Noble et al. 1998 Single Cell Model

(a) Time-dependent (delayed) K+ Current ik

Rapidly activating and fast deactivating component of the delayed rectifier
current based on data of Heath and Terrar.

Equations:

ixr1 = Xrl Gkrl {(E - Ex)/(1+exp((E + 9)/22.4))}
dxrl/dt = o — (axrl + erl) xrl

E() =F-5

O = 50 /{1 + exp(- Eo/9)}

Eo =F-20

Bxrr = 0.05 exp(—Ey/15)

Parameters:

Ghkrl =0.0021
xrl = 0.01428 (initial)

(b) Time-dependent (delayed) K+ Current ik,

Rapidly activating and very slow deactivating component of the delayed
rectifier current based on data of Heath and Terrar.

Equations:

ixro = Xr2 Gkr2 {(E - Ex)/(1+exp((E + 9)/22.4))}
dxr2/dt = oby2 — (Olxr2 + Bur2) X2
E() =F- 5
o2 =50 /{1 + exp(- En/9)}
Ey=E+30
B2 = 0.4 exp{—(E¢/30)’}

Parameters:

Gkr2=0.0013
xr2 = 0.5 (initial)

(c) Time-dependent (delayed) K+ Current ixs

Slowly activating but rapidly deactivating component of the delayed
rectifier current.

Equations:

ixs = X5’ Gks {E - Exs}



Exs = (RT/F) In{([K], + PKNa[Na],)/([K]; + PKNa[Nal];)}
dxs” df = Ol — (Olys + Pus) X8

Eo =F-40

o = 14 /{1 + exp(- E¢/9)}

E() =F

Bxs = exp{—Eo/45}

Parameters:

Gks = 0.0026
xs = 0.5 (initial)
PKNa = 0.03

(d) Time-independent (background) K+ current ix1 (Inward Rectifier
Potassium Current)
(Inherits from DiFrancescoNoble)

Equations:

ixi = gri {{Kle” ([K]e + Km,x1)} {(E — Ex) (1 + exp((E — Ex - 10) 1.25E/RT))}
Parameters:

gK1 = 0.5
K x1=10

(e) The transient outward current i,
(Inherits from HilgemannNobleSingle)

Equations:

I, = gto*(gtos+s*(1-gtos))*r*(E-EK)

Eo =FE+4

dr/dt = 333*((1/(1+exp(-Eo/steepq)))-r)
ds/dt=oa,— (o + Bs) s

os = 0.033 exp{-E£717}

Bs =337 {1 +exp[-0.125 (£ + 10)]}

Parameters:

gto = 0.005

gtos =0

steepq = 5

r = 0 (initial)

s =0.99505 (initial)



(f) Background sodium current ipna

(Inherits from DiFrancescoNoble)

Equations:

Ib, Na = b, Na (£ — ENa)

Parameter:
gb.Na = 0.0006

(g) Na-K exchange pump current iy

(Inherits from DiFrancescoNoble)

Equations:

iy =1 {[K]e” ([K]e + Kim, )} {[Nal¢’ ([Na]; + K, na)}
Parameters:

1, =0.7
Km,K =1
Km,Na = 40

(h) Na-Ca exchange current iyaca

Equations:

iNaCa.Cyt = {(1-INaCaFract) knaca {exp[2y(nnaca — 2)EF/ (2RT)][Na];"*“*[Ca],
— exp[-2(1 — y)(nnaca — 2)EE/ (2RT)][Na], "“*[Ca];}
/{1 + dyaca([Na], ™ [Ca]; + [Na]; " “[Calo)} 1 (1 + [Caly” 0.0069)

inacaps = {INaCaFract knaca {€Xp[2Y(ninaca — 2)EF/ (2RT)][Na]; "“*“*[Ca],
— exp[-2(1 — y)(nnaca — 2)EE/ (2RT)][Na], "™*“*[Calqs}
/A1 + dnaca([Na]o ™ “[Cal; + [Na], " “[Calo)} 1/ (1 + [Calas” 0.0069)

Parameters:

dNaCa =0.0

NNaCa = 3

kNaCa = 00005
vy=0.5

INaCaFract = 0.001



(i) Background Calcium current ipca

(Inherits from DiFrancescoNoble)

Equation:

