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Quantitative Physiology: Cells and Tissues
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Model of ion channel hastwo parts
1. Two-state gate model of kinetics
intracellular intracellular
membrane > membrane

extracellular extracellular

2. Passive electrodiffusive model of permeation
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random variables (7)
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probability of open = =
x = average state occupancy
(many statistically independent channels)

g = average channel conductance
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i = average channel current
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Relation between microscopic and macroscopic variables is statistical.
Assume cell has N identical channels that are statistically independent.
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First-order reversiblereaction

intracellular intracellular
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extracellular extracellular

Assume N channels per unit area, of which n(t) are open.
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Closed Open
Reaction coordinate

o = Ae(Ec—En)/kT

B = AelFo~Es)/kT

Potential energy of an ion channel

So +H
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The potential energy of an ion channel includes mechanical, chemical, and elec-
trical contributions, each of which can be different in different conformations.
Electrical potential energy depends on both the distribution of charge in the gate
and on transmembrane potential. Therefore, E, Ep, and E¢ dependon V..
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Figure 6.33

Single-channel variables
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Macroscopic variables

Figure 6.20
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