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Figure S1 Steady-state mitochondrial H,0, emission during inhibitory titration of GR and TrxR in state
3 and state 4. The model shows higher mitochondrial H,0, emission in state 4 (black) than state 3 (blue)
for both GR inhibition (A) and TrxR inhibition (B). As in the experimental data of Aon et al. (1), maximal
H,0, emission is greater under TrxR inhibition than under inhibition of GR.
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Figure S2 NADH and AW dynamics for state 0 to state 4 to state 3 transitions. (A)Kembro et al. model
substrate addition (indicated by “Subst”) was simulated as an increase in AcCoA and glutamate from
1x10” to 0.1 and 1x10~ to 30, respectively. ADP addition represents an increase in extra-matrix ADP
concentration from 0.01mM to 0.03mM, as in Kembro et al. (2), to simulate the state 4 to state 3
transition. (B)The same protocol for the model presented here. (C)Experimental data from Kembro et al.
(2) show the results of the addition of 5mM G/M (“Subst”) followed by 1mM ADP.
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Figure S3 Thioredoxin redox potential under mCU inhibition. Decreases in NADPH also drive the
oxidation of mitochondrial Trx(SH), under control conditions (gray) and more extensively in the
presence of mCU inhibition (black).
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Figure S4 Elevated [Na']; depletes thioredoxin pool. 15mM [Na']; conditions (black) lead to a larger
oxidation of the mitochondrial thioredoxin pool after the onset of pacing compared with control
conditions (gray).
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Figure S5: Decreased mitochondrial GSH pool size elevates resting [H,0,] .. As the mitochondrial GSH
pool size is decreased from 3mM to 1mM, resting [H,0,],, increases slightly. For decreases beyond
1mM, resting [H,0,], is significantly elevated.

Notes on table 1:

Respiratory flux is given as (VNO+VO,SDH) for Kembro et al. model (in units of mM O/ms) or 2*VO2
(where VO2 is actually in units of mM O,/ms) for this model, then adjusted to match the experimental
data units with a scale factor of 2*60e3 to convert from mM/ms to nmol/min/mg protein.



Mitochondrial ROS Production and Scavenging Model
Table S1 System of differential and algebraic equations used in the ME-R model

d[Ca*
g = 5Ca (Vuni - VNaCa) (54)
dt
mz Vant = Varpase - VaL (53)
dt
dA%m _ Vie + Viespm) = Viu = Vanr = Viieak = Vvaca = 2Vuni = Vimac (s6)
dt Crnito
d[NADH S7
% = Vo, ¥ Viou + Vkeon + Vupr — Vrup 7
d[H"], 8)
T = 5M (_VHe _VHe(SDH) +VHu +VNaH +VPiC +VHIeak)
d[Pi], (S9)
=—Varpase T Veic —Vsi
dt
d[1S0C] (510)
Y Vaco = Viou — Vibu_napp
A[aKG] (511)
Q2 Viow + Viou napp — Vkepn + Varr
d[SCoA] (512)
- . = VKGDH - VSL
dt
d[Suc] (513)
=V, -V
at sL 0,SDH
d[FUM 514
Q = VOZSDH - Ven ( )
dt
d[MAL] (S15)
- . - VFH - VMDH
dt
d[OAA S16
[d ]=VMDH‘Vcs_VAAT el
t
d[NADPH] (S17)
Tm = Vipu_napp + Vrup = Verm — Vrxrm
alo;” S18
% = shunt(Vo, + Vo,spn) = Vinson — Vos 518
405 )i _Vm (s18)
It v, Ros ™ Veuznsop
A[H;05]m _ 1 (520)
Tm = EVMnSOD — Vairn,0, — Vorxm — Vrxpxm




d[H,0,]; 1 1% (521)

dt = EVCuZnson + v_T:lVdiszoz = Verxi = Vrxpxi = Vear
d[GSH] (522)
Tm = Verm — Vepxm — Verxm + Vest — Vessem
A[GSH]; (523)
TL = Vori = Vorxi — Vorxi + —Vesr — Vessai

