Supplementary Information

Description of Model Design
Geometrical Parameters of Cellular Compartments

The total volume of the model cell (Vce) was set to 20.9 pL. The fractional volumes of intracellular
compartments (myoplasm 0.68, NSR 0.055, JSR 0.0042 and dyadic space fca: x 0.000032) were
adjusted to be consistent with the model of human ventricular epicardial myocyte published by
lyer et al. [5]. The total membrane area of 15,000 um? corresponds with the membrane capacitance of
150 pF. The dyadic space is described only at the t-tubules because of their major role in
excitation-contraction coupling [50].

The total volume of the t-tubular system in the model cell represents the sum of the volumes of all
t-tubules (their density in surface membrane was set to 0.19 per um? [38]). To keep all geometric
parameters of the model cell consistent with surface/volume ratios (Awt/Veen = 0.72 pm?/pm?, Awn/Veen =
0.403 pm?/pm?®, Asuri/Veen= 0.327 pm?/um?®), mean radius of the t-tubules (210 nm) and fractional area
of t-tubular membrane (0.56) published by Ohler et al. [15], the fractional volume of t-tubular system
must have been reduced from 0.0867 to 0.042 [15]. To simulate the ion gradient in t-tubular lumen, the
system (“each t-tubule”) was partitioned into nine concentric cylindrical segments St;, St,..., Stg
(Figure S1). To increase the accuracy of computation of ion concentration changes close to the
t-tubular membrane, the volumes of segments St;—Stg were set to 3% of the total tubular volume;
further reduction did not significantly alter the results. The outer radius of each segment is listed in the
table of Figure S1.

Figure S1. Schematic representation of part of the model t-tubule. The tubular lumen is
partitioned into nine concentric cylindrical segments St;, St,..., Stg. Segments St;—Stg
(shown in grey) occupy 25.3 times smaller volume than the segment Sto (white centre). The
table shows the outer radii of individual tubular segments and their fractional volumes.

St — Ses

Ls.,
Segment Radius Fract. volume

Su 210.0 nm 0.03

S 206.8 nm 0.03

S 203.6 nm 0.03

St 200.3 nm 0.03

S5 197.0 nm 0.03

St 193.6 nm 0.03

S 190.2 nm 0.03

Sts 186.7 nm 0.03

Sto 183.1 nm 0.76
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Membrane Currents

The description of principal membrane currents was modified to be consistent with recently
published models of human cardiomyocytes. The formulations of Iys, lca and lx; were adopted
from lyer et al. [5]. To describe Ik, Iks and lxy, the simplified formulations published by
Ten Tusscher et al. [4] were used. Other currents such as Inaca, Inak, lpca, Inaps: Ikna), Insicay @nd Iy
remained unchanged [14] and Ikp and lxate) Were omitted.

The maximum conductivities, current densities or permeabilities of ion transport systems (Table S1)
were adopted from the above cited papers and, if needed, adjusted for the model to generate
physiological configuration of APs as well as physiological levels of intracellular ion concentrations at
rest and during activity [27-30]. An acceptable fit of the model simulations with experimental data of
Li et al. [25] required also a slight reformulation of the steady-state voltage dependent inactivation of
Ica (V) @S

0.82

0 1+ oVat285)/78 +0.1 (1)
and of the time constant of l;,-inactivation (ts) as:
t, =0.085 ol 000 4 50 @)
s 14 e(vm -63)/5

Table S1. Maximum conductivity (gxmax), current density (Ixmax) Or permeability (Py) of
ion transport systems used in the model. The values are related to the total membrane area.
fx ¢ represents the t-tubule fraction of the ion transporter underlying current Ix.

