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Membrany:
» struktura a historie
* slozeni a stavy

 vlastnosti a funkce



Historie membranové struktury
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Soucasny model membrany
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Slozeni
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1) Lipoprotein: lipid + protein, ktery je vétSinou rozpustny v H,O
2) Proteolipid: protein + lipid, ---------"-- v organice (e.g. 2:1 = CHCI; : CH;0H)
3) Glycolipid: lipid + carbohydrate. Cukry glycolipidd jsou na vnéj§im povrchu a velmi

pravdépodobné se ucastni mezibunécnych komunikaci

4) Glycoprotein: carbohydrate + protein. Podobné jako glycolipidy, cukerné zbytky
glycoproteinl jsou pfipojeny na ne-cytoplasmické strané membrany.
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Membrany:

e slozeni



Lipidy
A o
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(a) Fatty acids: octadecanoic acid

(c) Glycerophospholipids: 1-(9Z-hexadecenoyl)-2-
(6Z,92,12Z,15Z-octadecatetraenoyl)-sn-glycero-3-
phosphocholine

OH

HO

(e) Saccharolipids: 2-O-hexadecanoyl-3-O-
(2S,4S-dimethyl-docosanoyl)-a,a-trehalose

(g) Sterol lipids: cholest-5-en-33-ol

(b) Glycerolipids: 1-hexadecanoyl-2-
(9Z,12Z,15Z-octadecatrienoyl)-sn-glycerol

(d) Sphingolipids: N-(hexadecanoyl)-
sphing-4-enine

(f) Polyketides: 4-Dedimethylamino-4-oxo-
anhydrotetracycline

OH

(h) Prenol lipids: 2E,6E-farnesol
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HlaviCky
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Inositol (Pl — fosfatidylinositol, IP; — inositol trifosfat,

PIP, — fosfatidylinositol-4,5-bifosfat)



Ocasky

 Carbon atoms Chemical formula Systematic name Common name
Saturated fatty acids
12 12:0 CH;(CH;),,COOH n-dodecanoic Lauric
14 14:0 CH;(CH,),;COOH n-tetradecanoic Myristic
16 16:0 CH(CH,),sCOCH n-hexadecanoic Palmitic
18 18:0 CH3(CH,),cCO0H n-octadecanoic Stearic
20 20:0 CH;(CH;),:COCH n-eicosanoic Arachidic
Unsaturated fatty acids
16 16:1; -7, A° CH,(CH,;)sCH=CH(CH,),COOH Palmitoleic
18 18:1; 9, A® CH3(CH,);CH=CH(CH,),COOH Oleic
18 18:2; -6, A*" CH3{CH;):CH=CHCH,CH=CH(CH,),COOH Linoleic
18 18:3;®-3,A**"  (H;CH;CH=CHCH,CH=CHCH,CH=CH(CH,);COOH Linolenic
20 20:4; -6, A**""*  CH;{CH,)sCH=CHCH,CH=CHCH;CH=CHCH,CH=CH(CH,),COOH Arachidonic
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Zkratky

POPC

DOPC

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine

1,2-dioleoyl-sn-glycero-3-phosphocholine
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Bunka
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Cholesterol
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Cholesterol effect on membrane
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Membrany:

 stavy
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Molekularni pohled
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Stavy lipidové dvouvrstvy
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Stavy membrany
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1970s — postulovany membranové mikrodomény napf cholesterolu a sphingolipidd

Stier & Sackmann a Klausner & Karnovsky

1980 and 1990s — termin raft = pro usporadané mikrodomény cholesterolu,
glycolipidd, sfingolipidu a proteinu - Kai Simons a Gerrit van Meer

2006 — rafts = 10-200 nm heterogenity, vysoce dynamické domény bohaté na,
steroly a sfingolipidy

2016 — heterogeni fluidni domény < 50 nm (spektroskopie superrozliSeni) 20



Tvar lipidu
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Tvary lipidovych agregatu
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Vacky jsou vyhodne

ENERGETICALLY UNFAVORABLE

Bicelle a1 800 ns Distorted bicelle at 1000 ns
planar phospholipid bilayer *
with edges exposed 1o water '

Bowi-shaped bicelie at 1090 ns Closed vesicle at 1110 ns

sealed compartment
formed by phospholipid
bilayer

ENERGETICALLY FAVORABLE 23



Bunka

Smooth
Rough endoplasmic Nucleus
endoplasmic reticulum /

reticulum

Not in most <
plant cells
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filament

