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OCHOBHbIe cTagun pa3BUTUSA
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OCHOBHbIe 3Tanbl pa3BUTUA MO3ra
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[[eHbl, HENPOHbI U CUHANMCbI

Species Nb genes Nb neurones Nb synapses

C. elegans 20 000 302

Drosophila 12 000 205 000

ﬁ?&“# __Mus musculus 100 000 000

L=

m\ Macacus mulatus 10 000 000 000

Homo sapiens 100 000 000 000

|

To calculate 10" (100 billion) seconds: more then 3000 years (3168 years).
10"3 - > 3 million years; 10"° - > 300 million years




BUonorus

"Moa3r - nocnegHaa U rpaHaMo3HenLLaa druonornvyeckasa BEpLLUUHA,
Hanbonee rnybokasa TanHa, KOTOPYI HaM eLle NPeacTonT
pasragatb "

James D. Watson "Discovering the Brain", 1992
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Mb1 ceroaHa obcyanMm:

» CuHanCc: OCHOBHbIE NPUHLUNbI OPraHU3aLUuMu

» WoHHbIe KaHanbl - KN4YeBble 60enku TpaHcopmauum
eneKTPO-XMMUYeCKMX CUrHanoBs:
- OCHOBHbI@ MOAYNU UOHHbLIX KaHanoB
- NpUHUManbl PYHKUMOHUPOBAHUA UOHHLIX KaHanoB
- YTO Mbl 3HaeM O CTPYKTYpe UOHHbLIX KaHanoB

» Bo3Gyxnpatowme 1 TOpMO3Hble CUHANCbI

» ©®opMupoBaHue U NNacTUYHOCTL CUHANCOB



Illeppunrron - 1897

Lord C.S. Sherrington 1857-1952;
Etude sur les réflexes (réflexe myotatique)

Synapse - region (site) of the contact
of neuron with the other cell.

Synapse — synaptein (Greek)

syn - together (émecme)
haptein-to hold (0epstcams)

Presynaptic

(] ] Synaptic cleft
©
9 o XN/

Dendrite

Postsynaptic Current Biclogy

CuHanc - MecTO (Yy4aCTOK) KOHTaKTa
HeMpoHa C APYrou KreTKou.




OCHOBHbIe TUNbLI CUHANcoB
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Bernard KATZ 1911-2003

b, HATL

s
MblULUQ
u
cuHanc

B, Hatz973 - | S B. Katz-2002

- KBAHTOBbIU BbIOPOC HenpomMmeanartopa
- KNnK4YeBas posb KanbLuus B BbIOpoce HenpomMmeguaTopa
- OLleHKa napamMeTpoB OANHO4YHbLIX KaHaNoB

Nobel Price - 1970
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CuvHancbl B MO3re Nno3BOHOYHbLIX
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OCHOBHbI€ TUMNbl MOHHbLIX KaHarNoB

Voltage-gated  Ligand-gated Ligand-gated Mechanically-

extracellular intracellular gated
o -

CLOSED

|
- =B

MOHHbIe KaHanbl - MOJEeKYINApPHblIe KOMMJIEeKChbI, npesppawiarouimne

CYTOSO0L

Medina & Bregestovski, Proc.Roy Soc, 1991

noTeHuuan, Xxmmm4ieckme mjiin mexaHn4eckme curHasnbl B nOTOKM MOHOB



OcCHOBHbIe (PYHKUMNOHArNbHbIE OJIOKWN
MOHHbIX KaHaroB

Extracellullar domain:
-receptor site;
-extrasynaptic targeting

Transmembrane domain: DI PIIIII

. . . D)) D)) )
-101 SeleCtIVIty; YA A AN N

FAP T YR AYY . TR TRV Y AYY,
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Intracellullar domain:
-phosphorylation; oy

ATP-activated P2X receptors



CyOobeanHnyHaa opraHu3auus KaHarnosB
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CyobeanHnyHan
OpraHuM3auus KaHasnoB
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Basic principles of ionic channels functioning

Kak yBuaeTb akTUBHOCTb OANHOYHbIX
MOHHbIX KaHanoBs?