ONa,max 25mS cm > faat 0.57
ONaps,max 0.01 mS Cm_2 fNaps,t 0.56
Pca 0.00185cm s feaLt 0.64
P 0.0000032 cms™' fL s 0.64
Okto,max 0.132mS cm? frtos 0.56
Okrmax 0.038 mScm™ firt 0.56
Ok max 0.040 mS cm > fist 0.56
OK1,max 0.125 mS cm fiat 0.80
OK(N) max 0.129 mS cm* ficnayt 0.56
ONab,max 0.141 uS cm™ frva. 0.56
O cab,max 2.413 uS cm™ feans 0.56
Pascca) 1.75nms”"' fos(cat 0.56
KnaCamax 0.15nAcm*mM™ faacat 0.56
INaK max 0.975 pAcm’? faak 1 0.56
lpcamax 1.725 yA cm focat 0.20

Because of the paucity of experimental data related to distribution of ion transporters between the
surface and t-tubular membrane in human ventricular cells the t-tubular fractions of ion transporters
related to currents Ina, lca, k1 and lyca (Table S1) were preliminarily set to be consistent with guinea
pig model [14]. T-tubular fractions of other transporters were set to 0.56 assuming their uniform
distribution over the whole membrane.
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Intracellular Ca?*- Handling

The formulation of intracellular Ca?* handling is based on the description used by lyer et al. [5].
However, to prevent the intracellular Ca** overload and irregular Ca** release from JSR at higher
stimulation rates, a readjustment of some parameters/constants was needed. It included: (i) increase of
forward and reverse rate parameters of SR Ca®* pump (Vmaxf and Vmax) t0 0.25 mM s ' and 0.75 mM s~
respectively; (ii) decrease of on- and off-rate constants controlling adaptation of RyR channels
(K and K¢) to 0.1 ms™' and 0.0008 ms ™' respectively; (iii) increase of the time constant of Ca?*
transfer from NSR to JSR (ty) to 20 ms; (iv) decrease of the time constant of Ca®* transfer from the
dyadic space into the cytosol (Txfer) t0 18 ms.

lon Exchange Between t-Tubular Segments and with the Extracellular Cleft Space

No data are currently available about the rate of ion diffusion within tubular lumen and between
t-tubular and extracellular spaces. For this reason, the time constants controlling the ion exchange
between cleft and t-tubular spaces are preliminarily adjusted to the same values as in guinea pig model,
1.8.: Tcact = 240 MS, Tk ¢t = TNact = 200 ms [14].

The time constants controlling Ca?* and K* exchange between the individual tubular segments were
computed by multiplying the tca ot and tx ot by a factor taking into account the different diffusion area
between individual segments and, in segments Si and Sy, their different volumes. The resulting
formulation is:

_ 'A\)ase,n VSt,n+1
TX,St,n+1 - Tx,extt ’ ’ V (3)
Aboundary,n St,n

where tx sin+1 represents the time constant controlling the rate of diffusion of ion X from segment n to
segment n+1 and the parameters Apase n, Aboundary,n, Vstn+1 @and Vs represent the area of segment n in the
tubular mouth, area of the boundary between segments n and n+1, volume of segment n+1 and volume
of segment n, respectively.

Because the concentration changes of tubular Na* are minimal, they are described in a single
t-tubule compartment as in our guinea pig model [14].

Extracellular Cleft Space

Extracellular cleft space is described as a single compartment surrounding the model cell. The
volume of this compartment (1.932 pl, 13.6% of total cytosolic volume) as well as the time constants
controlling the rate of ion exchange between this compartment and bulk space (tcapc = 24.7 S,
Tnape = 14.3 s and tcpe = 10 s) were set to be consistent with the model of human atrial myocyte
published by Nygren et al. [2]. The bulk concentrations of Ca®*, Na* and K* were set to 2 mM,
140 mM and 5.4 mM, respectively.
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Model Equations and Parameters

The basic units in which the equations were solved are: mV for membrane voltage, pA for
membrane currents, mS for conductivities, ml s~ for permeabilities, umol s for ionic fluxes,
mmol L™ for ionic concentrations, ml for volumes and s for time. The suffix “x” stands for either
surface (“s”) or t-tubular (“t”) membrane variables, and the suffix “0” correspondingly stands for ion
concentrations either in intercellular cleft space (“c”) or in the first t-tubular segment (“t;””). The physical
constants and geometrical parameters of the model cell are specified in Tables S2 and S3, respectively.

