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General physiology
Lecture 10
Diffusion Potential and Equilibrium Potential
Nerst and GHK Equations

Zuheir A Hasan
Department of anatomy , physiology and biochemistry
The Hashemite University

Lecture Objectives

* Describe the ionic concentration of major ions in the ECF and ICF (Review)
* Describe the ionic channels in the cell membrane (Review )
* Understand the the function of the Na-K ATPase pup (Review )

* Understand and define the concept of diffusion potentials and equilibrium
potential

* Understand the Nerst equation and its application to in calculating the
equilibrium potentials of different ions and resting membrane potential

* Understand the GHK equation and its use in estimating the resting
membrane potential
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lon Channels In The Cell Membrane

* Leak ionic channels always permit the movements of selected ions across
the cell membrane

* Voltage-gated channels have gates that are controlled by changes in
membrane potential. For example, the activation gate on the nerve Na+
channel is opened by depolarization of the nerve cell membrane; opening of
this channel is responsible for the upstroke of the action potential.

* Ligand-gated channels have gates that are controlled by hormones and
neurotransmitters like acetylcholine

The membrane contains phospholipid, proteins with different types( receptor, carrier,
channel...) , but the most important protein which are located within the cell membrane
(proteins which permit the movements of ions, and its called leak ionic channel) we have
some ionic channels that are highly selective. It always permit the movements of one
particular ions

The most important leak channels:- potassium channels (sliall e Sl g 3SY1 5 s i aaY) 48)
which their size and charge they will allow the movements of potassium ions and we have
other channels (sodium channels) that will allow the movements of sodium ions. These
channels along with concentration gradient or different concentration with different ions.
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lonic composition and distribution across the cell membrane

Na"insige /N outsige = 0.1
K inside /K" outside = 35.0

Intracellular

Na'(outside): 142 mEq/L :
Na’(inside): 14 mEqg/L g e
K™ (outside): 4 mEqg/L
K'(inside): 140 mEqg/L

Extracellular

o sl 38 55 e ol A = Ja 2 503 puall )',;S):q;g_ih;gg\*?)\_‘\,Wl Jala o Sl Y 38
py yeall 38 55 Ha et ) JAIs o gaudS gl 38 5 gea g
Cilgns b sliin g ob g st (ilae (ilaa L8 jloke oS 581 A O e )5S A Juaiy (Sa 53

Important to remember :

Na ions are concentrated outside the cell more than inside

K ions are concentrated inside the cell more than the outside
(IN REST)
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Diffusion potentials across an artificial membrane which is only
permeable to K ions

=¥ =
K+ ions move from side B A A B _4
to side A across the 4mM 155 mM
membrane due to
concentration gradients, K+ Cr

consequently separation
of charge develops ( a

potential difference across K+ CI-
the cell membrane )

gﬂ)..:c)‘.g_\_)\;_,ulﬂlJ;L\ua.\q_d‘d)awbabwh)u}aubbbcaw‘uh";\ Lasl 3
Side separatlon of charge on the next cell membrane not on the compartment itself
because the compartment have electrical neutrality

7 Aaanill CaBEAY) 3 5 Lialll Caa ge Laila LAl (5 5S0  Aadll Gl ST (585 7 ) Adad) elie Jab La
(potential difference across the cell membrane) 4eul 5 3 5 Joaiy
ZOB B case Jalall Qe o 5Ss5  (resting membrane potential) 4es) ¢lial
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Al dgadly bl Jals juan idads by i My (155 asmilsll) mlall 58 5 43 a3y ) 418 a0
8 s 255l o gl g Jglae 38 5 ghas | 0ald

Substance == S 13 Jiil) S ¢ puli gl Sl gsY  (Permeable) il Jid eLiall da 4l g 3 4l
¥l e 7 gy Il 7 5 mlal gl salall | gdie Jbisaldl o) mlalls 38 53l (3 8 8y sl DU Masll ALE culS
70 (DGl g il pall) S g LT Aline |, cpidaiall (0 Sl il 5 My 5 5 JEYI ) 38 8
(potential difference across this cell membrane) =

The potential difference across the membrane which is created by electrochemical
gradient is (diffusion potential)

The resting membrane (3 3l Jd elially 58 3l 4 G Ue (5 5S Ld diline 8o o jladll 58 e
potential is basically diffusion potential

diffusion potential of potassium <ilias 5 gauls gl Sl Y Ml L8 <) da) ) Alla 8 liadl a3Y
Is the one which causes the movement
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Simple Diffusion of Na* and K*
through leak channels

inside outside
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Diffusion Potential

* A diffusion potential is the potential difference generated across a .
membrane when a charged solute (an ion) diffuses down its concentration
gradient. ( is caused by diffusion of ions)

* The magnitude of a diffusion fpotential, measured in millivolts (mV),
depends on the magnitude of the concentration gradient, where the
concentration gradient is the driving force.

