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Data Supplement

Sinoatrial node cell isa dynamic SYSTEM of sarcolemmal and intracellular proteins...
Victor A. Maltsev and Edward G. Lakatta

Parameters and formulations of our numerical model of rabbit SANC, 4 supplemental tables, and
2 supplemental figures

MATHEMATICAL DESCRIPTION OF THE MODEL

The present model of rabbit SANC is a system of 30 first-order differential equations. All model
equations and parameter values are provided below. Online Table 1 summarizes all model
variables (Y1—Yso) with their initial values. The model is based on our previously published
version of a “Basal State” model (7) that was modified in the present study to simulate GPCR
modulation of rabbit SANC automaticity.

PARAMETERS

Fixed ion concentrations, mM

Ca,= 2: Extracellular Ca’" concentration.
K, = 5.4: Extracellular K" concentration.
K;=140: Intracellular K" concentration.
Na, = 140: Extracellular Na" concentration.
Na=10: Intracellular Na" concentration.
Mg; = 2.5: Intracellular Mg*" concentration.

Cell compartments

Cm = 32 pF: Cell electric capacitance.

Leen = 70 um: Cell length.

Reen =4 um: Cell radius.

Lsub = 0.02 um: Distance between jSR and surface membrane (submembrane space).
Veel = TReeti” Leen = 3.5185838 pL: Cell volume.

Vsub = 27 Lsub(Reert - Lsun/2)-Leenn = 0.035097874 pL: Submembrane space volume.
Visr part = 0.0012: Part of cell volume occupied by junctional SR.

Visr = Vjsr part'Veell: Volume of junctional SR (Ca2+ release store).

Vi part = 0.46: Part of cell volume occupied with myoplasm.

Vi =V part'Veeli-Vsuwr: Myoplasmic volume.

Visr part = 0.0116: Part of cell volume occupied by network SR.

Visk = Vasr_part Veell: Volume of network SR (CazJr uptake store).

The Nernst equation and electric potentials, mV
Ex = (RT/F) - In([X]o/[X]i) = Er - In([X]o/[X]i), where
F =96485 C/M is Faraday constant,

T =310.15 K’ is absolute temperature for 37°C,

R =8.3144 J/(M-K") is the universal gas constant,
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Er is “RT/F” factor = 26.72655 mV,
and [X], and [X]; are concentrations of an ion “X” out and inside cell, respectively.

Ex

2= Er - In(Nay/Na;): Equilibrium potential for Na'.

Ex= Er - In(K/Kj): Equilibrium potential for K"

Exs=Er - In[(K, + 0.12- Na,)/(K; + 0.12 - Na;)]: Reversal potential of k.
Eca. = 45: Apparent reversal potential of |,y .

Ecar = 45: Apparent reversal potential of | car.

Es= 37.4: Apparent reversal potential of .

Sarcolemmal ion current types and their parameter values

|CaL:

I CaT-

IbCa:
IbNa:

IkAch:

L-type Ca®" current [OcaL max.basal = 0.58 nS/pF, as in Kurata et al. model (4)].
Steady-state activation parameters: Vi, 4=-13.5 mV; K4=6 mV.

Steady-state inactivation parameters: Vi, r=-35 mV; K¢=7.3 mV.

Kmnfca= 0.00035 mM: Dissociation constant of Ca*’ -dependent |, inactivation.
Pica= 60 mM™ - ms™: Ca®" association rate constant for lcar.

Oica = 0.021 ms™ : Ca?" dissociation rate constant for lcaL

Bear max = 0.31: maximum ACh-induced inhibition of l¢,p.

T-type Ca”" current (gcat.max = 0.1832 nS/pF).

Hyperpolarization-activated current (i max = 0.15 nS/pF).

Vit12basal = -64 mV: half activation voltage for | current in the basal state.
Smax = -7.2 mV: maximum ACh-induced shift of | half activation voltage.
nNf=0.69 and Kos:= 12.6 nM: Michaelis-Menton parameters for ACh modulation of |y.
Sustained non-selective current (Qstmax = 0.003 nS/pF).

