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Relativna propustnost fosfolipidnega
dvosloja za razliCne molekule
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Nacini transporta snovi
preko celicnih membran

difuzija
> pasivni transport

olajSana
difuzija -




Mehanizmi membranskega transporta

mechanism

molecules

features

direction of molecule movement is down the concentration gradient

passive diffusion

small hydrophobic and polar
molecules

direction of flow of molecules determined by
concentration of molecules either side of membrane

passive transport / facilitated
diffusion

lons, water

rapid ion transport mediated by channel proteins,
different channel proteins move different molecules
according to their size and charge — selectivity
channels can be open or closed — gated

passive transport / facilitated
diffusion

sugars, amino acids, nucleosides

mediated by transmembrane carrier proteins which are
selective for the solute they transport, the binding of
the correct solute to a carrier protein induces
conformational change in the protein and passage of
the molecule through the membrane

molecules moving against the concentration gradient of transported molecule

active transport

many different ions, glucose,
amino acids, peptides

movement of molecules consumes energy e.g. coupled
to ATP hydrolysis




Pasivni transport

e difuzija
e transporteryji
e kanalcki



Difuzija
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“Difuzija je delovanje snovi, toplote, gibalne koli¢ine ali
svetlobe, usmerjeno k izni¢enju koncentracijskega gradienta.”



Pasivna difuzija skozi
fosfolipidni dvosloj

1. prenod molekule iz vodnega okolja v hidrofobno
notranjost dvosloja

2. difuzija skozi hidrofobno sredico
(pocasna zaradi vecje viskoznosti lipidov v primerjavi z vodo)

3. prehod v vodno fazo na drugi strani



Difuzija malih molekul skozi membrano




Vpliv hidrofobnosti

* Merilo hidrofobnosti je porazdelitveni koeficient K
(ravnoteZna konstanta porazdelitve med vodo in oljem).

« Ker je notranjost dvosloja po sestavi podobna olju, je
porazdelitveni koeficient enak razmerju koncentracij snovi
med dvoslojno fazo (C™) in vodno fazo (C29).

K =Cm/Ca



Porazdelitveni koeficient

Porazdelitveni ali particijski koeficient je merilo relativne
afinitete snovi za lipid v primerjavi z vodo: visok K = bol;jsa

topnost v lipidu.
K =Cm/Cad
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urea: K=0,0002; dietilurea: K=0,01 =
dietilurea je 50x bolj hidrofobna / difundirala bo 50x hitreje kot urea.

Octanol Co
Kow=ColCw

Water Cw



Adolf Eugen Fick
Kassel (DE)
03.09.1829

Blankenberghe (BE)
21.08.1901

Difuzijski ali 1. Fickov zakon (1855)

b J — gostota masnega toka
J = —D— D—difuzijska konstanta
Ox O¢/dx — gradient koncentracije



Hitrost difuzije

dn/dt = JA
dn/dt = PxA<(C,2 — C )

Hitrost difuzije: dn/dt [mol/s] J ... gostota masnega toka

P... prepustnostna konstanta

A A... povrSina membrane
=\ === P=KD/d
(===
(T 1—’“02 K... porazdelitveni koeficient € K =Cm/Ca

Lost %0 %" D... difuzijska konstanta snovi v membrani
d ... debelina membrane

dn/dt = K-D-A«(C2 — C,29) / d

Hitrost difuzije je sorazmerna porazdelitvenemu
koeficientu in difuzijski konstanti ter obratno
sorazmerna debelini membrane.

| d k-

Biolo§ke membrane: d = 3 nm (= konst.); D = konst. = dn/dt o K; K o hidrofobnost snovi

-> velja za pline in male nenabite molekule €



OlajSana difuzija

kanalcki transporterji

(10’-108 ions/s) (102-10* molecules/s)
.
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uniporter simp orter antl orter
kotransporterja

Integralni transmembranski proteini /
/ omogocajo hitrejSi prehod snovi ¢ez membrano / so specifiéni



Kanalc¢ki

KanalCki z veliko hitrostjo prenasSajo vodo ali specifi¢ne 1one v smeri
njithovega gradienta (koncentracijskega ali elektriCnega).
Nekateri so ves Cas odprti, drugi pa so obiCajno zaprti in se odprejo le kot
odgovor na nek signal.



