Supplementary Material

Model Equations

Table 1 through 23 contained all the equations, parameters values and initial conditions necessary
to carry out the simulations presented in this article. Unless otherwise noted, the units are as
follows: time in seconds (s), voltage in millivolts (mV), concentration in millimoles/liter (mmol/L),
current in picoamperes (pA), conductance in nanosiemens (nS), capacitance in picofarads (pF),
volume in nanoliters (nL), and temperature in kelvin (K).

Atrial Myocyte Model

The atrial myocyte model was represented by the Maleckar et al. mathematical model [1], which
was based on a previous model of the adult human atrial myocyte action potential (AP), that of
Nygren et al. [2]. The stimulus used to evoke an AP was a rectangular current pulse (lsim) With
amplitude of 280 pA and duration of 6 ms. Equations of the stretch-activated current (Isac) were
taken from Kuijpers et al [3], which were assumed to be a nonselective cation current with a
near-linear current-voltage relation on the basis of experimental observations [4]. When lIsac was
integrated in the myofibroblast-myocyte (Mfb-M) coupling, equations of intracellular ion
concentrations of Na*, K" and Ca** ([Na'];, [K'];, and [Ca’*];) followed Table 12. Without lgac in
Mfb-M coupling, they followed Table 8.

Table 1. Na* current: Iy,
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Table 2. Ca®* current: e,
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Table 3. Transient and ultrarapidly delayed rectifier K* currents: I and lcy,
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Table 4. Delayed rectifier K" currents: ks and I,
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Table 5. Inward rectifier K' currents: I,
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Table 6. Background inward currents: Iz no and Ig ¢
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Table 7. Pump and exchanger currents: Iyak, lcap, and Inaca
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Table 8. Intracellular ion concentrations: [Na'];, [K']i, and [Ca®"];
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Table 9. Cleft space ion concentrations: [Na']., [K']., and [Ca’"].
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Table 10. Intracellular Ca?* buffering
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Table 11. Ca’* handling by the sarcoplasmic reticulum
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Table 12. Stretch-activated current: lsac
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Atrial Myofibroblast Model

The atrial Mfb model was represented by the MacCannell et al. mathematical model [5].
Mathematical formulations of the currents through voltage-gated sodium channels (Ins mw) and
mechano-gated channels (Iysc mn) Was based on experimental data from Chatelier et al. [6] and
Kamkin et al. [7], respectively.

Table 13. Time- and voltage-dependent K" current: kv mtb
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Table 14. Time-independent inward-rectifying K+ current: Ik wmrb
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Table 15. Na™-K" pump current: lyax_wrb



[K+]C,Mﬂ) ] [Na+]i,be1.5 Vms, + 150.0

I =1 : :
Nak-MIb = INaKMID ™[R+ gy + i [Na*]imm " + Kona > Vi + 200.0

Table 16. Background inward current: lg na_mtb
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Table 17. Na" current: Iy, mrb
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Table 18. Mechano-gated channe |l mediated current: lucc_mrb
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Table 19. Intracellular ion concentrations: [Na']i mo, [K'imto, and [Ca” T o
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d[K* i ms _ Ix1 v + T M
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Mfb-M electrical coupling

Table 20. Transmembrane potential of myocyte and Mfb

n
dVy 1
—_——— IM(VM't) +ZGgap(VM _Vbe,i)
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Without Isac: Iy (Vy,t) =
Ina + Icar + It + Ixur + Igg + Iy + Ixs + Igna + Igca + INak + Icap + INaca = Istim
With Isac: Iy(Vy, t) =
Ina + Icar + It + Ixur + Igy + I + Ixs + Ipna + Igca + INak + Tcap + INaca + Isac — Istim
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Table 21. Parameter values

[Na'], = 130.0 mmol/L
[K']s = 5.4 mmol/L

kcap = 0.0002 mmol/L
kyaca = 0.0374842 pA/(mmol/L)*

[Ca® ], = 1.8 mmol/L
[Mg?*]; = 2.5 mmol/L
Ecazpp = 60.0 mV
kca = 0.025 mmol/L
R = 8314.0 mJ/molK
T =306.15K
F = 96487.0 C/mol
Cmm = 0.05 nF
\bl; = 0.005884 nL
\bl, = 0.136\0];
\Wly = 0.02\0];
bl =0.0000441 nL
\ol,, = 0.0003969 nL
e =14.3 s
7k =10.0s
Tca=24.75

y=0.45
dnaca = 0.0003 (mmol/L)™
I, =2800.0 pA
Keyca = 0.0003 mmol/L
Ksrea = 0.5 mmol/L
Kyes = 0.4
7 =0.0ls
e = 200000.0 pA L/mmol
Kreri = 0.0003 mmol/L
Krerg = 0.003 mmol/L
Mecov = 0.815 5™
Ksac = 100
asac =3
A=1.2
Cnmp = 6.3 pF
\blimp = 0.00137 nL



g =0.01s
Inak = 68.55 pA
knakx = 1.0 mmol/L
knakna = 11.0 mmol/L
Icp = 4.0 pA

[Na'Jemn = 130.011 mmol/L
[K'lemp = 5.3581 mmol/L
Kmk = 1.0 mmol
Kmna = 11.0 mmol
Inagmp = 10.36 pA