Vi

a[GSSG] (524)
Tm = 0.5(Vgpxm — Vorm) + Vorxm
A[TxR] (525)
Tm = VTme - VTxPXm
d[TxR]; (526)
Tl = Vrxri = Vrxpxi
a[PSSGlm (527)
T = Vpssem — Verxm
d[PSSG]; (528)
Tl = Vpbssei — Verxi

Note that the differential equations for H202 contain corrections with regard to the stoichiometry of
superoxide dismutase flux.

Computational modeling of Reactive Oxygen Species scavenging systems

The upgraded two-compartment computational model of mitochondrial energetics-redox (ME-
R) includes: (i) a complete array of antioxidant defenses in two compartments: mitochondrial matrix and
extra-matrix (e.g. intermembrane space, cytoplasm); and (ii) two of the three main NADPH providers in
mitochondria: NADP’-dependent isocitrate  dehydrogenase (IDH2) in the TCA cycle, and
transhydrogenase (THD). In this section we will provide a detailed description of the antioxidant
defenses and mitochondrial NADPH handling.

Modeling superoxide dismutase

5 3 [H207] T —
2Kk3op k3op| ksop *+ kiop| 1+ 255 | | EMnsop [07 Im
K. 2V2
1
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H,0, can diffuse freely between the two compartments, following the equation:

Vaif fu,0,=Cdif fi,0, ((H205]m—[H2041) (S31)

Gluthathione and glutaredoxin systems

The gluthathione system was present in both mitochondrial matrix and extra-matrix compartments
and expressed as a system of equations comprising glutathione peroxidase (Vgpx) and reductase (Vgr)
activities. The rate expressions for Vgp, and Vgr used in the model were formulated as described in our
mitochondrial model of ROS metabolism (3).

v _ EfPX™H,05]m [GSHIm
GPXm ™ @,[GSH]m + ®2[H;02]m

(S32)

_ EEPXU[H,0,]; [GSH];
Vapx; = @4 [GSH]; + 5 [H;02]; (533)

_ kgr EZ"™
Very,= (GSSG | NADPH (GSSG (NADPH (S34)
1M K LY M

[GSSG] ' [NADPH]my ' [GSSGlm [NADPH]m

dy 5"

Ver,= (GSSG  (NADPH  GSSG | NADPH (S35)
VLY LY M
Viss | [NADPH]; ' [GSSG];[NADPH];

The glutaredoxin system can then detoxify the glutathionylated proteins and uses GSH as cofactor (4,
5).

Kgrxm KERX ([GSHIm)? GrxT [PSSGlm

KGRX (IGSHIm)? GrxT
KGRX ([GSH]. )2 £q -
(IGSSG]m+Keg™™ ([GSHm) )<[cssc]m+K£§X (IGSH1m)?
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v _ kpsy EPM (PSSGT—[PSSGlm)
PSSGm ™ GSH
m (1 KM )<1+[H202]m>

+
H202
[GSH]m K&

(S38)

v ks EPM (PSSGT-[PSSGI;)
PSSG;~ GSH
N i ey

. H202
[GSH]; Kg&t

(S39)

We have assumed that the total pool of glutathione, Gy, is conserved, as indicated by equation
S40, and from there the GSSG concentration in the extra-matrix compartment can be estimated (Eq.
S41).

Gy = Gy — [GSH],, — [GSH]; — 2 [GSSG] — [PSSG],, — [PSSG]; — 2 [GSSG]; (S40)



[GSSG]; = 0.5 (Gy — [GSH]yy, — [GSH]; — 2 [GSSG]y — [PSSGlym — [PSSG];) (541)

In addition we have included passive GSH transport (Vgsr) across the inner mitochondrial membrane.

