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Figure S1. Membrane potentials and mechanical parameters in the CM. The electrical
stimulation applied to the CM is a rectangular electrical pulse (6 ms, 15 pA/pF). The
optogenetic stimulation applied to ChR2-tranduced Fbs is a light pulse (50 ms, 5
mW/mm?). (A) Vy. (B-D) Time-dependent signals of isometric F, L and SL. (E-G)
Time-dependent signals of isotonic F, L and SL applied an afterload of 3 mN.
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Figure S2. Illustration of [Ca*']; (A) and Vm (B) in the combined model and in the model
of Maleckar et al. [1].
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Figure S3. Electrophysiological and mechanical parameters (in isometric contraction)
related to ECC at a LD of 30, 120 and 210 ms. LI is fixed to 5 mW/mm?.
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Figure S4. Electrophysiological and mechanical parameters (in isometric contraction)
related to ECC at a LI of 0.3, 5 and 10 mW/mm?. LD is fixed to 50 ms.
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Figure S5. Electrophysiological and mechanical parameters (in isometric and isotonic
contractions) related to MEF at a LD of 30, 120 and 210 ms. LI is fixed to 5 mW/mm?.
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Figure S6. Electrophysiological and mechanical parameters (in isometric and isotonic
contractions) related to MEF at a LI of 0.3, 5 and 10 mW/mm?. LD is fixed to 50 ms.
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Model Equations

Table 1 through 29 contained all the equations, parameters values and initial conditions necessary to carry out the
simulations presented in this manuscript. Unless otherwise noted, the units are as follows: time in second (s), voltage
in millivolt (mV), concentration in millimolar (mM), current in picoampere (pA), conductance in nanosiemens (nS),
capacitance in picofarads (pF), volume in nanoliters (nL), temperature in kelvin (K), and sarcomere length in micron
(um).

As described in our manuscript, the model consists of three modules: the excitation-contraction coupling (ECC)

module in the cardiomyocyte (CM), the optical module in fibroblasts (Fbs) and the CM-Fb coupling module.

Module 1: ECC in CM

This module consists of two blocks: an electrophysiological block and a mechanical block. The former is based on
the ‘Maleckar-Trayanova’ (MT) ionic model, and the latter is based on an updated version of the ‘Ekaterinburg-
Oxford’ (EO) model [1,2]. We replace the MT’s description of Ca** buffering system with the EO’s and modify the

formulation of intracellular Ca>* concentration. Then we integrate the two blocks to compose the ECC module.

1) Electrophysiological block

Table 1. Na' current: Ina

FZ e(VM_ENa)F/RT —1.0
M RT ™ eWF/RT Z 10
1.0 1.0

m= 1.0 + e(m+27.12)/-8.21 h = 1.0 + e(W+63.6)/53

Ina = Pyym*(0.9h; + 0.1hy)[Na™]

dm m-—-m

2
Ty = 0.000042¢~((Vit2551/288)" 4 0000024

dt Ty,

dhy, h-—h, 0.03

T —Th] Thi =70 + emt35.0/32 +0.0003
dh, h-h, 0.12

Fr Th, Thy =70 & e(mt35.00/32 +0.003

Table 2. Ca®* current: Icar

ICaL = gCaLdL [fCale + (1 - fCa)fLZ] (VM - ECa,app)

_ 1.0 _ 1.0
dp = 1.0 + e +9.0)/-58 fu= 1.0 + e Wt27H/71
dd, dy —dy

= — —-( +35.o)/30.o)2
at Ta, 7q, = 0.0027e\"'M + 0.002
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dfis _ A= fia 1 = 0.161e- (400144 | 01
dt Tle fia
de _fL=he 1. = 1.3323e-(A+40.0/142) L 00626
dt Tsz Sz
[Ca®]
fCa d

[Ca + kea

Table 3. Transient and ultra-rapidly delayed rectifier K" currents: /; and Ixyr

I = girs(Wy — Ex)

