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Voltage-Clamp

- Provides a means to
study ionic currents
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Separating lonic Currents
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Reversal Potential?
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- Close to Na* Nernst potential!
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Separating lonic Currents NOTE: Other methods besides
subtraction (e.g., TTX to block
Na* current, replace K* w/ Cs*,
etc...)

Potassium
current

- K* simply turns on
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Extracellular

What are Gi(V,,f) and G, (V,.1)?

- Physiological data suggests Na* activates and then
inactivates while K* simply activates (based upon V)
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- Electrically ‘small’ cell can still fire action potentials



Model for Gi(V,,t) and Gy, (V,,)?

1. Use voltage-clamp to
obtain suitable data

_ JK(Vm’t)
INa(Vin, t)

Gual Vs T) =
Na( m t) Vm _ VNa

2. Devise sufficient model
to describe

- First-order kinetics variables
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Review: First-Order Chemical Kinetics

First-order, reversible reaction

R=P
3
deg(t dep(t
r(t) = Bep(t) — acg(t) AND p(t) = acg(t) — Bep(t)
dt dt
Equilibrium:

dCR(t) - de(t)
dt —  dt

cp(¢) K ( association, equilibrium, affinity, )
a

cr(oo) ~ B stability, binding, formation constant

=0 — fep(oo) = acg(oo)

Kinetics: assume total amount of reactant and product is conserved

CR(t) ofs Cp(t) =C




Review: First-Order Chemical Kinetics

First-order, reversible reaction
«
R=P
3
First-order linear differential equation with constant coefficients

cr(t) = cp(o0) — (CR(oo) _ CR(O)) e, for t > 0
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CR(OO) —

First-order, reversible reaction

cp(t) = C — cg(t)

cr(0)
- K,C/(1+ K,)
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H H: F|rSt'Order Klnetlcs First-order, reversible reaction
R=P
B

cr(0)
) K.C/(1+ K.)

—— = Ol (1 = x) — BxXx

cp(0)

dt

Kas = Ol (06 + Bx) and Ty = 1 /(0 + Bx) functions of ¥, only

x(t) = XOo - (Xoo — xo)e~t/Tx tZ O

> Dynamics (i.e., depend. upon ¢) captured by chemical kinetics

> Voltage depend. (i.e., V) captured by how kinetic's parameters affected by
membrane potential

1
T a+p
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