Membrane Currents

The values of parameters and constants used in the description of membrane currents are listed in
Tables S4 and S5.

Na" Current, Ina

I Nax — gNa,x (OlNa,x +02N31X ) (Vm'x - ENa,x) (4)
dC
% - _(4ax + Cn )CONa,x + BxclNa,x + CfCIONa,x (5)
dcC
é?a'x =—(By+C,a+30, ) Cpyy +40,Copa + 2B, Copan +(C; /) Clyyyy ()
dC
ci:la,x = _(ZBX +C, -a’+ 2a, )CZNa,x +304,Cinax +3BuCoanax + (Cf /& )CIZN“ (7
dC
(jl:a’x - _(BBX + Cn ) 3.3 + Oy )CSNa,x + 20LXCZNa,x +4Bxc4Na,x + (Cf / aa)CI?’Na'X (8)
dC
J’t\layx - _(4Bx + Cn . a-4 + Yx + MNx )C4Na,x + axCSNa,x + 6xolNa,x + VXOZNavX + (Cf / a4)CI4Na'X (9)
dolNa,x _
T = —(8)( +&E+ On,x )OlNa,X + YXC4Na,x + (DXOZNa,x + of,xOI Na,x (10)
dOZNax
T - _((DX + VX )OZNa,x + SOlNa,x + 11xC4Na,x (11)
dCl e
T - _(Cf + 4axa)C|0Na,x + (Bx / a)CllNayx + C“CONa’X (12)
dCl
—dltNaYX =—(B, / a+3a,a+¢; / a)Cly,, +4a,aCly,, +(2B, /a)Cl,,, +¢,aC,, (13)
dCl
dtha'X - _(ZBX la+2a,a+c/ az)ClzNa,x +30,8C1,  + (3B, / @) Clayy, + €, Cop (14)
dCISNa,x

b ~(3B, /a+a,a+c /a*)Cly,, +20,aCl,y,, +(4B, /@)Cly,, +€,a°Cy,,  (15)
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dClI
diNa’X - _(4Bx la+yy, +¢ / a4)C|4Na,x +a,aClgy, , +85,0I Nax T Cp a4C4Na,x (16)
dol
% = _(88x + Of,x )OI Na,x + YYXCI4Na,x + On,xolNa,x (17)
RT [Na*}
Enax =—1In : 18
VxR [[Na*]l] 49
o, = 2.0842-10101- e(—7907.5+6.013T+3.3205mex)/T (19)
B. =2.0842.1 0T e(—32768+83.19T—28.985vax)/T (20)
v, = 2.8950-1 OlOT e(—23612+63.735T ~18.206Vmx )/ T (2 1)
5)( 89501 OlOT e(—16078+27.565T ~18.064Vim x )/ T (22)
C, =1.4475.10°T g 7657/ +0000%) (23)
c = 2 8950 _108Te(—34626.6/T+94.554) (24)
e =2.8950-10°T e(—10318.7/T+8.4279) (25)
n, = 2.8950- 10T e(—17777+40.760T ~8.6955V i x )/ T (26)
v, =2.0842 1010Te(—8147.6+0.2127T—19.71mex)/T (27)
— SVX’YX
g, )
55 —2.8950-10°T e(—6698.9—15.711T —42.316V )/ T (29)
1y, = 2.8950-1 OloT e(14003—69.55105T +8.8590Vpm )/ T (30)
0. =20842. 1010Te(—7471.2+3.4498T+3.3483Vm’x)/T (31)
86><On xyxcf
o =—-= "=
f,x a8cn6xy,yx (32)
a=175 (33)
Persistent Na* Current, Inaps
INaps,x = gNaps,kaaps,x (Vm,x - ENaps,x) (34)
(o - 1 (35)

Naps, = -
aps,x 1+e (Vi x +54)/8

. _RT, [Na'] +0.12[K" | (36)
TR | [Nat] +012[K" |
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L-type Ca*" Current, lca

