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Ha npowanoun nekumn:

CuHanc — K1to4yeBOoW Moay/1b HEPBHOW CUCTEMDb
Tunbl CMHANCOB:

Bosbywaaowme — KaTnoH-nsbumpatensvHbie (Na +, K +):
* OcHoBHOM megmaTtop B LIHC: Glutamate
* B HepBHO-MbIWweYHbIX cnHancax: Acetylcholine
TopmozHsie — AHMOH-n3bupatensHole (Cl-):
* OcHOBHOM meamaTop B ronoBHom mosre: GABA

* OCHOBHOW MmeanaTop B CMMHHOM mo3re: glycine



CeroaHAa mbl 0bcyanm

MHOroataxKHaa CTPYKTypa cMHanca

* MPUHLKNNbI MONEKYNAPHOMN OpraHmM3aLmnm
BO36OYXKAatOLWMX U TOPMO3HbIX CUHAMNCOB

[TNacTUYHOCTb CMHANTUYECKOM nepesaymn

[leHAPUTHbIE WNNNKN — MOPdONOrmyeckmne
CTPYKTYPbI NAACTUYHOCTM MO3ra

HO,EI,BVI)-KHOCTb LHNTNTNKOB

* POJIb aKTUHOBOIO LIMTOCKENEeTa
* POJib KanbLUA



Kak popmunpyeTca cmHanc?

KaK MOHHble KaHaNbl BCTPaUBAKOTCA B MeMbpaHy
{aK KaHanbl 3aKpenArTCA

KaK peryanpyertca Koaim4ecTBO KaHanoB B
CUHance?



Kniouesbie 6enkun ana GopmupoBaHus
HEeUPOHaNbHbIX CUHANCOB



Pa3Hble MOHHble KaHanbl cObpaHbl BMecTe
Ha membpaHe. Kakmum obpaszom?
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NocT-cMHanNTn4yeckas
NAOTHOCTb

Presynaptic Terminal

Kennedy, Science, 2000



anti-

JlomenHast opranuzanus PSD-935 PSD-95

PSD-9S — apmaTypHbIin 6e10K 122 kD
MOCTCHHANITUYE€CKOM MEMOPAHBI 102 kD
PDZ noMeHbI — MOJTYJIH [IJ1s1 Clie(hpUIecKoro ~ - 95 k[
CBA3bIBAHUA KOPOTKUX IICIITUIHBIX MOTUBOB C-

TEpPMUHAJIEN OEJIKOB 80 kD

PDZ nomensbI- 10KanmM30BaHbl MPUMEPHO B 12 HM 1o
NOCTCUHANTPUYECO MEMOPAHOM

e
PDZ PDZ PDZ SH3 HOOK

Conserved core

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

8 ETXV

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



PDZ noMeHBbI MOCTCHUHAIICA
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PDZ nomensbI - MOyJIb [IUIs crieiupuuecKkoro
CBSI3bIBAHUSI KOPOTKUX MENTUIHBIX MOTUBOB C-
TEPMUHAJIEN OEJIKOB

PDZ nomensbi- 90 aMUHO KHUCJIOT
PDZ nomensbi--lllecTs B-11CTOB M ABE C-CIUPAIA

PDZ nomeHbI 00pa3ylOT peleTKy Mo
NOCTCUHANTUYECKON MEMOPAHOH

SR,
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PDZ.-noMeHbl MOy v [Jist CnequpuyecKoro
3asiKOpMBaHUs OCJIKOB

PDZ nomensi- popMupyroT
MHOTOKOMIIOHEHTPYIO apMaTypPHYO
PELIETKY Ha BHYTPEHHEN CTOPOHE
MEMOpAHBI

©. |-«— Glutamate binding site

PDZ nomeHBbI- CO31at0OT OCHOBY JIJISI
KO-JIOKQJIM3ALWN Pa3HbIX MOHHBIX
KaHaJIOB HA ITOCTCUHANITUYECKON
MeMOpaHe.
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PDZ nomeHsbl — yrHeTarOT &
MHTEPHAIU3ALMIO MOHHBIX KAHAJIOB R)

