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TE3UCHI

CuHarc - CIOXXHO OpraHW30BaHHAsA, CHENUAIU3UPOBAHHAS CTPYKTYpa, C MOMOIIBIO
KOTOPOH OCYILECTBIAETCS OBICTPOE U BBICOKOM30OHMpATENbHOE B3aHMMOCHUCTBUE
MEXIy KieTkaMu. @OYHKIMOHMPOBAaHHE CHHAICOB, W3MEHEHEHHsS HX 4YHCIa U
3QPEKTUBHOCTH JIEKUT B OCHOBE BOCHpPHUATHS, OOpPaOOTKM M  3aKperyICHUS
uHpOpMallMK, B OCHOBE MOBEJICHHMS >KUBBIX OpraHu3zmMoB. DyHIaMEHTaIbHbIC
MeXaHU3Mbl (DYHKIIMOHUPOBAHMS CHHAIICOB, a TaKXe MOJEKYJSIPHbIE MOJIYJIH,
dopmupyOIIUe 3TU  CTPYKTYpBI, SIBISIOTCS BBICOKOKOHCEPBATUBHBIMU  CPEIH
OpPTaHM3MOB M3 pa3HBIX SBOJIIOLMOHHBIX BETBEW, MMEIOIIUX OTPOMHBIC PA3IHyHUs B
Mopdonoruy, (PU3MOIOTUM U  CIOKHOCTH OpraHu3auu. Jus HOpMaibHOrO
(YHKIMOHMPOBAHUS CHUHAIICOB B HEPBHOH CHCTEME MIICKONMUTAIOMIMUX MPUPOAaA
conania okoso 2 000 OenkoB. KiodeBbIMM U3 HHMX SIBISIOTCS  peLENITOP-
yHpaBisieMble M MOTEHIMAI-3aBUCUMbIE KaHANbI, a Takke OENKH, OCYIIECTBISIONINE
TOYHYIO  KOJIOKAQM3aIMI0  HEOOXOAWMBIX  CHHANTUYECKMX  KOMIIOHEHT B
OTpaHUYEHHOM IMPOCTPAHCTBE cuHarca. Cujla CHHaNTHYECKOW Mepeadyd MOXKeT ObITh
MoUHUIMPOBaHa Onarofaps pa3IndHbIM (aKTOpaM, BKIIOYAIOIINUM CIICIU(PUUSCKHA
XapakTep aKTUBHOCTU. [IMacTUYHOCTh BO30YXKIAIOIIMX CHHAICOB HENOCPEICTBEHHO
CBSi3aHA C M3MEHEHHEM AaKTHHO(Oro LUTOCKENeTa, AaKTHUBHOCTBHIO KaJbLIWK-
KanpbMomynuH 3aBucumMo kuHa3pl CaMKIl u  (GyHKUIMOHANBHBIX KOMITIOHEHT
JICHIAPUTHBIX IIMIUKOB. Ha MONEKyIsipHOM YpOBHE 3Ta pPEryJsius MOXKET
JOCTHTaThCsl M3MEHEHHWEM JIOKAJIM3allMd CHUHANTUYECKUX KOMIIOHEHT, OOpaTHOM
MNOCTTPAHCIALUOHHON Moaudukanuei (pochopuarupoBaHreM, IITHKO3WIUPOBAHUEM)
U CTENEHBIO AKCIPECCHH (PYHKIMOHAIBHBIX OCNKOB MPHU M3MEHEHUM KUHETUKH HX
CHHTE3a W Jerpajanuu. MHTerpamus 5THX MPOILECCOB MOKET NPUBOAUTH K
JUTUTENBHBIM ~ U3MEHEHHUAM AS(PQEKTUBHOCTH CHHAICOB JIEKAIUX B OCHOBE
TUTACTUYHOCTH M MTAMSITH.

Beenenue

Mo3r uyenoBeka MpEACTaBIsET COOOW HEHWPOHANIBbHYIO CETh HEBEPOSTHOM
CIOKHOCTH, BKTIOUarontyio 10™ HeiipoHoB, KaxIblil H3 KOTOPHIX MMeeT mopsiaka 10°
CUHANTHYECKUX BXOJ0B M IIPUMEPHO TAKOE YK€ UMCIIO BBIXOJIOB HA APYTrUE€ HEUPOHBI.
Takum 00pazoM, YMCIIO CHHANTUYECKUX KOHTAKTOB MEXKIy HEHpPOHAMHU IOCTHraeT
10" (Blitzer et al., 2005). XuMuUYecKHe CHHAICH OCYLIECTBISIOT B3aHMOJCHCTBHE
MEXIy KJIEeTKaMHu, TpaHchopMuUpys [eicTBUE XHUMHUYECKUX IEepelaTiuKoOB B
AIIEKTPUYECKHE CUTHAIBI. DTH CHUTHABI PEau3yloTCs B CHenU(UUYECKUe MaTTEPHBI
HEHpPOHATBHON aKTUBHOCTH M MOIYJIHPYIOT BHYTPHKJIETOYHBIE COOBITHS, Oiaromaps
KOTOPBIM IIPOUCXOIAT W3MEHEHHs] CBOMCTB HEHPOHOB U HEHUPOHHBIX CETEH.
@OYHKIIMOHUPOBAHUE CHUHAIICOB, HW3MEHEHEHUs ux Mopdoioruu, uucia u
3QPEKTUBHOCTH JIEKUT B OCHOBE BOCHpPHUATHS, OOpPaOOTKM M  3aKpeIICHHS
uH(pOpMAIMY, B OCHOBE TIOBEACHUS. DTH MPUHIMIIEI KACAIOTCS HE TOJIBKO YelloBeKa U
MJIGKONUTAIOIIUX, HO W BCEr0 MHOT000pa3us MHOTOKJIETOYHBIX OpPraHW3MOB,
HMMEIOIUX HEPBHYIO CUCTEMY.



Onexrpodusnonornyeckue, (bapmakosoruueckue, AIIEKTPOHHO-
MHUKPOCKOIMYECKHE, MMMYHOIIUTOXUMUYECKAE U JPYTHUE HCCIEHOBAHUS IOKa3alu
BAOXHOCTh CHHANCOB Ul (OPMUPOBAHUS HEHPOHHBIX CeTed U Tepenadu
MEXKIETOYHOH  uHpopmanmuu. Ha TOpoTsHKEHMM — MOCIEAHUX — JAECATHIICHHM
NpeACTaBICHUS O  HpUHUIUNAX (OPMHPOBAHMS CHHAIICOB, HUX MOJICKYJISIPHOM
OpraHu3allii ¥ IUIACTUYHOCTH 3HAYUTEIBHO PACHIMPWINCH U YIIyOHIIHUCH.
Oxkazanoch, 4To (QyHAaMEHTaIbHbIE MEXaHU3Mbl (PYHKIMOHHPOBAHUS CHHAIICOB, a
TaKXKe MOJEKYJSIpHbIE MOMAYNIH, (OPMHUPYIOUIHNE OSTH CTPYKTYpBI, SIBISIOTCS
BBICOKOKOHCEPBATUBHBIMU CPEIM OPraHU3MOB M3 Pa3HBIX HBOJIOIMOHHBIX BETBEH,
UMEIOIUX OTPOMHBIE pazauuusi B MOP(HOIOTUH, (UZUOIOTHM U  CIIOKHOCTH
OpTaHu3allii HEPBHBIX CUCTEM.

B nannom oG30pe Oyner mpencraBieHa HOBas MHGOpManus 00 yCTPOWUCTBE
CHHAINTUYECKUX KOMIUIEKCOB C OIPOMHBIM pa3HOoOpa3ueM OenkoB, (GOpMHUPYIOIIUX
3TH CTPYKTYPBI, O MOJEKYJISPHBIX MUKPOJOMEHAX MOCTCHHANITHYECKOM TUIOTHOCTH; O
JICHIPUTHBIX IMIMIUKAX, UX POJIU B CHHANTHYECKOW MJIACTUYHOCTH M PETPOTpaJHON
MOJTYJISIIIUHM CUHATICOB.

CuHarc - HeMHOr0 HCTOPHH.

CuHarc - CJIOXKHO OpraHM30BaHHAs, CIEIUATU3UPOBAHHAS CTPYKTYpa, C
MOMOIIBIO  KOTOPOW  OCYIIECTBIISIETCS  OBICTpOE U BBICOKOM30MpAaTenbHOE
B3aMMOJICHCTBHE MEXKIy KIEeTKaMHu. biarojapsi 3TUM CTpPyKTypaM, cCoOJepiKalum
MOTEHIMAN-3aBUCUMbIE U PEIeNITOP-YIIPABIsEMbIC HOHHbBIC KaHANbI, JIEKTPHUUECKHE
CUTHAJIBI PACIPOCTPAHSIOTCS U 00paldaThIBAIOTCS HEPBHOM CHUCTEMOI OpPraHM3MOB.
DNEeKTPUUECKU CHUTHAJl - TOTEHLMAN JEHCTBUS - TEHEpUpyeTcs KaK pe3yJsbTar
KpPaTKOBPEMEHHOM aKTHBALIMU HATPUEBBIX KAHAJIOB U PACIIPOCTPAHSAETCS 110 aKCOHY K
HEPBHOMY OKOHYaHHUI0. Jleronsapu3anus mpecuHanpruuecKoro OKOHUYaH!Us IPUBOIUT K
aKTUBAIlUU KaJIbIUK (C8.2+)-I/136I/IpaT€HLHBIX HOHHBIX KaHaloB. Bxomdmuii B
[IpECHUHAIIC ca?* 3amyckaeT BBIOpOC KBaHTOB HelipoMeauaropa. BeraenuBiimiics u3
MIPECHHANTUYECKON KJIETKH HEHPOMEAUaTop B3aUMOJEHCTBYET CO CHEIH(PUUECKIMHU
peuenTopamMu, — HPEACTABIAIOMUMH  co00i  TpaHCMeMOpaHHBIE  PELENTop-
yrpaBisieMble KaHaJlbl B MOCTCHHAaNTHYECKOW MeMmOpaHe. CBsi3bIBaHME JIUTAH/IOB C
pelenTopaMu MPUBOAUT K OTKPBITHIO JTHUX CHEIHMAIM3UPOBAHHBIX OEIKOBBIX
KOMILJICKCOB, TO3BOJIAS MOHAM IPOXOJIUTHh uepe3 MeMOpaHy, M3MEHATh MOTEHIHAI
KJICTKH M, TaKUM 0Opa3oM, OCYIIECTBIIATH OBICTPYIO NepeAady CUTHalIa MExXIy
kierkamu (Katz, 1968). llemouka 3THX cOOBITHI - a30yyHas UCTHUHA - PE3yJbTAT
MHOTOJIETHUX ITOMCKOB COTEH HUCCIIE0BATEIICH.

HcTopus pa3BuTHs NpEACTaBICHUN O Mepeaye CUTHAJIOB MEXy KIeTKaMu, O
CHHAIICE U ero (PU3UOJOTHUECKOW POJIM YXOAMT B mpouuibie ctosneHus. [1omo0HO
cyap0e MHOTMX HayuyHBIX KOHLEIIUH, 10Ka3aTeIbCTBO CYIIECTBOBAHHS CHHAIICOB M
UX KIIOYeBOH poiu B (YHKIMOHUPOBAHMM HEHPOHHBIX CETEH, COMpPOBOXKIAIN
CTpacTHbIE CIIOpBI, OIIMOKHM, WHTYWUTHBHBIC JIOTaJKH, a TAaKKE pPAa3BUTHE HOBBIX
OKCIIEPUMEHTAIBHBIX METOJOB HCCICIOBAHUSA. 3a JCTAIbHBIM H3JIOKCHHEM S
OTCBUIAI0 YMTATENCH K crienuanu3upoBanasiM 0630pam (Eccles, 1990; Lopez-Mufioz
and Alamo, 2009), a 31ech KOCHYCh KPaTKO TOJIBKO HEKOTOPBIX KIIFOYEBBIX MOMEHTOB.

