Supporting Material

General Equations
Sarcolemmal Membrane Potential

Sarcolemmal membrane potential. In this study, two forms of electrical stimuli are utilized to trigger LCC opening
and CICR, “voltage clamp” and “current clamp”. The “voltage clamp” protocol forces a step change in sarcolemmal
membrane potential while a small inward current, |5, is applied in the “current clamp” protocol to elicit an action
potential. The sarcolemmal membrane potential during "current-clamp” mode is governed by

dv
—Cm— = <||-I(—;c + lice nj + Inex + Inak + lpmea + k1 + lkss + lktof + lktos + 1b + |app> (81)

dt
where Cp, is the membrane capacitance, Ina is the fast sodium (Na*) current, ly4 is the inwardly rectifying K*
current, lgss is the non-inactivating steady-state voltage-activated K* current, Iy is the rapidly inactivating transient
outward potassium K* current, lys is the slowly inactivating transient outward potassium K* current, |4 is the
Na*/K* pump current, Ins is the Na*/Ca?* exchanger (NCX) current, lpmca is the plasma membrane Ca?*-ATPase
(PMCA) current, II:C is the whole-cell, junctional L-type Ca2* (LCC) current, licenj is the whole-cell, non-junctional
L-type Ca?* current, and lapp is the stimulus current applied during cell pacing. |,, represents the combined
background Ca?*, Na*, and K* currents. The formulation of K* currents can be found below and are primarily
based on the currents from the mouse action potential model by Bondarenko and co-workers [1]. The fast Na*

current is adapted from [2] and is also outlined below.

Concentration Balance Equations

The Monte Carlo model presented here consists of 2N + 4 (N = 20,000) ODEs representing the time-evolution of
various intracellular ion concentrations (i.e., [Ca®*"];,[KT];,[Na™];, etc). Consistent with Fig. 1, the concentration
balance equations are

[C:;?r]i = Bmyo (Jgfflux ~Jnox — Jserca +Jbea — Jpmea + Jryr.nj + Jice.nj — Jpufer - JCaF) (S2)
[Ca;:}nsr = E:z: (Jserca —Jieil — err,nj) (S3)
[Ca;hnsr - ijnz: (JrTefin - prr) (S4)
[Ci:ms = Eiz (Jiee +Jryr — Jeffux) (S5)

[NS: b FC;‘YO (Ina+ lbna + 3lnox — 3lnak) (S6)

[Kd+th _ FC::YO (Tt + s + Tetof + Itos + Ik — 2lnak) 7

where 1 <n <N, Ansr, Ajsr, and Ags are volume fractions (see Table S1), Bjsr and Bnsr are constant fraction buffering
constants (see Table S7), and Bmyo is the dynamic buffering fraction for the bulk myoplasm (see SI Eq. S45). See
the S| for ODEs which govern gating variables for non-stochastic channels (i.e., K* and Na* channels). Note that
all "whole-cell” flux terms (e.qg., JnCX,JrTyr, etc.) have units of uM s (scaled to a liter of cytosol) and are defined in
the SI. All currents (e.g., lncx, ILC, etc.) have units of pA/pF and are also defined in the SI. Note that the [Ca?*] in
each subspace ([Ca2+]gs) is assumed to be in rapid equilibrium with the [Ca®*] in the respective JSR ([Ca®*t] )

jsr
and [Ca%*)i(see [8, 7, 6]) allowing Eq. S5 to be reduced to an algebraic expression of the form,

o4 B NE’OJ%C + Vefflux [Cazﬂi + NR,OVryr[Cazﬂjnsr
[Ca™]gs = n n_Jo (59)
NR,OVryr + Vefflux — NL,Ochc
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where N[' 5 and N 4 represent the number of open LCCs and RyR2s (respectively) at the n® CRU. The terms

J9. and J\_ are functions of membrane potential (V) and are defined by Jicc = J2, + [Ca?t]|1JL, with Jigc as in
Eq. S25. This is significant in that reduces the number of ODEs (for intracellular ion concentrations) from 2N+4 to
N+4, a nearly 2 fold reduction in computational demand. Each ODE was solved using the first-order Euler method

with a variable time-step designed to ensure stability.

