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1 “environment” component

This component has no equations.

2 “membrane” component

membrane_voltage_diff_eq

1% -1.0
d(tgm)e) = *(i_Na+iCaL+iCaT+ito+isus+iKr+iKs+if+ibNa+ibCa+ib K+iNaCa+ip+ist+iCalP)

3 “sodium_current” component

i_Na_calculation

(V—E_Na)+F

(F)Z‘O (e R+T — ]_O)
R+T " (e%ii f1.0)

i_Na=g.Nax(m)*® «hxNa_o * *V

4 “sodium_current_m_gate” component

m_diff_eq
d(m)  (minfinity —m)
d(time) tau_m
m_infinity_calculation
%
1.0

m_nfinity = T\
(1.0 + eW)



tau_m_calculation

0.6247¢ — 3
tau_m = ((0.832 % e=0-335%(V+56.7) 1 (627 # ¢0-082+(V+65.01)) + 000004)

5 “sodium_current_h_gate” component

h_calculation
h=((1.0—-F_Na)+«hl+ F_Na=x h2)

h1_diff_eq

d(h1)  (hl.nfinity — h1)

d(time) tau_hl
h2_diff_eq

d(h2)  (h2Zinfinity — h2)

d(time) tau_h2
h1_infinity_calculation

1.0

hlanfinity =

(1.0 + e%)

h2_infinity_calculation
h2_in finity = hl_infinity

tau_hl_calculation

0.000003171 * ¢~ 0-2815x(V+17.11)
tau_hl = (

1.0 + 0.003732 x ¢~0:3426+(V+37.76)) - 00005977)

tau_h2_calculation

. 1 —0.6219%(V+18.8)
tauh2 = | 200000003186 « ¢ +0.003556
(1.0 + 0.00007189 * ¢~0-6683+(V+31.07))
6 “L_type_Ca_channel” component
i_Ca_L_calculation
0.006
i-CaL=gCaLx | f.Lxd.L+ * (V—E_Ca.L)

(1.0 n ew)



7 “L_type_Ca_channel d_gate” component

d_L_diff eq
d(d-L)  (d-Linfinity —d_L)
d(time) tau_d_L
alpha_d_L_calculation
alpha d L — | —14.19 « (V +35.0) 7 42.45 x V

(e—uvzfssm) _ 1.0) (6—0.208*\/ _ 1_0)

beta_d_L_calculation

571 (V —5.0)
betad-I = (6044*(\/—5.0) _ 1.0)
tau_d_L_calculation Lo
tau_d_L = .

(alpha_d_L + beta_d_L)

d_L_infinity_calculation
1.0

—((V+23.1)) )
6.0

d_L_infinity =
(L0+e

8 “L_type_Ca_channel f gate” component

f L_diff_
e d(f-L)  (f-Lanfinity — f_L)

d(time) tau_f_L

alpha_f_L_calculation
3.12 % (V 4 28.0)

alpha_f L =
(aw - 1.0)
beta_f_L_calculation 95.0
beta_f_L = .
(ro+ —5ED)
tau_f_L_calculation L0
tau_f_L = .

(alpha_f L + beta_f L)

f_L_infinity_calculation
1.0

f,L,infinity = (V+45.0)
<1.0 + eT)




9 “T _type_Ca_channel” component
i_Ca_T _calculation

iCaT=gCaTxdTxfTx(V—-ECaT)
10 “T _type_Ca_channel d _gate” component

d_T_diff eq
d(d_T) (dT_infinity — d_T)

d(time) tau_d_-T
alpha_d_T_calculation

(V426.3)

alpha_d_T = 1068.0 x ¢~ 300

beta_d_T_calculation
—((V+26.3))

beta_d_T = 1068.0 x e~ 300

tau_d_T _calculation L0

tau_d T =
@ (alpha_d_T + beta_d.T)

d_T_infinity_calculation
1.0

—((V437.0)) )
6.8

d_T_infinity =
@0+e

11  “T _type_Ca_channel f gate” component

T _diff_
e d(f.1) (fT_infinity — f.T)

d(time) tau-f T

alpha_f_T_calculation
I

alpha_f T =153 xe¢

beta_f_T _calculation
V471.7)

beta_f T = 15.0 % e(lﬁ

tau_f_T_calculation Lo

(alpha_f T + beta_f_T)

tau_f T =

f_T_infinity_calculation
1.0

f,T,mfmzty - (V471.0)
(1.0 + eT)