Hauvano Helipodu3nonoru moMOXKWIM paboThl, Mpexae BCero, TPEX
3ameuarebHbIX uccienoBarene: Jlynmku ["anpBanu (1737-1798), koTopslit OTKpBLI
ANEKTPUYECTBO B OHMOJIOTMUECKHX opraHm3max; Ommis a0 bya-Peiimona (1818-
1896), oOHapyHBIIEro MOTEHIMAJIBI ICHCTBUS, a Takke BrepBbie (B 1877 romy)
BBICKA3aBIIETO MPEIMNOIOKEHUE O XUMHUYECKOW MPUPOJEe HEPBHO-MBIIICYHOMN
nepenaun u ['epmana ¢on ['eiimronbia (1821-1894), caenaBiiero mepBbie OIEHKH



CKOPOCTH pacrpocTpaHeHus 31ekTpuueckoro curuana. B 1791 roagy ['anbBanu nmcan,
4TO "YKUBOTHOE JIEKTPUUYECTBO" CONEPKUTCS: "...eCIIM HE BO BCEX, TO B OOJBIINHCTBE
YyacTeil JKMBOTHBIX, HO TMPOSBISETCS OOJIbIIIE BCEr0 B MBIIAX U HEPBaX.
CBocOoOpa3HbIM U paHee HE MPU3HAHBIM SIBJIIETCS TO, YTO OHO (3JEKTPUYECTBO), MMO-
BUJMMOMY, TPOTEKAET OT MBI K HEpBaM WJIHM CKopee, HaoOOpOT, OT BTOPBIX K
nepseiM..." (Galvani, 1791, twur. u3 LOpez-Mufioz and Alamo, 2009). B stux cioBax
yKe coaepKarcs HE TOJbKO TMPEINOJIOKEHUS BAXXHOW (U3UOIOTUYECKON PpOIH
"JKUBOTHOTO  3JIEKTPHUECTBA', TMpEACTaBIEHHOro "B  OOJIBIIMHCTBE  4YacTel
JKUBOTHBIX', HO M  TMpeJICKa3aHHe  MPEUMYIIECTBEHHOM  HANpaBJICHHOCTU
pacrpoCcTpaHeHHs AIEKTPHUUECKOTO CUTHAJIA.

[Tocnenytromue uccnenoBanus, ocobeHHo padboTel Anbbepra dhon Kommmkepa
(Albert von Kolliker (1817-1905) u Pynonsda Bupxosa (Rudolf Ludwig Carl
Virchow (1821-1902)) mnozBosmiu chopMyIupoBaTh "KIETOYHYIO JOKTPHHY',
COTJIACHO ~ KOTOPOM  KIETKH JOJDKHBI ~ paccMaTpUBAThCS  Kak  OT/ENbHBIE,
M30JIMPOBAHHBIC AJIEMEHTHI Tela. 3HAMEHHUTOE BhIpakeHHe Bupxosa "*‘omnis cellula
e cellula’ ("Bce KIeTKM MPOMCXOAAT W3 KIETOK') JaKOHHYHO CYMMHPYET OTH
MIPECTaBICHHUS.

HecmoTtpst Ha oOmumii TpuyM@ KIETOUHOW TEOPHH, BO BTOPOii monoBuHe 19-ro
BEKa pasropeyuch CIOphl O TOM, KakKMM O00pa3oM KJIETKH, B YACTHOCTH HEHPOHHI,
B3aMMOJICHCTBYIOT Ipyr ¢ apyrom. Ilpemnoxennas B 1871 romy HMocudom ¢on
I'epnaxom (Josef von Gerlach (1820-1896)) "perukynspHast Teopus” mpearnoiarania,
YTO HEPBHBIE OKOHYAHMSI OJIHUX KJIETOK UMEIOT 'MPOTOIIa3MaTUUECKUE YATUHEHUS
KOTOPbIE MPOHHUKAIOT B JIPyrHe KJIETKH U TaKUM 00pa3oM o0paszyloT HEMpPEpHIBHYIO
HEPBHYIO CE€Th, CHHLIMTHI. DTy TEOpUIO MOAACPKHBAI M Pa3BUBAJ HTAJIbSHEI]
Kamunbo Tonpmxu (Camillo Golgi (1844-1926)), ocHoBateidb T'MCTOJOTHYECKUX
METOJZIOB  HCCIIC[IOBaHMsl, BIIEPBbIC TNPUMEHUBLIMN XPOM-CEpEOpPSHBIA  METOA
OKpAaIlIMBaHUs MperapaToB HEPBHOM TKAHU I MUKPOCKOIIHH.

Santiago Ramon y Cajal
(1852-1934)

Puc. 1. Cantbsiro Paiimon u Kaxan — nuoHep mccjieqoBaHUil OPTrHHU3ANNHA HEPBHOI
CHCTEMBbI, NIePBOOTKPbIBATE]b CHHANITHYECKHX IIHIHKOB.

CnpaBa: OpWrHHAIBHBIA PHUCYHOK M3 TepBoil paborel Kaxama, omyOnmkoBanHoil B 1888
roJy, B KOTOPOH OH IOCTYJIHPYET HEHPOHAIbHYH) HE3aBUCUMOCTb, T.€. U30JIMPOBAHHOCTH
HEHpPOHOB JpyT OT apyra. « Cpe3 Mo3xeuka. A U B - 3Be3auaThie KIIETKH U3 MOJIEKYJISIPHOTO
cIost, YbH akcoHsl (a) popmupyrot rué3na Bokpyr kinetok [lypkunbe (C) »

B mpotuBoBEeC 3TUM MpeACTaBICHUSAM, HCIAHCKUI HcclienoBaTesb CaHThATO
Paiimon u Kaxan (Santiago Ramon y Cajal (1852-1934), mnpuBén ceputo
yOeauTEeNbHBIX MOP(OIOTHYECKUX CBUICTEIBCTB TOTO, YTO "Kak[ash HEPBHAs KJIETKA
SIBJISIETCSI COBEPIIIEHHO aBTOHOMHBIM oOpasoBanueM ..." ( Cajal, 1888; uut. u3 LOpez-



Mufioz and Alamo, 2009). OpHuM u3 yOeAMTENBHBIX apryMEHTOB SIBISUIACH
THCTOJIOTUYECKAsT BH3YyaJIM3alllsl 3BE3YaThIX KJIETOK MO3)KEYKa, KOTOpbIE 00pa3yloT
KOpP3WHOOOpa3HbIe CTPYKTYphl BOKpYr Tena kiertok I[lypkunbe (Puc. 1). PaGots
Kaxama ObLIM TEpenpoBepeHbl, MPUHSATHI W Pa3BUTBl MHOTUMH THCTOJOTaMH,
Bkitovas Bunerensma ['uca (Wilhelm His (1831-1904)), kotopsiii BBEN B 1889 romy
tepmuH "nenaputel” u ¢on Kommukepa, omHOro u3 "0OTHOB" KIETOYHOW JOKTPUHBI,
kotopsiid B 1896 roxy npemnoxui tepmuH "akconsl” (ot "axis-cylinders").
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Puc. 2. lenaApuTHbIE IMNHKH.

A, opuruHanbHbIM pucyHok Kaxana, mnokasslBarolMid JEHAPUTHBIE UIMIUKKA KIETOK
IMypxunbe u3 Mozkeuka npuiénka (Cajal, 1888); B (BcraBka) — yBEeNMYEHHBIH YYACTHOK
JICH/IPHUTA, WILTIOCTPUPYIOIIHI PACIIOI0KEHHE IIUITHKOB.

B, CoBpemeHHasi TpEx-mMepHasi 3JIEKTPOHHO-MHKPOCKOMHYECKAsi PEKOHCTPYKILHS JCHIPUTA
TUOMOKAMIA, WUIIOCTPUpYOLIas — pasHble  (OPMBI  LIMIKKOB. roiy0oOW  mBer —
« TpHOOBUAHBIC »; PO3OBBIA — « TOHKHE »; 3€NEHBIM - « KOPEHACTHIC », JKENTHIA -
« pa3BeTBiIeHHbIC ». KpacHbIM IBeTOM MoOKa3zaHa mocTcuHanTuieckas mioTHocTs (IICII),
pasmepsl 1 (hopma KoTopoil Takxke cuiabHO Bapeupyior (M3 Bourne and Harris, 2008 ¢
M3MEHEHHUSIMH).

I', Cxemarnueckasi auarpama rpuOOBHIHOTO MIMITKKA, MOKA3bIBAIOIIAsl OCTCHHANTHYECKY O
wiotHocTh (ITCII — kpacHBIi), neprucuHaNTHIECKy0 001acTy MemOpansl (ITPO - romy6oit) u
HEKOTOpBIE ~ OpraHes/uisl:  permknndeckne oumococsl (PE - cuHwmil), riagkwii
sHJoMIa3MaTHIeckuit petukynym (I'DP - 3enéusiit), momupubdocomsl (ITP - kpacHsbIil), akTHH
(kopuunessie Tpy6ouku) u mMuroxoumpun (M - opamxessiit). (M3 Sheng and Hoogenraad,
2007 ¢ u3MEHEHUAMH).

B 1888 romy Kaxan BmepBbie ommcan neHaputHbie munuku (Puc. 2A). On
OOHApYXXMJI 3TH CTPYKTYpbHI, HCIONb3Yys MPOTOKOJ HMIIpETHAIUU CcepedpoM,
npeaoXKeHHbId [onmbku  (TJIaBHBIM  ONIIOHEHTOM B CHOpPEe 00 OpraHu3aluu
HEWPOHHBIX ceTell B HEpBHOM cucteme). OTKPhITHE JCHIPUTHBIX HIMITMKOB CHAdYaa
ObUIO TOABEPTHYTO COMHEHHIO, T.K. ONIOHEHTHl B TO BpeMs MpEarojarajid, 4To
IIMITUKOOOPa3HbIe CTPYKTYphI SBIAIOTCA apTe(akTOM MCIOIB3YeMOro MeETo[a H
NPEACTaBIAIOT co00i mpeuunuTarsl cepedpa. OpHako, B MOCIEIYIOIUX padoTax,
WCIIONB3Ysl JPYTU€ METOJIbl OKpallMBaHWs, B YaCTHOCTU ' METUJIEHOBBIM CHHUM',
Kaxan yOeauTenbHO JOKa3ad, 4YTO UIMIHMKH TPEACTABIAIOT COO0OM peanbHbIe
Mopdosoruueckue 00pa3oBaHUsl Ha OTBETBIIeHUsX HelpoHoB (Garcia-Lopez et al,
2007). B 1890-x romax wucciemoBanus Kaxama ObLIM MOATBEXKACHBI MHOTMMH
HeifpoructoigoraMu. OHHM OOHApYXUBAJIM IIUIHKOBBIE MUKPOCTPYKTYPBI DPa3HOM



(GOpMBI. MOX0XHE Ha TPUOOOOpa3HbIE BHINITYMBAHMS, KHONMKH, OyTOHBL. OHAKO,
nonroe Bpems PyHKIHs 3TUX 00pa30BaHUil OCTaBAIaCh 3araJjOuHOM.

B 1892 roay Kaxain cnenan emie oauH BakKHBIH BKJIJ B HEHPOHHYIO TEOPHIO,
TOYHEE B (PU3HMOJIOTHIO HEPBHOW CHCTEMBI, MPEJIOKHB ''3aKOH JUHAMUYECKOU
nonsipuzauuud HedpoHoB". OH MNPennojoXKWI, 4YTO HHPOpPMALHUs MPOTEKaeT OT
JCHAPUTOB K COME W 3aTeM - OT COMBI K aKCOHaM. DTH PabOTHI JIETJIH B OCHOBY
Hay4yHbIX JocTibkeHuit Kaxanma, 3a kxoropeile oH Obul ymocroen B 1906 romy
HoGeneBckoii mpemunu.

Baxuplii BKJIaL B BBIICHEHHE IPUHLMUIIOB B3aUMOACHCTBUS  MEXKIY
HelpoHaMH cjenan aHriauickuil uccnenosarens Yapnes Lleppunrrop (Charles Scott
Sherrington (1858-1952)). Mccnenys cnimHanbHble pedIeKchl, OH MPUIIET K BEIBOIY,
YTO TOHKHE OKOHYAaHUS OJHUX KJIETOK 00pa3yroT KOHTAKThl C COMOW WM ICHIPUTAMU
Apyrux kierok. B o63ope, nanucannom mis "Textbook of Physioloogy™ (1897) on
OpeIOKKUI HOBBIM TepMmuH: 'cuHanc" (W3 rpedeckoro - “coemuHenue') -
CIIeIATM3UPOBAHHOE MECTO KOHTAKTa MEX,Ty HEPBHBIMHU KJICTKAMHU.

Ot paOOThl 3aJOKHIM OCHOBY COBPEMEHHBIM IPEJACTABJICHUSM 00
YCTPOMCTBE HEUPOHAIBHBIX CETEW MO3ra, Kak CTPYKTYp, COCTOSILIUX M3 OTIACIBbHBIX
HEMPOHOB M B3aUMOJICHCTBYIOIINX C MTOMOIIBI0 CHHANITHYECKUX KOHTAKTOB.

