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Appendix S1. Equations used in the model simulations.

L-type Calcium current – ICaL

ICaL = ḡCaLd
2fCa(0.8f1 + 0.2f2)(V − ECaL) (10)

fCa =
1

1 +

(

[Ca2+]i

Kd,CaL

)4 (11)

d∞ =
1

1 + exp

(

− (V + 22)

7

) (12)

f∞ =
1

1 + exp

(

V + 38

7

) (13)

τd = 2.29 +
5.7

1 +

(

V + 29.97

9

)2 (14)

τf1 = 12ms (15)

τf2 = 90.97













1−
1

(

1 + exp

(

V + 13.96

45.38

))(

1 + exp

(

− (V + 9.5)

3.39

))













(16)

dd

dt
=

d∞ − d

τd
(17)

df1

dt
=

f∞ − f1

τf1
(18)

df2

dt
=

f∞ − f2

τf2
(19)
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Sodium current – INa

INa = ḡNam
3h(V − ENa) (20)

ENa =
RT

F
ln

(

[Na+]o

[Na+]i

)

(21)

m∞ =
1

1 + exp

(

− (V + 35.96)

9.24

) (22)

h∞ =
1

1 + exp

(

V + 57

8

) (23)

τm = 0.25 +
7

1 + exp

(

V + 38

10

) (24)

τh = 0.9 +
1002.85

1 +

(

V + 47.5

1.5

)2 (25)

dm

dt
=

m∞ −m

τm
(26)

dh

dt
=

h∞ − h

τh
(27)
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T-type Calcium current – ICaT

ICaT = ḡCaTb
2g(V − ECaT) (28)

b∞ =
1

1 + exp

(

− (V + 54.23)

9.88

) (29)

g∞ = 0.02 +
0.98

1 + exp

(

V + 72.98

4.64

) (30)

τb = 0.45 +
3.9

1 +

(

V + 66

26

)2 (31)

τg =













150−
150

(

1 + exp

(

V − 417.43

203.18

))(

1 + exp

(

− (V + 61.11)

8.07

))













(32)

db

dt
=

b∞ − b

τb
(33)

dg

dt
=

g∞ − g

τg
(34)
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Hyperpolarisation-activated current – Ih

Ih = ḡhy(V − Eh) (35)

Eh =
RT

F
ln

(

[K+]o + (PNa/PK)[Na
+]o

[K+]i + (PNa/PK)[Na
+]i

)

(36)

y∞ =
1

1 + exp

(

V + 105.39

8.66

) (37)

τy =
1

3.5e−6 exp (−0.0497V ) + 0.04 exp (0.0521V )
(38)

dy

dt
=

y∞ − y

τy
(39)
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Voltage dependent potassium current – IK1

IK1 = ḡK1q
2(0.38r1 + 0.62r2)(V − EK) (40)

EK =
RT

F
ln

(

[K+]o

[K+]i

)

(41)

q∞ =
1

1 + exp

(

− (V + 18.67)

26.66

) (42)

r∞ =
1

1 + exp

(

V + 63

6.3

) (43)

τq =
500

1 +

(

V + 60.71

15.79

)2 (44)

τr1 =
5e4

1 +

(

V + 62.71

35.86

)2 (45)

τr2 = 3e4 +
2.2e5

1 + exp

(

V + 22

4

) (46)

dq

dt
=

q∞ − q

τq
(47)

dr1

dt
=

r∞ − r1

τr1
(48)

dr2

dt
=

r∞ − r2

τr2
(49)
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Voltage dependent potassium current – IK2

IK2 = ḡK2p
2(0.75k1 + 0.25k2)(V − EK) (50)

p∞ =
1

1 + exp

(

− (V + 0.948)

17.91

) (51)

k∞ =
1

1 + exp

(

(V + 21.2)

5.7

) (52)

τp =
100

1 +

(

V + 64.1

28.67

)2 (53)

τk1 = 1e6













1−
1

(

1 + exp

(

V − 315

50

))(

1 + exp

(

− (V + 74.9)

8

))













(54)

τk2 = 2.5e6













1−
1

(

1 + exp

(

V − 132.87

25.40

))(

1 + exp

(

− (V + 24.92)

2.68

))













(55)

dp

dt
=

p∞ − p

τp
(56)

dk1

dt
=

k∞ − k1

τk1
(57)

dk2

dt
=

k∞ − k2

τk2
(58)
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Transient potassium current – IKa

IKa = ḡKasx(V − EK) (59)

s∞ =
1

1 + exp

(

− (V + 27.79)

7.57

) (60)

x∞ = 0.02 +
0.98

1 + exp

(

V + 69.5

6

) (61)

τs =
17

1 +

(

V + 20.52

35

)2 (62)

τx = 7.5 +
10

1 +

(

V + 34.18

120

)2 (63)

ds

dt
=

s∞ − s

τs
(64)

dx

dt
=

x∞ − x

τx
(65)



8

Calcium-activation potassium current – IK,Ca

IK(Ca) = ḡK(Ca)(paIα + pbIαβ1) (66)