Gating variables for membrane currents.

The gating variables for Na* membrane currents are governed by the following ODEs,

dm
dtna = OLm7na(1 —Mpg) — Bmmamna (S9)
dh
d:[\a = Och,na(1 —hpa) — Bh.,nahna (S10)
dj . .
2 = 04na(1 = ra) = Bynains (S11)

where

320(V+47.13)

Ol =
M™ 1 _e—0.1(V+47.13)

Bm — 8067V/11
an = 135 xe(V+80)/-638
7500

Bn = 1+ e 01x(V+11)
175e(V+100)/-23
% = 015 (VA 79)

o 300
B = 1 4+ e-0.1x(V+32)

The gating variables for K membrane currents are governed by the following ODEs,

dettOf = (1 — aktof) Ota ktof — Aktofi ktof (S12)
dig;Of = (1 — iktof ) O ktof — iktofBi ktof (S13)
ss

da(;:os _ akt(:;ktiktos (S14)
) ss

o
Qe —a

ds;iss _ kSST = kss (S16)

(S17)

where



Ol ktof = 180.6460'03577(V+30)

Baktof = 395.6e0-06237+(V+30)

0.1 5267(V+13.5)/7

0.067083e—(V+33.5)/7 4 1
0.95e(V+33.5)/7

Piseot = 5 0513356 (V+335)/7 1 1
Aes = (1/(1+eVF229/77))
Taktos = 0.493 x 1073700629V 1 2 058 x 1073)
iRtos = (1/(1+eVH452)/57))
Tiktos = (0.27 +1.05/(1 4 e(VF482)/5.7)
ages = (1/(1+e V1229)/77))
Tkss = 0.393 x 1073709852V 1 0 13 % 1073

O ktof =

K* membrane currents

The fast inactivating K* current is given by,

Iktof = AktofiktofIktof (V — Ek) (S18)

where ayiof and i are the activation and inactivation gates, respectively, gkof is the conductance, and Ey is the
Nernst reversal potential for K* (see Eq. S53). The slowly inactivating K* current is given by,

Iktos = 8ktosiktosAktos (V — Exk) (S19)

where agos and ikos are the activation and inactivation gates, respectively, gkos is the conductance, and Ey is the
Nernst reversal potential for K* (see Eq. S53). The steady-state (non-inactivating) K* current is given by,

Ikss = AkssGkss (V - Ek) (820)

where aygs is the activation gate, guf is the conductance, and Ei is the Nernst reversal potential for K* (see
Eq. S53). The always on K* current is given by,

lk1 =9kt (V —Ex) (S21)

where gg1 is the conductance and E is the Nernst reversal potential for K* (see Eq. S53). The background K*

current is given by,
lbk = Gk (V — Ex) (S22)

where gy is the conductance and Ey is the Nernst reversal potential for K* (see Eq. S53).

Na* membrane current

The fast Na* current is given by,
Ina = MnahnajnaQna (V — Ena) (S23)

where mpa, hna, and jna are the gating variables (see Eqs. S9-S11, respectively), gna is the conductance, and Ep4
is the Nernst reversal potential for Na* (see Eq. S52). The background Na* current is given by,

lbna = Gbna (V - Ena) (824)

where gn, is the conductance and E,, is the Nernst reversal potential for Na* (see Eq. S52).
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Ca?* Fluxes
L-type Ca?* Channel Flux
The L-type Ca?* flux into each of the N diadic spaces (J..) is given by

lcc
e = — o (S25)
¢ ZFVmyo

where z is the valency for Ca?*, F is Faraday’s constant, and Vmyo is the volume of the myoplasm in uL. Accordingly,
the inward Ca®* current is given by

(S26)

0" N\ p (ZFY [Ca2+)n.eV/Ve —0.341][Ca?*|,
lcc = "ML,O" lec Vo eV/Veo _1

where Vg = RT/zF, P is the single channel permeability of the L-type Ca®* channels, and NE,o is the number

of open L-type Ca?* channels associated with the n* CRU. Therefore, the whole-cell, junctional LCC current is
given by,