Bonee mo3mHsiss mcTOpWsi ObUIa HACBIIICHA 3aMEYaTeIbHBIMU OTKPBITHUSMH,
CBSI3aHHBIMU C BBIICHEHHMEM mpupoabl HelipomeauatopoB (Dale, Loewi, Curtis,
Whittaker, Krnjevic) ycranoBieHuem koHueniuii xumuueckoro cunarca (Eccles,
Katz, Axelrod, von Euler) u kxBanToBOro BbIZCICHUs Helipomeauaropa (Katz, Fatt,
Miledi), perucrpanmeit oaMHOUYHBIX KaHajdoB Ouosnorndeckux wmemOpan (Neher,
Sakmann) u monmyuenuem ux kpucramumieckor crpykrypsl (McKinnon, Gouaux). 3a
3TH uccnenoBaHus 6osee 15 ydensix Obun ynocroensl HobGeneBckux mpemuii, HO
MOJIPOOHOE U3II0KEHUE ATUX OTKPBITHI - CIOXKET JUIsl APYToro pacckasa.

CuHarmnc - coBpeMeHHbIe NMpeacTaBIeHUS .

[Tuonepckue uccnenoBanus Kaxana, IlleppuHrToHa, uX COBPEMEHHUKOB M
nocjenoBarened Jaad Hayajlo IMOHMMAHUIO TPHUHIMIIAM OpTaHU3alMi HEPBHOM
CHCTEMBI U pa3HOOOpa3us HelpoHOB. OHAKO, YPOBEHb CIOXHOCTH U TaPMOHUYHOM
MHOTOKOMITOHEHTHOM OpraHu3aliy CHHAIICOB CTaJl MPOSBIISTHCS TOJIBKO B MOCTIETHEE
JECATUIIETHE, C PA3BUTHEM MOJEKYJSIPHBIX METOJIOB PACHIN(POBKH MOIHBIX T€HOMOB,
C pa3BUTHEM MPOTEOMHKH — HAlpaBJICHUs, OLEHUBAIOIIETO IMOJIHbIE HAOOPHI OENIKOB
opranm3moB. OKa3ajaoch, YTO NMPECHHANTUYECKUH MPOTEeOM MBIk (Habop OeNKOoB,
obecneunBaromyx (HopMHpPOBaHHE U (YHKIUIO MPECHHAICA) COIEPKHUT HECKOJIBKO
COT OEJKOB, a TMOCTCHHANTHYECKHH — eIle CJOXHEe: B ero COCTaB BXOJUT, TO-
Bugumomy, okosio 1500 oenkos (Collins et al. 2006; Bayes & Grant, 2009). Takum
o0pa3zoM, JUIs HOPMAJIBHOTO (PYHKIIMOHHMPOBAHMS CHHAIICOB B HEPBHOH cHUCTEMe
MJICKOMUTAMUX mpupoAa co3gana okoigo 2 000 Oenxor! Omenomistomnias
CJIO’)KHOCTbH, OCO3HAHME KOTOPOW MPUXOIMUT TOJBKO B ATOM ThicsiuesnieHuu. Hecmotps
Ha TO, YTO MOJIEKYJISIpHAsl OPraHM3aLUs U MEXaHU3Mbl (PYHKIMOHUPOBAHUS MHOTHUX
KJIIOUYEBBIX CHHANTHYECKUX OEJIKOB M MX KOMIUJIEKCOB HCCIEIOBAHbI JOCTaTOYHO
rIy0OKO, GYHKIIMH MHOTHX M3 HUX €Ille TPEOYIOT CBOETO BBISICHEHUSI.

B cocTaB mocrcuHanTuyeckoit MeMOpaHbl BXOJAT pa3IMyHbIE KJIACCHI OEIKOB
u OeNKOBBIX MOJyJeW, BKJIIOYas HOHHBIE KaHaJbl, PELENTOpPbI, TPaHCIOPTEPHI,
anre3suBHBIC U LIMTOCKEJIETHBIE OeNKH, KMHA3bl U (ocdaTasel, "apMaTypHbie” OeNKU U
CHUTHAJIbHBIE MOJIEKYJbl. KiIIoueBBIMM M3 HUX SBISIIOTCS PELENTOP-yHpaBisieMble U
MOTEHIMAI3aBUCUMbIE KaHAJbl, a TakXke OENKH, OCYIIECTBISIONINE TOYHYIO KO-
JIOKAJHU3AIMI0 HEOOXOMUMBIX CHHANTHYECKUX KOMIIOHEHT B  OrPaHHYECHHOM



MPOCTPAHCTBE CHHAIICA.

PaccmoTpuMm Gosiee moApoOHO apXUTEKTYpy U MOJIEKYJSPHYIO OPTaHU3aLUIO
CHHAIICOB, OCHOBBIBASACh, C OCHOBHOM, Ha ITPUMEpPax BO30YKIAIONMIUX CHHAIICOB. XOTS
MHOTHE 3JIEMEHTBl MOJIEKYJISIPHOTO COCTaBa M MOP(OIOTHYECKON apXUTEKTYpPbI
TOPMO3HBIX CHHAIICOB OTJIMYAIOTCSA, OOIIME WPUHIMIBI, WICH CTPYKTYpHOH
OpTaHU3aIlUH STUX MOJEKYJISIPHBIX OJIOKOB SIBJISIFOTCS] CXOKUMH.

Ha puc. 3 u 6 mpencraBneHsl cXeMbl BO30YXKAAIOLIETO CHHAICA.
Heiipomenuarop BbIOpachiBaeTcs W3 TNPECHHANTHYECKOTO OKOHYAHHMS aKCOHa H
B3aMMOJICHCTBYET CO CHEIM(UYECKUMHU PELEeNTOpaMH Ha IOBEPXHOCTH MeOpaHbl
MOCTCUHANTUYECKOTO HelpoHa. [ytamar, BO30yXIaromui HeWpoMeauaTop B
LIEHTPAJIbHOW HEPBHOM CHCTEME IMO3BOHOYHBIX, aKTUBHPYET JBa KJIacca rIIyTaMaTHBIX
petentopoB: (a) HMOHOTpOMHBbIC (MMEIOIIME HMOHHBIC KaHAJbI), OCYIICCTBISIOIINE
ObICTpYIO0 cHHANTHYeCKyto mepenady; (0) JXK-Oemok compsiKeHHbIE METa0OTPOIHBIC
peLenTopsl, 3almyCcKaloliue, B OTBET Ha TIyTamar, BHYTPUKJIETOUHBIE CHTHAJIbHBIC
KackaJpl M 00eCIeunBaloLIie MEAJICHHbIE PEaKIHH.

T T u

MpecuHanTuyeckas Knerka ;

unyd

Neurexin

AMPAR > s o s 5 N-cadherin

% HOCTCMHaI'lTM‘IECKaﬂ KneTkas

Puc. 3. Cxema “MHOrodTa:KHOii”’ OpraHu3anMu cuHamnca U 0esIOK-0eJKOBBIX
B3aMMO/AEHCTBHI B NOCTCHHANITHYECKOM ITIOTHOCTH.

IMoka3aHel  TONBKO  OCHOBHBIE  Kiacchl  OenkoB.  [loyoxeHuss mpe- H
MOCTCHHANPUYECKOH MeMOpaHbl (PMKCHPOBAHO C IOMOIIBIO TpaHCMECOpaHHBIX OENKOB
anresun (Neurexin, Neuroligin, N-cadherin). HonoTponHbie TiyTaMaTHbie PELENTOPHI
(AMPAR 1 NMDAR), a takxe xanuesbie kKaHains! (KCh) «3askopens» na PDZ-comepxantie
«apmartypubie» Oenku (PSD-95 u GRIP). PDZ-nomenst (1,2,3 u T.1.) moka3aHbl pO30BBIM
[BETOM. OTH OENKH PacIoI0XeHBl TOYHO MO MPECHHANTHIECKON MeMOpaHOH, U3 KOTOpOH
Be3ukyinsl  (Vez) BeiOpaceiBatoT — Hedipomenmarop  (rmyramar).  Bue IICII, B
NEePUCHHANTHYECKOI 30HE MeMOpaHBl BCTPOCHBI METa0OTPOIHBIE TTyTaMaTHBIE PELeNnTOPBI
(MGIuR). Onu Takxe «3asKopeHb» Ha «apmaryphbii» 6eqok HOMER, koropsiit B cBoto
ouepenp B3MuMojeiicTByeT ¢ PDZ-gomenom Shank Gerxa, uMmeromiero MOBTOPSIIONIHECS
AHKHPUHOBBIC IOMEHBI M B3aUMO/ICHCTBYIOIIETO C aKTHHOBBIMHU (ustamenTamu (F-actin).



Pa3Hple THITBI TITyTaMaTHBIX PELIENTOPOB MMEIOT Pa3HbIe OHOPH3MYECKHUE U
(apMaKoJIOTUYECKHE CBOMCTBA, OTIMYAIOTCS TOMOJIOTHEH M MPOSBISIOT PAa3IHUMs B
pacnpezeneHin Ha nmoctcuHanTudeckoir memopane (Magazanik, 2000; Cull-Candy et
al., 2006; Newpher and Ehlers, 2009; Tikhonov and Magazanik, 2009). OcHoBHbIe
TUIIBI HOHOTPOIHBIX penenTopoB - AMITA (AMPA, a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) peuentopsr 1 HMJIA (NMDA, N-methyl-D-aspartic acid)
peuentoper  (Watkins and  Jane, 2006). DTu aroHucT-aKTHBHpPYEMbIC KaHAJbI
NPOHUIACMBI JJIsl MOHOB HATPHS W KajHs, a TakKe, B Pa3HOW CTENCHU Uil MOHOB
Ca’*. Braroxaps TpaHCMEeMOPAHHOMY HOHHOMY IPaIMEHTY, aKTHBALHS STHX KAHAIIOB
BBI3BIBACT MPEUMYIECTBEHHBIH BXOJ MOHOB HATPUs B KIETKY M, CJIEIOBATEIbHO, €€
JETOJISIPU3AIIHIO, T.€. BO30YKICHHE.

AxtuBaiusi AMITA penentopoB 00ecrieyMBaeT OCHOBHYIO T€HEPALUIO
BO30Yykaromux mnoctcuHantuyeckux noreHnuanos (BIICIT), a HMJIA penentopsr
o0ecreunBaloT JIUTeNbHbIE U3MEHEHUS B 3P PekTUBHOCTH padoThl cuHaricoB. HMIA
peuentopsl  00JIAAIOT HECKOJIBKMMHU Ba)KHBIMH CBOMCTBaMHU. Bo-TiepBBIX, OIHMH
TOJIBKO TIIyTaMaT He MOXKET UX aKTUBUPOBATh. J{JIs 3TOro HE0OOXOIUMO MPHUCYTCTBHE
Ko-aronmcra - raunuHa wim D-cepuna (Johnson and Ascher, 1987; Kleckner and
Dingledine, 1988; Wolosker, 2007). Bo-Bropsix, kanamsi HMJIA penentopoB
GIOKHPYIOTCS [IOTCHIHAN-3aBHCHMBIM 00pasoM moHamu Maramst (Mg®") (Nowak et
al., 1983; Ascher and Nowak, 1988; Ascher et al., 1988). ITostomy, nmaxe B
NPUCYTCTBUU TIIyTaMara W TJUIMHA TPU OTPHLATEIBHBIX MOTEHIMANAX, OJU3KUX K
NOTEHIIMATY MTOKOs HelipoHa (0kos10 - 70 MB) 3TH KaHaIIBI TOYTH HE MPOITYCKAIOT TOK.
Brokupyiomee neiicteiie  Mg®™  mpekpaimaercs TONBKO MpPH  JICMONAPH3ALNA
HeHpoHa, BbI3BaHHOM axkTuBanued AMIIA peuentopoB wuaum reHepanueit
MOTCHIIMATIOB JACWCTBHUs. TakuMm o00pa3oM, O3TH KaHAJIbI MTPEICTABISIIOT COOOM
"nerekropsl coBnazaeHus coobiTii " (coincidence detector): Tonbko B coyeTaHUU C
AeNoJsIpU3aleil aKTHBALUS TITyTaMaToOM M TJIMIMHOM MPHBOAUT K X OTKPBIBAHHIO.
B-tperbnx, HMJ[A KaHaibl BHICOKO MpPOHHMIAeMEI s moHos Ca’’ (Ascher and
Nowak, 1988), mnpumepno 10% Toka upOTEKArOMEr0 dYepe3 OTH KaHaJbl
ocymectBisiercss nonamu Ca’® (Burnashev et al., 1995). IlosToMy HX aKTHBALHS
BBI3BIBACT 3amycK psga Ca’ -3aBHCHMBIX BHYTPHKIETOYHBIX MPOIECCOB, HEKOTOPHIC
U3 HUX SBISIOTCS KIIFOYEBBIMHU JUTS PETYIISILUH CHHATITUYECKOW TIACTUYHOCTH.