Delayed rectifier K" current rapid component (Qxrmax = 0.08113973 nS/pF).
Delayed rectifier K™ current slow component (Qs max = 0.0259 nS/pF).
4-aminopyridine sensitive transient K™ current (Qi,max = 0.252 nS/pF).
4-aminopyridine sensitive sustained K current (Qsus max = 0.02 nS/pF).
Na'/K* pump current (Inak max = 2.88 pA/pF).

Kikp = 1.4 mM: Half-maximal K, for In.k.

KmNap = 14 mM: Half-maximal Na; for Inak.

Background Ca”" current (gyca= 0.0006 nS/pF).

Background Na' current (Qyna = 0.00486 nS/pF).

Acetylcholine-activated K" current; Ixacn, =0, when [ACh]=0.
OKAch,max =0.14241818 nS/pF.
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Inex:  Na'/Ca®" exchanger (NCX) current (kncx = 187.5 pA/pF).
Kini= 395.3: intracellular Na* binding to first site on NCX.
Koni= 2.289: intracellular Na* binding to second site on NCX.
Kini = 26.44: intracellular Na* binding to third site on NCX.
Kino= 1628: extracellular Na" binding to first site on NCX.
Kono = 561.4: extracellular Na* binding to second site on NCX.
Ksno = 4.663: extracellular Na" binding to third site on NCX.
K¢ = 0.0207: intracellular Ca*’ binding to NCX transporter.
Keo = 3.663: extracellular Ca*" binding to NCX transporter.
Keni = 26.44: intracellular Na™ and Ca’" simultaneous binding to NCX.
Q.i:= 0.1369: intracellular Ca*" occlusion reaction of NCX.
Qco=0: extracellular Ca*" occlusion reaction of NCX.
Q.:=0.4315: Na" occlusion reactions of NCX.

Ca’* diffusion
Tiitca = 0.04 ms: Time constant of Ca’" diffusion from the submembrane to myoplasm.
7 = 40 ms: Time constant for Ca®" transfer from the network to junctional SR.

SR Ca?* ATPase function
Kyp = 0.6 107 mM: Half-maximal Ca; for Ca*" uptake in the network SR.

Pup,pasat = 0.012 mM/ms: Rate constant for Ca®’ uptake by the Ca pump in the network SR
(Please note that while we performed j,, computations in mM/ms, our results of parametric

sensitivity analysis in main text and Supplemental Tables are presented in mM/s).

RyR function

Koca = 10 mM™> ms™; Kom=0.06 ms™; kic,=0.5 mM™"- ms™ ; kin=0.005 ms™; ECsy sg = 0.45

mM; k, = 250-10° ms'; MaxSR=15; MinSR=1; HSR = 2.5;

Ca®* and Mg buffering

keen=0.542 ms™: Ca®" dissociation constant for calmodulin.

Kocq=0.445 ms™': Ca®" dissociation constant for calsequestrin.

kyrc=0.446 ms™': Ca®" dissociation constant for the ‘[roponin-Ca2+ site.
komc=0.00751 ms™': Ca®" dissociation constant for the troponin—Mg2+ site.
Korvy=0.751 ms™: Mngr dissociation constant for the ‘[roponin-Mg2+ site.
Keem=227.7 mM™ ms™: Ca®" association constant for calmodulin.
Kecg=0.534 mM™ ms™: Ca®" association constant for calsequestrin.
Krrc=88.8 mM/ms: Ca’" association constant for troponin.

Kermc=227.7 mM/ms: Ca*" association constant for the troponin-Mngr site.
Kernvv=2.277 mM/ms: Mg2+ association constant for the ‘[roponin—Mg2+ site.
TCi=0.031 mM: Total concentration of the troponin-Ca2+ site.
TMC,,=0.062 mM: Total concentration of the troponin—Mg2+ site.
CQiw0=10 mM: Total calsequestrin concentration.