E. Neher B. Sakmann

Nobel Price-1991



Neher & Sakmann, Nature, 1976
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KuHeTuKa oeaktmeaunm NHTEerpalibHbIX NOHHbIX TOKOB

NRI1/NR2A

tdecay ~ 120
ms

MHTerpanbHble TOKK

NR1/NR2B
tdecay ~ 400 ms

TOKM OOMHOYHbIX KaHarnoB

NR1/NR2C
tdecay ~ 380 ms
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- B. Sakmann & N. Spitzer, Rome 2007



HekoTophbie paborbl

[loka3aTenbCTBO KOHPOPMAaLIMOHHLIX UBMEHEHMIN peLienTopa
aLeTunxonuHa Bregestovski et al., Nature, 1977

[loka3aTenbCTBO KalnbLMEBOWN NPOHMLIAEMOCTM peLienTopa
aLeTUnxonuHa Bregestovski et al.,Nature, 1979

[ToTeHuman-3aBncumMbiv 6riok marHnem peuentopos NMDA
Nowak, Bregestovski, Ascher.,Nature, 1984

Kanbuun-saeucumaa moaynsaumsa K* kaHanos nmmgounToB
Bregestovski, Redkozubov, Alexeev,Nature, 1986

OTKprTl/Ie HOBOIO TUlNa MEXaHO-HYYBCTBUTEJIbHbIX KaHaJ10B

Medina, Bregestovski, Proc.Roy.Soc, 1991



= Whnat we Know anout structure of lon channels

Kak yBuaeTb MONEKYnapHYyo
opraHn3auuio MOHHbIX KaHanoB"?



lon Channels -1968

1968
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Idea and reality for K channels




The crystal structure of K* channel
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MacKinnon R. Nobel price - 2003
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ligand-gated
channels
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Signature sequenc of 13 residues flanked by

AChBP

H GABA, al
H GABA, (32
H_GABA, 72
T.ma al
T.ma o

H a7

H Gly al

cysteines, form a closed loop situated between

binding and channel domains

VDTES
EDFPM
RRYPL

THEFPF
LYFPF
RWFPF
KNFPM




-Kak cBsA3bIiBaHMe nuraHga c peuenTopom
NPUBOAUT K OTKPbIBAHUIO MOHHOIO KaHana?

-Kakne koHthopMaLUOHHbIE N3MEHEeHUs
npetepneBaeT UOHHbIN KaHaN NPy akTUBaUMn?

- Kak perynupyrotca pyHKLUNUN MOHHBbIX KaHanoB?



Some key events in
cys-loop receptors life

1993 - structure of AChR from 7. Californica (9A) S. Unwin

1999 - structure of AChR from T.Californica (4.6A) S. Unwin & co

2001 - crystal structure of ACh-binding protein from
Lymnaea Stagnalis (2.7A) G. Smit, T. Sixma & co-authors




A conserved architectural fold among different AChBPs

nAChR
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(Celie et al., J. Biol. Chem., 2005) J
(Celie et al., Nat. Struct. Mol. Biol., 2005)



Cys-Loop

ligand-gated
channels

Cation-
selective
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i TITIT|T
family 1 tamily 3 @& Eco L[
TIT|T
J484 ECD
family 2 family 4 3@ Eco LELE
Green f “ 4 v
Filamentous amily Slime
1 I
Spirochetes bacteria Entamoebae e ﬁ.nn’n;uﬂ:_:.}gl
Gram Methanosarcina
family 1,3,4 positives|  wiethanobacterium Halophiles
Proteobacteria Plants
. : Methanococcus
family 1,2 |Cyanobacteria v o Ciliates
. Cerer
Planctomyces Thermoproteus Fla
. gellates
famlly 2,3,4 Pyrodicticum
(Cyhu) | Bacteroides . Trichomonads
Cytophaga
- Microsporidia
Thermotoga
Diplomonads
Aquifex
Bacteria Archaea Eucaryota