4F?2 0.001e” ™V —0.341] Ca™ |

CalL,x :PCa L,x (Ox +OCa,x )yxvm,x

RT 2 FIRT) g
dC,,
dt :Bxcl,x +(DCCa0,x _(4G’X +Y)C0,x
dcC,, )
dt :4axCO,x _2BXC2,X +ECCal,x _(BX +30'X +’Ya)C11X
dc,,
" =3a,C, , +3B, C3X+b caox — (2B, + 20, +73%)C,,
dc,,
dt X =20 «Cox +4B, C4X+b casx — (BB, +o, +ya )C3x
dc,,
i .Cax +90, +b caux — (4P, + f +7ya")C,,
do
x=fC, —gO
at O
dCey, .
_dcto = B Ccalx + YCO,X - (4(1 X + (D)Ccao,x
dC
—(;:sl,x :4(1,'XCcaO,x + 2B'XCCa2,x + yacl,x _(B'x + 3o‘vx +%)Ccal,x
dCCaZx — ' ' 2 ! ! ®
T—3(X XCCal,x + 3[3 xCCaS,x +’Y3. CZ,X - (ZB X+2a X+F)CCa2,x
dC
—dC::;'X :Z(I'XCcaZ,x + 4B'xCCa4,x +Ya3C3,x - (3B'x +U~'x+b_(2)CCa3,x
dCCa4x ' '
T:a XCCa3,x +9 XOCax +va C4x _(4B +H'+ b ) Cad,x

do a, X ] 1
d(;: = =f CCa4,x —-J o)

a,=1997e

Ca,x

0.012(Viy x ~35)

Bx —88.0 e—O.OGS(Vm‘X -22)
o', =ao,

=L
b

Y, = 55.4[(:a2+ ] Y. = 55.4[Ca2+ ]i

S6

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)
(51)

(52)
(53)

(54)
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dl: Yy Yx (55)
dt Tyx
- 0.82
. 0,001
¥~ "0.00653 (57)

W + 0-0051267Vm,x /1398
o+ e mx/! 1

L-Type K" Current, Ik,

+ Vi xF/(RT) +
. F2 K] e K] 58

I KL,x =P KL,x (Ox +OCa,x )yxvm,x ﬁ IeVm,xF/(RT) -1 ° ( )

P

p — KL,x
KL,x 1+ ICaL (59)
ICaL,haIf
Transient Outward K™ Current, Ik
I Kto,x =g Kto,x rx Sx (Vm,x - EKto,x) (60)
dr, _T-r (61)
dt Trx
ds, S-S, (62)
dt TSX

_ 1
vy )

_ 1
5= 1+ e(Vm,x+20)’5 (64)
Tr, = 0.0095¢ ™ 15 4 6 0008 (65)
tg, =0.085¢ o 0005 60, (66)

1+ e(vm,x -63)/5

. _RT [[K*l] 67)

Ktox — ?In I:K+:|i
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Rapid Component of Delayed Rectifier K* Current, Iy,
I Kr,x :g Kr,xCKr,x Xrl,x sz,x (Vm,x - EKr,x)

Car = (K], /5.4)0'5

dx X.,. —X

r1,x

dt TXr1x

erZ,x _ Xr2,x - XrZ,x

dt TXro2 x

B 1

rix = l+e_(Vm’x +26)/7

1

1+e(vm'x +88)/24

0.45 6

TxXrix = (Vi +48)110 1+ e(vm'X +30)/115

1+e
0.003 1.12

(Vi +60)/20 1+ e(vmX 60}/ 20

X

X =

r2,x

TXrZ,x -
l+e

E..=E

Kr ,x Kto,x

Slow Component of Delayed Rectifier K™ Current, Iy

2

I Ks,x =g Ks,x Xs,x (Vm,x - EKs,x)

dxs,x _ Ys,x - Xs,x
dt B TXS,X

1

1+e (mxL5V14

1.1 1

S, X

Txsx = 05 Vinx—60)/ 20
(1+e(vmyx+10)/6) 1+ e( m.x—60)

- _ﬂln{[K+]o+O.03[Na+]O]

Kx = F [K*]i +o.03[Na+]

