B.K. Kyxma, A.J]. Tacanosuu, 3.1. Oneykuu
HexoTopbie 0CO0€HHOCTH 1€HCTBHSI HOHOB KAJIbIUA B KJIETKAX B
KavdeCTBe CHl"HﬂJ’[LHOﬁ MOJIEKyJ'[LI

benopycckuii cocyoapcmeentviil MeOUyuHCKUl yHugepcumem

PaccmarpuBaioTcss 0COOEHHOCTH HOHOB KaJIBIHSI B KAUECTBE MEPBUYHOTO
BTOPUYHOI'O Y TPETUYHOTO ITIOCPEAHUKOB BO BHYTPUKJIETOYHOM IIEpeade
CUTHAJIOB K MOJIEKYyJIaM-MUIIEHAM. OTMEUEHbI aBTOPETYIUPYIOIINE CBOMCTBA
VMOHOB KaJblIMs B KJIIETKE U IBOVCTBEHHAs IPUPOAA BIUSHUS KAJIbIWS Ha
BHYTPHKJIETOYHBIE IIPOLIECCHI.

Kunrouessle ciioBa: Kby, KJIETKH, BHY TPUKJIETOYHBIA CUTHAII

BaxxnedmmM npu3HaKoM MHOTOKJIETOYHBIX OPTaHU3MOB SBJISFOTCS] CHCTEMBI
MEXKJIETOUYHOM CUTHAIM3alKi. BHENIHNE CUTHAIIBI, IEVCTBYIOINE HA TAKHUE
OpraHU3MBbI U MOJyYHBIINE HA3BAHUE MTEPBUYHBIX MOCPETHUKOB, BBI3BIBAIOT B
KJIETKaX CHeI(UIecKril OTBET OJarogapsi CHHTE3y OTHOCHTEIHLHO HEOOIbIION
IPyIIBI COENMHEHNH, HA3BAHHBIX BTOPUYHBIMU MTOCpeaHuKaMu. M ecnu 0 MHOTHX
BHEIIHHUX CHTHaJIaX (3BYK, CBET, TOPMOHBI U T.JI.) U3BECTHO JTAaBHO, TO CBEICHUS O
BTOPHYHBIX IOCPEIHUKAX MOSBUINCH OTHOCUTEIHHO HEJAaBHO Onaromaps
BBISICHCHHIO poJiu Iukimdeckord TAMP B 50-X rogax mpomioro cToeTus.
OxHako, Ha caMOM JIelie, O TaKo# poii HOHOB Kaibiws (Ca2+) cTaio H3BECTHO
HaAaMHOTO paHblie OJarogaps sKcrepuMeHTam Punrepa, pe3yabTaTsl KOTOPBIX
obutn omyonukoBansl B 1883 roay [16]. B o Bpemst Ca2+ ObL1 H3BECTEH KaK
Ba)XHBIM CTPYKTYPHBIM 2JIEMEHT MUHEPAIM30BAHHBIX TKaHeH, HO PuHrepy ynanoce
M0Ka3aTh, YTO KaJIBIMI BHIMOIHSET €IIe OAHY (QYHKIIUIO: OH SIBJISIETCS CUTHAJIOM,
MO/AJIEP>KUBAIOIINM COKpAIlEHNE N30JIUPOBAHHOTO cepana. OTKpBITHE TaKOH
(GyHKINU KaJbIUsl 0CTABaJIOCh MO CYHIECTBY 3a0BITHIM B TEUEHHUE MHOTHUX
JECSTUIETUH, TIOKa HOBBIE SKCIIEPUMEHTAIbHBIC TaHHbIE HE 3aCTaBHIIN
HCCIIeIOBaTeNIe CKOHIIEHTPUPOBATH CBOE BHUMaHHe Ha poin Ca2+B nepenaue
CUTHAJIOB.

UccnenoBanus nokaszanu, uro Ca2+ o6iagaet cBONCTBaMH, KOTOPBIE JEIAI0T €ro
YHUKaJbHBIM CPEIU BCEX IPYTHUX HOCUTENEH OMONIOrnuecKor nH(OPMAaLIUH.

