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Membrany zajist'uji zakladni bunécneé funkce

» Separace
» Semipermeabilni bariéra, izolace
» Vyména
» Transport a translokace
metaboliti a makromolekul
dovnitf a ven, zajisténi distribuce
uvnitf bunky
» Integrace
» Zajisténi mezibunécné
komunikace, adheze, signalizace
prostrednictvim receptord,
regulace funkcni a prostorove
integrity

» Metabolismus

» Soucast metabolickych drah,
obsahuji enzymy pro syntézu,
prestavbu a degradaci
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Membrany

nucleus peroxisome

endoplasmic

» Vsechny biologické membrany maji e
shodnou obecnou strukturu

» Tenka vrstva tvofena molekulami lipidu
(lipidova dvouvrstva) a proteinu

lysosome

spojenych nekovalentnimi vazbami o
(model fluidni mozaiky) __mitochandrion  Mmembrane

........
all ¥

Vel ) i
s lipid
‘ bilayer
\g [(5nm)

(A)

protein molecule

lipid molecule

(B)
Figure 10-1 Molecular Biology of the Cell 6e (© Garland Science 2015)



Lipidova dvouvrstva

» Zakladni slozka vSech bunécnych
membran

» VSechny typy membranovych lipidd M“M &M Mﬁ . -
obsahuji polarni a nepolarni &ast Ww UL

» hydrofilni (polarni) + hydrofébni lpia | calls
(nepolarni) = amfifilni molecule  protein molecules \

» zformovani lipidové dvouvrstvy je
energeticky pfiznivé

ENERGETICALLY UNFAVORABLE

\

l, planar phospholipid bilayer
with edges exposed to water

S
‘

L ]
25 nm ENERGETICALLY FAVORABLE

Figure 11-13b Essential Cell Biology, 4th ed. (© Garland Science 2014)

sealed compartment
formed by phospholipid
bilayer
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Fosfolipidy — nejcastéjsi membranove lipidy

» Polarni fosfatova skupina
» dva hydrofobni konce - mastné kyseliny

- . CHy—N*(CH3)3.
 CHOLINE oy
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Fosfoglyceridy a sfingolipidy

» Glycerol nebo sfingozin

» dva retézce mastnych kyselin

» fosfatova skupina spojena s riznymi molekulami

» rizné kombinace = mnoho rozdilnych fosfoglyceridu
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Figure 10-3 Molecular Biology of the Cell 6e (© Garland Science 2015)




Glykolipidy

» obsahuji sacharidy vazané na glycerol nebo sfingozin
» hraji roli jako receptory na povrchu membran.

¢

(l)H <|)H o=
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(A) galactocerebroside (B) Gm1 ganglioside (C) a sialic acid (NANA)

Figure 10-16 Molecular Biology of the Cell 6e (© Garland Science 2015)




Cholesterol

» sterol
» abundantni slozka membran

OH ] polar head group
CH; rigid
steroid
ring
structure
CH;/CH,
?H
H:
CH, nonpolar
| hydrocarbon
CHy tail
CH
<N
CH; CH;
(A) (B)

Figure 10-4 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Fluidita membran je podminéna jejich slozenim

lateral diffusion

R —————

dvojita lipidova membrana je flexibilni a 000000 .

fluidni - vlastnosti dvoudimenzionaini i fop

te kutl n pu Wy | | (rarely occurs)
any oo , ap\ly) /

Fluidita je dulezita vlastnost membran 000000’

flexion rotation

zavisla na jejich slozeni foden L1

» Cholesterol

» délka uhlovodikovych fetézcu mastnych
kyselin

» pocet dvojnych vazeb

Tésné a pravidelné usporadani

dvouvrstvy ~ < fluidita

» kratSi retézce > fluidita

» vySSi pocCet dvojnych vazeb > fluidita

» cholesterol ,ztuzuje® membranu ~

< flexibilita a permeabilita

unsaturated saturated
hydrocarbon chains hydrocarbon chains
with cis-double bonds

e 1611 Mt By e et oo 2015




Rozdilné slozeni lipidovych membran

TABLE 10-1 .
Percentage of total lipid by weight
Liver cell Red blood Myelin Mitochondrion Endoplasmic E. coli
plasma cell plasma (inner and outer reticulum bacterium

