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Spatial CaZ* cycling model
This section describes the spatial Ca?* cycling model which has been integrated with the ventricular
AP model. This model is a simplified and efficient version of a previously developed model [1].

Variables
Table S1: Ca?* handling model variables

Parameter Description Unit

[Ca?]4s Average Ca?* concentration in the dyadic cleft UM
m[Ca*]as Ca?* concentration in dyad in CRU m UM
[Ca?],bss Average Ca?* concentration in the subspace UM
m[Ca* ] pss Ca?* concentration in subspace in CRU m UM
[Ca%*]eyto Average Ca?* concentration in the bulk cytoplasm UM
M[Ca* Jeyto Ca?* concentration in cytoplasm in CRU m UM
[Ca% ]nsr Average Ca?* concentration in the network SR UM
M[Ca%* | nsr Ca®" concentration in network SR in CRU m UM
[Ca? ;s Average Ca?* concentration in the junctional SR UM
m[Ca*]isr Ca?* concentration in junctional SR in CRU m UM
"ret | Jrer Release flux in dyad m | Whole cell average release flux puM.ms?
"Jear | lcat LTCC flux in dyad m | Whole cell current uM.ms? | pA/pF
™Jup | Jup SR Uptake flux in CRU m | Whole cell SR update flux pM.ms?
" Jieak | Jieak SR leak flux in CRU m | Whole cell SR leak flux puM.ms?
™ s Flux from dyad m to rbSS voxel at m puM.ms?
M Jss Flux from rbSS to cytoplasm voxel m puM.ms?
Jjsr Flux from network to junctional SR at dyad m puM.ms?
™ tron Trpn buffering flux at CRU m puM.ms?
"™ Inaca | Inaca Sodium-Ca?* exchanger flux in CRU m | Whole cell current uM.ms? | pA/pF
Joca | Ipca PMCA Ca%* pump flux in in CRU m | Whole cell current uM.ms™ | pA/pF
Jeab | lcab Background Ca?* current flux in voxel p | Whole cell current uM.ms™ | pA/pF
MBeyto Instantaneous buffering in the cytoplasm in CRU m -
mBsr Instantaneous buffering in the junctional SR in CRU m -
™No_ryr Number of open RyRs in dyad m -
MCA Number of RyRs in the Closed Activated state, dyad m -
TOA Number of RyRs in the Open Activated state, dyad m -
mcl Number of RyRs in the Closed Inactivated state, dyad m -
mol Number of RyRs in the Open Inactivated state, dyad m -
csqn Free calsequestrin concentration mM
"M Proportion of csgn in monomer state, dyad m -
md; LTCC activation gate state 1, dyad m -
md, LTCC activation gate state 2, dyad m -
Md3 LTCC activation gate state 3, dyad m -
mf1 LTCC voltage-dependent inactivation state 1, dyad m -
mf, LTCC voltage-dependent inactivation state 2, dyad m -
mfcay LTCC Ca**-dependent inactivation state 1, dyad m -
"fca, LTCC Ca**-dependent inactivation state 2, dyad m -
Vm Membrane potential mV




Fundamental equations for Ca®* concentration
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Where transfer between compartments is given by:
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And the reaction terms are:
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Spatial diffusion is described by a 6-node nearest neighbours finite difference approximation:
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Where e; refers to the three dimensions (x,y,z)
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Table S2: Cell structure and diffusion parameters

Parameter Description Value
Vi Cytoplasm volume per CRU 1.0 um3
Vnsr Network SR volume per CRU 0.05 pm3
Vss Sub-space volume per CRU 0.0175 um?
<Vgs> Average volume of individual dyad 1.712 x1073 pm?
VisR Volume individual jSR 0.015 um?
Tds Time constant diffusion from dyad to SS 0.022 ms
Tss Time constant diffusion from SS to cytoplasm 0.1ms
Tisr Time constant diffusion from nSR to jSR 5ms
Ti transverse Time constant of transverse cytoplasm diffusion 2.3 ms
Tjlongitudinal Time constant of longitudinal cytoplasm diffusion 2.9ms
Tss, transverse Time constant of transverse subspace diffusion 1.25ms
Tss, longitudinal Time constant of longitudinal subspace diffusion 1.95 ms
ThsR,transverse Time constant of transverse nSR diffusion 7 ms
TnsR longitudinal Time constant of longitudinal nSR diffusion 14 ms

Reaction terms

The formulations for the reaction terms (Equations (9-13)) are described below:

Intracellular Ca®* release, Jre

m _m m 2+ _ m 2+
e = K ( [Ca :|jSR [Ca :Ids) (15)
-1
mkreI = mno_RyR'gRyR'des (16)

"no_ryris 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 [2] and Restrepo et al [3], with a functional monomer
induced inactivation based on csqn dynamics described by Gaur-Rudy [4].
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In this model, OA is the only state in which a flux occurs. Thus, "n, gy is equal to the number of
channels in dyad m which are in state OA (red text in schematic).