* The sign of the diffusion potential depends on the charge of the diffusing
ion.

* Finally, diffusion potentials are created by the movement of only a few
ions, and they do not cause changes in the concentration of ions in bulk

solution.
Active Transport of Na* and K*
inside outside
Na+ ATP K+
3 Na*

Na K ATPase pump : .

Moves ions against concentration gradients _ 2 K‘J

Sodium is pumped out of the cell, potassium is

pumped in ADP

The ATPase Na , K pump maintains
concentration gradients
Coupling ratio is 3Na : 2K

Coupling ratio l¢lSas dla (lie daiaal) Jailis be o g geo el La Ada 3 101 ey lang as agTS o 555
o0 pglig sl 2z JAN JRIal (e p g0 gem Sl B J g2 e Jia (550 U oY) 3 5 el iy A
Coupling ratio is 3Na:2K Jalall = i)
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Measurement of resting membrane potential

Frr++++++ m)FF++++++

(el .. e e us 55 Y gdogalaal g alef dll lask) 5 yas O giad caanll sl | gaal cladall ol
singes sha Ly LAl 7 A o gla 5 il g i) e il e gliie jiea pal 5580 | aiay
o) AAll Jada o5 pSIV) i 2 pae S aeadl 38 (8 OIS Le Adal) a5 AT s il i)
sgall dagy a7 il s JalA gaie jla g Caleadsl ialll Afliedd |l jlay sieid il a8
(b Jalall g Jalall Gusty lealdl 43y AdUl 5 L3 5) cal b e -0 (o sbusty yisail ill pdige Walaci )

Simplest Case Scenario for K*

If a membrane were permeable to only K* then... inside outside

++

Anions

K* would diffuse down its concentration gradient creating

positivity outside the membrane and electronegativity inside + K+

because of negative anions that remain behind and do not

diffuse ourward with the potassium until the electrical =

potential across the membrane countered diffusion. - %
+

RSN

++++ ++

The electrical potential that counters net
diffusion of K" is called the K* equilibrium
potential (Eg)/ K* Nernst Potential

i
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Membrane potential difference inside the cell compare the outside of the cell

0 VL o gansls gall WS 430 Co ety UDAY) as (38 4 1S Lad 2 p gl ) g il o yiid ) 3 Sla
S 8 GadEal Le jlia 4il Ala yal oo 53 77 ) b Adiiae Lgd e Lie 40401 S | potential iy
Jea s ) Jio gic Al DA 5 & gauald gl i 0¥ AS ja e ) Lgd Joa s M Adaalll & gl
<l Y The membrane potential is the net flux or the net movement 4l Jsais o) 55 dla yal
DA g AT - S gl ae 30 N A3 Sl cudl s Equilibrium potential el A8 5 yre a gali gl
252l ) aiay Jslag 7 5 Ll algd b o) (30 98 5 A 5o ST (S5 Lal o8 Asall)

LY ( petflux ) G g sene (5% 48 Suny Al eLie Aipea Als jal Josi Ll iuaall jlaialyg
Equilibrium potential s sy = ; Membrane potential o' Al Ulia 5 () S5 Wline jiia (5 b o gl gl
Membrane 4da e & IS 136 30l (alll 2e all slives Equilibrium potential OIS 131 ey A & 3

potential is equal -90 that is mean there is no net flux
Jalal) Al Wb A e 4 oS ) s Jasi 75 A8 el Lie Lagls 43Y Ala) o) Jua s 7 e Lial Lagh
(diffusion sl Jadlas; clia 9 4S a8 Lalad el Jalall 80 38 55 suli gl iny 2 5z L) (3 A 5
potential across this cell membrane)

Equilibrium potential is the electrical potential that counters net diffusion of
potassium ions is called the K equilibrium potential or K nernst potential

s« o= Membrane potential J! <y 8 s -94 Ly 8 allai = 5 5l ll Aliuus 13) nernst potential
U o smy 2yl Lo S dasulis e (o se oanhll aagll 8 LS 2800 Cpaes 5 da 5l 4l (g glss
resting membrane potential is going to be  *' J>iue st Permeability of ion 4l sLie
affected by the diffusion potential of these ions