_ 1.0 _ 1.0
"= 1.0 + e(W—1.0)/-11.0 5= 1.0 + e(A+40.5)/11.5
dr _r-7 7, = 0.0035e~"W/300° 4 0,0015
dt T,
ds §-—s 2
Fri 7, = 0.025635e~(W+3249)/1589)" 1 0,01414
dt T s . .
Ixur = FxurTkurSkur (Vi — Ex)
_ 1.0 _ 1.0
ke = 775 + e(A+6.0)/-8.6 Skur = 77 + e(M+7.5)/100
d"”Kur fKur — TKur 0.009
dt Trewr T = 70 + eV +5.0)/12.0 +0.0005
dSKur §Kur — SKur 0.59
dt Toiur Tsiur — 1.0 + e(Vm+60.0)/10.0 +3.05

Table 4. Delayed rectifier K* currents: Ik s and /k

Igs = gxsn(Vy — Ex)

_ 1.0 —((¥1=20.0)/20 0)2
=70 + e(W—19.9)/-12.7 7, = 0.7 + 0.4~ (200720
dn _n-n
dt 1,
IK,r = g_K,rpapi(VM - EK)
_ 1.0 B 1.0
Pa = 1.0 + e(M+15.0)/-6.0 bi = 1.0 + e("m+55.00/24.0
d a _a_ a
di = Z?T_P T, = 0.03118 + 0_217186—((VM+20.1376)/22.1996)2
Pa a

Table 5. Inward rectifier K™ currents: ki

Vm — Ex
1.0 + e1.5(VM—EK+3.6)F/RT

Iy = gt [KT12447
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Table 6. Background inward currents: /g n. and /g ca

Igna = FeNa(Vm — Ena)

Igca = go.ca(Vm — Eca)

Table 7. Pump and exchanger currents: /Nak, Icap, and INaca

T [K*]. [Na*]}s Vi + 150.0
A [K+]c + knak [Na+]}'5 + kllf:K,Na VM +200.0
[C32+]i
ICaP =

Ipg—— L
“ICa N + ke
[Na+]l3 [Ca2+]ceyVMF/RT _ [Na+]g [Caz+][e(y—1.0)VMF/RT

1.0 + dyuca([Na3[Ca” ], + [Na*]}[Ca’"],)

I NaCa — kNaCa

Table 8. Intracellular ion concentrations: [Na'];, [K'];, and [Ca*"];

d[Na*]; _ Ina F IgNa + 3INak + 3INaca
dt VOliF
d[K*]; _ I+ Iy + Ixy + I + Ik — 2INak
dt VOliF
2+
dlCa™], | —laitInca+low — 2haca +hp — b (dICaTnC]  dB;  dB,
dt 2Vol.F dt dt ' dt

2
d[ca +]d _ _ ICaL+Idi
de 2.0 VolgF

2F Vol
Idi = ([Ca2+]d - [Ca2+]i)%

Table 9. Cleft space ion concentrations: [Na*]., [K*]., and [Ca?'].

d[Na*]. [Na®], —[Na*], + Iva + Igna + 3Inak + 3INaca

de TNa Vol .F
d[K*], _ K™, — [K']. + I+ Iy + Iy + I + I — 2Inak
de T} Vol .F
2 2 2
d[Ca +]c _ [Ca +]b - [Ca +]c Icar + Igca + Icap — 2INaca

dt Tca 2.0 VOICF

Table 10. Intracellular Ca** buffering

dB
d_tl = bion " (Bior — B1) - [Ca™], = biogr* By
dB
d—tz = byon* (Baot = Bo) " [Ca™'], = bogr* By

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.



Table 11. Ca®" handling by the sarcoplasmic reticulum
[ = I_ [Caz+]i/kcyca - k)%cs [Caz+]up/ksrca
T ([C, + Kepen) Py + o (1031, + un) F
_ 2 2 2F VOlrel
I = ([Ca +]u,, —[Ca +]rel)T—tr