HccnenoBanust MOCIHCTHUX JIET IO3BOJMIM HE TOJBKO PACHIMPHUTH HAIIH
NpPEACTAaBICHNUS O NPUHIMIAX (YHKIMOHHPOBAHHS CHHAICAa, HO TAKXKE IMOJIYYHTh
MHOTHE KOJIMYECTBEHHBIC OICHKH MOJICKYJSIPHOM OpraHM3allid €ro OCHOBHBIX
MUKPOJIOMEHOB.

IocTcuHanTHYeCKAs IVIOTHOCTH — KJII0YeBOH MMKPOIOMeH CHHATICA.

ApXUTEKTYpa M COCTaB (YHKIHMOHAJIBHBIX MOIYJeH CHHamca IOpaXkaer
TOYHOCTBIO W  LEJIecO00pa3HOCThI0  opraHu3auuu. OrpoMHOe  KOJIMYECTBO
BBICOKOCTICIIUAIM3UPOBAHHBIX ~ KOMIIOHEHT  pacloyiaraercsi B ONPEAEIEHHBIX
MUKPOZOMEHAX U B pe3ysbTaTe GOpMUPYETCS CIOKHBIA, TAPMOHUYHO pabOTaroUIHii
MOJICKYJISIPHBIM  OJIOK, OCYIIECTBISIOIIMN Tepetadyy MEXKIETOUYHBIX CHUTHAJIOB
(puc.3).

[Ipecunantuyeckas 006JacTh COACPKUT CUHANTHUECKHE BE3UKYJIBI TUAMETPOM
npumepHo 40 HM. OHHM HaxomATCsl B 00JACTH YTONIIEHHUS NPECHHANTHYECKOU
MeMOpaHbl. aKTUBHOW 30HBI B KOTOPOM TPOUCXOAMT SK30IMTO3 BE3UKYI,
cozepkauux Hedpomenuatop. I[Ipe- W mocTCHHANTHYECKHWE OONACTH pPa3JesIeHbI
menbio mupunoi 20-25 Hwm.



TouHo mox aKTUBHOW 30HOW HAXOJUTCS TIOCTCHHANTHYECKas MeMOpaHa,
O€NKM SKCTPACUHANTUYECKON aJre3ud M BHYTPUKIETOUHBIC MOCTCHHAIITHYECKHE
KOMIIOHEHTBI, (OPMUPYIOIIHE  CJIOXHO OPraHM30BAHHBI MHOTOKOMIIOHEHTHBIH
OCJIKOBBIN MUKPOJOMEH, Ha3bIBaeMbIii mocTcuHanThuueckas mwiotHocts ([ICII, PSD -
postsynaptic density) (Ziff, 1997; Kennedy and Ehlers, 2006). Ha snexrponHo-
MHUKPOCKOMMYECKHX (QoTorpadusx 3Ta CTPYKTypa MpeAcTaBisieT coOOW JaUCK
mmpuHoi 200 — 800 um (B cpemnem, 300-400 um) u Tommuuoi 30-50 um (Sheng and
Hoogenraad, 2007). IICI1 BBINOJHSET IIMPOKUN CIEKTP CIEHUATU3UPOBAHHBIX
(GYHKUIMH, CBSI3aHHBIX C MPUEMOM, OOpaOOTKOW M perysleidl MOCTCHHANTHYECKUX
CHTHAJIOB, a TaKKe MOIU(HUKAIMEN pazMepoB U MOP(HOJIOTHUH ITUITHKOB.

B ¢opmupoBanue IICII u BBIOMHEHHWE 3THM KJIETOYHBIM MHUKPOJIOMEHOM
ceun(UYecKux 3a1ady BOBJIIEYCHO OrPOMHOE KoiuyecTBo OenkoB. Hampumep, B
mpernaparax Mo3ra MBbIIIH, COJACpXKAIUX KOpy, CpPeIHUH MO3r, MO3KEUYEeK H
runmnokami, Obuto uaeHtuduuupoaso or 700 no Oomee 1500 pasHbIx OenkoB,
npeanonoxurenbHo spisronuxcs komnoneHtamu [ICIT (Collins et al. 2006; Trinidad
et al. 2008). ManoBeposiTHO, YTO OAMH CHHAIC MOXXET COJEPKATh BCE 3TU OCIKH.
CuHarchl gaxe OJHOTO KJlacca SIBJISIOTCS TeTepOTeHHBIMH OOpa3oOBaHHUSMU H, IIO-
BUJMMOMY, KaX/blii CUHAIC COAEP)KUT YacTh ATUX OEJIKOB, HEOOXOIUMBIX JJIsI €T
cnernuduueckoro (yHKIMOHHpOBaHUS. B mobom cimydae oueBuano, uro [ICII
ABIISICTCS OJHUM M3 Hamboyee CIHOXKHBIX (YHKIHMOHAIBHBIX MHMKpPOJIOMEHOB
3YKapUOTUYECKOUN KIIETKHU.

B “xmoueBoit komrieke” TTCIT Bxoaut oxomo 120 6enkos (Fernandez et al,
2009). MHorue u3 HUX OBUIM WICHTU(MUIMPOBAHBI W AHAJIM3UPOBAHBI paHEEe B
ANEKTPOPU3NOTOTUIECKHUX, OMOXMMHUYECKUX, MMMYHOIIUTOJIOTHYECKUX "
MOJIEKYJISIPHO-OMOJIOTHUECKUX HccaenoBaHusAX.  OHM BKIIOYAIOT HOHOTPOIIHBIC
(AMPA, NMDA) u meraborponnbie (MGIURS) penenTopbl U KalueBbie KaHAJbI
(Collins et al, 2006; Fernandez et al., 2009; Kim and Shang, 2004). Cpenu HuX Takxke
KaJIbIMA-KaIMOAy IuH-3aBucuMas ipoterd kuHaza |l (CaMKII), cunantuyeckuii Ras
GTPase-aktuBupyembiii  0emok | (SYNGAP 1), aktuH © JECATKH JPYTUX
MaKpOMOJIEKYJI, HEoOXoauMmbIX mius ¢yHkuuonupoBanus cunarnca (Puec.3). Onm
KJIacCU(UIMPOBAaHBI B HECKOJBKO  KaTeropuil.  MeMOpaHHBIE  PELENTOpHI;
MaKpOMOJIEKYJIbl KJIETOUYHOM aAre3uH; CUTHAJIbHBbIE OENKH, BKIIOYAOLINE KHHA3bI,
docdarazelr 1 ux perynaTopsl; “apmarypubie” Oenku (Scaffold proteins); Oenxu
muTockenera U MemOpannoro tpancnopra (Cheng et al., 2006). Muorue u3 3Tux
O€lKOB KOAMPYIOTCS T€HaMM,  HApyIIEHHE KOTOPHIX BBI3BIBACT OOJE3HH U
OTKJIOHEHHUE OT HOpMbI NoBeeHUs YenoBeka (Fernandez et al., 2009).

KoopaunupoBanHoe (QyHKIIMOHUPOBAHHE pPAa3HBIX KOMIIOHEHT KOMILIEKCa
IICII perynupyercsi Kak BHyTpHU IIOCTCHHAIICA, TAK U CHAPYKU - B3aUMOJIEHCTBUEM C
NpEeCHHANTUYECKUMHU HeiipoHaMu. Ha MonekynsipHOM YpOBHE 3Ta PETryJIsius MOXKET
JOCTUTaThCs M3MeHeHneM Jokanu3anuu Oenkos (Malenka, 2003; Smith et al., 2006)
oOpaTHOW MOCTTPAHCIALMOHHONW Moaudukanueir (1.e.  ocdopuimpoBaHuem
(Soderling and Derkach, 2000), raukxo3unupoBanuem (Vosseller et al., 2006)) u
M3MEHEHHEM SKCIPEcCHH (PYHKIIMOHAIBHBIX OEJKOB NMPH M3MEHEHUU KUHETHKH HX
cunte3a u gerpamanmu (Ehlers, 2003).  Muterpamust 3THX TMPOLECCOB MOXET
NPUBOANUTH K JUIMTENBHBIM H3MEHEHHUAM 3(P(GEKTUBHOCTH CHHAICOB JIEXKAIIUX B
ocHoBe mactuynocT u mamstu (Malenka , 2003; Lisman, 2003; Blitzer et al., 2005;
Howland and Wang, 2008).

Hanpumep, motHocts penenropoB HMJIA nMeeT TEHAEHIUIO K BO3PAaCTaHUIO
B HAlpaBJICHUH K IIEHTPY IMOCTCHHANTUYECKOI 001acTH, B TO BpeMs, KaK pelenTOpbI
AMIIA pacnosnoxeHsl 0ojee TOMOI€HHO U HUX KOJHMYECTBO PE3KO MaJaeT TOIBKO Y



rpanunbl [ICIT (Kharazia and Weinberg, 1997). Kak mnpaBwmio, mMeTabOTpOIHbBIE
rJlyTaMaTHBIE PELENnTOpbl 00paMIISIIOT TEPPUTOPHUIO aKTMBHOTO CHHAIICA, CO3JaBasd,
kak Obl "konbueByio gopory” Bokpyr IICII. Takoil xapakTep pacnpeiencHHs
IpearnoiaraeT, 4To pasHble TUIBI TIYyTaMaTHBIX PEIENTOPOB HCIOIB3YIOT Pa3HbIE
MOJICKYJISIpPHbIE MOJYJIH JJs 3asgKOpHBaHHMs B 30He cuHanca. OnpHoW U3
(YHKIMOHATBHBIX MPUYHH TAKOTO paclpelieieHUs] Mbl KOCHEMCS M03XKe, B pas3zese
pETPOTrpaHON MOAYJISILIMM CUHAIITHYECKOM MTepeIayn.

B nmnane cTpyKkTypHOW OpraHu3alMd IOCTCHHANTHUYECKas IJIOTHOCTh
SIISIETCSL CEThIO OENKOBBIX (DMIAMEHTOB U OIKOBBIX MOJYJEH, MPEICTaBIISIFOIINX
coboit ancamOiM U3 OOJBIIOTO YHCia CIeUU(PUUECKH B3aUMOJICHCTBYIOMIMX JPYT C
apyrom OenkoB (Puc. 3). OdeHb BaXKHBIMH W3 HHX SIBIISIOTCS "'apMaTypHbIie" OSITKU
(scaffold proteins), MakpoMmoJyieKyJbl, WMEIOLINE CHEIHATU3UPOBAHHBIC MOJIYJIH
(manpumep PDZ nomeHbl) i1 B3aMMOJCHCTBHS C ONPEICAEHHBIMU OCIKaAMH |
TakuM 00pa3oM, IpeAcTaBisiomue co0oi Kapkac Ha KOTOPOM CTpOUTCS ‘‘3maHue”
IICII. Hampumep, “apmatypusliit” 6enok PSD-95 umeer tpu PDZ nomena, kotopsie
cneunpuueckn ‘“3agkopuBaror” NMDA  peuenTopsl, KajaueBble KaHaIbl U Psf
APYTHX MOJIEKYJ, oOecrieunBas ux ko-jokanuzamuio (puc. 3). PSD-95 otHocurcs
CEeMEUCTBY MHOT'OJIOMEHHBIX MEMOpaHHBIX OEJIKOB, H3BECTHBIX KaK MeMOpaH-
acconuupoBaHHble ToMoyoru ryanmiaar kuHasel (MAGUKS). B menom oHu
npeactasisioT, Tak HasbiBaeMbiii MASC kommuieke (MAGUK Associated Signalling
Complex) (Husi et al., 2000). “ApmarypubiMu” Oenkamu siisirorcs: Takke GKAP,
SAP97, Shank u Homer (cm. moapo6HocT B 0630pax Kim and Sheng, 2004; Feng
and Zhang, 2009). “ApmarypHble” OelkM 00ECICYMBAIOT BCTPAUBAHUE PA3HBIX
MOJTHUIIOB TIyTaMaTHBIX PENENTOPOB B ONMPEACICHHbIE YYaCTKH MMOCTCHHANTHYECKOM
MeMOpaHbl, PEryISIUI0 UX OTHOCUTEIHHOIO KOJMYECTBA U IUIOTHOCTH, BCTPaUBaHUE
U UHTpepHanm3auuio u psa apyrux gynkuuii (Newpher and Ehlers, 2009; Shang and
Hoogenraad, 2007). Perymupyemoe BCTpamBaHHE TJIyTaMaTHBIX PELENTOPOB B
MOCTCUHANTUYECKYI0 MeMOpaHy wiM uX uHTepHanm3amms B 30He [ICII cmyxut
BOXHBIM MEXaHU3MOM, O0ECIEUMBAIONIUM IUIACTUYHOCTh CHUHAIICA W HEPBHOM
CHCTEMBI BLIEJIOM.