Microfilament
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Oxidace lipidu
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Méni vlastnosti membrany — menSi stabilita, vétsSi permeabilita a fluidita
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Proteiny

lipid
bilayer
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Slozeni

 lipidy
* cukry
« proteiny

1) Lipoprotein:
2) Proteolipid:
3) Glycolipid:

4) Glycoprotein:

Extracellular Fluid Carbohydrate
Hydrophilic heads

Protein channel
(transport protein)

Globular protein

Glycoprotein

()

iy

0); DODOIING H‘Wm b /oo
mmg 200

Phosphohp-d
molecule

Cholesterol Integral protein

{Globular protein) Surface protein

Glycolipid

Filaments of / Alpha-Helix protein

Hydrophobic tails
cytoskeleton (Integral protein)

Peripherial protein

Cytoplasm

lipid + protein, ktery je vétSinou rozpustny v H,O

protein + lipid, ---------"-- v organice (e.g. 2:1 = CHCI; : CH;0H)

lipid + carbohydrate. Cukry glycolipidd jsou na vnéj§im povrchu a velmi
pravdépodobné se ucastni mezibunécnych komunikaci

carbohydrate + protein. Podobné jako glycolipidy, cukerné zbytky
glycoproteinl jsou pfipojeny na ne-cytoplasmické strané membrany.
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Struktura membran

25 nm
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Dalsi material - videa

http://www.youtube.com/watch?v=moPJkCbKiBs&feature=related

http://www.youtube.com/watch?v=LKN5sq5dt\W4&feature=related

Khan academy

https://www.khanacademy.org/test-prep/mcat/cells/cell-membrane-overview/v/cell-membrane-
introduction

https://www.khanacademy.org/test-prep/mcat/cells/transport-across-a-cell-membrane/v/how-do-
things-move-across-a-cell-membrane
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http://www.youtube.com/watch?v=moPJkCbKjBs&feature=related
http://www.youtube.com/watch?v=LKN5sq5dtW4&feature=related

Funkce membrany

zivotné dulezité rozhrani - chrani/oddéluje

* reguluje transport a udrzuje salé chemicke

slozeni uvnitr bunek a organel
« zajistuje komunikaci

e prostredi pro reakce

33



Transport

« Pasivni transport (difuze, osmoza, kanaly,

prenasece)
 Aktivni transport (pumpy)

 Endocytoza
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Pasivni difuse

Small uncharged molecules
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Difuze

: Ry - . e®s e o°
volné proudeéni latek podle koncentra¢niho spadu. °%.0 o & °
DR A @
Na zakladé neusporadaného ':0:: — L S
tepelného pohybu é&astic o0 °. °*°
(8] @ 0.
e © o °

Prvni Fickllv zakon: rychlost difuze (difuzni tok) je dana latkovym mnoZstvim
latky, ktera projde za Casovou jednotku urcCitou plochou.

. T
J =51

velikost difuzniho toku j je umérna zaporné vzatému gradientu koncentrace:

. Ac
j=-D.-—
Ax
Difuzni koeficient D je konstantou charakterizujici, jak snadno dana latka
difunduje danym prostfedim.
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https://cs.wikipedia.org/wiki/Difuze
https://cs.wikipedia.org/wiki/L%C3%A1tkov%C3%A9_mno%C5%BEstv%C3%AD
https://www.wikiskripta.eu/index.php?title=Gradient_koncentrace&action=edit&redlink=1

Osmoza

Polopropustnad
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Osmoticky tlak:

Q

Rozpusténd ldtka

Rozpoustédlo

‘—— Smér difuze rozpoustédla (vlastni osméza)
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Sila, kterou je tfeba aplikovat na roztok k zastaveni pFitoku rozpoustédla

Osmoticky tlak roztoku je umérny koncentraci rozusténé latky

Tlak idealniho plynu:

pV = nRT
p =icRT
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Hypertonic Isotonic Hypotonic

P | u,oa 3

hemolyza
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Prenasecove proteiny

2 mechanismy prostupu pres proteiny

1. pomoci konformacnich zmén proteinu — pro malé rozpustné molekuly

2. kanalové proteiny s porem, pfenos bez zmény konformace - pro
specifické anorganické ionty

rychlejsi, ale mize nabyvat uzavienych nebo otevienych konformaci

o] e © Extracellular space = ®
o © @ Q ® O ° o ©°
Protein o ® O @
channel e o ° o o, o ® o
olelo/o’e 1 G D OORAE
ey
o/olelele] OO0 secee) 2
O O Carrier
o Q @ S proteins ©
0 o] o o o)

