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Variables

Table S1: Ca? handling model variables

Parameter Description Unit

[Ca**]us Average Ca?* concentration in the dyadic cleft UM
MCa*us Ca?* concentration in dyad m uM
[Ca®"]iss Average Ca?* concentration in the subspace uM
"[Ca*wss Ca?* concentration in subspace voxel n UM
[Ca*eyto Average Ca?* concentration in the bulk cytoplasm uM
"[Ca**eyto Ca?* concentration in cytoplasm voxel n uM
[Ca*'Tnsr Average Ca?* concentration in the network SR Y
UCa*Tnsr Ca?* concentration in network SR voxel g UM
[Ca®"]jsr Average Ca?* concentration in the junctional SR uM
MCa®isr Ca?* concentration in junctional SR m uM
"Jrel | Jret Release flux in dyad m | Whole cell average release flux UM.ms?
"Jca | lcaL LTCC flux in dyad m | Whole cell current UM.ms? | pA/pF
Gup | Jup SR Uptake flux in voxel q | Whole cell SR update flux UM.ms?
Jreak | Jieak SR leak flux in voxel g | Whole cell SR leak flux UM.ms?
™Jds Flux from dyad m to rbSS voxel at m UM.ms*
"Jss Flux from rbSS to cytoplasm voxel n UM.ms?
Jjsr Flux from network to junctional SR at dyad m UM.ms?
"Jtrpn Trpn buffering flux at voxel n UM.ms?
PInaca | Inaca  Sodium-Ca?* exchanger flux in voxel p | Whole cell current uM.ms™ | pA/pF
PJpca| lpca PMCA Ca?* pump flux in voxel p | Whole cell current uM.ms?t| pA/pF
Jcab | lcab Background Ca?* current flux in voxel p | Whole cell current uM.ms? | pA/pF
"Beyto Instantaneous buffering in the cytoplasm, voxel n -
"Bisr Instantaneous buffering in the junctional SR, dyad m -
"Htrpn Ca?* bound to high affinity troponin sites, voxel n uM
"Lirpn Ca?* bound to high affinity troponin sites, voxel n uM
™No_ryr Number of open RyRs in dyad m -
"CA Number of RyRs in the Closed Activated state, dyad m -
mOA Number of RyRs in the Open Activated state, dyad m -
"Cl Number of RyRs in the Closed Inactivated state, dyad m -
Ol Number of RyRs in the Open Inactivated state, dyad m -
csgn Free calsequestrin concentration mM
"M Proportion of csgn in monomer state, dyad m -
"d, LTCC activation gate state 1, dyad m -
"d, LTCC activation gate state 2, dyad m -
Mds LTCC activation gate state 3, dyad m -
Mf; LTCC voltage-dependent inactivation state 1, dyad m -
™f, LTCC voltage-dependent inactivation state 2, dyad m -
Mfcas LTCC Ca?*-dependent inactivation state 1, dyad m -
"fca LTCC Ca?-dependent inactivation state 2, dyad m -
Vi Membrane potential mV
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Cell Structure

Table S2: Cell and voxel volumes and dimensions

Parameter Description Value

Veyto Total volume cytoplasm 49 695 pm?

Veyto_vox/Vvox  Volume per voxel cytoplasm 3.137 x102 ym?

Vnsr Total volume network SR 1826 um3

Vnsr_vox Volume per voxel nSR (1D strand map) 2.987 x 102 ym?

Vibss Total volume of sub-space* 356 — 535 pm?

VibSS_ vox Volume per voxel sub-space** 2.703 x102 - 1.2825 x 102 ym?3

<Vgs> Average volume of individual dyad*** 1.512 x103 um?

VisR Volume individual jSR 3.5 x102 um?