Lipid membrane membrane membranes)
Cholesterol 17 23 | 22 3 6 0
Phosphatidylethanolamine 7 18 15 28 17 70

| Phosphatidylserine 4 | 7 | 9 2 | 5 | trace
Phosphatidylcholine 24 17 | 10 a4 40 0

| Sphingomyelin 19 | 18 | 8 0 5 0

| Glycolipids 7 | 3 | 28 trace trace 0
Others 22 14 | 8 23 27 30

Table 10-1 Molecular Biology of the Cell 6e (© Garland Science 2015)




Membranové mikrodomény

» Lipidoveé rafty, 10-200 nm, dynamické struktury
» Obohacené cholesterolem a sfingolipidy
» Role v radé bunecnych funkci
» signalova transdukce
» virova infekce
» ER-to-Golgi transport
» post Goldi transport

» endocytoza B
oligosaccharide
transmembrane linker GPl-anchored protein
glycoprotein
‘f‘ / glycolipid
cholesterol E

".t""l.l.‘. W "','ﬁ‘ﬁ“ ”;ﬁz""‘”unuon IR
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Figure 10-13 Molecular Biology of the Cell 6e (© Garland Science 2015)




Aktivace TCR (T cell receptor)

........................................................................................................
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Membranovy transport

Glycosphingolipid-mediated Post-Golgi traffic to the
endocytosis cell surface
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Syntéza a sestaveni lipidové membrany na ER

‘ glycerol 3-phosphate
@ CDP-choline
CHz_‘I:H CH, € p—p — choline

:’ang acid . OH choli cmMP
e = = - phosphatase phosphotra:esferase .‘@ ERol
a
\\ acyl-CoA ligase transiorase . (‘I’
| f
& CH,—CH CH, CHZ—CH CH,

FEET T MO

bilayer
of ER
ER LUMEN

Figure 12-53 Molecular Biology of the Cell 6e (© Garland Science 2015)




Syntéza a sestaveni lipidové membrany na ER

(A) ERMEMBRANE

TM0T0 [ smiastayer o
U WU U g reticulum

ER LUMEN

M ﬂg’g;gggﬁg%zwgnﬁ's
MRRATANT | o
U Q ! U Ug of bilayer

SCRAMBLASE CATALYZES
FLIPPING OF PHOSPHOLIPID
MOLECULES FROM CYTOSOLIC
TO LUMENAL LEAFLET

TN | mescgroe
UwUU!U of bilayer

Figure 12-54 Molecular Biology of the Cell 6 (© Garland Science 2015)

(B) PLASMA MEMBRANE
CELL EXTERIOR

membrane

T } symmeicivid

CYTOSOL

DELIVERY OF
NEW MEMBRANE
BY EXOCYTOSIS

ANARARARAN
A

FLIPPING OF SPECIFIC
PHOSPHOLIPIDS TO

FLIPPASE CATALYZES
CYTOSOLIC MONOLAYER

NAANAKNNANN

deddsssees



Asymetrie lipidové membrany

» FunkCné dulezita v pfenosu signalu
» fada cytosolickych proteinl specificky noncosolictace ~ extracelutar iuia
rozpoznava urcité struktury v lipidove
membrane

cytosolic face

plasma/
» Glykolipidy na vnéjsi strané membrany membrene /‘
» QOrientace zUstava zachovana béhem
. v v s . transport
transferu mezi bunéénymi vesice \6
kompartementami J— \
EXTRACELLULAR SPACE N
= protein
it
lipid | JLINI/T,
bilayer “
| 08088008088008080008808 /

membrane of Golgi apparatus

CYTOSOL

Figure 10-15 Molecular Biology of the Cell e (© Garland Science 2015) Figure 11-17 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Membranové proteiny — ruzné funkce