Transporter]i

g

m nn i m m
] Wil Wy sl

Transporterji obi¢ajno prenasajo po 1 molekulo (1on) hkrati skozi
membrano. Prenos je povezan s konformacijsko spremembo
proteina. Obstojajo 3 razli¢ni tipi transporterskih proteinov:

uniporterji simporterji in antiporterji



astnosti uniporta

» prenos aminokislin, nukleozidov, sladkorjev, ...
 prenos v smeri koncentracijskega gradienta
 kljub temu brez proteina do prenosa ne bi prislo
 termodinamsko ugodna reakcija (AS>0; AG<0)
* olajSana difuzija (facilitated diffusion)

 podobnost z encimsko reakcijo
(a substrat se tu kemijsko ne sprement)



Exterior

Glucose
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Primera uniporterjev: GLUT1 in GLUT?2

GLUTT @ Glucose

Outward-facing
conformation
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conformation conformation

fosforllacua |

GLUT1 (erythrocytes)

GLUT2 (fiver cells)

Passive diffusion
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External concentration of glucose (mM)

2 Na*/glucose
symporter

Glucose Glucose

2 Na+ 2 Na*

Apical
membrane
Basolateral

membrane | Tight junction

Blood Cytosol Intestinal lumen
High MNa™ Low Na® Dietary glucose
Low K* High K* High distary Na'CI”




Primerjava uniporta in pasivne difuzije

« pri uniporterjih je hitrost prenosa bistveno vecja, kot sledi 1z Fickovega zakona,
saj K ni1 treba upostevati (molekula ne vstopa v hidrofobni del lipidnega dvosloja)

=——="0 dn/dt=AK D (c,29—c,29) / X
® - @ K... porazdelitveni koeficient
O——20 D... difuzijska konstanta snovi v membrani

C,2a O:: G ‘:ﬁh—(\g} :m:OCZaq X ... debelina membrane
® ® A... povrSina membrane

(D in x sta = konst.)

e prenos je specificen (1 prenasalni protein za 1 tip molekul)

» prenos poteka samo na dolo¢enih mestih na membrani, ne pa po vsej povrsini
(nasic¢enje — V)



Na*-simporterji vnasajo Glc in ak v celice
2 Na*/Glc simporter

2Na' e ®Glucose lumen Crevesa, urin

Exteriﬂ r
GI”CO "¢ Outward-faci ng Inward-tacing Outward-facing
Cytosol conformation

conformation conformation

2 Na*/glucose

symporter
Glucose Glucose
2 Na* 2 Na*
Apical
membrane
Basolateral
membraneé | Tignt junction
Blood Cytosol Intestinal lumen
High Na™ Low Na* Dietary glucose
Low K* High K™ High dietary Ma"CI”




Primer antiporterja
CI/HCO; antiporter

CI"/HCO3~ \

antiporter Cl™ channel
" é{;. )
HCO4~ HCO;~ K™ channel
H- J
Carbonic K
anhydrase
H*/K™
ADP + P, ATPase
CDE@DE + OH- «—H,0 —> H* H*
Basolateral f? ¢ Apical
memhrane—( Tightjunctinn — membrane
Blood Cytosol Stomach lumen
pH 7.2 pH 7.2 pH 1.0
[CI] ~ 116 mM [CI]~4 mM

[HCO,] =29 mM [HCO,]= 12 mM




Kotransportni sistemi,
Ki Jih poganjajo gradienti Na*ali H *

Transported solute Cotransported solute Type of
Organism or tissue (moving against its gradient) (moving down its gradient) transpor
ENcoll Lactose HT Symport
Proline il Symport
Dicarboxylic acids e Symport
Intestine, kidney of vertebrates Glucose Na* Syrport
Amino acids Na* Symport
Vertebrate cells (many types) Cass Na* Antiport
Higher plants K& H* Antiport

Fungi (Neurospora) K* g Antiport



Aktivni transport

ATP-gnane Crpalke



Stiri skupine ATP-gnanih ¢rpalk

ABC
transporterji



Mehanizem delovanja miSiCnega tipa
a’* ATPaze (SERCA)

Low-affinity
Ca*-binding
sites

@
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sites

Ny

ATP site
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(a) E1 state (b) E2 state o helix '
SR lumen
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Membrane Cytosol

Cytosol Ccoo- 1
Ca?*-binding residue
Ha'N
Energy
Actuator Phosphorylation transduction
domain site
: Phosphorylation ATP
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Na*/K* ATPaza je najpomembnejSa ionska ¢rpalka
za tvorbo elektricnega potenciala na PM zivalskih celic

