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Supplement equations

Al. Membrane potential
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A2. Constant field equation
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A3. L-type Ca* current (I, )

Icar = Ica Ca+ Igg Na + gy K#(5)
IcarCa = Pgy - CFcy - m - h#(6)
Ics Na = 0.00005 - Pey - CFyg - M - h#(7)
Ica K = 0.001 - Peyy - CFy - m - h#(8)
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A4. T-type Ca* current (Ic,7)

Icat = Pcar - CFgy - d - T#(14)

Pe,t = 7.92#(15)
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A5. Inward rectifier K™ current (Ig;)

KT\** V-E.-173
[ ]0> . X ) + ak; - b #(24)

A

-(V-Ex—1.73)
Gx1 = 18.0#(25)

RT K™,

#(26)

aky = 10 + #(27)

V+37 _V+37
e 25 4+e 25

0.0001
bxa = V-Ex—76.77
1+e 17

#(28)

A6. Na'-leak current (Ina cn)
InaLen = InaLenNa + Ina enK#(29)
InaLcnNa = Pygaien - CFna#(30)

InaLenK = 0.9 * Pyaien - CRc#(31)



PNaLCN = 01485#(32)

A7. Ca**-activated CI current (Icica)
Icica = geica * Ocica - (V — Ec))#(33)
geica = 20.0#(34)
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D, = 250-1073 um? - ms™1#(46)
Dy =75-1073 um? - ms™1#(47)
By = 50 - 1073 mM#(48)

Ky, = 0.1-1073 mM#(49)

r = 0.05 um#(50)

Nori = 250#(51)
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A8. Background CI current (Iy,)
Iciy = Poip * CFe#(55)
Peyp = 0.1#(56)
A9. Current carried by store-operated Ca”" entry (Ioa)
Iorai = Yorai * Oorai - (V — Eca)#(57)

Eo, = 5T [Ca2+]°#(58)
“72F e,

Jorai = 0.028#(59)
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A10. Na'/Ca?" exchange current (Insca)
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k, = 1#(67)
K Nao = 87.5 mM#(68)

K cao = 1.38 mM#(69)
Kmnai = 4375 mM#(70)
Kmcai = 0.00138 mM#(71)
a, = ky - E;Na+ k- E;Ca#(72)

ﬁy = kl : ElNa + k3 : Elca#(73)
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Al11. Na*/K* pump current (Iyak)

Inak = INakA + INnak B#(78)
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Py = 27.65#(81)
K nai = 3.5 mM#(82)
Ko nai = 18 mM#(83)
K ko = 0.27 mM#(84)

Al12. Na-K-2Cl cotransporter (NKCC1)



InkceNa = Pukce * (Inkee Nainflux — INkee,Na effiux) #(85)
Inkee k = Inkee Na# (86)
Inkeeel = 2 Inkee,Na# (87)
Pukee = 0.168#(88)
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v, = k9. [CIT, - [E;Na]#(101)

vy = (ki/Ke)) - [E;NaCl]#(102)
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vy = k9. [K*], - [E;NaCI]#(103)
v3 = (ki"/Kk) - [E;NaCIK]#(104)
vy = k9. [CI'], - [E;NaCIK]#(105)
v.4 = (k"/Kc)) - [E;NaCIKCI]#(106)
vs = kiUl . [E;NaCIKCI]#(107)
v = k' . [E,NaCIKCI]#(108)
vs = (ki"/Kna) - [E;NaCIKCI]#(109)
vg = k- [Na*]yq - [E,CIKCI]#(110)
v, = (k¥"/K¢c)) - [E,CIKCI]#(111)
v = ki [Clqq - [E.KCI#(112)
vg = (k"/Ky) - [E,KCI1#(113)
vg = ki - [K'i - [E,Cl]#(114)
vy = (k&'/Ke1) - [E;CI#(115)
v = ke [Cl']eia - [E2]#(116)
v1o = kg™ - [E,CI#(117)
V.o = kg™ - [E1]#(118)
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Kna = 15.8- 1073 L - mmol~1#(122)
Ko = 216.9 1073 L - mmol~1#(123)
Kx = 9.22-1073 L - mmol~#(124)
kK= 1002.0 - 1073 ms~1#(125)
kM = 2255.0 - 1073 ms~1#(126)
ki™Y = 37767 - 1073 ms~1#(127)

t
Kna - Ko - K - Koy - k- kfempy
Kna - Koi - K - Koy - kU

ms~1#(128)

klo" = 100 L - mmol~1#(129)
k3 = kio /Kna#(130)
késs = kN /K #(131)

kG = ki /Kci#(132)



A13. ER Ca* pump current (Inca)