N
e =Y I (S27)
n=1

Non-junctional L-type Ca?* Channel Flux

The non-junctional L-type Ca?* flux into the bulk myoplasm (Jice,nj in EQ. 3) is given by

| .
chc,nj = _ZFIC\:;:},O (328)

The inward Ca?* current is given by

zFV [Ca?*];eV/Ve —0.341[Ca?"]
lice,nj = nEPIcc,nj < Vo ) ( : V/Vo _ 1 = (S29)
where 7 is the probability of finding a non-junctional LCC in the open state.
The probability of finding an LCC in each of its 7 states is governed by,
d7T,|_

where m is a 1 X M, row vector of state probabilities, Q is the M, X M, infinitesimal generator matrix for the
discrete-state, continuous-time Markov chain used to describe the stochastic gating of the LCC (see Fig. 1 B),
and M_ is the number of states in the LCC model (M_=7) . For the seven-state LCC shown in Fig. 1 B, «p is
seventh entry in &t

L-type Ca?* Channel Transitions

e(V=Ve,1)/Vs 1
Va = —1 _|_eV—V9‘1/Vo,1 (831)
1 0.27
Vi Vi e Vez T 1 £ aWes VI Vs (S32)
e(V*VthetaA)/VSigmaA
Vd - 1 +XVd * 1 N 1 —+ e(vathetaA)/VsigmaA (833)
c=([Ca®*]g)™ (S34)



Sarcoplasmic/Endoplasmic Reticulum Ca%*-ATPase

The sarcoplasmic/endoplasmic reticulum Ca?*-ATPase (SERCA) consumes ATP to pump Ca?* into the SR from
the myoplasm. Tran and co-workers [5] developed a thermodynamically realistic formulation of the SERCA pump
along with a simplified “two-state” formulation that is implemented here. The SERCA pump flux takes the form,

Jserca = 2VeyclePp (S35)

where A is the concentration of SERCA molecules (uM) and vy is the cycling rate (s™") per pump molecule
(see [3])

Na*-Ca?* Exchanger
The main pathway by which Ca?* is extruded from the myocyte is the Na*-Ca?* exchanger (NCX) which can be
described as

. —Amlncx
b = (S36)

[Na*]3[Ca2*],eMmeFV/RT) _ [Nat]3[Ca2*]je(Mme—1)FV/RT

((Knoxna)® + INa™I3) (Knoxca -+ [Ca?*]o) (1+ ke (mee DFV/RT)

ca?*)’
Fa= . "
Kma,ncx + [Ca +]i

and IM3X js the maximal NCX current, [Ca?*], is the extracellular [Ca?*], and [Na*]; and [Na™], are the intracellular
and extracellular [Na*], respectively. All other parameters are given in Table S9.

(S37)

max
ncx — FAIncx

where

Plasma Membrane Ca?*-ATPase
In addition to NCX the sarcolemma extrudes Ca2* from the cell via a plasma membrane Ca2*-ATPase flux (PMCA)

of the form
ca2*)?
| = |max [ ! (S38)
pmca pmca <Kpmca2 + [C82+]i2>

where ITR%, is the maximal PMCA current.

Na*/K* Pump

The Na*/K* pump (NAK) drives Na* out of the cell and K* into the cell and to maintain Na* and K* homeostasis.
The NAK membrane current is given by,

Inak = |maan k 1 [K+]O
a nak ‘nak 4 + (Km,nai/[Na+]i)1'5 [Kﬂo + Km,ko
1
1+0.1245e~0-F/RT 1 0.03650 546~ VF/RT

1 + _
rak = 5 (e[Na ]o/67,300 1)

(S39)

fnak =

where IT3% is the maximal NAK current.



