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Lecture topics

Topics Related practice topics
- Cell (function, structure,
+ Membrane transport + Sensor
b « Passive difiusion .+ ECG
Mem rane transport’ + uncharged particle and ion diffusion . Diflusion

permeability coefficient

R estin g mem b rane pOte nti al « Facilitated diffusion (channels, carriers, ionophores)
+ Active transport Textbook chapters

for pharmacy students

+ Membrane potential « 1I/4.1. Transport phenomena in resting cells
+ Characteristics + 1I/4.2. Resting membrane potential
« Generation

Dr. Tamas Bozo « Nerst equation
assist fessor « Donnan potential
Department of Bio Radiation Bio + Goldman-Hodgkin-Katz equation

+ Pharmaceutical importance

Cell membrane function Cell membrane structure

Cell

+ The basic structural and functional unit of
life.

- cellula’ (It) = small room
« Prokaryotic and eukaryotic cell types

+ Each cell has cytoplasm and cell membrane
(plasma membrane)

Extraceliular Fiuid

Phospholipd biler o

Fhospholipid

Function of cell membrane: barrier that
precisely controls the level of solutes inside

[N— e of peseatein ! 1 grocrciii
and outside the cell pherial prote L=y Hydrophe tits

Merctitule

Armal cat
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Semipermeability Structure and semipermeability

og. Oy, COLN, Aspects of semipermeability

~40 A thick hydrophobic membrane core
Permeability is composition dependent
Affected by environmental factors

Tighter packing of fatty acid chains lead to
lower permeability

* Gel <liquid disordered < at T,
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Membrane transport types Passive diffusion of uncharged particles

+ Energy source: electrochemical gradient of the solute
« Passive difiusion requires no additional energy source.
SIMPLE DIFFUSION FACILITATED DIFFUSION Jevase—— Diffusion without a + Steps:
helper protein + solute must first lose its waters of hydration
« diffuse across the membrane
Diftusing
Darticle +and then regain its waters on the opposite side.
4 « The limiting step involves the energy required to lose the waters of
hydration.

SEMMELW

Department of Biophysics and Radiation Biology

SEMMELW

Department of Biophysics and Radia

Passive diffusion of uncharged particles Permeability coefficient I.
Fick’s first law: Jm:material flux density c & c c partition coef ficient
Cun 1 = ' (o e D:dif fusion coef ficient i m e "
__p.2¢ Jm = =Pm " (cm2=€m1)
=D Lp— = e
Pt Dy membrane diff. coef . Gt " ay,  COmstant =K
18291901 membrane y
constant [':\
o= =Dy - 2= 1 /m:fpm'K(cwrcwl)}
p=pm-K
permeability coef ficient [] /7
r——
- d Material flux density (Fick L) Jm = =P (Cwa—Cw1)
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Permeability coefficient Il. Permeability coefficient III.
leakage timescale through membrane (rapid if small molecule is uncharged e.g. glycerol)
Cur Cot —>Cr2 Cuz 7 mev . E |
(( concenteatione, T e S0 s otatamountlost = px
axiose  ghicose HEo ghenol WO o GO e flx totl
‘ l 4 i number of molecules inside  _ VG o e ‘3"" L
w? 10? o W0 0 W0 amount lost eachsecond | pxAX (cy } oxpxan? | Bp
ek bonmbers rghwhat s e pemeabliy ol he for glycerolin E Con
g R T—
3p not phosphorylated It would rapidly leak from cell
——
d .
:il:l'.'lx‘l'l W Department of Biophysics and Radiation Biology

SEMMELW

Semmelweis Egyetem | Szervezeti egység
neve



2023. 04. 27.

Onsager equation

Fick's first law

Ax

fo +RT +Inc

For acharged particle (k): electrochemical potential

2k Fibg,
+ ek RT‘-.AXP

flux density of k" particle: concentration

adient

Department of Biophysics

Passive diffusion of ions

Jon: material flux density
D:dif fusion coef ficient
Ac »

T cone. gradient

J: flux density

L: conductivity coef f.

X: thermodynamic force

iz chemical potential
poimolar free enthalpy
Reuniv. gas constant

et electrochemical potential

F: Faraday constant

electric 2 valency
potential g:electric potential,
gradient

Facilitated diffusion

Energy source: inherent solute electrochemical gradient

Gradient determines direction (theoretically reversible)

No additional energy is required to transport the solute

Final solute distribution reaches equilibrium across the membrane.

Orders of magnitude faster rate than passive diffusion

Protein-based mediator molecules embedded in the membrane

Strongly selective for certain particles

Exhibits Michaelis-Menten saturation kinetics

Focitored
diffusion + Can be selectively inhibited
o + Mediators: carriers, gated ion-channels, ionophores
u Simple
diffuson
[Av=
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. Channel proteins

« Transport mainly ions

+ Supramolecular structures of several subunits —
span the membrane — hydrophilic core is formed

+ No conformational change during transport

+ Gating: stimuli-responsive conformational change —
opens or closes the channel

+ Stimuli: voltage; ligand; second messenger;

mechanics

* Rate cca. 10° s

Department of Biophysics

Facilitated diffusion

Carrier proteins

Integral membrane proteins

Bind specifically an ion or molecule

Reversible conformational change enables the
transport

Eqcivaon IS GiVeN by the bindig energy of substrate
Min. 100x slower than channel proteins

openaut openin
wlute

Bicing " ==

b

ind Radiation Biology

Facilitated diffusion - examples

Glucose transporters (GLUT)
+ Superfamily of carrier proteins

Occur in nearly all cells 3

Abundant in small intestines

« Integral membrane proteins

12 alpha helices in membrane spanning region.