Inward Rectifying K* Current, lx;

lk1x=9 Kl,xCKl,kal,x (Vm,x - EKl,x)

ca=([K"])"

S8

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)
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k. - 1
Kix — - :
0.94 4 g-2Vmx Bk {F/RT)
EKer = EKtO,x

Na* Activated K* Current, lina

IK(Na),x = OknayxCrna) kK(Na),x (Vm,x - EK(Na),x)
0.85

Crnay = 28
1+ KhaIf,K(Nai)
[Na” |

0.65

1+ Vmx 12915

I(K(Na),x =0.8-

EK(Na),x = EKto,x

Non-Specific Ca*" Activated Current, Ins(ca)

I ns(Ca),x :| nsNa,x +I nsK,x

l ...=P...C

F2 0.75[ Na* | e™" —0.75[ Na* |

nsNa,x nsNa,x ~“nsNa * m,x Vo« F/(RT
RT D _q

e

F? 0.75 K" | ™ —0.75| K" |

VmxFIRT) _ 4

Ik x =Prsk xCrsic V.

nsK,x nsK,x ~“nsK ¥ m,x
RT

e

1 1
Coona = Cosk =

nsNa K 3! nsK K 3
half,nsNa(Ca; ) half,nsK(Ca;)
[ cal J ([] J

I b,x :| Nab,x +I Cab,x

Background Current, Iy

Nabx gNabx(me Nax)

Cabx gCabx(me - Cax)

Na*
ENab,x = %In %
ECab,x il In I:Ca :|0

o "\ [

S9

(84)

(85)

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(94)
(95)

(96)

(97)

(98)
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Na*- Ca?* Exchanger Current, Inaca

| — K 085V, < F/(RT)
NaCax — "NaCax

X

P g P’ ] [a'T oo

1+0.000 e %V IRT) (eVmVXF/(RT) [Na+ 13 [Ca* ]0 +[Na* ]z [Ca*] )

Na'- K* Pump Current, Inak

I NaK,x :| NaK,max,x C:I'NalK,x C2NaK kNaK,x

ClNaK,x -

X

+
[K }o + Khalf,NaK(Ko)

1

C2\ax = 15
l+ Khalf,NaK(Na\i)
[Na']

1

i = 140.12456 7P +0,03650, VD)

Ca”" Pump Current, lpc,

C =

pCax —

I C

pCa,max,x ~“pCa

[ca®]

pCa 2+
Khalf,pCa(Cai) + I:Ca ]i

Circulation Current, lgc

| = Vms _th
circ RSt

. = —45mA cm™ for 0.001 s

Stimulation Current, lstim
stim

Intracellular Ca?* Handling

S10

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

The values of parameters and constants used in the description of intracellular Ca?* handling are

listed in Tables S6 and S7.



Int. J. Mol. Sci. 2013, 14 S11

Ca’* Uptake From Cytoplasm Into NSR, Jsrup

v . f —-v_ r
J - K maxf "b maxr " b
srup — Msr ( 1+f_+1, J (109)
[Ca” Nip
fo=| b —di (110)
’ be
Nrb
Ca*
= I: :INSR (111)
Krb

Ca?* Transfer from NSR into JSR, Jsrr

J = [Ca2+}NSR _[Ca2+:|JSR (112)

SRtr —

Ttr

Ca’* Release from JSR into Subspace, Jsrrel

= (PoytPoy ) [Caﬁlsi e, (113)
o
ditﬂ =Po,k; — Pk [Ca® | (114)
d(':?l =Pyk; [ Ca™ ]“ +Poky +PoK Py (K +ky [ Ca®* ]3 +k) (115)
%:p01kg [ca” T —Pok; (116)
T =k - Rk (117)

Ca’* Transfer from Subspace into Cytoplasm, Jeyt

C 2+ _ C 2+
cht:[ a” ] -[ca” ] (118)
T xfer
ca* Buffering by Troponin, Jirpn
d [HTRPN.,] d[LTRPN,
Jtrpn: myo( [ dt c ]+ [ dt ¢ ]) (119)

d[HTRPN, | e

dt htrpn [HTRPNCa] (120)

htrpn

[Ca® | ([HTRPN, ], ~[HTRPN,])-k
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d[LTRPNG,] .