CM,=0.045 mM: Total calmodulin concentration.
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FORMULATIONS: ELECTROPHYSIOLOGY

Membrane potential, Vi, (variabley;s, see Table S1 for all variablesand their initial values)
an‘/dt = - (|CaL + ICaT+ |f + Ist + |Kr + IKS + Ito + Isus + INaK + INCX + |bCa+ IbNa+ IKACh) /Cm

Gating variables (yis - Y30)_ and their_differential equations

dyi/dt = (Vi - Y)/%
(Yi = dLa fL) fCa, dTa fTa Par, Pas, Pi, N, G, I, Y, Ga, G, a)

%i: Time constant for a gating variable Y.
o4 and fi: Opening and closing rates for channel gating.
Vi Steady-state curve for a gating variable Y.

lon currents

L-type Ca* current (Ica ), based on formulations of Kurata et al. (4) that include Ca**
dependent |, inactivation. See also Table S2 for comparison of steady-state activation
parameters with those in other SANC models. The fractional block (Bc,r) of Ica. by ChR
stimulation was adopted from (15).
ICaLZCm'gCaL,maX '(Vm' ECaL)'dL'fL'fCa
A =1/{1+ exp[-(Vmr Visq)/ Ka1}
fLe=1/{1+exp[(Vm- Vi) K¢ ]}
o= -0.02839-(Vnit 35)/ {exp[-(Vni+35)/2.5] - 1} -0.0849 - Vi / [exp(-Vi/4.8)- 1]
Bi=0.01143 (V- 5)/ {exp[(Var 5)/2.5] -1}
L =1/(caL+ Par)
T =257.1 - exp{-[( Vit 32.5)/13.9]2 }+44.3
fCa,oo =Kmea / (Kmea + Casub)
Tfca = fCa,oo / Ofca
JcaL,max :Cm'gCaL,basal : (1 - bCaL)
bear = bear,max - [ACh]/( Kosca + [ACh])

T-type Ca?* current (I car), based on formulations suggested by Demir et al., (2) and modified
by Kurata et al. (4).
lcat = Cin'OcaT.max (Vi Ecar)-Or-fr
Or.=1/ {1 + exp[-(Vm+ 26.3)/6.0]}
fro = 1/{1+ exp[(Vmt+ 61.7)/5.6]}
tar= 1/{1.068-exp[(Vmt 26.3)/30] + 1.068-exp[-(Vm + 26.3)/30]}
7rr=1/{0.0153-exp[- (Vm+ 61.7)/83.3] + 0.015-exp[(Vmt+ 61.7)/15.38]}
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Rapidly activating delayed rectifier K* current (), based on formulations suggested by
Zhang et al. (14) and modified by Kurata et al. (4).

Ik, = Cm'gKr,max (Vm - EK)(06 Par + 0.4- paS) * Pi
Paw =1/ {1 + exp[-(Vnt23.2)/10.6]}
Puo=1/ {1 + exp[(Vin+ 28.6)/17.1]}
Tar = 0.84655354/[0.0372 - exp(Va/15.9) + 0.00096 - exp(-Vin /22.5)]
Tus = 0.84655354/[0.0042 - exp(Vim/17.0) + 0.00015 - exp(-Vin/21.6)]
7= 1/[0.1 - exp(-Va/54.645) + 0.656 - exp(Vin/106.157)]

Slowly activating delayed rectifier K* current (Ixs), based on formulations suggested by
Zhang et al. (14).
IKs: Cm'ng,max (Vm - EKS) n2
0, =0.014/ {1 + exp[-(Vr- 40)/9]}
S.=0.001 - exp(-Vi/45)
No = an/(an + ﬁn)
n=1/(on + f)

4-aminopyridine-sensitive currents (1 sap =l + lsus), based on formulations suggested by
Zhang et al. (14).