Y AMBUTENBHBIMHM OKa3aJIMCh JIAHHBIE, O TOM, YTO KOJIMYECTBO 'apMaTypHBIX
OClIKOB B TOCTCHHANTHYECKOW IUIOTHOCTH 3HAYUTENBHO MPEBBIIMIACT YHUCIIO
rmyramatHeix penentopoB (Sheng and Hoogenraad, 2007; Newpher and Ehlers,
2009). Hampumep, B BO30YKIAIOIIUX CHHAICAX MO3Ta MJICKOIUTAIOIIUX HMEETCs, B
cpenneM, okoso 20-tu NMDA peuentopoB. VX uucino npumepHO (UKCHPOBAHO.
Yucno AMIIA perentopoB B MOCTCHHANTHYECKOW MeMOpaHe CHIIBHO BapbUpYeT, B
npenenax 1-200 penentopoB Ha cunamnc. Turmmunas [ICIT comepxwur 300-600
MAGUK o6enkoB u npumepro 150 npyrux kommnoHeHT, BKiIrodas Shank Oenxw,
AHKUPUHBI U IPyTHe MOJICKYJIbI, coaepskarure SH3 nomenst (Feng and Zhang, 2009).

Takum o6Opa3zom, apxurektypa IICII mpencraBnser coboif kak Obl
MHOTO3Ta)XKHOE  3JaHMe, B  KOTOPOM Ha  BEpXHEM  OTake  HaXOoIATCA
MOCTCUHANTUYECKAE PpELENTOpPhl, HOHHBIE KaHajbl, MOJIEKYJbl CHHANTHYECKOM
anresum u Jpyrue TpancmemOpanueie Oenku (Sheng and Hoogenraad, 2007).
Cnenyromie »taxku (HOpMUPYIOT “apMaTypHble”’, CHTHAJIbHBIC, LUTOCKEIETHBIE H
apyrue Oenku (puc. 3). [lo-Bummmomy, Takash OpraHu3alMs U KOJIUYECTBCHHOE
COOTHOILIEHUE OETKOBBIX KOMIIOHEHT MOTEHIHMAIbHO 00ECHeunBaeT CTPYKTYPHYIO
6azy s ¢uznonornyeckoil perynsauuu 3(h(GEeKTUBHOCTH CHHANTHYECKOH Iepenadn
yepe3 MOAMGUKAIMIO YHCIAa PELENTOpoOB TIiyTamMata M (YHKIMOHAIBHBIX
MUKPOMOJTyJIeH, 00ecTIenBaIOIUX KPATKOBPEMEHHYIO M JITUTENbHYIO TUIACTHYHOCTD
CHHAIICOB.



IL1acTHYHOCTL CHHANICA U ACHAPUTHbIE INMITHKH.

OnnuM w3 (yHIAMEHTAIbHBIX CBOMCTB MO3Ta SIBJSIETCS CHHANTHYeCKas
IUTACTUYHOCTh — TOJIOKUTENbHBIE WM OTpULIATENIbHbIE M3MEHEHUS 3()(HEKTUBHOCTH
CBSI3U MEXK/y HEMpOHAaMU B OTBET Ha HEUPOHAJIBbHYIO AKTUBHOCTB. [[pyrumu cioBamy,
IUTACTUYHOCTh — 3TO MPOLIECC YCHIICHHS WM OCJIabJIeHUs Tepeiayd CHHANTHYECKOTO
cUrHaia. 3OTO  CBOMCTBO  SBJISETCS  BaXHBIM Ui (OPMUPOBAHHUS |
(GYHKIMOHUPOBAaHUS HEMPOHAIBHBIX CETEH, MPOIIECCOB 3aTIOMUHAHUS U O0YUCHHSI.

amutensHoU  genpeccun ([,
Oesble KPYXKOYKH), BBI3BaHHBIC,

KPaTKOBPEMEHHOU
BBICOKOYACTOTHOW CTUMYJIALIMEN
(BC) u pgmutensHOU (15 ™muH)
HHU3KOYACTOTHOW  CTUMYJIALMEN

Puc. 4. IlnacTu4HOCTD
A s, cHHAICA: AIUTENbHAA
}h 3 NOTEeHIHANMS W JIJIHTeIbHAs

2 M eTpecos,
3 s A BC A, [Mpumepsr THITUYHOM
“E 1 A\ ﬂni marenbHon moTeHnmanuu (11,
H ' YepHbIE KPY’KOYKH) "

g

30
Time (min) (HC)
b fenpeccus  KoHTponb MoTeHuwayus D TIPHMEpH  BO3GYsKaomuX
= = - MOCTCUHANIPHUYECKUX
\/‘— \\/——— HOTEHIMAIOB, HU3MEPSIEMBIX OT
2 osmv | _ 1 CHHAIICOB Ha 0a3aJlbHOM YPOBHE
10 ms 3 (1), nocie MIPOTOKOJIA
IUTenpHOU  fenpeccun  (2)
B JUIATENbHON moTeHuaruu (3).
B, wumrocTpanus BCTpauBaHHS |
youpanuss AMIIA penentopos
OpU  JUTMTEIBHON TOTEHIIUAIIUH
Removal of Insertion o
AMPARs AMPARW (3) u mempeccuu (2).
[lenpeccus KoHTponb MoTeHunauyus

B cuHancax HEMpOHOB THIIIOKaMIIa M JPYTHX OOJACTSAX MO3ra OOHAPYKEHO
HECKOJIbKO (DOPM CHHANTHYECKOW IMiIacTUYHOCTH. OCHOBHBIC U3 HUX: JUIMTEJbHAs
NOTEeHIMANNS | JJuTedbHasi Aenpeccusi (puc. 4,A). /[nutenbHas NOTESHIMAIUS -
3TO MPOLECC YCWIEHUS CHUHANTHYECKOW CBS3H. SIBIEHUS  CHHANTHYECKOU
MOTEHIMAMK OBUIM oOmucaHsl JaBHO. B cmmaaoM Mmosre Jlmoin (Lloyd, 1949)
OOHAPYKUJI KPAaTKOBPEMEHHYIO MOTCHIHAIINIO, KOTOPAasl UTHIach HECKOJIbKO MUHYT.
[To3nHee OBLIO TMMOKA3aHO, 4YTO TPH JUTUTEIBHOW TETAHMYCCKOW CTHMYJISIIUH,
MOCTTETAHNYECKAs TOTCHIMAIMS MOXET COXPAHAThCS Ha TMPOTSHKEHUM YacoB
(Spencer and Wigdor, 1965; 063. Kandel and Spencer, 1968). B 1973 roay biucc u
COABTOPBI OOHAPY)KHMJIM SIBJICHHE IMOCTTCTAHMYCCKON TOTEHIMAMKM B CHHAICax
TPaHyJISIPHBIX KJIETOK 3yOuaToil Qacimm runmokamma kponuka (Bliss and Lomo,
1973; Bliss and  Gardner-Medwin, 1973). TIlocne  KpaTKOBpEMEHHOM
BBICOKOYACTOTHON CTUMYJISIIMKM MMOTCHIIHAIMS COXPAHSIIACh HA MPOTSHKEHUU MHOTHX
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4acoB. DJTO sIBIICHHE YIMBHUTEIbHON CHHANTHYECKOW IJIACTUYHOCTU OBLJIO HA3BAHO
«aTenbHas notennuarps» (long-term potentiation, LTP) u BbI3BajO OrpOMHBII
uHTepec. [lo3nnee 3Ta Mozenb Obla MCHOIB30BAHA B THICAYAX SKCHEPUMEHTAIBHBIX
paloT, aHAIM3HUPYIOUIMX CHUHANTHYECKYIO IUIACTUYHOCTh B CpPE3ax THUIINIOKaMIla U
APYTHX Yy4acTKax MO3ra.

JmutensHas aenpeccust (LTD - long-term depression) — 310 aiuTensHOE
YMEHbILICHHE CHHANTUYECKOW akTHBHOCTH (puc. 4). Ecnu miurtensHas moTeHIMAINS
BBI3bIBACTCS KOPOTKOW BbICOKOYAacTOTHOWM cTumyisiimet (1 cek, 100 Tm), To
JUTUTEeNbHAsT JCTIPECCUs] TPOSBISIETCS IOCIE CTUMYJSIMM CHHAICOB C HHU3KOM
gactotoi (1 T'm) Ha mpoTsbkeHuu anurensHoro mnepuoxa Bpemenu (10-15 mwun)
(Dudek and Bear, 1992). [Tnactuueckue U3MEHEHHS MPH UIUTEIBHON MOTCHIIHAIIMN
WIM TpH JUIMTEIbHOH JENpecCMH pPacCMaTpPHBAIOTCS KaK MOJETH IPOIECCOB
obyuenus u mamstu (Bliss and Collingridge, 1993; Malinov, 1994; Sjostrom et al.,
2008), xots mocieaHue, HECOMHEHHO, HAMHOI'O 00JIee CI0XKHBIC SIBJICHUS.

HccnenoBanust TMOCIEAHUX JIET TIOKa3ajdd, YTO B OCHOBE pETYJSIHH
3QPEKTUBHOCTH PpabOTHl BO30YKJIAIOIIMX CHHAICOB JIEKAT MOPQOJIOTHUECKUE H
OMOXMMHUYECKHE MOIU(PHUKAIMU JEHIPUTHBIX MUIHKOB. OKa3anock, 4YTO ICHAPUTHBIC
IIMMAKA ~ TPEACTABISIOT  COOOW  CIIO)KHO ~ OpraHM30BaHHBIE  CYyOKJIETOYHBIE
xommaptMmentsl (Sorra and Harris, 2000; Bourne and Harris, 2008; Popov and
Stewart, 2009), sBusOmMEcs KIIOYEBBIMA OJOKaMH, KOTOpbIe O00OECIICUYHNBAIOT
JIOKaJIbHBIN TpueM, 00pabOTKy U KOHTPOJb CHHANTHYECKONH MH(POPMALIUH.

JleHapuTHBIE MUMUKA - 3T0 HeOosbimue (0,5 - 2 MKM B JTMHY) "BBIPOCTHI" U3
nenaputoB.  OHM  coiepkaT ~ BaXKHbIE  KOMIIOHEHTBHI,  OOECIEUMBAIOLIHNE
CHHAITHYECKYIO IUIACTHYHOCTh, BKJIIOYAst OEJKM IOCTCHHANTHYECKON IJIOTHOCTH,
aKTHHOBBII IIUTOCKENET U pasHble opraHeuisl (Puc. 3). Pazmepsr u ¢popma munukos
3HAYUTEIBHO PA3IMYAIOTCS JaKe B Mpesenax HeOONBIIOro JASHAPUTHOTO yJacTKa. B
3aBHCUMOCTHU OT (DOPMBI, IEHAPUTHBIC IIUITUKN Pa3AeiIniId Ha HECKOJIBKO KaTEerOpHi
(Puc.3):

1. '"T'pubGoBuanbie” munuku (Mushroom spines) wumewT OONBIIYIO,
JOCTaTOYHO LUIMPOKYIO TOJOBKY M Y3KYIO LICHKY.

2. "Toukue" munuku (thin Spines) uMeroT HeOOJBIINYI0 TOJOBKY M TOHKYIO
LIEHKY.

3. "KopenacTpie" UMUK UMEIOT IHUPOKYIO IIEHKY M TOJIOBKa Ha ee (oHe He
BBIJICIISIETCS.

4. "Ounomomuu" NPEACTABISAIOT COO0M TOHKME, JUIMHHBIC, BBITSAHYTHIC
oOpa3oBaHMUs.

5. " PasBerBinennbie” munuku (branched spines) uMerT HECKOIBKO TOJOBOK
00pa3oBaHHBIX OT OO0WmEro OCHOBaHWs (IICHKM), SBISIOMIMECS, B OCHOBHOM,
MHOTOCHHANTUYECKUMHU.