Sarcolemmal Background Ca?* Leak

The sarcolemma includes a constant background Ca?* influx which balances Jpmea AN Jcx given by

. Amlbca
cha = _ZFmeo (840)

where z is the valency for Ca?*, lpca = Gbea (V—Eca), g»ea is the maximal conductance, and Eg, is the reversal

potential for Ca*(see Eq. S51)

Total JSR refill and dyadic subspace efflux terms

The total refill flux from the NSR to each JSR compartment includes the contribution from each CRU and is given
by

pzd

ref|II - Z JreflII Z ref|II Caz+ [Caz+]13r) (841)

and similarly, the total flux out of the N dyadic subspaces into the bulk myoplasm is given by
\ ffI 2 2
efﬂux Z Jefflux Z eNux ([Ca +] [Ca ] ) (842)

n=1

Junctional RyR2 Ca?* Release
The Ca?* flux through junctional RyR2s is

e = NR oViyrnj([Ca2 1, — [Ca®t]). (S43)

jsr

where Vyy. nJ is the non-junctional RyR junctional release rate in s™'. Therefore, the whole-cell, junctional RyR2
Ca?*flux (JL ) is given by,

ryr
J = Z o (S44)

The JSR luminal Ca2+ sensitivity formulation is given by,

[Ca?+]n \ ™
0 =0p+ <¢‘Sr> (S45)

where ¢5, ¢,,, and 1, are constants. The influence of ¢ on RyR2 Ppcan be seen in Fig. S2.

Non-junctional RyR Ca?* Channels

The Ca?* flux from non-junctional or “rogue” RyR2s is
err-,nj = n?yr,njvryr,nj([caz+]nsr - [Caz+]i)- (S46)

where v,y nj is the total non-junctional RyR release rate in s Tand r°
and solves

i is the fraction of open non-junctional RyRs

0
dn(;ytﬂnj (])k+ [C32+] nrR (1 _

where ¢ is the RyR2 luminal sensitivity function (see Eq. 1), k™ and k™ are transition rates for a individual RyR as
presented in Fig. 1B.

ryr nj) kingynnj (847)



Slow Buffers
Slow buffers are lumped into the following flux,

where %, %, and % are ODEs governing the amount of Ca?* bound to each buffer, given by,
dCaB
% = kon,trpn[CaZJr]i(B;I;pn - CaBtrpn) - koff,trpncaBtrpn
dCaB
ditcalm = kon,calm[C32+]i(B-cl-a|m — CaBcam) — Koff caimCaBcaim
dCaB .
Tslm = kon,slm[Caz ]i(B;m —CaBgim) — Koff simCaBsim

Ca?* Indicators

While not always used, the model is capable of simulation the flux of Ca®* onto Ca?* indicators (e.g., Fluo-4) given
by,

__d[CaF]
Jear =~ (549)
where d[%fF] governs the amount of Ca?* bound to the indicator (F) and is given by,
d[CaF
3 _ KoplCaF] + konelCa?) (FIT - [CaF)) (50)

where [F]T is the total amount of fluorescent indicator in the cytosolic compartment (e.g., 50 uM) and Kon,F and
Koff, F are the on and off rates for Ca?* binding to the fluorescent indicator, respectively.

Nernst reversal potentials

_RT [Ca?*],

ey (s51)
_RT [Na*]o

a = —=log <[Naﬂi> (S52)
_ RT K*o

Ey = _ log ([Kﬂi) (S53)

where z is the valency for the respective ion.

Dynamic Buffering Fractions
Myoplasmic Buffering

Buffering in the myoplasm is approximated using a dynamic buffering fraction given by

BT kMo \
=1+ myo "M S54
Bmyo ( (Kmyo_l_ [C82+]i)2 ( )
where BLVO is the total myoplasmic buffer concentration, Ki’° is the half saturation constant for the myoplasmic

buffer.



Junctional SR Buffering

Buffering in each JSR compartment is approximated using a dynamic buffering fraction given by

—1

BT KIS
B, = (14— (S55)
(Km +[CaZt],)2

jsr

where Bstr is the total JSR buffer concentration, Kj,f]r is the half saturation constant for the JSR buffer.

