A sejtmembran

Foszfolipid kettds réteg
Polaros fej, apolaros lancok

Molekulak atjutasanak feltételei a membranon?
Folyékony mozaik modell
Hogyan jon |étre a sejtmembran?

Hogyan jott [étre az elsd sejt membran?

Extra linkek: Lipidek Membranok
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A biologiai membranok

* a sejtek felszinét, de a sejtszervecskéket is
membran boritja -

Karl Wilhelm von Nageli XIX szd. kozepe -

festékkel szembeni barrier a
sejtfelszinen - duzzadas és zsugorodas -
plazma membran

EM megjelenésével bizonyitottak csak
Singer és Nicholson (1972):

6-8 nm vastag kettds lipid réteg + fehérjék
, mert a fehérjék csoportosulnak

, mert oldaliranyban
elmozdulhatnak

e arany valtozo: mielin illetve mitokondrium
« 10¢ lipid molekula/négyzetmikron
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A sejtmembran - elvalasztja a sejt belsejét az extracellularis tértdl
kompartmentek
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LIPID RAFT

glycosphingolipids

cholesterol

transmembrane proteins

Rafts are liquid-ordered domains that are more tightly packed than the
surrounding non-raft phase of the bilayer. The tighter packing is due to
the saturated hydrocarbon chains in raft sphingolipids and phospholipids
compared with the unsaturated fatty acids of phospholipids in the non-
raft phase

Jelent6séguk: platform egyes fehérjék felszini sirldségének novelésére,
fehérje

komplexek kialakulasara és stabilizalasara (jelatvitel, endo-/exocitézis,
stb.)



Membran rafts

Lawrence Rajendran
and Kai Simons

Lipid Rafts

GPl-anchored proteins :
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Glikoproteinek

A cukrok biolégiai szerepével foglalkozo glikobiolégia (a biokémia egy aga) a
reneszanszat éli, kdszonhetben annak a felismerésnek, hogy a glikokonjugatumok
monoszacharid egységei valtozatossaguk folytan bioldgiai informaciét hordozhatnak
- ezt nevezik manapsag ,, cukorkédnak”. Az informacidétartalom méretére egy példa:
20 féle monoszacharidbdl 6,4 x 107 hexamert (ez a glikoproteinek oligoszacharid-
csoportjainak atlagos monomer szama) lehet alkotni.

Az oligoszacharid-csoportoknak szerepik lehet a fehérjék intracellularis
célbajuttatasaban (targeting), a sejt-sejt kapcsolatok kialakitasaban, a sejt- és
szOveti differencialédasban és altaldban az extracellularis jeltovabbito
rendszerekben.

A cukorkdod megfejtését az tette lehetévé, hogy az oligoszacharid-csoportokat
.Szekvenalni” lehet, azaz a glikoproteineken (glikolipideken) a cukoregységek
sorrendjét, elagazasait meg lehet hatarozni. A szekvenalas alapja, hogy az
olioszacharidokat specialis N- és O-glikozid specifikus glikozilaz enzimekkel le lehet
hasitani a glikokonjugatumokrél. A hidrolizatum komponensei szeparalas utan
tOmegspektrometriaval azonosithaték. Az 10.14. dbra egy tomegspektrogramot
mutat be (a 7 és 19 monomer kozotti méretl oligoszacharidok tomegét és
O0sszetételét is feltintettlk). Egy organizmus teljes cukorkészletével, beleértve az
glikroproteinek glikan-csoportjait is, a rendszerbiolégia része, a glikomika
foglalkozik.



Signals for directing proteins to the appropriate
locations




A membranon vald atjutas szabalyozott

® Endocytosis

® |on csatornak
® Transzporterek
® Receptorok

® Enzimek

® Sejt adhéziés molekulak

® Fehérjék - cukrok

membrane by changing

shaps. For example, aming

acids, needed to synthesize

. new proteins, enter body
cells via lransporters,

Receptor (integral)
Recognizes specific ligand
(9) and alters cell's
function in some way.

For example, antidiuretic
hormane binds to receptors
in the kidneys and changes
the water permeability of
cerlain plasma membranes.

E integral and peripheral)

Gm reaction inside or

outside cell (depending on

which direction the active

sita faces), For example,

| lactase protruding from

epithellal cells lining your

gmall intesting splits the
disaccharide lactose in the

 millk you drink.

" Linker (integral and peripheral)

| Anchors filaments inside
and oulskde u:;d?masma
. mambrane, p ng
B siructural stabllity and shape
UM tor the cel. May also

P participate in maovement

" of the cell o link
two cells togather,

jein  Cell identity I';Ilﬂm

~ (glycoprotein
Emw oL
fram anyone else’s (unless
you are an identioal twin).
L An important class of such
(MHC) protains.
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Transzport Mechanizmusok (Transzporterek)
Facilitated Diffusion Primary Active Transport

;' \ Na—-K-ATPase
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ATPase PUMPS ION EXCHANGERS

Figure 4.10 Examples of ion trans-
porters found in cell membranes. (A,B)
Some transporters are powered by the
hydrolysis of ATP (ATPase pumps),
whereas others (C-F) use the electro-
chemical gradients of co-transported
ions as a source of energy (ion ex-
changers).