Neyto Number of voxels associated with the 1584 408
cytoplasm

Nnsr Number of voxels associated with the 611 404
nSR

Nwvem Number of voxels associated with the 463 624
surface sarcolemma and T-tubules

Npyads Number of dyads / jSRs 17 458

* Volume is varied between simulations

** Dependant on discretisation resolution of subspace

*** Varied between individual dyads within a single simulation

Total volume and dimensions are provided for the full-length cell model

Calcium Dynamics

This section gives the fundamental equations describing Ca?* dynamics in each of the five
domains (cytoplasm, reduced buffering subspace, dyadic cleft, network and junctional SR).

Diffusively coupled domains (cyto, rbSS, nSR)

In the three diffusively coupled domains, dynamics of Ca?* concentration is described by the
isotropic reaction diffusion equation:

d [Ca2+]cyto,rbSS,nSR
dt

2 2+
= chyto,rbSS,nSR (Dv [Ca ]cyto,rbSS,nSR + ¢cyto,rbSS,nSR ) (1)

Where @ is a general reaction term, 8 is the instantaneous buffering term (Bcyo given below
and where Bnsrmss = 1), #is the spatial laplacian operator in 3-D and D is the diffusion
coefficient. At each voxel, n=1, 2 ... Neywo, the laplacian is approximated by the 6 node nearest
neighbour finite difference method:

X=Xg Nyt [Ca2+] _i_nH [Ca2+] _ 2 n[Ca2+]
2 2 ~ cyto,rbSS ,nSR cyto,rbSS,nSR ' cyto,rbSS,nSR
DV 'n[Ca +]t:yto,rbSS,nSR ~ z D[ AX2

X=X

()

Where Ax is the spatial discretisation step, xi-Xs are the three spatial dimensions and nys1
refers to each of the 2 neighbours in each dimension. In the cytoplasm and rbSS domains
these correspond to the standard 6 nearest-neighbours (i.e., £ Ax in the x, y and z directions);
in the nSR for the full structural model, these are defined by the neighbourhood map from the
full resolution reconstruction.
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Dyad and jSR

For each dyad and jSR, where m is the subset of voxels which contain adyad (m=1, 2 ...
Ndyads):

d m C 2+

% :ﬂ(m‘]rel+mJCaL_m‘]ds) 3
t

d m':Ca2+:|'SR m v m
T =ﬂ£_ - (Vﬁ} JjSRJ X

Fluxes Jie and JcaL are given in the section Reaction Terms and Flux Definition and Jgs and
Jisr given in the next sub-section; all are dependent on local Ca?* concentrations.

Due to the small volume of the dyadic cleft, an analytical description can be found for the
dyadic cleft Ca?* concentration under the approximation that the volume reaches its steady-
state concentration within the time-step, At. Thus, by setting:

d [Ca2+]ds — 0

5
m (5)
An approximation for equation (3) can be obtained as [1]:
rooe( M "[CAZ] 4 )
m 24 . o(m) 2 ds ( rel iSR CalL
[Ca* ], = [ca”] ©®)

T m
1SS (14 74"k )

Where 8(m)=n is the dyad mapping function (inverse map 8 *(n)=m). k. is given in the sub-
section Reaction Terms and Flux Definition: Dyad Fluxes.

Inter-domain diffusion

Free Ca?* diffusion occurs between the dyadic cleft and rbSS, the rbSS and bulk cytoplasm,
and the network and junctional SR [2].

Dyadic cleft to rbSS:

"), =('“[Ca2+}ds_“'"> [Ca%]rbss)ft;; )
rbSS to cytoplasm:

"3 =("[ea" ] - "Tea™ ], ) ®)
Network to junctional SR:

P L e [ P ©
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Table S3: Free Ca?* diffusion parameters

Parameter Description Value

D Diffusion coefficient (cytoplasm, nSR) 0.3 um/ms
Drbss Diffusion coefficient (rbSS)* 0.3 -1.0 pm/ms
AX Spatial discretisation step 0.35 um
AXipss Spatial discretisation step (rbSS)** 0.35-1.4 uym
Tds Time constant diffusion dyad — rbSS 0.022 ms
Tss Time constant diffusion rbSS — cytoplasm 0.1 ms
Tisr Time constant diffusion SR —» nSR 5ms