lio=Cin" Oto,max * (Vm' EK) qr

Isus = Cm ' gsus,max ' (Vm - EK) T

O =1/{1 + exp[(Vnit+ 49)/13]}

ro =1/{1 + exp[-(Vm- 19.3)/15]}

73=39.102/{0.57-exp[-0.08-(Vni+44)]+0.065-exp[0.1-(Vnit45.93)] }+ 6.06
=14.40516/{1.037-exp[0.09(Vii+30.61)]+0.369-exp[-0.12-(Vi+23.84)]} + 2.75352

Hyper polarization-activated, “funny” current (I), based on formulations of Wilders at al.
(13) and Kurata et al.(4). The shift S(in mV) of the I¢ activation curve by ChR stimulation was
adopted from (15).
le= lvat I
Yoo = 1/{1 + exp[(Vm- Vis.12) /13.5]}
Ty = 0.7166529/{exp[-(Vmt 386.9)/45.302] + exp[(Vm - 73.08)/19.231]}
Iina = C'0.3833 “Gitmax "(Vin - Ena)'y’
Itk = Cw'0.6167 * Gitmax “(Vim - Ex)'Y
Viti2 = Vit1/2,basal 7S
s=s,, [ACh]" /(KJs ; +[ACh]™)

Sustained inward current (I ), based on formulations of Shinigawa et al. (10) which were
adopted for rabbit SANC by Kurata et al. (4).
Ist = Cm 'gst,max : (Vm - Est)' qa' qi
Qoo =1/{1 + exp[-(Vm+ 57)/5]}
Oqa=1/{0.15 - exp(-Vi/11) + 0.2 - exp(-Vi/700)}
Boa =1/{16 - exp(Ve/8) + 15 - exp(Vi/50)}
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T =1/ + fr)
04 =1/13100 - exp(Va/13) + 700 exp(Vin/70)}
Bui=1/495- exp(-Vin/10) + 50 -exp(-Vi/700)} + 0.000229/[1 + exp(-Vin/5)]
i =6.65/(0qi + i)
Ui =i /(Oi + fy)

Na’-dependent background current (Ipna)
Ib,Na :Cm'nga'(Vm - ENa)

Na'™-K ™ pump current (Inak), based on formulations on Kurata et al. (4), which were in turn
based on the experimental work of Sakai et al. (8) for rabbit SANC.

Inak = Con *INak max * { 1 (Kinkp/Ko) 23!+ {1+ (Konap/Nay) ' - {1+exp[-(Vinr Exat120)/307}

Ca’*- background current (Ipca)
IbCa = Cm' Obca (Vm - ECaL)

Na*-Ca?" exchanger current (Incx), based on original formulations from Dokos et al. (3).

Inex = Cim knex (Kot - %o - Kiz = X1) / (X1 + % + X3+ X4)
do =1+(Cay/Keo) { 1+exp(Quer Vi Ex) +(Nao/K 1no): { 1+(Nao/Kano)-(1+Nag/Kno)
ka3 = Nay/(Kspi +Nay)
Ky = exp[-Qu'Vi/(2E1)]
ks4 = Nay/(K3notNay)
kot = (Cay/Keo)exp(Qeo Vi/Er) /ds
Koz = (Nao/Kino) (Nay/Kano): (1+Nay/Ksno): exp[-QnVi/(2Er)]/do
ks2 = exp[Qu Vi/(2E7)]
X1 =Kss - Ky *(Koz + Kop) + Ko - Ksa +(Kaz + Kap)
di = 1+(Caguw/Kei): { 1+exp(-Qci' Vi Er) +Nay/Keni  +(Nai/K4i)- { 1+(Nay/Kogi)-(1+Nay/Ksni) }
Ki2 =(Caguw/Kei)-exp(-Qei-Vi/Er)/d;
K= (Nay/K1ni)-(Nay/Kon) (1 +Nay/Kom): exp[Qu Vi (2En)]/ch
Xo = Kaz- Kso “(Kig + Ki2) + Kai- Kiz kss + Ks2)
X3 = Kuz -Kis “(ko3 + Ka1) + Kiz -Koz-(Kaz + Ky1)
X4 = Kag Koz *(Kis + Ki2) + ka1 -Kia (Ksat Ksz)