TRANSPORTERS AND ANCHORS RECEPTORS ENZYMES
CHANNELS

h4‘
A

EXTRACELLULAR
SPACE

CYTOSOL

Figure 11-19 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Membranové proteiny — riizné zptisoby
asociace s lipidovou dvouvrstvou

O : NH,
1.S
=
i —
@ @ ! @ 4 COOH
0 @

Figure 10-17 Molecular Biology of the Cell 6e (© Garland Science 2015)

» jeden nebo vice a-helixu

» B struktura (skladany list)

> amfifilni a-helix

» kovalentne vazany lipidovy zbytek

» oligosacharidovy linker

» nekovalentni interakce s dalsimi membranovymi proteiny



Membranové proteiny s lipidovou kotvou

(A) (B) Q)

70
—f—c —0—CH,

amide linkage cHy

| b : |
- etween terminal L s
H T/ amino group and ?/ between cysteine |— between cysteine

thioester linkage | thioether linkage
= muvristic acid _ and palmitic group CH and prenyl group
cvrosor. €= ° ™ =9 3
lipid é
bilayer
(D) myristoyl anchor (E) palmitoyl anchor (F) farnesyl anchor
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l |
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Figure 10-18 Molecular Biology of the Cell 6e (© Garland Science 2015)

» Kovalentné navazana lipidova slozka umoznuje
lokalizaci hydrofilniho proteinu do membrany




Glykosylace membranovych proteinu

interchain
disulfide

vétSina transmembranovych proteinu
je glykosylovana [ e
% cukerny zbytek je pfidavan v lumenu
ER a Golgiho aparatu,
oligosacharidovy zbytek je vzdy na ne-

cytosolove strané membrany

» glykosylace vnéjsi strany membrany
vede k intenzivnimu potazeni povrchu g
bunék sacharidy

oligosaccharides

transmembrane
o helix

g ] lipid
1 bilayer
=
-

__sulfhydryl
group

Figure 10-24 Molecular Biology of 11 6e (© Garland Science 2015)

carbohydrate layer cytosol nucleus plasma membrane
transmembrane  adsorbed transmembrane

glycoprotein glycoprotein proteoglycan

@ =sugar residue
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lipid
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Lateralni pohyb membranovych proteint

mouse cell

rhodamine-
labeled
membrane
protein

hybrid cell

: CELL

—_—
fluorescein- FUSION
labeled INCUBA‘[ION
membrane AT 37 C
protein
time = 0 minutes time = 40 minutes
after cell fusion after cell fusion

human cell
Figure 11-30 Essential Cell Biology, 4th ed. (© Garland Science 2014)




Omezeni lateralni mobility membranovych proteinu

protein A
» samosestaveni do vétSich
y 40 , igh
agregatt, domén A ion
wvr s apical plasma
» Interakce s dalSimi membrane
strukturami uvnitf i vné lateral plasma protein B
bu ﬁ ky membrane
v - basal plasma
» Interakce s dalSimi membrane
proteiny na povrchu jiné
buriky ,
basal lamina
(A) (B)

(@) (D)

Figure 11-31 Essential Cell Biology, 4th ed. (€ Garland Science 2014)




Bunécny kortex — mechanicka podpora plazmaticke
membrany

» BuneéCna membrana je extremné tenka
» ~10 000x = 1 list papiru
» membrana zivoCisné buriky je stabilizovana siti vlaknltych
proteind - bunécny kortex
» Hlavni slozky
» tetramery spektrinu
» aktin
» akrynin

actin adducin

junctional
complex

spectrin tetramer

plasma

- J‘ :h
Lo 106-amino-acid-long

\ repeating domain

flexible link
between domains

ankyrin g
band 3

Figure 10-38a Molecular Biology of the Cell 6e (© Garland Science 2015)