——y ——— -

ban cseréli ki a transz oldalon helyet foglalé bikarbonart-

ey g e
2-1. téblizat e
A plazmamembrién facilitativ glukéztranszporterei (uniporterek)
s e
Név El6fordulés i
GLUT-1 Vorosvérsejt Glukézfelvétel : ‘
Kapillirisendothelium Glukéztranszport a vér-agy giton keresztiil
GLUT-2 M3 Glukézfelvétel és -leadis
Vese Glukézleadas
Bélhim Glukézleadds
Pancreas B-sejt Inzulinszekréci6 szabalyozisa
GLUT-3 Idegsejt Glukézfelvétel
GLUT4" Izom Inzulinnal szabilyozott glukézfelvétel
Lsirsejt Inzulinnal szabalyozott glukézfelvétel
GLUT-5 Bélhimsejt Fruktézfelszivas (luminalis)
GLUT-6 ? ?
7 ___.__,—-—F""
GLUT-7 ? >
—

A GLUT-1 & a GLUT-3 2z agyi neuronok glukézfelvételében sorba kapcsoltan mifkédnek egyiitt
A GLUT reverzibilis 4thelyez6dését a plazmamembrén és az endosz6mak kzétt a 29. fejezetben frjuk le
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2. fejezet = A sejtmembran molekuldris fiziologidgja 23

Szivérg Na™csatorna
Na’ . Vérplazma

Na*
A\ Na'—K*pumpa

T Sejtplazma
oK /3 Nyt 3N K
._ K* Ogg?&in,
Szivérgd K “csatorna
2-6. abra

A passziv és aktiv iontranszport modellje a vorésvérsejtben
(~szivargissal szemben miikodé pumpa”)
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2-2. liblizat
A plazmamembrén és az intracelluléris organellumok primer pumpéi
A) A plazmamembrén primer pumpéi
[ T !
Név El6fordulds* Funkeid
Na*-K*-pumpa Minden sejt Egyenldtlen Nat- és K*- megoszlés létrehozisa
(Nat-K*-ATP-4z)
Ca?*-pumpa Vorasvérsejtek Alacsony Ca?*-koncentrici6 a sejtplazmaban
(Ca2*-ATP-4z)
Felszivé himsejtek Ca?*-felszfvis
H*-pumpa Vese gytijtécsatornsk H*-szekréci6
(protonpumpa, H*-ATP-iz)
H*XK*-pumpa Gyomornyilkahirtya Ht-szekréci6
(H*-K+-ATP-i2) fedseitjei
Vese gyfijt6esatorndk Ht-szekréci6
B) Az intracelluliris organellumok primer pumpii
Név Eléfordulis* Funkcié
Ca*_pumpa Sarcoplasma-reticulum Kidramlott Ca2* visszavétele
(Ca2+-ATP-4z)
Endoplasma-reticulum Kidramlott Ca?™ visszavétele
H*-pumpa Lizoszéma Az organellum belsejének savanyitdsa
(H*-ATP-iz)
Szekrécibs granulum A granulum belsejének savanyftdsa
Synapticus vesicula Neurotranszmitter felvétele 4 vesiculdba
:}ﬂﬁzﬁmm qund;azABC-tmnﬁpumk el A AL ,.mas* e g

A felsorolis nem teljes




Transzporterek szabalyozasa

Recycling - ujrahasznositas

Adapter Protein - based
Membrane Protein

Complex
e
-~ ™~
Effector Receptor,
Enzyme, e.g. GPCR Channel or

a.g. PLC Transporter

Fig. 3. Schema of how adapler proleins can
regulate the traflicking of ion transport proleins
and Lhe assembly of the signaling complexes thal
include jon transport proleins, receplors, effector
erzymes, and cytoskeletal proteins. PLC, phos-
polipase C: GPCR, G protein-coupled receplor,

Cﬂoskeieton Adapter

E—— Pl
/ Protein
Kinase Intracellular
2nd Vesicles

muungors



Channel or Transporter Channel or Transporter
in PIP2-Enriched in PIP2-Depleted
Membrane Patch Membrane Patch

= Transport Phenotype A = Transport Phenotype B

Fig. 5. Schema of how local changes in
phosphatidylinositol 4.5-bisphosphate (PIP,) PLC-coupled
levels can regulate the funclional characler- Receptor

istics of a nearby ion transporl protein. e.g. GPCR

PIP2-Depleted
Membrane Patch

PIPZ:Enriched
Membrana Patch

Lipid Osszetétel valtoztatasa



Adapter molekulaval

K*
FXYD protein ?
(7 isoforms) #,/"'

Na* pump
p subunit
(3 isoforms)

Na* pump
o subunit
(4 Isoforms

Fig. 8. Cell biology of the Na'-K" -ATPase
in lerms of the lissue-specilic synthesis of «-
and B-subunits and modulation by coex-
pressed FXYD proteins |adapled from Cram-
bert and Geering (8)].

—

Tissue-
specific
expression
of different Na*
aorp
subunit

o - Na‘, K*-ATPase
Na*, K*-ATPase FXYD Transport Phenotype B:
Transport Phenotype A proteins e.g., altered Km values

for Na* or K* or ATP




Na/Ca exchanger

Copyright © The McGraw-HIll Com panles, Inc. Permission required for reproduction or display.