Acetylcholine-activated K* current (Ixach), adopted from (1) (Note I xach= 0 when [ACh]=0)

lkach = @ Okachmax * (Vm - Ex)
beta=0.001 - 12.32/(1+0.0042/[ACh]) (per ms)
alfa= 0.001 - 17-exp(0.0133-(Viri+40)) (per ms)
a.. = beta / (alfa + beta)
7, = 1/(alfa+ beta) (in ms)
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273 FORMULATIONS: Ca* CYCLING

274

275 Ca® releaseflux (Jsrcare) from SR via RyRs, based on original formulations of Stern et al. (11)
276  and modified by Shannon et al. (9)

277 Jsrcarel = K" O-(Caysr - Cagup)

278 Keasr = MaxSR- (MaxSR - MinSR)/ (1 + (ECso sr/Caisr)™™)
279 Kosrca = Koca/Kcasr

280 Kisrca = Kica'Kcasr

281 dR/dt = (Kim'RI - Kisrca “CasutR) - (Kosrca Casub R = KomO)
282 dO/dt =(Kosrca"Casus” ‘R~ KomO) - (Kisrca'Casub O - Kin'l)
283 dl/dt = (Kisrca Casub O - Kim1) = (Kom'l - Kosrca"Casun *RI)
284 dRI/dt = (Kom'| - KesrcaCasus RI) - (KimRI - Kisrca Casup'R)
285

286  Intracellular Ca** fluxes

287  Ca** diffusion flux (Jca_dir) from submembrane space to myoplasm:

288 Jca dif = (Casuwb - Cay)/Tdifca

289

290 Therateof Ca* uptake (pumping) (jup) by the SR, based on formulations of SR Ca*" pump

291  function suggested by Luo and Rudy (5). The fractional block (by,) of Py, by ChR stimulation

292 was described similar to that of |, (see above), but by, max Was fitted to experimental curve of
293  phospholamban dephosphorylation (6) (main text Fig.4A).

294 Jup=Pup /(1 + Ky,p/Cary)

295 I:)up: Pup,basal ’ (1 - bup)

296 Bup = bupmax - [ACh]/( Kosup + [ACh])

297

298  Ca’* flux between (network and junctional) SR compartments (jy ):

299 jtr: (CanSR - CajSR)/Ttr

300

301 Ca* buffering

302 dch/dt = kfrccal(l —ch) - kaC : fTC

303 dfrmc/dt = Kerme “Cay +(1- frme - frvm) - Korme - frme
304 df v/t = Kernvam “MGi -(1-frmvic - frvm)- Korvnm - frviv
305 dfemi/dt = Keem -Cay +(1- fomi) - koowm - fomi

306 dfems/dt = Keem *Casun (1 - foms) - Koem * Toms

307 dfCQ/dt = kaQ 'CajSR'(l- fCQ) - kbCQ : fCQ

308

309 Dynamicsof Ca” concentrationsin cell compartments

310 dCai/ dt :(j Ca_dif “Vaub - jup' VnSR) N - (CMtot‘dfCMi/ dt + TCtot'dch/ dt + TMCtot'dfTM(;/ dt)
311 dCayu/dt = jsrcarel *Visr/Vsub ~(Icar Hlcattbca2: Inex)/(2-F-Viub)-(Jca_dit + CMyor -dfcms/dt)
312 dCaysr/dt = jir - jsrcarel - CQot * fco/dt

313 dCansr/dt = jup - Jir *Visr/Vasr

314

315

316
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317  Online Supplement Table S1. Model variables: description and initial values. Our SANC model
318 s described by a system of 30 first order differential equations (variables y; - Ys0). All initial
319  wvalues (except that for ysp) were taken from our prior study (7).