Ib, Ca = b, Ca (E — Eca)
Parameter:

b, Ca = 0.00025

(j) Fast sodium current iy,
(Inherits from DiFrancescoNoble)

Equations:
INa = l’l’l3h 8ENa (E - Emh)

E.n=(RT/F) In{([Na], + 0.12[K].)” ([Na]; + 0.12[K])}
dm/ dt = o, — (o + Pm) m
dh/dl:(xh—(O(,h+Bh)h

Ey=E+41

o =200 Ey/ {1 —exp(=0.1 Ey)}

Obn |j£0| < 0.00001 = 2000

B, = 8000 exp[—0.056(E + 66)]}

o, =20 exp[—0.125(E + 75)]}

B, =2000 {1+ 320exp[-0.1(E + 75)]}

Parameter:

gNa = 2.5
h = 0.9939474 (initial)
m = 0.0017 (initial)

(k) The L-Type Calcium current ica.

Equations:

iCaL, Cyt — (I‘IcaFraCt)dfﬁ (iCaL, Ca + iCaL, K +iCaL, Na)
icar, s = ICaFract dff>ps (icar, ca + icaL, K TicaL, Na)

iCaL, Ca = 4PCa (E - Vsurf) (F/RT)/ {1 - eXP[_(E - Vsurf)ZF/RT]}
x {[Cali exp(Veurr 27 RT) — [Ca], exp(—2(£ — 50) E/RT) }
iCaL, K~ 0-002PCa (E - Vsurf) (F/RT)/{I - eXp[_(E - Vsurf)F/RT]}
x {[K]i exp(Veut B/ RT) — [K]e exp(—(E — Veu) E/RT) }
iCaL, Na = O-OIPCa (E - VSurf) (F/RT)/{I - eXp[_(E - Vsurf)F/RT]}



x {[Na]; exp(Veurt £ RT) — [Na]. exp(—(E — Vsur) B/ RT) }

dd/dt=o04— (0z+ Ba) d
d77de= oy (ar+ By f

Ey=E+24 - Vi

g =30 Eo./ {1 — exp(—0.25 Eo)}
Olg 10| < 0.0001 = 120

Og= 30%* Oy

Bi=—12 Eo/ { 1 —exp(0.1 Eo)}
Ba |i£0) < 0.0001 = 120

Ba=3.0* By

Ey=FE+34

oy =6.25 Eo./ {exp(0.25 Ep)-1}
our||£0) < 0.0001 = 25

or=0.3* oy

Br= 12 { 1 + exp[-0.25(E)]}
Br=0.3*p

dfa/dt = {1 - ([Ca]/(KmCytlnact+[Cali)) - f2)
dfaps/dt = RateDSInact{1 - ([Ca]qs/(KmDSInact+[Calgs)) - fops }

Parameters:
Venite = 5

P Ca— 01

Veut =50

d = 0.0 (initial)

/= 1.0 (initial)

/f>= 1.0 (initial)

Jfops = 0.9682754 (initial)

KmCytlnact = 100000
KmDSInact = 0.001

RateDSInact = 20
ICaFract=1.0

() Persistent Sodium current iyna

Equation:

Ip,Na = &p.Na (1/(1+exp(-(E+52)/8))) (E — Ena)

Parameter:

gp.Na = 0.004



(m) Intracellular sodium concentration

Equations:

d[Na]l/ dt = _{iNa + ip, Na T ib, Na T iCaL, Na T (nNaK/ (nNaK - 1))lp + (nNaCa/ (nNaCa
- 2))iNaCa}/ VlF

Parameters:

NNaCa = 3

NNaK = 1.5

[Na]; = 5.5997 (initial)

(n) Intracellular calcium concentration
(Inherits itr and iup from HilgemannNoble)