Fast Subspace

Similar to previous work [7, 8, 6] this model formulation leads to a rapid equilibrium of the [Ca?*]4s with the [Ca?*];
and [Ca?*]isr. Thus, in each dyadic subspace we assume a [Ca?*] ([Ca?*]] ) that balances the fluxes in and out
of that compartment, ’

B
0= rdz ( Ir::c+Jrr1yr_ gfﬂux)v

that is,

N NI o I+ Vemux[Ca?*]i + NRo Vryr[Ca2+]jnsr' (S56)

2
[Ca +]gs,ss ~

n n 1
NR.o Vryr + Vefiiux — N[ g Jie

3D Spatial Model

The model describes a single sarcomere ( M-line to M-line) centered on a Z-line that contains numerous equally
distributed CRUs. The model geometry is 4 x 4 x 14 um with CRUs centered in space and, consistent with
experimental findings, separated from one another by 600 nm [61]. The spatial-temporal evolution of [Ca2+]i and
the Ca2+-bound Fluo4 concentration ([CaF]) were simulated using PDEs for [Ca?*]; diffusion and the diffusion of
Ca?*-bound indicator ([CaF], i.e., Fluo-4). These reaction-diffusion style equations are as follows,

5[CaZ+], 1 2 2+
5t B DcaiV<[Ca“"|; + (AgsiJeffiux — Jserca — Inex + Joca — Jbuter — JcaF) (S57)
o[CaF
O] _ Do v2[CaF] + dear (s58)

where A4 is the volume fraction for subspace to cytosol, B; is the cytosolic dynamic buffering fraction, and the
cytosolic fluxes (e.g., Jefiux; Iserca, Incxs Ibcas Joufier, aNddcar) retain similar formulations to corresponding fluxes in
the compartment model (see above). The PDEs are numerically integrated using a centered difference in space
and forward Euler in time solver and the ODEs for [Ca%*]ys and [Caz"]jsr remain unchanged. Linescan images
were generated by assessing [CaF] over time after simulated optical blurring and with the addition of Gaussian
noise, as previously described in Smith et al. [62].

Tables of Model Parameters



Table S1: Model Geometry

Parameter | Definition Value
Veell Cell volume 36 pL
Vimyo Myoplasmic volume 18 pL
Vhsr NSR volume 1.152 pL
Visr JSR volume 0.18 pL
Vs Subspace volume 54 nL
Ansr NSR volume fraction 0.064
Ajsr JSR volume fraction 0.01
Ads Subspace volume fraction 0.003

Table S2: RyR2 Ca?* Channel Parameters

Parameter | Definition Value
Ng number of RyR2s per CRU 50
k* RyR Ca?* association rate constant 0.2 uM "R g
k— RyR Ca?* disassociation rate constant 425 s
MR Ca?*-binding cooperativity factor 2.2
Om Luminal Ca?* regulation coefficient 0.8025 mM
0p Luminal Ca?* regulation coefficient 1500
No Luminal Ca?* regulation coefficient 4
vgr Total junctional RyR2 release rate 48
Viyr single RyR2 release rate Vryr/ (N X NR)
Viyr.nj Total non-junctional RyR2 release rate 9.6




Table S3: L-type Ca?* Channel Parameters

Parameter | Definition Value
N, Number of LCCs per CRU 6
M, Number of states per LCC 7
uls Ca?* cooperativity parameter 2
Kos C, to As rate constant 450 s’
K1g R4 to Rg rate constant 450 s’
Kaa I3 to |4 rate constant 450 s
Ko1 C, to Ry rate constant 3155
k76 Oy to Rg rate constant 3155
Ko3 C,, to I rate constant 0.5uM "t 71
K74 O to I4 rate constant 0.5uM "t 7"
K12 R4 to C, rate constant 2s"
K32 I3 to C» rate constant 257
k75 O to As rate constant 1800 s™*
kg1 Rg to Ry rate constant 500 s
Kso As to C, rate constant 500 s
Ka3 4 to |5 rate constant 500 s
Ks7 As to Oy rate constant 400 s™
Kg7 Rg to Oy rate constant 0.4444 s
Ka7 R4 to O rate constant 0.4444 s
Vo1 VDA parameter 6
Vo1 VDA parameter 2
Vs.3 VDD parameter 2
Vo3 VDD parameter -50
P, Total junctional LCC permeability to Ca?* 0.0002375
Piec single junctional LCC permeability to Ca?* Pr./(NxNp)
Piccnj Total non-junctional LCC permeability to Ca2* 0.000475
Table S4: K* current Parameters

Parameter | Definition Value

Oktof Maximum ly;or conductance 0.45 mS uF"

Oktos Maximum liis conductance | 0.135 mS uF"

Okss Maximum l,ss conductance | 0.0405 mS uF-"

k1 Maximum lg4 conductance 0.2 mS uF!