B cepum snerantueix pabor, K. Xappuc, M. Crrapr, C. IlonoB u wux
COABTOPHI IMPOBENM  TIIATSNBHBIA aHANW3  YJIBTPACTPYKTYPHOH OpraHU3aluu
JICHIAPUTHBIX IIMIUKOB, MAIOIUH BaXHYI0 HHMOpMAIMIO O MOP(OIOTrHIECKOM
OpraHM3alui CUHAIICOB M HEKOTOphIE KONMYecTBeHHbIe oneHku (Sorra and Harris,
2000; Popov et al., 2005; Popov and Stewart, 2009). IT10THOCTh HIMIIHUKOB CHJIBHO
BapbHUPYET U MOXKET JJOCTUTaTh HECKOJIBKO COT HA KyOnmueckuii MukpoH. Hampumep, B
CpeZHEM MOJIEKYJIIPHOM CJI0€ 3y04aToil (hacimuu rummnokammna KpbIChl UMEETCs OKOJIO
330 cunancoB Ha KyOudeckuid MUKpoH. M3 ofIero umciaa MOmyJsUH IIUIHKOB B
TOM Y4YacTKE MO3ra KpBICHl, 'TOHKHE' MIMIOUKK COCTaBIsA0T mnpumepHo 80%,
"rpuboBuaHbIe" MWUNUKA - OKoino 12%, ocranpHBIE - MHOTOCHHANTHYECKHE
ctpykrypsl (Popov and Stewart, 2009).
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W3-3a Hamuuus BBITAHYTOW IIEHKH, IIUMUKA TPEACTABISAIOT 000t
MHUKPOKOMIIAPTMEHTBI, B KOTOPBIX OMOXMMHUYECKHE HM3MEHEHHUS B paiioHE OJHOTO
CHHAIICA MOTYT OBbIThb W30JIMPOBAaHHBIMH OT JAPYI'MX CHHAIICOB TOTO € HEWpOHa.
bonpmue mMUNUKM MOTYT HMMETh TIAAKUNA DHIOIUIA3MAaTUYECKUH PETHUKYIIYM,
MOJTUPUOOCOMBI, 3HIOCOMAJIbHbIE KOMIIAPTMEHTHl M HAXOOUTHCA B OKPYKEHUH
actporsiun  (Bourne and Harris, 2008), uro mpeamosaraeT WX BBICOKYIO
(byHKINOHATBHYIO 3()(EKTUBHOCTD MPH ACHCTBUH TIyTamara, JOKaJIbHON pPerysiuu
nonos Ca”’, BcTpamBaHMs M SHJIOIUTO3a PEILENTOPOB, A TAKKe B3aMMOAEHCTBHUS C
aCTPOTJIUEH.

AHanu3 MOJIEKYJISIPHBIX MEXaHU3MOB Mop(oreHe3a U MOIYJSIUH Pa3MepOB
IIMIKAKOB MO3BOJMII YIIIyOUTh IOHUMAaHHUE UX POJIH B (PYHKIIMOHUPOBAHHH HEPBHOM
CHCTEMBI, KaK MOP(OIOTHYECKUX CTPYKTYp, OOECIEUHBAIOIINX CHHANTHYECKYIO
IUTACTUYHOCTB, JISKALTYIO B OCHOBE MAMSTH U JJTUTEIBHOTO XpaHeHHs HH(OPMAIIHH.

[i1acTHYHOCTH CHHATNCA M IIUTOCKEJIET

HccnenoBanust ~ gu3noNOruM  BO30OYXKIAIOIIUX  CHHAINICOB  BBISBIJIH
YIMBHUTEIBHYIO TOABIKHOCTh TJIyTaAMaTHBIX peLenTopoB. Kpome HHTEHCHBHO
aHanu3upyemoro B koHie 90-X rogoB MeXxaHW3Ma BCTPAaWBAHHS M HMHTEPHAIU3AIUU
riyramaTHeix perientopoB (Malinow et al., 2000; Malinow and Malenka, 2002), B
nocjenHue rojapl ObUTM OOHAapyXeHbl ObICTpBIE JaTepanbHble oOMeHbl AMIIA
peuentopamu Mexay obiacteio IICIT u BHecuHanTuueckoit 3onoi (Tardin et al.,
2003; Triller and Choquet, 2005). bonee Toro, oka3anock, 4TO CKOPOCTH JIaTePaIbHOM
MOJBIDKHOCTH KOPPEIUPYET C JIOKAJIbHOW aKTHBHOCTBIO Pa0OTHI CHHarca. bbiio
MOKa3aHO, 4YTO KPaTKOBPEMEHHOE pEe3KOe  IOBBIIICHHE  BHYTPHKICTOYHOU
koHuentanmn  Ca®*  (uncaging)  yMeHbIIaeT — JaTepalbHYI  OABHYKHOCTH
akcTpacuHanThuueckux AMIIA  peunenTopoB, B TO BpeMs, KaK CHIDKCHUE
BHYTPHKJICTOUYHON KoHUeHTaruu Ca2+ (XWIaTupoBaHUWE) NMPHUBOAUT K BO3PACTAHUIO
noxsuxaocTr (Newpher and Ehlers, 2009).

Bonee Toro, ObLIO MOKa3aHO, YTO (HapMaAKOJIOTHMYECKUE CTUMYJIBI, KOTOpBIE
UMHTUPYIOT JUIMTENbHYI0 TOTCHLIUALWIO, YMEHBIIAIOT CKOPOCTh JIaTepallbHOMN
maddy3un, a CTUMYIBL, BBI3BIBAIOLIME JUTUTEIBHYIO JCMPECCHI0 MPHBOMAT K
YBEIMUYCHHUIO TIOJIBIYKHOCTH PELIENITOPOB B cuHanThyeckoit 3one (Tardin et al., 2003).
Ipeamomaraercs, uto Ca’’-3aBHCHMOE W3MEHEHHE COCTOSHHS IMTOCKEIeTa B
ACHAPUTAX W IIUIHKAX SBISAETCS OIHUM U3 KIIOUEBBIX (PAaKTOPOB, BIMUSIOIIUX Ha
JaTepaNtbHY0 MOBIKHOCTD PELENTOPOB.

OCHOBHBIM IIMTOCKEJIECTHBIM OCJIKOM B JICHAPUTHBIX IIHIIUKAX SBISETCS
akTHH. OH BBINIOJHSCT JBE Ba)KHbIC (DYHKIMH: KaK OCHOBHOM KapKac MEXaHHYECKOM
CTa0MJIPHOCTH  IIUIHKOB U KaK « apMaTypHbI » O€IIOK K KOTOPOMY
«3asikopuBaroTcs» MHorue npyrue oenku [ICII. AktuH cymiecTByeT B IByX (opmax,
HaXOJSIIUXCS B TMHAMUYECKOM paBHOBecHU: G-akTHH — MOHOMEpHas TI00yIIsipHas
¢dopma u F-akTuH — QUITaAMEHTHI, COCTOSIIIIME M3 Pa3HOTO YHCIa MOHOMEPOB aKTHHA.
DTO paBHOBECHE MOIYJIUPYETCS HECKOJBKUMH aKTHH-CBS3BIBAIOIIUMH OCIKAMHU.
Hekotopele W3 HHX, HampuMep, kopdummn  (coffilin), cTumymupyrot
JETIOJINMEPU3ALIUIO F-aktuna; npyrwe, Hanpumep, upodummn (profilin),
CIIOCOOCTBYIOT MOJIMMEPH3ALINY, YUIMHEHUIO aKTUHOBBIX (PUITAMEHTOB.

[Ipeamonaraercs, YTO CTPYKTypa MIMIHKOB 3aBUCUT OT COCTOSIHUS aKTUHA U
peryaupyercss Onaronapsi KOOPJHHUPOBAHHOW AKTHBHOCTH AKTHH-CBSI3BIBAIOIIUX
OenkoB. OCHOBaHWEM [UIsS ATUX TMPEINONIOKEHHN SIBISIFOTCS pPE3yJbTaThl padoT,
BBINIOJTHEHHBIX C TIOMOIIBIO YCOBEPIICHCTBOBAHHBIX METOMOB (HIIyOpecICHTHOM
MUKpPOCKOIIMH, B OCOOCHHOCTH ABYX-(POTOHHOH, B COYETAaHWUHU C HCIIOJIb30BaHHEM
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TCHETHYCCKM  KONUPYEMBIX  (PIIyOpECHEHTHBIX  30HAOB. OHM  TO3BOJIMIN
BU3YaJIM3UPOBATH MPOLECCHl MOP(POIOTHIECCKIUX U3MEHEHUH ICHPUTHBIX IIUITHKOB B
JKUBOM TKaHM B peaJbHOM IIpolecce BpeMEeHH. bbuio oOHapykeHo, uYTO B
3aBUCHMOCTH OT XapaKTepa CTUMYJISIIMU UHIMBUyalIbHbIC CHHAIICHI MOTYT U3MEHSTh
MOP(OJIOTUIO W YCWIMBATh WM yMEHbIIATh CHJIY CHHANTHYECKOW Mepeiadyd 3a
NepUoAbl BPEMEHH OT CeKyHJ 1o jaecsatkoB wacoB (Matus, 2000; Okamoto et al.,
2009). BeL10 MoOKa3aHO, YTO CTUMYJISIUS, BbI3BIBAIOIIAS JUTUTEIBHYIO MOTCHI[UAIIMIO
OPUBOIUT K YBEIMYCHUIO OOBEMa TOJIOBKH UIMIIMKOB W 3TO COMPOBOXKIACTCS
noBbIIIeHHEM (QopMHpOBaHHMS aKTHHOBBIX (QmiameHToB (Pumc. 5). IIporokou,
BBI3BIBAIOIIUI JUTUTEIBHYIO TIOTCHIIALIUIO JIOKAJIbHO, B paiiOHE OJTHOTO JACHAPUTHOTO
IIMITUKA, TPUBOAMI OBICTpOMY yBenMueHHI0 ero oObema (3a 20 cek), KOTOpbId
nocturan Makcumyma mpumepHo 3a 60 cex (Matsuzaki et al., 2004, puc. 5,A).
H3meHenune pa3MepoB HIMITMKOB COXPAHSIIOCh, KAK MUHUMYM, B TEUCHUH Yaca.

Puc. 5. IluToCcKe/ €T M CTPYKTYPHAS IVIACTHYHOCTD AEHAPHUTHBIX IHUNHKOB.
A A, b, Bmyamumzamus GFP-
aKkTMHa B JCHJApHTaX C
MOMOIIBIO 2-hoTOoHHOHI
MHKPOCKOTIHH.  JICHAPUTHBIC
IIUIAKA ~ yBEIMYHUBAIOTCS B
pasMepax mpud  MPOTOKOJIE
JUIMTEIbHON moTeHnuanuu (A)
U YMEHBIIAIOTCS B pazMepax
Opy  MPOTOKOJIC JUTHTENBHOM
Vkaykuns A0 nerpeccui (B).
B, Cxema OCHOBHBIX
B an . an npe06pa301iaHI/H71 npu
JUTUTEIBHOM TMOTCHIUAUN U
nenpeccud. KpaTkoBpeMeHHas
BBICOKOYACTOTHAS CTHMYJISALIUS
(mpoTtokon JUTUTENTLHOM
Huako l-|aCT0TH BbICOKO‘-IaCTO THas HOTeHIII/IaIII/II/I) , BBI3BIBAET
CT”MY”ﬂHV‘ﬂ CTUMyNAUNA CIBUT PABHOBECHSI B CTOPOHY
F-aktuna (cripaga).
VBenuueHune aKTHHOBBIX
(GuIaMEHTOB  MPUBOJAUT K
YBEJIUYCHHIO pasmepoB
mmnuka  (2)  BO3pacTaHHIO
qucIia MeCT Ut
B3aUMOJCHCTBUS C JPYTHMH
O6emkaMH ,  BCTPEHBAHHIO
HOBBIX peLenTopos B
4 MIOCTCUHAIITUYECKYIO
BeTpaueanue MeMOpaHy ¥  IOBBILICHHIO
AMITA peuenTopoB | CTPYKTYpHOM OpraHu3anuu
KOMIIOHEHT MCI1 (4).
€ Geactin Glutamate receptors © Scaftoldi e HaO60p0Tv AJIUTEIbHAS
%cg Facin  Sgnaltnaduction FESONROKI Protene HU3KOYACTOTHAS  CTHMYJISLIHS
(mpoTtokon JUTUTENTLHOM
JICTIPECCHH) TMPHUBOJUT K CABUTY paBHOBecusi B cTOpoHy G-aktmna (cieBa). Ilpu sTom
HPOUCXOAMT JIEMOJIMMEPU3allsl aKTHHOBBIX (DPUIIAMEHTOB, YMEHbBIIICHHE Pa3MEPOB IIHITUKOB
(1), ymenbmienne uucna AMIIA perenTopoB B IOCTCHHANTHYeCKOH MemOpane (3) u
CHIDKEHHE CTPYKTYpHOI opranm3anmu komnoneHT [ICII.

/Jenonumepusaum

R Monum epm aums

aKTUHa

3
WHTepanuaaumaaums
AMIA peuenTopoe

13



Bonee Toro, ObLIO TMOKa3aHO, YTO pa3pylICHHE AKTHHOBBIX (HIAMEHTOB
AETOTMMEPU3YIOIIMMH areHTaMH TPEIOTBPAIlaeT MOABMKHOCTh mmmukoB (Matus,
2000) w D9KcmpeccHIO JUIMTENLHOW — IMOTEHIMAIMH, XOTS HE  OJIOKHpYeT
kpatkoBpemeHHyto norenimanuio (Kim and Lisman, 1999; Krucker et al., 2000;
Chen et al., 2007).