Intracellular space
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lontoveé kanaly

vymeéna iontd mezi vnitfnim a vnéjsSim prostfedim buriky
nepotrebuji dodani energie (ATP)
vysoce selektivni = nelze povazovat za volnou difuzi

otevirani/uzavirani
mechanicky €i chemicky)

kanali (vratkovani/gating)

nékolika mechanism (napétim,

kanaly se liSi od pfenaseCl maji pevha vazebna mista pro ionty a v membrané

vytvareji pory propustné pro vodu.

lipid
bilayer

CLOSED

\

OPEN

selectivity filter in
aqueous pore
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Gating

ligand-gated
{extracellular
ligand)

ligand-gated
{intracellular
ligand)

mechanically
gated

+++

CLOSED

OPEN

CYTOSOL
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Aktivni transport

- membranoveé proteiny prenasejici pomoci dodané energie
- diky energii Ize transportovat proti sméru koncentracniho gradientu

- lontové kanaly a pfenaSeCové proteiny

Primarni aktivni transport
- pfenasi se pouze jedna Castice

- zdroj energie je ATP, dekarboxylace, pfenos metylu, svétlo, atd.

Sekundarni aktivni transport (kotransport)

- s pfenasenou latkou se prenasi jeste jina latka ve sméru koncentracniho
gradientu tento soucCasny transport dodava energii

podle vzajemného smeéru prenasenych castic:
symport — ¢astice jsou pfenaseny stejnym smérem,

antiport — Castice jsou prenaseny opacnym smérem.
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Uniport Symport Antiport
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Sodno-draselna pumpa

Objevena cca v 1957 Jensem Christianem Skou, ktery za ni v r.

1997 dostal 72 NC za chemii za “objev iontového prenasece
Na*/K* ATPazy”

Poskytuje 1/3 energetického vydaje (nékterych) bunék a az 2/3
energetického vydaje neuronu

Kontroluje mj. objem buriky (zabranuje prasknuti buriky vlivem
osmozy)

Udrzuje klidovy (resting) potencial bunky
3Na* - (out); 2K* €(in); z toho tedy=>1* -

Export Na* poskytuje hnaci silu pro dalSi sekundarni aktivni
membranové prenasece (napf. import glukézy, amino kys. a
dalSich zivin)

47



Extracellular fluid

Na*/K* pumpa

Cytoplasm

Cytoplasm

© The McGraw-Hill Companies, Inc.




Extracellular fluid

Na*/K* pumpa

Cytoplasm

Cytoplasm
© The McGraw-Hill Companies, Inc.




Extracellular fluid

Na*/K* pumpa

Cytoplasm

© The McGraw-Hill Companies, Inc. Cytoplasm




Extracellular fluid

Na*/K* pumpa

Cytoplasm

© The McGraw-Hill Companies, Inc. Cytoplasm




Extracellular fluid

Na*/K* pumpa

Cytoplasm

© The McGraw-Hill Companies, Inc. Cycoplasm




Extracellular fluid

Na*/K* pumpa

Extracellular fluid

Cytoplasm

© The McGraw-Hill Companies, Inc. Cytoplasm




a Cﬁflﬁ;. L M2 | c M3 B M4 | N v VIS s+ M6 (s M7-M10

b G M7-M10  y-subunit  B-subunit Na*K*-ATPase

M1-M6{ SR

Y] \P domain
A domain C terminus
; 6-M7
N domain interaction
site
< »_ —P1 subunit d
S0 (M7, M8, M10)
K*/Na y-subunit Plasma
- (M9, not visible) lon exit site -~ | membrane
A M7-M10

Na*/k:==%7 F. ¥ e C-terminal  lon entry site 3 Cytosol
ion pathway
Structural — H*
K* site )
’$> X Phosphorylation 9). ' ¢y P domain
e)’ site 3~ ATP
' P domain sy <
extrusion A domaln : N domain
loop
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5= A ~| Net Charge -

iontd v organismu

intracelularné extracelularné
(mmol/l) (mmol/l)

10-14 140

K* 140-160 4,4

ClI- 3,4 108

Anionty proteind A~ | 155 F 4

Ca2+ 0 2,4

HCO3~ 7-10 24
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H*; Ca?* - pumpy

