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Mitochondria, oxygen and cardiac PCr/ATP

Supplementary materials

There now follows a complete mathematical description of the basic model used in the
present study. Subscripts: e, external (cytosolic); i, internal (mitochondrial); t, total; f, free; m,
magnesium complex; j, monovalent. All reaction rates are expressed in pM min™. The
Mathematica notebook file of the basic model can be downloaded here:

http://dl.dropbox.com/u/1998606/heart model molbiosyst2011.nb

Kinetic equations

Substrate dehydrogenation:
1

Vou =Koy K Po
[+ )
NAD*/NADH

kpn= 96293 uM min™, Kyn=100, pp=0.8

Complex I:
Ver = kc1 'AGC1

kci= 819.61 uM mV™* min™

Complex IlI:
Ves = kcs 'AGcs

kcs= 467.90 uM mV™* min™

Complex 1V:

2+ 2+

Vg =Kgg-a@™ -C

mO

1
+02


http://dl.dropbox.com/u/1998606/heart_model_molbiosyst2011.nb
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kca= 12.348 uM ™ min™, Kino=120 pM (apparent Kno=0.8 pM)

ATP synthase:
y—1
Voy = Kgy P

ksn= 117706 uM min™, y =10%%/2

ATP/ADP carrier:

S ADP,, ADP, 1
= TP ADP,, + ATP, -107"'%  ADP; + ATP, -10 /% | | 1+ K,,0r /ADP,,

kex= 187185 uM min™, Kmaopp=3.5 uM

Phosphate carrier:
Ve =Kp '(Pije -H, —Piy- Hi)

kpi= 238.11 uM ! min™

ATP usage:
1
Vyr = kUT —KA
1 m
T ATP,

kut= 12244 uM min™ (low work) — 61220 pM min™ (high work), Kna=150 puM

Proton leak:
kLKZ'
Vik = kLKl '(e B _1)

Kiki= 8.5758 uM min™, ki «»=0.038 mv*

Adenylate kinase:
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Vak = Kiac - ADPy - ADR, —Kpp - ATR,, - AMP,

keak= 862.10 uM ™ min™, kpak= 22.747 uM * min

Creatine kinase:
Ve =Ko - ADP, - PCr-H_ — K, - ATP, -Cr

kick = 1.9258 pM 2 min, kpek = 0.00087538 pM ™ min™

Set of differential equations

NAbH = (VDH _V01)' Rom /By

UQHz = (V01 _Vcs)' Rcm

c* :(Vcs_z'vcn,)'z'R

cm

0,=0 (constant saturated oxygen concentration = 240 uM, or

c)2 =—Vey )

—(2-(2+2-u)- Vg, +(4=2-U)-Vey +4-Vy Ny -Vgy —U-Vg —(1=U)-Vp =V, ) Ry, /

cm

rbuffi

A-I:Pti = (VSN — Vex ) R

cm

Piti = (VPI - VSN)' Rcm

ATPte =Vex —Vyur tVak +Vek

ADPte =Vur — Ve _Z‘VAK —Vek

Plte =Vyr —Vp

PCr = —v¢y

Rem =3.35 (cell volume/mitochondria volume ratio)
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BN:5

Calculations

St=c-c

2+
c=270 uM

UQ = U; - UQH;
U= 1350 uM

NAD" = N; - NADH
N¢= 2970 uM

AMP = Agsum - ATPye - ADPye

AeSUM =6700.2 MM
nucleotide concentration)

ADPy; = Aisum - ATPy

AiSUM = 16260 MM
concentration)

Cr=Cgsym — PCr
CSUM = 25000 },LM
PSUM = 45582 HM

Mgre = 4000 uM
ATPs. = ATPy/(1+Mgte/Kpre)
Kpre =24 uM
ATPpe = ATPy - ATPs,
ADPy, = ADP/(1+Mgse/Kppe)
Kppe = 347 pM
ADP e = ADPy, - ADPy,
Mgsi = 380 uM
ATPs; = ATP,i/(1+MgsilkpTi)
kori= 17 uM