F. 2
= e (p2+—2025) ([ca™*],,, —[ca™*])

dOcy
—= 480.0[Ca®*] (1.0 — Ocqise) — 400.00c;1c

24
d[Ca ]rel _ Itr - Irel —31.0 dOCalse
dt 2F Vol Todt

2
dca™] g, -1,
dt  2F Vol,,

dF,

E = I-recov(l-o - Fl - Fz) - ractFl

dF,
de

[Ca“], 4 [Ca2+]d
. = 2038 i +
Tact ([Ca2+]i + krel,i [Ca2+]d + krel,d

33.96 + 339.6 [ca], 4
nact = 33.96 +339.6 | ———
rlnact [Ca2+]i + krel’i

= ractF 1= rinactF 2

4

Table 12. Kinetics of CaTnC complexes

d[CaTnC
d[CaTnC] _ Qo * (TCyo = [CaTnC]) - [Ca®], — aqr - e 1™ - [1(N,) - [CaTnC]

dt
1 if Ny<0
(N = 1104 if Ny <1
Hin otherwise
TnCiy - N

N - -
A7 L., [CaTnC]

Table 13. Reversal potentials: Ena, Ex and Ec,

Exa = glog [Na”).
©F [Na*];
E = glog [K™].
PR

RT  [Ca®'

ECa ]]C

= Jog—_¢
2F 21ca,

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.



2) Mechanical block

Table 14. Force

Feg =4-p,-N
Fsg = fy - (et —1)
Fpg = f, - (e®2 — 1)
Fysg =B~ (e — 1)

Fsample = Fxse

Table 15. Length

I=1,+1
dl,
T
dl,
TV
dl; {—w if isometry
dt 0 if isotony

Table 16. Contractile element (CE) velocity

. = Ayp, ifv<0
Pp Ayp otherwise
S
. aQvpla ;
_ Byp, - €771 ifv<0
Pvis otherwise

. alypel
ﬁvpS e"vps 1

d)x

( A Ky py+alpy kp  cv*+w-(ay By e’ + ag - By els)

if isometry

A-N- pprimev + kpvis
A K py+alp,ky, v2+w-a,:f,-e®h
AN Pprime, + kpvis

if iso

dv ®
dt  ~*
Table 17. Parallel element (PE) velocity
al. = Ays, ifw<wv
Ps = Qys, otherwise
_ {ﬁvsl - gvar (l2mh) ifw<swv
Svis otherwise

. avsg (l2—11)
:BVSS e%vss' 270

Mathematical Biosciences and Engineering
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&, —alps - (w—v)? —
ap - ﬁl . ea1'(lz_l1) . (W — ‘U) +w- (az . BZ . eaz'lz + as- B3 . eaz'lz) o
A if isometry

Svis

ksvis (@ —alps - (w — U)Z) —a; Py e®rl=l). w=-v)—w-a, - ez if isoton
ksvis d
Table 18. Average crossbridge force
vmax
150
v
a-dy - (==
v, = h (vmax)
2 (a+1)-v,
3 * dh - v
max
Pstar
a-(1+5-)
max :
- ] if v<
a—
= Vmax
di-a
1 - h i
+dy a'dh,(v)2+(a+1)'v+a_d otherwise
Y2 Vmax Umax h
0.6v
14 if v <0
vmax
Pstar
if 0 <
(0.401+1)-v_i_1 Ho<v=n
Gstar = a * Vpmax
P o ()™
otherwise
(04a+1)-v
= 41
Qa * Umax
a-(0.4+ 0.4a)
case; = >
Vmax " (0.4(a + 1))
2
a (1 +0.4a + i‘z” +0.6(-—) )
Casez — max O;nax 5
v .6v
(0 725) - (1+29))
04a+1
case; = ————
* Umax
1 —a (PP (0.4a + 1 04a+1)-v v — v\ 1
case, = -eaG(”max) -<—+aG-ap-(1—I—( - ) >( 1) >
vmax a a Vmax vmax

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.
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if v < —vpax

case;
_ ) case, if =V <v <0
Pprime, = case, if 0<v<w
case, otherwise
_ Pstar
Pv Gstar

Table 19. Crossbridge kinetics

([CaTnc])” (14 k)

TnCyy;

A= ([CaTnC])“ -

TnCyy,

temppy = g1l + 92

0 if temp,; <0
n = {tempnl if temp,; <1
1 otherwise
e if I; > 0.55
Lo, = {046 + S, =
So + 0.55 otherwise
Ust = Xst * Vmax
v .
qi1 — ifv<0
! 17]’I'laX
(qs—qs3) v .
=) 717“ + g3 if 0<v<vg
q4 .
otherwise
( ﬁQ i (17 - vst)>aQ
14—
vmax

kp, =K Ko qy Mg " Gstar
ki, =Ko qy* (1 — kMg * Gstar)
Ke=hp Mp 1y Loy (L—=N)—kp, - N
dN

—=K
dt K

Module 2: Optical activity in Fb

This module contains an electrophysiological model of atrial Fbs (represented by the Maleckar et al.) transduced

with ChR2 currents (represented by Williams et al.) [3.,4].