Na*-driven
Ca2* exchanger

p-

\ =

[Ca2+] ~ 10~3 M

CaZ*+-pump

Na*

[Ca2+]~ 10~ M

plasma
membrane
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Transportovand Cdstice

Mechanismus transportu

Lokalisace v savfim organismu

Glukosa

pasivni

vétSina tkdani

aktivn{ symport s Na*

tenké stievo, ledvinové tubuly

Fruktosa

pasivn{

stfevo, jdtra

Aminokyseliny

aktivn{ symport s Na*
(specificky pro skupiny AK)

stievo, ledviny, jdtra

aktivni skupinovéd transpolace

Jitra

pasivni (nékteré AK)

tenké stfevo

Malét, glutamdt, aspartdt,

2-oxoglutardt, citrdt, pyruvat...

pasivn{ antiport

vnitin{ membrdna mitochondrie

ATP-ADP antiport (aktivni nebo pasivnf) | vnitin{ membrana mitochondrie
H* aktivnf (respiracni fetézec) vnitini membrdna mitochondrie
Na* pasivni distdlni tubuly, neuron
Na*-H* aktivnf antiport proximdln{ tubuly ledvin,
tenké stievo
Na*-K* primdrni aktivn{ antiport plasmovd membrana vSech bunék
Ca’* primarni aktivni plasmovd membrdna,
endoplasmatickd a sarko-
plasmatickd membridna
Ca**—Na* aktivnf antiport vétSina tkdni
H*-K* aktivni antiport buitky Zalude¢niho epithelu
CI', HCO;, pasivni antiport vétSina bunék, zejména erythrocyty

Y



Endocytoza

Endocytosis

Phagocytosis Macropinocytosis  Clathrin  Caveolin Clathrin and
dependent dependent caveolin
independent

receptor

ligand \
. ®

coated pit

RN

N T A O S A A

=
=
e
B
&
=
T

membrana
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Exocytoza

Extracellular ®)
fluid

#'!‘!-.‘@Q"i:i!&UQ'Q‘V!L!-G“!i‘@"!ﬁf-ﬁé"ﬁ'g;"’ms‘wi}@-ﬁ-‘!@!l'lﬂ‘?"
'5" |‘1r .‘ [ § |‘r o o &Rl R

FIAAIIIFIAAIOIINOOS

Molecules to
be secreted

lasm
Secretory vesicle Cron

(a)

Copyright @ 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc
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Efektivita transportu ovlivhéna:

a) Koncentracnim spadem/gradientem

b) Elektrostatickym potencialem

c) Chemicky — ATP, kotransport, ligandy,..

d) Mechanickymi podnéty
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Membranovy potencial

Aktualni hodnota zavisi na:
» aktualni selektivni propustnosti membrany pro rizné ionty

* intra- a extracelularni koncentraci iontu, pro které je membrana propustna
(tzn. transmembranovém koncentracnim gradientu)

« nedifuzibilnich aniontech uvnitf bunky (proteiny)

» efektu iontovych pump

Nernstova rovnice

RT [}(O] E — membranovy potencial,

E= ~ F In X.]’ R — molarni plynova konstanta (8,314 J - K-' - mol™),
oF O [X]]

T — teplota v kelvinech (teplota ve ° C +273,15),
z — naboj jednoho iontu,
F — Faradayova konstanta (9,6485 C - mol™"),

[X.], [X;] — koncentrace daného iontu extracelularné a
intracelularné.

V prvnim pfiblizeni se pogitaji jen draselnéionty E = 61 In ([4])/[150]) 63


https://www.wikiskripta.eu/w/Koncentrace

Membranovy potencial

Xe (mmol/l) X; (mmol/l) Ex (mV)

Nat | 145 15 +60
Kt |4 150 -96
Ca?t | 2,5 104 +134
Cc- | 100 5 -79

Walther Hermann Nernst v roce 1920 obdrzel NC za objevy v oblasti fyzikalni chemie.

Goldmannova rovnice

Goldmanova-Hodgkinova-Katzova rovnice

_RT

E— In Phxa+ [A’T(Z-:] + P+ [I(:] + Pg- [C’ll—]

F PNa+ [JTVG-.?_] —— PK+ []\'j_] —— P@[— [Cvl;] ’

Py — relativni propustnost pro dany iont.

