Biologické membrany

- strukturni zavislosti podle fce

membranoveé vazané enzymy transport latek

{a) Uirect active (b) Indirect aclive
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Chemickeé slozeni:

Provazané komplexy mezi lipidy a proteiny
I pomér (pf: myelinova pochva neuronud 4:1; membrana bakterii 1:3)
Il funkce proteint v membrané (srov. s euk.)

Sacharidy — kovalentné vazané (soucasnym sdilenim elektront dvéma atomy) na
proteiny nebo lipidy; asymetricky predevsim z vnegjSi strany membrany

Lipidy - amfifilni charakter

Monomer v roztoku muze existovat jen do jeho urcité koncentrace ,kritické
micelarni koncentrace” (u fosfolipidu je extrémné nizka) a nad ni se jiz tvofi
agregaty (interakcemi nepolarnich Casti)

Proteiny - vazany elektrostatickymi silami, pohyb lateralni difuzi a flip-flopy
1) na povrchu membrany = periferni proteiny
2) CasteCné uvnitf mebrany = zanorené proteiny
3) uvnitr vazané = integralni proteiny
lonty — celkovy povrchovy naboj je negativni_ --- tedy vaze jaké ionty???
Voda




Mechanismy membranového transportu:

1) rozdil chemickeho potencialu
- spontanni prenos kdy?
- spotreba ATP kdy?

2) zmeny naboje na obou stranach membrany
- jak vznika membranovy potencial AY?




Deéni na

membrénéch Prosta difuze

Malé nenabité ionty se pohybuji po
spadu koncentracniho gradientu
usnadnéenou difazi

Vétsina roztok(i mlize prochazet membranou
pouze membranovym transportem
zprostredkovanym proteiny. Pasivni

transport po smeéru koncentracniho gradientu.

Aktivni transport je umoznén prenaseci
a to proti koncentracnimu gradientu,
je vyzadovana energie
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1) Nespecificka permeace
- neni potreba proteinovych nosicu
- zavisi primoumerne na koncentracnim
spadu
 prunik lipidickou casti
» prochazi tak LIPOFILNI latky, které se
v membrane rozpusti

* malinko a s malou rychlosti propustna i pro
nabite latky (nepravidelnosti ve strukture oteviraji
kanalky)




2) Priicchod IONOFORY

e nezavisi nebo zavisi na koncentraci
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Kanaly

vazi na sebe iont a transportuji jej pres
membranu

nezavisi na koncentraci
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A) KANALY prosté

 stale otevrene valcoveé struktury
s centralnim vodnim kanalem

* neregulovany, selektivita az na CM
* pr: poriny B vnejsi membrany

- maltoporin umoZznujici difuzi maltodextrinu

Maltoporin

v komplexu

s maltodextrinem
(6 Glu jednotek).

Dimer
Gramicidinu A
tvori kanalek
pro

transport
lontu K*




B) KANALY hradlové

(A) voltage- (B) ligand-gated (C) ligand-gated (D) stress-
gated (extracellular (intracellular activated
ligand) ligand)
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\
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B) KANALY hradlové

otevrenost je regulovana
cast polypeptidického retezce = uzaviratele hradlo
maji specifitu — pomoci vazebnych mist rozpoznavaji ionty
hradlo regulovano:
- napetim = zmenou membranoveho potencialu
- chemicky reakci na extracelularni chemicke stimuly
- mechanicky mistni deformaci lipidove vrstvy
specifické iontové kanaly slouzi pro rychly pruchod iontu jako
Na*, K* a Cl- dulezity pro osmotickou rovnovahu a prenos
signalu
Pr. K* pasivne difunduji z cytoplasmy do extracelularniho
prostoru pres transmembranove proteiny

- tetramery rizené el. polem (Difuze K+10 000x rychlej§i nez Na+)




ve spodni casti K+ obklopen molekulami vody
terminalni konce helixt stabilizuji K+ iont elektrostaticky jako dipdl
systém péru: vaze jen DEHYDRATOVANE ionty K+
(vyzaduje < energie nez vazba malych Na+)
Struktura proteinu: rigidni rozmér poru
Pr. Kanal Streptomyces lividans - KcsA.Turret — otoCna véziCka