* Varied between simulations
** Dependant on discretisation resolution

Ca?* Buffering

Instantaneous buffering in the cytoplasm

Instantaneous buffering in the cytoplasm follows that of previous models, e.g., Restrepo et al
[2] and Nivala et al. [3], based on [4]. At each voxel, n, the buffering term is given by:

-1
B,K
Bio =| 1+ A (10)
R

Where x refers to four buffering processes: Calmodulin, SR sites, Myosin (Ca) and Myosin
(Mg).

Instantaneous buffering in the jSR

Buffering in the jSR follows that of the previous study Gaur-Rudy [5]:

-1

m _ Bcsqumcsqn
B = |14 —— 2 (1)
("[Ca* ] +K

mesgn )

Troponin buffering and force

Troponin buffering and force generation is from the Gauthier et al model [6,7]:

dHtrpn,Ca + dLlrpn,Ca

n‘]trpn = dt dt (12)
d"H rpn,Ca + n + -

*ﬁ = kH trpn I:Caz :Icyto (BH trpn H trpn,Ca ) - I(H trpn H trpn,Ca (13)
d nLtr n,Ca + n + _ 2

d—:£ = kL,trpn [Caz }cyto (BL,trpn - Ltrpn,Ca ) - kL,trpn (1_ g I:norm) Ltrpn,Ca (14)

Where Fnom is the normalised force:
Fo_ P,+N, +2P, +3P, (15)
florm B + 2P + 3R™
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And:

2.3-SL
+—
(2.3-1.7)°

$=1
fo, =3f,
f,=10f,
fo=7fq
90 = Oxe

O, = 20xg

U3 =30xs

Yors. =109 g min

Opo = 249 XB,min

Ops = 3¢g XB,min

KC  _ kL,TRPN
TRPN —

kl-:TRPN
Nyopy =3.55L—2.0

Ca
KTRPN

-1
1Ax103—8x104«SL—17V06)}

L Nrren
) o [ TRPN,
np,TRPN pn, TRPN Kl/ZTRPN L

tot

KJEP ={1+

Z Paths = g,0,,025 + f01015905 + {01 F12055 + oy T, T

max __ fOl ng 923

o > Paths

max _ 1:01 flzgzs

2 > Paths

fOl f12 f23

> Paths

max __
P3 =
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dpr,

E = _(kpn,TRPN + f01) IDo + knp,TRPN No + g01,SLPl (34)

dR

E = _(kpn,TRPN + f12 * Gorse ) R+ knp,TRPN N, + f01F)o + ng,SLPl (35)

dP.

d_t2 = _( fos + O12,50 ) P+ P+ U5 P (36)

dP.

d_t3 =05 P+ fzs,SL P, (37)

dN

d_tl = kpn,TRPN I:)1 - (knp,TRPN + 901,5|_) N1 (38)

dN,_dR_dR _dp, dR _dN, 39

dt dt dt dt dt
Table S4: Ca?* buffering parameters

Parameter Description Value
Kcam Dissociation constant for calmodulin 7.0 uM
Bcam Total concentration buffering sites 24.0 uM
Ksr Dissociation constant for SR sites 1.08 uM
Bsr Total concentration buffering sites 47.0 uM
Kwm,ca Dissociation constant for Myosin (Ca) 0.01155 uM
Bwm.ca Total concentration buffering sites 49.0 uM
Kwm,mg Dissociation constant for Myosin (Mg) 6.552 uM
Bwm,mg Total concentration buffering sites 140 uM
Kimesan Dissociation constant for csgn 0.8 mM
Besqn Total concentration buffering sites 10 mM
K*H, trpn On rate for troponin high affinity sites 100 mM*ms?
K'H, trpn Off rate for troponin high affinity sites 1.0 x10°3 ms?
K*L, trpn On rate for troponin low affinity sites 100 mM1imst
K'L, trpn Off rate for troponin low affinity sites 4.0x10? ms?
BH,trpn Total high affinity sites on troponin 0.14 mM
BLtrpn Total low affinity sites on troponin 0.7 mM
fxs Weak to strong cross bridge transition rate 0.05 ms?
OxB,min Maximum strong to weak rate 0.1 ms?
SL Sarcomere length 2.15 ym
Kpn, RPN Permissive to non-permissive transition rate 0.04 ms?
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Reaction terms and flux definitions

