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Supplementary Information

Analysis of Circulating Waves in Tissue Rings derived from Human Induced

Pluripotent Stem Cells

Model Equations

The model we used refers to classic Priebe & Beuckelmann membrane model! and
modified PB model by Bernus et al?> and Hyperpolarization-activated current model by

Verkerk et al®.
Equilibrium Potentials:

_ RT, ([Na*]e

Ena =% In ([Na+]i)
rT, ([ca?*],

Eca = 3¢ 1In ([Ca“]i)

0.043><[Na+]e+[K+]e)
0.043x[Na*];+[K*];

B = n ()

Eio = ?ln(

Na' current:

Ina = 8Na X m? X v2 x (Vm — Ena)

_ [0.32%x(Vin+47.13)]
Um = l_exp[—o.1><(vm+47.13)]

_vm

Bm = 0.08 X exp 11

d
d—Tz(l—m)Xam—mme

Ve = 0.5 X [1 — tanh (7.74 + 0.12 x V)]

T, = 0.25 + 2.24 X

1-tanh (7.74+0.12XVp,)

d_V _ Vo (Vim)-v
dt ~ t(Vm)

Ca?" current:

Ica = 8ca X deo X X fea X (Viy — Eca)

aq
ag+Bq

e}

1—tanh [0.07X (Vi +92.4)]
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(Vm—22.36)

{_O'SX[ 16.68 ]2}

__ 14.98Xexp
- 16.68XV2T

g

(Vm—6.2)
93 12}

_0.1471-5.3xexpt %!

Ba = 14.93xv21

_ 0.00687
oy = _(61546—Vp)
1+exp 612

_ 0.069xexpl~0-11x(Vm+9.825)] 19 911

B ooz @mremsy— + 0.000575
df
o= A —DXop—fxPy
1
fCa = [C—a2+]i
1+ 0.0006

Transient outward current:
Lo = o X T X Ty X (Vm - Eto)

Ar

r.. =
@ ar+Br

0.5266xexpl—0-0166x(Vm—42.2912)]

ar = 1+expl—0:0943X(Vm—42.2912)]
_0.00005186XV+0.5149xexpl~0:1344X(Vm—5.0027)]
Bl‘ - 1+expl—0-1348X(Vm—0.00005186)]

_0.00005612XVp+0.0721xexpl=0173X(Vm+34.2531)]

Ao = 1+expl—0-1732X(Vm +34.2531)]
_0.0001215XV,+0.0767xexpl™166X1077x(Vm+34.0235)]
Bro = 1+expl—0-1604X(Vm +34.0235)]
dto
e (1 —1ty) Xag, —ty X B,
1
T, (Vi) =
to (Vi) = B (Ve + By (V)
_ Aty X (Vi —Vshift)
tOOQ(Vm) -

Aty (Vm—Vshift) +Bto (Vm—Vsnift)

dto _ tooo_to
dt Tto

Delayed rectifier K current:

Ik = g X X* X (Vi — Ex)
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X = 0.972
© 7 14+exp—(2.036+0.0834xVm)

_ (Vm+25.5)?

Tx =380 xXexp 156 + 166 X [1 + tanh (0.558 + 0.0169 X V,;,)]

dX _ Xe—X
dt TX

Inward rectifier K* current:
Ik, = 8k, X K1 X (Vim — Ex)

ag
cho = 1
ag, +BK,

0.1
O(Kl - 1_,_exp[o.oex(Vm—EK—zoo)]

3xexp?-0002X(Vm~ER+100) 4 oy110.1%(Vm~EK—10)

BKl = 1+exp—0.5X(Vm—EK)

Background current:
Icab = 8cap X (Vin — Eca)
INab = 8Nab X (Vin — Ena)
Na*"-K* pump:

!
INak = 8Nak X fNak X fNak

1

fak = 1+0.1245xexp—0-0037XVm +0.0365xoxexp=0-037xVm
’ _ 1 [K*]e
NaK = 1+([N11(‘)*']i)1'5 [K+]e+1.5
[Na*]g

0=0.1428 X (exp 673 — 1)

Na*/Ca>" exchanger:

INaca = 8Naca X fNaca

[Na+]i3 X [CaZ +]eXeXp0.013><Vm —[Na+]3>< [CaZ+]iXeXp—0.024XVm

f =
NaCa (669921+[Na*+]3)x(1.38+[CaZ*]e)X(1+0.1xexp—0-024XVm)

Hyperpolarization-activated current:

[f =y X geX (Viy — E)
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dy _ Yooy

a1 (S-47)
1000
Ty = — 54 )
R P L2 L (8-48)
if Vi, < —-80mV:
0.99921
Yoo =~ vgtori3a + 0.01329 (S_49)
1+exp 8.1752
if V, = —80mV:
—Ym_
Voo = €exp 12861 X 0.0002501 (8-50)
Concentration of major ions in and out of the cell membrane (units: mM)
[Ca*]; [Ca®*]e [Na*]; [Na*]e [K*]; [K*]e
0.0004 2 10 138 140 4

Other parameters:

R =8314]/K ;T = 273 + 37(K) ;F = 96.5/mmol ;P = = Vg, = —4mV ;E; =
—22mV
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