Iα = xα(V − EK) (67)

zα =
8.38

1 +

(

1000[Ca2+]i + 1538.29

739.06

)2 −
0.749

1 +

(

1000[Ca2+]i − 0.063

0.162

)2 (68)

V0.5,α =
5011.47

1 +

(

1000[Ca2+]i + 0.238

0.000239

)0.423 − 37.51 (69)

SSα =
1

1 + exp

(

−

zαF (V − V0.5,α)

RT

) (70)

τα =
2.41

1 +

(

V − 158.78

−52.15

)2 (71)

dxα

dt
=

SSα − xα

τα
(72)

Iαβ1 = xαβ1(V − EK) (73)

zαβ1 =
1.4

1 +

(

1000[Ca2+]i + 228.71

684.95

)2 −
0.681

1 +

(

1000[Ca2+]i − 0.219

0.428

)2 (74)

V0.5,αβ1 =
8540.23

1 +

(

1000[Ca2+]i + 0.401

0.00399

)0.668 − 109.28 (75)

SSαβ1 =
1

1 + exp

(

−

zαβ1F (V − V0.5,αβ1)

RT

) (76)

ταβ1 =
13.8

1 +

(

V − 153.02

66.5

)2 (77)

dxαβ1

dt
=

SSαβ1 − xαβ1

ταβ1
(78)
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Background current – Ib

Ib = ḡb(V − EK) (79)

Calcium-activated chloride current – ICl(Ca)

ICl(Ca) = ḡClc(V − ECl) (80)

ECl =
RT

F
ln

(

[Cl−]i

[Cl−]o

)

(81)

K1,Cl = 0.0006 exp

(

2.53FV

RT

)

(82)

K2,Cl = 0.1 exp

(

− 5FV

RT

)

(83)

c∞ =
1

1 + K2,Cl





(

K1,Cl

[Ca2+]i

)2

+
K1,Cl

[Ca2+]i
+ 1





(84)

τc =
210

1 + exp

(

V + 4.56

11.62

)+
170

1.0 + exp

(

− (V + 25.5)

11.62

)− 160 (85)

dc

dt
=

c∞ − c

τc
(86)
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Non-selective cation current – INSCC

INSCC = gNSfMg(V − ENS) (87)

gNS = ḡNS

[

0.5g([Ca2+]o) + g([Na+]o) + 1.19g([K+]o)
]

+ ḡL (88)

g([X]o) =
1

gs

0.03

1 +

(

150

[X]o + 10−8

)2 , gs =

{

0.000525 if ion is Ca2+

0.0123 otherwise
(89)

fMg = 0.1 +
0.9

1 +

(

[Mg2+]o

Kd,Mg

)1.3 (90)

ENS =
RT

F
ln









PNa

PCs
[Na+]o +

PK

PCs
[K+]o +

4P ′

Ca

PCs
[Ca2+]o

PNa

PCs
[Na+]i +

PK

PCs
[K+]i +

4P ′

Ca

PCs
[Ca2+]i









(91)

P ′

Ca =
PCa

1 + exp

(

V F

RT

) (92)
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Sodium potassium pump current – INaK

INaK = ḡNaK fNaK kNaK nNaK (93)

fNaK =
1













1 + 0.125 exp

(

− 0.1V F

RT

)

+

0.00219 exp

(

[Na+]o

49.71

)

exp

(

− 1.9V F

RT

)













(94)

kNaK =
1

1 +

(

Km,K

[K+]o

)nK
(95)

nNaK =
1

1 +

(

Km,Na

[Na+]i

)nNa
(96)

[Ca2+]i dynamics

d[Ca2+]i

dt
= −(JCa,mem + JNaCa + JPMCA) (97)

Ca2+ flux from plasma membrane Ca2+-ATPase – JPMCA

JPMCA =
J̄PMCA

1 +

(

Km,PMCA

[Ca2+]i

)nPMCA
(98)
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Ca2+ flux from sodium calcium exchanger – JNaCa

JNaCa =
J̄NaCa fallo

(

[Na+]3i [Ca
2+]of2,NaCa − [Na+]3o[Ca

2+]if1,NaCa

)

(1 + ksatf1,NaCa)























Km,Cao[Na
+]3i +K3

m,Nao[Ca
2+]i+

[Ca2+]o[Na
+]3i + [Na+]3o[Ca

2+]i+

K3
m,Nai[Ca

2+]o

(

1 +
[Ca2+]i

Km,Cai

)

+

[Na+]3oKm,Cai



1 +

(

[Na+]i

Km,Nai

)3


























(99)

f1,NaCa = exp

(

(γ − 1)
V F

RT

)

(100)

f2,NaCa = exp

(

γ
V F

RT

)

(101)

fallo =
1

1 +

(

Km,Allo

[Ca2+]i

)nAllo
(102)

INaCa =
zCaFVc

CmAcβ
JNaCa (103)

[Ca2+]i-dependent force

ω∞ =
1

1 +

(

Km,F

[Ca2+]i

)nF
(104)

τω = 4000













0.235 +
1− 0.235

1 +

(

[Ca2+]i

Km,F

)nF













(105)