Elektrostaticky potencial E — U — le — §b2 64



Membranovy potencial

Potencial vznikly difuzi na polopropustné membrané

Gibbs—Donnan effect = Donnan's effect, Donnan law = Donnan equilibrium =
Gibbs—Donnan equilibrium

Compenment 1
0.5 M NaCl

Ccﬁpur;!'lzrrl 2
vl MG

c (o
‘@ '.. ..vl

| . or CF - CI %0
. Cl ..Ccncznvmo“
. gradiert

. . cf

elektricky neutralni,

ale je

pritomen koncentraCni gradient

- =
. ' . .. or

+

C .. . Cl cr Ar
cr b
. ’ . or . N!

_——*
. . koncentraéni .

-

o m"

. . o Jradlent & .:C'
e ® @ =

e ()

@ .
Cl.v -vFr;
®

e
:;I-

0

il

n ull)ytek
+ naboje

= vznikne napéti

Donnanovo napéti
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Gibbs-Donnanova rovnovaha

Je rovnovaha vznikla vyrovnanim elektrostatickych a osmotickych sil

[ 1 I I
Cy XC, =Cp XC,

[ ! RT . ¢ RT
DonnanGv pomér: o= z C;I E=— In& =—""lInr
¢

o
zF g F
Corrpartment 1 Cerrpanmer: 2
C.1 MKC 0" MNaCl
f— \' e — .- ‘\.
® ¢ ® O - ©® ® @icl"m@ @
Cl Cl o] o ° or c _—<‘—.- - 2
® - © | e @ ® a o g‘ ®.0
ol C Cr o cr 0 @ c or
Cl -~ x | Ci . @ .
@ | Cl Cl c
e ® : o @ e .00 -0 5
Cl C or
: Cl . C :
ik o % | 1 o J " “ @ 1 9[ . C £

elektricky neutralni, ale je
pfitomen koncentracni gradient

= difuze iontu z [1] do [2] neni osmoticka rovnovaha,
osmoticky tlak je vyvazen elstat. gg

= vznikne Donnanovo napéti



Volna energie transportu

Termodynamika

AG, ., = RTInZ: 4 2FE
Co

v rovhovaze je dG =0

Nernst

THE MEMBRANE POTENTIAL AT WHICH THE
MOVEMENT INTO THE CELL EQUALS THE
MOVEMENT OUT OF THE CELL
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AKcCni potencial

Akéni potencial (vzruch) vznika zménou
klidové rovnovahy (polarizace) na
membrané, zménu zpusobuje Sifici se
napeéti, které méni aktivitu napétove
fizenych iontovych kanalu.

otevieni Na* napétové fizenych
iontovych kanald.

Na* dle koncentracniho
| elektrického gradientu

Hrotovy potencial

opozdéné otevieni K* kanalu

(K* po sméru koncentracniho
gradientu )

+ Na*/K* ATP pumpy

Transpolarizace

S
E x
>8 X
© ) P
8 gl K
o r~y | & o v ’ . ’ 7.0
£ 32 \& / zavieni Na* iontovych kanalu.
QN O3 |
Q Prahovy potencial §§§ i e
2 —-55 b o zavieni K* kanalu
> Klidpvy membranovy potencial
~-70 e
Stimul Hyperpolarizace
0 1 2 3 4 5 Cas[ms]

"UcCebnicovy" akcni potencial
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https://www.wikiskripta.eu/w/Klidov%C3%BD_membr%C3%A1nov%C3%BD_potenci%C3%A1l
https://www.wikiskripta.eu/w/Iontov%C3%A9_kan%C3%A1ly
https://www.wikiskripta.eu/w/Sodno-draseln%C3%A1_pumpa

Realny prubeh potencialu

Napéti na membrané (mV)

o
T

504

o
1

Depolarizace
aoezuejoday

Prahovy potencial

£

Podkmit
repolarizacni kfivky

Klidovy membranoyy potencig|

1
50 100

"Realny" akéni potencial Gas (s

- Elektrické signaly zprpostfedkovavaji rychly pfenos informaci v organismu.

- Sifi se bufikami nervového systému i svalovymi bufikami
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Nervovy signal

Axon Axon terminal&%:‘

D—

irection of travel of action potential

a. In response to a signal, the
soma end of the axon becomes
depolarized.

b. The depolarization spreads down
the axon. Meanwhile, the first part of
the membrane repolarizes. Because
Na* channels are inactivated and
additional K* channels have opened,
the membrane cannot depolarize again.

c. The action potential continues to
travel down the axon.
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