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Supplementary Material
1 Novel current formulations

1.1 Time independent potassium current, Ik1

Due to the importance of the form of the current in the voltage range -80mV - -40 mV, where the
current may be very small, polynomials were used to achieve a precise fit to the complex voltage
dependence of the current:

[P = 4(0.096 +7.12x107°V_ +8.95x107°V_*-7.13x107°V ®-1.35x10°V_ %) (1)

|52 = 4(0.0029+1.29x107°V, +3.51x107°V, * ~9.76x107°V_*-1.35x10°V. %)  (2)

1.2 Rapid potassium currents, I and lsus
Ito = gto 'Valto'((l_ FS )Vilto_l + FsViIto_Z)'(Vm - EK) (3)

Isus = Oous Vg 'Vilsus'(vm - EK) (4)

Where the dynamics of the gating variables (vaitosus, Viitoisus) are described by the general differential
equation:

dx/dt=(x,—x)/x (5)

With steady-states:

va,, , =1/ (1+ g ()7 ) (6)
Vigg s o =1/ (1€ 252 (7)
Vi 2 o =Viig 1 o (8)
Vay, =1/ (L4l (429/501) 4 15 o090 o (9)
Vi, o =1/ (1+ glVn(7 910 ) (10)

And time constants:

7(vm +4oj2
va,, , =0.4+18 ' * -
Vilto_l_z— =8.6+62 ‘¥ )
Vig, 5 . =15+29.73/ (1+ 00696 (Vy,~2.72) ) )



va

Isus_z

~0.5+0. 9/(1+ eWm+5>’12) (14)

Vi

Isus_z

=3000+590/ (1+eM**0) (15)
And proportion of fast/slow channels given by:

F,=02/(1+eV®") (16)

1.3 L-type calcium current, lcaL
The novel formulation presented has the following form:

ICaL pCaL ICaL '(O'8ViICaL_1 + O'2ViICaL_2)'CiICaL ' ICaL,Ca (17)

Voltage-dependent gates:

VaICaL_SS =1/ (1+ e—(vm -0.5))/5.967 ) N
ViICa|_7175S =1/ (1+ e(Vm‘(—18))/3.8 ) "
ViICaL_Z_ss = ViICaL_l_ss (20)

~((Vip ~14.45)/52.33)"

va, ,=17.02-237e N
Vigy ; . =16.48 _10.72¢ (Vn-(-222))12264) N
VilCaL_z T =12424-12027¢e (Ve 13)/83) -

Where Icaca_bar was modelled as presented in Grandi et al. 2011. Calcium inactivation was
modelled as in the baseline Ca?*-handling system, with the following modifications for the WL
models (not the modified models, which retain calcium-inactivation as originally presented):

Cixc . =50.0 }CRN (24)

CICaL a 51

GB 25
Ciica. 5 =8.33x107° | (25)

1.4 Fast-sodium current, Ina

INa = Ona Va‘lNa VIINa_l'ViINa_Z'(Vm - ENa) (26)
Vay, , =0.32(V, +39.13)/(1+e 00 1) (27)
Vay, ;=0.08e MO0 (28)
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If Vin <-40 mV:
Vi, 5 , =0.135¢ (808 (29)
Vi, 1 5 = 3.285e°7"%) 1 310006% ") (30)
Vi 5, = (1271408400 ™%) _3 47410 e **He ) )(1+\2”;3+ni3;+7§23) j (31)
Vipa 2 5= 0.10908g %3 (1+ e‘°'1378("m+45‘14)) (32)
Else:
Viga 1, =0 (33)
Vi ;5 =1/(0.13(L+e oY) (34)
Vi 2 =0 (35)
VA, , 5= 0325540 (W *9) 4 (1+ e’o'l(vmm)) (36)
And the steady state and time constant for each gate defined by:
Ve 6 =V o (VoY 4) (37)
v, . :1/(VX70: +vxfﬂ) (38)



2 Implementation with cell models

2.1 The minimal, Workman-lab models

The WL model integrated with the CRN[1] (WLcrn) retained the additional components (Inaca, Ina,
Icap, Icab) and background currents (Inan) as presented in the original study without modification.
Implementation with the Grandi et al. 2011 model [2] (WLgg) includes these components as well as
the additional inclusion of lkn, lcica, lcw from the inherited model. The conductance of these
additional currents was reduced in the isolated cell model (gko % 0.2, gcica, geiw x 0.5 — isolated cell
variants only). Furthermore, integration with the Grandi calcium handling system required
modifications to maintain calcium homeostasis: the maximal flux rates for the following parameters
were adjusted: Jieak and lcap % 0.3; Incx % 0.64. This was performed for both the novel and modified
cell models, isolated- and intact- environments.

2.2 Modified cell models

The modified cell models for the CRN, Grandi and Nygren et al. [3] were created by replacing Ina,
lto, Isus. Ik1 With the novel formulations, and modifying the steady states of the voltage dependence of
Ica to fit the experimental IV relationship and current magnitude of the WL data. The modifications
were as follows:

CRN model: 3 mV positive shift in voltage dependence of all functions; gradient parameter of
activation gate changed from 7.45 to 7.07; increase in current conductance of 1.725.

Grandi model: 10 mV positive shift in the voltage dependence of all functions; gradient parameter of
activation gate changed from 7.2 to 6.84; decrease in current conductance of 0.9.

Nygren model: 4 mV positive shift in the voltage dependence of all functions; gradient parameter of
activation gate changed from 5.8 to 6.44; increase in current conductance of 1.28. To maintain
calcium homeostasis, it was also necessary to increase Icap (x1.5) and Ik/lks (X5) and decrease Icab
(%0.3) in the intact variant.
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3 Parameters

Symbol Parameter Value
[K*To External potassium concentration (mM) 4

[Na*]o External sodium concentration (mM) 140
[Ca*To External calcium concentration (mM) 1.8

ONa Maximal conductance Ina (nS/pF) 17.55

Oto Maximal conductance Iy (nS/pF) 0.1028
Osus Maximal conductance lsus (NS/pF) 0.0676
Pcal Maximal flux rate Ica. (cm/s) — hAM_WLcgrn 5.3 x10™
PcaL Maximal flux rate lca. (cm/s) —hAM_WlLgs 6.4 x10*

C/C++ code available  from https://github.com/michaelcolman/hAM WL model and
http://physicsoftheheart.com/ .
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