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.



12

Table 20. Time- and voltage-dependent K" current: Ixy rp

Iy po = g_Kv,FbrKvsKv(VFb — Exrp)

iy = (1.0 + e‘(VFb+2°~°)/“~0)_1 Sev = (1.0 + e(vpb+23.o)/7.0)'1
drKv ‘FKV — Ty ,
- = . o= ((Vp+20.0)/25.9
dt Tre, Ty, = 0.0203 + 0.138 - e~ (Vi +200)/259)

dSKv _ Skyv — Skv

T
dt T Skv SKv

E _ RT IOg [K+]C,Fb
KFb = = 08—
F [K* ]

= 1.574 + 5.268 - e~((Vr+23.0)/227)’

Table 21. Time-independent inward-rectifying K" current: Ik1 rb

a
= ) (Vi — Ex)

Ix1 b = gKiFb (—
- " \ag + Bra

-1
ag; = 0.1(1_0 + e0.06(VFb—EK,Fb—2oo.o))

30- eO.OOOZ(VFb—EK,Fb+100.O) + eO.l(VFb—EK,Fb+10,0)

Bxi =

1.0 + e~05(Vro—Eicr)

Table 22. Na*™-K" pump current: Inak_rb

[K+]C,Fb . <
K*Terb + kg \[Na™]ipo + Ko pb

[Na*]p )1'5 Vi + 150.0

INak_pb = INak b * [ Vi, +200.0

Table 23. Background inward current: /Na_rb

IgNa Fb = g_B,Na,Fb(VFb - ENa,Fb)

E _ RTl [Na+]c,Fb
NaFb = 0og [N a+]i’Fb

Table 24. Intracellular ion concentrations: [Na*]; v, and [K*];rb

d[Na"l;p _ Iz Na o + 3Nk ro
dt VOliijF
d[K ], Ik + Ik po
dt VOli,FbF

Table 25. Model of Ichra

Ichrz = Jcnra " G(V) - (01 + 0.10,) - (Vg — Echrz)
01+02+C1+C2=1
dc,

E:GI‘.CZ-I_Gdl.Ol-'_kl.Cl

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.
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do,
F=k1'Cl—(Gd1+e12)'01+ez1'02
do,
E=k2'C2—(Gd2+ez1)'02+e12'01
dc
d—tZZGdZ'Oz—(kz‘FGr)'Cz

- (0 011 + 0.005 -1 (1 + madiance)) 1000
ez = \ % ' n 0.024

Irradiance
ey = (0.008 + 0.004 - In (1 —+ —)) - 1000

0.024
kq = & ' Ope " Irradiance - M .
Wigss - e
k, = &, Ot * ITradiance - M p
Wigss - e
dp S0-p
dt TchRr2

50 = 0.5(1 + tanh(120(100 - Irradiance — 0.1)))

__Vm
10.6408 — 14.6408e 42.7671
Vb

GWV) =

Vep + 20
Gay = (0.075 +0.043 tanh (— T)) -1000

Gy = (4.34 X 1075 x e7002115Vrb) . 1000

Module 3: CM-Fb coupling

Table 26. Transmembrane potential of CM and Fb

n
dvy,
= -+ IM + Ggap(VM - VFbi)
it Cy L,
i=
Wy 1
& - = T [rvi + Goap (Vini = Van)]