Principy transportu pres bunécné membrany

0,

co,
HYDROPHOBIC transported molecule

MOLECULES e _
steroid
hormones %\‘

L]
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H,O I
urea cell concentration
glycerol membrane gradients
i
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Transport vody

» voda 70% hmotnosti bunky
’ pomalé dlfljze plasma aquaporins

membrane

» Specializované kanaly — akvaporiny
» Nefrony ledvin
» Sekrecni zlazky

» osmoza

(A)

ion pumps

and channels Figure 12-6 Essential Cell Biology, 4th ed. (© Garland Science 2014)

basolateral membrane
Figure 11-19 Molecular Biology of the Cell 6e (© Garland Science 2015)



Kazda bunécna membrana ma charakteristicky set
membranovych transportéru

nucleotide sugar amino acid Na

lysosome  itochondrion ADP

plasma membrane inner mitochondrial
membrane

Figure 12-8 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Aktivni transport

I..
lipid ﬂ(‘
bilayer
a / \

COUPLED ATP-DRIVEN
TRANSPORTER PUMP

Figure 11-7 Molecular Biology of the Cell 6e (© Garland Science 2015)

» Energie ulozena v koncentracnim gradientu
» Hydrolyza ATP




Transport glukozy

EXTRACELLULAR SPACE

o glucose Na+

O ° (+) ° ‘ .
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gradient
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Figure 12-15 Essential Cell Biology, 4th ed. (© Garland Science 2014)




Trans bunécny transport

GUT LUMEN

Na*-driven
glucose symport

lateral
domain

transporter
mediating passive
transport of glucose

EXTRACELLULAR FLUID

Figure 11-11 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Transport rizeny ATP

> P-typ
» autofosforylace, fada iontovych kanall zodpovédnych za udrzovani
gradientu mezi bunéénymi membranami (Na*, K*, H*, Ca?*)
» ABC transportéry (ATP-Binding Cassette)
» transport malych molekul
> V-typ
» tvoreny z vice podjednotek, prenaseni H* do organel jako jsou
lysozomy, synaptické vezikuly

ions
small molecule

o @ o @ @ .

lipid
bilayer
CYTOSOL

P-type pump ABC transporter V-type proton pump

Figure 11-12 Molecular Biology of the Cell 6e (© Garland Science 2015)




CaZ* pumpy

» cytosol bunék obsahuje velice nizké koncentrace Ca2*
(~10-"M), zatimco v extracelularnim prostoru je
koncentrace ~ 103 M

» maly influx Ca?* vyznamné zvySuje koncentraci cCa?* a
ovliviuje bunécnou odpovéed

» aktivni pumpovani Ca2* ven z buriky

» aktivni pumpovani Ca2* do sarkoplasmatického retikula

Y-B-

LUMEN OF
SARCOPLASMIC RETICULUM

phosphorylated activator
asparticacid domain
nucleotide-

binding
domain
SR membrane 1

phosphorylation <
domain

CYTOSOL

- LUMEN OF
SARCOPLASMIC
sca2+  RETICULUM

Figure 11-13 Molecular Biology of the Cell 6e (© Garland Science 2015)

calcium-binding
cavity




Na*-K* pumpy plasmatické membrany

» Koncentrace K* je 10-30x vyssi uvnitf bunky,
koncentrace Na* naopak nizsi

» Tento stav udrzovan pomoci Na*-K* pump

» Hydrolyza 1 molekuly ATP vede k transportu 3
molekul Na* ven a 2 molekul K* dovnitr