Table 22. Maximum conductance values

Pna = 0.0018 nL/s

Jca. =6.75nS
g. =8.25nS
Jxkar =2.25n0S
gxs =1.0nS
gxr =0.5n8
g1 =3.1nS

Jana = 0.060599 nS

Jpca =0.078681 nS
Gspc = 0.015 pm/s
Jwmm = 1.575nS
Jxamm = 3.038nS

g_B,Na,be = 0.05985 nS

Inammp = 0.756 nS

Ivcemm = 0.043nS

Table 23. Initial conditions

Vi = -74.2525 mV
[Na']. = 130.0221 mmol/L
[K']. = 5.5602 mmol/L
[Ca™] = 1.8158 mmol/L
[Na']; = 8.5168 mmol/L
[K']i = 129.486 mmol/L
[Ca®']; = 6.5x10°° mmol/L
[Ca’ ]y = 7.1x10° mmol/L
[Ca*],p = 0.6492 mmol/L
[Ca®]rer = 0.6326 mmol/L
m = 3.289x10°
h, = 0.8772
h, = 0.8739
d. = 1.4x10°
f , = 0.9986
f , = 0.9986
r=1.089x10°
s =0.9486
Mkor = 3.67x10™

Sur = 0.9673
n = 4.374x10°
Pa = 5.3x10°
F, =0.4701
F, = 0.0028
0 =1.382
Oc = 0.0268
Ocase = 0.4315
Orc = 0.0129
Omwmgc = 0.1904
Ommgmg = 0.7145
[K'Timp = 129.4349 mmol/L
[Na'Timp = 8.5547 mmol/L
Vi = -47.75 mV
'y = 0.0743
Sqy = 0.9717
Mup = 3.0x10°
jmp = 0.9989

Glossary

Myocyte
Ina  Na' current

lca.  L-typeCa® current

\Wl;
\blg

\bly,

Total cytosolic volume

\blume of the diffusion-restricted
subsarcolemmal space

\blume of the sarcoplasmic reticulum
uptake compartment



IreI
[Na'],

K™D
[Ca*Ty
[Na']e
K]
[Ca*]
[Na'];
[K™i
[Ca®'];
Mg*;
[Ca*']q
[Ca*Tup

[Ca2+]rel
ENa

ECa
ECa.anD

PNa
g_CaL
gt
Gxur
gK.,S

g_K,r

Transient outward K* current

Sustained outward K* current

Slow delayed rectifier K* current

Rapid delayed rectifier K* current

Inwardly rectifying K* current
Background Na* current

Background Ca?* current
Na*-K* pump current
Sarcolemmal Ca?* pump current

Na*-Ca?* exchange current

Ca?* diffusion current from the
diffusion-restricted subsarcolemmal space
tothe cytosol

Sarcop lasmic reticulum Ca?* uptake
current

Sarcoplasmic reticulum Ca?* translocation
current (from uptaketo release
compartment)

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

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

M ¢?* concentration in the intracellular
medium

Ca®* concentration in the restricted
subsarcolemmal space

Ca?* concentration in the sarcop lasmic
reticulum uptake compartment

Ca?* concentration in the sarcop lasmic
reticulum release compartment
Equilibrium (Nernst) potential for Na*
Equilibrium (Nernst) potential for K*
Equilibrium (Nernst) potential for Ca?*
Apparent reversal potential for lc,

Permeability for Iy,

Maximum conductance for lc,

Maximum conductance for I,
Maximum conductance for ly,,

Maximum conductance for Iy

Maximum conductance for Iy

\blrel

TNay
TK» Tcar

Tdi

I
I(NaK,K
kNaK,Na
ICaP
I(NaCa

v

dNaCa

Lp

kcyca
Ksrea

Kics

Tr

Urel
I(rel,i
I(rel,d

Krecov
Isac
ISAC,Na
Isack

ISAC,Ca

INa

2%
Zca
Osac
Gsac

Ksac
asac

A

Ikv_mfb

Ik1_mb

\blume of the sarcoplasmic reticulum
release compartment

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

Time constant of diffusion from the
restricted subsarcolemmal spaceto the
cytosol

Maximum Na*-K* pump current
Half-maximum K™ binding concentration
for Iyak

Half-maximum Na"* binding concentration
for Inax

Half-maximum Ca2+ binding
concentration for lczp

Scaling factor for Iyaca

Position of energy barrier controlling
voltage dependence of Iyaca

Denominator constant for Iyaca

M aximum sarcop lasmic reticulum uptake
current

Half-maximum binding concentration for
[Ca* T to

Half-maximum binding concentration for
[Ca*]yp tolyp
Ratio of forward to back reactions for I,