Iy =Ing + Icar + I+ Iy + Iy + Ik + Ik s+ IsNa + Ica + INak + Icap + INaca

Iepi = Ixy Mo + Tk1 M + INak Mo + IBNa Mo T Ionr2

Table 27. Parameter values

[Na'ly = 130.0 mM knaca = 0.0374842 pA/(mM)*
[Ko = 5.4 mM 7=0.45
[Ca¥'],=1.8 mM dnaca = 0.0003 (mM)™*
Ecaapp = 60.0 mV I, =2800.0 pA
kca = 0.025 mM keyea = 0.0003 mM
R = 8314.0 mJ/MK Kea = 0.5 mM

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8354-8373.
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T=306.15K
F =96487.0 C'M
Cyv =60 pF
Vol; = 0.005884 nL
Vol = 0.136Vol;
kcp =0.0002 mM
Volgq = 0.02Vol;
Vol = 0.0000441 nL
Volyp, = 0.0003969 nL
mNa=143s
w=10.0s
tca=24.7s
i=0.01s
Iak = 68.55 pA
knakx = 1.0 mM
knak Na = 11.0 mM
Icp = 4.0 pA
ayp, =16.0 (um)”!
Qyp, =16.0 (um)!
Byp, =0.0015 mN-s/pm
Byp, =0.0015 mN-s/pum
Qys, =39.0 (um)”!
Qys, =46.0 (um)”!
Bys, =0.008 mN-s/um
Bys, =0.006 mN-s/um
g1 = 0.6 (um)’

g, =0.52
TnC,,; =0.07 mM
Bt =0.08 mM
By =0.1 mM
Ay, = 70000.0 (mM-s)’!
Ao =200.0 57!

bion = 100000.0 (mM-s)"!

bior = 182.0 57!
byon = 1000.0 (mM-s)’!
byorr =3.0 57!
i, =0.03
So = 1.14 ym
ag =1.0
ap =4.0
ag =10.0
Bq =50
ks =40.0 (mM)!

Kies =04
w=0.01s
el = 200000.0 pA (mM)!
kreri = 0.0003 mM
krera = 0.003 mM
Frecov = 0.815 57!
q =1735"!
q, =259.0s1
qz =1735s1
qs = 15051
Xt =0.964285
a =0.25
a; =14.6 (um)’!
a, =14.6 (um)’!
az =48.0 (um)’!
B1 =0.84 mN
B, =0.0018 mN
B; =0.015 mN
d, =0.5
k, =0.6
k =0.705
Ko =3.0
A =30.0mN
my =09
u =3.0
VUmax = 5.5 um/s
Cgp, =63 pF
Vol;r, = 0.00137 nL
[Na*]err = 130.011 mM
[K ]erb = 5.3581 mM
kmk b = 1.0 mmol
kmNa,rb = 11.0 mmol
INakro =10.36 pA
Ecpro = 0.0 mV
& =0.8535
g =0.14
O = 12.0x102° m?
Ay =470.0 nm

Wioss = 1.3

he = 1.986446x10°° kg-m*/s

Gd2 =50.0 S_1
TChrR2 — 0.0013 s

Mathematical Biosciences and Engineering
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Table 28. Maximum conductance values

Pna=0.0018 nL/s

Jca. =6.751nS
g =8.25nS
Ik =2.25nS
gxs =1.0nS
Jxr =0.5nS
gx1 =3.1nS

geNa = 0.060599 nS

Jgp.ca =0.078681 nS
Gxvry = 1.575 08
Jxirp = 3.038nS

IsNayb = 0.05985nS
Jcnrz = 0.4 nS/pF

Table 29. Initial conditions

Vm=-74.03 mV

[Na‘]e = 130.0221 mM

[K*]. = 5.5602 mM
[Ca®"].=1.8158 mM
[Na*], = 8.5168 mM
[K']i = 129.486 mM
[Ca®*]; = 6.5x10° mM