([GSH];—[GSH]m)
Vest = Cost [GSHI +KGST (542)

Thioredoxin system

The Trx system includes peroxiredoxin (Vp,3) and thioredoxin reductase (V&) (6). The rate expression
for Viprs Was derived on the basis of the experimental studies performed by (7), from which we also
obtained the rate constants. Vi represents a Michaelis-Menten rate expression with two substrates
(NADPH and Trx(SS) with kinetic parameters derived from refs. (8) and (9).

EF™™[H, 0,1 [TrxSHzlm

V = S$43
PrX3m ™ @ pra|TrxSHalim + ®2prx[H202]m (543)
EET™[H,0,]; [TrxSH,];
Vory, = T L ! S44
PIXi ™ @, pra[TrxSH,]; + @2prx[H202); (544)
Kl £
VTerm= ’ kLSS . KVADPH . (LSS (NADPH (545)
"[TrxSS|m ' [NADPH)y  [TrxSS|m[NADPH|m
k71— R E;eri
VTeri: sl Km@é}/-/ PSS KVDPH (S46)
"[TrxSS];  [NADPH]; ' [TrxSS];[NADPH];
[TrxSS]y, = TrxT,, — [TrxSH; ]y (S47)
[TrxSS]; = TrxT; — [TrxSH,]; (548)

Extra-matrix Catalase
Vear = 2kiarE¢ar[Hz05]ie /T H20zl



Scavenging parameters are the same as in Kembro et al. with the exception of enzyme concentrations
for GR and Trx, which were adjusted to match the proportional control of scavenging demonstrated in

Figure 4.2.
Table S2 Parameter values used in the simulations: ROS production and scavenging — mitochondrial model
Symbol Value Units Description Eq Reference
K3op 1.2x10° mM ms’™ Second-order rate constant of SOD $29,530 (2)
k3op 24 mM ™ ms™ Second-order rate constant of SOD $29,530 (2)
k2op 2.4x10" ms™ First-order rate constant of SOD $29,530 (2)
K202 0.5 mM Inhibition constant for H,0, $29,530 (2)
Efinsop 3x10™ mM Mitochondrial matrix concentration of S29 (2)
MnSOD

Eduznsop 2410 mM Concentration of Cu,ZnSOD S30 (2)
Cdiffu,0, 2x10" ms™ Diffusion constant for H,0, S31 (2)
(ON 5.0x10° mM ms Constant for GPX activity $32,533 (2)
?, 0.75 mM ms Constant for GPX activity $32,533 (2)
EGPXm 1x10™ mM Mitochondrial matrix concentration of GPX 32 (2)
EGPXi 5x10° mM Extra-matrix concentration of GPX S33 (2)
KR 2.5x10° ms™ Catalytic constant of GR $34,535 (2)
EGRm 2.25x10™ mM Mitochondrial matrix concentration of GR 534 Adjusted
ESRI 2.25x10™ mM Extra-matrix concentration of GR S35 Adjusted
KNAPPH 0.015 mM Michaelis constant for NADPH of GR $34,535 (2)
K§SSG 0.06 mM Michaelis constant for GSSG of GR $34,535 (2)
[NADPH],  7.5x107 mM Extra-matrix NADPH concentration $34,535 (2)
Gr 6 mM Total pool of glutathione 540,541 (2)
kgrsm 3.6x10™ mM s™ Rate constant of mitochondrial matrix S36 (2)

glutaredoxin reaction

kgrx; 3.6x10" mM s’ Rate constant of extra-matrix glutaredoxin S37 (2)

reaction
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Equilibrium constant of glutaredoxin
Michaelis constant for GSH of GRX

Michaelis constant for glutathionylated
protein of glutaredoxin

Rate constant of protein glutathionylation

Concentration of proteins that can become
glutathionylated

Michaelis constant of GSH for
glutathionylation

Activation constant of H,0, for protein
glutathionylation

Glutaredoxin concentration
Rate constant of glutathione transporter
transport association constant of GSH

