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Membranovy transport

« Membrdna joko prepdzka
o Kompartmentace
o Struktura bunék — organely
o Vyznamny regulacni princip — oddéleni procesu

« Komunikace

o Prenos materidlu
o Prenosinformace a signdll —regulace
o Receptory

« Enzymoveée systémy v membrdané
o Organizované
o Vektoridlni procesy
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Klasifikace

« Stranka materidlovd
o Oftdzka prostupnosti — polarita a velikost

« Strdnka energetickd
o Otdzka gradientl koncentraci a ndboje

« Specidlni hlediska
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 Volne
o Plyny

o Malé nenabité molekuly

« /prostredkovane
o Velké nenabité poldrni molekuly

o lonty —H*

o Nabité poldrni molekuly

e RUzné typy prenosu

NADH
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Materialni hlediska

Volny transport

o difuse pres membrdanovou strukturu — Fick
o malé nepoldrni molekuly (plyny)

Lprostredkovany
o usnadnéenad difuse
o akfivni transport
o specidlni fransportni systém
- membrdanovd bilkovina (komplex)

Typy zprostredkovaného transportu

o mobilni prenasec - zména konformace otevird vaznd mista stfidavé na jednu
a druhou stranu

o kandl (iontovy) — oboustranné bud uzavien nebo otevren - fizeno chemicky
(vazba ligandu) nebo potencidlové, mechanicky i kombinované
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Typy transportu

- SCHEMA PROSTE A USNADNENE DIFUSE — kandlek a
mobilni prenasec

Channel proteins provide ~
the openings through which T L e, o / £
small, dissolved particles, ""‘fﬁ R - - Q W\
especially ions, diffuse by i - { "

passive transpaort.

® Footer Text

:'__,-x___- - :: r ;. 1 :»,. i Ny : A
1670 A IEL
{ & ¢ \ f. Pl i \\ f”“-. (%]
) & Passive diffusion | | Fadiitated diffusion N

" i
™ Y i [ 3 £
E ) E ) Bl o H J 4 LJ :___. .y
o/ D water molecule P 35 e ~ :
T ; i f 1
%/ Dissolved molecule @ LJ % _,:' Vg

2/8/2013 @7



Typy transportu

- USNADNENA DIFUSE GLUKOSY

o zprostredkovand mobilnim prenaseCem - specificita

Mechanism for Facilitated Diffusion

Glu COSe

Elnd ing
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All steps fully reversible
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Iypy transportu

 lontové kanalky
o Rizené chemicky, potencidlové, tlakem, kombinaci

Out In .
Depolarization Inactivation

Closed Open Inactive

Potencidlem rizené iontové kandlky - otevirani a uzavirdni
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Typy transportu

 lontové kanalky
o Rizené chemicky, potencidlové, tlakem, kombinaci

O ne*

acetylcholine
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« Chemicky rizené iontové kandlky
o otevirdni a uzavirdni je ddno vazbou ligandu, zde acetylcholinem
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Kinetika transportu

« Obdoba kinetiky enzymU u zprostredkovaného
transportu

Kinetics of facilitated diffusion
rate of transport

facilitated diffusi

Initial velocity of glucose
entry, V, (u/min)

Extracellular glucose
concentration, [S],,, (mxb

()

simple diffusion

[conc. transported molecule]
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Podstata usnadneni difuse

Hydrated
« Analogie s aktivacni N &
s i T,
energii u chemickych reakci W  30%
| ~ 0 , s
a jejim snizenim pUsobenim
e nzy m 0 Simple diffusion
;
ih)
Tramzsporter
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Modely transportnich systéemu

« Umélé kandlky a mobilni prenasece (ionofory),

o Prenosionty je zprostredkovdan slouceninami schopnymi jejich vazby a
transportu v membrdné - typ mobilniho prenasece

membrane

OH o
-
/@\ .} /@\ oNp- 2
—
Oy Nop,  Nog NOy o {
DNP-

DNPH £

—~ DNP-

\L‘,m

DNPH

= DHPH

« 2,4-dinitrofenol — prenos H*, pUsobi jako rozpojovac (viz oxidacni fosforylace)