Km,Cao

E,Ca — E, 1- Yoca

ki T ky ka T ky By T ay
Km,cai

E,Ca — E; Yoca

Inca = Poca (k2" ExCa - (1 — ypca) — k1 E1Ca - ypca)#(133)
Poca = 772.8#(134)
ky = 0.01#(135)
k, = 1#(136)
ks = 1#(137)
k, = 0.01#(138)
ay = ky E;Ca+ ky - E;#(139)

B, = ki - EyCa + ks - E;#(140)

K ) -1
E,Ca= <1 + %) #(141)
[Ca™" Jyp

K -1
E,Ca=(1+ m'“") #(142
? ( car);) T
[Ca**]yp

m,Cai

-1
E, = <1 + ) #(143)

2+ .
m) #(144)

m,Cao

E2=<1+

K cao = 0.00258 mM#(145)

K cai = 0.08 mM#(146)

Al4. IPs-mediated Ca?* release current from the ER (I,p3R)

ku[IPs]  keo'[Ca®*]i  koir[Ca®™];
= C = O =
kio

kCU kOC

Iipsr = Pipar - ([Ca%* et — [Ca*™T;) - Porpar)#(147)



Ppsr = 217.2#(148)
Pogpar) = O°#(149)

k. = 400 mM~! - ms™1#(150)
ko, = 0.37736 ms™1#(151)
ko =20 mM™1 - ms~1#(152)
ko = 0.0016468 ms~1#(153)
koi = 02mM™1 - ms™1#(154)
ki, = 0.0002098 ms~'#(155)

A15. Ca®* leak from ER uptake pool (I;eqx)
ek = Pieak - ([Ca"],,, — [Ca®']; ) #(156)
Pieak = 1.9125#(157)
A16. Ca®* transfer between ER uptake and release pool (Iy,)
Iy = Py - ([Ca™"],,, — [Ca®'] ;) #(158)
P, = 205#(159)

Al7. Ca”* concentration in ER uptake pool

dica®™],  pea—ty—1
up _ pCa tr leak #(160)

dt 2F - Vol

A18. Ca** concentration in ER release pool

[Ca** ] = 0.5 - <_bCSQN + \/bCSQNZ +4- CCSQN) #(161)
bCSQN = [CSQN]total - [Ca]rel + Km#(162)
Ccson = K - [Ca] e #(163)
K, = 0.8 mM#(164)

[CSQN]ptar = 10 mM#(165)
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diCalyy _ Iw — lipsr
dt 2F - VOlre|

#(166)
A19. lon concentrations in cytosol

diNa*]; —IgNa
G = F o, T O (N — [Na1)#(167)

InetNa = [CaLNa + INaLCNNa +3- INaK#(168)
Dna = 0.3 ms™1#(169)

dK*] K N .
&t F Volg, T K ([K*Tag — [K*1))#(170)

InetK = Igg + Ica K+ InaienK — 2+ Inak #(171)

Dg = 0.3 ms™1#(172)

= . 2+ _ 241
dt _2F-Volcyt+DCa ([Ca**Jag — [Ca*"];)#(173)

Dca = 0.2 ms™1#(174)

InetCa = Iopai + Ica Ca + Icat + Ipca — lipsr — lieak#(175)

[Ca2+]i =05- <'bCMDN + \/bCMDNz +4- CCMDN) #(176)

bempn = [CMDN]iora — [Cal; + Ky #(177)
Cempn = Ky - [Cali#(178)
K,, = 0.00238 mM#(179)

[CMDN] a1 = 0.0005 mM#(180)

diClI"li  Icw _ _ )
at _F-Volcyt-"DCl ([CI7Jeig — [CITTD#(181)

D¢ = 0.002 ms~1#(182)

AZ20. lon concentrations in ClI" microdomain

d[Na+]cId _ —3 - INaca

Vol
. +1. + . cyt
G F-Voly + Jnkee Na + Dya - ([Na¥]i = [Na™]gq) Vol #(183)
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d[K™ e
dt

Vol
= Jnkeek + Dk - ([K*]i = [K ) - N 4(184)
VOlC|d

d[ca]cld — 2 INaCa Vol

. 2+ _ 2+ YOyt
Gt 2F Voly, T Pea (ICa*"i — [Ca*"a) VoL, H(185)

[Ca2+]cld =05- <'bCMDN + \/bCMDNZ +4- CCMDN) #(186)

bemon = [CMDN] ot — [Calgig + Ky #(187)
Cempn = K - [Calig#(188)
K,, = 0.00238 mM#(189)

d[Cl Jaa _  Icica - - Voley
= Dt (IC17 i = [C1 Je) -
. FVolyg + Inkec.ol + Da - ([CF]i = [C1 Jaa) Volyg

#(190)