Proteinove nosicCe, prenasece

« pruchod zavisi na koncentraci
« konformacni zména prfenasecCe mala

- zavira jednu stranu prenasecoveho kanalku a druha se otevira
- nasleduje navrat do puvodni konformace
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Usnadnena difuze prenaseci, po gradientu

2) OUTSIDE OF CELL
Transport protein

@ shifts to allermnative @

Glucose binds contarmation Glucose 1s

o binding site released to the

i i

open 10 outside y insice and
]ﬁ"& .I?',u" 4~ protein returns
s - ;‘_:Jr.'jr" ~ toits original

conlarmation

Y

.r*"'. II_’-
e

INSIDE OF CEL Glucose (PeZ

oS rangporier




Proteinove nosice, prenasece

* a) pasivni = zprostredkovana difuze — netreba energie,
nevede k zakoncentrovani prenasene latky maximalné se
muze koncentrace vyrovnat

* b) aktivni — vede ke kumulaci latky, transport proti
koncentraCnimu spadu za spotreby ATP

. I) primarni — zdroj energie nesouvisi s dalSim prubéhem prenosu
(fotony, redoxni reakce, hydrolyza ATP, dekarboxylace)

ATPazy — prenasi ionty; fosforylovany enzym = meziprodukt pfi hydrolyze

- . I o © Fosforylace
ﬁ: W a:l:lr tl'f %H_CHZ_LOPO; probiha na zbytl,(u
enzym - C - OH «& > enzym - C- O - P -0 ||H kys. asparagove
o~ As
Ok partyl phosphate - <
H2O P " residve ® Inhibovano

vanadic¢itanem
— zapojuje se namisto P




Aktivni transport
tri cesty

LIGHT

kotransport s jinou
molekulou

electrochemical

graﬁient hydrolyza ATP

..o ®  hjavné u bakterii —
®  \yuziti E svétia




Priklady primarnich aktivnich nosicu

« ABC transportéry — motivy vazici ATP a stépici jej pfi pfijmu latky; u
bakterii stovky typu pro transport Zivin, vitaminu (E. coli tak pfijima
vit. B4, z prostfedi), export toxinu

 F,F,ATPaza — podjednotka F, dava enzymu citlivost, kruh z 12ti C

kanalem pro H*, F, katalyticka fce stfidajicich se podjednotek a a 3;
syntéza nebo hydrolyza ATP

- hydrolyzuje ATP i po izolaci z membrany

- u E. coli je z osmi podjednotek (3x a, 3x B, y, 0), kddovano
operonem unc

- Mitchellova chemiosmoticka
teorie i




4 typy ATPaz

Exterior

ABC

Bakterie

Clovék

Dvé
transmembranové
Domény (T) °“°5°'
DVé domény \ ATP-binding

cytosolu region ATP-binding
region

Vazajici ATP

P-class pump F- and V-class pump ABC superfamily




Cpa® o5
@ @ @ @ synthase

complex

NADH+(ET—= NAD ™ +2 (5D ATP

electron transport system

* elektrony prochazi retezcem °-i-

v kyselem

* protony jsou pumpovany membranou prostredi - H.0

* vysledkem je pH a elektricky gradient

* protony se navraci dovnitfr F,_pory ATP syntetazy
syntetizujici ATP__diky gradientu protonu a zméné
konformace enzymu

« odpuzovani naboju, pootocCeni, elektrostaticky pohon




Proteinove nosice, prenasece

* b) aktivni
Il) sekundarni
— proces spojen se zmenou koncentrace na membrané
- volna energie generovana jinym procesem
- ATPasa pumpuijici protony
- vyuzita pro transport neutralnich molekul proti
koncentraCnimu spadu
uniport — jednosmeérny pohyb pohaneny elektrickou slozkou gradientu
symport — energii doda soucasne prenasena latka
antiport