Activation energy of glucose should be > 100 ¢
Ka/mol (passive diffusion) T sha
BUTitis only 16 ka/mol (with GLUT).
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Potassium channels

Department of Biophysic

Facilitated diffusion - examples

Aquaporin channels
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Facilitated diffusion

1il. lonophores (,lon bearers”)

Small, lipid doluble molecules of usually microbial origin ) S o
- Channelformers: longlasting, sationary strucures; many fons % I -
atatime; rapid flow across a membrane. s iy
+ Mobile carriers: ion binding on one side of a membrane; 1 " o
dissolving; membrane crossing; release. They can only carry one 1 L i
ion at a time. T
+ f
stager

[rys—ry
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Uniport Svmpare Antiport

SEMMELW

Active transport

Characteristics

Particles are transported against gradient > nonequilibrium

distribution of solutes accross the membrane

Requires energy! Possible sources:

ATP hydrolysis ~ ATPases

Light - photo transporters

Electrochemical gradient of another substrate — coupled

(secondary) active transporters

Uniporters / co-transporters

Symporters / antiporters

Department of Biophysics and Radiation Bia

Active transport - examples

Sodium-potassium pump / Na*-K* pump

AP 0P

The N/ pump
wod

® Ko

ATPase

antiporter
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accounts for one-third of human
energy expenditure

3 Na‘out/2K*in

electrogenic

Blocker: ouabain, digoxin

Active transport - examples

° e
At e et
anigartar aneserter

of

Co-transporters
(symporters)

dary Active Transp

Antiporters.

° °
waic’ e
aechager axchanger
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Membrane potential

Transmembrane potential / Membrane voltage / ,Resting membrane

Departmen

potential”

Electric potential difference between inner and outer surface of the

membrane
Present in all living cell

Varies among cell types (-30 mV to -90 mV)

Negative sign: cell interior is negative compared to extracellular space

Functions:

embedded in the membrane (cell as battery)

used for transmitting signals between different parts of a cell

f Biophysics and

providing power to operate a variety of "molecular devices"

in electrically excitable cells such as neurons and muscle cells, it is

R
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Exvacoliiar  WIEES tracalhlar
Charge Separation == == Across Membrane

fon Concentration Gradients

-

Membrane potential

Two sides of the membrane has different ionic composition

Intracellular concentration | Extracellular concentration
[mv) [mv]

Celltype Nat | K c Na* K ci

Squid giant axon 72 | 35 | e 55 10 540

Frog muscle 20 | 139 | 38 120 25 120

Rat muscle 12 | 180 | 38 150 45 110

Large phosphate and protein anions inside —p ~ 0
pis different for the different ions

Electric and chemical potential difference occurs between the two sides.
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Generation of membrane potential .

Model 1

Presumptions

- Closed thermodynamic system

+ Membrane permable to ions

- Cytoplasmand extracellular space are in
thermodynamic equilibrium — for each ion!

- No nettransport of ions

+ Thermodynarmic force is O

- Electrochemical potential s the same at the two
sides for each type of ion

wlt =gt =0

Mo+ RTINcE* + 2Fpf™ = g + RTInc{™ + 2F g™

=\

= of

Electric potential of i ion in equilibrium = equilibrium potential = Electromotive

force of a concentration cell of the i* ion

Nerst equation

Squid giant axon Frog muscle
Unessres 62mv 92mv
Unnas a7mv 26 mv.
Une o1 mv -103mv
Uy 56 mv 88 mv

Results: model failed

+ Nerst equation s inadequate to interpret resting potential

+Itis not a closed systemin equilibrium

+ Transport of individual ions is not independent

artment of Biophysics and Radiation Biokog
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Cell membrane;

(2]

6@.

Extracellular

Cytoplasm

Generation of membrane potential Il.

Donnan equilibrium (Gibbs-Donnan effect)
+ Closed thermodynamic system

+ Presence of nonpermeable charged particles in one side of a membrane
leads to noneven distribution of ions.

* Membrane s permeable only to K- and C

+ Electroneutrality at the two sides,

+ Electrochemical potential s the same at the two sides for each type of
ion.

Donnan potential

+ Equilibrium

due toionic
(determinded by the presence of nondifusible anions)

Typical Value: Upgypa, - -14 mV — relatively small contribution to
membrane potential
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Generation of membrane potential Ill.

Goldman-Hodgkin-Katz equation

Passive ion diffusion maintains an electric
potential difference

Permeabilty is different for different ions

Flux of individual fons = 0

At st the transmembrane potential diference is
constant -, total electric charge and particle
fux must be 0.

“Thus, flux of ions may depend on each other

Steady state elecrodiffusion

Constant -

flux density of k™" particle:

electric potential difference

electrochemical potential
gradient

constant flow of ions — electrically compensate
each other — no net charge accumulation

Na*/K* pumps maintains constant ion gradients

Result: good agrrement with experimental data

=0
U =g =BT PclK Tloxt + Puar NG Texe +Por- [CT Tine
F picr[K*ige & Prgt [Na e + Py [C1exe
[ Squidgantason | Frogmuscle |
| 62mV | 92mv |
[ 613my [ 892mv |
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Thanks for your attention!

Dr. Tamés Bozé
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