” o [C2% ] ([LTRPNG, ], ~[LTRPN, ]) Ky [LTRPN,, ] (121)

Itrpn

Ca’* Buffering by Calmodulin, B; and Bs;

Bi =1+ [CMDNCa ]tot Khalf,CMDN(Ca;) (122)
( Katt cvonica) + [Caz+ :L )

—J14 [CMDNCa]tot Khalf,CMDN(Ca; (123)
( Khalf,CMDN(Ca) + |:Ca2+ s )

SS

Ca’* Buffering by Calsequestrin, Bjsg

B -1 [CSQNCa ]tot Khalf,CSQN(Ca) (124)
JSR — + 94 2
(Khalf,CSQN(Ca) + I:Ca ]JSR )
lon Concentrations

The time constants of ion exchange between individual tubular segments, between cleft and
t-tubular spaces and between external bulk and cleft spaces are specified in Tables S8-S10.

Intracellular lon Concentrations

+
d [Na l _ I Na,s +I Na,t +| Naps,s +I Naps,t +| nsNa,s +| nsNa,t +I Nab,s + I Nab,t +3| NaCa,s +3| NaCa,t
dt FV
myo (125)
_ 3' NakK,s +3| NaK,t
Fme0
+
d I:K :Ii _ I Kto,s +| Kto,t +| Kr,s +| Kr,t +| Ks,s +| Ks,t +| K1, +| K1t +| KL,s +| KL,t +| K(Na),s +| K(Na),t
dt FV
myo (126)
_ InsK,s +1 nsk,t 21 NaK,s 21 NaK,t +Istim
FViyo
d[Ca™ |
= +

i B 21 NaCa,s +21 NaCat ICaL,s - ICab,s - ICab,t - IpCa,s - IpCa,t ‘]cyt - ‘]SRup - ‘Jtrpn (127)
| 2FV, v

myo

dt

2+
d [Ca s _B _ICaL,t + ‘]SRreI - ‘cht (128)
dt A CERY

SS
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d [Ca2+]N5R _ ‘JSRup o ‘]SRtr

Extracellular lon Concentrations

d[K*] _
Stl IKto,t + IKr,t+|Ks,t+|K1,t+IKL,t + IK(Na),t+|nsK,t 2|NaK,t

dt

dt Visr
2+
d [Ca IR _ B Jsrr — Jsre
dt JSR VJSR
d I:Na+ ]t _ INa,t +| Naps,t +| nsNa,t + INab,t +3| NaCa,t +3| NaK,t + ‘] Na,ct
FV, V,

V + +
I = ——([Na"] ~[Na"] )

Na,ct

J Ketl J K,St,2

dt

+
d [Na l _ I Na,s + Naps,s + nsNa,t +1 Nab,s +3l NaCa,s +3l NaKs J Na,ct

FV,

St1

d[ K" ] _
St,n ‘] K,ct,n +‘] K,St,n ‘] K,St,n+1

'J Kct,

‘] K,St,n+1

dt
V,

V,

St,n

+
V.

St1

n=(23,..9)

= ([k]-[k],) n=(2.9)

K,ct

Tk,stn+l

_ Vs ([stm _|:K+:|St,n+l)’ n=(12,.8)

d[Ca* | _
Stl ICa,t+|Cab,t+|pCa,t 2|NaCa,t n ‘JCa,ct,l B ‘JCa,St,z

2FVg,

dt

d [Ca”] _
St,n — ‘]Ca,ct,n +‘]Ca,St,n ‘]Ca,St,n+l

VSt,l

dt

J

Ca,ct,n

J Ca,Stn+l —

_ V.

stn+l ([C3.2+ ]Sm _[CaZ+ :ISt.n+1)' n= (1,2,..8)

V,

Ca,ct

Ca,St,n+1

V,

St,n

. n=(23,..9)