Cpenu Takux CBOWCTB CIIeIyeT Ha3BaTh CrIOCOOHOCTh Ca2+BBINONHATH (PYHKIIUN
KaK TIEpBUYHOTO, TaK U BTOPHUYHOTO, U Ja)K€ TPETUYHOTO IMOCPETHUKA,
cnocobHocTh Ca2+ curnanos k aproperyisinuu (Ca2+ ympasisier reHepanueit u
peryisinueit uHGOopMau, KOTOPYIO CaM K€ M HECET) U, HaKOHEII, BO3MOKHO
HanbOoee BakHast 0COOeHHOCTE - Ca2+ 3aKkiIro4aeTcst B TOM, YTO CUTHAII,
nepeaaBaeMblii UM, HOCHUT SIpKH aMOMBaJIeHTHBIN xapakTep. Ca2+ He TOJIbKO
HE3aMEHUMBII PETyJIITOp HOPMaJIbHBIX (PYHKIIMH KIETOK, HO U Ba)KHBIN
MOCPETHUK UX CMEPTH. B mocnennue roas mosiBUIICS psifi 0030pOB,
WLTIOCTPUPYIONINX OTAEIFHBIE CTOPOHBI POJIHM KAIbIHS B IEpeaade CUTHAIOB.
[5,6,13].

1. O6mmMe NpUHIKITHI IEPEAAYH CUTHAIOB ¢ yuacTtueM Ca2+



Konnenrpauus noanzupoBanaoro Ca2+ B MUTOIIIA3ME MOKOSIIUXCS KIETOK I10
pasHbIM onieHkaM BapeupyeT oT 50 70 200 HM, 4T0 Ha YeThIpe NOPSAKA HIDKE
KoHeHTpanuu Ca2+ B rmia3Me KpOBH M BO BHEKJICTOYHOM XKuAKoCcTH. Takas
HU3Kasl BHYTPUKIIETOYHAs! KOHIICHTPALMs O3BOJISIET n30exars ocaxaenus Ca2+
P B3aUMOJICUCTBHH €ro ¢ Ppocharamu, MOCKOIbKY (HOCHOPHOKHUCITBIE COTU
KaJIbLIMS XapaKTePU3YIOTCS HU3KOW PacTBOPUMOCTHIO. XOTsI 001mas
KOHIIEHTPAIHs KAIbLUS B KJIIETKE 3HAYUTEIBHO MPEBBIIIACT KHAHOMOJIbHBIE»
KOHIIEHTPAIINH, YPOBEHb CBOOOHOTO KaJbIIHsI CHI)KAETCS OJ1arogapsi CBsI3bIBAHUIO
ero ¢ pochonmununramMu MeMOpaH, ¢ HI3KOMOJIEKYJISIPHBIMU METa00IUTaMu, C
HEOPraHMYECKHUMH HOHAMH, H (POPMHUPOBAHUIO KOMILIEKCOB CO CHEHH(PUIECKUMHU
Oenkamu.

benku, oOpa3zyromniie KOMILIEKCHI C KAIbIUEM, ACNISTCA Ha HECKOJIBKO KIIACCOB.
OnuH U3 HUX TpeNICTaBIeH MEeMOpPaHHBIMU O€TTKaMH, BBITOJTHIIOIIIMH POJIb
TpancnopTepoB Ca2+ uepes mra3mMaTH4ecKyl0 MeMOpaHy U MeMOpaHbI
KJIETOYHBIX OpraHelyl. DT OenKku Hanbosiee BayKHBI TS MTOAIEP KaHNS TOMEOCTas3a
KaJIbLIS BHYTPHU KIIETOK, IIOCKOJIBKY OHU CIIOCOOHBI IEPEHOCHUTDH KAJIbLIUK U3
IIUTO30JIs1, TJI€ PACIIOIOKEHO OOJIBIIMHCTBO MOJIEKYI-MUIICHEH KaIbIIMEBBIX
CUTHAJIbHBIX CUCTEM, BO BHEKJIETOYHBIE MPOCTPAHCTBA MM BHYTPh KIETOYHBIX
opraHesa u 00paTHO.

TpancnopTeps! Kaablus OTIUIAOTCS CpoaAcTBOM K Ca2+. BBEICOKUM CPOACTBOM K
KanbIuio oonanaT Ca2+- AT®-a3bl (HACOCHI), KOTOPHIE PACIIOJIOKEHBI B
MeMOpanax kiaetok. K Hum otHocsTes Ca2+ Hacochl Iuia3MaTudeckoi (BHEIIHEH)
MeMOpaHnbl kiaeTku, Ca2+ Hacochl I3H0- (CapKo )IIa3MaTHICCKO MEeMOpaHbl U
Hacockl MeMOpaH ammapara ['onsmku. Huszkum cponcreom k Ca2+ obnagaror
Nat+/Ca2+ -00MeHHHKH B IUTa3MaTHICCKO MeMOpaHe U BO BHYTPEHHEH
MUTOXOHAPHATHHON MeMOpaHe.