41N CaMKI,LPKC  PKA _
Y \

EFCYKSRSESKRMKGFCLIPQQSINEAIRTSTLPRNSDGAGASGGGGSGENGRVVSQDFPKSMQSIPSMSHSSGMTLGATGL
. EFCYKSRAEAKRMK------- MTLSDVMRSKAR-------- LSITGSTGENGRVMTPEFPKAVHAPYVS -PGMGMNVS S
EFCYKSRAEAKRMK------- LTFSEAIRNKAR-------- LSITGSVGENGRVLTPDCPKAVHTGTAIRQSSGLAVI

' : : ' ' MAM J A M . PDZ-domains

PSD-95 cluster



Cxema KJjacTepu3auym peuenTopoB, MOHHbIX KAHAJIOB U
NPYrux 0eJKOB HA MOCTCUHANTHYECKOM IJIOTHOCTH

Neuroligin

NMDAR KainateR

PDZ PDZ PDZ SH3
/PSD-95

GUK

-ETDV - K* channel
-ESDV - NMDA receptor (NR2A/B subunits)




mGIluR B3anmopencTeyer ¢ Homer 6ei1kom u AMIIA p-p
— ¢ Glutamate Receptor Interacting Protein (GRIP)

PDZ-binding motif

EPHR

(P) T
GPI anchor . Cytoplasmic tail
mMGIuRs —

ephrinA

Cysteine rich region —ge) ' Globular domain

Plasma
membrane

Transmembrane region

PDZ PDZ PDZ PDZ PDZ PDZ PI
GRIP/ABP

Juxtamembrane region

Homer

Kinase domain

P e — SAM domain

[+—— PDZ-binding motif




Neurotransmitter: Glutamate
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Kak 3Tu 0eJIKM K0-JI0KaQJIM30BaAHbI?



GRIP - 6ey10K 1151 cnenyaJu3upoBaHOOro
3askopuBanuss AMIIA peuentopos

AMPAR

PDZ PDZ PDZ PDZ PDZ PDZ PDZ




Cxema 3akpenieHus 0eJIKOB Ha
NMOCTCUHANTHYECKON MJIOTHOCTH

Neuroligin
EPHR

KainateR mMGIuRs AMPAR u

GKAP/

SAPAP I PDZ PDZ PDZ PDZ PDZ PDZ PDZ

GRIP/ABP

PDZ PDZ PDZ SH?’é
SAP90/PSD-95 GUK




Ha namare:
OCHOBHbIE IPUHLMIIBI KJIACTEPU3aALNA

GlyR subtype Carboxy-terminal Interacting PDZ

motif protein
NMDA (NR2A/B) E/SS/TXV PSD-95, SAPI102
AMPA receptor  SVKI GRIP
Kainate receptor - SH3

mGIluR SSS/TL Homer
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Glutamate Vesicles PRESYNAPTIC
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Cxema 3aKpenieHus1 0€JIKOB HA
MOCTCUHANITUYECKOU MJIOTHOCTH
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EPHR

KainateR MGIuRs AMPAR “

NMDAR

PDzZ PDZ PDZ SH3

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

H
omer A 2 GRIP/ABP
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PSID-95 = 6eI0K CUHANTUYECKO! aare3uun u Shank = aMHOrOJJOMEHHBII apMATYPHBINA
(bopMUpOBaHuMs CUHATICA OeI0K TOCTCUHANITUYECKOI MIJIOTHOCTH,
PSD-95 < perynupyert: (1) n(puMeMOpPaHHY O KOTOPbIN CBSI3bIBAET U 3aKPEIVISIET
NoKaM3amio;(ii) IOCTABKY 1 MHTEPHANM3ALMIO; KOMILIEKChI 3asIKOPUBIIINE ITyTaMaTHbIE
(111)cyOBEAMHUYHBIN COCTAaB; (1V) aKTUBHOCTh PELUCITOPBI, KATTMEBBLIE KaHAJIBI 1 APYINe
B3aMMOJICICTBYIOIIMX OEJKOB, (V) (DyHKIMIO OeNKu MoCTCHHANCa