Thus far, only the contributions of free Ca?* diffusion to the reaction terms have been defined.
In this section, the full reaction terms and their governing equations are described.

Dyad and jSR

Other than free Ca?* diffusion, the only fluxes acting into the dyad are Jre and Jca. described
by the RyR and LTCC models, respectively.

Intracellular Ca?* release, Jrel

m‘]rel = rnkrel ( " I:Ca2+}jSR o " [Ca2+ ]ds) (40)
mkrel =" no_ RyR g RyR*" de_s1 (41)

™ne_ryr is the number of open RyR channels in dyad m. RyR dynamics is described by a 4-
state Markov Chain model. The model is similar to Stern et al [8] and Restrepo et al [2], with
a functional monomer induced inactivation based on csgn dynamics described by Gaur-Rudy

[5].

CA (“() - OA

ﬁA_] a;‘I—] ﬁA—I aAfl
ey
Peo
dmCA m m m
— OAB. o+ "ClL.AB, , —"CA(ac o+, ) (42)
dmOA m m m
e CAa. o+ "OL.B, , —"OA(B. o+ ,) (43)
dmC| m m m
. Ol.A. o+ "C.ax, , — "Cl.(c o + Br) (44)
dm0| m m m
- Clac o+ "OAa, , —"Ol.(Beo + Bay) (45)
Where:
m H
aco=k,("[ca" ], ) (46)
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ﬂcfo = kb (47)

ay, =(1-"Mig )/ 7y, (48)
Bay = "Mig Ity “9
"Mi, = ]/(1+ o("M-05)/0.04167 ) (50)
(j(j_'\::aM(l—M)+ﬂMM D
ay =My lt,, (52)
By =A-My) /7, 3)
M L= ]/(1+ e(76.5.(csqn—6.37))) (54)
csan = Bn-Kiesan ( [ca2+]jSR + chsqn) (55)

In this model, OA is the only state in which a flux occurs. Thus, ™n,_ryr is equal to the number
of channels in dyad m which are in state OA (red text in schematic).

L-type Calcium Flux, Jcar
The flux through the L-type Calcium Current is defined as:

no _LTCC " ‘J_CaL (5 6)

m _._m
‘]CaL -

Where ™no_L1cc is the number of open LTCC channels in dyad m (defined below) and J_CaL is
the maximal flux rate per channel [9]:

. bre [Ca” ], e -ra[Ca ]

") =4P. zF 57
CalL Ca ez _1 (57)

V_F
=" 58
RT (58)

Where [Ca?'), is the extracellular Ca?* concentration, Pca is the maximum permeability of an
individual LTCC and F is the Faraday constant.

The LTCCs are described by a Markov Chain construction of a Hodkin-Huxley model [9,10]
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adl*‘fz ot ay,_ i -
dy,fo,fcay =——— d21f21fca1 ‘HL d3,f2,fca
d—d, iy —dy

d,f fca

— —
2 =~ 22 Z‘k—dg’z,

a“‘] —d, ada —dy
d; : d2 : d3
[-}d]—dz adl—dz
fEal
fca,
And thus described by:
d(d,)
dtl = dzﬂdl-d2 - le‘dl-d2 (59)
d(d,)
dt2 =ty o 08, 4 —d,(By g, + s, q,) (60)
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d(d,)

dt =d, Ay, g, ~ eﬁdz —d, (61)
d(f

( )— fzﬂfl f, 10‘f1 f, (62)
d(;(;ai) - fcaZIB fca, — fea, fcalafcal—fca2 (63)