Na+K ATPaza — symport Na* a Glu, zaroven antiport Na* a K*
3 Na+ (in) + 2 K+ (out) + ATP + H20 . 3 Na+ (out) + 2 K+ (in ) + ADP + Pi




Cukry, AMK, organické molekuly

« Transport proti koncentracnimu gradientu rizen elektrochemickym
gradientem:

ZivocCisné bunky ----sodné ionty (Na+/K+ ATPaza)
rostliny, houby, bakterie ----Protony(H+ ATPaza)
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Priklad: laktosa permeasa

Model povrchu laktosa permeasy —
modra barva pozitivnhi naboj, cervena
barva negativni, bila neutraini.
Uprostred laktosovy analog.

Schéma kotransportu H+ galaktosy
laktosovou permeasou E. coli.

Oxidative
metabolism

Outside %% Inside
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Figure 10-26b Fundamentals of Biochemistry, 2/e
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Laktosa permeasa

« Gram negativni bakterie
- nékolik systému aktivniho transportu cukru
« Systém laktosa permeasy = galaktosid permeasa
- vyuziva protonovy gradient pres
bakterialni bunéCnou membranu
ke kotransportu H+ a laktosy
(tvoren oxidativnim metabolismen
(jako v mitoch.)
- monomer - 417 aminokyselin,

12 transmembranovych helixu Binding E-2.H' E1.-H'  Release
- stejné jako Na/K ATPasa ma Lactose | l s Laisese
%

dva konformacni stavy.

E-2-H"-Lactoie = E-1:-H"'-Lactose
- stavy E-1 a E-2 se
vzajemné prevadi jen pokud
vazebna mista obsazena H+ a |akioSOuU.  me e sesmmsin s sty 20

P e mae iy b e

To brani prichodu H+ a ztraté gradientu bez
vstupu laktozy




3) skupinova translokace

* méne casta
* pri transportu substrat chemicky modifikovan

» pr: fosfotransferazovy system u bakterii —
fosforylace substratu; akumulace PEP




4) transport s lokalni prestavbou membrany

pres membranu transportovany i velke molekuly
prestavbou membrany vznika vacek

malo Caste, neprostudovane

pr:. transport NK




Deni na membranach

Table 8-2 Properties of Passive and Active Transport

Diffusion (Passive Transport)
Properties Simple Diffusion Facilitated Diffusion Active Transport

Solutes transpaorted Examples

small nonpalar UOxygen Yes No Nao

Larga nenpolar Fatty acids Yes No No

Small polar Water Yes No No

Large polar Glucnse i Yes Yes

lons N*, K*, Ca™ No Yes Yes
Thermodyramic properties

Direction relative to electrochemical gradient Down Down Lp

Effect on entropy Increased Increased Decreased

Metabolic energy required Mo No Yes

Intrinsic directionality No No Yos
Kinelue properties

Carner-mediated O Yes Yes (pump)

Michaehs-Menten kinetics D YBS Yes

Compatitive inhubition NO Yes Yes




Two classes of membrane transport proteins

* (1)Carrier proteins are responsible for both the passive
and the active transport.

(2)Channel proteins are only responsible for passive
transport.

« Carrier proteins bind one or more solute molecules on
one side of the membrane and then undergo a
conformational change that transfer the solute to the
other side of the membrane.

Most of the channel proteins are ion
channels, including three types, with
ion channels that they can be opened
and closed




* The channel proteins,in contrast, interact
with the solute to be transported much
more weakly.

The channel proteins facilitate diffusion by
forming hydrophilic transmembrane
channels

(7) Transport through channel proteins
occurs at a much faster rate than transport
mediated by carrier proteins.




* This process differs from facilitated diffusion in
two crucial aspects
(1)Active transport maintains the gradients for
potassium, sodium, calcium, and other ions
across the cell membrane. Always moves
solutes up a concentration or electrochemical
gradient;
(2)Active transport couples the movement of
substances against gradients to ATP hydrolysis.
i.e Always requires the input of energy.
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