Mitochondrial matrix concentration of Trx
peroxidase (Prx)

Extra-matrix concentration Prx

Constant for TxPX activity

Constant for TxPX activity

Mitochondrial matrix concentration of TrxR2
Extra-matrix concentration of TrxR

Michaelis constant for oxidized Trx [Trx[SS]]
of TrxR

Michaelis constant for NADPH of TrxR
Rate constant of TrxR

Total pool of mitochondrial matrix
thioredoxin

Total pool of extra-matrix thioredoxin

$36,537

$36,537

536,537

538,539
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538,539

538,539
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542
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S44

543,544

543,544
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(2)
(2)

(2)
(2)

(2)
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(2)
(2)
(2)
(2)

(2)

(2)

(2)
Adjusted

Adjusted

(2)

(2)
(2)
(2)

(2)



kiar 17 mM™*ms™ Rate constant of catalase (CAT) S49 (2)
Elr 1.0x10° mM Extra-matrix concentration of CAT 549 (2)

fr 5.0x107 mM™* Hydrogen peroxide inhibition factor of CAT S49 (2)

Adjustments were made to several of the scavenging parameters for the cellular model to better approximate the experimental
results for isolated myocytes undergoing high frequency pacing. Parameters not included in Table S3 remain the same as those
specified in Table S2.

Table S3 Parameter values used in the simulations: ROS production and scavenging — cellular model

Symbol Value Units Description Eq Reference
[N 5.0x107 mM ms Constant for GPX activity $32,533 Adjusted
o, 27 mM ms Constant for GPX activity $32,533 Adjusted
EgPXm 9.77x10° mM Mitochondrial matrix concentration of GPX $32 Adjusted
ESRm 2.3x10° mM Mitochondrial matrix concentration of GR S34 Adjusted
KNADPH 6.54x10" mM Michaelis constant for NADPH of $34,535  Adjusted

mitochondrial GR

K§SSG 20.6x10° mM Michaelis constant for GSSG of $34,535 (10)
mitochondrial GR

GT mito 1 mM Total mitochondrial pool of glutathione $40,541  Adjusted
Gr,cyto 2 mM Total cytosolic pool of glutathione 540,541 (11)
EfsH 0 mM Concentration of proteins that can become 538,539

glutathionylated

GrxT 0 mM Glutaredoxin concentration $38,539

Cost 0 ms* Rate constant of glutathione transporter S42

fyR2Zm 3.5x10™ mM Mitochondrial matrix concentration of TrxR2 S45 (2)
ERi 3.5x10™ mM Extra-matrix concentration of TrxR S46 (2)
Ky 2on 0.065 mM Michaelis constant for NADPH of TrxR $45,546  Adjusted

Mitochondrial NADPH handling - mitochondrial model

In this section we will provide a detailed description of the mitochondrial NADPH handling.