Mal J‘SJ( BJQ)L\)JD)ASA‘)SHM\JJ)&‘LJ&}JLS)H’.;\ JG_..\JKSA.‘N?}:&MU,J\ V\LS )‘q“"‘:’
A gealles e alall 5 3liadl Cand G 81 Y g Adiias A 0 5Ss 7 ) V ) GeSlae JSy Sl il S e gaie il
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Simplest Case Scenario for Na*
If a membrane were permeable to inside outside
only Na* then... + —
P e =
mons —
Na* would diffuse down its concentration * -_—
gradient->negativity outside and positivity Nat - ——— N a+
inside until potential across the membrane
countered diffusion. + .
+ —
+ ——
The electrical potential that counters net I i
diffusion of Na* is called the Na* ofe =
equilibrium potential (E,). 4 o
+ -
3/17/2023 LT YO o ud Jasd ?_,_.gé‘,.al‘ Q\.'Ug‘ il J8 eliall S o) (6 L 2 g & Sa

liadl agall (5 5Ss dal H Ala pa Lia) iy, calls LAl Can o JRIAN jueay  Cilialll i ) 4l 3 J
Jalally Ll juay s CuSadl CUaBY) 43l G g 2 5 a5 ) Al juean 131 Gas s g 2 LA 5 s Jalally
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Equilibrium potential (Nerst potential)

* The concept of is simply an extension of the concept of diffusion potential.

* If there is a concentration difference for an ion across a membrane and the membrane is
permeable to that ion, a potential difference (the diffusion potential) is created.

* Eventually, net diffusion of the ion slows and then stops because of that potential
difference

* The equilibrium potential (Nerst potential ) is the diffusion potential that exactly
balances or opposes the tendency for diffusion down the concentration difference

* Nerst Potential The potential across the cell membrane that exactly opposes net
diffusion of a particular ion through the membrane= the membrane potential at which
thﬁre is no net (overall) flow of that particular ion from one side of the membrane to the
other

* At electrochemical equilibrium ( Equilibrium Potential ) , the chemical and electrical
driving forces acting on an ion are equal and opposite, and no further net diffusion
occurs

* Nernst Equation is used to calculate the equilibrium potential for an ion at a given
go?ﬁentratuon difference across a membrane, assuming that the membrane is permeable
o that ion

C'_;M % ul; iy Clilual) Y (1“3.‘&;3 gSa C)LA AIL‘.AA.“) ua..aﬂuj Gllua ¢ SYlxs J-AP nerst

1) Concentration gradient  2) equilibrium state  3) permeability of one particular ion
This 3 factors are used to know equilibrium potential (nerst potential)

If we assume that electrical gradient which move the ions in circle direction exactly
opposite to the chemical gradient

The Nernst Equation
Concentration inside

Concentration outside

EMFE=electromotive torce assume the equilibrium state
z =electrical charge of the ion

EMF (millivolts) =@ﬂxlog
z

Nermnst potential is determined by the ratio of the concentrations of that specific ion on the two sides of the membrane
Y
The greater this ratio
¥
The greater the tendency for the ion to diffuse in one direction

N

The greater the Nernst potential required to prevent additional net diffusion
Y SR PEIUTOY ST IPTENRPSTOTS (Fee LT RrY W]
S50 A A G ) o o i) T 58 AN S
a5 sl a1l g 2 o) Asadl) o Ipliyg



Lecture 10 Memebran Potential qvs 12
Page 21 of 32

The Potassium Nernst Potential

...also called the equilibrium potential

Ex= -61x Iog%

0

Example: If K, =4 mM and K, = 140 mM
Ex = -61 log(140/4)
Ex = -61 log(35)
Ex =-94 mV

So, if the membrane were permeable only to K+, the membrane
potential (V) would be -94 mV

J.ﬁb-“é 140 }E)w‘$4¢-u='a)=\-wu):\-u equilibrium |}»..:l§}b$)lac ‘H\ u)bﬂ\ﬁ‘ybum
g e 94 agaa pllas Ol o W suad

The Sodium Nernst Potential

Na
Na

0

Ey, = -61xlog

Example: If Na, = 142 mM and Na, = 14 mM
Eyns = -61 log(14/142)
Ey, =-61109g(0.1)
Epna =+61 mV

So, if the membrane were permeable only to Na*,
the membrane potential (Vin) would be +61 mV

+61 plbs 3 sha¥ 5 ppipallogull 585



Lecture 10 Memebran Potential qvs
Page 23 of 32

The driving force on ions crossing through the membrane, voltage
gradients (V), and concentration gradients (C) for
the three most common ions in the solutions in the intracellular and
extracellular fluids

"6&‘&-‘\.” 1_

v 132 60 mV 145 60 mV 4
$I<1) o OV gy TOE o TV i VBV - ..
) Eci % -, Ena=—13— loo 53 ol B &
Ecy=-90 mV Eng = +65 MV =-95 mV
cl Na

OsSEY ) Dl gl A1 1 = LAl s g g JA1AL Al Ll (i i ) Addad) eLde gaie () Dl g
S Al A g Aallad Jglald 5 calliadl el Liad b Jalall gaie 43l o8 5 ) 5ISN JEisy 48yl gaie
Jalall = Jladl e (55

A Fla S e oS G0l § sana g <94 allay olind ) Equilibrium

ad 3iia (IS 131 o) Laan gl ganall gl i oY Jaid Jiia pLEAN S 13 Lol CuilS ARLu) ALY
To i (e U (a0 B3GA (95 LAY &1 gl (2] B Lal Was gl gaa guadl) S 5Y
Iellyg i gl (padi (B U Y (oa uamd) 581 5 e Iely AN 3 Wb aaad g 4By Sl b Jand
Gl g odgd plial) 43S e
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The observed membrane potential as a function of the external K+ concentration

The solid line is the theoretical
prediction for a membrane that is permeable only to K+. Notice the
logarithmic concentration scale.

