


Note: Ion conduction (Na+, K+) 



Charged amino acids (largely in 

the voltage sensor) move. 

 



How does gate turn on/shut off? 
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There is some charged amino acids, which 

feels the force of voltage. 



Suggests model where 2 states that differ in energy by qV 

Where q is about 13e, or 13e/4 per S1-S4 sub-unit; V= -80mV. 

q is part of channel—gating current, not ionic current! 



How does gate (S4) move?  

General Models  

Piston? 

Paddle? 

Jiang et al. 

Nature, 2003 

Roderick 

MacKinnon 

Blaustein and Miller,  

Nature 427, 499-500. (2004).  
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Rotation? 

Cork-
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Crevice 

Reshaping? 

FRET can (mostly) tell 



How does gate spontaneously shut-off? 

How fast? 



Nerve Impulse propagate, not spread, 

because Na+ spontaneously shut-off. 



Structure of Pore-Domain 

(S5-S6) is known 
(KvAP, Kv1.2… all yield the same structure) 
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b Voltage-sensing

domains (S1-S4) 

surround the pore-

domain (S5-S6)

Pore figure adapted from

Jiang, Y. et al. Nature 417, 523-6. (2002).

But how S4 (and S1-S3) move, remain 

controversial. 

Explains ion selectivity (K+ > Na+) and 

rapid ion flux. 

Excellent agreement between LRET/FRET 

and Crystallography 

Rod MacKinnon won Nobel Prize  



Notice Selectivity 

Filter (GYG) 



Inside Outside 





If 10,000 fold selectivity, what is ENa
 vs. EK ? 

 Ans: 9.2kT 

Hydration Energy 

Sodium channel been crystallized. C=O just right for Na+. 



Bezanilla, 2008, Nature Reviews 

Potassium & Sodium Channel Similar 

K+ Channel: homotetramer S1-S6 

Na+ Channel heterotetramer S1-S6:  

with each sub-unit havingslight variations) 
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