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Nernst Equation / Goldman Equation
Physiologists modeled the behavior of nerve cells using electrical theory. For example, Katz and Keynes used
the Nernst Equation to predict what voltage (Vm) the membrane would go to if a particular ion was suddenly
allowed to become freely permeable across the membrane. They used the Nernst Equation to determine the
Nernst Potential for K* and for Na*, in order to understand the driving forces at work during an action
potential in the squid giant axon.

ION”
Nernst Potential of a cation( Vg ) = Elnq RT_ 25.2mvol ts
F  [ION"], F

This equation gives Vtion of the inside of the cell relative to the outside. Also, for an anion, the in and out

concentrations are reversed. (If divalent ion, divide RT/F by 2.)

. ) RT, [ION'].
Nernst Potential of a anion( V) = — lng

F  [ION"],,
IN OouT
[K*] 400mM 20mM
[Nat] 50mM 440mM SQUID GIANT AXON
[CI] 26mM 560mM

Solving this equation for K+, for example, gives us a value of -76mV, which is amazingly near the resting

potential of the cell (but this should be no surprise to you):
20mM

(V) =25.2mV(In———) =25.2nV(-3.00) = -75.5nV
400mM
BUT, we know that multiple ions are involved during both the resting potential and the action potential AND
the membrane is not equally permeable to each ion (some ions can move across the membrane more freely
than others).

Goldman modified the Nernst Equation to (1) examine the contributions of all ions AND (2) account for
differences in their permeabilities (p).

RT, pION, [ION"],, + pION’ ,[ion"],,+...pION;, [ION"]  + pION;,[ION],,...+

Vm=— outl out2 inl
F  pION; [ION'] 4+ pION:,[ION"] ,+...pION;  [ION"]  + pION; ,[ION"] ,+...

inl

inl in2 outl

Because this is an algebraic formula, relative values for "p" are sufficient to solve the equation. In the case of

the squid giant axon, the relative permeabilities are K*:Na*:Cl- 1:0.04:0.45

Solving this equation, for squid giant axon AT REST:
P [K" Jour + Pra[Na" Jour + P [Cl 11y
Py [K" Iy +Pra[Na" Iy + P [Cl Jour

1(20)+ 0.04(440)+ 0.45(60)
1(400) + 0.04(50)+ 0.45(540)

V. =(26mV)ln

V., =(25.2mV)In

= (25.2mV)(-2.31) = -58mV

which again is a very close prediction of the resting potential across the axon membrane.



Lo HAT

Nz2RPRST - EQUIATIV=

\JOLTAGKQL

Com Ce TR RTIdWS

@u worle

W= @7 In 1l

ok

Y
ok & fowcbion
oG oW,
N/

15

RiQuirsan T MA IS TALR

7
AT ZQuiLlfriukg

[
]

AT £Quiti1fliiac,

ix]ﬂ (‘ D(](‘& DAkKs # WOWDS OV G
| RagHT 4 LEFT
\

L)
W ¢
¥ —

2 -

»

g

E{Li W= work

w= k- F-
- € (- GAS (nsTAWT

/ﬂ /]b: g

o, . O°%C
gl(.com:_ [N r:upmuu\ e e

OF E (Stic poremi)F = FHRADAY
- CoRsTANT

e

2. = VALANCE
E = \JDH'CI-&Q

L™
2|
T = — = PEusT EQUATOW
Tz B —
UNITD = VD
MV CANCEL



GOLDMAL ERUATIOW - 1993

CORSTANT FIéLD THwR«T

ﬁ\z‘zmd’ m
£

M 2xbraug

- —(a-cbv- 12N Qp_ru.\ealo ;.I::/'l.e.s UL)U(O.%Q
_ Dermeub hities Ac'((er‘eu." /u\r eacdn 16u (b«easwa{B

- Mc:‘) \1..“" - wreleoaut 1dws

-~

E = \/M
Yo = [ Lielo + Pu [Mal o+ Peg [C ],
(= i< U“'l L+ RualPal; +Pce ZCQZO

|4 eynes weasoved relabue P-ﬂ(/‘luéalml\y't-éS

{98 %3 reus cle u‘a.us l‘bbhﬁés

('(ka o (.t s Pce" L

| o.04 0.4 ﬂeﬁ‘huj Potewhea/

T/-—;c;’—'/—aﬁ?: Pecle 442 Acton 730‘)‘9‘4“’74/ )

(e,

permealslihy

4 Ui_,_ﬂ:Y Low

prm——

S0 oM TRIBUTION

ca be \Suovd

— —




y

z @“Mmb%mmm L(bl.al

,\/ N
-_— e ———

T p\f-(_\él* e T, + pclTad + p e,

U= = @u_(_v_} -l'(ak\(..tk)alg_ pet” i, + 4. Pl (Ca™] .
O,

Provec @

elechs duoen e 0 doring AP -
: o, QOAUOWU«A B Peralal b bLouSe
le Ca |
Ne CI
éml_zc:rruﬁ QRoIT MoDLL -
.
C446) iw& ?i\/\w [sel fic]
i—L"” +—— s et | F—— - e
! &-— Low [,
\ Cper«A ‘% lhan 12 %ﬁ hm % very Hum
| +54umV ‘45‘“" -Sl v G -ooua)
i P YV Ve Ve
| L] T g . Ler] [oou’]
LN
@W-\Wa AR 2 ResisTAncs c.m\@
@ Preter tow Oadunels o pes: pcﬁ‘LAATTEZ"
“Biochenaca| Model ~VOLTRGE SeReiTIvE o SN

=160 StLecTIVvE

%‘“"’ AP'& Lk: CL&“&..‘.( opeus

et Casmnsel opacs “Breclc @W»A (ﬂu\“‘ﬁe covveds

oLVt Aw— Rp pekkua_lalll"@v




o Pow RS
L 1

ooT [ N]

*
\ial It ATPasce oW

+etramen (;L @3 2

Itokd 321\CD

“Sol oy Qoled 4

\leu’nl)ué ‘-J*‘,? Sogoennd 3 KawealkawL 1485 Natwe 3162333
ILzques 4" Nea Nogodai 198, FEBS LTS 3y
. otdwe - ‘
5100 aybrvson bogared It sugeprhing Prasce ) & pup
o MTPave | @atock pav ATP rgpus M for ATP Lidiyg
[_&.f‘l 689d - 10wM &k Q«uo'Q‘MB
Io-1onM W\ O".lo-g_ l*lb.q MB
i@ﬁ-—“] 5 \*ﬁ\‘—\s \AQGJO'L‘A ) (Mt s Qh& Mesaaﬁa
/ ‘ o
i‘l-ddw-seb C.l-)\o\ca.» lodwale ex.cLaou&e cl\rbueu (4\.1 Nd-" 84»44'@“1-

sz‘}\qc.j Qa{-daau.se/ divechia Un J.a/tnuJu,yL

C&:R cgn-euu“ 15 ch) ebie -?ow




| PlobLem S2T |
_ Ce..\cu\ul-e Rearst Poteried b ead. low

- US2 GOLDMAWY CQUATIAL T chCcolaT s Vg
et QsT 4 Dueme Acmon PoTewrhe  (PT [Leqiio!
¥ values X

CD Codt Roascdt [(£6G kosSCLg

ouT 18]
e ¥ FFuM HO vy

e~ Isowm  twi

@ ‘DQ()lD alpet Av}(bt)

ouUY o
W JOum  HOO0ww

et Ydowm D

- S LO M Stwi

() AT Mot N zonow’
ouT ¥

It S.SwM 1SDwM
et (SomM S MM

, (2= 125 wm duM