Obk Maximum Iy, conductance | 0.0082 mS uF"

Table S5: Na* current Parameters

Parameter | Definition Value
Ona Maximum |, conductance 10 mS uF’
Jbna Maximum lyng conductance | 0.0016 mS uF-"
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Table S6: Pump and Exchanger Parameters

Parameter | Definition Value

Iraca Maximal PMCA current 0.1875 pA pF’

Komca Ca?* half saturation constant for PMCA 0.25 uM

|max Maximal NCX current 750 pA pF’

Nnex NCX voltage dependence coefficient 0.35

Khex,ca Ca?* half saturation contant for NCX 1380 uM

Khnex,na Na* half saturation contant for NCX 87500 uM

ksat NCX exchange saturation factor 0.1

Kma,nex NCX allosteric activation constant 0.150 uM

A, Concentration of SERCA molecules 150 uM

|max Maximal Iq current 1.408 pA pF-"

Km,nai half saturation for NaK 21000 uM

Km ko half saturation for NaK 1500 uM

Table S7: Buffering Parameters

Parameter | Definition Value
Bas Subspace Ca?* buffering fraction 0.1
Bnsr NSR Ca?* buffering fraction 1
Blo Total myoplasmic Ca2* buffer concentration 132 uM
Km° Half saturation constant for myoplasmic Ca?* buffer 0.6 uM
szr Total JSR Ca?* buffer concentration 140 x 30 mM
KIS Half saturation constant for JSR Ca?* buffer 638uM
BtTrpn Total troponin buffer concentration 140
ko Slow troponin buffer on rate 2375
Lo Slow troponin buffer off rate 0.032 s
Bcaim Total calmodulin buffer concentration 24
kim Slow calmodulin buffer on rate 34 s
Ko Slow calmodulin buffer off rate 238 s
Bl Total sarcolemmal membrane buffer concentration 42
K3 Slow sarcolemmal membrane buffer on rate 100 s™"
i Slow sarcolemmal membrane buffer off rate 1300 s™
Fl Total Fluo-4 concentration 50 uM
kP Slow sarcolemmal membrane buffer on rate 100 s™"
kel Slow sarcolemmal membrane buffer off rate 110 s
FEN Total Fluo-5N concentration 0 (or 50 if specified) uM
[N Slow sarcolemmal membrane buffer on rate 80 s
[N Slow sarcolemmal membrane buffer off rate 32,000 s™
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Table S8: Initial Conditions

Parameter | Definition Value

\% Membrane voltage -81 mV

[Nat); Myoplasmic [Na*] 10.2 mM

[KT); Myoplasmic [K*] 143.72 mM

[Ca?*); Myoplasmic [Ca?*] 80 nM

[Ca%*], Extracellular [CaZ*] 1.8 mM

[Ca?*]ys Dyadic subspace [Ca?*] 80 nM

[Ca®*]nsr | Network SR [Ca?*] 900 mM

[Ca® Jjsr Junctional SR [Ca?*] 900 mM

Mna Iha activation gate variable 0.0015

hna Ina inactivation gate variable 0.9849

ina Iha inactivation gate variable 0.9905

Aktof Iktof activation gating variable 0.0021

iktof Iktof inactivation gate variable 1

Aktos Iktos activation gate variable 2.9871e-04

iktos Iktos inactivation gate variable 0.9994

Akss lss activation gate variable 0.002

ikss Ikss inactivation gate variable 1

nfymj fraction of open non-junctional RyR2s 0

Tige i fraction of open non-junctional LCCs 0

Table S9: Other Parameters

Parameter | Definition Value
F Faraday constant 9.6485x10* coul mol”
T Temperature 310K
R Ideal gas constant 8314 J mmol! K-
Obca Maximal backgroung Ca?* conductance 1.1024 x 1074 mS uF
A Total JSR refill rate 255
Vi Total rate of Ca?* efflux out of the susbspace 200 s™
Anm Capacitative area of cell membrane 1.5340x10~* uF
z Valency for Ca?* 2
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Supporting Material Figures
Steady-state RyR2 Open Probability
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Figure S1: Steady-state RyR2 open probability (Pp) as function of [Ca®*];. A) RyR2 Pq for 3 different [Ca®*]s,
levels B) RyR2 Pg for WT and CPVT conditions.

