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A novel ionic model for matured and paced atrial-like hiPSC-CMs
integrating Iy, and Ixc, currents

Appendix A — List of the currents

1 Membrane currents

Ine Nat current
Ingr late Nat current
Iy funny current
Icqr L-type Ca?t current
I, transient outward K+ current
I, rapid delayed rectifier K+ currents
Ixs slow delayed rectifier K™ currents
Inaca Nat/Ca?t exchanger
Inoix Na®™ /KT pump
I,cq sarcolemmal Ca2* pump
Iyne NaT background current
Iyca Ca2t background current
Ix1 Ca?t time independent inward-rectifier KT current
Irur Ca2t ultrarapid delayed rectifier current

Ixca Ca?t small conductance Ca’T activated KT channel current

2 Fluxes from the SR

I..; RyR—sensitive release current

up Sarco-Endoplasmic Reticulum Ca?t ATPase (SERCA) pump

Iieqr leakage current
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Appendix B — List of the equations

V. membrane potential in Volt.
VmV: membrane potential in milliVolt.
t: time simulation in seconds.

1 Constants

Extracellular ionic concentrations

Na, = 154.0 (mM)
K,=4.0 (mM)
Ca, =2.0 (mM)

Cell size and dimensions

Cpn, = 78.6672 - 10712 (F)
V,=7012-10718  (m?)
Vs = 465.199 - 10718 (m?)

Maximum conductances and currents

gne = 9.8001 - 103 (S/F)

gNar = 13.3509 (S/F)

gcar = 745-107° (m?®/(F x s))
Jto = 59.45 (S/F)

gxr = 16.8723 (S/F)

gxs = 2.0856 (S/F)

gx1 = 0.169 (S/F)

6y =259 (A/F)

Pyox = 2.2718 (A/F)

Knaca = 3450.7 (A/F)
Ircl,maz = 75.4190 (mM/s)
Vinaz,up = 0.3226 (mM/s)
Leak,mar = 448209 -107%  (1/s)
9pca = 0.4570 (A/F)

gpNg = 1.14 (A/F)

gvoq = 0.114 (S/F)

coeffgyr = 3.5 (S/F)

grxca = 0.0754 (S/F)

Other constants

Buf.=025  (mM)

Bufy, =10  (mM)

Kbufc =0.001 (mM)
Kbufsr =0.3 (mM)

Kup = 4404251074 (mM)
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Kyca =0.0005  (mM)

F =96485.3415  (C/mol)
R=8314472  (J/(mol x K))
T=310 (K)

Lo =0.025 (dimensionless)
Q=23 (dimensionless)
Pipa = 0.03 (dimensionless)
K =0.1 (dimensionless)
Kpca =138  (mM)

Kpnai =875 (mM)

KCayy, = 47.0-10° (dimensionless)
KCanps =13.0 (dimensionless)
a = 2.16659 (dimensionless)
~=0.35 (dimensionless)
KmNa =40 (mM)

KmK =1 (mM)

RyR,1 = 0.1034 (uM)
RyRgas = 0.050001 (M)
RyRa,;mlf = 0.02632 (,uM)
RyRo,half = 0.00944 (/LM)
RyRc hary = 0.00167 (uM)

Initial conditions of state variables

Vo = —0.000881 (V)

Ca; = 0.037448  (mM)

Casp = 3.6588 - 10~° (mM)

Na; = 14.965  (mM)

ho = 0.97337 (dimensionless)

Jo = 0.97417 (dimensionless)

mo = 0.0095894 (dimensionless)
mLy = 0.00010885 (dimensionless)
hLy = 0.62555 (dimensionless)

do = 5.3393 - 10~° (dimensionless)
fCap =0.99784 (dimensionless)
flo =0.92525 (dimensionless)
f2o=1 (dimensionless)

ro = 0.0023722 (dimensionless)

qo = 0.94897 (dimensionless)
Xrlp=4.1005-10"" (dimensionless)
X129 =0.51485 (dimensionless)
Xso =0.011706 (dimensionless)
X fo = 0.51263 (dimensionless)
RyRap = 0.098182 (dimensionless)
RyRoy = 3.6293 - 10~ 11 (dimensionless)
RyRco = 0.98473 (dimensionless)
Ugo = 0.29749 (dimensionless)

w0 = 0.99544 (dimensionless)

Oy = 0.0049931 (dimensionless)



2 Model’s equations

Membrane Potential
dVv
g = _Iion :_IKI - Ito - IKT - IKS - ICaL - INaK - INa - INaL

_INaCa - IpCa - If - IKu'r - IKCa - IbNa - IbCa + Istim

Na™ current, Ing

INu:gNa'mg'h'j'(V_ENa)

