Supplementary information

S1 Base model formulation

In this note, the formulation of the hiPSC-CM base model used in the sim-
ulations of the paper will be described. The model formulation can also be
found in [I]. In the formulation, the membrane potential (v) is given in units
of mV, and the Ca?* concentrations are given in units of mM. Furthermore,
the currents are given in units of pA/uF, and the Ca®T fluxes are given in
mmol/ms per total cell volume (i.e., in units of mM/ms). Time is expressed

in ms. The parameters of the model are given in Tables

S1.1 Total membrane current

The total currents across the membrane is given by

Iion :INa + [NaL + ICaL + [to + [Kr + [Ks + [Kl

1
+ Inaca + INak + Ipca + Toct + Ihca + I, @

where Ina, INaL, LcaL, fto, Tkr, Tks, Tk1, INaCas INaxs Ipca, Ibct, Thca, and Iy
are membrane currents that will be specified below.

In pure ODE simulations of the base model, the membrane potential is
governed by ;

v
dt - (Lon + [stun)a (2)

where I, is an applied stimulus current. Note here that all the currents in
Lion are scaled by the specific membrane capacitance, C,, in units of uF/ cm?.
Therefore, I,, could be written as I[;,, = élzon, where fion is given in units
of pA/cm?.



In bidomain-base model simulations, [, is included in the bidomain
model

XChn (% + Lion(v,8) + ]Stim> =V (0;Vv)+ V- (0;Vu,), (3)
0=V-(o;Vv)+ V- ((0;+0.)Vu.), (4)

Js
5= F(v,s). (5)

S1.2 Membrane currents

In general, the currents through the voltage-gated ion channels on the mem-
brane are given on the form

I = gO(’U _E>7

where ¢ is the channel conductance, v is the membrane potential and FE is
the equilibrium potential of the channel. Moreover, o = [], 2; is the open
probability of the channels, where z; are gating variables, either given as an
explicit function of v or governed by equations of the form

z = i(Zi,oo — 2i). (6)

Zi

The parameters 7,, and z; o, for each of the gating variables of the base model
are specified in Table [S7]

S1.2.1 Fast sodium current

The formulation of the fast sodium current is based on the model in [2],
adjusted to support slower upstroke velocities that are more similar to those
observed in the optical measurements of hiPSC-CMs. The current is given
by

INa = gNaONa(U - ENa)- (7)

Here, the open probability is given by
ONa = M7, (8)

where m and j are gating variables governed by equations of the form @



S1.2.2 Late sodium current

The formulation of the late sodium current, Iyap, is based on [3], and the
current is given by

INaL = gNaLONaL(V — ENa). 9)
Here, the open probability is given by

ONaLL = mLhLa (10>

where my, and hj, are gating variables governed by equations of the form (@

S1.2.3 Transient outward potassium current

The formulation of the transient outward potassium current, I, is based on
[4], and the current is given by

Ito = gtooto(v - Eto)- (11)
Here, the open probability is given by
Oto = GtoTto, (12>

where ¢, and 7, are gating variables governed by equations of the form @

S1.2.4 Rapidly activating potassium current

The formulation of the rapidly activating potassium current, Ik, is based on
[M], and the current is given by

I, = gKrOKr(U - EK) (13)

Here,
OKr = TKr1TKr2, (14)

where the dynamics of xk,; and zk.o are governed by equations of the form
S1.2.5 Slowly activating potassium current

The formulation of the slowly activating potassium current, [ks, is based on
[2], and the current is given by

[Ks = gKSOKS(U - EKS) (15)

Here,
OKs = T, (16)

where the dynamics of zkg is governed by an equation of the form (@
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S1.2.6 Inward rectifier potassium current

The formulation of the inward rectifier potassium current, Ik, is based on
[2], and the current is given by

[Kl = gKloKl(U — EK) (17)
Here,
a1
[0) = —7 18
o ax1 + bk (18)
1
a1y = (19)

1+ e02(v—Ex—59)°
0.560.08(’0—EK+5) 4 60.06(U—EK—594)

b1 = 1+ ¢ 05(v—Ex+5) (20)

S1.2.7 Hyperpolarization activated funny current

The formulation for the hyperpolarization activated funny current, I, is
based on [4], and the current is given by

It = grog(v — Ef). (21)

Here,
or = Iy, (22)

where the dynamics of z; is governed by an equation of the form @

S1.2.8 L-type calcium current

The formualtion for the L-type calcium current, Ic,,, is based on the formu-
lation in [2], and the current is given by

2F)20 0.341cqe 7 — 0.341c,
(
RT ert — 1 '

ICaL = JCaLOCaL (23)

Here,

OCal, = df(l - fCa)> (24)

where the dynamics of d, f and fc, are governed by equations of the form

().