_ [H*] [ISOC] = NADP kMY [aKG] . [NADPH,] . [ISOC] NADP
VIDP_NADP - (1 + kH+ = 1 + kISOC + kNAD‘g1 1 + N;DP + kaKG + kNADP;In kISOC kNAD‘g1 1 +
m_IDP m_IDP m_IDP m m_IDP m_IDP m_IDP "“m_IDP
kMY + [aKG] [NADPHp,] + [1SOC] [NADPHp,) + [aKG] NADPp, 1+ kMY (s51)
wavey) ke, KEARR KIS, KBARR T kil kR \1 T Nae,
IDHK[ISOCINADP [ ' k?_lquDPP )_ IDH _[aKG] [NADPm]
B AL T T 55
IDHNaDP VIiDP_NADP
Vripen =
[NADH,] . NAD | NADPy , [NADPHn] . [NADHp,] NADP [NADPHy] [NADHp] (1
1+ kNADHr:;”L +owap Tt kNADlrJn + kNADPg + kNADHTn e e (F/1ORT)Apy 4 e i ot o (1= (F/10RT)-Apy)
m_THD m_THD m_THD m_THD m_.THD Km THD k' THD  Km THD
NAD NADP, _ [NADHyy] [NADPHp]
—wap — oapp- e/ 1ORDAH. e U (FAORD M) 4 S = amptt (S53)
m.THD Xm THD KmTHD Km THD
E%‘HD'kgHD [N;\;lg)z]”rlnNﬁf;m e(F/lORT).AuH_E%"HD.kZ'HD Ilyﬁ)D [Nzgzlgﬁ] o(1=(F/10RT).Auy)
_ km THD _Km_THD ki THD *m_THD
Vrup = (S54)
VTHDen
Table S4 Parameter values used in the simulations: Mitochondrial NADPH handling — mitochondrial model
Symbol Value Units Description Eq. Reference
Cnaopn 0.1 mM Sum of NADPH plus NADP* S50 (2)
kEop 0.5 mM Dissociation constant for H" of IDH2 S51 (2)
ki$9Sp,  3.9x10° mM Michaelis constant for ISOC in IDH2 $51,552 (2)
kNAPE,  6.7x10° mM Michaelis constant for NADP in IDH2 $51,552 (2)
NapP - 2x10° mM Inhibition constant for NADP in IDH2 $51,552 (2)

KNAPPH  1.2x107 mM Michaelis constant for NADPH in IDH2 $51,552 (2)
k3G, 051 mM Michaelis constant for aKG in IDH2 $51,552 (2)

V/PH 8.72x10-5 mMms'  Maximal rate of IDH2 in the forward direction ~ S52 (2)

ViPH  5.45x10° mMms®  Maximal rate of IDH2 in the reverse direction  $52 (2)
kyAPEE 0.02 mM Michaelis constant for NADPH in S$53,554 (2)

transhydrogenase (THD)

kNARHM - 0.01 mM Michaelis constantfor NADH in THD $53,554 (2)
kNP 0.125 mM Michaelis constant for NAD in THD $53,554 (2)

kyApip  0.017 mM Michaelis constant for NADP in THD S$53,554 (2)



ETHD  1.1875x10° mM Concentration of THD enzyme S54 (2)
kfHP 117474 ms™ Forward catalytic constant of THD S54 (2)

kTHD 10 ms* Reverse catalytic constant of THD S54 (2)

Mitochondrial NADPH handling - cellular model

In this section we will provide a detailed description of the mitochondrial NADPH handling.

THD ;,THD [INADHImNADPm _(xdF/RT).Au THD ;,THD_NAD [NADPHm] (x(d—1)F/RT).Auy)
Er™".kq NADHm ,NADP °© H—Er™".Kp" " -Nap— NADPH © "
Knt THD' Km THD ki THD *m_THD (55 4)

Viup = v
THDen

Table S5 Parameter values used in the simulations: Mitochondrial NADPH handling — cellular model

Symbol Value Units Description Eq. Reference
kL9%p  0.045 mM Michaelis constant for ISOC in IDH2 $51,552 (12)
kNARL,  0.046 mM Michaelis constant for NADP in IDH2 $51,552 (12)
kNADP 2x10° mM Inhibition constant for NADP in IDH2 $51,552 (2)
NADEH 12107 mM Michaelis constant for NADPH in IDH2 S51,552 (2)
k&G, 0.080 mM Michaelis constant for aKG in IDH2 $51,552 (12)
Vf'DH 8.72x10” mM ms’ Maximal rate of IDH2 in the forward direction  S52 Adjusted
ViPH  545x10° mMms® Maximal rate of IDH2 in the reverse direction ~ S52 Adjusted
KNARPH  4x107 mM Michaelis constant for NADPH in $53,554  Adjusted

transhydrogenase (THD)

kNARHM 0.01 mM Michaelis constant for NADH in THD $53,554 (2)

kNAPp,  0.125 mM Michaelis constant for NAD in THD $53,554 (2)
kNARE,  0.02 mM Michaelis constant for NADP in THD $53,554  Adjusted
ETHD  1x10° mM Concentration of THD enzyme S54 Adjusted
kPP 117474 ms™ Forward catalytic constant of THD S54 (2)

kTHD  17.2756 ms™ Reverse catalytic constant of THD S54 Adjusted



d 0.5 (13)