Bropoii kiacc 0enKoB, y4aCTBYIOMHUX B TPAHCTIOPTE KaJbIIHs, MPEACTABICH
KaHAJI000pa3yrIIMMHU OeIKaMi, KOTOPbIEe 00eCIIeUYnBarOT crieuuIecKuit
tpancnopT Ca2+ uepe3 mIasmMaTHIECKyl0 MEMOpaHy 1 MeMOpaHbl HEKOTOPBIX
opraHeiny. B 3aBucuMocTr OT MeXaHU3Ma PACKPBITUS BBIAEISIOT
MOTEHIMAI3aBUCUMbIE KaHaJIbl, 0COOCHHO aKTUBHBIE B JIETKOBO30YAMMBIX
KJIETKAX; JINTAHA3aBUCUMBIEC KaHAIIbl, aKTUBHPYEMbIE MHOTHMHU COEIUHEHUSIMH, B
YaCTHOCTH, HEMPOMEINaTOPaMU; U KaHaJbl, KOTOPbIE 00ECIEUNBAIOT MOCTYIICHUE
KaJIbIIUs, COMPSDKEHHOE C OIMyCTOIIEHHEM KaJblMeBhIX faemno. K mocnennum
OTHOCSATCS Tak Ha3biBaeMble T RP kanais! (transient receptor potential channel -
aHIII.), MEXaHU3M PETYJIINU KOTOPHIX eIlle HeIOCTATOYHO U3yUeH.
JluraHm3aBUCHMBIC KaHAIBI OOHAPYKEHBI TAKXKE B HEKOTOPBIX OpraHesuiax (IHI0-
WIH CapKOIDIa3MaTHIeCKOM PETUKYIIyMe, MeMOpaHax KomIuiekca [ oJb k).
Baxxnenmmm JIMranioM, KOTOPBIA PEryIMpyeT TaKUe BHYTPEHHUE KaHAJbI,
sBisiercst nHo3uton 1,4,5 tpudocdar (Mu-d3) [2]. On obpasyercs B OTBET HA
B3aMMO/ICHICTBUE BHEKJIIETOYHBIX CUTHATIOB (TIEPBUYHBIX ITOCPETHUKOB) C
perenTopamMu Iia3MaTudeckoil MemMOpansl. B mocnegHee BpeMst cTaal U3BECTHBI
ApyTrHUe TUTaHbl JUIsl BHYTPUKIeTOUHbIX CaZ2+ kaHanoB: nukiaundeckas AJ[d-
pu6o3za (AJI®Pp) u HKAJI®- nunykneorun, moaoousiii HAJId+, HO comeprkamuit
HUKOTHHOBYIO KHCJIIOTY BMECTO HUKOTHHaMua. K coxaneHunio, 10 HaCTOSIIIEeTo
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BpEMEHU HE PACKPBITHI MEXaHU3MBbI X 00pa30BaHUS.

Emie onun kitace 6enxoB, criocoOHbBIX crienuduaeckn cBsizpiBaTh Ca2+, - 3T0
pacTBOpUMBIE OEIKHU IIUTO30Js ¥ OEIKH HEMEMOpPaHHBIX CTPYKTYp, THIA
MUOGUOPHIIT UM IUTOCKENeTa. YacTh TaKuX OEJIKOB BBHIMOIHAIOT (YHKIHIO
Ooydepa Ca2+, cHukast KOHIIEHTPAIMIO CBOOOHOTO HOHA B mUTO30Je. O qHAKO
O0JIbIIIast YaCTh TAKUX OEJIKOB BBHIMOIHAET AOMOJIHATENbHBIE (PYHKIINU B TIepe1ade
curnanoB. Cs3piBanne ¢ Ca2+ mo3BOJSIET UM B3aUMOJIEHCTBOBATH C IPYTUMHU
Oenkamu, epenaBasi TEM CaMbIM CUTHAIbHYIO WH(OPMAINIO, TPUHECEHHYIO
Ca2+. Takue Oenku moyrydnian Ha3BaHue ceacopoB Ca2+. K HuM oTHOCHTCS
aHHEKCHUHBI, TeTLCOJINH, OCJIKH, conepxamme crenududeckrue nomens C-2 u EF-
pyKa.