Tasneem, Aravind et al., 2005



Bacterial CLR history

2005 Genomic identification
Tasneem et al. Genome Biol 6 (1) pp. R4

2007 Functional identification
Bocquet et al. Nature 445 pp. 116-9

2008 X-ray structure closed-pore state
Hilf & Dutzter, Nature, 2008 | (ELIC)

2009 X-ray structure open-pore state

Bocquet et al.Nature 457 pp. 111-4
Hilf & Dutzter, Nature, 2009 (GLIC)




Pentameric channel from bacterium Erwinia chrysanthemi (ELIC) at 3.3 A resolution

Hilf & Dutzler, Nature, 2008 ELIC - crystal in closed state



Proton channel from cyanobacterium Gloeobacter violaceus
Crystal structure in the open conformation

Bocquet et al,, Nature, 2009  GLIC - crystal in open state



Proton channel from cyanobacterium Gloeobacter violaceus
Crystal structure in the open conformation

Bocquet et al,, Nature, 2009  GLIC - crystal in open state
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PSD-95-domain organization

PDZ domains- modular protein-interaction domains that
are specified for binding a short peptide motifs at the -—122 kD

extreme caboxy (C) termini of other proteins. ~ —=102 kD

PDZ. domains-are located at about 12 nm below
postsynaptic membrane.

— 80 kD

SH3-HOOK-C
A

g i
PDZ PDZ PDZ SH3 HOOK GK

Conserved core

P. Seeburg et al, 1995 : PSD-95 stimulate clustering of NMDAR channels

M. Sheng et al, 1995 : PSD-95 stimulate clustering of potassium channels



Neuroligin

- 90 amino acids
-Six B-strands and two a-helices

NMDAR KainateR

PDZ PDZ PDZ SH3
/PSD-95

GUK

-ETDV - K + channel
-ESDV - NVIDA receptor (NRZA/B subunits)



Neuroligin
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GRIP/ABP

GUK



euroligin

KainateR mGIluRs

PDZ PDZ PDZ SH3

SAP90/PSD-95 PDZ PDZ PDZ PDZ PDZ PDZ PDZ

GRIP/ABP

Ank SH3PDZ SH3 |
ProSAP/Shank Cortactin

S

Actin




APpXHUTEKTYpa MOCTCHHAIICA
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dopmupoBaHmne 1 NoABMXKHOCTb
CUHancoB




AMPA/Kainate

GABA
or/and
Glycine

GABA receptors

p A7 (CCCs
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D,GH.D,pVITbI M NOCTCUHAINITUHECKMNEe
LWIMMNKN coaepPKaT aKTUH

Fifkova, E., and Delay, R.J.
(1982.) Cytoplasmic actin in
neuronal processes as a possible
mediator of synaptic plasticity. J.
Cell Biol. 95, 345-350.

Matus, A., Ackermann, M.,
Pehling, G., Byers, H.R., and
Fujiwara, K. (1982.) High actin
concentrations in brain dendritic
spines and postsynaptic
densities. Proc. Natl. Acad. Sci.
USA 79, 7590-7594.




GFP X-Protein
I @400

72



HOI[BI/I)KHOCTI) ACHAPUTHDLIX HINIINKOB

Matus et al. 1998



Actin in spines of hippocampal neurons

Matus



F/G-actin modulators

Actin Polymerisation State

FILAMENT
BUNDLES MONOMERIC
% ACTIN
&Y P D

POLYMERIC ACTIN TRIMER

CYTOCHALASIN Depolymerization: cap to the fast-growing end
LANTRUCULIN Depolymerization: binds to monomeric actin (marine
sponge)

PHALLOIDIN Polymerization: prevents depolymerization (mushroom)
JASPLAKINOLIDE Polymerization: prevents depolymerization (marine sponge)