320
# | Variable Description Initial
value
Ca”* cycling
Y1 Ca; [Ca”"]in myoplasm, mM 0.0001
Yo Cagp [Ca2+] in submembrane space, mM 0.000223
Y3 Cajsr [Ca”"] in the junctional SR (jSR), mM 0.029
Va Causrk | [Ca’'] in the network SR (nSR), mM 1.35
Ys frc Fractional occupancy of the troponin-Ca”" 0.02
site by Ca”" in myoplasm
Y6 frmc Fractional occupancy of the troponin-Mg” 0.22
site by Ca” in myoplasm
Y7 frvm Fractional occupancy of the troponin-Mg”" 0.69
site by Mg”” in myoplasm
Vs fomi Fractional occupancy of calmodulin by Ca”" 0.042
in myoplasm
Yo foums Fractional occupancy of calmodulin by Ca”’ 0.089
in submembrane space
Y10 fco Fractional occupancy of calsequestrin by Ca”™" 0.032
in junctional SR
Y11 R RyR reactivated (closed) state 0.7499955
Y12 @) RyR open state 3.410°
Vi3 | RyR inactivated state 1.1-10°
Y14 RI RyR RI state 0.25
Electrophysiology
Yi5 Vm Membrane potential, mV -65
Yi6 dr | caL activation 0
Va7 fr | car voltage-dependent inactivation 1
Y18 fca lcar Ca™ dependent inactivation 1
Y19 Par Ik, fast activation 0
Y20 Pas Ik: slow activation 0
Vo1 pi lk; inactivation 1
Vo2 n Ik activation 0
Y23 y I¢ activation 1
Vo4 dr | cat activation 0
Y5 fr | caT Inactivation 1
Vo6 q |, Inactivation 1
Yo7 r I, and |l activation 0
Yos Oa I activation 0
Y29 o] I inactivation 1
Y30 a lkach activation 1
321
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Online Supplement Table S2.

Parameters of steady-state activation and inactivation for l¢, in the present model compared to
previous rabbit SANC models (see main text Methods for details). * Steady state inactivation
parameters were set in our model to the respective values measured in our laboratory in an
experimental study of isolated rabbit SANC by Vinogradova et al. (12).

Model Steady-state activation curve, Steady-state inactivation curve,
dL,oo fL,oo
Midpoint, Slope factor Midpoint, Slope factor
Vl/2 d (mV) Kd (Il’lV) Vl/z,f (mV) Kf (mV)
Wilders et al. (13) -6.6 6.6 -25 6
Demir et al. (2) -14.1 6 -25 5
Dokos et al. (3) -6.6 6.6 -25 6
Zhang et al. (14) -23.1 6 -45 5
Kurata et al. (4) -14.1 6 -30 5
Present model -13.5 6 -35* 7.3*
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Online Supplement Table S3.

Online Supplement

Parameter valuesand result summary of simulations of B-AR stimulation. In addition to the
primary set of model parameters (described above), the robustness of our findings was also
tested in two additional model sets (See “Parameter set” column), in which both maximum
conductances gcar max and Jirmax Were increased (model set “More I¢& Icar”) or decreased (model
set “Less If& IcaL”) by 25%. While the shift of Vig1, and relative increases in gear max and Okr,max
were set in accordance with previously documented experimental results in rabbis SANC (see
main text Methods for details), the values for the maximum Ca”*" pumping rate of the SR (Pup)

were found numerically based on parametric sensitivity analyses as solutions to match

experimentally documented result of a 25.8% AP firing rate increase (main text figure 2A, black

circle, squire, and triangle, respectively).