A21. IP; concentration

kab
PIP, 1P,

kpa
ke T kye

IP, (inactive metabolites)

d[IPs]
dt

= kap * [PIP2] = (kpa + kpc) - [IP3]#(191)

d[PIP,]
dt

= kpa " [IPs] + kca - [IP4] — Kap - [PIPZ]#(192)

d[(ljl:4] = kpe " [IP3] — kca [IP4]#(193)

[Plota] = [PIP,] + [IP;] + [IP,] = 3.3:1073#(194)

V+48.5 [Ca2+].
kap =02 18T - —— '
[Ca ]i + Km,Cai(PI)

ms~1#(195)

_V+100
kpa = 0.5 e~ 285 ms~1#(196)

kpe = 0.004 ms~1#(197)

_V+100
key = 0.0035-¢” 255 ms~1#(198)

Km.caiey = 0-00001 mM#(199)
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Supplement tables

Table Al. Glossary

Parameter Unit Description
Liotal pA Total current of ion channels, exchanger, and pump
Lot pA Externally applied current
IcaL pA L-type Ca”" current
Iea X pA ion X component of L-type Ca" current
Icar pA T-type Ca”* current
Ik pA Inward rectifier K* current
Inaren pA Na'-leak current
INaLenX pA ion X component of Na*-leak current
Icica pA Ca*"-activated CI" current
Lo pA Background CI current
Iorai pA Current carried by Orai (store-operated Ca* entry)
Inaca pA Na'/Ca®* exchange current
Inak pA Na'/K"* exchange current
Inkce MM-ms? Flux by Na-K-2Cl cotransporter (NKCC1)
Inkcex MM: ms™ ion X component of Jykce
Ioca pA ER Ca®* pump current
Lipar pA IP;-mediated Ca*" release current from the ER
Po(ip3Rr) unitless Probability of IP; receptor in conducting state
Leak pA Ca’* leak from ER uptake pool
Ly pA Ca®* transfer between ER uptake and release pool
Oy ms™* Forward rate constant for gating variable X
Bx ms* Backward rate constant for gating variable X
Tx ms Time constant of gating variable X
X unitless Steady-state value of gating variable X
Ex mVv Equilibrium potential for ion X
% mVv Membrane potential
t ms Time
CFy mM Constant field for intracellular and extracellular ion X
CFxma mM Constant field for microdomain and extracellular ion X
Gy pA - mVv! Maximum conductance of channel X
Zy unitless Valence of the ion X
[XTi mM Intracellular concentration of ion X
Xl mM Concentration of ion X in CI" microdomain



[XIo
[Ca] rel
[Caz +]rel

[ca®],,

Extracellular concentration of ion X

Total calcium concentration in ER release pool

Free calcium concentration in ER release pool

Free calcium concentration in ER uptake pool

Table A2. General model constants

Parameter Value Unit Description
Cn 25 pF Membrane capacitance
VolCyt 715.5 pm® Cell volume accessible for ion diffusion
Volup 21.465 um® Volume of ER uptake pool
Vole 7.155 pm® Volume of ER release pool
Volgq 35.775 pm® Volume of CI" microdomain
F 96.4867 C-mmol™* Faraday constant
R 8.314 C-mV-K*mmol™ Gas constant
T 309.15 K Absolute temperature

Table A3. Initial values (gating variables)

lon carriers Parameter Value
IeaL m 8.980-107

h 0.680-10™

Icar d 4.429-10™

f 7.262:10™"

Icica Ocica 3.249-10°
INaca YNaca 9.798-10"

INak YNaK 5.983-10™

Inca Ypca 4.226-10"

Iip3r Po(p3ry 7.009-10"




Table A4. Initial values (membrane potential and concentrations)

Parameter Value Unit
1% -72.332 mV

[Nat], 140.0 mM
[Na't]; 6.321 mM
[Na*]aq 6.321 mM
[K*], 5.4 mM
[K*]; 135.6 mM
[K*]aa 135.6 mM
[CI], 140 mM
[CI']; 87.290 mM

[Cl ] ag 87.464 mM
[Ca®*], 1.8 mM
[Ca]; 1.071:10* mM
[Ca?*]; 8.913-10° mM
[Ca]uq 1.717:10* mM
[Ca?*] 4 1.433-10* mM
[Ca] e 8.065 mM
[Ca?t],.q 1.517 mM
[Ca®*]y, 1.783 mMm
[E,] 1.579-10° mM
[E;Na] 3.489-10° mM
[E;NaCl] 1.059-10" mM
[E;NaCIK] 5.271:10° mM
[E;NaCIKCI] 1.600-10™ mM
[E,NaCIKCI] 6.039:10° mM
[E,CIKCI] 6.046-10™ mM
[E,KCI] 3.186:10° mM
[E,CI] 2.548:10° mM
[E,] 1.340:10° mM

[1P;] 3.396-10" mM
[PIP,] 1.364-10° mM
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