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Study Material 

• NEUROSCIENCE Third Edition 

– Dale Purves  

• Chapter 4 pages 69-85 



Aims for this Lecture 

• Get an idea of the molecular structure of 
voltage-gated ion channels. 

• Understand mechanisms for ion selectivity. 

• Understand channel opening and closing and 
its stochastic nature. 

• Understand activation and inactivation curves. 



Recapitulation L4 

• Action potentials are fast stereotypical signals 
produced by neurons when depolarized above 
a threshold. 

• Na conductances open and let Na flow into 
the neuron. The neuron further depolarizes. 
The Na conductances rapidly inactivate.   

• K conductances open with a delay and cause 
an outflow of K ions and a repolarization of 
the neuron. 



Recapitulation L4  
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Action Potential 

• Positive feedback of voltage dependent  
Na-conductance 

• Negative feedback of voltage dependent 
K-conductance 

 

• Explosive depolarization and subsequent 
repolarization.. 



 

 

Recapitulation L4 



Ion Channels 



The Cell Membrane 



Ion Channels - Structures 

Sodium Channel 

Calcium Channel 

Potassium Channel 

Leak K Channel 

Intracellular  
Side 

Extracellular  
Side 



Ion Channel Evolution 

Four-Domain Channels 



Potassium Channels 

• The most diverse and most ancient class of ion 
channels.  

• All sequenced genomes contain at least one, 
most contain many genes for potassium 
channels. 

• Voltage-gated potassium channels are 
members of this class of channels 



K Channels 

Found in all fully sequenced genomes (Archaea, Eubacteria, Eucaryotes). 
70 genes in vertebrates code for potassium channels.  
Other channels probably evolved from potassium channels. 

Pharmacol Rev. 2005 Dec;57(4):463-72. 
Pharmacol Rev. 2005 Dec;57(4):473-508.  
Pharmacol Rev. 2005 Dec;57(4):509-26.  



Potassium Channel Classes 



Different K Channels 



Voltage-Gated Sodium Channels 

• Less diverse – most prominent in excitable 
tissue that can produce action potentials.  

• Four six-transmembrane domain units strung 
together. 

• Prominent inactivation. 



Na Channels 



 Ion Selectivity 
Blue - positive charges 
Red - negative charges 
Yellow - hydrophobic 

Rough structure of a 
potassium channel 
(fourth subunit 
removed). Negatively 
charged mouth repels 
neagtively charged 
ions. 



 Pore Structure 



Selectivity Filter 



Mammalian K-Channel 

Science 5 August 2005: 
Vol. 309. no. 5736, pp. 897 - 903  

Crystal Structure of a Mammalian Voltage-Dependent Shaker Family K+ Channel  
Stephen B. Long, Ernest B. Campbell, Roderick MacKinnon*  

3D if watched cross-eyed 

http://www.sciencemag.org/cgi/content/full/309/5736/897


K Channel Gating 



Measuring Individual Channels 



Na Channel Behavior 

Individual channels behave 
stochastically – only the 
probability of their opening 
can be predicted. Because 
many channels are typically 
involved the macroscopic 
current can still be predicted 
with high accuracy 



K Channel Behavior 

Individual channels behave 
stochastically – only the 
probability of their opening 
can be predicted. Because 
many channels are typically 
involved the macroscopic 
current can still be predicted 
with high accuracy 



AP and Channel States 



Activation and Inactivation Curves 

Myasthenic syndrome caused by 
mutation of the SCN4A sodium 
channel  

PNAS June 10, 2003 vol. 100  



Channelopathy 

Familial Hemiplegic Migraine 
Episodic Ataxia Type 2 
Congenital Stationary Night Blindness 
 
Generalyzed Epilepsy with Febrile Seizures 
Benign Familial Neonatal Convulsion 



What Do You Want To Know.... 

• ... about a channel? 

• How is it opened (activation curve)? 

• How is it closed (de-activation, inactivation 
curve)? 

• Which ion type(s) go through? 

• What are its kinetics? 

• What is its single channel conductance? 