[lpsmoe  JOKa3aTeNbCTBO  BOBJICUEHHMS] AKTHHOBOTO — LIUTOCKENETa B
CHHAITHYECKYIO IUIACTHYHOBTH OBLIO TOJIY4EHO C IOMOIIBIO (DIyOpECIIEHTHOTO
aHaJIM3a, O3BOJISIOIIET0 BU3yann3upoBarthk F-aktiun/ G-paBHOBecue. bputo mokazaHo,
YTO JIOKaJbHAs TETAHWYECKass CTUMYJSIHS (IPOTOKOJ JIMTENbHOW IMOTCHIHAIIH)
BBI3BIBACT OBICTPBIN CIBUT PaBHOBECHS B CTOPOHY F-akThHa, COMPOBOXKIAIOIIUICS
YBEJIMUYCHUEM TOJIOBKH IIHUMHUKA. 11 HA000pOT, MPOTOKOJI, BBI3BIBAIONIUIA JUTUTEIBHYIO
JICTIPECCUIO TIPUBOIWIT K CIBUTY paBHOBecus B cropony G-akrtuna (Okamoto et al.,
2004). DOTm wuccnenoBaHWS JAIOT OCHOBAaHME IpEAIojararb, 4YTO AKTHHOBBIN
IIUTOCKEJICT SIBIISICTCS HEOOXOMUMBIM Kak sl (PYHKIMOHAIBHOW, Tak M JJIs
CTPYKTYPHOM JJIUTEIBHOMN IUNIACTUYHOCTH CUHAIICA.

Cpean MHOTHX MOJIEKYJI BOBJICYEHHBIX B CHHAITHYCCKYI0 aKTUBHOCTb, OJJHUM
u3 Hanbojee BaXHBIX KOMIIOHEHT JUTUTEIBHOW MOTEHIMAIMK SIBISICTCS  KaJIbIiA-
KajamoaynuH-3aBucumas kunaza CaMKIl  (Lisman and Goldring, 1988; Soderling,
1993; Lisman et al, 2002). Oxkazanoch, 4YTO WHTHOMpOBAHHME D3TOU
CEpHH/TPEOHWHOBOW KHHA3bI OJIOKUpYET JUIuTeIbHY0 noTeHmanuio (Malenka et al.,
1989; Malinov et al., 1989; Ito et al., 1991), a unHbekIM €€ aKTHBHOW (OPMEI
NPUBOJIUT K YBEIMUYCHHIO CHHANTHUYECKHX OTBETOB, IeHepupyembix depe3 AMITA
pELeTITOPBI U BBI3BIBACT OKKITFO3UIO JtuTebHOM noteHimanu (Lledo et al., 1995).

CaMKII takxe BOBIeueHa B CTPYKTYPHYIO IUIACTHYHOCTh IIMIHUKOB. Bxox
Ca®* uepes NMDA kanamst 1 CaMKI| BbI3bIBaTH [UTHTENBHYIO (basy yBETHUCHHS
pa3MepoB LIMIUKOB. B TO e BpeMs, HHU3KOYACTOTHAs CTUMYJISALUS, BBI3bIBAIOIIAS
JITUTENBHYI0 JIETIPECCHI0 CHHANTUYECKON Nepenadyd TNPUBOJMIA K YMEHBIICHUIO
oorema mmmnukoB (Okamoto et al., 2004, 2009). Beuio Takke IOKa3aHO, YTO
uaruburopel CaMKIIl npegoTBpamaor uHIyIUpyeMoe TIyTaMaTOM YBEJTUYEeHHUE
JEHJIPUTHBIX IIUMIMKOB M 3TOT Mpolec npocxoawi Beaeactsue perynsaunun CaMKI|
COCTOSIHUS aKTHHOBOTO 1tuTockenera (Matsuzaki et al., 2004).

Takum 00pazoMm, (PU3HONTOTHUYECKU TUIACTUYHOCTH BO30YXKIAIOIIUX CHHATICOB
HETOCPECTBEHHO CBs3aHa ¢ MOP(OreHe30M, U3MEHEHHEM aKTHHOBOI'O ITUTOCKENIETa
U QYHKIIMOHAJIBHBIM COCTOSIHUEM JCHIPUTHBIX IUMUKOB (Puc. 5).

Perporpagnasi curHajmsanuss — OAUH M3 MEXaHM3MOB KPAaTKOBPEeMEHHOI
MJIACTUYHOCTH CHHAICOB

Baxnoit ¢(opmMoil KpaTKOBpeMEHHOW IUIACTUYHOCTU SIBJISETCS  ObICTpast
perymsanus 3(G(GEKTUBHOCTH CHHANTUYECKOH TIepeqauyd OCyIIecTBIsieMas IIyTeM
peTporpagHoil CUrHanuzaumu. TepMHH «peTporpagHas CHUTHAJIM3ALUsA» O3HAYaeT
SBJICHUS, B OCHOBE KOTOPBIX JIEKUT MEXaHW3M OOpaTHOW CBSA3HM. W3MEHEHHS B
MOCTCUHANTHYECKOM HEHpOHE MHIYLUMPYIOT BBIPAaOOTKY CHTHala, KOTOPBIi
nepenaercsi o0OpaTHO (peTporpagHO) Ha TMPECHHANC W BHI3BIBACT HM3MCHCHHUS
spdexTuBHOCTH ero paboTel. Takum o00pa3oMm, perporpagHas CHTHAJIM3ALMUSL
NpEeJCTaBIsieT COO0M HMHCTPYMEHT, C MOMOILIBI0 KOTOPOrO IOCTCHHANTHYECKHE
HEepoHbI 00ecreunBaoT H3PPEKTUBHBII KOHTPOJIb HAJl CUTHAJAMU OT IPECHHAIICOB.

B Bo3Oyxpaommux ¢  MHTUOMTOPHBIX CHHANCaX HEPBHOW  CHUCTEMBI
MO3BOHOYHBIX OJMH W3 OCHOBHBIX TPUHIMIIOB PETPOTpaJHON CHHANTHYECKOU
MOJYJISIUM  OCYIIECTBIISIETCS. Yepe3 SHAOTEHHYI0 KaHHAaOMHOMJIHYIO CHCTEMY. OTa
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cHUCTeMa M MEXaHU3Mbl PETPOrPaJHON peryinsuuu HOAPOOHO OMUCaHBI B psle
o63opos (Freund et al., 2003; Diana and Bregestovski, 2005; BpexecToBckuii u
Xacnekos, 2007; Kano et al., 2009), mostomy 351eCh sI KOCHYCh KPAaTKO TOJBKO
HEKOTOPBIX aCTEeKTOB.

B nauane 1990-x ronos, Obut0 0OHApYKEHO 3araJoyHOE SBJIIEHHE, Ha3BaHHOE
JOBOJILHO ~ MHOTOCIIOBHO.  «MHAYIIMPOBAHHOE  JCMONspU3alMell  TOJaBliCHHE
TopMOkeHus» (B aHrmiickoi Tpanckpumnmuu «depolarization-induced suppression of
inhibition», DSI) (Pitler and Alger, 1992; Marty and Llano, 1995; Diana and Marty,
2004). B skcnepuMeHTax Ha kierkax [lypkuube cpe3oB mozxeuka (Llano et al.,
1991), a 3arem Ha nupamuaHbIX Heliponax moist CAl cpe3os runmokamma (Pitler and
Alger, 1992) 6buT0 MOKa3aHO, YTO JACMOJSPU3ANHUS MOCTCHHANTHUYECKOrO HEWpOHa
BbI3bIBaeT oOpatumoe yrHerenne ['AMK-epruyeckux CHHANTHYECKUX CHTHAJIOB,
JUISIeecs B TEUEHHE HECKOJIBKUX JECATKOB CeKyH/. J(albHENIINI aHAIN3 YCTaHOBUI,
Tpu BaxkHbIX cBoiicTBa DSI: (a) manynupyercs nocrcunantuyecky; (0) 3amyckaercs B
pesynbrare MOBBIIICHUS BHYTPHUKJIETOUHON KOHIICHTpaLluu ca?* B
MOCTCHHANTUYECKOM HeiipoHe U (B) NpOSBISETCS Kak MOJaBJICHUE BbIOpoca
HelpoMeauaTopa U3 IPEeCUHANTUYECKUX OKOHYaHui. [Ipenmnonaranocs, 410 B OCHOBE
aprnenust DSI|  nexut perporpammbiii  ¢akTtop, KOTOpBI BbIpadaThiBacTcs B
OCTCHHANITHYECKOM HEHpOHE B OTBET Ha mosbienne Ca’ . OJHAKO IPHPOIA STOTO
(axTOpa J0Ar0 OCTaBajach 3araJ04HoM.

TonbKO B 3TOM CTONETHM MPOU3OIIEN MPOPHIB, KOTIa HECKOJIBKO J1abopaTtopuit
NpUBEIH JOKa3aTenbcTBa, 4yTo Ca2+-MHAYHHPYEMBIM pPETPOrpagHbiM (aKTOpoM,
BBIJICIISIOIIUMCS U3 TIOCTCUHANITHYECKUX HEHPOHOB, SIBISIOTCS HIOKAHHAOWHOMIBI -
SHJIOTEHHO MPOAYLUPYEMbIE MOJEKYJbl, MPOU3BOJIHBIC aAPAXUJIOHOBOH KHCIIOTHI
(Wilson and Nicoll, 2001; Ohno-Shosaku et al., 2001; Diana et al., 2002). B
HacTosIIee BpeMs IpearoiaraeTcs CYIIIECTBOBaHHE HECKOJIbKUX
SHJIOKAHHAOMHOMJIOB, OJHAKO Haubojiee CTPOro JOKa3aHHBIMU M HU3yYE€HHBIMHU
sapisiores gBa. aHanmamuga (AHA), or ciosa “ananda” (“OmaxkencrBo”) u 2-
apaxugonownrauiieput (2-Al). B nieHTpaabHON HEPBHOM CHCTEME MIICKOTTMTAIOIIHX,
MO-BUIMMOMY, Haubonee (QYHKIMOHAIBHO PpACHpOCTPaHEHHBIM sABIsieTcs 2-Al
(Sugiura et al., 2006). YcTaHOBJIEHO, YTO OCHOBHBIM OMOCHHTETUYCCKUM (DepMEHTOM
2-AT sBasieTcs auarpuIrmiepo innasa-anbda (DGL-a) (Bisogno et al., 2003).

[Ipenmonaraercss  cruedyiomas — IEMoYka  COOBITH,  NPUBOMAIIMX K
peTporpagHoii MOAYJSLMU BBIOpOCca HeWpoMenuaTopa U3 MPECHHANTHYECKOTO
OKOHYaHHSI. TTOBBIIICHHE ~ BHYTPHKIETOYHON  KOHIEeHTpamunm  Ca’® B
JCTIONIIPU30BAHHOM ~ TOCTCHHANTHYECKOM  HEHpOHE  MPUBOJUT K  CHHTE3Y
9H/I0KaHHAOMHOUIOB, WX BBIXOJY U3 MpEeCHHANTUYeCKOH MebpaHsbl, nuddy3un uepes
CHHAITHYECKYIO IIEJb U TOCIEAYIONIed aKTHBAllMM KaHHAOMHOUIHBIX PEIETITOPOB
pacIojOKEeHHBIX Ha MpecuHanTHyeckoii MmemOpane (Puc. 6). AkTuBamms 3THX
KaHHAOMHOMIHBIX PELENTOPOB BEAET K YMEHBIICHHIO CTUMYJIUPYEMOIO pocTa
KOHIeHTpanui Ca’’ B MPECHHANTHYECKOM OKOHYAHHM H, B KOHEYHOM HTOTE,
YMEHBILICHHIO BBIOpOCca HelipomeauaTopa (puc. 6).