Proteins
GELSOLIN Depolymerization: (i) Ca-dependent F-actin severing;
(ii) displace phalloidin from actin filaments;
COFILIN Depolymerization: pH-dependent;

PROFILIN Polymerization




Jlemosumepu3anusa aKTUHA OJIOKUPYeET
MOJABUKHOCTh IIMIIHUKOB

SIS SIS
SO0l

‘ | @ Depolymerization
08 I w o,
| s o FCPRG PR ST UX N
5 08 qufm . o o? ﬁ""‘n PP T, :
5] o % %
® | -
e ] 8
207
2 |




Actin 1n spines + CytD
Matus




Ca**-cTumynupyemMoe
thopMuUpoOBaAHNE NEHAPUTHBIX
IIMTTAKOR

Axon
'\_\.7/
h _ Gluta

\\
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‘, Dendrite

NMDA receptor
Ca2 + rise




JlokanbHag aRTHBANKNA PEUenTOPOR B NEHAPUTAX

NMDA receptor
—_  Ca2 +rise

Glutamate
application

30 um






HOI{BI/I)KHOCTI) ACHAPUTHLIX NINMIINKOB

Correlate Time-scale

Motility

f ? S f Shape Change Seconds

Growing

New Spines Minutes

Hours




Bo3MOMKRHBIN MEXaHM3M
(hopMHUPOBAHUS HOBLIX CHHANCOR

Receptor phosphorylation  PSD perforation Mult-spine synapse Presynaptic remodeling
Receptor insertion Synapse multiplication

e
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0 10 min 30 min 60 min later



Hantum
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NMpousHecTwn
CrNoBO
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Ha namMsaTb:

- CuHancsbl - AHamMmn4yeckue camodgopmMupyroLimecs
MOJIeKynspHble Moaynn, obecneYyvBaroLime OLICTPYHO
nepepavyy Hcopmaumm B HepBHOU cucTeme

- AoHHBIe KaHanbl Krr4YeBble benku, obecneyvBaroLlme
TpaHdopMaLUIO XMMNYECKUX, MEXaHUYECKNX U Op.
BO34EeNCTBUU B 3J5IEKTPNYECKUE CUrHanbl

B oyayuiem:

- dbopmMupoBaHue U NAAaCTUYHOCTb HEPBHON CETH
- MOAernvu NnaM4aTu
- HapyLwieHus oyHKUMN KaHanoB U CUHarncoB
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Experimental procedures

Hippocampal slices Imaqing experiments

* E16 to 15-day old Swiss mice * Low-magnification (20X),
high NA (0.95) objective

 hippocampal slices (300 uym thick)
«Calcium-sensitive dye (Fura 2-AM)
» Standart ACSF (submerged chamber, 30°C)
*Two-photon excitation

*Multi-beam (64) : 100ms / frame
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GFP+ neurons=GABAergic neurons
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Online analysis: cell detection

10% DF/F|

30 sec



Localization of
active microcircuits
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Patch clamp and
morphological
analysis
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Hubs are GABA neurons with widespread axonal
arborization

GADG7+ cells



Ha namMsaTb:

= CMHanchbl - AUHaMn4YeckKkme camodopmMupyroLimecs
MOJIeKynsipHble Moaynn, obecneyvBaroLie OLICTPYHO
nepegavy vHpopmMmauum B HEpBHOU CUCTEME

- MoHHble KaHanbl Kno4YeBbIe beskn, obecnevynBaroLime
TpaHdopMaLNIo AeNCTBUSA XUMUYECKNX MOJIEKY,
MeXaHNYECKUX U Ap. BO3AENCTBUIN B 3fIeKTPU4YeCcKne curHanbl

- dbopmMypoBaHMe U NacTUYHOCTb HEPBHOMU CeTHU
- NaMATb
- mMaTonoruv (KaHamonarum)






Plasticity of synapric channels

I AMPA receptor

O NMDA receptor

Phosphorylation Alteration in number Alteration in subtype?
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Online analysis: event detection

