
Outline of basic ideas: 

(0) a little history 

(1) The membrane potential  
    Concentration differences across the membrane  potential difference (in equilibrium) 
  [Nernst Equation] 

(2) Different ionic species (Na, K, Cl, Ca) have different equilibrium potentials; different channels  
For each ion type. 

(3) Only K and Cl have equilibrium potentials close to the actual resting potential. Generally 
Currents through the channels 

(4) Specific pumps (Calcium pumps, and Na/K pumps) maintain concentration differences. These 
      require energy (ATP) consumption. E.g. for the Na/K pump, transporting 3 Na (2 K) requires 1  
      ATP= 20 kT of energy 

(5) Ion permeabilities are voltage dependent.  

(6) Channels tend to have/are believed to have a single open state, and many closed state. 
     Actual topology is not known. Hodgkin and Huxley’s guess. 

“Tutorial” on Voltage Gated Channels 
     

Michael Brenner, Harvard January 6, 2010

KITP Evo Cell Program









(Voltage Gated) Ion Channels: 

   

Sodium, Potassium, Calcium 
  common evolutionary history 
  common functions (molecular basis of nervous system) 
    but tremendous functional diversity 



Enormous Ion Selectivityç 

MacKinnon 



There are other types of channels that we are 
not going to discuss today 

Ligand Gated 
Stretch Sensitive (mechanically gated) 
Etc. 







143 voltage gated ion channel genes in humans  

Caterall 



Different channels are expressed in different places 



Goldin, 2002 

Evolutionary Stability of 
Channel types 



OK, so there are constraints and channels obey them. 

But why are there so many channels?  

Are there any groupings in the data set? 



High Na 

Voltage Gated Ion Channel Primer 

Low Na 

Diffusion 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V 

Low 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High V 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If                      there is a current! 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Ionic Species  Intracellular 
Concentration 
(mM) 

Extracellular 
concentration 

Nernst 
potential 

K  155  4  ‐98 

Na  12  145  67 

Ca  0.0001  1.5  130 

Cl  4  120  ‐90 

From Phillips, Phys Bio of Cell, who got them from Hille  

Note: These numbers are often quoted—but there is variability in different types of tissues 
And organisms. What sets the numbers? 



High Na, Low K 

Low Na, High K 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I= GNa PNa (V )(V −VNa )
+GK PK (V )(V −VK )

conductance    open 
    probability 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Different Channels Have Different Kinetic Properties 

What sets the numbers? Which numbers change under evolution? 

Nav 1.4                       Nav 1.7 



Models? 

Parameters: 
  closed ‐‐> open    Ratef,b=c exp(ΔEf,b‐qf,bV) 
  open   ‐‐> inactivated    Rateif,b=c exp(ΔEif,b‐qif,bV) 

At least 8 parameters… 



Hodgkin Huxley 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m:  activation 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Bezinilla 



Qualitative Problems with Hodgkin/Huxley 

(1)    Channel has 4 domains (4 fold “symmetry”) 

     at least 4 closed states (observations suggest 5) 

(2)  Inactivation tightly coupled to activation 
    vertical arrows have different strengths 

(4) Inactivation is voltage independent  
   

Hodgkin Huxley  Modern 

 h=0 

 h=1 



Neuronal 

Cardiac 

Kinetic Schemes 

Bean 

Winslow 