[Ca®]y=7.1x10° mM

[Ca*'],, = 0.6492 mM
[Ca*' e = 0.6326 mM

F1=04701
F>=0.0028
Ocalse = 0.4315
[CaTnC] =0.00015 mM

B; =0.0 mM
B, =0.0 mM
v =0.0 um/s
w = 0.0 um/s

[K'irs = 129.4349 mM
[Na']:ro = 8.5547 mM

m=3.289x1073 Vep =-47.75 mV
h1=0.8772 gy = 0.0743
hy=0.8739 sgy = 0.9717

dp = 1.4x10° 0, =0.0
fi1=0.9986 0, =0.0
fi2=0.9986 c; =1.0
r=1.089x10" C, =0.0
s =0.9486 p =0.0
rkar = 3.67x10 N =7.455x10"%
skur = 0.9673 l; =0.436 um
n=4374x10" [, =0.436 um
pa=5.3x107% [; =0.089 um
Glossary
Module 1: ECC in CM
Ina Na' current ls  Ca?* diffusion current from the
diffusion-restricted subsarcolemmal
space to the cytosol
Icau  L-type Ca?* current lp  Sarcoplasmic reticulum Ca?" uptake
current
It Transient outward K* current Icap  Sarcolemmal Ca?* pump current
Ixur  Sustained outward K* current Inaca Na'-Ca?" exchange current
Ixs Slow delayed rectifier K* current I+ Sarcoplasmic reticulum Ca?*
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Ik
Ixi
IsNa
IBca

Inak

Ena
Ex
Eca
Ecaapp
JcaL
It

g_ Kur
g_ K,s

g_ K,r
g1

g_ B,Na

g_B,Ca

hi, h2
do
fin, fiz

Jca

kCa

Rapid delayed rectifier K* current
Inwardly rectifying K* current
Background Na* current
Background Ca?* current

Na*-K* pump current

K" concentration in the extracellular
cleft space

Ca®* concentration in the extracellular
cleft space

Na* concentration in the intracellular
medium

K" concentration in the intracellular
medium

Ca?" concentration in the intracellular
medium

Ca®* concentration in the restricted
subsarcolemmal space

Ca?" concentration in the sarcoplasmic
reticulum uptake compartment

Ca?" concentration in the sarcoplasmic
reticulum release compartment

Equilibrium (Nernst) potential for Na*
Equilibrium (Nernst) potential for K*
Equilibrium (Nernst) potential for Ca?*
Apparent reversal potential for JcaL
Maximum conductance for /caL
Maximum conductance for /;
Maximum conductance for /kur

Maximum conductance for Ik s
Maximum conductance for Ik r
Maximum conductance for /i

Maximum conductance for /g Na

Maximum conductance for /g ca

Activation gating variable for /na
Fast and slow inactivation gating
variables for /Na

Activation gating variable for /caL

Fast and slow inactivation gating
variables for JcaL

[Ca**]¢-dependent ratio of fast (fL1) to
slow (fi2) inactivation of IcaL
Half-maximum Ca?" binding
concentration for fca
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Trel
[Na*]o
[K*To
[Ca®' b
[Na*]e
T Tha
Tr

Ts

Trkur

TSKur

Tn

OCalse

=l

Cwm
M
VOlc
Vol;
Volg

I NaK
kNak K

kNak Na
ICaP
kCaP

kNaca

Sarcoplasmic reticulum Ca?" release
current

Na* concentration in bulk (bathing)
medium

K* concentration in bulk (bathing)
medium

Ca?" concentration in bulk (bathing)
medium

Na* concentration in the extracellular
cleft space

Fast and slow inactivation time
constants for Ica.

Activation time constant for

Inactivation time constant for I;
Activation time constant for Ixur
Inactivation time constant for Ziur
Activation time constant for Ix s
Activation time constant for Ik

Fractional occupancy of the
calsequestrin buffer (in the
sarcoplasmic reticulum release
compartment) by Ca?*

Universal gas constant

Absolute temperature

Faraday’s constant

Membrane capacitance of CM
Membrane voltage of CM

Volume of the extracellular cleft space
Total cytosolic volume

Volume of the diffusion-restricted
subsarcolemmal space

Volume of the sarcoplasmic reticulum
uptake compartment

Volume of the sarcoplasmic reticulum
release compartment

Time constant of diffusion of Na*, K*,
and Ca?* from the bulk medium to the
extracellular cleft space

Time constant of diffusion from the
restricted subsarcolemmal space to the
cytosol

Maximum Na*-K* pump current
Half-maximum K* binding
concentration for /Nak

Half-maximum Na* binding
concentration for /Nak

Half-maximum Ca?" binding
concentration for /cap

Half-maximum Ca?" binding
concentration for /cap

Scaling factor for /Naca
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TKur