S1.2.9 Background currents

The formulation of the background currents, I,c, and I, are based on [2],
and the currents are given by

Ihca = gvca(v — Eca), (25)
Il = gva1(v — Eqy). (26)

S1.2.10 Sodium-calcium exchanger

The formulation of the sodium-calcium exchanger current, Inaca, is based on
[2], and the current is given by

7T [Nat]3c, — R o [Na®]2cy

SNaCa (1+ (Kact) ) (1+ksate(V Rl%Fv)

[NaCa == I_NaCa (27)

Here,

Cs
SNaCa = KCaz Na <1 + K ) + Kl% eCsl (1 + Kcl )
Na,i a,i

+ KCae Naﬂf —|— ] [Na ] Cql.

S1.2.11 Sarcolemmal calcium pump

The formulation of the current through the sarcolemmal calcium pump, I,ca,
is based on [2], and the current is given by

62

IpCa = Ip —SI (28)

Ca7-5 P
KpCa + Csl

S1.2.12 Sodium-potassium pump

The current through the sodium-potassium pump, Inak, is based on [2], and
the current is given by

Jnak [K*]e

Inak = Ina . 29
Nalt T K (KK) [KHe + K. (29)
1+ ’
Na+]
Here,
1 0.037 [Nat]e Fo
= _ e 7 — 1) e wr. 30
Frac 1+012e 0% 7 ( ) (30)



S1.3 Calcium dynamics

The calcium dynamics of the base model are governed by the following system
of equations:

% = Vid(‘]CaL —Jy—J3), % - Vid‘]g’ (31)
S = T T, 3
Cgf = %(Js — b, i;; = %Jéﬁ (34)
dn = ). (35)

Here, ¢, is the concentration of free calcium in the dyad, by is the concentra-
tion of calcium bound to a buffer in the dyad, ¢, is the concentration of free
calcium in the sub-sarcolemmal (SL) compartment, by is the concentration
of calcium bound to a buffer in the SL compartment, c. is the concentration
of free calcium in the bulk cytosol, b, is the concentration of calcium bound
to a buffer in the bulk cytosol, ¢, is the concentration of free calcium in the
junctional sarcoplasmic reticulum (jSR) compartment, b, is the concentra-
tion of calcium bound to a buffer in the jSR, and ¢, is the concentration
of free calcium in the network sarcoplasmic reticulum (nSR) compartment.
Below, each of the calcium fluxes will be specified.

S1.3.1 Flux through the SERCA pumps

The formulation of the flux from the bulk cytosol to the nSR through the
SERCA pumps is based on [2] and is expressed by

(36)

Flux through the RyRs The flux from the jSR to the SL compartment
is given by
T3 = Tryr + Jicaks (37)



where Jgyr is flux through active RyR channels and Jieqi is flux through RyR
channels that are always open, given by

JRyr =p -7 - aRyR(Cs - Csl)a (38)

Jieak = YRyR * ORyR(Cs — Cs1), (39)

respectively. Here, p represents the open probability of the active RyR chan-

nels, and this is given by
3
€4
= —. 40
P 03 + lidRyR ( )

Furthermore, r is the fraction of RyR channels that are not inactivated and
is governed by the equation

dr JRyR TIRyR
- = + ——(1 7). 41
o Ban P (1—r) (41)

See [I] for a derivation of these expressions.

S1.3.2 Passive diffusion fluxes between compartments

The formulation of the passive diffusion fluxes between compartments are
based on e.g. [2], and the fluxes are given by

Jg = aglca — ), (42)
Ja = ag(ca — o), (43)
Jr = a; (e, — cs). (44)

S1.3.3 Buffer fluxes

The formulation of the fluxes of free calcium binding to a calcium buffer are
based on e.g. [2], and the fluxes are given by

Jy = Va(k&,ca(BL, — ba) — kzba), (45)
JY = Va(k ca(Bgl — ba) — kgba), (46)
Jf = Vr:(kgnCC(Btcot - bC) - kgﬁ“bC>7 (47)
J? = Vi(kies( By — bs) — klgbs). (48)



S1.3.4 Membrane fluxes

The membrane fluxes, Jcar,, Joca, Jpca, and Jyaca, are given by

a:——[a7 Ja:——[ a 4
Jcar, Sp Lot pC o e (49)
cha oF bCas JNaCa F NaCay (50)

(see [1]). Here, Icar, Ivca, Ipca, and Inaca are defined by the expressions
given above. Note also that J* is defined by

I = Ixaca + Jpca + Joca (51)

S1.4 Nernst equilibrium potentials

The Nernst equilibrium potentials for the different types of ion channels are

defined as
RT [Na*],
En, = —1 , 52
= o (o) o
RT [Ca?t],
ECa = ﬁ lOg Cu ) s (53)

RT . ([K*]e + 0.018[Na'],
Bre = 21 , 55
K= 28 UK + 0.018[Na™]; (55)
RT  [[CI*],
Er =1 56

for the parameter values given in Table [S2]



Parameter | Description Value
Vy Volume fraction of the dyadic subspace | 0.001
Vi Volume fraction of the SL compartment | 0.028
V. Volume fraction of the bulk cytosol 0.917
Vs Volume fraction of the jSR 0.004
V., Volume fraction of the nSR 0.05
X Cell surface to volume ratio 0.9 pm™!