12 “four_AP _sensitive_currents” component

i_to_calculation
ito=gtoxqgxrx*(V—E_K)

i_sus_calculation
i_sus = g_susxr* (V — E_K)

13 “four_AP _sensitive_currents_q_gate” component

q_diff_eq
dlg) _ (g-infinity — q)
d(time) tau_q
q-infinity_calculation
NP 1.0
q-infinity = (V+59.37)
(1.0 n eT)

tau_q_calculation

0.006517
0.57 % e—0.08x(V+49.0)

tau_q = (10.1e -3+ +0.000024 60-1*<V+50~93>)

14 “four_AP _sensitive_currents_r_gate” component

r_diff_eq
d(r)  (ranfinity —r)
d(time) tau_r
r_infinity _calculation
P 1.0
ranfinity =

(1.0 e )

tau_r_calculation

0.001559
tau_r = <0.00298 + (1.037 4 €0-09+(V130.61) 1 ().369 « 6—0.12*(V+23.84)) )

15 “rapid_delayed rectifying potassium_current” component
i_K_r_calculation
i Kr=gKr+«PaxPix(V—-FENK)

P_a_calculation
Pa=(1.0-F.Kr)xPaf+ F_K.orxP_as)



16 “rapid_delayed rectifying potassium_current_P_af gate” component

P_af _diff eq
d(P.af) (P.af-infinity — P_af)
d(time) tau_P_af
P_af_infinity_calculation
1.0

P_af_infinity = ”
(1.0+ ™ =)

tau_P_af_calculation

1.0

(37.2 x e 4 0.96 * 67«\;;3.0)))

tau_P_af =

17 “rapid_delayed rectifying _potassium_current_P_as _gate” component

P_as_diff eq
d(P_as)  (P_as_infinity — P_as)

d(time) tau_P_as

P_as_infinity_calculation
P_as_infinity = P_af_infinity

tau_P_as_calculation

1.0
tau_P_as = =)

—((V—=9.0))
(4.2 % eF52 +0.15 % e a2 )

18 “rapid_delayed rectifying potassium _current P _i_gate” component

P_i_diff_eq
d(Pi)  (P.isnfinity — Pi)
d(time) tau_P_i
P_i_infinity_calculation
1.0

P_i_infinity = V115
(1.0 + eT)

19 “slow_delayed rectifying potassium_current” component

i_K_s_calculation
iK.s=g.K_sx(xs)*" % (V - E_LK_s)



20 “slow_delayed rectifying potassium_current_xs_gate” component

xs_diff_eq

alpha_xs_calculation

beta_xs_calculation

xs_infinity_calculation

tau_xs_calculation

d(ws)  (wsinfinity — xs)

d(time) tau_xs

14.0
(10+ )

alpha_xs =

—(V)
beta_xs = 5.0

alpha_xs

infinity =
xs_n finity (alpha_xs + beta_xs)

1.0
(alpha_xs + beta_zs)

tau_rs =

21 ‘“hyperpolarisation_activated _current” component

i_f_calculation

i_f_ Na_calculation

i_f K_calculation

22 ‘“hyperpolarisation_activated _current_y_gate” component

y-diff_eq

alpha_y_calculation

beta_y_calculation

if = (i-f Na+if K)
i-f Nao=g.-f Naxyx(V —E_Na)

if K=g fKxyx(V—-EK)

d(y) (y-in finity —y)

d(time) tau_y

—((V+78.91))

alpha_y = e 26.62

(V+75.13)
beta_y = e 2125




y_infinity_calculation

e alpha_y
y-infinity = (alpha_y + beta_y)
tau_y_calculation
tauy = 1.0

(alpha_y + beta_y)

23 “sodium_background current” component
i_b_Na_calculation

i-b_Na=g.b_-Nax(V —E_Na)
24 “potassium_background _current” component
i_b_K _calculation

ib K =gbKx(\V—EK)
25 “calcium_background _current” component
i_b_Ca_calculation

ibCa=gbCax(V—ECCa)
26 “sodium_calcium_pump” component

i_NaCa_calculation

(NCLJ')S'O % Ca_o % 003743+ Vxgamma_NaCa _ (NQ,O)S'O x Cai e().()374*V*(gamma,NaCa71.()))
i-NaCa = K_NaCax

(1.0 +d_NaCa * (C’a,i % (Na_0)*" 4+ Ca_o * (Na,i)?"o))