K Hacrosimemy BpeMeHHM KIOHHUPOBAaHBI [[BA THINA KaHHAOWHOWIHBIX
peuentopoB  (KP1 u KP2). Onm mnpunamiexatr k cynepcemeidcTBy JK-0Oemok
CONPSIKEHHBIX  PELIENITOPOB. B kierkax UEHTPAJIBHOW HEPBHOM CHCTEMBI
oOHapy»eHbl, B o0cHOBHOM, KP1 , KOTOpbIe SKCIIpecCUpYIOTCS IPEUMYIIECTBEHHO Ha
NpecHHaNTHYeCKuX akcoHHbIX okoHuaHusax (Freund et al., 2003). KonuuecTBeHHbIC
OLIEHKU YHUCJIAa 3TUX PELENTOPOB MOPaXaloT: MpecuHanTuyeckue repmunanu I'’AMK-

APrUYECKUX CHHAICOB THIIIOKaMITa cofepkat 10 450 kaHHaOUPOUTHBIX PEIENTOPOB
(Nyiri et al., 2005).
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MonexynspHas apXUTEKTypa, Jiexkalllas B OCHOBE 3TOr0 MEXaHU3Ma OKa3ajlach
BBICOKO KOHCEPBAaTUBHOM B pa3HbIX THUIIAX CUHAICOB. TOPMOXXEHHE CHUHAITUYECKOU
nepeaayy, peTporpagHo UHAYIHPYEMOE HIOKaHHAOMHOMIaMH, OBLJIO MOKa3aHO s
'AMK-3pruyeckunx  (Wilson and Nicoll, 2001; Diana et al, 2002),
rnyramatepruueckux  (Kreitzer A.C., Regehr, 2001) wu raunuHEpruYecKux
(Mukhtarov et al., 2005; Bregestovski and Mukhtarov, 2007) cunarmcoB. Takum
0o0pazoM, 3TOT BHJI CHHANTUYECKOH IUIACTHYHOCTH — IIHPOKO PACHPOCTPAHEHHOE
SBJICHHE B HEPBHOW CHUCTEME MO3BOHOYHBIX. DHJIOKAHHAOWHOM]IBI CUHTE3UPYIOTCS B
CTUMYJIMPYEMbIX HeipoHax “mo HeoOxommmoctu” (“Oon demand”) u mo mpuHIMITY
OTPHULIATEIIbHOM ~ OOpaTHOM  CBS3M  BBINOJHSIOT — 3AIIUTHYIO  (YHKIHUIO  OT
CBEpXaKTHBALlMM BBIOpOCa HeWpoMeauaTopa W3 MPECHHANTHYECKOTO OKOHYAHUS H
CHWJIBHOTO BO3pacTaHUs aKTUBHOCTH CHHAIICA.

lpecuHanTU4yecKuit akCoH
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MocTcMHanTMYeCKU HeUpPOoH

Puc. 6. Cxema perporpagHoii MoOJyJsIIMM CHHANTHYECKOW Imepelavyud B
rJyTaMaT3pru4eckoM cHUHarce.

Briaendromuiics U3 MPECHHANTUYECKOT0 aKCOHA IIyTaMaT aKTUBUPYET PELENTOPHI
Ha MMOCTCUHANTHYECKOW MeMOpaHe, BKITIOYast pACIOJIOKECHHBIE B MIEPUCHHANITHYECKOM
o0JyiacTi MeTabOTPOIHbIC ITyTaMaHbie perentopsl (MI1y). DTO CTUMYIUpPYET yepes3
G-anbda cyObenuuuipl aktuBaiuio Qocdonunazer C (DJI) u  mocnemyroiiee
Bo3pactaHue oOpasoBanus guarirauieposa (DAG), KoTopblii KOHBEPTHPYETCS
muanuranepon Jsmnasoi (Jlumaza) B 2-AI. OOpasoBaBmmiicss 2-Al° pocturaer
MPECUHANITUYECKOW  MeMOpaHbl W B3aUMOJACHUCTBYET C KaHHAOWHOWJIHBIMHU
peuentopamu (KB1).

MocrcunanTuueckuii Ca®’ Takke MOXKET CTUMYJIPOBaTh TPOMU3BOACTBO 2-Al
crumyisinueit  pocdonmmnazsr C  (DOJI) wmiam apyrumu  myTsAMH, TPEOYIOLIMMH CBOETO
BBISICHCHUS. BOSpaCTaHI/IC 9TOro Caz+ MOXKET OCYHICCTBJIATHCA IPU aKTHUBAIIMN KaJbIUEBBIX
kaHanoB mwin NMDA penenropoB. Ha mocrcmrantmueckoit memOpane Kbl penentops!
MHTUOMPYIOT aJleHWJIaT [UKJIa3y W YTHEeTaloT aKTHBHOCTh NMPOTenH KMHa3sl A. B pesynbrare
CTUMYJIUPYEMOE BO3pACTaHUE Ca” B MPECHHANTHYECKOM OKOHYaHWU yMeHbImaercs (-) u
MHTHONpyeTcs BEIOPOC KBAaHTOB HEHpoMeanaTopa.
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HenaBHue wuccnenoBanus MO3BONMIM OOHAPYKUTh YAMBHUTEIBHYIO CBSI3b
MEXKJy MUKPOIOMECHHOW OpraHW3alMel NCHIPUTHBIX LIUIUKOB U PETPOrpagHOMn
MOIyJSIMed cuHanTudeckod mepenaun. Okazanoch, YTO BaXHYIO pOJIb B
pPEeTPOrpaHOil CUTHAIM3ALMU HUrPal0T METAOOTPOIHBIE TIIyTaMaTHBIE PELENTOPBI
(MI'nyP) u muanmnrnunepon numaza (Yoshida et al., 2006). Kak yxe orMedanocs,
MI'nyP, B ortmmune ot AMITIA u HMJIA, pacnionaratoTcsi IEpUCHHANTHYECKH, T.€. BHE
3oubl TICII. KonudecTBeHHBIE HelipoaHaTOMUYECKHE HAONIOJACHHS TOKA3alH, YTO
METa0OTpOIIHBIE ~ IIIyTamMaTHble  perenTopbl  neporo  Ttuma (mMIyl) wm
TMALMITITALEPOIT nunasa MPOSIBIISIIOT YAUBUTEIBHO 3aKOHOMEPHYIO
MOCTCUHANTUYECKYIO KO-JIoKayn3anuio. Oba Oenka HaxosITcs NepUCHHANITUYECKH, B
paifone nmpumepro 100 HaHOMETPOBO 30HBI BOKPYT TMOCTCHHANITHYECKON TIOTHOCTH
(‘Yoshida et al., 2006). Bosnee Toro, 0ba Oeika UMECIOT JOMEHBI B3aMMOJCHCTBHS C
OJTHMM M TeM ke «apMmatrypHbiM» 0eakom - HOMER (Brakeman et al., 1997; Jung et
al., 2007).

OTU JaHHbIE TO3BOJIWIIN NIPEATIONOKUTD CIEAYIOUI CLIEHAPUNA PETPOTrpagHON
MOIYJISIIUK dHI0KaHHaOuHOMIamu (puc. 6, cm. neranu B Katona and Freund, 2008).
Juddynaupyrommii mocie BeIASICHHUS U3 TPECUHANTHYECKOTO OKOHYaHUS TIyTamar
B3auMozeicTByeT ¢ MIny peuentoBamu, Koropble uepe3 JK-OelIKoBYIO cHCTEMY
aKTUBUPYIOT — TUALMITIMLEPON  JUMasy MW CTUMYJIHpPYIOT  cuHTe3 2-Al.
CuHTe3upyeMblii TakuM 00pa3oM 3HJOKAaHHAOWHOW] TEPECeKaeT CHUHANTUYECKYIO
1IeJIb U B3auMoAelcTByeT ¢ npecuHantudeckumu Kb1 penentopamu. Ux akTuBanus
BBI3HIBACT YMCHBIICHHE CTHMYIHPYeMOro Bxoma Ca’’ B NPECHHANTHYCCKOE
OKOHYaHHE M YMEHbBILICHNE BE3UKYIJIIPHOTO BhIOpOca HelipoMeauaTopa (puc. 6).

MHorue feTand STOW IWENOYKH COOBITHI TpeOyroT ele NanbHEeHIIero
BbISICHEHUS. B wacTHOCTH, KakuM 00pazom nunoduiabHbe MOIEKybl 2-Al” TOKUIAIOT
MPECHHANTUYECKYI0O MeMOpaHy Ui TepecedeHus CHHanTHueckoi mienu? Kakum
00pa3oM MPOUCXOAUT CTUMYJSIIUs cuHTe3a 2-Al' B HMHTHOMTOPHBIX CHHArcax?
Onnako, nanHsle o moxyssanuu skcnpeccun HOMER 6Genka, onpenenenuto cepux
ruaponassl, paspymatomei 2-Al° (Blankman et al., 2007) naxonsiTcs B coriacuu ¢
STUM UHTEPECHBIM FMIIOTETUYECKUM CIICHAPHEM.

3akio4yenue.

B kparkom 0030pe HEBO3MOXXHO OXBAaTUTh IOJYYEHHbIE B pe3yJIbTaTe
MHOTOJIETHUX HCCIICZIOBAaHUM JaHHbIE W MHOrooOpasue (akTOPOB OINpPENENISTIONIUX
(Gu3M0IOTHIO, CTPYKTYPY, (PYHKIIMH U MOJIEKYJIIPHYIO OPTaHU3ALIUIO 3aMeYaTeIbHOTO
TBOPEHUS NPUPOJIBI - CUHATICA. BhIienuM B 3aKiII0U€HHE TOJTBKO HEKOTOPHIE ACHIEKTHI.

B nocnennue roasl MOJy4YeHbl JaHHBIC, MO3BOJIMBIIME PACIIMPUTH HAaIle
MOHMMaHUE Ha pOJIb CHUHANTUYECKUX KOHTAKTOB U CBOMCTB JEHAPUTOB B
CUHAIITUYECKOM M  HEUPOHAJIBbHOM IUIACTUYHOCTH. B orinmyme or  panee
MpearoaaraeMol poJid JEHJIPUTOB KaK IMaCCHUBHBIX IPOBOJHHKOB 3JEKTPHUUYECKUX
CUTHAJIOB, OKa3aJI0Ch, YTO OHU - AKTUBHBIC MPOBOIHUKH, MOIYIHPYIOIINE JTOKATIBEHO
CHHAIITHYECKYIO aKTUBHOCTb, B OOJBIION cTerneHu Onarogapsi 0coObIM 00pa3oBaHUAM
— JCHIPUTHBIM MIMMHKaM. BbUIO0 0OHApyKEHO, YTO CTPYKTYPHBIE, MOJEKYJSpHBIE,
AIIEKTPUYECKHE U XMMUYECKHE CBOMCTBA JCHIPUTOB ONPEACIAIOT (PYHKIMOHATBHBIN
(byHIAMEHT JUIsi CyMMHMPOBAHUSI aKTHBHBIX CHHAICOB U (DOPMUPYIOT HEPAPXUUECKHE
B3aMOOTHOLICHUS MEXJy CHHANTUYECKUMHU BXOJAMH M HEHPOHAJIBHBIM BBIXOJOM.
Tor d¢akrT, YTO CHHaNTUYECKHE CBS3M U JCHAPUTHBIE (QYHKIUA MOTYT
MOJIyJTUPOBAThCA HAJACISIOT 3Ty CHCTEMY OTPOMHONM T'MOKOCTBIO W MOUIHOCTBIO.
OOpatHasi CBsI3b MEXIYy AaKTHBHOCTBIO CHHAIICOB W OKPYXKAIOMIMX YYacCTKOB
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JICHIPUTOB, O1arogapsi KOTOPOH M3MEHEHHS CHIIbI CHHAIITUYECKON CBSA3H PEryIHUpyeT
JICHIPUTHYIO BO30YJMMOCTb, SIBJISIIOTCS BaXXHBIMH (PakTopaMu B (HOPMUPOBAHUH H
(YHKIMOHMPOBAHUU HEHPOHATBHBIX MHKPOCETEH W  CO3JaHUHM  JJIHUTEIbHBIX
CTaOMJIbHBIX HEWUPOHAIBHBIX CBSI3EHl.

OTH BO33pEHUS HMEIOT Ba)XHOE 3HAueHHEe B (POPMUPOBAHUHM HALIMX
NPEJCTaBICHUNA O Tpoleccax 3allOMMHAHUS M MeXaHu3Max namsTH. CBS3b MEXIy
JICHIPUTAMH M IUIACTUYHOCTHIO HMMEET Ba)XHOE 3HAYEHHE JUIsI HEWPOHAIBHOTO
roOMEeOoCTa3a M ero HapylmeHHss MOTYT MPUBOIUTH K pALy 3a00J€BaHM, NHTEHCUBHO
M3YyYaeMbIX B ITOCIICHUE TOJIBL.
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ABSTRACT

Synapses are highly organized, specific structures assuring rapid and highly selective
interactions between cells. Synaptic transmission involves the release of
neurotransmitter from presynaptic neurons and its detection by specific ligand-gated
ion channels at the surface membrane of postsynaptic neurons. The protenomic
analysis shows that for self-formation and functioning of synapses in mammalian
brain are involved nearly 2000 proteins. The core complex in excitatory synapses
includes glutamate receptors, potassium channels, CaMKII, scaffolding protein and
actin. These proteins exist as part of a highly organized protein complex known as the
postsynaptic density (PSD). The coordinated functioning of the different PSD
components determines the strength of signalling between the pre- and postsynaptic
neurons. Synaptic plasticity is regulated by changes in the amount of receptors on the
postsynaptic membrane, changes in the shape and size of dendritic spines,
posttranslational modification of PSD components, modulation Kkinetics of synthesis
and degradation of proteins. Integration of these processes leads to long-lasting
changes in synaptic function and neuronal networks underlying learning-related
plasticity, memory and information treatment in nervous system of multicellular
organisms.
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