Cytosolic calcium concentration

‘ Intracellular ﬂult? Extracellular Fluid

Low Ca2* concentration High Ca?*
Organelle concentration
High Ca2*
concentration | . ATP ATP
032*4—6032* Primary active —Caz++ Ca?*
Ca?* transport

ADP ADP

Ca?* Ca2*— Diffusion —Ca?* Ca?*
through
ion channels

+ +

Secondary S il
active Ca2+ Ca Ca
transport




Na*/K*-ATPase Na'/H® Exchanger

Determinants of Organellar pH

( Vacuolar H'.—ATPase \

';’ ATP

__(..'ADPOP

\ Cr clglr:mels /

Na'(or K')
Na'(K')/H’ Exchanger

Balra: Natrium/proton pumpa. Natrium/kalium kicserélb6 pumpa biztositja

hozza az energiat.

Jobbra: lon csatornak, pumpak és transzporterek, amelyek a sejtalkotok

pH-jat szabalyozzak




Luminalis Interstitialis
(apicalis) | kompartment

kompartment *Kk\ | . J)

i »  Paracelluldris
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membran kompartment |
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transzport

Paracellularis

Sz0ros kapcsolat ——= transzport

4-1. 4bra

Transzcellularis és paracellularis transzport himokban



Luminalis | Interstitialis
(apicalis) | kompartment

] |
kompartment | \_ Jj
N

Na' \ |
R / _
Na*-csatorna N K ( __

L LA
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3 Na
e
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4-2. dbra
Transepithelialis NaCl-transzport esane Sl



Luminalis | Interstitialis

(apicalis) | | ' kompartment
Kompartment \N__ 4§
-l o
Na‘glukéz ||
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4-3. dbra

A glukéz masodlagosan aktiv transzportja a hamsejtekben
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4-1. tablazat

A himsejtek plazmamembranjinak fontosabb transzportelemei

— 3

Primer pumpa Uniporter Kotranszporter Antiporter Csatorny
(kicsereld karrier)
Na*-K*-pumpa GLUT tipusd Nat—glukéz Nat/Ht Vizesatornik
(P tipusti ATP-4z) transzporterek (SGLT 1 és 2) CI/HCO5 (aquaporinok)
Ca2*+-pumpa Facilitativ aminosav Na*—aminosav (anioncseréld fehérje)  Ioncsatorngk
(P tipust ATP-4z) transzporterek (tobbféle) Nat-csatorna
(amiloridérzék
H*—K*-pumpa Na*—oligopeptid e
(P dpusi ATP-4z) (tobbféle) K -csatorna
H*-pumpa Na*—epesavas s6 Cl™-csatorna
(V dpusi ATP-4z) CFTR
Na*t-HCOj3 ( )
ABC-transzporterek Nat_Cl- Ca?*-nal aktivdlt
(MDR, MRE, SPGP) Cl-csatorna
Nat-K*-2 CI-

Nat_foszfit

SGLT a ,sodium glucose transporter”-b] képzett betfisz6




Membran potencial

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/bioelcon#cl

Luigi Galvani
b. Sept. 9, 1737, Bologna, Papal States
(Italy)
d. Dec. 4, 1798, Bologna, Cisalpine
Republic

Figure 2.3 Ion transporters and ion
channels are responsible for ionic move-
ments across neuronal membranes.
Transporters create ion concentration 3 Ton diffuses
differences by actively transporting ions i through channel
against their chemical gradients. Chan- D e
nels take advantage of these concentra-
http://video.yahoo.com/video/play?vid=1080449&fr=yfp-t-471 ton gra‘dlen.m, alllowmg EElBCt?d ions to
move, via diffusion, down their chemi-
cal gradients.







A membran potencial eredete: Eltérd ionkoncentracidk a
membran két oldalan

. Nernst
Initial conditions ——= At equilibrium
LA [K*T; (mM) o 0.0591  [ion out of cell]
: E=E"— log -———
n [ion inside cell]
| o | | ¢ Off TS TE‘ Electrochemical potential:
2o m=m + zFy
SE Dm(2-1) = Dm'(2-1) + zFDy(2-
EJ 1)
B Dm(2-1) = RT InaA2/aAl +
= zFDy(2-1))
1 2
1mMKCl | 1 mM KCl 10mMKClI 1mMKCI 10mMEKCl 1mMEKCI

Figure 2.4 Electrochemical equilib-

K]
1 liall 4
Permeable to K* % &9, rium. (A) A membrane permeable only

to K* (yellow spheres) separates com-
partments 1 and 2, which contain the
indicated concentrations of KCl. (B)
Increasing the KCl concentration in com-
partment 1 to 10 mM initially causes a
small movement of K* into compartment

" Such an equation was developed by David Goldman in 1943. For the case 2_{111“131 conc.futmns} until the electromo-
most relevant to neurons, in which K*, Na*, and CI” are the primary perme- tive force acting on K* balances the
ant ions, the Goldman equation is written concenﬁ"atior; Eia:ient' and the(net
movement 0 ecomes zero (at equi-
V=58log Fe[K]2 + Pya[Na], + P [Cl]y librium). (C) The relationship between
Pe[K]; + Pya[Na]; + Py [C1], the transmembrane concentration gradi-

ent ([K*],/[K*],) and the membrane
potential. As predicted by the Nernst
equation, this relationship is linear when
plotted on semi-logarithmic coordinates,
with a slope of 58 mV per tenfold differ-

http://advan.physiology.org/cgi/reprint/28/4/139 ence in the concentration gradient.

