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In this final session we will examine the Hodgkin
Huxley model of the squid giant axon, which was
one of the earliest models of a biological system, a
has proved to be extremely influential. We will
cover:

. Experimentaiwvork on the squid giant axon;

. How the Na' channel and Kchannel kinetics
were described and parameterised based on
experimental data;

. Properties of the Hodgkin Huxley model,;
. Insights into the squid giant axon from the mode
. Legacy of the Hodgkin Huxley model




lon channels
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lon channels in the cell membrane are
protein lined pores that provide a
mechanism for passive transport.

As we will see, ion channels are important
for many aspects of cell function, especially
of nerves and muscle.

lon channels are remarkably selective, so
they only admit ions of a particular species
(e.g. sodium N3.

Image of K channel from
http://www.bio.brandeis.edu/facultyOl/grigorieff.html



Hodgkin, Huxley and the squid.giant-axon
(not the giantsguid-axon)

28 | is applied, the membrane voltage undergoes
% an excursion called aaction potential

N~ An action potential is aall or nothingvent.




Hodgkin, Huxley,and the squid: giant-axon

The axon is a long nerve @Bnm in diameter.

In the late 1940s technology for space clamp and voltage clamp was developec

f @ Extracellular fluid (conductor).
V
! Silver wire (eliminates voltage gradient)

A

Squid giant axon
The voltage V between the extracellular and intracellular electrodes is held at a
constant value by injecting a current |.

This injected current must be equal to the current that flows through the cell
membrane.



Hodgkin, Huxley,and the squid: giant-axon

Series of experiments conducted in the late 1940s
established the principles underlying electrical activity of
nerves.

Experimental work in Plymouth (Devon), and modelling St
Cambridge.

i f‘”:ww»w{...f :
Numerical solutions to equations hand cranked on s s S 1 [
calculating machines, often wearing mittens in unheate = : -3
buildingsd 1947 was an exceptionally cold winter.

The origin of electrical activity in nerve cells was not understood.

Hodgkin and Huxley developed a model of current flow through membranes that corre
predicted several features which were only observed later.

The model principles are widely used in current generation of cardiac and neural moc
and sparked a whole area of research in applied mathematics.

Hodgkin and Huxley were awarded a Nobel prize in 1963.



Hodgkin‘Huxley-model-assumption

x  Current flow through the membrane is composed of an*Mairrent, a K current,
and a leak current.

x  The instantaneous value of each current is a linear functigg.i¢fthe conductance
(1/resistance) of the membrane to ion X, andi the Nernst potential for the ion,

the current is given by
= Ox (V _Vx)

x  The three current components are independent, so that the membrane can be
modelled by an electric circuit.
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lon channel conductance

X Changing voltage from a resting valué&e®mV (inside of the cell negative
with respect to the outside, resulted in an inward current (inward flow of
positive charge), followed by an outward current.

x Hodgkin and Huxley were able to separate out the*darrent from the K

current by making the extracellular concentration of Nequal the

intracellular concentration.
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Hodgkin and Huxley proposed that conductance ¢fdhannels could be described by a
differential equation.

dg

=f(V,0)

To fit the model to thesigmoidaincrease and exponential decrease in the experimental
data, they wrote

= 4 The quantity gis the maximum conductance, n varies between
Ex = 8kl 0 and 1, and is thactivatiomf the K* channel, fis the
proportion of channels that are open.

rn(V)%znwm—n

x At steady state dn/dt=0 and nghso n
. . returns to ny, with a time constant ofJ.
Which can also be written as b “
p x  Different values oh for different
n voltages.
=% )A—n)—L5,(V)n