AHHEKCHH U TeJIbCOJIMH, IEPeNaloT HHPOPMALIUIO JJIsl OJHOTO OelKa-MUIIECHH.
Haubomnee pacipocTpaHeHO B KIIETKax ceMelcTBo 0enkoB (M3BecTHO cBbimie 600
4yieHOB ceMeiicTBa [11]), comepkamiee nomeH EF-pyka. Onu oka3siBaroT
MOAYJHpYIOIIee JeHCTBUE Ha 0OJIBIIOE KOJMIECTBO MOJIEKYI-MHUIICHEH.
Haunbomnee BaxHBIM Cpeiu TaKuX OEIKOB CUUTAETCs KaabMoMoayauH. JJomen EF-
pyKa B KaaMoayJnHe (OPMHUPYETCS HECKOIbKUMHU YIaCTKaMU HAJIBTOPUYHOMN
CTPYKTYPBHI - «0-CIIAPAJIb - 3-MTOBOPOT — 0.-CIIUPAJIB>», TPUMBIKAIOIUMH K
HECMUPaIN30BaHHOMY y4acTKy, cocTosiemy u3 12 amunokucnor. Takoii tomeH
BriepBbie ObuT omrcan cBbiie 40 et Ha3an B Oenke-napBaibOymune [12].
Mmuorue 6enku ¢ qoMmenoM EF-pyka, mogo0HO KanibMOAYIUHY, SBISIOTCS
PETYISATOPHBIMU CyOBeAMHUIIAMH (DEPMEHTOB, KOTOPHIE BPEMEHHO CBSI3BIBAIOTCSA C
OenkaMu-MUIIEHSIMU. B psne cirydaeB KanbMOIyJINH MOXKET CBSI3BIBATHCS C
OenkamMu, KOTOPBIE YK€ HMEIOT CBOM COOCTBEHHBIE KAIIbMOIYJIHH IMOA00HBIE
cyobeuHuLbl. [IpuMepoM MOXKET CiIyKHUTh akTHBUpyemas Ca2+
npoteuHdocdarasa - KUIbIIHHEBPUH, KOTOPBI TakKUM 00pa30M CTaHOBUTCS
MOJIEKYJION MHIIEHBIO MO JBOMHBIM BiustHHeM Ca2+. [[pyrum npumepom
JBOMHOTO PETYIMPOBAHUS KaIbIIIEM MOXKET CITy>KUTh IIpOoTea3a KannauH. B ee
COCTaB BXOJHT KaJbMOYJIMH KaK KaJbI[MICBA3BIBAIONINI TOMEH KaTaATUTHIECKON
CyOBeAMHHUIIBI U €1II€ OJHA OTAENIbHAS CyObeuHmIIa ¢ ToMeHOM EF-pyka, kotopas
TaKXK€E B3aMMOJICHCTBYET C KATAIUTHYECKON CYyOheTMHUIICH.

Hakonen, mHOorHE Oeaku mim GepMEHTHI colepKaT CrenupuIecKue y4acTKu
CBSI3BIBAHMS KAJIBIIHS, KOTOPBIE MO3BOJISIIOT KATBIIHIO HETIOCPEICTBEHHO
peryarpoBaTh UX aKTUBHOCTH 0€3 MocpeqHUKOB. Takue Oellku, IpuMepoM
KOTOPBIX MOXKET CIIY)KUTh MPOoTeHHKHHAa3a C, TakKe MOXKHO pacCMaTpuBaTh KaKk
CEHCOPBI KAJIbLIUA B KJIETKAX.