where V is the voltage across the membrane (again, compartment 1 relative
to the reference compartment 2) and P indicates the permeability of the



(A)

Battery off
V1_2= 0mV

Battery on
V1_2= -116 mV

(B)

Net flux of K*

1 2

1I0mMKCl 1TmMKClI 10mMKClI 1mMKCl 10mMKCl 1mMKCl Membrane p%t}ential
Via(m

Figure 2.5 Membrane potential influ-
ences ion fluxes. (A) Connecting a bat-
tery across the K*-permeable membrane
allows direct control of membrane
potential. When the battery is turned off
(left), K*ions (yellow) flow simply
according to their concentration gradi-
ent. Setting the initial membrane poten-
tial (V,_,) at the equilibrium potential
for K* (center) yields no net flux of K*,
while making the membrane potential
more negative than the K* equilibrium

: _ ; potential (right) causes K* to flow
Vion= 9 ion (E m-Eio n) against its cgncentration gradient. (B)
Relationship between membrane poten-
tial and direction of K* flux.




lonic concentrations In cells

TABLE 2.1
Extracellular and Intracellular lon Concentrations

Concentration (mM)

Ion Intracellular Extracellular

Squid neuron

Potassium (K*) 400 20

Sodium (Na™) 50 440

Chloride (CI) 40-150 560

Calcium (Ca?") 0.0001 10 Reversal

Mammalian neuron Potential:

Potassium (K*) 140 5 -80mV

Sodium (Na™) 5-15 145 +60mV

Chloride (Cl-) 4-30 110 ;6600"‘\\//

Calcium (Ca?*) 0.0001 19 m
Resting:

-70 mV
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3-1. tablizat
Kézelité nyugalmi membranpotencial értékek
Sejt Nyugalmi membranpotenciil

(mV)

Simaizomsejt (eml&s) —35-t61 —55-ig

Sziv nodalis szovet (emlss) —55-t6l —65-ig

Ori4sidegrost (tintahal) —60

Idegsejt (eml8s gerincvelsi kb. —70

motoneuron)

Kamraizomrost (eml&s) -80

Vizizomrost (eml&s) —80

Vizizomrost (béka) -90

3-5. dbra
Az egyensillyi potencidl kialakulisanak szemléltetése

A pipeltaban IévG folyadék 100 mM, a fiirddben lévd 4 mM Etélium-
iont, a membrén csak K*-csatorndkat tartalmaz. A K+-ok netlo'éram—
lisa a pipett4bél a fiirdobe akkor sz{inik meg, amikor a pipettaban a
potencidlérték -81 mV-ra 4ll be (58 x log 4/100 = -81,l.a ﬁ\fc
get); ekkor a kémiai gradiens egyensilt tart az elektromos gradiens-
Ell A



A Hodgkin-Huxley kisérlet f6 eredményei - a HH Model
T http://osiris.sunderland.ac.uk/~csOher/iBoGpdf/chapt4.pdf

cate the neuronal components of the escape cincuitry: The first- and second-level peurons
orginate in the brakn, while the third-level nevrons are in the stellate ganglion and {nnes-
wate musche colls of the manibe. (B) Glant synapses within the stellate ganghion. The sec-

end-level neuren forms a series of fingerlike processes, each of which makes sn extracn]

L Y 4
narily large syrupse with a single thind-kevel newron. {(C) Structune of a giant axon of 4 ‘ N Z I O n CS ato rn ak
third-level newren lying within s nerve. The enormous difference in the diameters of a

squid glant axcn and a manmmalian axon are shown below. . . ., , ol 25 -—J,—- [ [k |
lonszelektivitasanak 2, —
: oz 5T s S
megallapitasa. Az £2 M |
loncsatornak . i

elkllonitése ez
alapjan

Squeid giant axon = 500 pm dlameser.
M, Har anon =2 jum

A feszlltség zar (Voltage clamp) modszer létrehozasa

a
V4 L] 4 L] 4 7 4 4 E
loncsatornak feszultségfliiggésének a merése 2
One internal electrode measures Voltage clamp amplifier When Vy, is different from the command €
membrane potential (Vi) and is compares membrane ntial, the clamp amplifier injects current
b ial (Vi) and i P pote p amplifier inj
connected to the voltage clamp potential to the desired into the axon through a second electrode. a2
amplifier {command) potential This feedback arrangement causes the o
membrane potential to become the same
m as the command potential E
g
=
Voltage
clamp
war T The current flowing back
into the axon, and thus
Measure across its membrane,
current can be measured here
Current- =
passing Voltage clamp technique for studying mem- Time (ms)
electrode brane currents of a squid axon.

electrode




Hodgkin- Huxley formalizmus

Extracellular Medium

I
Cm:gn(t,\’)é QLﬁ b®
E; E
[ 5

l

Intracellular Medium

Sir Alan Hodgkin, 1949 Sir Andrew Huxley, 1974
I=CM%I:+I.', Ina=gxa (V=Fxu)
‘ Ig =gy (V-Vg)
ll"gt (V"“ﬂ): [1):4 ‘—‘@Kﬂ‘,
dn