Ina, h gate
1
hinf -
1+ exp (Vmytess)
0.034 0.0002
7, = 0.00007 + — _ .
o exp (Tt oxp (— V25 T (— VD)
dh Ry —h
dt Th
INa7 .7 gate
jinf = hinf
1.5 0.02
7 = 0.007 + n
J 1+ exp (VD) - oxp (~VREE) 1 e (—VREET)
4 _ Jing —J
dt Tj
Ing, m gate
1
Minf = — 7.~
1+ exp (3914;2)
VmV + 48)2 0.000045
7 = 0.00001 + 0.00013 - exp | — V™ - )
15 1+ exp (%5‘*42)

dm  minp —m

dt Tm

Late Na+current, Inar

INg = gNar, - mL? - hL - (V — En,)

Inar, hL gate

1
it = U o (CEEAT))
Thl = 0.2 (S)
dhL  hLins — hL
dt - ThL



Inar, mL gate

1
mLiny = —Vmv—4285
1 4 exp ( 5561 )
1
UL, =
L= 1 +exp( —60— VmV)
3 0.1 n 0.1
mL —
1+ exp ((Vm\g+35)) 1+ exp ((Vm\go 50))
TmL = OmL * ﬂmL
L Lin+ —mL
dml _ oo, Ming —mL
dt TmL

L-type Ca®t current, Ic,p
4-V-F%. goar, (Ca;-exp 2RVTF)70341 Ca,)

Icar = . -d-f1-12-fCa
CalL R-T exp 2RVTF) f f f
Icar, d gate
1
din
= 1—|—exp( va 91)
L4 +0.25
Qg = 35V .
T+ exp (25727
1.4
ﬁd - 1+€Xp(V"L;/+5)
1
Vd = 1+ exp (22-122Y)
Tq = 0q - fq+7a
dd dint —d
% _1000. 20—
dt T4

ICaL7 fCa gate

1
OfCa = — %
Ca;
L+ (0.0006)
3 0.1
fCa = Ca;—0.0009
L+ exp ( 0.0001 )
0.3
VfCa = Ca;—0.00075
L+ exp ( 0.0008 )
afca + Brca +Vfca
C inf —
fCing 1.3156
TfCa = 0.002 (S)
dfCa fCainy — fCa
——— = constscy — 2 ———
de¢ TfCa
_J o, if fCainy > fCa and VmV > —60 (mV)
constica = { 1, otherwise



Icar, f1 gate

1
flinf =

(Vm‘g+26)

1+ exp

(V+ 50)2> 200 280
T ( 5 exp( & T+ e (13 V) oo (30 V) constey

consty = 1.35- [1+ 1433 (Ca; —50-107°)], if dfl )
n L, otherw1se

dft g0, fLing = fL
dt Tf1

Icar, f2 gate

0.67

Qinf = +0.33
f2ing 1 + exp (VmZ+32)

(V+ 50)2) 31 1

Tro = 600 -exp [ — + - + -

f2 P < 400 L+exp (B5Y) 1 +exp (22
drf2 2 2
472 0. S2mr =12

dt Tf2

Transient outward current, I;,

Ito:gto'r'Q'(V_EK)

Ii,, T gate
1
Tinf = 22.3—VmV
1+ exp (#955™)
14.40516
Tr = 037 . 009 (VmV+30.61) 4 (0.369 . e—0-12-(Vmv+23.80) T 2.75352
d nf —
& 1000 nt =T
dt Tr
I, q gate
' 1
Qinf = 1+ exp (va+53)
39.102
- +6.06
0.57 - exp (—0.08 - (VmV + 44)) 4+ 0.065 - exp (0.1 - (VmV + 45.93))
0 _ g Gins 4
dt Tq

Rapid delayed rectifier K* current, Ik,

| Ko
IKr - QXT].X?"Q(V—EK)



Ig,., Xrl gate

R-T (14 Sae)*
Vhatf,xr1 = 1000 - (— -In ( ) — 0.019)
F. Q LO . ( + Ca, )4

0.58

1
X?"linf = Viaif,xr1—VmV
I+exp|—"F5—
450
axrl = 1+exp(M)
6
Bxr1 =

1+ exp (VmV+30)

Txrl = 0xr1 " Bxr1

dXrl — 1000- Xrlypy — Xrl
dt TXrl

Ix,., Xr2 gate

1
X’I“2in
F=3 T exp (vmv+88)
3
O[XA =
r2 1+ exp (_GOEX"LV)
1.12
5Xr2

14+ exp (VmV 60)

TXr2 = Qxr2 - Bxr2

dXr2 — 1000 - Xr2ipp — X12
d TXr2

Slow delayed rectifier K™ current, Ik,

0.6
Igs = grs- Xs*- | 1+ -(V = Egs)

14 <3.8-10*5 ) L4
Caz-

Iks, Xs gate
1
Xsin
f= 1+exp( —20— VmV)
1100
axs =
\/1 + exp (71076VmV)
1
Bxs = 1+exp(va 60)
TXs = QXs 6Xs
dXx Xsinr—X
5 _1000. 25inf — 25
dt TXs