27 “sodium_potassium_pump” component

i_p_calculation

40.0

1_p = i_p_-max * Nai " * Ko - * 1.6
P =P (K-m_Na+ Nai) (K.m_K + K 0) (1_5 + 67’“‘/*6”'0)’)



28 “sustained_inward_current” component

i_st_calculation
i_st = g-stxd_sx* f_s*(V —18.0)

29 “sustained_inward_current_d_gate” component

d_s_diff_eq
d(d-s)  (d_s_infinity — d_s)
d(time) tau-d_s
alpha_d_s_calculation
1000.0
alpha_d_s =

—V) —(V)
(0.15 xeTto + 0.2 x 6700,0)

beta_d_s_calculation

1000.0
beta_d_s = = -
(16.0 ¥ 4 0.2 % em)
tau_d_s_calculation
1.0
tau-d_s =

(alpha_d_s + beta_d_s)
d_s_infinity_calculation
alpha_d_s

dos.infinity —
s_in finity (alpha_d_s + beta_d_s)

30 “sustained inward current_f gate” component

f s_diff_eq
d(fs)  (f-sinfinity — f_s)
d(time) tau_f s
alpha_f_s_calculation
1000.0
alpha_f_s =

(3100.0 « e T80 + 700.0 * e%)

beta_f_s_calculation
1000.0

beta_f_s = — -
(16.0 % ex0 + 0.2 % em)




tau_f_s_calculation
1.0

(alpha_f_s + beta_f_s)

tau_f_s =

f s_infinity_calculation
alpha_f _s

_san finity =
fos_infinity (alpha_f_s + beta_f _s)

31 “intracellular_calcium_handling” component

U_d_calculation

B.d
d=11.0-
v < 0 (Kmb+ Cad+ Bd)>

J_Ca_ds_calculation
J_Ca_ds = alpha_ds x Vol_d x (Ca_d — Ca_s)

i_Ca_P_calculation
Ca_s

| Ca_P =i.Ca_P_ B B—
A T 0.0004)

J_Ca_r_calculation

(Ca_d)*°

* Vol_rx Ca_r
((K,m,r)Q'O + (Ca,d)2~0)

J_Car = alphar * f_R

f_ R_diff_eq

= (—(alpha_fR) x Ca_d x f_R + beta_fR * (1.0 — f_R))

U_s_calculation

B_s
Us= (1'0 ~ (K_m_b+ Ca_s + Bs))

Ca_s
(Ca_s+0.0004)

J_Ca_P_calculation
J_Ca_P = J_Ca_P_max *

J_Ca_u_calculation

(Ca_s)*°
((K,m,u)z'O + (Ca,s)Q'O)

J_Cau=J_Ca_u_mazx *

J_Ca_ur_calculation
J_Ca_ur = alpha_ur x Vol_ux (Ca_u — Ca_r)
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J_Ca_1_calculation
J_Ca_l = alpha_1*VoluxCa_u

i_Ca_calculation
i-Ca= (i-Ca_L+iCalT)

Ca_d_diff eq
d(Cad) Ud 0.95 i Ca
d(time)  Vold (‘]C“ds T 20+ F )
Ca_s_diff_eq
d(Ca_s) U.s ((0.05 xi_-Ca — 2.0 xi_-NaCa) 4+ i-b_Ca)
= Ca_ds — Ca- Ca Ca-l
d(time) Vols*(<J Ca-ds ( 50+ F +JCau| )+ JCar+JCa
Ca_u_diff eq
d(Cau) (JCawu—(JCal+J Caur))
d(time) Vol u
Ca_r_diff_eq

d(Ca-r) (J-Ca_ur — J_Ca.r)

d(time) Vol._r

Vol_u_calculation
Volu=fuxVol_c

Vol_r_calculation
Volor =fr«Vol_c

Vol_d_calculation
Vol d= f.dxVol_c

Vol_s_calculation
Vol_s = (Vol_c — (Vol_u + Vol_d))
32 ‘“ionic_concentrations” component

This component has no equations.

33 “reversal_and_equilibrium_potentials” component

E_Na_calculation
RxT | Na_o

E_Na=
@ z*F*nNa,i
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E_K _calculation

RxT K o
F K = In —
zx F o K
E_Ca_calculation BT o
* a-o
E Ca= 1
Ca zx F o Ca

E_K_s_calculation ReT (K 012 % Na.o)
* o0+ 0.12*%x Na_o

E K s= |
*TTF "M (KLi+ 012+ Nad)
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