2. Kanp1uiit MOXKET BBIIIOIHATH (PYHKIIMH MIEPBUYHOTO, BTOPUIHOTO U TPETUIHOTO
MOCPETHUKOB

[Iponeccel mepegaun curaana 0OBIYHO BKIIOYAIOT B3aUMO/ICHCTBHE XUMHUYECKUX
Wi (pu3ndeckux (HakTopoB (MEPBHYHBIC MMOCPEAHHUKH) C PEIETITOPAMHU
TUIa3MaTHIECKO MEMOPaHbI KJIETOK - MUIIIEHEH, KOTOPBIE 3aT€M HHUIIUHPYIOT
BHYTPH KJIETKH LEIb MOCIEAYIOMNX COOBITUI C y4aCTHEM PAaCTBOPUMBIX
CUTHAIBHBIX MOJIEKYJ (BTOPUYHBIE TOCPEAHUKH). DTO CaMbIH pacpOCTPaHEHHBIN
croco6 oomeHa nHpopmanmen Mexay kietkamu. KieTku MoryT o6marscst ApyT ¢
APYTOM ITyTEM MPSIMBIX MEXKJIETOYHBIX B3aUMOICHCTBUN, HEKOTOPHIC NIEPBUYHBIE
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MOCPETHUKH TPOHUKAIOT B KJIETKY Yepe3 IIa3MaTHIECKyI0 MeMOpaHy u
B3aMMO/ICHCTBYIOT C PELENTOPAMH B ITUTOILIA3ME U/WIK SAPE, IPH STOM
BTOPHYHBIE MOCPEIHUKU HE 00Pa3yroTCs.

W3yuenune posm KampIusl B MEXaHU3MaX MEpeayll CHTHAIOB TI0KA3aJl0, YTO €T0
JeHICTBUE HE BCET/a YKIAIbIBAETCS B KAHOHMYECKYIO CXEMY Mepeaadr CUrHajia ¢
y4acTHEeM BTOPHYHBIX MOCpeAHUKOB. Ca2+ MOXKeT BeCTH ce0sl Kak OOBIIHBIN
BTOPHYHBIA MOCPETHUK, KOHIICHTPALM KOTOPOTO PAacTET B OTBET Ha
B3aUMO/ICHCTBUE MHOTUX MEPBUYHBIX CUTHAIOB C PELENITOPAMH IJIa3MaTHIECKOM
MeMOpanbl. Ho moBbIlIeHNE YPOBHS KAJIBLUS MOXKET MIPOUCXOTUTH B pE3yJIbTare
ACWCTBHS APYTUX KIACCHYECKUX BTOPUUYHBIX NOCpeaHrKOB (MH-D3 mn
JTUAIWITIIMIEPOJIa), KOTOPhIE TIOCJIe CBOEro 00pa3oBaHus CIOCOOCTBYIOT BBIXOIY
Ca2+ u3 BHYTPUKJIETOUYHBIX jaeno. [IpuaepxuBasch 0OUIMX MPUHIIMIIOB
Ha3BaHuii, Ca2+ B 3TOM cirydae J0JDKEH OBITh OTPEENeH KaK TPETUIHbIN
nocpennuk. Hakoner, Ca2+ M0XeT MPOHUKHYTH B KJIIETKH U3 BHEKJIETOYHOTO
MPOCTPAHCTBA, MHUIIMUPYS BHYTPHUKIETOUYHYIO [ENb Nepeadn curana. Takoe
nevicTBrue He yHHKaIbHO it Ca2+. [lpyrue BTOpUYHBIC IOCPEIHUKH, (HAaIpuMmep,
NO), Takxe MOTYT UMETh JIBOWHOE MPOUCXOKACHUE (M3 MEKKIETOYHOTO
NPOCTPaHCTBa U 00pa30BaHUE BHYTPH KJIETOK). OIHaKO Hanboiee 3HaUnMast
OTJIMYHUTENbHAsE 0COOeHHOCTh Ca2+ Kak CUTHAJIBHON MOJIEKYJBI OTKpPBITa
OTHOCHUTEJIbHO HEJIaBHO M 3aKII0YACTCS B TOM, YTO KaJbIMil 00J1agaeTr
CcrocoOHOCTRIO y3HaBaTh crienupuyeckue 7 TMC perentTopsl ia3MaTuueckon
MeMOpaHsl, cBsizanHble ¢ G -Oenkamu. [locie Takoro B3anMo1eiCTBUS
onocpenoBanHas G-0eIKoM IeTb COOBITHI TPUBOIAUT K BEICBOOOKIeHHI0 CaZ2+
U3 BHYTPHUKJIETOYHBIX JIETO.

OTtkpeiTue aeiictBus Ca2+ kak KJIACCHYECKOTO MEPBUYHOTO MOCPETHUKA CTAJIO
HEOXXuIaHHOCTEIO [4]. Kak mpaBmiio, KOHICHTpAIHs IEPBHYHOTO MOCPEIHUKA
HU3Kas M JIOJDKHA U3MEHATHCS BO BHEKJIETOYHOM OKPY>KEHUH, TOTIa KaK
KoHneHTpanus Ca2+ BBICOKA U €€ MMOCTOSTHCTBO CTPOro KoHTposmpyercs. [loaTomy
BO3MOXHOCTB POJIM BHEKJIETOUHOr0o Ca2+ B KayecTBe MEPBUYHOTO IMOCPETHUKA
BOOOIIIE HE pacCMaTPUBAIACh, XOTsI OBLIO M3BECTHO, YTO YPOBEHb CEKPELIUN
TOPMOHOB, PETYJIUPYIOINX YPOBEHb KAJIbLKS B KPOBU, H3MEHSETCS B OTBET HA
M3MEHEHUE KOHIICHTpauu BHEKJIeTouHoro CaZ+.