3

plasma
membrane

\

Na* K*
electrochemical electrochemical
gradient gradient

CYTOSOL

2(K") b

ATP



ABC transportéry

» nejvétsi rodina transportnich proteinu (Clovék 48 gend, 7 rodin)
» kazdy transportér je transportuje specifické substraty
» lonty, sacharidy, lipidy, aminokyseliny, toxiny, antibiotika
» klinicky vyznam
» transport |€Civ (multidrug reistance (MDR) protein ~ P-glykoprotein)
» Plasmodium falciparium, zimniCka tropicka — vnitrobunécny prvok —

puvodce malarie
» Amplifikace ABC — rezistence vUci antimalariku chloroquinonu

» TAP, transporter associated with antigen proecessing je pfitomen v
membrané ER

» aktivné transportuje proteasomem produkované peptidy z cytosolu do lumenu
ER

» Peptidy jsou z ER jsou transportovany na membrany a vystaveny T-
lymfocytim
» Cystic fibrosis transmembrane conductance regulator protein

(CFRT),neni transportér, ale kanal, mutace zpusobuje cystickou fibrézu
(1/2900), defekt v CI-gradientu




ABC transportéry

bez ATP je odkryta doména pro substrat na jedné strané membrany

vazba ATP zpusobi konformacéni zménu a exponuje substratovou doménu
na opacnou stranu membrany

hydrolyza ATP vede k plvodni konformaci
vétSina ABC transportéru je jednosmérna

u eukaryot vétSina exportuje substraty z cytosolu ven, z cytosolu do ER
nebo z mitochondrialni matrix do cytosolu (u bakterii export i import)

A EUKARYOTIC ABCTRANSPORTER
@

CYTOSOL

®
ATP.
ol / ATP | \

small @
solute k] ATP 2/ADP + P,

molecule
Figure 11-16b Molecular Biology of the Cell 6e (© Garland Science 2015)




Lipidové membrany — predpoklad pro vnitrobunécnou

kompartmentaci

selektivni permeabilita membran
umoznuje fizeny transport molekul

oddéleni riznych metabolickych
procesu

nucleus lysosomes

peroxisome mitochondrion rough
endoplasmic

reticulum

TABLE 15-2 THE RELATIVE VOLUMES AND NUMBERS OF THE MAJOR
MEMBRANE-ENCLOSED ORGANELLES IN A LIVER CELL (HEPATOCYTE)

Intracellular Percentage of Total Approximate Number
Compartment Cell Volume per Cell

Cytosol 54 1
Mitochondria 22 1700
Endoplasmic reticulum 12 1
Nucleus 6 1
Golgi apparatus 3 1
Peroxisomes 1 400
Lysosomes 1 300
Endosomes il 200

Tabe 15:2 Essenial el Bikoy. 4t e (O Garand Scemce 2014]

endosome

mitochondrion

lysosome

Golgi
apparat

cytosol

endoplasmic peroxisome

reticulum with
membrane-bound
polyribosomes

nucleus plasma membrane

1 ]
15 um

BLE 1 THE MAIN FUNCTIONS OF MEMBRANE-ENCLOSED
COMPARTMENTS OF A EUKARYOTIC CELL

Cytosol contains many metabolic pathways (Chapters 3 and 13);
protein synthesis (Chapter 7); the cytoskeleton (Chapter 17)
Nucleus contains main genome (Chapter 5); DNA and RNA synthesis

(Chapters 6 and 7)

Endoplasmic

synthesis of most lipids (Chapter 11); synthesis of proteins
reticulum (ER)

for distribution to many organelles

and to the plasma membrane (this chapter)
Golgi apparatus modification, sorting, and packaging of proteins and lipids
for either secretion or delivery

to another organelle (this chapter)

Lysosomes intracellular degradation (this chapter)

Endosomes sorting of endocytosed material (this chapter)

Mitochondria ATP synthesis by oxidative phosphorylation (Chapter 14)
Chloroplasts

ATP synthesis and carbon fixation by photosynthesis
(in plant cells)

(Chapter 14)

Peroxisomes oxidation of toxic molecules

Table 15-1 i iology, dthed. (© ience 2014)




