Concise complete kinetic description of the dynamic model of oxidative phosphorylation in
intact skeletal muscle. Subscripts: e, external (cytosolic); i, internal (mitochondrial); t, total; f,

free; m, magnesium complex; j, monovalent.

KINETIC EQUATIONS

(All reaction rates are expressed in uM min'1).

Substrate dehydrogenation:

1

KmN j Pp
1+ N
NAD* /NADH

Vo = Kpy (

kon= 28074 uM min™, K,=100, pp=0.8

Complex I:
Ver = ke - AG,

ker= 238.95 uM mV"' min™

Complex IlI:
Vey =key *AG,

kes= 136.41 uM mV™" min™

Complex IV:

—

_ 24 2+
Veg =hey-a” -

kca= 3.600 uM™ min™', Kno=120 pM (apparent Ky,0=0.8 uM)

ATP synthase:

y—1

Vv =kSN7+1



ksn= 34316 pM min™!, y =10%%"*

ATP/ADP carrier:

L ADP, ADP, 1
Ve = . : — . .
2" 4pp, + ATP, - 107%"7 ADP, + ATP, 1077 | | 1+K,,,,p/ ADP,

kex= 54572 uM min™, Kmapp=3.5 uM

Phosphate carrier:
Vo =kpy '(Pije H, - Pi 'Hi)

ke= 69.421 uM™" min™

ATP usage:
i 1
Vi = —
ur ur KmA
1+ ——
ATP,

kur= 686.50 pM min™' (resting state), Kna=150 uM

Proton leak:
kLK2‘A
Vi =k '(e i 1)

kiki= 2.500 uM min™", k x,=0.038 mV"’

Adenylate kinase:

V. =k - ADP, - ADP,, — k. - ATP,, - AMP,

me

Kiak= 862.10 uM™" min™", kpax= 22.747 uM™" min™

Creatine kinase:
Vg = kaK -ADP,e -PCr-He+ —kbCK -ATPte -Cr

kick = 1.9258 uM? min™, kpck = 0.00087538 uM™" min™



Proton efflux:
Vierr = Kgep * (pHo - pHe)

kere = 10000 pM min™, pHo= 7.0

SET OF DIFFERENTIAL EQUATIONS

NAbH:(vDH _Vc1)'Rcm/BN
UQH, :(Va _Vcs)'Rcm
c;+ Z(VC3—2-VC4)'2-R

cm

O, =0 (constant saturated oxygen concentration = 240 uM) or O, = —v,

H =

1

—(2-(2+2~u)~vc4+(4—2-u)-vc3+4~va—nA~vSN—u-vEX—(l—u)-vP,—vLK)-R /

cm

Vo

ATP, = (VSN - VEX)' R,
Pi, = (VPI - VSN)' R,

ATP, =vpy = Vyr + V6 + Vg

L]
ADP, = vy = Vg =2V 0 = Vg

Pi, =vyr —vp

PCr=-v

H; =
(2-(2+2~u)~vc4+(4—2-u)-vc3+4~va—nA-vSN—u-vEX—(l—u)-v,,,—vLK —j

Vex = Verr

Vougre



R¢m = 15 (cell volume/mitochondria volume ratio)

Bn = 5 (buffering capacity coefficient for NAD)

CALCULATIONS

ct=¢-c*
ci= 270 uM (= ¢** + ¢**, total concentration of cytochrome c)
uQ = U, - UQH,
Ui=1350 uM (= UQH; + UQ, total concentration of ubiquinone)
NAD" = N, - NADH
N;=2970 uM (= NADH + NAD", total concentration of NAD)
AMP, = Agsum - ATPye - ADPy
Aesum = 6700.2 uM (= ATPy + ADP,, + AMP,, total external adenine nucleotide
concentration)

ADPy = Aisum - ATPy;

Aisum = 16260 uM (= ATPy + ADPy, total internal adenine nucleotide
concentration)

Cr=Csym—PCr
Csum = 35000 uM (= Cr + PCr, total creatine concentration)

Psum = 55659 uM (= PCr+3ATP+2ADP+AMP+Pii.+(3ATP;+2ADPy+Pi)/R.m, total
phosphate pool)

Mgz = 4000 uM (free external magnesium concentration)
ATPye = ATPy/(1+Mgse/KpTe)

KpTe = 24 UM (magnesium dissociation constant for external ADP)
ATPpe = ATPy - ATPg
ADPs, = ADP4/(1+Mgre/Kppe)

kppe = 347 uM (magnesium dissociation constant for external ATP)
ADPe = ADPy - ADPy

Mgs = 380 uM (free internal magnesium concentration)

ATP; = ATPy/(1+Mgg/kori)



kpri= 17 uM (magnesium dissociation constant for internal ATP)
ATPy, = ATPy - ATP;
ADPy; = ADPy/(1+Mgs/kppi)

kppi = 282 uM (magnesium dissociation constant for internal ADP)

ADPmi = ADPti - ADPfi

T =298

R = 0.0083 kJ-mol".K"
F = 0.0965 kJ-mol".mV"’
S =2.303.RT

Z =2.303.R.T/F

u=0.861 (= AY/Ap)

pH. = -log(H/1000000) (H. expressed in uM)
pH; = -log(H/1000000) (H; expressed in uM)
ApH = Z (pH-pHe)

Ap = 1/(1-u) ApH

AY = - (Ap - ApH)

Vi =0.65AY

Ye =-0.35AY

Coi = (10PM-10PH-9PHy qpH (‘natural’ buffering capacity for H" in matrix)
dpH = 0.001

Mouffi = Couffi/ Coi (buffering capacity coefficient for H" in matrix)
Courii = 0.022 M H*/pH unit (buffering capacity for H" in matrix)

Coe = (1077107 %y /dpH (‘natural’ buffering capacity for H" in cytosol)
dpH = 0.001
Mouffe = Couffe/ Coe (buffering capacity coefficient for H" in cytosol)

Coufie = 0.025 M H'/pH unit (buffering capacity for H" in cytosol)



Piie = Piie/(1+10°7%%?)
Pij = Pig/(1+10°"7"?)

pK, =6.8

AGsgn = na-Ap - AGp (thermodynamic span of ATP synthase)
AGp = AGpo/F + Z - log(1000000-ATP/(ADP-Piy)) (concentrations expressed in uM)
Na=2.5 (phenomenological H/ATP stoichiometry of ATP syntahse)

AGpo = 31.9 kJ -mol”

Emn = Emno+Z/2 - log(NAD/NADH) (NAD redox potential)

Emno = -320 mV
Emu = EmuotZ/2 « log(UQ/UQH,) (ubiguinone redox potential)
Emuo = 85 mV
Emc = EmcotZ - log(c**/c?") (cytochrome ¢ redox potential)
Emco = 250 mV
Ema = EmctAp+(2+2u)/2 (cytochrome a; redox potential)
Asp = 10EMa-EMa0)Z (a**/a*" ratio)
a’ = ad(1+Az) (concentration of reduced cytochrome aj3)
2% = a— a2
a;= 135 uM
Emao = 540 mV
AGc¢t = Eqnu-Enn-Ap-4/2 (thermodynamic span of complex )

AGc3 = Eme-Enmu-Ap+(4-2u)/2 (thermodynamic span of complex IIl)