X 0.1 (13)

Mitochondrial Model of Energy Metabolism and ion dynamics
The detailed explanation of the mathematical expressions and parameters of the model were previously

presented in Wei et al. (2011).

Computational modeling of Na*/H+* exchanger (NHE) and phosphate carrier (PiC)
ﬁfﬂ; _ﬁfﬂ;
. BB S+

Inne = Cue 1410% (PHi—PKD

where
kaH_NHE[Na+]m
KH_NHE[Na+]m + KH_NHEKNa_NHE + KNa_NHE[H +]m

" kIKNa_NHE[H+]i

ﬁf =

ﬂ = + +
’ KH_NHE[Na ]i + KH_NHEKNa_NHE + KNa_NHE[H ]i
ﬁ_ — k17KH_NHE[Na+]i
' KH_NHE[Na*—]i + KH_NHEKNa_NHE + KNa_NHE[H*—]i
ﬂ; — kél_KNa_NHE[H+]m

KH_NHE[Na+]m + KH_NHEKNa_NHE + KNa_NHE[HJr]m

[H,PO; J[OH "] [H,PO;"1,[OH ],
Ko K Ke oK

J c =c . Pi,i’ *OH,m Pi,m"“OH,i
PI Pi _ _ _ _ _ _ _ _
L [H:POZ, [OH], [H,POI], [OH]  [H,POI],[OH ]  [H,PO; }[OH ],
KPi,i KOH,m K KOH,i K KOH,i KPi,iK

Pi,m

m
VPIC,f _VPIC,b

Pi,m OH,m



Table S6 Parameter values for the mitochondrial Na+/H+ proton exchanger and phosphate carrier — mitochondrial and
cellular models

Symbol  Value Units Description Reference

kl+ 0.0252 ms NHE forward rate constant (2)
kl— 0.0429 ms™ NHE backward rate constant (2)
k: 0.16 ms™ NHE forward rate constant (2)
k4— 0.0939 ms™ NHE backward rate constant (2)
Kna_NHE 24 mM Na+Dissociation constant (2)
Kn_nHe 1.585x10™ mM H+Dissociation constant (2)
pK; 8.52 Proton inhibitory constant (2)
ni_NHE 3 Hill coefficient for H+ binding (2)
Canie 0.00785 mM NHE concentration (2)

(mitochondria)

Kpi 11.06 mM Extra-matrix Pi binding constant (2)
Kpim 11.06 mM Mitochondrial matrix Pi binding (2)
constant
Kom, 4.08x10° mM Extra-matrix OH- binding constant (2)
Kom,m 4.08x10° mM Mitochondrial matrix OH- binding (2)
constant
Vpic,s 90 pmol min™ mg Forward V.« (2)
protein'1
Ve 90 pmol min™* mg Backward V ax (2)
protein™
Coic 4.9 mg protein mi™* PiC concentration Adjusted
1

TCA cycle rate equations

CS =CS
\V/ — kcat ET
Cs KAcCoA KOAA
M M

1+ —~— 11+ ———
[AcCoA] [CAA]
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Succinate dehydrogenase is included in the Table comprising the respiratory complexes
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Table 7 Parameter values used in the simulations: Tricarboxylic acid cycle -- mitochondrial model