Vnitrobunéény membranovy transport

plazmaticka i vnitfni bunééné membrany jsou v procesu neustalé zmény
kompozice v souvislosti s nutnosti buriky komunikovat s vnéjSim
prostfedim a dostate¢né rychle reagovat na rlizné podnéty

» komplexni systém membran slouzi pridavani a odebirani membranovych
proteinu (receptorl, iontovych kanall, transportért

» exocytdza zajisStuje transport noveé syntetizovanych latek ven z buriky
nebo na plazmatickou membranu

» endocytdza umoznuje odejmuti membranovych komponent a jejich
internalizaci do endosomu
» recyklace nebo degradace v lysozomu

plasma membrane

QT

(A) exocytosis

—
CYTOSOL

(B) endocytosis

Figure 13-1 Molecular Biology of the Cell 6 (© Garland Science 2015)




Vnitrobuneény membranovy transport

% Transportni vezikuly
» malé, sférické
» vetsi, nepravidelné
» tubularni

% kargo prfechazi mezi bunéénymi kompartmentami prostfednictvim vezikult

» pFenos z membrany a lumenu donora do membrany a lumenu cilové
kompartmenty

CYTOSOL

e it IINMHMIMHMIMIHH\NI“!IIMNllllM\NMIMHWHP!MM A

DONOR
COMPARTMENT

o Fusion

Ty oy

:-‘*:-

BUDDING

TARGET
COMPARTMENT

Figure 13-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Sekrece a endocytéza

» Sekrece: ER —» GA — plasmaticka membrana
» Endocytoza: plasmaticka membrana — ...

| e | Cde- cyTosoL EXTRACELLULAR
lysosome o ~ SPACE

CYTOSOL I ‘oo

| GOLGI | Iate endocytic } plasma
endosome vesicle —O membrane

1 nuclear envelope
SECRETORY
LATE ENDOSOME VESICLES endoplasmic reticulum

/O\f \,/O ///.:3::%&;

recycling
endosome
\.-O
\
&“\-—_. Q
plasma
membrane
i

EARLY ENDOSOME

)
o\‘o 1O

RECYCLING

ENDOSOME
I cisternae
1 secretory
EXTRACELLULAR SPACE Golgi apparatus vesicle

(A) (B)
Figure 13-3 Molecular Biology of the Cell 6e (© Garland Science 2015)



Specializace transportnich vezikulu

» Transportni vezikuly jsou vytvareny ze
zvlastnich ,coated’ Casti bunécnych
membran —,coated vesicles'

» Clathrin-coated: z GA a plazmatickeé
membrany

» COPI & COPIl-coated: z ER a z cisteren GA

late endosome

early
KEY: ( i:}" % endosome =T
D clathrin e i T +~ @ CELLULAR
‘—-\
N~

SPACE

(5102 avuanss puars )29 1) 53 o g enadpen ) ainfty
uuyep

-— CYTOSOL
e % *‘
" plasma
trans Golgi membrane

Golgi cisternae npetwork secretory
[ I vesicle

ER Golgi apparatus

Figure 13-5 Molecular Biology of the Cell 6e (© Garland Science 2015)




Adaptorové proteiny v ,,clathrin-coated” vezikulech

»  zachycuji rizné transmembranové proteiny (receptory) rozpoznavajici solubilni molekuly karga
uvniti vezikulu ~ kargo receptory

» r0zné typy AP pro rizné kargo receptory
» 4 r(zné podjednotky
»  jednofetézcové proteiny

» sestaveni adaptorovych proteinl (napf. AP2) je pfesné fizeno

B N

( r coated vesicle (g\(! ﬂ \
membrane f f ¢

clathrin triskelion

donor cargo adaptor protein
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adaptor naked transport
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Lipidy indukuji konformaéni zménu AP

» AP2 méni konformaci po vazbé na fosforylovany fosfatidylinositol
— PI1(4,5)P, - fosfoinositid

