Biologické membrany — separace a komunikace

impermeabilni pro makromolekuly, selektivné permeabilni pro malé molekuly
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This icon is used in this text
to represent this and other

phospholipid molecules.
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In an aqueous environment,

D PHOSPHOLIPID BILAYER polar hydrophilic head
groups orient toward the

polar water...

...and nonpolar
(hydrophobic) tails orient
away from the water.

Thus, a phospholipid
bilayer is formed.




SloZzeni membran:
- fosfolipidy
- cholesterol
- cholesteryl estery
- glykolipidy

- proteiny

- fluidita membran

- aklimatizace slozeni

- mastné kyseliny
- hasycené

- nenasycené
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Membranové proteiny

Ll

spanning domains.

<— Peripheral protein ——>< Integral proteins B
Extracellular space Some proteins are linked to
: Most integral membrane proteins membrane phospholipids via
E have membrane-spanning o-helical an oligosaccharide...
Peripheral proteins are | domains of about 20 amino acids.
noncovalently bonded :
with integral proteins. - Some have multiple membrane-

directly to fatty
acids or prenyl

groups.



receptory vazici ligandy,
adhezivni molekuly (integriny, kadheriny),

transportéry (kanaly, pfenaseCe, pumpy)

A LIGAND-BINDING RECEPTOR

N

Ligand-binding domain

7 transmembrane
segments

Funkce membranovych proteint

B CELL-MATRIX ADHESION MOLECULE (INTEGRIN)

/ Matrix-binding domain
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e
3 ular' matrix __
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=N 14 /,\ \.
O~ Transmembrane

The cytoplasmic domain |
interacts with the
intracellular proteins.

The helical domains
form a compact unit
in the membrane.




Fyziologie membran

-nerovnomeérna distribuce latek na membrané
- stacionarni stav

- hnaci silou pohybu latek pres membranu je elektrochemicky
potencial.

u=p, +zF¥Y + RTIn[X]
rozdil na membrané je pro solut X:

Hin — Hout = AM =ZFAY + I:Q-I—m[x]in /[X]out

Za rovnovahy plati Au = 0, tj.Nernstova rovnice
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out

E,, tzv. Nernstlv rovnovazny potencial

y high permeability
AN

H— 1072
Hzo —

urea
glycerol —

H—107°

tryptophan —s
glucose —

H—108

or — [T 107"
Kt ——

Na* —=H—107"

~—10"

low permeability



Transport pres biologické membrany

transported molecule

channel Q carrier
protein protein

lipid
bilayer

simple channel- carrier-
diffusion mediated mediated
|_diffusion diffusion

PASSIVE TRANSPORT
(FACILITATED DIFFUSION)

L |
ACTIVE TRANSPORT

Prosta difuse

— funkci partiéniho koeficientu voda/lipid, difusniho koeficientu a tloustky
membrany

- modifikovany 1. Fick(iv zakon difuse:

'IX = PX . (Xout - Xin)

P, — koeficient permeability



Usnadnéna difuse:
- kanaly, pory
- pfenasece

- pasivni transport

Aktivni transport
-primarni
- pumpy P-typu
- pumpy V-typu
- pumpy F-typu

- ABC prenasece

- sekundarni (Na/glukosa, Ca/Na)

Prosta Usnadnéna

[X] [X]

transported molecule co-transported ion

T/\// o

l

UNIPORT

lipid
bilayer

|
|
I

/\

| SYMPORT
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coupled transport



Sekundarni aktivni transport

* Antiporters carry two substances across the membrane in
opposite directions.

* Symporters carry two substances across the membrane in the
same direction.

(a) Antiporters (b) Symporters
Extracellular space
Na‘/glucose Na‘/phosphate Na‘/iodide Na‘/K*/CF Na*/Cl K*/Cl-
cotransporter cotransporter symporter cotransporter cotransporter cotransporter
SGLT1 NaPi lla/b NIS NKCC NCC KCC
2Ck

2Na* 1 Glucose 3 Na* 1P, 2 Na* k= 1 Na* K> 1 Na* 1Ck




The Na-K pump keeps| | (<o ;i"‘“ The Ca-H pump and the Na-Ca exchanger keep
[Na'] inside the cell Pty intracellular [Ca*'] four orders of magnitude
(HCO3), 24mM lower than extracellular [Ca?*].

Kanaly a prenasece

PORE (NON-GATED CHANNEL) B CHANNEL (GATED PORE)

lic
[Ca®) 107M |

In most cells, [CT] is modestly above equilibrium by 3
< uphhmhd-HCO,mlwwradNa/K]Cl The Na'-H' exchanger and Na'-driven
cotransporter balances passive CI efflux through channels CI-HCO, keep intracellular pH and

d magnitude lower than extracellular [Ca®*|. [HCO;3] abave their equilibrium values.




