FAC
eyt F,FFAGFAC — C C
F.FFA
1+ N

K

2
cyt,F,CoACcyt,F,ATP cyt,F,FAC

FFA—FAC FFA«FAC

16. ATPase (ATP Hydrolysis) ATP <> ADP +Pi+H"

v Ccyt,F,ATP V CCYT,F,ADPCCVLFPiCcyt,F,H*
F,ATP—>ADP Ki_ F.ATP<ADP K

CorriC

cyt,F,Pi CytFHY

¢ _ ATP—>ADP

Ccyt,F, ATP<>ADP — C C

FATP cyt,F,ADP
1+ +

K K

ATP<ADP

ATP—ADP ATP<«ADP

17. Creatine Kinase PCr+ ADP+H* <> Cr+ ATP

CcytF,PCrCcyT,FYADPCcyt,F,W Ccyt,F,CrCcyt,F,ATP
T VEpPCrecCr

VF,PCr»Cr K
PCr«Cr

KPCreCr
C

CCVLF,ADP cyt,F,H* +Ccyt,F,CrCcyt,F,ATP
K K

¢cyt,F,PCr<—>Cr = C
1+

cyt,F,PCr

PCr—Cr PCr«Cr
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18. Adenylate Kinase ATP +AMP <> 2 ADP

2
v Ccyt,F,ATPCcyt,F,AMP _V Ccyt,F,ADP
F,AMP—ADP K F,AMP<«ADP K
¢ _ AMP—ADP AMP<«<ADP
cyt,F,AMP<>ADP — 2
14 Ccyl,F,ATPCcyt,F,AMP Ccyt,F,ADP
KAMP—)ADP KAMP(—ADP
Reactions in Mitochondria
19. Pyruvate Dehydrogenase Pyr + CoA + NAD" <> AC0A +CO, + NADH + H*
Cmit,F,ADF’
C it,F, ATP
¢mit,F,Pyr<—>ACoA = — C
Ctrl mit,F,ADP
KPyr<—>ACoA + C
mit,F,ATP
V Cmit,F,PyrCmit,F,CoACmitY’:YN,/.\D+ —V Cmit,F,ACoACmit,F,COZCmit,F,NADHCmit,FVW
F,Pyr—>ACo0A K F,Pyr<—ACoA K
Pyr—ACo0A Pyr<ACo0A
X
1+ Cmit,F,Permit,F,CoACmit,vaAy 4 Cmit,F,ACoACmit,F,COZCmit,F,NADHCmi“:,H+
KPyraACoA KPyreACoA
20. Fatty Acyl-CoA Oxidation FAC+7 CoA+7 NAD' +7 FAD &
-Oxidation
* ) 8 ACoA+7 NADH +7 FADH, +7 H”
Cmil,F,FACCmit,F,CoACmiLF,NNyCmit,F,FAD Cmit,F,ACoACmit,F,NADHCmit,F,FADHZCmit,FyH+
VF,FAC—)ACOA K _VF,FAC<—AC0A K
¢mit,F,FAC<_>ACoA — C C FAC%CA:COA C C C C FACeéCOA
1+ mit,F,FAC ™~ mit,F,CoA ™~ it F.NAD* ~ Mit,F,FAD 4 mit,F, ACOA ™~ mit,F, NADH ~mit,F,FADH, ~ mit F,H*
K FAC—ACo0A K FAC«ACo0A
21. Citrate Synthase ACOA +Oxa <> Cit + CoA+H"
Cmit,F,ADP V Cmit,F,ACoACmit,F,Oxa V Cmit,F,CitCmit,F,CoACmit,F'H*r
C F,ACoA—Cit K ~ VFACoA«Cit K
é _ mit,F,ATP AC0A—Cit ACO0A«Cit
it,F,ACOACit —
™ e KCtrI Cmit,F,ADP Cmit,F,ACoACmit,F,Oxa Cmit,F,CitCmit,F,CoACmitYF'H+
ACoACit T I 1+ +
mit,F,ATP KACOA—>Cit KACOA(—Cit
22. Aconitase + Isocitrate Dehydrogenase Cit+ NAD" <> AKG + CO, + NADH
Cmit,F,ADP vV CmitvFvCitCmit,F,NAD* _ Cmit,F,AKGCmit,F,COZCmit,F,NADH
F,Cit—>AKG F,Cit<AKG
¢ . Cmit,F,ATP KCiHAKG KCiteAKG
mit,F,Cit<>AKG —
KCtrI + Cmit,F,ADP 1+ CmitvF-CitCmit,F,NAD* i Cmit,F,AKGCmit,F,COZCmit,F,NADH
Cit<->AKG
CmitvFvATP KCiHAKG KCiteAKG
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23. a-Ketoglutarate Dehydrogenase

C

C

C

AKG +CoA+ NAD" <> SCoA +CO, + NADH

C C

C

vV mit,F,AKG ~mit,F,CoA = mitF NAD" mit,F,SCoA ™~ mit,F,CO, ~mit,F, NADH
F.AKG—SCoA K F,AKG«SCoA K
¢ _ AKG—SCoA AKG «SCoA
mit,F AKG<>SCoA —
Cmit,F,AKGCmit,F,CoACmit,F,NAD* Cmit,F,SCoACmit,F,COZCmit,F,NADH
1+ +
KAKGHSCOA KAKGesCOA

