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Membrdanovy transport, usnadnénad difuze, aktivni
transport, mobilni prenasece a iontové kandly.

Symport, anfiport.
FUze membran.

Vyznamné fransportni systémy. Transport
aminokyselin, cukrU a iontu.

Struktura a funkce K-Na-ATPasy, glukosovy prenasec,
mitochondridlni transport.
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Membranovy transport

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

« Komunikace

o Prenos materidlu
o Prenosinformace a signdll - regulace
o Receptory

« Enzymove systémy v membrdané
o Organizované
o Vektoridini procesy
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Klasifikace

« Stranka materidlova
o Otdzka prostupnosti — polarita a velikost

« Stranka energetickd
o Otdzka gradientl koncentraci a ndboje

« Specidlni hlediska
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Typy transportu

 Volne
o Plyny
o Malé nenabité molekuly

« /prostredkovanée

o Velké nenabité poldarni molekuly
o lonty
o Nabité poldarni molekuly

« RUzNé typy prenosu
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Materialni hlediska

Volny transport

o difuse pres membrdnovou strukturu
o malé nepoldrni molekuly (plyny)

Lprostredkovany
o usnadnénd difuse
o aktivnitransport
o specidlni fransportni systém
- membrdnova bilkovina (komplex)

Typy zprostredkovaného transportu

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

o kandl (iontovy) — oboustranné bud uzavien nebo otevien - fizeno chemicky
(vazba ligandu) nebo potencidlové
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Iypy transportu

- SCHEMA PROSTE A USNADNENE DIFUSE - kandlek a
mobilni prenasec

Channel proteins provide
the openings through which
small, dissolved particles,
especially ions, diffuse by
passive transport.
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TIypy transportu

- USNADNENA DIFUSE GLUKOSY

o zprostredkovand mobilnim prenasecem

Mechanism for Facilitated Diffusion
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TIypy transportu

- lontové kandlky
o Rizené chemicky, potencidlové, tliakem, kombinaci

Out In .
Depolarization Inactivation

Closed Open Inactive

Potencidlem rizené iontové kandlky - otevirdni a uzavirani
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Iypy transportu

 lontové kandlky
o Rizené chemicky, potencidlové, tlakem, kombinaci
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« Chemicky rizené iontové kandlky
o otevirdni a uzavirdnije dano 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

entry, V, (pa/min)

Initial velocity of glucose

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%
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Modely transportnich systemu

« Umélé kandlky a mobilni prenasece (ionofory),

o PrenosiontU je zprostredkovdn slouceninami schopnymijejich vazby a
transportu v membrdné - typ mobilniho prenasece

membrane
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« 2,4-dinitfrofenol — prenos H*, pUsobi jako rozpojovac (viz oxidaéni fosforylace)
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Modely transportnich systemu

. Volinomycin

H - Komplex s K* a volny

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

*  VALINOMYCIN —K*

o Vvniffni kavita molekuly valinomycinu odpovidd iontovému polomeéru K*

o Podobnymi viastnostmise vyznacuijii tzv. ,,crown-etery", kde velikost
dutiny Ize ménit poctem stavebnich jednotek, cyklodexiriny qj.
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Modely transportnich systemu

Gramicidin — peptid — kandl pres membrdanu

;@ S
Struktura gramicidinu S =
e '
Netvori a-helix (obsahuje D- i L-aminokyseliny) @3 i
Helix 0 6,3 AK zbytcich == -
pripomind R-skladdany list a -
oznacovany jako B-helix ‘}F%

2 helixy pro preklenuti membrany

e, B
s

« Podobné kandlky v membrdané
tvori bilkovina mellitin
obsazend ve vcelim jedu.
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Energetika transportu

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

- primarni - sprfazenou chemickou reakci (ATPasa, oxidoredukce)
- sekundarni - sprazenym exergonickym transportem jiné latky