Symbol Value Units Description Reference
[AcCoA] 1x10°-1 mM Acetyl CoA concentration (2)
kS 2.3523x10*  ms* Catalytic constant of CS (2)*
ES 0.4 mM Concentration of CS (2)
K ocor 0.0126 mM Michaelis constant for AcCoA (2)
Ko 6.4x10™ mM Michaelis constant for OAA (2)
Ciint 1.3 mM Sum of TCA cycle intermediates (2)
(e 1.1688x10* ms™ Forward rate constant of ACO (2)*
KL© 2.22 Equilibrium constant of ACO (2)
K naok 0.19 mM Inhibition constant by NADH (2)
koot 11.88 ms™ Rate constant of IDH (2)*
(SR 0.109 mM Concentration of IDH (2)
kh,l 1x10° mM Inoization constant of IDH (2)
K., 9x10™ mM Inoization constant of IDH (2)
[ Sva 1.52 mM Michaelis constant for isocitrate (2)
n; 2.0 Cooperativity for isocitrate (2)
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Knz 26.7 mM lonization constant of MDH (2)

Ko 6.68x107° mM lonization constant of MDH (2)
Ko 5.62x10° mM lonization constant of MDH (2)
Kt 3.99x10° Offset of MDH pH activation (2)
factor
ki 0.1242 ms™ Rate constant of MDH (2)*
E™" 0.154 mM Total MDH enzyme concentration (2)
K™ 1.493 mM Michaelis constant for malate (2)
Ko 0.031 mM Inhibition constant for (2)

oxaloacetate

K™ 0.2244 mM Michaelis constant for NAD* (2)
[GLU] 1x10” - 30 mM Glutamate concentration. (2)
ket 0.0214 ms™ Forward rate constant of AAT (2)*
KA 6.6 Equilibrium constant of AAT (2)
Kosp 1.5x10° ms™ Rate constant of aspartate (2)

consumption

*While these parameters may differ from the supplement of Kembro et al., they were taken from code
provided by those authors that successfully reproduces the figures from the paper.

Table 8 Parameter values used in the simulations: Tricarboxylic acid cycle -- mitochondrial model

Symbol Value Units Description Reference
[AcCoA] 1 mM Acetyl CoA concentration (2)
kS 1.5891x10* ms* Catalytic constant of CS (2)*
k< 7.8959x10° ms* Forward rate constant of ACO (2)*

k 'PH 0.5350 ms™ Rate constant of IDH (2)*

cat



 KDGH 0.0179 ms™ Rate constant of KGDH (2)*

cat

ka 0.0284 mM’ Forward rate constant of SL (2)*
lms—l

k" 8.4x107 ms™ Forward rate constant for FH. (2)*

Kot 0.1259 ms™ Rate constant of MDH (2)*

[GLU] 30 mM Glutamate concentration. (2)

kAT 0.0217 ms™ Forward rate constant of AAT (2)*

Oxidative phosphorylation equations for the mitochondrial model are the same as for Gauthier et al.
(14) with the exception of ky;9, which was increased from 50 to 600 to match experimental data from
Aon et al. 2012 (1) on ROS production from isolated mitochondria. Rate constants were scaled to yield
fluxes in /ms units. Parameter changes for the cellular model are noted below.

Table 9 Parameter values used in the simulations: electron transport chain -- cellular model

Symbol Value Units Description Reference
P 24.9302 mM Complex | concentration Adjusted
ag* 3.3290x10°  mM/s Adjusted
a* 432.7642 mM/s Adjusted
Ko1o 1700 mM/min Reverse reaction constant for Adjusted

reduction of oxygen by SQ,

Table 10 Parameter values used in the simulations: oxidative phosphorylation -- mitochondrial model

Symbol Value Units Description Reference
Py 1.346x10™ Sum of products of rate
constants
P, 7.739x107 Sum of products of rate
constants
Ps 6.65x10™ Sum of products of rate
constants

o™ 5 mM Concentration of F;F,-ATPase (2)



KeAqTPase 1.71x10° Equilibrium constant of ATP
synthesis

[Pi]; 3 mM Inorganic phosphate
concentration

Ca 1.01 mM Total sum of adenine nucleotides (2)*

V maxant 3.15 mM ms™* Maximal rate of the ANT (2)