Equations:

iyp = FractionUptakeCalciumSites*o.,, - FractionBackSRSites*,,
FractionUptakeCalciumSites = [Ca]i/K2
FractionBackSRSites = [Ca],,*K1/K2
K1 =Kcyca*Kxcs/Ksrca;
K2 = [Ca]i+([Ca],p*K1)+Kcyca*KxestKceyca

itr = Olyr ([Ca]up - [Ca]rel)

ire1 = (OpenReleaseChannelFraction*KmRelease+LeakRate)*[Calyel
PrecursorFraction = 1 - ActivatorFraction - ProductFraction
RegulatoryBindingSite = [Cali/([Ca];i+KmCaCyt)
RegulatoryBindingSite = RegulatoryBindingSite +
(1-RegulatoryBindingSite)([Ca]q4s/([Ca]gst KmCaDS))
RegulatoryBindingSite = RegulatoryBindingSite”
ActivationRate = 500.0*RegulatoryBindingSite
InactivationRate = 60.0+(500.0*RegulatoryBindingSite)
dActivatorFraction/dt = (PrecursorFraction* ActivationRate)
-(ActivatorFraction*InactivationRate)
dProductFraction/dt = (ActivatorFraction*InactivationRate)-
(1.0*ProductFraction)
If E <-50 then dActivatorFraction/dt = 5*dActivatorFraction/dt
If E <-50 then dProductFraction/dt = 5*dProductFraction/dt
OpenReleaseChannelFraction = (ActivatorFraction/(ActivatorF raction+0.25))

d[Ca]uy/ df = iyp*Vi/Vyp— i
d[Ca]er/dt = itr*Vup/ Vel Irel

d[Ca]y”df = —{ icaL, Ca, cyt T b, ca — (27 (Naca — 2))iNaca, cyt / 2ViF - iup



+ irel*vrel/vi
— d[Ca-Calmodulin]/dt - d[Ca-Troponin]/dt - d[Ca-Indicator]/dt
+ [Ca]gs.volds.kdecay

d[Calgy”df = —{ icaL. ca.ps }2voldsViF — [Ca]gs.kdecay

d[Ca-Calmodulin]/dt = (Calmodulin - [Ca-Calmodulin])* [Ca]; *aCalmodulin
- [Ca-Calmodulin]*BCalmodulin

d[Ca-Troponin]/dt = (Troponin - [Ca-Troponin])* [Ca]; *aTroponin
- [Ca-Troponin]*BTroponin

d[Ca-Indicator]/dt = (Indicator - [Ca-Indicator])* [Ca]; *alndicator
- [Ca-Indicator]*BIndicator

Parameters:

Kcyca =0.0003
Kxcs=0.4
Ksrca= 0.5

op = 0.4

Bup =0.03

oy =50.0

[Calyp = 0.2872393 (initial)
[Cal. = 0.2846761 (initial)
[Ca]; = 0.0000082 (initial)
[Calo=2.0

[Calgs = 0.0000171 (initial)

KmCaCyt = 0.0005
KmCaDS = 0.01
volds = 0.1

kdecay = 10
KmRel = 250.0

Olact = 600.0

Bact =500.0

ActivatorFraction = 0.00191 (initial)
Olprod = 60.0

Bproa = 500.0

ProductFraction = 0.28546 (initial)

LeakRate = 0.05
SRFract=0.0

Troponin = 0.05



[Ca-Troponin] = 0.0002 (initial)
aTroponin = 100000
BTroponin =200

Calmodulin = 0.02
[Ca-Calmodulin] = 0.0003 (initial)
aCalmodulin = 100000
BCalmodulin = 50

Indicator (Fura) = 0.0
[Ca-Indicator] = 0.0 (initial)
alndicator = 100000
BIndicator = 84

(o) Extracellular potassium concentration

Equations:
d[K]o dt = {ix + ixi * icaL, k - (1 (nNnak — 1))ip + io ) VF - 0.7%([K], - [K]p)

Parameters:

NNaK = 1.5

[K]o = 4.0 (initial)
[K]p = 4.0 (initial)

(p) Intracellular potassium concentration

Equations:
d[K]/dt = —{iK + i+ iCaL, K- (I/(YZNaK — 1))lp + ito}/ V.F

Parameters:
NNaK — 1.5
[K]; = 139.3050 (initial)

Model Cell Parameters
Temperature = 37 °C

Capacitance = 0.000095 uF

Preplength = 74 pum

Radius = 12 um

Cell Volume = 3.14.preplength.radius’
Cytosolic Volume = 0.49.Cell Volume
SR Uptake Volume = 0.01.Cell Volume



SR Release Volume = 0.1.Cell Volume
Diadic Space Volume = 0.1.Cytosolic Volume
Extracellular Volume = 0.4.Cell Volume

Initial Membrane Potential = -92.4993529 mV
Stimulus Current = -3.0 nA

On at 0.06 s
Off at 0.0625 s
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