Where the transition rates for each variable couplet, (x = di1-d, f1-f2, fcai-fcay) are defined from
the steady-state and time constant in the standard way:

a, =X/, (64)
B =(1-x,)/ 7, (65)
And:

adz_d3:kd2d3 (66)
B, -4, -Kaza2 (67)
d,, :]/(1%(,%,5),624)) (68)

~d, (1 gl (n-9)/6:20 ) /(0.035(\/m -5)) (69)
f = 1—17/ (1+ gl *32-0“’)’8-6)) (70)
7 = 2/ (0.0197e([0'0337‘”””2*0'02)) (71)

fca,, =1—]/(1+(m [Caz*]ds/c_ia)zj (72)

Note that the steady states of the inactivation gates (f, fca) are inverse to those in the standard
Hodgkin-Huxley model because in this Markov description f; is the inactivated state,
equivalent to (1-f) in the standard description (and f; is equivalent to f).
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Table S5: RyR and LTCC flux parameters

Parameter

Description

Value

Oryr

Maximal flux rate through the RyRs

Pca Maximum permeability of LTCC 11.9 pmol Ctms™?
Yea Activity Coefficient LTCC 0.341
Nryr Number of RyRs per dyad* 100
H RyR Open rate Ca?* power 2.5
Ka RyR activation rate constant 0.617 x 10* uM2°mst
Ko RyR deactivation rate constant 1.0 ms?
Ty 1 Time constant of monomer binding 5ms
Tyis Time constant of monomer inactivation 5ms
Ty Time constant monomer unbinding 213 ms
Ty Time constant of de-inactivation 30 ms
Nitce Number of L-type Ca?* channels per dyad* 15
Kd2d3 Rate constant for transition d2-ds 0.3 ms?
Kazdz Rate constant for transition ds-d> 6.0 ms?
i Time constant for Ca?* induced inactivation 15 ms
Ca Ca?* constant for Ca?* induced inactivation 6.0 uM
[Ca®"], Extracellular Ca* concentration 1.8 mM

2.05x 10* pm*ms?

*Can be varied between individual dyads and simulations

SR fluxes

Flux between the SR and the cytoplasm are Jy, and Jieak, Where q is the subset of cytoplasm
voxels which contain an SR (g = 1, 2 ... Nsg). These equations are based on Restrepo et al
[2] and preceding studies [11,12].

Intracellular uptake through SERCA

q =
up

(" [ea" 1, Ko ([0 Lo )

14 ( Oz () I:Ca2+ ]Cyw /Kcyto )2 N ( q [Ca2+]nSR /KnSR )2

(73)

Where 8sr(q)=n is the SR mapping function (inverse map sz *(n)=q) and gy, is the maximal

flux rate.

SR Ca?* leak

q —
‘]Ieak - gleak q

q [Ca2+ :IiSR
CRRe

leak

Table S6: Ca?* uptake and leak parameters

(Tea ], - ea"],,)

(74)

Parameter Description Value

Jup Maximal flux rate of Jyp 0.12161 puM.ms?*
Keyto Cytoplasm constant for Jyp 0.15 uM
Knsr Network SR constant for Jyp 1700 pM
Jieak Maximal flux rate of Jieax 1.28422 x10° ms™
Kleax Jieak CONStant 450 puM
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Membrane Fluxes

Fluxes for each voxel p (o = 1, 2 ... Nvem) corresponding to the surface sarcolemma and T-
tubules are defined for the sodium-Ca?*-exchanger (Jnaca), membrane Ca?* pump (Jyca) and
background Ca?* current (Jcan). Membrane voxel p is associated with cytoplasm voxel n by
the membrane mapping function Buem(p)=n and inverse map Buem *(n)=p.