@ 3Na*

Membrane potential =
50—70 mV @ ~ Na"K" ATPase

+ Cytosol “'[K"'].“i—— 140mM .
. . Nat|- 12mm

st st il bia s otibetals

Extracellular fluid [K*] =4 mm
or blood plasma [Na*] = 145 mm



Model mehanizma delovanja Na*/K* ATPaze

K, nas = 0.6 MM

Znotrajceli¢no:
[Na*] =10 mM
[K*] = 155 mM

(a) Oligosaccharide
YY 3Nat
Exterior
Cytosol
200 { 3
2 K* ATP ADP +P;
(b) Low-affinity High-affinity

Na*-binding sites K*-binding site

A1

High-affinity Low-affinity >
Na*-binding K*-binding AlEq QbeaRR E1—> E2
site sites Binding of ATP, conformational
phosphorylation change, outward
Binding of 3 Na* ions of aspartate transport of Na*

e o o VYV
4 4 4 ¥V

\44

i AA

Dissociation Hydrolysis E2 —> E1 Dissociation
of Na*, of aspartyl ~  conformational of K*ions

binding of K* phosphate change, inward
transport of K*

Zunajceli¢no:
[Na*] = 142 mM
[K*]=4 mM

K, ks =0.2mM



Kisanje lumna Zelodca z delovanjem
P-tip H*/K* ATPaze v apikalni m. parietalnih celic

Basolateral [K*] = 155 mM

membrane [CI]=4 mM
[HCO,] = 12 mM

Apical
membrane

Cl~ channel
protein
gnion ¥ = R _
antiport ¢ Cl > Cl
protein pH 11 p|_| 1
HCO5~

[ClI]= 116 mM
[HCO;]=29 mM

: 3 +
Carbonic \ HZO K

K*] =4 mM
anhydra K*
| . \ 4 K*channel
co, CO, + OH protein

junction

Stomach lumen



Strukturna primerjava V- in F-tipa ATPaz

A Fy

2H
cytoplasm ] cytoplasm
ytop _MT matrix \
membrane F 0 membrane
lumen MIT cristae < extracellular

aH

Kawasaki-Nishi, S. et al. (2003) FEBS Lett. 545, 76-85



Subunit

V \ domain
A

‘v’n domain

d

Ac4s

Lastnosti podenot V-ATPaze

Molecular
mass (kDa

70

60

40

34
33

14
13

50

100

38

17
17

21
45

Yeast gene

)

VIMA1

VIMAZ

VIMAS

VIMAS
VA4

VIMAT
VIMALD

VIMAL3

VPH1 (vacuole);
STV1(Golgi)

VIMAG

VIMAS
VIMA3
VMA11

VMALG

MNoyeast gene

Mammalian isoforms*
(tissue/cell)

Blirenal, epididymis);
B2 (ubiguitous)

Cl{ubiguitous);
C2a,b (lung, renal, epididymis)

El{testis);
E2 (ubiquitous)

1 {ubiguitous); G2 (neural);
G3 {renal, epididymis)

Two alternatively spliced variants

al (neural); a2 (endothelial);
a3 (osteoclasts); a4 (renal, epididymis)

d1 (ubiquitous); d2 (renal, epididymis)

Mo mammalian gene

Subunit function

ATP hydrolytic site, regulation
via non-homologous domain,
stator subunit

MNon-catabytic ATP site,
binds actin and aldolase,
stator subunit

Regulatory, stator subunit,
binds actin

Rotary subunit

Stator subunit, binds RAVE
and aldolase

Rotary subunit
Stator subunit, binds RAVE

Regulatory, stator subunit,
binds MEF

Hr transport, targeting,
binds aldolase, stator subunit

Coupling, rotary subunit

Lnknown
H* transport, rotary subunit

H* transport, bindsVYmaz 1
assembly factor, rotary
subunit

H* transport, rotary subunit

Linknown

Forgac, M. (2007) Nature Rev. MCB 8, 917-929



V, sektor in V,V, kompleks goveje mozganske
V-tip ATP-aze pod elektronskim mikroskopom

Kawasaki-Nishi, S. et al. (2003) FEBS Lett. 545, 76-85



Struktura in funkcija V, domene
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Kawasaki-Nishi, S. et al. (2003) FEBS Lett. 545, 76-85



Mehanizem transporta protonov

Forgac, M. (2007) Nature Rev. MCB 8, 917-929



Funkcije V-ATPaze v ekso/endocitozi In
pri znotrajceliCcnem transportu
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Forgac, M. (2007) Nature Rev. MCB 8, 917-929