- Vo ([Ca”l—[Ca“]&n)v n=(12,..9)

dt

2+
dl:Ca :|c _ ICa,s+|Cab,s+|

FV

e

pCas

21

NaCa,s

Z ‘] Ca,ct,n
n

lot " ([Na'],-[Na'] )

e TNa,bc

dt

2FV

e

V

e

+ 1 ([ca® ], ~[ca* ] )

TCa,bc

S13

(129)

(130)

(131)

(132)

(133)

(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)
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d [K ]c — I Kto,s +| Kr,s +| Ks,s +| Kl,s +| KL,s +| K(Na),s +| nsK,s 2' NaK,s + O'OO:I'Istim (Sm,s + Sm,t) /tcycle
dt FV, (143)
Z ‘] K,ct,n
—-t + L [K*] —[K*} ) teycle = Stimulation period
Ve TK,bc b ¢
Membrane Voltage
Surface Membrane Voltage
de,s Icirc - INa,s ~ UNapss — ICaL,s - IKL,s - IKto,s - IKr,s - IKs,s - IKl,s - IK(Na),s ~ 'ns(Ca),s INab,s - ICab,s
dt C..
’ (144)
-1 NaCas INaK,s - IpCa,s - Istim
+
Cm,s
Tubular Membrane Voltage
de,t _ _Icirc - INa,t - INaps,t - ICaL,t - IKL,t - IKto,t - IKr,t - IKs,t - IKl,t - IK(Na),t - Ins(Ca),t - INab,t - ICab,t
dat C
| | mt | (145)
+ NaCa,t NakK,t pCa,t
Cm,t
Table S2. Physical constants.
Parameter Definition Value
Pext Specific resistance of extracellular solution 83.33 Qcm
Csc Specific capacitance of cellular membrane 0.01 pF pm™*
R Gas molar constant 8.314 J K mol™
F Faraday constant 96485 A s mol ™'
T Absolute temperature 310 K
Table S3. Geometrical parameters.
Parameter Definition Value
L¢ Length of cell 130 um
L, Mean length of tubules 5.015 um
I Mean radius of tubules 0.21 um
Pt Density of tubules in surface membrane 0.19 tubules pm >
Sms Surface membrane area 6645 pm?
Smit Tubular membrane area 8355um2
A Volume of cell 2.089 x 10 * mL
Vinyo Volume of myoplasm 1.420 x 10 8 mL
Visr Volume of network SR 0.115 x 10 * mL
Visr Volume of junctional SR 0.088 x 10° mL
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Table S3. Cont.

Parameter Definition Value
Ve Volume of subspace 0.422 x 10 “ mL
Vi Volume of TATS 8.772 x 10" mL
V, Volume of extracellular cleft space 1.9317 x 10 mL
Table S4. Membrane current parameters.
Parameter Definition Value
Khaif, k (Nai) [Na']; half saturation constant for I () 66 mM
Khat sk cai) [Ca2+]i half saturation constant for I, 0.0025 mM
Khaif nsNa(Cai) [Ca2+]i half saturation constant for lnsna 0.0025 mM
Khatf Nak (o) [K*], half saturation constant for Iyax 1.5mM
Kaif Nak (Nai) [Na']. half saturation constant for lyax 10 mM
Khalt pca(cai) [Ca™]; half saturation constant for l,c, 0.0005 mM
Table S5. L-type Ca** channel parameters.
Parameter Definition Value
f Transition rate into open state 300s
g Transition rate out of open state 40005
f’ Transition rate into open state for mode Ca 55
g’ Transition rate out of open state for mode Ca 7000
a Mode transition parameter 2
b Mode transition parameter 2
w Mode transition parameter 10s™"
lcaL paf Ica level that reduces Py, by half —0.265 pA/pF
Table S6. SR parameters.
Parameter Definition Value
Vimaxf Ca®*-ATPase forward rate parameter 0.25mM s’
Vimaxr Ca®*-ATPase reverse rate parameter 0.75mMs !
Ko Ca®"-ATPase forward half-saturation constant 0.000168 mM
Kb Ca?*-ATPase backward half-saturation constant 3.29 mM
N Ca’*-ATPase forward cooperativity constant 1.2
N Ca?*-ATPase reverse cooperativity constant 1
Ksr Ca’"-ATPase scaling factor 1.2
T 1 of Ca®" transfer from NSR to JSR 20 ms
Trel 7 of Ca®" transfer from JSR to subspace 0.56 ms
Txfer 7 of Ca®" transfer from subspace to cytosol 18 ms
' RyR P, — P, rate constant 125 x 102 mM™*s™!
Ky RyYR P; — P, rate constant 5765 !
ko' RyR P, — P, rate constant 4.05x10°mM 35!
ky RyYR Py, — P, rate constant 1930 s
ket RyR Py; — P, rate constant 1005
ke RyYR P, — P, rate constant 0.8s!
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Table S7. Buffering parameters.