Inward rectifier KT current, Ik,

J0-4457 V - Bk

I'x1 =gk - 1.0 + el -5(V—Ex+3.6)F/RT




Hyperpolarization activated funny current, I

fna =037

fNa=1-fna

Itk = fx -Gy - (V — Ek)

ItNa = fNa -Gy Xfing - (V — Ena)
Ip =1 +1Ifng

Iy, Xfgate
X fing = ! :
14 exp (L/m\g%g)
- 5600 — exp (VmV + 65)
1+exp (7‘/7”‘;“"’) 19
% = 1000 - Xf"Tf;;Xf

Na® component of I £
IfNa =0.42 cgf - Xf . (V — ENa)

Na®/K* pump current, Ingx
K(, . Nai
Ko+Kmkx  Nai+Kmna

1+ 0.1245 - exp (Z2LVE) 10,0353 - exp (4L

Inex = 1.3 Pyak -

Nat/Ca®t exchanger current, Inuca

KNaca - (exp (%) -Na} - Ca, — exp (%) “Na3-Ca; - a)

INaca = (y—)VF
(K3 nas + Na3) - (Kpnca + Cay) - (1 + Kat - exp (Hﬁ))

mNai

Small conductance Ca®t activated KT channel, ITxc,

1

’ V—FEx-1034+120.0
1 +exp(—" F5—)

]KCa:gKCa'O (V—EK103)

Ikca, O gate

d
d—(t) =(1-0) ~KC’am,,«C’a% —O0-KCaysy



Ultrarapid delayed rectifier current, I,

Ikur = gKur - Ug s U - (V — Bk - 103)

0.05
Jrcur = coeffiyy - l0.00S + >]

1.0 + exp (f V1_318'0

Iur, u(a) gate

V +10.0 vV -30.0\]""
au(a) = 065 |:eXp (_85> + exp (_590)]

V+82.0:| -1

Bu(a) =0.65- [2.5 + e~ 170

S Kq 10
u(a) Aoy (a) + ﬂu(a)
vV +30.0\]""
Ug(oo) = {1.0 + exp <_96>}

dua o ua(oo) — Uq

dt N Tu(a)

Ikor, u(i) gate

VvV —185.0\1"
) = {21.0 +exp ()]

28.0
V +158.0.0
Bu(iy = exp (_160>
S Kqg 10
" o)+ Bu
vV —99.45\1""
Uj(oo) = [1.0 + exp (—2748)]

du;  Uioo) — Ui

dt Tu(i)

Ca*' pump current, I,ca

I _ 9pCa - Ca;
pCa Ca; + KpCa

Na™ dynamics

dNa; c Ana+Inar +IfNa + Ihva + 3INak + 3INaca

e " F-V,

Background currents

Itna = gona - (V — Eng)
Iyca = 0.1 gyca - (V — Eca)



Ca?" dynamics

1
RyR =1-
YIcaSR 1+ exp (CGSO}H_OB)
RyR 2
RyRains = RyRay — 1ooo~oaa,»—RyRa hals
1 +exp ( 0.0082 )
TRyRa = 1 (S)
dRyRa  RyRa;,; — RyRa
dt TRyRa
1
R
RyROan 1+ exp (1000~Caif(ROy'é?Ot?LRyRo,half))

- _J 1875, if (RyRoiny > RyRo)
RyRo =1 1.875, otherwise

d inf —
RyRo 1000 - RyRoiny — RyRo
dt TRyRo
RyRcins = 1
yieng = 1+ exp (10000“1‘*(%?{g)a;rRyRc,hazf))

[ 175.0, if (RyRciny > RyRc)
TRyRe = 1 875 otherwise
d RyRcins — R
RyRc — 1000 - YyReinys yRc
dt TRyRc
Iner = I’r‘el,ma:c . RyRC’aSR ' RyRO . RyRC ' (CaSR - Caz)

I = Vmaw,up
up

= 307
1+ ng
Tiear = Ileak,maw : (CGSR - Cai)
1

Cagy,y. = 14 BufeKpuge

(CaitKpus.)?

1
Cas’l“bufsr = 1+ M
(Casr+Kbuf,)?
dCa; (Ucar + Ioca + Ipoy =2 - INaca)
dt - =Cay,, . - <Ileak —Lup + Irey — “2 . ch-cF = Cm

dCasr _ Casrbufs Ve
e Var

: (Iup - (Irel + Jeak ))

Reversal potentials

R-T Na,
Eng = —— .1
Na F nNai
R-T . K,
Ex=— " .In=2
K=" "M
. _RT | Kot P Na
Ks = ™p K; + Popy - Na;
05-R-T . Ca,
Eog = ——27
= F nC’ai

E;=—0017 (V)



Stimulus current, I.;,,
Topp = 1.41- 1077 (A)

Istim,period =1

Istim,duration =2 (ms)
. t
Ia if 0 S t— Llij S Istim,duration
., _ PP stim,period
consty; = .
0, otherwise
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