Sodium-Ca?*-exchanger, Inaca

KagNacavvox—l (enz [Na+ :Ii [Ca2+ :IO _ e(i?—l)z [Na+ :Io Ovem (P) |:Ca2+ o )
(t, +t, +t3)(1+ K e(”’l)z)

sat

(75)

p —
‘J NaCa —

Where

t = Kyou | Na' | (1+([Na*]i Ko )sj (76)

3 Ovem (P) 24 Ovem (P) 24
t,=K3 [Ca lym (1+( [Ca ]Cm /chai) ] (77)
3 3 3 Ovem (P)
t. =K Na® | +| Na® | |Ca* | +| Na* Cca** 78
3 mCaoI: :Ii I: :Ii [ :|o |: :|o I: :Icym ( )
Oviem (P)
K, =|1+(Ke/ ca? )} 79
a |: ( da ': :Icyto ( )
VvV F
z=-1=1 80
RT (80)
Membrane Ca?* pump, Joca
1 Oviem (P) 24 Ovem (P) 24
P ca = (Vvoxnga [Ca ]Cym ) / ( Kipca + [Ca ]Cym) (81)
Background Ca?* current
p‘JCab = Vv_olx gCab (Vm o Er,Ca) (82)
Table S7: Membrane flux parameters
Parameter Description Value
ONaca Maximal flux rate of Sodium-Ca?* exchanger 0.13041 pm3.uM.ms?t
Kda Ca?* scaling constant 0.11 pm
n Voltage sensitivity coefficient 0.35
Ksat Saturation constant 0.27
Kmcai Intracellular Ca?* constant 3.59 uM
Kmcao Extracellular Ca?* constant 1.3 mM
Kmnai Intracellular Na* constant 12.3 mM
Kmnao Extracellular Na* constant 87.5 mM
Opca Maximal flux rate of PMCA Ca?* pump 4.795 x10* pm3*uM.ms™t
Jeab Maximal flux rate of background Ca?* current ~ 6.39 x10°® pm3.uM.mst.mv-!
[Na']i Intracellular Na* concentration 7.95 mM
[Na']o Extracellular Na* concentration 136 mM
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Complete Equations for the Reaction Terms

Thus, the reaction terms in each of the two diffusively coupled cytoplasm domains (cyto, rbSS)
are described by:

"o = 55 (Vis_vox  Vyto_vox ) = "Jun VN & 0. (P)AN & O (a)

"Boo == (o = Ve )+ Jss = Jipn vnego,..(p) Aneb(Qq) ©3)
"Puo = "Inaca + "Jpca t e T Iss = Jipn VN € G0n (P) AN & O55(0)

"o = "Inaca + "Joca + em = (Voo = Fiea) + Tss = Jypn | YN E 6,...(P) AN € b, (Q)

"Bross =" Jss vn ¢ 6(m) (34)
rvss =" Jss + s (VdS/Vrbss_vox) vned(m)

Where p is given by the inverse map 8mem *(n), q is given by the inverse map 8sg *(n) and m
is given by the inverse map 8 *(n).

And in the nSR domain, for all voxels n which correspond to an nSR voxel g:

q

nSR :( ‘]up - q‘]Ieak )(chto_vox/vnSR_vox) Vq & H(m)

(85)
PDosr =( Jip = Jiea )(chm_vox /vnSR_VOX)+ m ‘]jSR(VjSR /VnSR_vox) vq e d(m)

Where n is given by the map 8sr(q) to define m from the inverse map 8 *(n).