® Footer Text

2/8/2013 @13



Model yy transportnich systemu

e Valinom

H /~ Komplex s K* a volny

Depsipeptid (smiseny ester-amid) valinomycin — prenos K*
D- a L-valin, D-hydroxyvalerat a L-laktat
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Modely transportnich systemu

* VALINOMYCIN - K*

o vnitfni kavita molekuly valinomycinu odpovidd iontovému poloméru K*

o Podobnymi viastnostmi se vyznacuijii tzv. ,,crown-etery", kde velikost
dutiny Ize ménit poctem stavebnich jednotek, cyklodextriny qi.
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Modely transportnich systemu

Gramicidin — pepftid — kandl pres memlbrdanu

;g i
Struktura gramicidinu S =
e '
Netvori a-helix (obsahuje D- i L-aminokyseliny) E’ﬁ z
Helix o 6,3 AK zbytcich i T
pripomind R-skiddany list Vs i ®
oznacovany jako B-helix -}pl«)}«

2 retézce pro preklenuti membrdny

‘%

uvedenad spirdla neni helix
« Podobné kandlky v membrdané
tvori bilkovina mellitin
obsazend ve vcelim jedu.

I3E
) iri‘-ﬂ
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Energetika transportu

Pasivni transport - proti gradientu - energie viastniho
potencialu latky — difuse (Fick)
Aktivni transport - po gradientu - energie dodavana zvenci

- primarni - sprazenou chemickou reakci (ATPasa, oxidoredukce)
- sekundarni - spfazenym exergonickym transportem jiné latky

Chemicky potencial
u=RT.In ¢+ p, Ap =RT .In (c/c,) pro pfenos 1 molu

Elektricky potencial — ionty
AY = (RT/nF) . In (c,/c,)- pro dany ion

Elektrochemicky potencial — srov. pms
AG = RT . In (c/c,) + nF.AY - pro vSechny ionty
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Energetika transportu

e AKTIVNI TRANSPORT - PRIMARNI A SEKUNDARNI

Na* Na' : Na’ '
. " - Ma
MNa : Ma _  Na Na*
M

A0

. Na‘-glucose S
< Pace Na ol ey
Na“-K™ ATPase § ‘ ’ symporter

Glucose Na
: Glucose
Ma

ATP+H,0 2K ADP + P, Glucose

« Na*,K*-ATPdza a prenasec glukozy symportem s Na*
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Energetika transportu

Membrane Energetics

AG = RT2.303 log (C2/C1) + nFy
= 5.7(KJ/mol) log (C2/C1) + n96.5(KJ/molyy

= 1.36(Kcal/mol) log (C2/C1) + n23.1(Kcal/moljy

1. To pump Na* out, both forces

work against. K'=5mM

Na®" = 140 mM

¥ =70mV
+

AG = 5.7 log(140/10) + 1x 96.5 x
(0.07V)=6.5+6.8=13.3 KJ/mol

K* =100 mM
Na® =10 mM

2. To pump K* in, concentration 2 K*

gradient opposes, but electrostatic
field favors import ATP ADP + P

AG = 5.7 log(100/5) + 1x96.5 x (-0.07 V) = 7.4 — 6.8 = 0.6 KJ/mol
3. To pump 3 Na* out and 2 K*in:

3% 13.3 Kd/mol + 2 x 0.6 Kd/mol = 42 KJ/imel = 10 Keal/mol

4. ATP hydrolysis: standard state give -31 KJ/mol = 7.5 Keal/mol

However, steady state conditions (ie ATP = 8 mM, ADP = 1 mM, and
Pi = 8 mM) gives

-49 KJ/mol =-11.7 Kealfmol

more than enough to camy out the pumping.