Ca2+ peuenTop mIa3Marnueckoil MeMOpaHbl ObLT BBIIEICH U KIIOHUPOBAH,
BHaYaJle M3 KJIETOK MapamuTOBUIHOM jkeie3sl [3], a 3aTeM 1 U3 APYrux KIETOK,
YYacTBYIOIIUX B roMeocTase Kaiblus (C-KIeTKH MUTOBUIHOM JKeJIe3bl H KIETKH
KaHaJbleB mouek). CTpyKTypa MOJIEKYJIbI perentopa Obuia moJ00Ha CTPOCHHIO
APYTHUX PEIEenToOpoB, acCOUUUpoBaHHbIX ¢ G-Oenkamu. BHeknerounas 4yacTb
COJIEP)KUT HECKOJBLKO 00J1acTeid, 00raThiX TUKapOOHOBBIMH aMHUHOKHCIOTaMH, K
KOTOpbIM npucoenuusiercs Ca2+. B3anmoeiicTBe BHEKIETOYHOTO KaJbIUs C
TaKUM PEIENTOPOM B MapaIIUTOBUIHON Kelle3e CHUKACT CEKPELUIO MapaTupruHa
[4] 1 akTHBHpYET CEKPENHnIO KaablIUTOHHHA C-KIeTKaMH IUTOBUIHOM KEIIe3bI
[15]. DTo crano gokazaTenbcTBOM TOro, YT0 Ca2+, MOKET BBIOJIHATH (YHKIHH
NEPBUYHOTO CUTHAJIA, TIEpEAaBasi CHTHAJIBI KJIETKaM, KOTOPBIE yUYaCTBYIOT B
CEKpEINH KaIbIIMOTPOMHBIX TOPMOHOB, uTo npuaaer Ca2+ posb cBoeoOpa3HOTO
«KAIBIIMOTPOMTHOTO» TOPMOHA NMOA00HO BUTaMUHY /I, KaTbIIUTOHUHY U
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napartupuny [4] .

3. Ca2+ obnamaet aBTOPETyIUPYIONIUMU CBOMCTBAMU

ABTtoperynupytomue cBoiictBa Ca2+ kak CUTHAJILHON MOJICKYJIbl OOHAPYKEHBI
OTHOCHUTEJIbHO HEJIaBHO IPH UCCIETOBAHUU TPAHCKPHUIIIIUN T€HOB, KOJUPYIOINX
NEPEHOCYUKH KaabIus 1uiazMarudeckoit memOpansl (Hacockst PMCA u NCX ) u
BHYTPUKJIETOYHBIX MeMOpaH (peuentop MH-D3). B Mo3xeukoBbIX HelipoHax [8-
10,13] cuHTE3UpYIOTCS YeThIpe OCHOBHBIX M30(hopMbl Hacoca PMCA, tpu
ocHoBHBIX n30opmsl NCX, u pertentop Mu-®3 tTuna 1. Ecnu atu kneTku
BBIJICTIMTH U3 HOBOPOXKIEHHBIX KPBIC U KYJIbTUBUPOBATH 1N Vitro, OHU CO3pEBAIOT
gepe3 HECKOJbKO cyToK. OHaKo 6e3 AenoIIpu3aIii UX MIa3MaTHIeCKuX
MeMOpaH IMyTeM He3HAUYUTEIbHOTO yBeanueHus nocrymienus Ca2+ uepes
MOTEHIMAI3aBUCUMBIN KaHa, OHU HEM30EKHO IMOABEPTAIOTCS AllONTO3Y.
HesnaunrtensHoe yBennueHune ypoas Ca2+ B MT0301€ KyIbTHBUPYEMBIX
HEHPOHOB MOJIHOCTHIO H3MEHSET CIEKTP IKCIPECCUH H30(OPM MEPEHOCUUKOB
Ca2+. KoHeuHblIi pe3ynbTaT Takoro U3MEHEHUs CHHTE3a NepeHocunkoB Ca2+ -
TpeX-, YeTHIPEXKPATHOE YBEINICHHE YPOBHS HUTO30JbHOTO Ca2+, KOTOPHIN TEM
WJIH UHBIM CII0COO0M CIOCOOCTBYET AOJITOBPEMEHHOMY BBDKHUBAHUIO
MO3KEUYKOBBIX TPaHYJISIPHBIX HEHPOHOB B KYJIBTYpE.