» Vazba s kargo receptory

» Indukce zakfiveni membrany a posileni vazby dalsich AP2

cargo

t
receptors "o
phosphoinositide P

Pi(4,5)P, on 9 -
o=p-0"
\g_ ? a
CH,— CH—CH
® . € b : . Y ow®
endocytosis @ — .
t L L signals U 9. 0-C ®

AP2 open

PI(3,4)P,

AP2 locked
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Fosfoinositidy oznacuji organely a membranové domény

raznych fosfoinositidu

sekrece maji rizné sety Pl a PIP kinaz a fosfataz

(B)

PI(3,4)P,

(A) Q)

Figure 13-10 Molecular Biology of the Cell 6e (© Garland Science 2015)
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inositolové fosfolipidy (10% vSech fosfolipidu) maiji dulezité regulaéni funkce
rychla fosforylace/defosforylace na pozicich 3¢, 4°, 5° inositolové skupiny — vznik

Rozpoznani riznymi proteinovymi doménami v zavislosti na formé PIP
konverze Pl a PIP je kompartmentovana ~ rlizné organely v draze endocytozy a

rizna distribuce a variabilita PIP v organelach a membranovych doménach

phagocytosis
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Tvarovani membrany a odstipnuti vezikulu

» Sestaveni ,clathrin-coat® komplexu neni dostacené k ohnuti membrany a
odstipnuti vezikulu

» Nutna udast proteint s tzv. BAR doménou
» urcuji tvar membrany a jeji zakfiveni
» napomahaji vzniku vybézkul a tvaruji kréek puciciho vezikulu
» interaguji s lipidovou membranou pomoci elektrostatické vazby
% lokalni uspofadani aktinovych filament a u¢ast cytosolovych proteinu
(dynamin) je zodpovédné za konecné odstipnuti vezikulu

» dynamin obsahuje PI(4,5)P2 vazebnou doménu, ktera ho vaze k membrané a
GTPasové doméné — ur€eni stupné oddélovani vezikull

» ztrata ,clathrin-coatu“ po oddéleni vezikulu

BAR domain dimer

membrane

Figure 13-12 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Navedeni transportnich vezikull k cilovym membranam

» Jak najit cilovou membranu?

» 1) Rab proteiny a Rab efektory navedou vezikul na specifické
misto cilové membrany
» 60 proteint, monomeric GTPases

» Kazdy asociuje s jednou Ci vice organelami, selektivni distribuce

» 2) SNARE proteiny a SNARE regulatory zprostredkuji fuzi s
cilovou lipidovou dvouvrstvou

. cargo receptor

cargo
\
: ! ! . v-SNARE
'~ Subcellular Locations of Some Rab Proteins
Protein Organelle Rab-GTP ‘iTHERING
Rab1 ER and Golgi complex

Rab2 cis Golgi network O’—

Rab3A Synaptic vesicles, secretory vesicles Rab-GDP

Rab4/Rab11 Recycling endosomes Rab effector DOCKING \.)(GDI

Rab5 Early end pl ar b , clathrin-coated vesicles (tethering protein) \

Rabé Medial and trans Golgi t-SNARE Egi v
Rab7 Late endosomes CYTOSOL ‘ J ==

Rabs Cilia I | |

Rab9 Late endosomes, trans Golgi

L] I
trans-SNARE
target membrane complex

1 Molecular Bi
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Fuzni proteiny SNARE

v-SNARE

Katalyzuji fuzi membran
vSNARES — na membrané vezikulu
» jednoretézcovy peptid

leaflets

tSNAREs — na cilové membrané ,.,0.1 eytosolic

» komplex tfi protein(
trans-SNARE komplex

» zamkne obé membrany k sobé
» parovani v- a t-SNARE proteinl je vysoce specifické FORM STALK ]{;‘;’,‘,‘,ﬁ”“‘
» katalyzuje membranovou fuzi

