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Summary: HH Equations

Question:
So what do m, &, and n physically represent?



- Notion of an ion channel




Question:
So what do m, &, and n physically represent?
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Single channel




Nelson (2004)



Model: Voltage-Gated Two-State Molecular Gate

Note: The interplay between micro- &
macro-scopic descriptions requires a
transition into the domain of probability &
expectation values

Figure 6.33 (mod)



— Microscopic model (+ law of large numbers)
gives rise to macroscopic behavior

Question(s): How big must N be? How “local” does it
need to be (i.e., as a channel density)? Figure 6.50 (mod)



Model: Voltage-Gated Two-State Molecular Gate

n(z) is average # of open
channels

First-order kinetics(!!)



Model: Voltage-Gated Two-State Molecular Gate

First-order kinetics variables

—> Potential
modifies energy
configuration






Separating Out the Gating Current

Two components (why?)
* Linear
= Nonlinear



Separating Out the Gating Current

- Sign of gating current can inform
about structure/charge distribution
of the channel



Reversibility Saturation

i.e., =0 _impli h i d . -
(e, @y = Qyyimplies charge is conserved) (i.e., finite number of channels)

Question: If we know the single channel conductance, can we estimate the total # of contributing channels?






Two-state model - First-order kinetics

- Single two-state
model too ‘simple’









... that are inconsistent with
data (“tail currents”)

- Four independent two-state models
still to simple. Multi-state channels?

Conductance voltage-
dependence consistent w/ HH
if there are three
independent activation gates
(i.e., m3)

HH predicts values for the
various time constants...



Multistate Channel Models




- s-shape stems from “lag
incurred by the state
occupancy having to
traverse earlier stages”



Molecular Underpinnings







Nelson (2004)