BaxxupIM moaTBEpIKIEHIEM aBTOPETYIHPYIOMEeH (PYHKIIMH KaJIbLUs SABIISIETCS
OTKPBITUE KATbIMUCBI3BIBAIONINX OCIIKOB, PETYINPYIOMIUX SKCIPECCUIO TEHOB.
OxuuMm u3 Takux 0enkoB sBisercs DREAM (downstream regulatory element
(DRE) antagonist modulator-anri.) — 6ok conepxur nomeH EF-pyka u
BBINOJIHSCT (YHKIMIO caiiieHcepa TpaHckpunuuu rexa [7]. bes Ca2+ Gernok
DREAM casizan co cnenupuyeckum yaactkom JJHK (DRE) B mpomoTope reHoB u
MoAaBJIseT UX TpaHckpunuuio. [Ipu yBennyennn konuentpamnuu Ca2+ o
ces3piBaeTca ¢ DREAM u cnocobctByer ero ynanenuto ¢ DRE-yuactka JIHK, Tem
CaMbIM, YBEJIMYUBAS TPAHCKPUILIUIO reHa. OTHOCUTENFHO HEIaBHO MIOKAa3aHO, YTO
DREAM xoHTposMpyeT TPaHCKPUMIHUIO TeHoB, koaupyommx NCX 3. B
pe3ynbTare npu HapymieHuu cesa3piBanus Ca2+ ¢ DREAM, kynbTuBHpyeMbIe
HEHPOHBI TEPSIOT CHOCOOHOCTH 3P (HEKTHUBHO IKCIIOPTUPOBATH Kanbuuid. Torma
yBennunBaercs ypoBeHb Ca2+ B IUTO30J1€ KIETOK U MOBBIIIACTCS BEPOSTHOCTD X
rudeIu.

Cnyuaun camoperymsiinun Ca2+ Ha MOCTTPAHCKPHUIIITMOHHOM YPOBHE H3BECTHBI YK€
IaBHO H OoJjiee MHOTOUYHUCIIeHHBI. [I[puMepom MoxkeT ciyxuth peryisiaus PM CA
KaJIbMOMOJYJIMHOM. Takast perymsius oOpaTuMa, HO HaCOC TaKKe MOXKET
HEO0OpaTHUMO aKTHBHPOBATHCS KaJIMaMHOM - SHAOTEHHOU MPOTEa30i, aKTHBHOCTh
KOTOPO, B CBOIO ouepenb, perynupyercs Ca2+.