SKur

PNa
Tm

Th» Thy

BZtot

[CaTnC]
TnCyy

1(N)

11, min
Tact

Tinact

FCE

FSE
FPE

Activation gating variable for /i

Inactivation gating variable for /i
Activation gating variable for Zxur

Inactivation gating variable for Ixur

Inactivation gating variable
(instantaneous) for /k r
Steady-state value of m, 1, etc

Relative amount of “inactive
precursor” in the /el formulation

Relative amount of “activator” in the
Irel formulation

Relative permeability to Na*
Activation time constant for /Na

Fast and slow inactivation time
constants for /Na

Activation time constant for Icar

Concentration of Ca** bound with
“slow” Ca®* binding ligands

Rate constant for Ca®>* bound with
“fast” Ca®" binding ligands

Rate constant for Ca®>* bound with
“slow” Ca®* binding ligands
Maximum rate constant for unbound
with “fast” Ca?" binding ligands
Maximum rate constant for unbound
with “slow” Ca®" binding ligands
Total concentration of Ca®* bound with
“fast” Ca®" binding ligands

Total concentration of Ca®* bound with
“slow” Ca®* binding ligands
Ca”*-troponin complexes concentration
Total concentration of TnC

Rate constant for CaTnC association

Maximum rate constant for CaTnC
dissociation

Cooperativity parameter

Average fraction of the attached cross-
bridges per one CaTnC complex

Dependence defining cooperativity of
the contractile proteins

Parameter of IT(N,) function
Parameter of /1 and F> function
Parameter of /1 and F> function
Contractile element (sarcomere) (CE)
force

Serial elastic element (SE) force
Parallel elastic element (PE) force
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dNaCa

up

kcyca
ksrca

kx(:s

Orel

krel,i
krel,d

Frecov

Ts) Ts,

Pa

Sl' SZ
alp,

anl > anS >

vapﬁvps
k

Pvis

2

Kic

pprimev

alpg

Ays;, Aysgs
ﬁvsy BvsS
k

Svis

U1
vmax

V2
a

dn

Pstar

Position of energy barrier controlling
voltage dependence of /Naca
Denominator constant for Inaca
Maximum sarcoplasmic reticulum
uptake current

Half-maximum binding concentration
for [Ca2"]i to Lup

Half-maximum binding concentration
for [Ca?*]uy to Lup

Ratio of forward to back reactions for
Lup

Time constant of diffusion of Ca?*
from sarcoplasmic reticulum uptake to
release compartment

Scaling factor for Il

Half-activation [Ca?"]; for Il
Half-activation [Ca?*]a for /el
Recovery rate constant for the
sarcoplasmic reticulum release
channel

Concentration of Ca* bound with
“fast” Ca?" binding ligands
Rapidly and slowly recovering
inactivation time constants for I
Activation gating variable for /kr

Activation gating variable for /k s

Rapidly and slowly recovering
inactivation gating variables for /;
Parameter of @, function

Constants of the dependencies of ki, .
on the sarcomere length

Length-dependent coefficient of
viscosity for damper viscous element
Velocity of PE deformation
Derivative of velocity of CE
deformation

Derivative of cross-bridges
concentration

Parameter of @, function

Parameter of w function
Constants of the dependencies of kg ._

on the sarcomere length

Length-dependent coefficient of
viscosity for damper viscous element
Parameter of p, function

Parameter of p,, function

Parameter of Py, function
Parameter of p,, function

Parameter of Py, function
Dependence of the steady-state
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sarcomere force on the sarcomere
shortening/lengthening velocity