MHoOrosTaxxsoe 31aHmue CMHaIca

Presynaptic
\\ 2 LINTO/MINT1 LIN2/CASK

1 Em—)  PDZ domain — @o

B-neurexin ErbB2

Densin-180

CamKllo

F-actin



ApPMaTypHble benKkn NoCTCMHANTUYECKOU

NAOTHOCTU

PSD-95 — apmaTypHbI 6eNoK, KOTOPbIN CBA3bIBAET
NMDA peuentopbl U K KaHanbl Yepe3 PDZ aoomMmeHbl

GRIP - apmaTypHbI 6eNnoK, KOTOPbIN CBA3bIBAET
AMPA peuentopbl Yepes PDZ pomeHbl

HOMER - apmaTypHbI 6€10K, KOTOPbIN CBA3bIBAET
mGlu peuenTopbl

Shank — mHOrogomeHHbIN apMaTypPHbIN Benok
ceA3biBatoWwmMmnm komnnaekcbl NMDA p-pbl n mGIluR




Ha namaTsb:
[MocTcnHanTuyeckas naotHocTtb (MCM1)

* —M/I0THas yNnakoBKa Creunann3npoBaHHbIX 6e1KoB Ha
NOCTCMHANTUYECKOU membpaHe.

* HaxoAauTCA HanpoTms aKTUBHOM 30HbI
NPeCNHANTNYECKOro OKOH4YaHWNA

* BapbUpyeT B pazmepax U KOMMNO3ULMKU B PA3HbIX
y4yacTKax Mo3ra

* COOEPXUT COTHU BenkoB, BKAOYAA rnyTaMmaTHbIE U
Kanmesble KaHa/bl, apMaTypHble 6e/1IK1 U CUTHaIbHble
MOJIEKY/Ibl.

* dopmumpyetca baaroaaps cneumanmmpoBaHHbIM
apMaTypPHbIM benkam
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1.0 um

Excitatory synapses are shown in red. Inhibitory synapses in blue.
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Glutamate
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GABA
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NMDA receptors
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o subunits — 48 kKD - agonist binding

B subunits — 54 kKD - cytoplasmic proteins binding
gephyrin — 93 kKD - binding to  subunits
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Glycine Receptor




Fig. 1. Accumulation of gephyrin at developing postsynaptic mem-
brane specializations in a cultured rat hippocampal neuron.
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Gephyrin:
- binds to cytoplasmic loop of B GlyR sununits
- high affinity binding to tubulin
- required for localization of GlyR at postsynaptc sites

(a) MogA PA KT MoeA

Profilin? ? ? Tubulin?
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29



Gly
receptor

Cell
membrane

Ptdins(3,4,5)P,  Ptdins(3,4,5)P, | receptor

|

Dendritic
protein
synthesis?

@ Microtubules @

30



FAMK-epruvecknit NOCTECHHAKC
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Ha namaTh: Kmouessie 6eakn gpukcanmn
I’AMK " riMimHoOBBIX pelenTopoB B CMHAINCAX :

- Gephyrin - scaffold protein determining GlyR and GABA ,R localization and
ancoring. Interacts with -GlyR, y-GABA ,, tubulin, collubistin

- CO]]ybiSﬁn = interacts with gephyrin. Involved in targering of gephyrin to plasma
membrane

- RAFR] = interacts with gephyrin, presumably involved in translational control of ion
channel synthesis

- GABA AR‘aSSOCiated pmtein = interacts with y-GABA , subunit.
Involved in targeting of GABA , receptors.

e
- Pl‘Oﬁlln = interacts with actin, gephyrin, plasma membrane. Modulate polymerization
state of actin cytoskeleton
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