Event detection
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Rasterplot of network activity
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Fluorescent image

Detected contours
from the movie
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Signal detection

20% DF/F l

1 min

it

Cell number

Rasterplots of the activity
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Reconstruction of network
activity




Ha namMsaTb:

- CUHanckl - AMHaMn4Yeckue camodopmMupyroLinecs
MOJIeKyrsipHble Moaynu, obecneyvBaroLime OLICTPYHO
nepepavyy nHdopmaumm B HepBHOU cucteme

- MoHHBIe KaHanbl Kro4YeBble benku, obecneyvBaroLlve
TpaHdopMaunio AeNCTBUS XUMNYECKNX MOSIEKY,
MeXaHUYECKMX U ApP. BO3AEUCTBUMN B NIEKTPUYECKMe CUrHanbl

- How chemical molecules activates channels?
- How synaptic activation leads to “intelligent™
operation of brain?
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Membranes and Channels
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Ion channels
of end-plate
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Ca?" in muscle at application of 3uM ACh

Before acetylcholine

Fura-2

Ca-sensitive dye

After acetylcholine




Deactivation kinetics of NMDARSs

NRI1/NR2A

tdecay ~ 120
ms

NR1/NR2B
tdecay ~ 400 ms

NR1/NR2D
tdecay ~ 4800 ms

NR1/NR2C
tdecay ~ 380 ms




We will discuss today:

» Ionic channels:
- general principles of organization;
- how to record channels;
- main functional parameters

» Neuronal plasticity:
- Long-term potentiation;
- Long-term inhibition;
- Short-term modulation.

» Actin cytoskeleton and Ca?* in formation and plasticity of spines
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LONG-LASTING POTENTIATION
OF SYNAPTIC TRANSMISSION IN THE DENTATE AREA
OF THE ANAESTHETIZED RABBIT FOLLOWING
STIMULATION OF THE PERFORANT PATH

By T. V. P. BLISS anp T. LOUMO

From the National Institute for Medical Research, M1ll Hill,
London NW7 144 and the Institute of Neurophysiology,
University of Oslo, Norway

(Received 12 February 1973)

SUMMARY

1. The after-effects of repetitive stimulation of the perforant path
fibres to the dentate area of the hippocampal formation have been
examined with extracellular micro-electrodes in rabbits anaesthetized
with urethane.

2. In fifteen out of eighteen rabbits the population response recorded
from granule cells in the dentate area to single perforant path volleys was
potentiated for periods ranging from 30 min to 10 hr after one or more
conditioning trains at 10-20/sec for 10-15 sec, or 100/sec for 3—4 sec.




Discovery of Long-Term Potentiation (LTP)
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Synaptic Vesicle

MNeurotransmiticr
Receptor

8[3 VGO

\IIT&‘I';. Molecule

Fig. 1 (a) Anatomy of a synapse. The presynaptic terminal contains
multiple active zones (AZ) that contain densely packed synaptic ves-
icles and are flanked by VGCCs. The active zone is the site of
neurotransmitter release, depicted here by the release of a neuro-
transmitter into the synaptic cleft. In addition to synaptic vesicles
clustering at active zones, several synaptic vesicle pools (SVP)
accumulate elsewhere in the presynaptic terminal during presynaptic
differentiation. The number and type of synaptic vesicle pools depends
on the type of synapse. Across the synaptic cleft, the postsynaptic
apparatus contains postsynaptic densities (PSD) precisely apposed to
the presynaptic active zones. Postsynaptic densities contain clustered
neurotransmitter receptors stabilized by synaptic scaffolding mole-
cules, such as PSD-95 and gephyrin. (b) Three steps of synapse
formation (see the text for details).
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Presynaptic
terminal