Time constant of diffusion of Ca?* from
sarcop lasmic reticulum uptaketo release
compartment

Scaling factor for I
Half-activation [Ca®']; for I,

Half-activation [Ca®*]q for lre

Recovery rate constant for the
sarcop lasmic reticulum release channel

Stretch-activated current

Na* contributes to lg,

K™ contributes to I,

Ca?* contributes to lg
Relative permeability to Na*
Relative permeability to K*
Relative permeability to Ca?*

Na* valence

K™ valence
Ca?* valence
Conductance for I,
Maximum conductance for Ig,
Parameter to define the amount of current
when the cell is not stretched
Parameter to describe the sensitivity to
stretch
Stretch ratio
Myofibroblast

Time- and voltage-dependent K* current

Inward-rectifying K* current



gxi
IBNa

dBCa

h, hy
do

le! 1;LZ

S1, 82

Mkur

Skur

Tm
ThpTh,
TdL

T o
T
Ts

Tur

SKur

Tn
p a

Oc
oTC
OTMgC

OTMgMg

OCaIse

Maximum conductance for Iy,
Maximum conductance for Ig na
Maximum conductance for lgc,

Activation gating variable for Iy,

Fast and slow inactivation gating variables
for Ina

Activation gating variable for I,

Fast and slow inactivation gating variables
for lca

[Ca?*]4-dependent ratio of fast (f_;) to
slow (fi») inactivation of I,
Half-maximum Ca?* binding
concentration for fc,

Activation gating variable for I;

Inactivation gating variable for I;

Rapidly and slowly recovering
inactivation gating variables for I,

Activation gating variable for Iy,
Inactivation gating variable for Iy,
Activation gating variable for Iy

Activation gating variable for Iy

Inactivation gating variable
(instantaneous) for Ik ,

Steady-state value of m, hy, etc

Relative amount of “inactive precursor” in
the I, formulation

Relative amount of “activator” in the I
formulation

Activation time constant for Iy,

Fast and slow inactivation time constants
for Ina

Activation time constant for I,

Fast and slow inactivation time constants
for lca.

Activation time constant for I;
Inactivation time constant for I,

Activation time constant for Ik,

Inactivation time constant for Ik,
Activation time constant for Iy

Activation time constant for Iy

Buffer occupancy

Fractional occupancy of the calmodulin
buffer by Ca?*

Fractional occupancy of the troponin-Ca?*
buffer by Ca?*

Fractional occupancy of the

troponin-M ¢?* buffer by Ca?*

Fractional occupancy of the

troponin-M ?* buffer by M ¢?*

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

Universal gas constant

Absolute temperature
Faraday’s constant
M embrane capacitance

INak_Mfb
lg.Na_mfb
INa_mfb

Imae_mib

[Na"Te mro
[K"Te mt
[Na"T; mro

[K*Timto

Ena mfb
EK.be
Emccmib
JxvMb
Ik 1Mb
IBNaMb
INaMb
ImMceMb

kv
SKV

TT](V
TSKV
a1, Pra
7NaK,max
ka

I(mNa

Mo
Imib
Tmeb
Tjnato
Dy Fwng
ﬁmeb' ﬂibe
Ena,mfb

Ex mtb

Emccmb
T Skws **
Cm,be

Vo

Ggap

Imib

Na*-K* pump current
Background Na* current
Na* current

M echano-gated current

Na* concentration in the extracellular cleft
space

K* concentration in the extracellular cleft
space

Na* concentration in the intracellular
medium

K* concentration in the intracellular
medium

Equilibrium (Nernst) potential for Na*

Equilibrium (Nernst) potential for K*
Equilibrium (Nernst) potential for ion
through mechano-gate channels

Maximum conductance for Iy wmb

Maximum conductance for Iy b
Maximum conductance for Iy na_mfo
Maximum conductance for Ins msb
Maximum conductance for lyec mtb

Activation gating variable for Ik mf,
Inactivation gating variable for Iy mo
Activation time constant for lx, wmso

Inactivation time constant for Iy msp

Fractional open probability of the Iy wm
channel

Maximum Na*-K* pump current

Half-maximum K* binding concentration
for Inax

Half-maximum Na* binding concentration
for Iyak

Activation gating variable for Iy, wm
Inactivation gating variable for Iy, m

Activation time constant for Iy, wsb

Inactivation time constant for Ina_mso
Extrapolated rate coefficients

Equilibrium (Nernst) potential for Na*

Equilibrium (Nernst) potential for K*
Equilibrium (Nernst) potential for ion
through mechano-gate channels

Steady -state value of ry,, Sk, etc
Membrane capacitance

Membrane voltage

Mfb-M coupling

Gap junctional conductance between Mfb
and myocyte

Number of Mfhs per myocyte

Net membrane current of the myocyte
Net membrane current of the Mfth



Vm  Membrane voltage
\bl,  \blume of the extracellular cleft space
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