This voltmeter measures
membrane potential.
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Ion concentration (mM)

interstitial space | cell (“typical”)
Na' 145 15
K" 4.5 120
Ca”’ 1.2 1x 10
Mg 55 1
CI 116 20
HCOy5 25 15
glucose 5.9 low
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« Seclective permeability to 1ons leads to membrane
charge. Start with K™-permeant membrane, with
abundance of K" inside the cell.
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* (QGeneration of a
membrane voltage
does not result in
large-scale changes 1n
1on concentration.

* Charge imbalance 1s
localized to thin region
near cell membrane
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Electrodiffusion

Motion of 1ions through a membrane 1s, as a starting point, a balance
of response to chemical and electrical gradients
Start with transport through a region with partition coefficient of 1
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Electrodiffusion

. dC
Jx)=-D d(X) +vC(x) v=p*F=p*q*e
X
¢ = electric field D =pukgT

First, consider the case where j(x)=0

Assume that the electric field 1s present across the membrane,
so a potential drop of V across some distance L.

This looks just like the sedimentation problem.
C(x)=C, * exp(x*v/D) =C, * exp(x*q*V/(kg*T*L))

VNernst _ kBT In g C1 = conc. ext.
- g C1 C2 = conc. int.




Electrodiffusion

external

T
internal L. =
VNemst _ kBT 11’1 2 C2 C1
q Cl
L —
A B
Ion concentration (mM)
interstitial cell (“typical”) | V™™ (mV)
space (37°C)
K, 4.5 120 -85




Electrodiftfusion - GHK

dC(x)
dx
using D = ukgT

J(x)=-D +vC(x) v=w*F=p*q*e

integrating and using boundary conditions: C(0)=C, and C(L)=C,)

C —C exp| -2~
. D gV k,T

]_
Lk, T
T 1—exp| - gV
kT




Goldman-Hodgkin-Katz eqn.

G —C,exp| - gV
D ¢*N ke, T

L k,T
i l—exp(— qV]

k,T
c-cC exp(— 9" J

[ =j*charge=j*q*N , =

k,T

B

NV
] , P dependent on D, L, [3,

k,T
b l—exp[— av
k,T
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A POTASSIUM CURRENT
Ik

QOutward current
[K*]j= 155 mM

Vygy = 95 mV
Vv = | /';'r [K+]| =155 mM
m = — [K']y = 4.5 mM

Inward current |
[Ko=45mM .~
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* (QGeneration of a
membrane voltage
does not result in
large-scale changes 1n
1on concentration.

* Charge imbalance 1s
localized to thin region
near cell membrane



How thick 1s the charge separation layer?

1
_ - c.(X)=
o, = area charge density ( ) oml, (X N X)2
_|_
) oLy ) = 2ek ;T
o+ () nec,
V() B~ 4T[EkBT

Poisson-Boltzmann equation

* Poisson: charge distribution determines potential

* Boltzmann: potential determines charge distribution
* solve simultaneously



How thick 1s the charge separation layer?

- - X
o, = area charge density V="V, exp (_ g)
c, = farfield salt concentration
-1/2
_+ T n n lD = (STEIBCS)
_|_

+ + .

c.(x), c(x)

> X qZ
\% lg =
®) B 4T[€kBT

Mix of positive and negative, mobile ions in solution
 V: Debye-Huckel form for voltage, for small x.

* Boltzmann: concentration drops exponentially with VV
* Charged surface is screened over a few Ip

* |p for 0.2M monovalent salt, body temp, ~ 0.7 nm
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A POTASSIUM CURRENT

Qutward current
[K*);= 15656 mM

Ik

B SODIUM CURRENT

INa

" Outward current
[Na*),= 12 mM

y

Vm

Inward current

[Na*),=145mM .
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Viev=+67 mV

[Na*);= 12 mM
[Na*), = 145 mM

0 50 100
Vin (MV)

150 200

cell (“typical”)

Viev=-95 mV
\ [K*];= 155 mM
Vm ___7._————"/ K'o=45mM |
Inward current ’
[K*o=45mM -
-200 -150 /-100 -50 0 50 100 150 200
Vi (MV)
Ion concentration (mM)
interstitial
Space

Vnemst (mV)
(37°C)

145

15

+61
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