Table S1: Geometry parameters of the hiPSC-CM base model.

Parameter | Description Value
Cn Specific membrane capacitance 0.01 pF/pm?
F Faraday’s constant 96.485 C/mmol
R Universal gas constant 8.314 J/(mol-K)
T Temperature 310 K
[Ca®t], | Extracellular Ca?* concentration 0.42 mM
[Na®]. | Extracellular sodium concentration 140 mM
[Nat]; Intracellular sodium concentration 8 mM
[K*]. Extracellular potassium concentration | 5 mM
[K*]; Intracellular potassium concentration | 120 mM
[Cl7]. Extracellular chloride concentration 150 mM
[C17]; Intracellular chloride concentration 15 mM

Table S2: Physical constants and ionic concentrations of the base model.



Parameter | Value Parameter | Value
gNa | 2.6 mS/uF gcar | 1.8 nL/(uF ms)
gNar | 0.03 mS/uF gbca | 0.0005 mS/uF
Gto | 0.21 mS/uF Inaca | 9.4 pA/uF
gk: | 0.075 mS/uF Ioca | 0.12 pA/uF
gks | 0.0127 mS/uF Jsgrca | 0.00016 mM /ms
gk1 | 0.05 mS/uF agyr | 0.0052 ms™!
g | 0.012 mS/uF a§ | 0.0027 ms™!
gvcr | 0.0001 mS/uF a$ | 0.3 ms™
Inag | 1.9 puA/pF a? | 0.0093 ms™!

Table S3: Conductance values and similar parameters for each of the mem-
brane currents and intracellular calcium fluxes of the hiPSC-CM base model.

Parameter | Flux | Value
K. S 0.00025 mM
K, J7 1.7 mM
BryR Jst 1 0.0265 mM
TRyR J;l 0.001
KRRyR JRyR 0.015 mM
RyR J;l 0.00001 ms™—!

Table S4: Remaining parameters for the intracellular calcium fluxes of the
base model.
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Parameter | Current | Value
Esat INaca 0.3
v INaca 0.3
Kot INaca 0.00015 mM
Kca,i INaca 0.0036 mM
Kcae INaca 1.3 mM
Kyaji INaca 12.3 mM
KNa,e ]NaCa 87.5 mM
Kg;}i{ [NaK 11 mM
Kx e Inak 1.5 mM
pCa Ihca 0.0005 mM

Table S5: Remaining parameters for the membrane currents of the base
model.

Parameter | Compartment Value
B, Bulk cytosol 0.063 mM
ke, Bulk cytosol 40 ms~'mM~!
kg Bulk cytosol 0.03 ms™!
B2, Dyad 2.7 mM
ke Dyad 100 ms™'mM~*
ks Dyad 1 ms™!
B:, Subsarcolemmal space | 1.45 mM
kst Subsarcolemmal space | 100 ms™'mM~*
kgL, Subsarcolemmal space | 0.15 ms™*
B, Junctional SR 60 mM
ks, Junctional SR 100 ms™'mM~*
kg Junctional SR 65 ms™*

Table S6: Parameters for the Ca?t buffers of the base model.
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Current | Gate 2o (0% /Bz T
m SR — 0.13¢((0+46)/10) 0.06¢((w-9)/5° o + B
(1+ E(474)/9)2
ifo> —s +0.06v
INa . 0, if v > —40 0.6¢  ifu> 40
] o —2.5.10%02v . 1+ e 01(u+32) 1
J (1 + etw72/7)? ( 7. 10*%*0“%’) (v+38) i 0.02¢0-01v herwis a; + B;
15 03=79) , otherwise 1 00T 10)" otherwise
m ; ; 8 GP7(1*+77)/U a,, + py
L 11 o—i-0/5 6.8c0+1D/B e Vo + B
Inar L 1
L 1 + c(v+88)/75 200 ms
1 1- e’%s
d T — i
1+ e~(v+5)/6 0.035(v + 5) Qoo
I f 1 0.6 1 |
CaL 1+ e@+35)/9 * 1 4 (50-v)/20 0.02e—(0-034(v+14.5%) 4 () 02 Qg
f 1.7(Zd 1
Ca 1.7¢4 +0.012 1.7¢4 +0.012 aca
1 39 X )
o 1+ e F53)/13 0.57e~0-08(v+44) 4 (). 065¢0-1(v+46) 6 Qg + By
Lo 1 14.4 ;
Tto m £0-09(v+30.61) + 0.37e—0-12(v+24) 2.75 Qg + Pryg
1 450 6 3
I 1 3 112
TKr2 T+ crs8/50 1+ e (ore0/20 T+ ev-60)/20 Oz Prgcn
T 1 990
Ks | TKs T e raoym T oy O,
T T 1 1900
f f 1+ e+78)/5 1 + e(v+15)/10 Qe

Table S7: Specification of the parameters 2z, and 7, for z =m, j, mp, hy, d,
f, fca, Gros Ttos Trl, TKr2, TKs and x¢ in the equations for the gating variables

of the form @
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