Dotted lines represent the actual measurements of RMP in living cells 0
Effects Of hyo and hyperkalemia E=
g -0
Hypokalemia the resting potential moves closer to the threshold for = -~
eliciting an action potential and the neuron becomes more excitable.
Hyperkalemia If the extracellular level of K+ is decreased (hypokallemia), g -80
the membrane potential is reduced and 4 -
the neuron is hyperpolarized 5 %
§ -
Effects of Ca ions 9
-160

A decrease in extracellular Ca2+
concentration increases the excitability of nerve and muscle cells

3/17/2023 19
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The Goldman-Hodgkin-Katz Equation

(also called the Goldman Equation)

Calculates V,, when more than one ion is involved.

Na, K & Cl are the most important ions
CNa; PNa‘ ¥ CK; B # CCI;, Per involved in development of membrane
potentials in nerve and muscle fibers &
neuronal cells

EMF (millivolts) = -61xlog
CvazPrat + Cics P + Cog P

the diffusion potential depends on:

(1) permeability of the membrane (P) to each ion

(2) concentrations (C) of the respective ions on the inside (1) and outside (o) of the
membrane

QJL@&\M\@\;&FUJSJ\JQ\ﬁﬁww\ﬂ‘@h&uhu&yh,&b\é&,ﬁu o gakall

The Goldman-Hodgkin-Katz Equation

(also called the Goldman Equation)

Calculates V,, when more than one ion is involved.

P s Tl ¥ CC,(_,Pcr
C

 +C.P. +C Py

EMF (millivolts) = -61xlog

Na;" Na

the quantitative importance of each of the ions in determining the voltage is
proportional to the membrane permeability for that particular ion.

The resting membrane potential is closest to the
equilibrium potential for the ion with the highest
permeability!

15
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Question

[Nai]=15 mM [Ki]=150 mM [Cli]=10 mM
[Nao]=145 mM  [Ko]=4 mM [Clo]=24 mM

determine the resting membrane potential in a typical neuron. Assume that pK = 1, pNa = 0.05, and pCl = 0.5.

CucPur ¥ CoPe CCBPcr

CrasPrar + C:Per + Co Per

EMF (millivolts) = -61xlog

=-61 X log 15X0.05 + 150X1 +24X0.5

145X0.05 + 4X1 +10X0.5
=-61X log 10
=61 mV
-
Question
[Nai]=15 mM [Ki]=150mM  [Cli]=10 mM
[Nao]=145 mM  [Ko]=4 mM [Clo]=24 mM

Assume that in a neuron, the plasma membrane permeability values for potassium (K*), sodium (Na*), and Cl- are the
following: p, = 1, p,, = 12, and p, = 0.5.
determine the membrane potential in this neuron.

CNa.. Pis & CKI, Per +CePer

CNa{,PNa’ . Cx;Px' - CC,r P

=-61 X log 15X12 + 150X1 +24X0.5
145X12 + 4X1 +10X0.5

EMF (millivolts) = -61xlog

=-61 X log 0.195

=-61X-0.71
=+43 mV

16
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The equilibrium potential of an ion

may be calculated by the Nernst equation.
b. must be determined experimentally.
may be calculated by the Goldman equation.

Cs
d. 1is dependent on the membrane potential of the cell.

17

3. Which of the following is the principal
intracellular cation?

@Na+x
O crx

O Ca** %
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Resting membrane potential - definition, examples

544K views + 6 years ago

REST ‘N & (O Osmosis from Elsevier
M eM 8 p\ BNE What is the resting membrane potential? The cell's resting membrane potential is the electric potential of the cell, and
POTENTIAL

Intro | Potassium | Electrostatic gradient | Nernst equation | Resting membrane potential | Summary 6 chapters v

Full video

MINIAERD  Neurology | Resting Membrane, Graded, Action Potentials

724K views * 2 years ago

=~
A : AN

-

R Ninja Nerd @

We will be discussing the resting membrane potential, graded potential, and action potentials within a neuron! We hope you enjoy .

—.
==':. Resting Membrane Potential 11 chapters v

p— )

FLrst T minutes
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