Klatrinova endocytosa

Objemovy transport and endosomalni

sorting
Endocytosis
Phagocytosis Pinocytosis Receptor-mediated
* ‘ endocytosis - -
- * solid particle m L § * e ™
® a X
* * *
Pseudopodium Coated pit Receptor
@ Coat protein
Phagosome Vesicle
(food vacuole) ‘
ytoplasm Coated vesicle

Assembly protein 2 (AP2) propojuje
receptor s klatrinem

Dynamin je vyzadovan pro odstépeni
vacku

Odstranéni klatrinového plasté a fuze
vacku je regulovana malymi GTP4azami z
rodiny Rab




Prenos signalu pres membranu
-gap junction (do 1200 Da, elektrické sprazeni bunék)

- chemické signaly (aminy, peptidy, proteiny, steroidy, eikosanoidy, aminokyseliny,  nukleotidy, ionty,
plyny (NO))

-interakce s receptory
- intraceluldrni (steroidni receptory, transkripcni faktory)
- membranové
- IONOTROPNI (ligandem ovladané iontové kanaly, oligomerni)
- KATALYTICKE (aktivita guanylylcyklazova, tyrosinkindzova, tyrosinfosfatazova
a serin/ threoninkinazova)

- SPRAZENE S G-PROTEINY (metabotropni)

G-proteiny: 7 transmembranovych domén, extracel. N-konec glykosylovany, intracel. C-konec tvori
velkou intracel. smycku

aktivacni cyklus: (a+p+y+GDP) inaktivni komplex + aktivovany receptor —— vyména GDP za GTP——>
disociace na (o) + (By) — aktivovana (a+GTP) podjednotka stimuluje efektor ——>
hydrolyza GTP ukonci signalizaci — disociace (a+GDP) — reasociace s (By).



Tridy membranovych receptort

‘Extracellular

\ signal
‘/‘/- molecules ECF
<

G protein  protein Cytoskeleton

region
Ligand binding Ligand binding to a Ligand binding to a G protein- Ligand binding to ICF
opens or closes receptor-enzyme activates coupled receptor opens an ion integrin receptors

the channel. an intracellular enzyme. channel or alters enzyme activity. |  alters the cytoskeleton.




Katalytické receptory

A: antrialni natriureticky

peptid — cGMP-
dependentnl' kinasa (PKG) A RECEPTOR C RECEPTOR D TYROSINE-KINASE- E RECEPTOR
GUANYLYL B RECEPTOR SERINE/ TYROSINE ASSOCIATED TYROSINE
B: skubina inhibint a CYCLASES THREONINE KINASES KINASES (RTKs) RECEPTORS PHOSPHATASES
‘ up u Extracellular N N Carbohydrate

A

aktivinu, glykoproteinové Space
rastové faktory. Receptor
typu | aktivuje transkripcni
faktory

C: insulin, EGF, IGF-1,

vazbou ligandu vznikaji
dimery nebo tetramery % . RARLBY 1/ | |
(insulin, IGF-1) {ges/(espessessr(esldococedoe /(ce eesaspsoe

D: vazbou ligandu se
aktivuji volné asociované
tyrosinkinasy (Src, JAK).

. . Tyrosine  kinases © c phosphatase //
Prolaktin, erythropoetin, This Is the kinase GROWTH ormoNE | domain O
. o ’ i d i
interferon, rdstovy faktor ] e RECEPTOR -
etc. RECEPTOR RECEPTOR d;;:c'tnstfeﬂm RECEPTOR

€ ors.

. Boron & Boulpaep: Medical Physiology, 2nd Edition.
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Systémy druhych poslu aktivované
G-proteiny

adenylyl cyklasa (Gs-cholericky toxin,
Gi-toxin pertuse)

-  fosfodiesterasa (fototransdukce)

- fosfolipasa PLCp (IP3, SERCA, DAG,
PKC)

-  fosfolipasa A2 (via MAPkinasy,
eikosanoidy,

- prostaglandinova cesta
- leukotrienova cesta

- epoxygenazova cesta

A G PROTEINS ACTING VIA ADENYLYL CYCLASF




Fosfolipasy PLC a PLD

A PRODUCTION CF IP; AND DAG

Binding of a hormone [I‘I.CdenvesthcpduL

ocdl suface head here. i: b
e e =fe =i
phosphalipase O

= Ca aktivuje kalmodulin-
dependentni kinasy (CaM kinasy)

= Ca aktivuje solubilni a inaktivni
proteinkinasu C (PKC)

= gktivovana PKC se vaze na

C BREAKDOWN OF PHOSPHATIOYL-

diacylglycerol (translokace) P iteract it = CHOLINE BY PLC AND PLD
of the ER, which allows » =
the evdease of Ca'’ imbo
the cytosol.
The SERCA Ca®*
o ach: It the SK.

Seconds M T Hows
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Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.




Fosfolipasa A2 a tvorba eikosanoidt

DIRECT PATHWAY

INDIRECT PATHWAYS

Boron & Boulpaep: Medical Physiology, 2nd Edition.
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Intracelularni receptory

A TRANSCRIPTIONAL ACTIVATION B TRANSCRIPTIONAL ACTIVATION
BY GLUCOCORTICOID HORMONE BY THYROID HORMONE
Carrier-

ed

I Hormone may bind to
) a receptor before or
1 after dimerization.

Glucocorticoid Hormone

response element transcription response transcription
(GRE) element
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