A" 0.5 Fraction of Ay,

8 2x10°® mM ms™* lonic conductance of the inner (2)
mv*! membrane

Con 1.0 mM Total sum of pyridine nucleotides

Crito 1.812x107 mM mVv* Inner membrane capacitance

Table 11 Parameter values used in the simulations: oxidative phosphorylation -- cellular model

Symbol Value Units Description Reference

F1

p 5 mM Concentration of F{F,-ATPase Adjusted

Table 12 Parameter values used in the simulations: Mitochondrial Ca?* handling — mitochondrial model

Symbol Value Units Description
V;;‘)'( 4.46x10° mM ms* V maxuniporter ca® transport
AW’ 91 mV Offset membrane potential
K, 3.8x10*  mM Activation constant
K ans 0.019 mM K4 for translocated Ca**
L 110.0 Keq for conformational transitions in uniporter
n, 2.8 Uniporter activation cooperativity
v/ Naca 1.83x10%*  mM ms™ Vmax Of Na*/Ca®* exchanger

b 0.5 Ay, dependence on Na*/Ca” exchanger



Ky 9.4 mM Exchanger Na®* constant

Kea 3.75x10"  mM Exchanger Ca®* constant
n 3.0 Na*/Ca®" exchanger cooperativity
e, 3x10™* Fraction of free [Ca*'],,

Table 13 Parameter values used in the simulations: Mitochondrial Ca?* handling — cellular model

Symbol Value Units Description Reference
v 1.2295x10™ mM ms™ V maxUniporter Ca* transport Adjusted
\/ Naca 4.6650%x10” mM ms™ V max Of Na*/Ca®* exchanger Adjusted

For Ru360 protocols, Vuni was 99% blocked. For CGP protocols, VNaCa was 85% blocked.

Table 14 Parameter values used in the simulations: Mitochondrial H" and Na* handling — mitochondrial model

Symbol Value Units Description Reference
5H 1x10° dimensionless  mitochondria H* buffering (2)
capacity
Ka,app 4.17x107 ADP dissociation constant (2)
Kaate 3.31x10” ATP dissociation constant (2)
Kapi 1.78x10” Pi dissociation constant (2)
Kmg,atp 6.46x107 Mg“ATP dissociation constant (2)
Kmg,aop 5.62x10™ Mg**ADP dissociation constant (2)
Ka.suc 6.3x10°® Ka of succinate dissociation (2)
constant
Kan,o 1x10™ M dissociation constant for water (2)
[H*], 1x10™ mM cytosolic H" concentration (2)
[Na*], 10 mM cytosolic Na* concentration (2)*
[Ca2+]i 1x10™ mM cytosolic Ca** concentration (2)

[ADP]; 0.0171.0 mM cytosolic ADP concentration (2)




Table 15 Parameter values used in the simulations: Mitochondrial H" and Na* handling — cellular model

Symbol Value Units Description Reference
[Na*], 5-15 mM cytosolic Na* concentration (15)
[Ca*'], 1x10™ mM diastolic cytosolic Ca** (2)

concentration

Control Nai is 5mM, heart failure simulations used 15mM.

Table 16 Parameter values used in the simulations: ROS transport — mitochondrial and cellular models

Symbol Value Units Description Reference
a 1x107 dimensionless Basal IMAC conductance (2)
b 1x10" dimensionless Activation factor by cytoplasmic (2)
0,"
Kee 1x107 mM Activation constant by cytoplasmic  (2)
0,"
GL 3.5x10® Integral conductance for IMAC (2)
G max 3.9085x10°® Leak conductance of IMAC at (2)
saturation
K 7.0x107 mv* Steepness factor (2)
AYR 4 mV Potential at half saturation (2)
j 0.1 dimensionless Fraction of IMAC conductance (2)
RT 26.730818 (2)
F
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