24. Succinyl-CoA Synthetase

V

F,SCoA—Suc

SCoA + GDP + Pi <> Suc+ CoA +GTP

Cmit,F,SCoACmit,F,ADPCmit,F,Pi _V

K

SCoA—Suc

Cmit,F,SucCmit,F,CoACmit,F,ATP

F,SCoA«Suc

K

SCoA «Suc

¢mit,F,SCoA<—>Suc =

1

C C

mit,F,SCoA

mit,F,ADP

C C C C

mit,F,Suc ™~ mit,F,CoA ™~ mit,F,ATP

+

KSCoAaSuc

mit,F,Pi
+

K

SCoA«Suc

25. Succinate Dehydrogenase

V

F,

Cmit,F,Suchit,F,FAD —V

Suc+FAD < Mal+FADH,
C C

mit,F,Mal =~ mit,F,FADH,

Suc—Mal

K

Suc—>Mal

F,Suc«Mal

K

Suc«Mal

¢mit,F,Suc<—>MaI =

C

mit,F,Suc

Cmit,F,FAD Cmit,F,MaICmit,F,FADHZ

1+
K

Suc—Mal

K

Suc«Mal

26. Malate Dehydrogenase

V

F,Mal—Oxa

Cmit,F,MaICmit,F,NAD*

Mal + NAD" <> Oxa + NADH + H"

Cmit,F,OxaCmit,F,NADHCmit’F’H+

K

Mal—Oxa

_VMaIera

K

Mal<«Oxa

¢mit,F,MaI<—>Oxa =

C

mit,F,Mal

1+

mit,F,NAD*

C

mit,F,OxaCmit,F,NADH Cmit'F'H*

K

Mal—Oxa

K

Mal«Oxa

27. Complex I+I1+1V

10AG,,,
U R

NADH+H"+0.5 0, «> NAD" +H,0+10 AH"

jVF,OzaHZO,NADH

Cc . C

mit,F,NADH = mit,F,0, ~ mit F.H* Vv

C

F,0,«H,0,NADH
0,—H,0,NADH

mit,F,NAD"

0, «H,0,NADH

¢mit,F,Oz<—>HZO,NADH =

0.5
C:mit,F,NADH Cmit,F,Oz C

C

mit,F,H* mit,F,NAD"

KOZ—>H20,NADH

+
K02<—H20,NADH
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28. Complex H+11+1V FADH, +0.50, <> FAD+H,0+6 AH"

05
exol — 6AG,,, V Coiterank, Critr .o, _V CoiteFap
P F,0,~>H,0,FADH 2 F,0,¢H,0,FADH 2

RT

B 0,->H,0,FADH 2 0, ¢-H,0,FADH 2
¢mit,F,Oz<—>HZO,FADH 2= C Cos
1+ FADH, ~0, CFAD
KOZ—>HZO,FADH 2 KOZ<—H20,FADH 2
29. ATP Synthesis (F1Fo-ATPase or Complex V) ADP +Pi+ H* +3AH" < ATP
3AGH+ C:mit,F,ADPC:mit,F,PiC:miu:YH‘r Cmit,F,ATP
eXp| + VF,ADP»ATP K ~ VFADP<ATP K
é _ ADP—ATP ADP <ATP
it,F, ADP>ATP —
m < Cmit,F,ADPCmit,F,PiCmit’p,w Cmit,F,ATP
K aop_sate K appcae
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Appendix D: Transport Fluxes
Species transport between blood and tissue
Passive transport (J € (Glr, Ala,CO,,0,) F e(R,W)

Jp

bl<>cyt,F, j

:ﬂ’F,j(Cbl,j_Ccyt,F,j) (D1)

Carrier-mediated transport J e (Glc, Pyr, Lac, FFA/H") F e (R,W)

Cor | Conr.i
J f<_>c =T oo . bl, j _ oF (D2)
HOSRET T Hesn) (Mblecyt,j +Cop; M Cone

blesoyt, j

Species transport between cytosol and mitochondria
Passive transport (J € (CO,,0,) F e(R,W)

Jp

cyt<>mit,F, j

:/’LF,j(Ccyt,F,j _Cmit,F,j) (D3)

Carrier-mediated transport J € (Pyr, FAC,Pi,CoA/H) F (R,W)

Conr s Critr.
Jf | T | . OVLFj _ mit,F, j D4
cytomit,F,j T Leytemit,F, j [M +C M +Cmn,F,j o9

cyt<>mit, j cyt,F,j cyt<>mit, j

For ATP-ADP and NADH —NAD, special transport equations are defined as

RS RS
f _ oyt mi _ f
‘]cyt<—>mit,NADH - Tcyt<—>mit,RS ( M RS - M Mt t-|- RSmit J - _JC)’U—)mit,NAD* (DS)

cyt<>mit,RS cyt cyt<>mit,RS
Jq =T, Pen - P =-Jq (D6)
cyte>mit, ATP — " cyt<>mit,PS M oyt PS M mit PS - cyt«>mit, ADP
cytemit,PS + cyt cyt<>mit,PS + mit

Here RS is redox state in each domain RS, = NADH,/NAD® , PS is phosphorylation

state RS, = ATP, / ADP, X e (cyt, mit).
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