EC Coupling Gain & Gradedness
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Figure S2: EC Coupling Dynamics. A) Peak LCC current from the novel 7-state LCC (see Fig. 1B) as a function
of membrane potential. B) Representative LCC currents for various holding potentials. C) Normalized peak LCC
(blue line) and RyR2 (red line) fluxes as function of membrane potential D) ECC gain as defined as peak of J,Ty,/JlTCC.
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Quiescent Ca?* spark dynamics
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Figure S3: Ca?* Sparks and SR Ca?* leak under quiescent, normal conditions. Time evolution of A) [Ca?*]4s
B) N} o, and C) [Ca2+]jsr during a 500 ms simulation of a quiescent cardiomyocyte. Each color represents the
behavior from a different CRU within the whole-cell model. For clarity only 10% of the cell’s 20,000 CRUs are

shown.
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Figure S4: Ca?* Sparks and SR Ca?* leak under quiescent, leaky RyR2 conditions. Time evolution of A) [Ca?*]4s
B) Ng o, and C) [Caz”]jSr during a 500 ms simulation of a quiescent cardiomyocyte. Each color represents the
behavior from a different CRU within the whole-cell model. For clarity only 10% of the cell’'s 20,000 CRUs are
shown.
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Figure S5: Ca?* Sparks and SR Ca?* leak under quiescent, decreased JSR buffering conditions. Time evolution
of A) [Ca®*]ys B) NP{,o, and C) [C32+]jsr during a 500 ms simulation of a quiescent cardiomyocyte. Each color
represents the behavior from a different CRU within the whole-cell model. For clarity only 10% of the cell’'s 20,000

CRUs are shown.
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Figure S6: Ca?* Sparks and SR Ca?* leak under quiescent, CPVT (i.e., leaky RyR2 and decreased JSR buffering)
conditions. Time evolution of A) [Ca?*]4s B) Nk o, and C) [Caz"]jsr during a 500 ms simulation of a quiescent
cardiomyocyte. Each color represents the behavior from a different CRU within the whole-cell model. For clarity
only 10% of the cell’'s 20,000 CRUs are shown.
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Membrane currents
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Figure S7: Membrane potential and key sarcolemmal currents during AP.
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Systolic Ca?* release dynamics
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Figure S8: Systolic Ca?* release dynamics with reduced JSR buffering and leaky RyR2s. A) Bulk [Ca?*]; B) Bulk
[Ca?*]sr C) Ca?* sparks with reduced JSR buffering, and D) Ca?* sparks during leaky RyR2 conditions.
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WT spatial Ca?* release dynamics
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Figure S9: Ca?* release behavior during WT . A) Stochastic RyR2 gating during quiescent, WT conditions and
B) simulated transverse line-scan of quiescent Ca?* release dynamics (as F/F,) during WT conditions. Realistic
noise and confocal blurring are added after simulation. Optical blurring was perfomed using a model point spread
function (PSF) consistent with confocal PSFs (i.e., 400 nm in the x,y direction and 800 nm in the z direction).
White noise equalling 10% of F/F, was added after optical blurring.
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[Ca%*];dynamics during rapid pacing
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Figure S10: Action potentials (left axis, blue line) and [Ca?*]; transients (right axis, red lines) generated by the
model at 8 Hz.
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[Ca?*]; dynamics during perforated-patch APs and Rabbit APs
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Figure S11: A) [Ca?*]; transients (right axis, red lines) generated by the model when membrane potential (V) is
clamped to an experimental, perforated-patch, mouse AP (left axis, blue line) (digitized from [3]). B) [Ca?*]; tran-
sients (right axis, red lines) generated by the model when membrane potential (V) is clamped to an experimental,
ruptured-patch, rabbit AP (left axis, blue line) (digitized from [4])
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