O O\"'L'T'E’ CB1R

“ AMPAR

Lipid
precursor mGluR1/5
N
(PLCB?: ) ’? L-type VSCC
i '
: Postsynaptic ;
cell

Figure 3 Model| of eCB-LTD at excitatory fxruhpf- onto medium spiny
nedrons in the striatum. Activation of postsynaptic type I mGluRs, along
with coincident subthreshold depolarization of medium spiny neurons
sullicient to aclivale L-lype voltage-sensilive calcium channels (W5CC w]
stimulates the postsynaptic synthesis and release of endocannabincid

What enzyme generates the endocannabinoids s not known: one
candidate s I-"L.x..l."j’. Co-activation of postsynaptic deopamine [D2-type
receptors {D2R) enhances endocannabinoid production and the subse




Presynaptic
bouton

Postsynaptic
site

Fig. 1 Summary of mechanisms by which ECM molecules may shape
synaplogenesis and synaptic plasticity. Neuronal pentraxins NP/ and
NP2 mteract with each other and form a scallold mn the extracellular
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-The most abundant protein (10% in muscle cells & 1-5% in non-muscle

- 375 amino acids protein

- 6 types of actin in mammals: 3 — o actins, 3 and y. Neuronal is mainly 3
— Exist in two main forms: G-actin- globuler and F-actin — filaments

- Each actin contains MgATP or MgADP

hﬁ.ﬁ‘.rl-’\l .:\ __. | .'.'.‘ o, :J_
e~

- ‘_;‘_,_.?5; Ve o ) ; i

togzs?, SATP T AT i) Sl

S F e ! o
oy -i ’ 'ﬂr. "*. blndmg "'I i

v

C terminus

Crystal structure of B actin



> > D Sy 5 5

ATP ADPPi ADP ADP ADP ADP \

Polymerization Depolymerization

N

27 2N\ |
T N@mﬂg 3

ADP ATP




NMDA NMDA | b
?Lreceptor receptor% /)
00 be

gae }r

3'1& IRIR N DR A AR
% g‘é\iﬁu{ 3&5(5\3‘( - iixé*(‘ (‘,(15 rﬁﬂ@éq ! “Cmf_uf%t _( <_2_ ai c.
(e}

m} )p; W?W:-R;)EnS?}) bﬁ)cﬁ;hstﬁﬁﬁ {g S?Sﬁ

( AKAP79/150




eV

cell body dendrites axon (less than 1 mm to terminal branches of axor
more than 1 m in length)



Channels are selectively permeable

Example: potassium channel
— K" 1on (1.33 A) vs. Na™10n (0.95 A)
— ratio of permeabilities 1s 10,000

— 10% 1ons/second




Depolarization
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Meuron A (transmitting) to neurcn B (receiving)

1. Mitoc hondria

2. synaptic vesicle with neurctrans mitters

3. Autoreceptor

4, Synapse with neurotrans mitter released (serctoning
5. Postsynaptic receptors activated by neurotrans mitter
(induction of a postsynaptic potential)

6. Calcium channel

7. Exocytosis of a vesicle

8, Recaptured neurctrans mitter




Main stages of development

oocyte grows without dividing fertilized egg divides without growing
{months) (hours)
dab -,..i-:ﬁifﬁ
0-0-@-(®)- @ Hﬂﬁ- "R
EDH m

adult
frog
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Chemical synapse
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SKCHEpMeEHT acivpadTa lypnaesa ((1"S46); craBllini offipaBHon

TOMKOW AiiA Unksia pElSO'J‘ NHOFXONIVINOPEUCTINOPY

ot !T&'
Typnaes-1946

Cynema - HgCl,
- IUXJIOPUJT PTYTH

AKIeHEe CBOOOHBIX CYIb(GIrUPUIbLHEIX TPYIII IIyTeM BHECEHUS IHC-
TeMHA MOJIHOCTHI0 BOCCTAHABIMBACT MCUe3HyBumil ddert (puc.13).
Romeuno, s1oif cmocofHoCTEI0 He o6mamaeT WCUETAHHBELE  HAMID
MICTHH,

YiKe B3TOT OmHT € J0CTATOYHOH HCHOCTHIO IIOKA3EIBACT, YTO
HePBHOE BO3JCHCTBHE, & TaKyKe BOZNCHCTBHE TeX XHMIUYECKHX

areHToB, KOTOPLIC B KAYCCTBe CHEHMHM(IICCKUX HPOAYKTOB oOMeHa

Ii |I|
'.I,fl.l'l

Prc. 13.

