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簡報者備註
簡報註解
V=IR
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Extracellular fluid
Potassium ions (K*) 7 o 5

Sodium ions
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(a) No current (b) Electrical current c |
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Concentration  Concentration Ratio S
outside (in mM) inside (inmM) Out:In (at 37°C)
5 100 1:20 —-80 mV
150 15 10 : 1 62 mV
2 0.0002 10,000:1 123 mV
150 13 11.5: 1 -65 mV

Meumscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott Williams & Wilkins
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Nernst equation:

[X]

out

RT
E,=2.303— log X

in

R is the universal gas constant, ~ 8.3 J.K-1.mol! (Joules per Kelvin per
mole).

T is the temperature in Kelvin (K ="C + 273).

z is the valence of the ionic species. z is +1 for Na* and K*.

F is the Faraday's constant, 96000 C.mol* (Coulombs per mole).




EK+ = ?

150 mM Na* ‘E =2. 303—I g (Xl

5 mM K*

X1,
Volt = Joule/Coulomb.

R is the universal gas constant, ~ 8.3 J.K2.mol* (Joules per Kelvin per mole).
T is the temperature in Kelvin (K ="C + 273).

z is the valence of the ionic species. z is +1 for Na* and K*.

F is the Faraday's constant, ~96000 C.mol* (Coulombs per mole).

[X]out and [X]in are the ion X concentrations outside and inside of the cell

For your own convenience, the log values are provided in the table below.

i |t it st usito uswis.
(15/5) | (5/15) | (5/150) | (150/5) | (15/150) (150/15)

0.48 -0.48 -1.48 1.48
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At the electrochemical equilibrium state:

Cell diameter ~ 20 um: Cell volume = 4200 um?3

Number of K* in the cell
150 mM~6X1011 Kt

Assuming the cell surface is 20 pF
E,=-100 mV

- lons relocated for establishing equilibrium potential:
3 mM K* 1 X 108 K*

Redistributed ions: 1 X 108/ 6 X 1011~ 0.016%
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More positive charges

More negative charges

w i
Crystal of NaCl Na* and CI™
(b) dissolved in water
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. Science,1998 Apr 3;280(5360):69-77
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Brain
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giant axon
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——«—— Mammalian axon = 2 pm diameter

© 2001 Sinauer Associates, Inc.

Squid giant axon = 800 pm diameter

SHHEVE RHHZE

Giant axon

Stellate
nerve

Smaller axons

RUBBER-COVERED

| -

PERFUSED
+ 4

R RN

g &
ft

-

v]

INTACT

3
LB

8
|1E|I..

—Eﬂ 1 1 1 1 1 1 1

2 3 4 5 6 7 BWMSEC
STREAM OF
PERFUSION

FLLID




BN EEEAL:

~1890 Julius Bernstein ZHEARYE

N

7 F5-60 mV.
~1920 Cole and Curtis BjfEBArEERE » FZZ[0 mV » HEHIAHIERERZE -

Resting state

- Eexcited= OmV

- Eresting= - 60mV

Excited state .@%. %
(LS et e GALAALEALE

AAAAAARALLINM



Action Potential: An overshoot of the action potential in squid giant axon
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The Ins and Outs of an Action Potential
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Action potential propagation speed is depending on the ion channel density and axon diameter

A Current generator

o

D: Axon diameter

t

Extracellular
electrode

3

R,,: membrane resistance /unit area (ion channel density)

R.: axial resistance / unit volume

A = Distance over which response decays
to 1 or ~ 37% of original size (V,,)

o B

rais low

Large-diameter axon

2. (}.=1mm

B—MV\NVMAM—

. rais high
Small-diameter axon

5 4 3 2 1 01 2 3 4 5 mm

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved
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𝐿𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡: DR𝑚/𝑅𝑖

V(x)=V0e(−x/(2√(DR𝑚/𝑅𝑖)))
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Typical conduction velocity: 10 m/sec &"

Time zero (4]
Length of action potential: 2 msec g H
Each action potential: ~¥2 cm 1 msec later o
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Cell membrane as a RC circuit Time Constant
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Out i |
P
resistor I [

R ——c l
capacitor ' '
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𝐼R=𝐼0(1−𝑒−𝑡/𝑅C)
𝐼𝑐=𝐼0(𝑒−𝑡/𝑅C)
𝐴𝑠 𝑉=𝐼𝑅,
V t =R I0(1−e− t RC )
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Un-myelinated axon: leaky pipe Saltatory conduction (Schwann cell)
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Myelination helps action potential propagation
Time constant: RC Length constant: DRm/Ri

Out A = Distance over which response decays
u to 1 or ~ 37% of original size (V)

R ——— L . X I AN
L ( A=3mm (9—»";—
ra is low
Large-diameter axon
t
l V(t) =RI,(1—e &o)
In
X
V(x) =

Voe( 5 /DRm/RY
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Myelination helps action potential propagation
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Currents are activated upon membrane depolarization

E

Membrane
potential (mV)

G

i

o

5

=7

g

Membrane current




Various currents are generated at different Vm
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early component No early early component
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Pharmacological isolation of various currents

w
E E 23 Inward current
2 5% 25
8§5E 59 -fast activating
=9 75 o
-inactivating

+1
g T Add tetraethyl-
E E g 0 ammonium
SEZ | >
$°E i . (TEA)

0 5 10
Time (ms)

|
Add tetrodotoxin

Ny . \\ Outward current N
\‘* G RA » - slow activating )
M

(L LHERRRT |\ - non-inactivating

Tetraethylammonium
10



Isolation of Nat and K* currents

Time (ms)
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Spike-initiation zone
* Sensory nerve endings

Sensory Recetors ~N Y
. Pyramidal cell ‘ﬁ:‘{';\/«’f __';I:'{'Eﬂ;z B Membrane
¢ AXO N h | I I OC k k VS o with high density

(initial segment) SN G
High density of Na channel

f _-\. Sensory
\Or_/'l neuron
|

| |
T\
/ =
\—f’ﬂSpike—imtiatim
zone: sensory nerve ending

Spike-initiation
zone: axon hillock

(a) (b)

Meurascience: Explaring the Brain, 3rd Ed, Bear, Conno

15, and Paradiso Copyright @ 2007 Lippincott Williams & Wilkins
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