Priklad energetickych pomérd na membrdné pri transportu Na* a K* pohdnéného ATP. Vypocte
Ize zjistit vztah mezi velikosti membrdanového potencidlu a potrelbbnou energii pro transport.
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Zpusoby transportu

* Uniport
o jen u pasivnino nebo primarniho
« Kofransport

o soucasny transport - vzdy u sekunddrniho, mdze byt i u primdrnino
o symport a antiport

« Neelektrogenni a elektrogenni tfransport

- — - I J

o > 9 - J
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Typy prenosu

(a) - @
Exterior \”\

llll' | -

[ II“. = ;-.
b, o | M RN
Cytosol - o

ATP  ADP +P;

ATP-powered pump lon channel Transporter

(100 - 103 jons/s) (107 - 108 ions/s} (102 — 10* molecules/s)

(b)

Uniporter Symporter Antiporter

Pfehled a srovndni ruznych typU a zpUsobU
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Souhrnny prehled

Summary of Transporters

.
Facibitated difusion
Simple diffuzion |"' idiowen electroebemienl
Inapeslar eompeusds anly b gradient

idowm oomceniralion
gralseal

Prinsary acliv
= EFansjrrt Lagamnsl
elecirochemical
gradisnl

7

| sttt abuases "
miedisted lam -':'1-:'? 2
o L g J =
ilowm &
electrochemacnl yd
grachent ] A

FY \
lea chamne] "__' I""}
{irwm | -
ey Secondary

elrelrochiemsal
pradieni; may u aekive Lranisport
b gatisd by o

Bgans] or ssn)

iapninst cloctroehemecal
I gradeeni, drmven by jom
mivimg down iks gradeent)

® Petr Zboril

2/8/2013 @22



Fuze membran

e FUZE MEMBRAN

o Splynuti bimolekularnich fosfolipidovych vrstev — prekdzka — odpor
hydratace, ndboje apod.

o FuUzogenni faktory — Ca?*, bilkoviny (klatrin) — kaskady reakci — nakonec
fUze — viz synapse

o umeélé — polyetylenglykol (odnimani vody)
o model - fuze ok tuku na hladiné
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Fuze membran

(2) Endocytosis Plasma
membrane

(b) Exocytosis

LE P Sl O e Ol v S fama, Papers 1 78 aameryiins Bt adyiies
PR e et e ——

¢ Schema exo- a endocytozy
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Fuze membran

Ribosomes attached to

endoplasmic reticulum v‘ B

Transport s @
membrdanovych
veziklQ
Zymogen
granule
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Vyznamne transportni systemy

Na-K ATPasa

NaK pumpa

Generuje membrdanovy
potencidl

Postupné kroky
Konformacni zmény

® Footer Text

Mechanism of the Na-K transporter

Transporter binds 3 Na'

cell,

Phosphorylation
favors P=Enz.

Transporter

= releases 3 Na®
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Vyznamne transportni systemy

WFE: THE SCIENCE OF BIOLOGY, Sevenllh Edition, Figure 5.14 Secondary Active Trandped
© 2004 Sanmcnr Asscoinie, i, and W, H. Freeman & Co.

« Vyuziti gradientu iontU pro sekunddrni transport
o NaK pumpa a symport Na-Glc
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Vyznamne transportni systemy

Na+/glucose symporter

Apical Ba=aal
/Nl.ll.’r-‘l.L‘-l' .-(urf:u:(-\
Intestimal
Tumen .
e
Microvilli P
Epithelial cell =K'
= -, h 3 MNa*
2 Na' ae sa= >
D e g Na*K*
_.;—-__—-i___ — ATPase
i — e -
Glucose /g T - g Gilucose

Glucose uniporter
GluT2 (fncilitntes

Na' glucose
downhill efflux)

sSymporter —
{driven by high
ar [Ma™*])

For charged ion transport: AG =RTIn [Ma™)i/[Na”]ou +n FAE
= 5.7 KJ log [NEl"]i,J[Na’]m,. + nx 96.5 AE

Moving a Na” ion into the cell releases = 5.7 log(12/145) + 1 x 96.5 x (-0.05)
= -6.2 KJ/mol - 4.8 KJ/mol = =11 KJ/maol

If two Ma™ ions move, energy available to pump glucose is -22 KJ/mol.