EFR" (1 ﬂ') ﬁu

2, =0-01 (V+10)/|:exp V+10 1],

Bn=0-125 exp (V/80),

Potassium conductance
{m.mhofcm?)
D = et L e WO S 0D
L 1 | | T L) | 1 1

Fig. 2. A, rise of potassium conductance associated with depolarization of 25 mV; B, fall of J. Physiol. (1952) 117, 500-544
potassium conductance associated with repolarization to the resting potential. Circles:
experimental points replotted from Hodgkin & Huxley (19524, Fig. 13). The last point of
A is the same as the first point in B. Axon 18, 21° C in choline sea water. The smooth curve
is drawn according to eqn. (11) with the following parameters:

A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE

By A. L. HODGKIN anp A. F, HUXLEY


https://www.kfki.hu/~cheminfo/hun/eloado/neuro/fej2.html
https://www.kfki.hu/~cheminfo/hun/eloado/neuro/fej2.html
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Tovaterjedd akcidés potencial
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Figure 3,13 Saltatory action potential conduction along a myeli-
nated axon. (A) Diagram of a myelinated axon. (B) Local current in
response o action potential initiation at a particular site flows
locally, as described in Figure 3.12. However, the presence of myelin
prevents the Jocal current from leaking across the internodal mem-
brane: it therefore flows farther along the axon than it would in the
absence of myelin. Moreover, voltage-gated Na® channels are present
only at the nodes of Ranvier (K* channels are present at the nodes of
some neurons, but not others). This arrangement means that the
generation of active, voltage-gated Na* currents need only occur at
these unmyelinated regions. The result is a greatly enhanced velocity
of action potential conduction. The paniel to the left of this figure leg-
end shows the time course of membrane potential changes at the
points indicated.




Figure 2.1 Types of neuronal electrical
signals. In all cases, microslectrodes are
used to measure changes in the resting
membrane potential during the indi-
cated signals. (A} A bricf touch causes a
recepitos potential in a Pacinian corpus-
cle in the skin, (B) Activation of a synap-
tie contact onto a hippocampal pyrami-
dal meuron elicits a synaptic potential.
{C) Stimulation of a spinal reflex pro-
duces an sction potential in a spinal
MOLOF MIeLnon.

(B) Synaptic potential
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ure 2.2 Recording passive and

ive electrical signals in a nerve cell.

) Two microelectrodes are inserted

0 a neuron; one of these measures
mbrane potential while the other
xcts current into the neuron. (B) In-
ting the voltage-measuring micro-
ctrode into the neuron reveals a nega-
2 potential, the resting membrane
:ential. Injecting current through the
rent-passing microelectrode alters
neuronal membrane potential.
perpolarizing current pulses produce
y passive changes in the membrane
eential. While small depolarizing cur-
ts also elict only passive responses,
>olarizations that cause the mem-
ne potential to meet or exceed
eshold additionally evoke action
entials. Action potentials are active
ponses in the sense that they are gen-

erated by changes in the permeability of
the neuronal membrane.

Akcids potencial generalasa — memran
depolarizacié — 6sszegzes — akcios
potencial kiisz6b — regeneralodoé akcios

potencial

Published as:
Carnevale, N.T., Tsai, K.Y .. Claiborne, B.J.. and Brown, T.H.. The electrotonic transformation:
a tool for relating neuronal form te function. In: Advances in Newral Information Processing
Systems, vol. 7, eds. Tesauro, G., Touretzky, D.S., and Leen, T.K.. MIT Press, Cambridge,

MA. 1995, pp. 69 76.

Vi) = e 5



/
h-pipetta Ag/AgCl
Patch-pip /7 elektréd

Seitmembrén

3-1. dbra |
A ,patch-clamp” regisztréls elve

oV,

1}



Sejtre Teljes seit - Eqyedi

tapasztott - konfigurdci6  ©  csatorng
MEres o mérés
Pipetta- e
visszah(zds

Patch-pipetta inside-out

j/  Pipetta-
) Vvisszah(zds

outside-out

P T B R

teljes sejt
giga seal

3-2. 4bra

A ,patch-clamp” regisztrilas kﬁlﬁnbﬁz& leonﬁgurw L%ﬁ é%



B g 1
6r T
-30 T
g g 4 = :
S 5 g
b 5 g L
= o <
e S 2F S g
S 3 3
1 ] 1 I T 1
A% 75 50 -2 % 50 _15k
oL
A
Patch potencidl (mV) -~ Patch potenciél (mV) ~ Patch potenciél (mV)

34. %bra

K+-csatorna fesziiltség-aramintenzitds karakterisztikai

A) A patch-pipettin beliil és a fiirdSben 1év5 oldat K+-koncentrici6i azonosak _

B) A patch-pipettin beliili K*+-koncentricié megfelel az intracellularis, a fiirdé K*+-koncentréci6ja az extracelluldris K+-koncentracionak. Az
aramintenzitas a K*-ok egyensilyi potencidlja melleft valik zérussa -

O Befelé rektifikilo K*+-csatorna fesziiltség-dramintenzitis karakterisztikija
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Figure 45 Diverse properties of K*
channels. Different types of K* channels
were expressed in Xenopus cocytes (see
Box B), and the voltage clamp method
was used to change the membrane
potential (top) and measure the result-
ing currents flowing through each type
of channel. These K* channels vary
markedly in their gating properties, as
evident in their currents (left) and con-
ductances (right). {(A) K, channels
show little inactivation and are closely
related to the delayed rectifier K* chan-
nels involved in action potential repolar-
ization. (B) K, , channels inactivate
during a depolarization. (C) HERG
channels inactivate so rapidly that cur-
rent flows only when inactivation is
rapidly removed at the end of a depolar-
ization. (D) Inward rectifying K* chan-
nels allow more K* current to flow at
hyperpolarized potentials than at depo-
larized potentials. (E) Ca®*-activated K*
channels open in response to intracellu-
lar Ca®* ions and, in some cases, mem-
brane depolarization. (F) K* channels
with two pores usually respond to
chemical signals, such as pH, rather
than changes in membrane potential.