Chemicky potencial
u=RT.Inc+y, Ap =RT .In (cy/c,) pro prfenos 1 molu

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

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

e AKTIVNI TRANSPORT - PRIMARNI A SEKUNDARNI

Mat Na' ' MNa’ _
. " - Ma
MNa : Na _  Na Na®
M

L I 2 7| 1S
Paca 5 Ma . ot
AlFese l symparter

Glucose Na
Na® Glucose
ADP + P, Glucose

Ma™-K

ATP + H,0 2 K*

« Na*,K*-ATPdza a prenasec glukozy symportem s Nat
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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 pomérl na membrdné pii transportu Na* a K* pohdnéného ATP. Vypocte
Ize zjistit vztah mezi velikosti membrdanovéeho potencidlu a potfebnou energii pro transport.
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Zpusoby transportu

« UNIPORT

o jen u pasivnino nebo primdarnino

 KOTRANSPORT

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

« Neelektrogenni a elektrogenni transport

- — - I J

o > 9 - J

® Footer Text uniport symport antiport 11/5/2018 ©20



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

Prehled a srovndni rdznych typU a zpUsobu
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® Petr Zboril

ouhrnny prehled
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Fuze membran

e FUZE MEMBRAN

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

o FUzogennifaktory — Ca?*, bilkoviny (klatrin) — kaskady reakci — nakonec
fUze — viz synapse
umeélé — polyetylenglykol (odnimdani vody)
model - fuze ok tfuku na hladiné
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Fuze membran

(7) Endocytosis Plasma
membrane

(b) Exocytosis

Secretory
vesicle

« Schema exo- a endocytozy
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Fuze membran

Ribosomes attached to

endoplasmic reticulum v‘ e

Transport cog
membrdanovych
veziklU
Zymogen
granule
® Pefr Zboril
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Vyznamne transportni systemy

Na-K ATPasa

NaK pumpa

Generuje membrdnovy
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™
B to the outside
and binds 2 K~

l from the outside
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P-Enzy ® G' @
wf

- gwt rfa
Pr 2K @

Dephosphorylation
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Transporter releases
2K" to the inside.
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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
/r«url’.‘u:{- .-(urf:u:(-\
Intestimal
Tumen .
T
Miecrovilli P

Epithelial cell : =K'
=) - ) - 3 MNa*
2 Na' g = - - -
R - = Na*K*
"~ ; ATFPase
Glucose - <: - - <>

P T Glucose

Na* glucose

Sy mporter

{driven by high >
extracellular [Na™])

Glucose uniporter
GluT2 (fncilitntes
downhill efflux)

For charged ion transport: AG =RTIn [Ma™)i/[Na”]ou +n FAE
= 5.7 KJ log [NEI"];.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

- G[uco&e

Glucose

@' @ transporter

@ Endocytosis
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Stimulation
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by e
& Membranous
vesicle
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meaembrane

From D. Voet and J. G. Voel, Brochemistry. 2d ed., copynght © 1805,
John Wiley & Sons, inc. Repnnted by pemmisaion of John Wiley & Sora, Inc
Copynght 1999 John Wiley and Sons, Inc. All rights resarved

« Usnadnéna difuse Glc, vliv insulinu
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Vyznamne transportni systemy

Basolateral Apical
membrane membrane
b Cl” channel
I protein
Anion 1
antiport -.___,___"_'_"_'—"* :
protein Y
HCO,~ & *HCO; T
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* Transport HCl do zaludku
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Mitochondrialni transport

. : Inner mitochondrial
- concantration membrane

gradient

electric ‘o Matrix
potential ¥

H
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during electron transport
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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 frikarboxylaty, AK, citrat —jinde
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Mitochondrialni transport

Pienos AcetCoA vné mitochondrie
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CH, CH;y
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Oxidoredukcni clunky

« Problém oxidace cytosolického 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*

(—LL Malate

Aspartate -//- \ > Oxaloacetate

o-Ketoglutarate Glutamate
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Aspartate - \H- -'/ Oxaloacetate < /—\ Malate

MNADH + H' NAD™
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Malate-aspartate shuttle

Intermembrans Matrix
SpACe
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