For computational efficiency, membrane, SR and dyad fluxes are computed only for voxels n
given by the appropriate map; the reaction term is calculated by summing reaction terms given
over individual loops of each set.

lonic Model

The simplified ionic model uses currents from recent cell models (Colman et al [13], O’Hara-
Rudy [14]) without the inclusion of additional factors such as phosphorylation. Modified
equations are as follows:

All gates updated by:

Voo, = Yo —(Vo =Vl )™ (86)
Ina:

| =16.m°0.j(V, —E,.) (87)

a, =0.32(V, +47.13) / (1— g0l +4713) ) (88)

B, =0.08e"""™ (89)

0.135eMn "8/ 681 \/ < —40mV
_ (90)

%= 0 V. >-40mV
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n

3.56°7% +310000e°* |\, _aomy
= [0.13(1+ ewnﬁm-%v-ﬂ-l)}’1 V., >-40mV

VvV, +37.78

1 4 @031V, +79.23)

(—127140e°'2“4‘“’m —0.00003474¢00439Vm )(
1+e

j V, <-40mV
V, =2 -40mV

aj:

0

0.1212e 001052V, /(1 n 970.1378(Vm+40.l4)) V. <—40mV
T g / (1+ e‘o'l("m+32)) V., >-40mV

lo = O.OZ.a.i.(Vm — Ek)
a, = 1.0/ (1+ g (Vm-14.34)/14.82 )
T = 1.0515/([1.2089(14_ g n *19.4099)/29.3814)]*1 N 3.5/1+ o +100)/29.3814)

i = 1_0/(1+ e(vm+43.94)/5.711)
T o = 4.562+1.0/(0.3933¢ 11 1.0,08004" 10
=23.62+ 1.0/(0.00145166*(‘% +96.52)/59.05 , 1 78.1() 8 Vn*1141)/8079 )

Z-i ,slow

A fast — 10/(1+ e(Vm*213.6)/151,2)

i= A,fast'ifast + (1_ A'fast)islow

. =1.955x107° Ksg,.xs,.Xs,.(V,, — E,)
XS, , = 1.0/(1_0 i e—(Vm+11.60)/8.932)

Tyl = 817.3 +10/(232 % 10—4 e(vm +48.28)/17.80 + 0.0012926—(Vm+210.0)/230.0 )

XS, = XS

2,00 1,00

Ty = 1.0/(0.01e(Vm—50.0)/2.o.0 10.0193e(Vn+6654)/3L0 )
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(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)



=

[N

5 \L4
Ks., =1.0+0.6 1+(3'82X+10)
[Ca ]CYTO

|, =0.03174./[K*], /5.4.xr.rkr.(V, —E,)

Xr = 1.0/(1.0 4 e—(Vm+8.337)/6.789)
=12.98 +1.o/ (0.3652e<vm “3LE6)3809 1 4.123x10 7% U -47‘78”20-38)

z-xr, fast

Txr,slow

=1.865 +1.o/ (0.08629e" #7175 1.1,128x10 *e Mo 2712054 )
A<r, fast — 10/(10 + e(v"‘ +54'81)/38'21)

Xr = A<r,fastxrfast + (1_ A<r,fast)xrslow

rkr = (1 0 4 g\Vn+550)/750 )‘1 (1 0 4 g(Vn10)/300 )‘1

., =0.178398./[K ‘], .rk1.xk1.(V, —E,)
Xkl =1 O/(l 0+ e_(v’"+2'5538[K+]0+144-59)/(1-5692[K+]o +3.8115))
Ty =122.2/ (& 021223 | gllarz06830)

rkl= 1.0/ (1.0 +eln +1°5-8*2-6[K*lo>/9-493)
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Initial Conditions

Table S8: Initial conditions of Ca?" handling model (control pacing)

Variable Initial value
[Ca® s 0.08 uM
[CaZ+]rbss 0.08 LJ.M
[Ca®]oyto 0.08 uM
[Caz*]nSR 0.8 mM
[Caz+]j5R 0.8 mM
CA 1.0
di,f1,fcas 1.0

Vi -90 mV

Po 1.667x10°
P 1.441x103
P, 2.692x10°3
Ps 2.344x10°3
No 9.904x10°3
N1 1.435x10%
IZTRPN(I:_a 0.0181
I:TRPNga 0.1305
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