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3. MEMBRANE CHANNELS 

We will look at: 

 Channel structure 

 Biophysical methods for measuring 
channel properties 

 Macroscopic channel kinetics 

 Channel statistics 

 Introduction to the Hodgkin-Huxley 
membrane model 
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Channel structure: 
The coarse structure of membrane channel 
proteins can be determined by electron 
microscopy or X-ray diffraction. 
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Channel structure (cont.): 
 Molecular genetics can 

be used to express a 
channel protein in a cell 
that does not normally 
make that protein. 

 The resulting channel 
properties can be 
evaluated to determine 
whether the protein 
synthesized is indeed 
the desired protein. 
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Traditional functional description of channel: 
Functional regions:- 
 Selectivity filter – for 

determining which ions 
can pass through a 
channel 

 Gate – for opening and 
closing channel 

 Sensor – for detecting 
transmembrane 
potential to 
control gating 
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Channel inactivation: 
 In some channels, 

inactivation is 
thought to be 
achieved via a 
voltage-sensitive 
molecule that can 
block the channel 
opening. 

 This is referred to as 
the “ball-and-chain” 
or “swinging gate” 
model. 
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Biophysical methods for measuring channel 
properties: 
Micropipette electrodes are used to measure ionic 
currents or transmembrane potentials. 
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Biophysical methods for measuring channel 
properties (cont.): 
 In patch clamp 

recordings, a 
micropipette forms 
a tight seal with a 
membrane patch. 

 High leakage 
resistances are 
needed to obtain a 
good signal-to- 
noise ratio. 
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Four common configurations for patch clamp 
recordings: 
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Single channel 
recordings: 
 Single channels 

exhibit a unitary 
current when 
open and zero 
current when 
closed. 

 Channel opening 
and closing is 
stochastic. 

 Example single 
K-channel data: 
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Single channel recordings (cont.): 
 Example Na-channel recordings: 
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Electrical circuit representation of a single 
channel: 
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Single channel current-voltage relationships: 
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Single channel conductances and channel 
densities: 
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Channel selectivity: 

(adapted from Zhou et al., Nature 2001) 

selectivity 
filter 

aqueous 
pore 
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Channel selectivity (cont.): 
K+  ions passing 

through the 
selectivity filter 

(Zhou et al., 
Nature 2001) 

K+  ions in the 
aqueous pore 
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Channel gating: 
Movement of a charged gating particle can be 
measured as a small gating current. 

(from Johnston 
and Wu) 
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Channel gating (cont.): 
Structural model of open K-channel: 

(Yarov-Yarovoy et al., PNAS 2006) 
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Channel gating 
(cont.): 
Structural model of 
closed K-channel: 

(Yarov-Yarovoy et al., 
PNAS 2006) 
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