4. JIBolicTBEHHAasl NPUPOJa KaJbLMEBBIX CUTHAJIOB

Hu onna xneTka He MOXKeT (GyHKIIMOHUPOBATH JOJHKHBIM 00pa3oM 0e3 ydacTus
Ca2+ curnanpHOM cucteMbl. OHAKO, JUISI TOAAEPKAHUS JKUZHEIEATEIHHOCTH
KJIETOK YPE3BBIYAITHO BAYKHO CTPOTO KOHTPOJIHPOBATH YPOBEHD KAIbIHSI BHYTPU
KJIETOK. YBeJlndeHue ypoBHs cBoOogHoro Ca2+ BhIlIe ONTUMAIBHON
kounentpamnuu 100-200 HM B IUTO3071€ MOXKET OBITH O€3BPETHBIM H JJAXKE
HEO0OXOIMMBIM, HO TOJIBKO B T€UEHHE KOPOTKOTO BPEMEHU. bhICTpbIe Konebanus
ypoBHsi Ca2+ - yno0OHOE cpe/ICTBO, K KOTOPOMY 00pamarTcs KISTKU MPU
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HE00XO0JMMOCTH MOJYJIMPOBATh (PYHKLNHU, TPEOYIOIINE BHICOKMX KOHLEHTpALUl
cBobogHoro Ca2+. CymiecTByeT psii MEXaHU3MOB, IMTO3BOJISIONINX KIETKE
CIIPABUTHCSI C MEPErPY3KOM KaJbLUEM IIPU YCIOBUU HENIPOIOKUTEIBHOIO
MOBBILIEHUS €ro ypoBHs. Cpeiu TaAKUX MEXaHU3MOB Ba)KHAsl POJIb IPUHAIIEHKUT
MUTOXOHAPHUSAM, KOTOPBIE MOTYT 3aXBaThIBaTh JOBOJIHHO OOJIBIINE KOTHIECTBA
Ca2+ u nemoHMpoBaTh €ro B popMe HepacTBOPUMON (HOCHOPHOKUCION COIU
(rumpokcuamnarura). OJHAKO JUIS IEPEHOCA KATbIMSI MUTOXOHJPHUS 3aTpaulBacT
HHEPTHUIO TPAJUEHTA SIEKTPOXUMHUUECKOTO NOTEHIIMAIA, KOTOpas 0OBITHO
ucnosb3yercs Ha cuate3 AT®. Henpeprsiablii 3axBaT Ca2+ MUTOXOHAPUSIMH
npuBena Obl K npekpamennto cuare3a ATd, HeoOX0AMMOro, B TOM YHUCIIE, IS
yaanenus: Ca2+ u3 nuTOMIa3Mbl IPY MMOMOIIH KaTbIIMEBBIX HACOCOB. Pa3zBuTne
M0I00HOTO MOPOYHOTO Kpyra ObLIO OBl TYOUTENBHBIM JIJISl KJIETKH, CIIOCOOCTBYSI
HEKpPO3y KJIETOK, YTO SBJISETCS KpallHEe HEKelaTeIbHbIM OTPULATEIbHBIM
denomenoM. OgHAKO KambLUWK YYACTHUK H MPOTPAMMHUPYEMOM CMEPTH KIIETOK —
anonTo3a. AIOINTO3 ONOCPENyeTCs CEMEHCTBOM IMPOTea3, Kacmas3, KOTOpbIe XOTs
U HE 3aBHUCAT HemocpeAcTBeHHO oT Ca2 +, HO MOTYT aKTHBHUPOBATHCA
dbepmMeHTaMu, peryIupyeMbIMHU NpU ydacTuu Kanbims. C Ipyroi CTOPOHBI, KakK
9TO MOKa3aHO HelaBHO [1], akTHBHpPOBaHHBIE KAacHa3bl MOTYT CIIOCOOCTBOBATH
pacmemienuto PM CA, 4To mpUBOIUT K BHYTPUKIETOYHOM MEpErpy3Ke KaabIlUeEM,
a 3TO B CBOIO OYepe/lb BKIIOYAET HAa3BAaHHBIC BHIIIE (PEPMEHTHI, pa3pyLIaroine
KJIETKHU.

3akioueHue

N3yyeHne posii HOHOB Kbl KaK MOCPEIHUKA CUTHAIBHBIX CUCTEM
MIPUBJIEKAET NPUCTAJIBLHOE BHUMaHUE HcciieoBaTeneil. [lepBbie SkCiepUMEHTHI
Punrepa mopoawiv 1aBuHy UCCIEIOBAaHUI B 3TOM 00acTu. BhIsICHEHBI OCHOBHBIE
MEXaHU3MBI, PErYJIUPYIOIINE YPOBEHD KaJIbLIM B KPOBU U B KJIeTKe. B HacTosimem
0030pe 3aTpPOHYTHI TOJIBKO HEKOTOPHIE 0COOEHHOCTH ()YHKIIMH KAThITUEBHIX
CUTHAJIbHBIX cucTeM. HapyllleHust cTpoeHusl y4aCTHUKOB 3THX CHCTEM — IIPUYHHA
MHOTHX 3a0oneBanuii. [llupokoe nprMeneHne B KIMHHYECKOW IPAKTHKE
MHTHOMTOPOB KAJbIUEBBIX CUTHAJIOB — PE3YJIbTAT UCCIEIOBAHMS POJIU KaTbIU B
pEryJIIun MPOIEcCoB ku3HeoOecnedeHus. C qpyroil CTOpoHbI, 60Jee TIryOoKoe
IIPOHUKHOBEHME B JIETAJIN MEXAHU3MOB KaJIbLIUEBBIX PETYIISITOPHBIX CUCTEM
noTpelyeTr 60Jiee BHUMATEIFHOTO OTHOIICHUS K HA3HAUYEHUIO TAKUX IPETapaToB.
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