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Analysis of Circulating Waves in Tissue Rings derived from Human Induced 3 
Pluripotent Stem Cells  4 
 5 
Model Equations 6 
The model we used refers to classic Priebe & Beuckelmann membrane model1 and 7 
modified PB model by Bernus et al2 and Hyperpolarization-activated current model by 8 
Verkerk et al3. 9 
Equilibrium Potentials:  10 
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Na+ current: 15 

I"# = g"# × m= × v2 × (VG − E"#)               （S-5） 16 
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βG = 0.08 × exp
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vb = 0.5 × [1 − tanh	(7.74 + 0.12 × VG)]          （S-9） 20 
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Ca2+ current: 23 

I1# = g1# × db × f × f1# × (VG − E1#)            （S-12） 24 

db = vw
vw?xw

                         （S-13） 25 



α` =
N<.py×PQR{ST.{×[

(VLS55.Y|)
U|.|} ]5}

N�.�y×√2�
                  （S-14） 26 

β` =
:.N<MNO�.=×PQR{ST.{×[

(VLS|.5)
UW.�Y ]5}

N<.p=×√2�
                （S-15） 27 

α� =
:.::�yM

N?PQRS
(|.U{W|SVL)

|.U5
                     （S-16） 28 

β� =
:.:�p×PQR[ST.UU×(VL,�.}5{)]?:.:NN

N?PQR[ST.5X}×(VL,�.}5{)] + 0.000575         （S-17） 29 

`�
`8
= (1 − f) × α� − f × β�                  （S-18） 30 

f1# =
N

N?
4��5,6/
T.TTT|

                        （S-19） 31 

Transient outward current: 32 

I89 = g89 × rb × t9 × (VG − E89)             （S-20） 33 
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Delayed rectifier K+ current: 43 

I@ = g@ × X2 × (VG − E@)                  （S-30） 44 
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Inward rectifier K+ current: 48 

I@U = g@U × KNq × (VG − E@)              （S-34） 49 
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Background current: 53 

I1#,� = g1#,� × (VG − E1#)                  （S-38） 54 

I"#,� = g"#,� × (VG − E"#)                  （S-39） 55 

Na+-K+ pump: 56 

I"#@ = g"#@ × f"#@ × f"#@�                   （S-40） 57 
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Na+/Ca2+ exchanger: 61 

I"#1# = g"#1# × f"#1#                   （S-44） 62 
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Hyperpolarization-activated current: 64 

I� = y × g� × (VG − E�)                  （S-46） 65 
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if VG < −80mV: 68 
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if VG ≥ −80mV: 70 

yb = expO
VL
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Concentration of major ions in and out of the cell membrane (units: mM) 72 

[Ca2?]§ [Ca2?]P [Na?]§ [Na?]P [K?]§ [K?]P 

0.0004 2 10 138 140 4 

Other parameters: 73 

R = 8.314J/K；T = 273 + 37(K)；F = 96.5/mmol；P = N
N.M

；V°±²³´ = −4mV；E³ =74 

−22mV 75 
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