Funkcije V-ATPaze v plazemski membrani

Osteoclast

Renal intercalated cell
Tumour cell

Tissue

Nishi, T. and Forgac, M. (2002) Nat. Rev. Mol. Cell Biol. 3, 94-103



V-class ATPases in toad bladder epithelial cells

0.02 um
L7

MCB - Chapter 15



Regulacija aktivnosti V-tip ATPaze

Reversible disulfide exchange

ADP + P

ATP

2HT

-Glucose
B
-

+Glucose

Reversible dissociation

S

B Epithelial cell
Basolateral Apical
Changes in pump density
C ADP + P;
H+
cr Intracellular
vesicle
Changes in conductance
ADP + P; ADP + P,
ATP ATP
 —
2HE =
Coupled (active) Uncoupled (inactive)

Changes in coupling

Cipriano, D.J. et al. (2008) BBA 1777, 599-604



Kotransportni sistemi,
Ki Jih poganjajo gradienti Na*ali H *

Transported solute Cotransported solute Type of
Organism or tissue (moving against its gradient) (moving down its gradient) transpor
ENcoll Lactose HT Symport
Proline il Symport
Dicarboxylic acids e Symport
Intestine, kidney of vertebrates Glucose Na* Syrport
Amino acids Na* Symport
Vertebrate cells (many types) Cass Na* Antiport
Higher plants K& H* Antiport

Fungi (Neurospora) K* g Antiport



ABC transporter]ji

- Permeaze v plazemski membrani bakterij
- Multidrug-resistance proteini (MDR1, MDR?2)

- Cystic fibrosis transmembrane regulator
(CFTR) protein



PM Stevilnih bakterij vsebuje razliCne
ABC transporteje - permeaze
Histidine —

Exterior

/Porin

QOuter membrane

E?srtii%li?ier-nic Periplasmic
binding protein Space
Histidine
permease

Plasma membrane

Cytosol




Shematski strukturni model sesalskega
multidrug-resistance (MDR) transporterja -
- splosSni strukturni model ABC transporterjev

Exterior

Cytosol

ATP binding ATP binding



Alternativni moznosti delovanja MDR transporterjev

(a) Flippase model (b) Pump model
Hydrophobic

Substrate / €nd N
Charged*f

Concentration
gradient

Exterior




Cystic fibrosis transmembrane-conductance regulator (CFTR)
Protein je Cl- kanal¢ek s strukturo ABC transporterja

Oligosaccha
chains of
glycoprotein

Outside

R domain



Povzetek — aktivni transport

Organism or tissue

Type of membrane

Role of ATPase

P-type ATPases
Na*K* Animal tissues Plasma Maintains low [Na*1, high [K*] inside cell; creates
transmembrane electrical potential
H*K* Acid-secreting (parietal) Plasma Acidifies contents of stomach
cells of mammals
i FUllel(Yeurospars) Hoama Create H* gradient to drive secondary transport
: of extracellular solutes into cell
ik Higher plants Plasma
e Animal tissues Plasma Maintains low [Ca®*] in cytosol
0’ Myocytes of animals Sarcoplasmic reticulum Sequesters intracellular Ca®*, keeping cytosolic

(endoplasmic reticulum)

[Ca®"] low

B Ho’, cu?t Bacteria Plasma Pumps heavy metal ions out of cell
V-type ATPases
H Animals Lysosomal, endosomal,
secretory vesicles Create low pH in compartment, activating
H* Higher plants Vacuolar proteases and other hydrolytic enzymes
H* Fungi Vacuolar
F-type ATPases
i Eukaryotes Inner mitochondrial
il Higher plants Thylakoid Catalyze formation of ATP from ADP + P,
H* Prokaryotes Plasma
Multidrug transporter
Animal tumor cells Plasma Removes a wide variety of hydrophobic natural

products and synthetic drugs from cytosol,
including vinblastine, doxorubicin, actinomycin D,
mitomycin, taxol, colchicine, and puromycin



Povzetek — transport ¢ez BM

ILGIEWAR  Mechanisms for Transporting lons and Small Molecules Across Cell Membranes

Transport Mechanism

Property

Requires specific
protein

Solute transported
against its gradient

Coupled to ATP
hydrolysis

Driven by movement of
a cotransported ion
down its gradient

Examples of molecules
transported

Passive Diffusion

O3, CO3», steroid

hormones, many drugs

*Also called secondary active transport.

Facilitated Diffusion

+

Glucose and amino
acids (uniporters); ions
and water (channels)

Active Transport

+

lons, small hydrophilic
molecules, lipids (ATP-

powered pumps)

Cotransport*

+

Glucose and amino
acids (symporters);
various ions and
sucrose (antiporters)