(buffering capacity coefficient for NAD)

(= ¢* + ¢*, total concentration of cytochrome c)

(= UQH, + UQ), total concentration of ubiquinone)

(= NADH + NAD", total concentration of NAD)

(= ATPy + ADP + AMP,, total external adenine

(= ATPy + ADPy, total internal adenine nucleotide

(= Cr + PCr, total creatine concentration)

(=PCr+3ATP+2ADP+AMP+Pii+(3ATP;+2ADP;+
Pisi)/Rcm, total phosphate pool)

(free external magnesium concentration)

(magnesium dissociation constant for external ADP)

(magnesium dissociation constant for external ATP)

(free internal magnesium concentration)

(magnesium dissociation constant for internal ATP)
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ATPmi = ATPti - ATPﬁ
ADPy = ADPti/(l+Mgfi/kDDi)
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™.mVv™!
S = 2.303:R-T

Z = 2.303-R-T/F

u=10.861 (=AYIAp)
pH. =7.0 (= constant)
pH; = -log(Hi/1000000) (Hi expressed in uM)

ApH = Z (pHi-pHe)
Ap = 1/(1-u) ApH

AY = - (Ap - ApH)

Ye = - 0.35-AY

Coi = (10PH-10PHHPHY [gpH (‘natural’ buffering capacity for H" in matrix)
dpH =0.001

Mouffi = Cpuffi/ Coi (buffering capacity coefficient for H* in matrix)

Couffi = 0.022 M H*/pH unit  (buffering capacity for H* in matrix)
Coe = (10PHe-10PHe9PH) /dpH (‘natural’ buffering capacity for H* in cytosol)
dpH = 0.001
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Pije = Pie/(1+10°*P"?)
Piji = Pig/(1-+10P™K?)
pK,=6.8

AGgn = naDp - DGp (thermodynamic span of ATP synthase)
AGp = DGpo/F + Z « 10g(1000000-ATP4/(ADPy+Pig))  (concentrations expressed in uM)

Na=25 (phenomenological H*/ATP stoichiometry of ATP
synthase)

AGpo = 31.9 kJ «mol™?

Emn = Emno+Z/2 « log(NAD*/NADH) (NAD redox potential)
EmNO =-320mV
Emu = EmuotZ/2 « log(UQ/UQH;)  (ubiquinone redox potential)

Emuo =85 mV
Emc = Emco+Z = log(c**/c*") (cytochrome ¢ redox potential)
Emco =250 mV
Ema = EmctAp+(2+2u)/2 (cytochrome a3 redox potential)
Agjy = 10EMaEma0)Z (a*/a* ratio)
a®* = al(1+Asp) (concentration of reduced cytochrome as)
a3t = a— 22t
a; =135 uM
Emao = 540 mV
AGc1 = Emu-Emn-Ap=4/2 (thermodynamic span of complex 1)

AGc3 = Eme-Emu-Ap~(4-2u)/2 (thermodynamic span of complex I11)
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Supplementary figure legends

Figure S1: The effect of changes in the activity of proteins that either contribute to (A-C) or
consume (D-F) the proton gradient on mitochondrial ATP synthesis flux (Vatp in pM/min)
and the mitochondrial membrane potential (AY). (A, D) saturating [O2]; (B, D) normoxia; (C,

F) hypoxia.

Figure S2: The effect of changes in oxygen concentration on AY (delta psi in mV) and

mitochondrial ATP synthesis flux (Vatp in uM/min) at various rates of proton leak
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Figure S1: The effect of changes in the activity of proteins that either contribute to (A-C) or consume (D-F) the proton gradient on mitochondrial ATP
synthesis flux (Varr in uM/min) and the mitochondrial membrane potential (AW)
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Figure S3
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Figure S3: The effect of changes in the activity of proteins that either contribute to (A-C) or consume (D-F) the proton gradient on [ATP] (in black) and
[PCr] (in red).