VOLTAGE-GATED CHANNELS

LIGAND-GATED CHANNELS
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loncsatornak fiziolégiai tulajdonsagai

loncsatornak membranon ativel6 fehérjék, amelyek egy vizzel t6lt6tt csatornat
hoznak letre

Szelektiven ateresztbek a kulonb6zd6 ionokra.

A csatornak nyitasi valésziniuségéet meghatarozhatja:

* Membran potencial

* Neurotranszmitterek

* Intracellularis masodlagos hirvivok

* Mechanikus stimulus (fény, pH..)

* HOmérseklet

* Mas hatasok (foszforilacio, oxidacio, intracellularis ionok, etc...)

* lon csatornak aktivacioja és inaktivacioja id6fiiggo dinamikus folyamat

* loncsatornak nagy fehérjek szamos konformacios allapottal
* Ezeknek az allapotok mérése: single channel patch clamp

http://www.ccs.fau.edu/~liebovitch/dyn.html



loncsatornak vizsgalata

1. Expresszaltatas 2. Szekvenalas

Xenopus Oocyte or Chinese Hamster Ovary
Cell

http://www.acsu.buffalo.edu/
~moralesm/Discovery%20and
%20Methods.pdf

3. Mutéacios analizis: Struktdra — Funkcié
0sszefliggések

4. Krisztallografia

5. Farmakologia

'~ 6. Elektrofiziologia
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Crystal structure and mechanism ofa
calcium-gated potassium channel

Youxing Jiang, Alice Lee, Jiayun Chen, Martine Cadene, Brian T. Chait & Roderick MacKinnon

Howard Fughes Medical Institie, Laborutory of Molacwdar Newrobiology and Biophysics and Labarawory of Mass Spectrometry and Gaseous len Chemistry, Rockefoller
Umiversity, 1230 York Avemue, New York, New York 10021, US4

HAgure 6 Struclure of the gating ring. a, Stereo diagram of the gating ring viewed down  hydrophabic or aromatic (Be 192, Hs 193 and Leu 196) are shown. ¢, C-leminal

the bur-fold axis (square). Eight RCK domains are divided inb two groups, A1-A4 blue)  subdomains (brackets) and helices oF and oG form the flexible inlerdace. A clefl between
and B1-B4 (red), with N termini iabelied ). Viewed from the membrang, bive domains  two RCK domains creales a ligand-binding sile with Ca** bound al the base (yediony
woulkd be attached to the pore via a continuous polypeptide chain and red domains spheres). d, Sterzo dlagram of the gating ring viewed from the side after remaoving the
assembled from solution. Fixed and flexible dimer interfaces hold the ring together. subdomains.

b, Hefices aD and oF form the fixed inlerface. Several amino acids consenved as




s oay 7 The Structure of the Potassium
IO N sze | e kt|V|ta S Channel: Molecular Basis of K™
Conduction and Selectivity

Declan A. Doyle, Jodo Morais Cabral, Richard A. Pfuetzner,
Anling Kuo, Jacqueline M. Gulbis, Steven L. Cohen,
Brian T. Chait, Roderick MacKinnon*

C EXTRACELLULAR

&N d \

Fig. 7. Two mechanisms by
which the K* channd stabilzes
a cation in the middle of the
membrane. First, a large aque-
ous cavty stabilizes an ion
{green) in the otherwise hydro-
phobic membrane interior, Sec-
ond, oriented helices point their
partial negative charge (carbox-
¥l end, red) towards the cawity
where a cation is located.

INTRACELLULAR

* In a series of crystal structures, MacKinnon saw the ions surrounded by
water molecules just before they entered the ion filter, became stripped
of their water and allowed to pass through the filter, and then met the
water on the other side of the filter. MacKinnon also explained why the
filters are selective: for each ion, the distance to the oxygen atoms in
the ion filter is the same as in its water solution, therefore the smaller
sodium ion cannot be freed from its water and pass through a larger

potassium ion filter.



Penzotti &t al. Cifferences in STX and TTX Binding 2655

[

3 V‘ -r’l .
Y401C .‘ 3
-SSP

|+ D400

TABLE 3 Comparison of IC.s and kinetic parameters in ul, Tyr*®! mutants, and hHia channels