Parameter Definition Value
[HTRPNc,]iot  Total troponin high-affinity site concentration 0.14 mM
[LTRPNcaJiot  Total troponin low-affinity site concentration 0.07 mM
[CMDNc,]iot ~ Total calmodulin concentration in myoplasma 0.05 mM
[CSQNcaltot Total calsequestrin concentration in JSR 15 mM

K htrpn Ca®* on rate for troponin high-affinity sites 2 x10*mM ™' s
K htrpn Ca”* off rate for troponin high-affinity sites 0.07s!

K ttrpn Ca®* on rate for troponin low-affinity sites 4x10°mM s
K trpn Ca*" off rate for troponin low-affinity sites 405!

Khait.cMDN(Ca) [Ca2+]i half saturation constant for calmodulin 0.00238 mM
Khait cson(ca) [Ca2+]i half saturation constant for calsequestrin 0.8 mM

Table S8. Time constants of ion exchange between individual t-tubular segments.

Parameter Definition Value
TK St2 t of K* exchange between t-tubular segments 1 and 2 1.276 x 10*s
Tk.5t3 7 of K* exchange between t-tubular segments 2 and 3 1.296 x 10*s
TK St4 t of K* exchange between t-tubular segments 3 and 4 1.317x10*s
TK.St5 7 of K* exchange between t-tubular segments 4 and 5 1.339x 10*s
TK St.6 t of K* exchange between t-tubular segments 5 and 6 1.363x10*s
TK,St.7 7 of K* exchange between t-tubular segments 6 and 7 1.387 x10*s
TK S8 t of K* exchange between t-tubular segments 7 and 8 1.413x10*s
TK,St9 7 of K* exchange between t-tubular segments 8 and 9 3.651x10°s
Tcast2 t of Ca**exchange between t-tubular segments 1 and 2 1.531x10*s
Tcast3 t of Ca2+exchange between t-tubular segments 2 and 3 1555 x 10 *s
Tcasta t of Ca**exchange between t-tubular segments 3 and 4 1.580 x 10*s
Tcasts t of Ca2+exchange between t-tubular segments 4 and 5 1.607 x 10*s
Tcasts 1 of Ca®*exchange between t-tubular segments 5 and 6 1.635x10*s
Tcast? t of Ca2+exchange between t-tubular segments 6 and 7 1.665x 10*s
Tcasts 1 of Ca**exchange between t-tubular segments 7 and 8 1.696 x 10*s
TCasto t of Ca2+exchange between t-tubular segments 8 and 9 4381 x107°s

Table S9. Time constants of ion exchange between cleft and t-tubular spaces.

Parameter Definition Value
TNact 7 of Na" exchange between cleft and t-tubular spaces TATS 0.2s
TK,ct 1 of K" exchange between cleft and t-tubular spaces 0.2s
Tcact 7 of Ca®" exchange between cleft and t-tubular spaces 0.24s

Table S10. Time constants of ion exchange between external bulk and cleft spaces.

Parameter Definition Value
TNa,be 7 of Na* exchange between external bulk and cleft spaces 14.3s
TK,be 1 of K* exchange between external bulk and cleft spaces 10s
Tcabe t of Ca** exchange between external bulk and cleft spaces 24.7s
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