L-type Ca®* channel flux, Jca
The flux through the L-type Calcium Current is defined as:

m‘JCaL = _mno_LTCC m‘JCaL (31)

Where "n, (rcc is the number of open LTCC channels in dyad m (defined below) and J_CaL is the

maximal flux rate per channel [5]:

37ca ) [Ca2+ ljs " —Vca [Ca2+ l)
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Where [Ca?'], is the extracellular Ca?* concentration, P¢, 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 [5,6]
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Which is equivalent to the three gate Hodgkin-Huxley model:
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And thus described by:
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Where the transition rates for each variable couplet, (x = di-d>, fi-f>, fcai-fca,) are defined from the

steady-state and time constant in the standard way:
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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).

Table S3: RyR and LTCC flux parameters
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Parameter  Description

Oryr Maximal flux rate through the RyRs 2.05x10* um3*ms*
Pca Maximum permeability of LTCC 11.9 umol Ctms?
Yea Activity Coefficient LTCC 0.341
Ngyr Number of RyRs per dyad* 100
H RyR Open rate Ca?* power 2.5
kq RyR activation rate constant 1.58 x 10* uyM%*ms?
ko RyR deactivation rate constant 1.0 ms?
Ty1 Time constant of monomer binding 25ms
Tyt Time constant of monomer inactivation 30 ms
T, Time constant monomer unbinding 156 ms
Tyis Time constant of de-inactivation 75 ms
Nitcc Number of L-type Ca?* channels per dyad* 15
Kazd3 Rate constant for transition d.-ds 0.3 ms?
Kazdz Rate constant for transition ds-d> 6.0 ms?
Tea Time constant for Ca** induced inactivation 15ms
Ca Ca* constant for Ca®* induced inactivation 6.0 uM
[Ca?], Extracellular Ca?* concentration 1.8 mM




Intracellular uptake and leak, Jup and Jieak
These equations are based on Restrepo et al [3] and preceding studies [7,8].
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Table S4: Ca?* uptake and leak parameters

Parameter  Description Value

Gup Maximal flux rate of J,, 0.339 uM.ms*
Keyto Cytoplasm constant for J,, 0.15 uM
Knsr Network SR constant for J,, 1700 pM
Gleak Maximal flux rate of Jieax 1.412 x10° ms™?
Kieak Jieak cONstant 450 pM

Membrane fluxes, Jnaca, Joca and Jcas
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Table S5: Membrane flux parameters

Parameter  Description Value

gnaca Maximal flux rate of Sodium-Ca?* exchanger 0.3726 pm3.uM.ms™?
Kda Ca?* scaling constant 0.11 uM
n Voltage sensitivity coefficient 0.35
Ksat Saturation constant 0.27
Kmeai Intracellular Ca?* constant 3.59 uM
Kmecao 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 1.37 x103 um*pM.ms?
Geab Maximal flux rate of background Ca?* current 1.82 x10”° um3.pM.mst.mv?
[Na*]; Intracellular Na* concentration 7.95 mM
[Na*], Extracellular Na* concentration 136 mM

Ca?* Buffering

Instantaneous buffering in the cytoplasm
Instantaneous buffering in the cytoplasm follows that of previous models, e.g., Restrepo et al [3] and
Nivala et al. [9], based on [10]. At each voxel, n, the buffering term is given by:

-1

B K
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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 [4]:

-1
B. K
m,BjSR =1+ - 2+csqn mesgn . (59)
( [Ca ]jSR + chsqn)

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 0.6 uM
Bsr Total concentration buffering sites 47.0 uM
Ku,ca Dissociation constant for Myosin (Ca) 0.033 uM
Bum,ca Total concentration buffering sites 140.0 uM
Kwvi,mg Dissociation constant for Myosin (Mg) 3.64 uM
Bwm,mg Total concentration buffering sites 140 uMm
Kmesgn Dissociation constant for csgn 0.8 mM
Bcsan Total concentration buffering sites 10 mM
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