Mutacids analizis

Equilibrium 1Cs, (M) n Ko (M Tg n Ko (s y n 1Csy, ratio

TTX

Native pel 0.036 + 0.006 10 <10 = 566 = 10° 9 1.02 102 = <1073 9 1

Y401D 171 = 15 9 107 + 2.49 = 10° 3 142 5 1072 = 1073 3 4800

Y401C 80+ 15 6 <107+ 2.20 % 107 4 2,60 % 1077 <107 4 2249

hHla 15402 4 <10° + 861« 107 4 211 %1077 <107t 4 41
STX

Native el 3104 10 5.13 % 10 + 3.06 = 105 4 134102+ 174 1077 4 1

Y401D 169 = 14 10 241 % 10% = 623 2 107 3 70010 Y= 504107 6 55

Y401C 34012 5 6.50 % 10* + 1.43 « 107 4 21871077 23441077 4 102

hHla 149+ 18 6 9.50 % 10* + 435« 10° 5 9.00 % 107 £ 519 1074 5 48

FIGURE 2 Proposed onentations of STX and TTX ina model of the ] Na ' channel outer vestibule { Lipkind and Fozzard, 1994). The P loops are formed
by B-hairpins. and their hackbones are indicated by green ribbons. (4) Orientation of STX relative to domains [-1V, as viewed from the extracellular side
down the axis of ion penmeation, with the mutation Y401C present in domain 1. The 1,23 guanidinium group is close 1o Asp'** of domain IV, and the

-1

C12 diol interacts with Glu of domain 11, 1n this orientation, the carbamoyl group of STX is near Glg*™ (B Orientation of STX relative o domains

Iand 11, viewed in a plane parallel to the membrane, showing the interaction of the 7.8.9 guanidinium with Glu™* and Asp*". Because of its interaction
with the outer ring, STX is held away from the 401 site, leaving room for sulfhydryl reagents to react with Cys in this position in the heart isoform. ()
Top view of the ofentation of TTX with domains -1V, showing the close packing of TTX with the domain [ P loop, This packing would tend to prevent
access of sulfhydryl reagents to the 401 site. () Side view of the orientation of TTX relative to domains | and [1. The C4-C5-C7-C8 surface of TTX i
closely packed with Tvr*'. Carbon, nitrogen, oxyeen. and hvdrogen are green, blue, red, and while. respectively.




loncsatorndk diverzitasa

- Natrium csatorna: 9 alfa subunit subtypes Na,1.1 - 1.9
plus Na,. Alternative splicing, 4 beta subunits

Kalium csatorna: Most diverse class of ion channels.
Consists of 4 subunits (homomers or heteromers). K,1.1
-1.9; K,2.1 -2.2; K, 3.1 - 3.4; Alternative splicing.

Table 5.1 Voltage-gated calcium channel types

Channel Type

Former Nomenclature

Voltage-dependence

Cav 1.1
Cav 1.2
Cav 1.3
Cav 1.4

Cav 21
Cav 2.2
Cav 2.3

Cav 3.1
Cav 3.2
Cav 3.3

Clys
Oy

Clyp

Clir

L-type (25pS)

-"'-"ﬁ/Q_type' s

N-type (13pS)

R-type

T-type (8pS)

high-threshold (>—10 mV

high-threshold (>—20 mV)

Low-threshold (>—70 mV)




Protein
name

Nal.1

Na1.2

Nal3

Na,1.4

Na,1.5

Na,1.6

Na,1.7

Na,1.3

Na,1.9

Gene
name

SCH1A

SUMZA

SCMEA

SCTHAA

SCTHSA

SCHEA

SCMGA

SCHI10A

SCH11A

Auxiliary
subunits

B1,p2.p3,pd

P1,pe,p3,pd

FLEZ

Bl

B1,p2.p3,pd

pl.p2

PLp2

unknown

unknown

Expression profile

Central neurons and cardiac
myocytes

Central neurons

Central neurons and cardiac
myocytes

Heeletal muscle

Central neurons

Central neurons, dorsal root ganglia,

peripheral neurons

Dorsal root ganglia, sympathetic
neurons, Schwann cells, and
neurcendocnne cells

Dorsal root ganglia

Dorsal root ganglia

Associated human channelopathies

— NaVl.l

Inherited febrile epilepsy, GEFS and NaVl.2
myoclonic epilepsy

NaVl1.3

inhented febnle seizures and epilepsy

|NaVI 4

nene known ! | NHV] 5

NaV1.8

hyperkalemic periodic paralysis,

Daramyotonia congenita, and potassium- - NaV l 6
aggravated myotonia ’

NaV1.7

Long OT Syndrome, Brugada syndrome,
and idiepathic ventricular fibrillation Nav 1 9

none known

inhented erythromelalgia

none known

Neuron, Vol. 26, 13-25, April, 2000, Copyright ©2000 by Cell Press

From lonic Currents to Molecular Review
Mechanisms: The Structure and Function

of Voltage-Gated Sodium Channels

none lnown

William A. Catterall* tetrodotoxin binding activity and a protein of ~270 kDa


http://upload.wikimedia.org/wikipedia/en/d/d8/Sodium_channel_phylogram.png

loncsatornak farmakolégiaja

TABLE Examples of channel toxins

Function Na channel K channel
Blockers Tetrodotoxin  Tetraethylammonium
Saxitoxin Charybtotoxin
Chlorpromazine 4-Aminopyridine
local anesthetics local anesthetics
Activators Batrachotoxin Pinacidil
Veratridine

http://www.whatislife.com/reader2/membrane_bioelectricity.htm

Ca channel
Verapamil
Diltiazem

alpha-conotoxin

SDZ(+)202791

BayK 8644



Channelopathies / lon channel related
diseases

Tabde 1. Known ion channel discases

Channel LET Chanpel-forming umnitligaed OMIM Discase
Cation channels:

CHRNALACHRA CHRNAL 2 ALK [[LTE ] Myasthenia congenita
CHRMAS CHRNAS w ACh 118304 Autosomal dominant noctumal frontal lobe epilepsy
CHENEZ CHRNE? P ACh 1 18807 Awtosomal dominant noctumal front| lobe epilepsy
Polyveystine2 PR ] 173900 Awtosomal dommnant poelveystic kidney disease (ADPRKD)
CNGAL CNGAS a2, oliMP B00S3 Achromatopazi 2 (cobor Midness)
CNGHEI CNGRD 5. el 0724 Awtospmal fecessive retimilis pigmentosa
CNGB3 AR i, eliMe SE0R0 Achromatopsia 3
Sodinm chanmel:
Na, L1 % 182350 Generalized epilepsy with febrik sevmres (GEFS+)
MNa, 1.2 * 182350 Creneralizad epilepsy with febrile and afebrle setzures
Ma. 1.4 - MIZ9AT Paranmyoonin congenita. powssiam aggnessive myolonia,
hyperkalems: pernxdi: paralyas
Ma 1.5 -] w63 Long-QT syndrome, progressive familial bean block type |,
Brugads syndrome ddiopathic vemecular arhythndap
SCNIB 1 60235 Ciereralived epilepsy with febrile seizures (GEFS+)
ENaCx a G228 Preudohypoaldosteronism type | (PHALY
ENaCf I M TED PHAL Lddle synabrome (dommand hyperiension b
ENaly ] BT PHAL Lildle symalrome
Potassium channels:
Kyl KONAS a 1 76260 Episodic staxia with myokymia
KONQUK, LOTI KON E] 192 5000 Awosomal domiinant long=0T syndrome (Romano-Ward
Amosomal recesiive long-0T syndrome with deafiness
iJervell-Lomge-Miclsen)
RONOT RONQ2 ¥ HO2235 BEFNC (epilepsy), also with myokymia
KON TR £l 02232 BFNC (epilepsy}
KCNO4 ¥ 63537 DFNAZ (dominant hearing loss)
HERCGY KONH2 1 152427 Long-(T syndrome
Kirl, [/ROME -3 L] ] Buanter syndromse (renal salt loss. hypokalemic alkalosis)
Kirl, FIRK/KONE k] [ELIGE] Lasng-0T syndrome with dysmorphic features { Andersen symirome)
Kinh 2 Kam % G097 Persistent hypermsulinenvic hypoghcemia of infncy (FHHT)
SUR1 I} NSO PHHI
KONEL Mink 15K P 176261 Autospmal dominant long-0T syndrome (Romano-Wardp
Autosomal recessive bong-0OT syndrome with deafness
Jervell-Lange-Nielsen)
KONEZMIRPI KONED i 3T Long-0T syndrome
ROMESMiRP2 RONES I G4433 Pervoddic paralysis
Calcium channels:
Ca, 1.1 CACNALE - 114208 Hypokalemac penodic parabysis,
maligrant hypertherm
Ca,l4 CACNALF E 0001 10 X-linked congenital stationary night blandness
Ca 21 CACNATA | a1l Familial hemiplegic migraine,
episadic maxi, spmocerchellar stuxia type &
RyR1 RYR! *® 180901 Malignant byperthermia, central core disease
RyR2 RYR2 - § | RO902 Cotecholaminergic polymorphic ventricular tachycandia,
artythmopgenic fght ventricular dysplasia tvpe 2
Chboride channcls:
CFTR ABCCT - 2421 Cwstic fibsosis, congenital bilateral aplasi of vas deferens
CiC-1 CLONT ] 115425 Autosomal recessive (Becker) or dominant { Thomsen) nayotonia
CHC-5 ¥ % JO008 Dient’s discase (X-linked proteinuria omd Kidney swones)
Cic-7 7 £ 2727 Osleopetosis (recessive of domminant)
CH-Kh CLONKR o 2023 Banter syndrome type I
Barttin BINDY i LU I Bamter syrdrome type [V (associated with sensonincural deafess)
GLRAL GLRAS 2, glycme 135491 Hyperckpleia (sanke diosse)
GABAzE GABRAL . GARA L3706 Juventle myoclonus epilepsy
GABAY2 CABRGD v GABA 137064 Epilepusy
Gap junction chanpek:
Cxlo GJSB2 121011 [FNA (awtosemal dominant bearing loss)
DFNBI (auosomal recessive hearing loss)
(&%) GlB 5425 DFNAZ
Cxll OB 13324 DFNAZ
Cxi2 (e 1] e CMTX (X-lnked Charcot-Mane - Tooth neuropathy )

The thard column classifies channel proteins into =, [, and  subumis, where 3 subumits are always direatly imvelved in pore fomation, Several f subunits are only
acoessory (1.¢. do not form pores), as is the case, for exomple, with SCN 13 and barttin, Others (e of ENaC and GABA recepiors) participate in pore formation,
For ligand-gated channels, the ligand & given. Note that GABA and glycing act from the extmcellular side, whereas cGMP i an imtracellulir messenger.

lon channel diseases
Christian A. Hiibner"? and Thomas J. Jentsch'*
Zentrum fiir Molekulare Neurobiologie Hamburg (ZMNH), Universitat Hamburg, Falkenried 94, D-20246 Hamburg,

Germany and 2Institut fir Humangenetik, Universitatsklinikum Hamburg-Eppendorf, Martinistrasse 52, D-20246
Hamburg, Germany

(A) Ca™ CHANNEL

1 ¥r+

(D} CI" CHANNEL
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