Fyxsg  Extra serial elastic element (XSE) Gstar Dependence of the steady-state
force sarcomere stiffhess on the velocity
Fsample Sample force ag Parameter of Gy, function
[ Deviation of the sample length from its ap Parameter of Gg,r function
slack length
1, Deviation of contractile length from its case;  Parameter of pprime, function
slack length
I, Deviation of parallel elastic element case;  Parameter of ppyrime, function
length from its slack length
I3 Deviation of extra series element case3  Parameter of pprime, function
length from its slack length
a, Exponential coefficient of Fgg case,  Parameter of pprime, function
a, Exponential coefficient of Fpg M, End-to-end interaction between
adjacent tropomyosin segments in the
case if both of them affected by the
respective CaTnC complexes
formation
a3  Exponential coefficient of Fysg k, Parameter of M, function
B1  Linear coefficient of Fsg u  Parameter of M, function
B, Linear coefficient of Fpg temp,,; Parameter of n; function
Bz Linear coefficient of Fysg g1 Parameter of n, function
A Scale parameter of Fcg g, Parameter of n; function
p, Steady-state dependence of an average n,; Probability of that a myosin head can
crossbridge’s force on the velocity of find a vacant site on the actin filament
sarcomere shortening/lengthening
N Cross-bridges concentration v Velocity of CE deformation
Lo, Instantaneous length of thick and thin q, Parameter of q, function
lament overlap zone
Sy Parameter of L,, function ag Parameter of g, function
vy Parameter of g, function Bo Parameter of g, function
xs¢ Parameter of g, function k,, Parameter of K, function
q, Stationary relation “stiffness-velocity” Kk Function required for variation the
for the sample ratio between rates of cross-bridge
attachment and detachment
q, Parameter of g, function Ko Parameter of k function
q, Parameter of g, function my  Fraction of strongly attached Xb in
steady state isometric conditions
q; Parameter of g, function k, Parameter of K, function
Module 2: Optical activity in Fb
Ikv 7o Time- and voltage-dependent K* Eciro  Reversal potential for ChR2
current in Fb
Ikiro  Inward-rectifying K* current in Fb 0, Open state probability
INak o Na*-K* pump current in Fb 0, Open state probability
IsNaFo  Background Na* current in Fb C; Closed state probability
[Na*]erp  Na' concentration in the Fb’s C, Closed state probability
extracellular cleft space
[Klern K concentration in the Fb’s G, Rate constant for C;—C; transition
extracellular cleft space
[Na*]irp  Na'* concentration in the Fb’s G4q1 Rate constant for O1—C; transition
intracellular medium
[Kire  K* concentration in the Fb’s k; Light-sensitive rate constant for
intracellular medium C1—0: transition
Exaro  Equilibrium (Nernst) potential for Na* e;» Rate constant for O1—O: transition
in Fb
Ex o Equilibrium (Nernst) potential for K* e,1 Rate constant for 0»—O; transition
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in Fb
Jxvry Maximum conductance for kv Fb k, Light-sensitive rate constant for
(C>—0:s transition
Jxipy, Maximum conductance for /xi_rb G4, Rate constant for O»—C: transition
JeNapp Maximum conductance for /o Na_rb Irradiance  Light irradiance
Vol; g,  Total cytosolic volume of Fb &, Quantum efficiency for photon
absorption from Ci
1, Activation gating variable for /kv_rb &  Quantum efficiency for photon
absorption from C2
s, Inactivation gating variable for kv rv Oyt Absorption cross-section for retinal
Tre, Activation time constant for kv rb A1 Wavelength of max absorption for
retinal
s, Inactivation time constant for Ixy ro Wiss  Scaling factor for losses of photons
due to scattering or absorption
ak1, Pxa Fractional open probability of the /ki v hc  Product of Planck’s constant and the
channel speed of light
I_NaK,Fb Maximum Na*-K* pump current in Fb p State-variable, time- and irradiance-
dependent activation function for
ChR2
kmkpo  Half-maximum K* binding S0 Parameter of p function
concentration for /Nak o
kmNapo  Half-maximum Na* binding Tchrz  Time constant of ChR2 activation
concentration for /Nak b
Ty Skvs o+ Steady-state value of rkv, skv, etc Ichrz  ChR2 current
Crb  Membrane capacitance of Fb Jcnrz  Max conductance for Zchra
Ve Membrane voltage of Fb G(V) Voltage-dependent rectification
function
Module 3: CM-Fb coupling
Ggp  Gap junctional conductance between Im  Net membrane current of the CM
Fb and CM
n  Number of Fbs coupled to each CM Irv  Net membrane current of the Fb
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