This enaergy could transport glucose against a concantration gradient;
i's magnitude would be governed by the available energy:

AG = 22 KJ/imol = 5.7 kJ/mol x log[glucosa]in/[glucosalaum

3.86 = log [glucose]i,/[glucose].., therefore [glucosea]nglucosel., = 7000,

« Energetika symportu Na-Glc
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Vyznamne transportni systemy

N — Gfuco:-.ne

Glucose

@' ﬁ? transporter

@ Endocytosis

_— g
T <

Stimulation
by insulin
by e
@, Membranous
vesicle

\Plasma

meaembrane

From D. Voet and J. G. Voel, Biochemistry. 2d ed., copynght © 1805,
John Wiley & Sons, Inc. Repnnted by pemmisaion of John Wiley & Soma, Inc
Copynght 1999 John Wiley and Sons. Inc. All nghts reserved

« Usnadnénd difuse Glc, vliv insulinu
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Vyznamne transportni systemy

Basolateral Apical
membrane membrane
b Cl” channel
P protein
Anion 1 .
antiport -.___,___"_'_"_'—"* :
protein Y
HCO.,- &~ HCO; T
3 - T ATP } > —
T HYK* ATPase
ADP + P, <+
Carbonic "
anhydrase K
\!7 K* channel
CO, ==+ CO; + OH protein

II/."
Tight
junction

Stomach lumen

* Transport HCI do zaludku
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Mitochondrialni transport

. : Inner mitochondrial
- concantration membrane

gradient

electric + Matrix

Membrane [ +
potential ¥

during electron transport

H
‘-_-_-_-_-"-—-________ H Translocation of H™
H,O
O

H

-—

OH
HPO,” ) Phosph
0, L HPO,? } osphate transporter
3 - . N 2
ADP : — ADP }mpmnp antiporter
ATP* — ATF’
ADP® + HPO,?
Intermembrane
space

aH

« Vyména ATP-ADP

o Velké mnozstvi dalsich — di- a trikarboxylaty, AK, citrat —jinde
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Mitochondrialni transport

P#enos AcetCoA vné mitochondrie

 Prenos citratu
o Zdroj AcCoA

® Petr Zboril
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Oxidoredukcni clunky

« Problém oxidace cytosolickeho NADH

o Glycerolfosfatovy clunek
o Ztrata (FADH, misto NADH) — rychlost
o Létacisvaly hmyzu

Matrix
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Oxidoredukcni clunky

« Maldt-Aspartatovy Clunek

MADH + H*  NAD*

HLL Malate

Aspartate -//- \ > Oxaloacetate

o-Ketoglutarate Glutamate

2 "*f:i‘.' Wil |' | O .‘:'
: | | |
| :E*:I."“...'....".‘.“'.‘"'.“.‘i..-i.‘l'-
.l\.'. "‘! .-.". :
alrix o-Ketoglutarate  Glutamate =
Aspartate == \ -/

Oxaloacetate < /—\ Malate

MNADH + H' NAD™
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Malate-aspartate shuttle

Intermembrans Matrix
SpACe
O — CHiyg — ©— O08F
OO — CHy— € — ¥ 2
NAIDF HMAD
@
NADH

malnte
dihydrogennse

O~ CHg— CHy - Clly— ©— OO0
= T
H i
Glutamnte Glutimnte
aspariate ' @ aspartate
st rwnafiruse - aminolrans e
N-HE'WUHFE{EE o-Ketoglutarate
3 [}
Coels = g CHy— & = O Ty Ty T OO
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