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Excitabllity, spiking and bursting
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lon currents in the squid giant axon (i
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Potassium current in the HH model

Dependence of K conductance on potential
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Sodium conductance
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The Hodgkin-Huxley formalism
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General summary

1)I.=g, (V = EiNemst) Instantaneous I-V relationship is linear

2 P Instantaneous conductance is maximal conductance
)gi=g;w’v weighted by fraction of open channels (2 types of gates)
dw 1 _ . o
3) E :,C—W (Woo_ w): aw( 1— W)— BW w Linear gate kinetics
Gate kintetic rates are nonlinear
4ya,=f,(V),B,=f,(V)  functions of vm
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Membrane potential dynamics is governed by an ODE:
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I,=0x n4(V—EK) K-current (through Kv channels)
Iw=Gx.mh(V—E, ) Na-current (through Nv-channels)
IngL(V—EL) Non potential-sensitive leak
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The Hodgkin-Huxley formalism
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The Hodgkin-Huxley formalism
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Response of the HH model to current pulses: Class 2
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Generation and conduction of spike in the squid axon
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The zoo of 1on currents
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Nullclines:

I~ gvamae(V — Exa) ~ ai(V — )

n=0=n(V) =nw(V)

10

0.8

0.4

02

M

M

-40

16



(@)

=
o >

Current (pA)

(a)

Extracellular

Intracellular

o

More detailed channel

VSD Pore

Re0Y

L
o T2 ey
M0l i st

150 200 0 50 100 150 200
t (ms)

(b)

cne  HON
Cay2 CaV1C 3
K12 \ Ay a
K11 v
Ky10
TRPP
Kop
TRPM
K7 TPC
ANKTM1
K3
Kyl TRPV
K2
Kt
K6 TRPC
K9
Kca3
Ko TRPM
Kcat
K3
Kcald K3 T
’ Kir3 Kir3 a



Markov models and kinetic schemes

Na -channel (Vandenberg & Bezanilla 1991):
Why does everyone still uses HH formalism

C . C e e e e and independent gating particles?
1T 27 3T 4T 5°
k—l k—l k—l k—z k—S .
an v e - less parameters to fit
N | | - less equations
k, ky - accurate enough
IrJr < > 15 < | - when sub-ms accuracy is not required

k_, k_s - for large ensembles of channels
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Borg-Graham 1989; Destexhe&Huguenard 2000

Thermodynamic-based models
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Excitabllity, spiking and bursting
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Instantaneous persistent sodium and potassium current
model (I , +1,)

System:
CV =1-ggn(V = Ex) — gnames(V)(V = Ena) — qi(V — E)

Tt = (Noo (V) — n)
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