! — MeHCTBHE DasHpakenna GAVIHIAOINEr0 HEPBA (M ANeTHIXONMHA o1 CDABHEHAA)
H3 COKPAMEHNA MHOKADNA HeaVI09Ka Cepoma JMATYVIIEN B HOPMe; 2 — mOCJieé CBASHI-
= BAHUA CYNbPIHAPUNBHEX TPYON cyaemoit (5:-1078);

4 — nocne peiicTouA nucrenda (5H:.10-4)

gift of D.A. Sakharov
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Letters to Editor

nature 158, 837-838 (07 December 1940) |
doi:10.1038/158837b0

Role of Sulphydril Groups in the Action of
Acetylcholine and Inhibition of the Vagus
Nerve

Ch. S. KOSCHTOJANZ & T. M. TURPAJEW




Some key events in
AChR's life

1946 - evidences that AChR is a protein
T.M. Turpaev & C.S. Koschtojanz

1958-60-th - Homogenate of AChR Turpaev & co-authors

AX cmellaeT KpMBYHO MEPKYPUMETPUYECKOTO TUTPOBaHNA SH- rpynn B TkKaHEBOM rOMoreHaTe

1972 - purification of nAChR from Torpedo using
affinity chromatography J-P. Changeux & co-authors

1974 - AChR - pentameric protein A. Karlin & co-authors
1979 - first 20 amino acids of AChR sequence from

T.Marmorata J-P. Changeux & co-authors



J-P Changeux - Storogevsky monastery Oct-2008



Some key events in
AChR's life

1946 - evidences that AChR is a protein
T.M. Turpaev & C.S. Koschtojanz

1960-th - isolation of AChR  T.M. Turpaev & co-authors

AX cmellaeT KpMBYHO MEPKYPUMETPUYECKOTO TUTPOBaHNA SH- rpynn B TkKaHEBOM rOMoreHaTe

1972 - purification of AChR from Torpedo using affinity
chromatography J-P. Changeux & co-authors

1974 - AChR - pentameric protein A. Karlin & co-authors
1979 - first 20 amino acids of AChR sequence from

T.Marmorata J-P. Changeux & co-authors

1983 - complete sequence of AChR from 7. Californica

S. Numa & co-authors
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Ligand-gated 4-TM channels:

—What we know about:
» Structure
» Conformational transitions during activation



Steps in the early development of the nervous system

Neurons |-

Progenitors

Guidance

3. Formation of axonal
connections

2. Migration

1. Specification
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Interaction - 90 amino acids
of peptides with PDZ domains -Six B-strands and two o-helices

PDZ domains- modular protein-interaction domains that
are specified for binding a short peptide motifs at the
extreme caboxy (C) termini of other proteins.

PDZ. domains-are located at about 12 nm below
postsynaptic membrane.

QTSYV peptide



MHHHaTIOprIe CUHanTn4vyeckune
noTéHunanbl

elinat Li axon

P. Fatt & B. Katz, J. Physiol., 117:109, 1952
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[NokasaTenkLCcTBO KnroYeBoi ponw Ca*

Squid giant synapse Neuromuscular synapse

Katz & Miledi, Nature, 212: 1242-1245, 1966:
"At the squid giant synapse as well as at the neuromuscular junction,
external calcium 1ons are indispensable for synaptic activity"




Calyx ofi Held — giant mammalian synapse

A

Control

Pre

Post W‘,\/—
‘ 50 mV
1 nA

1 ms

B

0-1 mm Cd=*

Borst, Helmehen & Sakmann, J. Physiol, 489: 825-840, 1995
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