Week 2 — part 5: Detailed Biophysical Models
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Hodgkin-Huxley Model

- where is the firing threshold?

Wulfram Gerstner [2.5. Detailed biophysical models ]

The Hodgkin-Huxley model

EPFL, Lausanne, Switzerland - the zoo of ion channels




Neuronal Dynamics - 2.5 Biophysical models
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Neuronal Dynamics - 2.5 Biophysical models
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There are about 200 - = = I
identified ion channels ° \ }u K ° eNa3

outside
lon channels on pump

http://channelpedia.epfl.ch/

How can we know
which ones are present
In a given neuron?
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Model of a hypothetical neuron
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How many parameters per channel?

iy Whintwm ()  dn,  n -n () Erisir et al, 1999

dtr T, () a7, Hodgkin and Huxley, 1952




="
E.
=

100

50
ot

-50
—100
—150

I(t)

M

iAo

Model of a hypothetlcal neuron
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Model of a hypothetical neuron (tvpe I)
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Neuronal Dynamics - 2.9 Adaptation

Functional roles of channels?
- Example: adaptation

u




Neuronal Dynamics - 2.9 nllanta_lion; In -I:!I"ﬂl]l

M current: 1,, = g,m (u-Ey)
- Potassium current
- Kv7 subunits

- slow time constant
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Iv current is one of many potential sources of adaptation




Neuronal Dynamics - 2.9 Adaptation - Jurcurrent

current: Iy,p =&y.pm h (U—-Ey,)
- persistent sodium current

- fast activation time constant

- slow inactivation ( ~ 1s)
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Neuronal Dynamics - 2.5 Biophysical models
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Hodgkin-Huxley model
provides flexible framework

Hodgkin&Huxley (1952)
Nobel Prize 1963




Exercise — 2. 9. Hodgkin-Huxiey model - gating dynamics

A) Often the gating dynamics is formulated as

D _ Gt () (1= m) = B, () dm __m—m, ()

2 @ 7
Calculate m,(u) and 7, (u)

1
1-exp[—(u+a)/b]
How are a and b related to ¥ and & in the equations

dm  m—m, (1)

dt 7 (u)
m,(u) = 0.5{1 + tanh[ y(u — 0)]
C ) What is the time constant 7, (u) ?

B) Assume a form a,,(u)= 3, (u) =
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