Quantitative Physiology: Cells and Tissues Lecture 31: November 22, 2006
(Volume 2: 6.1-6.1.1 6.4-6.4.1.5 6.2-6.2.2 6.5-p407)
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Model of ion channel hastwo parts

1. Two-state gate model of kinetics
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2. Passive electrodiffusive model of permeation
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Na* channel K* channel
Frog node Frog node
Ionn  P,/Pyg+ Ionn P,/Pg+
Na® 1.0 T+ 2.3
Lit 0.93 K* 1.0
TI* 0.33 Rb* 091
NHI 0.16 NHI 0.13
K* 0.086 Cst < 0.077
Rb* < 0.012 Lit < 0.018
Cst < 0.013 Nat < 0.10
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random variables (7)
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probability of open = x
x = average state occupancy
(many statistically independent channels)

g = average channel conductance
=E[ g ] = 0 x Pr[closed] + v x Pr[open]
= 0(1 - 95) +yr =yx

i = average channel current

=E[i] =0 x Prlclosed] + Z x Pr[open]
=01—-z)+Zx=1Ix

=YVin = Va)z = g(Vin — Vi)

deterministic

Relation between microscopic and macroscopic variables is statistical.
Assume cell has N identical channels that are statistically independent.
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Assume N channels per unit area, of which n(t) are open.

dn(t)

bl SV a(_/\f —n(t)) — Bn(t)

dt

n(t) = noo + (n(0) = noo) € V5 g =

Assume N islarge.