Parameter set | Parameter | Units | Basal state B-AR Effect on Effect on
stimulation | beating rate: | beating rate:
M clock, only All
mechanisms
Primary model Pup mM/s 12 24 3.070 Hz 3.070 Hz
set OCaL max nS/pF 0.58 1.015 to to
Vg1 mV -64 -56.2 3.166 Hz 3.862 Hz
Okrmax | DNS/pF | 0.08113973 | 0.1217096 (3.15% (25.80%
Oif max nS/pF 0.15 increase) increase)
Model set Pup mM/s 12 20.6 2.943 Hz 2.943 Hz
“Less It &Icat” |  OQcarmax | nS/pF 0.435 0.76125 to to
Vie1n mV -64 -56.2 3.089 Hz 3.702 Hz
Okemax | NS/PF | 0.08113973 | 0.1217096 (4.97% (25.80%
Oif max nS/pF 0.1125 increase) increase)
Model set Pup mM/s 12 26.6 3.116 Hz 3.116 Hz
“More If&lca” | Qcarmax | nS/pF 0.725 1.26875 to to
Vg1 mV -64 -56.2 3.198 Hz 3.920 Hz
Okemax | NS/PF | 0.08113973 | 0.1217096 (2.63% (25.80%
Oif max nS/pF 0.1875 increase) increase)
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347  Online Supplement Table $4.

348 Parameter valuesand result summary of simulations of ChR stimulation ([ACh[=100 nM).
349  In addition to the primary set of model parameters (described above), the robustness of our

350 findings was also tested in two additional model sets (See “Parameter set” column), in which
351  both maximum conductances gcar max and Qirmax Were increased (model set “More If &Icar””) or
352 decreased (model set “Less If &lca.”) by 25%. All parameters, including Py, were calculated
353  using above formulations for [ACh]=100 nM.

354
355
Parameter set | Parameter | Units Basal | ChR stimulation | Effect on Effect on
state beating beating rate
rate M-+Ca clock
M clock
Primary model Pup mM/s 12 7.578947 3.070 Hz 3.070 Hz
set OCaL max nS/pF 0.58 0.485368 to to
beta ms’’ 0 0.2865116-10° | 2.615Hz 1.849 Hz
Vie1 mV -64 -69.8089 (14.8% (40%
Oif max nS/pF 0.15 decrease) decrease)
Model set Pup mM/s 12 7.578947 2.943 Hz 2.943 Hz
“Less If&Ica” OCaL.max nS/pF 0.435 0.364026 to to
beta 0 0.2865116 10 halt halt
Vit mV -64 -69.8089
Oif.max nS/pF 0.1125
Model set Pup mM/s 12 7.578947 3.116 Hz 3.116 Hz
“More It &lca” | Gcalmax nS/pF 0.725 0.606711 to to
beta 0 0.2865116-10° | 2.832 Hz 2354 Hz
Vie1 mV -64 -69.8089 (9.1% (24.5%
Oif max nS/pF 0.1875 decrease) decrease)
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358
359
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Online Supplement Fig.S1

The predicted effects of GPCR agonists on the current voltage relationship for simulated peak
lcar. The Icar traces were simulated by applying testing voltage pulses Vi, from a holding
potential of -80 mV. A, B, and C show simulated traces for V, from -60 mV to 40 mV with a 10
mV interval in the basal state (Control), in the presence of B-AR stimulation by isoproterenol
(ISO), and in the presence of ChR stimulation with 100 nM ACh. The values of V, are shown by
labels at the respective current peaks. D: The current voltage relationships (5 mV voltage step)
for lcar peak. Inset illustrates presence of ¢, current activation in the model within the voltage
range of the diastolic depolarization from -60 mV to -40 mV. Cell electric capacitance is 32 pF.
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371  Online Supplement Fig.S2

372 The predicted effects of GPCR agonists on |, dynamics during diastolic depolarization (DD)
373  from -60 mV to -40 mV. A: simulated action potentials (APs) in the basal state (Control), in
374  the presence of B-AR stimulation by isoproterenol (ISO), and in the presence of ChR stimulation
375  with 100 nM ACh. APs were time shifted to overlap at -60 mV. DD fragments from -60 to -40
376  mV are shown by solid black curves. B: simultaneously simulated dynamics of | ... Activation
377  of lca accelerated and increased in case of ISO but decelerated and decreased in case of ACh.
378  Cell electric capacitance is 32 pF.
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