NSF protein indukuje disociaci SNARE parl po fuzi
membran

HEMIFUSION l

trans-SNARE NSF
complex  accessory '\ 'z

proteins ==
St
-— ATP
\. ADP FUSION ]
— \ LooN, U e/ lll +®
= N I v-SNARE—] | t-SNARE
docking fusion . SNARE dissociation
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Transport z plasmatické membrany - endocytéza

vstfebavané slozky/kargo jsou obklopena malou ¢asti plasmatické
membrany a invadovany za vzniku endocytického vezikulu

» kargo zahrnuje receptor-ligand komplexy, nutricni latky, bakterie, slozky ECM,
rozpadlé bunky

» veétsSina bunék formuje trvale tyto vesikuly — pinocytoza
» specializované buriky pohlcuji vétsi Castice - fagocytoza

» vétsina endocytickych vezikull fuzuje s Casnymi endozémy

% navrat na membranu pres recyklujici endozom nebo degradace
prostfednictvim pozdniho endozému,

| ENDOPLASMIC RETICULUM ‘

@ plasma membrane
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Endocytéza zprostredkovana receptory

» vazba ligandu/makromolekuly na specificky
membranovy receptor

» akumulace v clathrin-coated prohlubni a internalizace
ve vzniklém vezikulu

» Import cholesterolu

22 nm LDL-@, LDL Fecentors plasma membrane EXTRACELLULAR SPACE

\
| | 'Q% v ¥ / v
' CYTOSOL ‘l’\,~‘f\
cholesterol

ENDOCYTOSIS
\ / RETURN OF LDL
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Recyklace/transcytéza/degradace

» Endocytované receptory a jejich komplexy s ligandy
mohou mit rdzny osud — v zavislosti na typu receptoru

» recyklace do stejné oblasti membrany
» recyklace do jiného mista membrany - trancytéza
» degradace

EXTRACELLULAR FLUID \x/
transcyto /’@ recycli
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antibody %

bound to o early recycling
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Souhrn

bunétné membrany vytvareji bariéry umoznujici lokalizaci ur€itych molekul do konkrétnich
kompartment, skladaji se z lipidové dvouvrstvy a vnofenych proteint

membranoveé lipidy jsou amfipatické, maji hydrofobni a hydrofilni oblast, tato vlastnost ve vodném
prostfedi zpUsobuje spontanni usporadani do dvouvrstvy

hlavni tfidy membranovych lipida: fosfolipidy, steroly, glykolipidy

lipidova dvouvrsva se chova jako tekutina, jednotlivé lipidové molekuly jsou schopny difundovat v
ramci jedné dvouvrstvy, ale ne se spontanné pretacet mezi vrstvami

jednotlivé monovrstvy lipidd v buné&né membrané maji rizné slozeni a riizné funkce
membranové proteiny jsou zodpovédné za vétSinu funkci bunéénych membran — transport
transportéry, které funguji jako pumpy vyuzivaji koncentracni gradient a hydrolyzu ATP

membranové proteiny prochazi membranou a nebo jsou s ni asociovany (kovalentné i
nekovalentné) z jedné nebo druhé strany

vétSina bunécnych membran je podeprena siti tvofenou komplexem vilaknitych proteinu
fada proteint a lipidu vystavena na vnéjsi strané membrany je modifikovana pfipojenim
polysacharidového fetézce — ochrana, mezibunécné interakce
eukaryoticka bunka obsahuje organely uzaviené membranami

transport mezi jednotlivymi kompartmenty vyZaduje precizné fizenou tvorbu membranovych
vezikulu — coat proteiny, kargo receptory

navedeni vezikull a jejich fuze s cilovou membranou je fizena proteiny Rab a SNARE

endocytéza je dulezity mechanismu pro recyklaci a degradaci latek z bunéénych membran a
vnéjSiho prostredi



