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Brnaromapst ycriexaM MOJIEKYJISIpHOM U KJIETOYHOI GHMOJIOTMH, Pa3BUTUIO XUMUYECKOTO
CHHTE3a U COBPEMEHHBIX TEXHOJIOTUI, SKCIIEpUMEHTaIbHAsl 6a3a COBPEMEHHBIX HUC-
CJIeIOBaHUM 00OTaTUITMCh HOBBIMY HAMPaBICHUSIMU, B KOTOPBIX CBET UTPAET KITFOUEBYIO
POJIb KaK MHCTPYMEHT MOIYJISIIUM (PYyHKLIMI OpraHu3MoB. OMHUM U3 HUX siBjIsieTcs ho-
TohapMaKoJIOTHSI — HalpaBJIeHWE, B KOTOPOM HCITOIB3YIOTCS XMMUYECKH CUHTE3UPY-
eMble CBETOYITpaBJIsieMble COSIMHEHUSI, CIIOCOOHBIE KOHTPOJIMPOBaTh (GyHKIUKU OUO-
JIOTUYEeCKUX MOJieKyi. [1pu ocBelieHU orpeaeIeHHbIMU JUTMHAMM CBETOBBIX BOJIH 3TH
(oToxpoMHbBIE MOIYJISITOPBI MEPEKITIOUAIOTCST MEXKIy aKTUBHOM M HEAKTUBHOM (hOpMOii
W UBMEHSIIOT aKTUBHOCTb (DYHKIIMOHATBHO BaXKHBIX OEJIKOBBIX MOJIEKYJI — PELIENTOPOB,
WOHHBIX KaHaJIOB, (pepMeHTOB U Ap. B maHHOM 00630pe KpaTKo IpeaCcTaBIeHbI COeqU-
HEHMSI, MOayIupylolre hyHKIIMY MOHOTPOITHBIX LIMC-TMeTebHbIX PeLenTopoB ale-
tunxoauHa, TAMK u rmuuuHa. IlepBbIM pelienTop-yIpaBisieMbIM KaHaJIOM, TSI KO-
TOPOTro ObLI OTKPHIT CHIOCOO YMpaBJIeHUsI C TTOMOIIBIO CBETOYMPABISIEMBIX MOJIEKYJI,
SIBJISIETCSI HUKOTUMHOBBII pelientop aueruiaxonrHa (HAXP). B 1970-x—80-x rogax ObI-
JIM co3maHbl OJoKaTophl M akTuBaTopbl HAXP, cocrosiiie n3 a3ob6eH30j1a (CBETO-
YOpaBISIEeMOro TEPEeKIIIouaTeisi) 1 arOHUCTOB. B HbIHELIHEM ThICSTYEIeTUN CO3IaHO
HOBOE ITOKOJIEHNE COeIMHEeHU, 00eCeYMBaIOIINX CBETOYITPABISIEMbIII KOHTPOJIb aK-
tuBHOCTU HAXP. INpukpersommecs GOTOXpOMHBIE JIMTAHIBI COCTOSIT U3 MaJIEUMMU -
I1a JUIsl CBSI3bIBAHUSI C IUCTEMHOBBIMU IPYINIIaMU aMUHOKUCIIOT, (hoToNepeKouaTesist
a300eH30J1a U JIMTaHaa Ijisi B3auMoAeicTBUsI ¢ perientopoM. HoBble (hOTOXpOMBI 13-
OupaTesIbHO aKTUBUPYIOT WM GJIOKMPYIOT MBILICUHbIC U HEMPOHAJIbHBIC PELEITOPBI U
SIBJISIIOTCSI TIEPCTIEKTUBHBIMU TSI U3YYeHMST (pr3noiorndeckoii posn HAXP B HepBHOM
cucteMe. 11 CBETOYIIPaBJIsSIeMOIo KOHTPOJs akTuBHOCTbI0O TAMK-penienTopoB co-
31aHa OOIIMpHas 6UOIMoTeKa (hOTOXPOMHBIX coennHeHMt. HekoTopble M3 HUX MOy~
JIMPYIOT aKTUBHOCTb, B3aUMOEMCTBYsI C aKTUBHBIM LIEHTPOM peLIeNTopa, APYrUe SiB-
JISIIOTCSI CBETOYMPABJISIEeMbIMU GJI0KATOPaMU  XJIOP-U30MPATEIbHBIX MOHHBIX KaHAJIOB.
HenaBHo co3nmaHo Takke nBa MepBbIX (POTOXPOMHBIX MOIYJISITOPA aKTUBHOCTH TJIWILIM-
HOBBIX pelenTopoB. B 1ienoM, dhoTtodapMakosioryst siBasieTCs: IEPCeKTUBHBIM HaITpaB-
JICHEM, OTKPBIBAIOIIMM YHUKAIbHbBIE BOBMOXHOCTH JUISI TUCTAHLIMOHHOTO YIPABJICHUS
(usnonornyeckumMu GyHKLMSIMU, a TAKKE UCCISIOBAHMSI ITPOLIECCOB TOPMOXKEHHSI U BO3-
Oy>XIeHUSI B HEMPOHHBIX CETSIX M MOJIEJISIX HEMPOHAIbHBIX ITaTOJIOTHIA.
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HanpasneHust MHOTOJIETHENM U MHOTOIJIAaHOBOM AesiteibHOcTU JI.I'. MarazaHuka mo-
CBSIIIIEHBI, B OTPOMHOI CTEIIEHU, UCCIeI0BaHUIO (DYHKIIUI PELICTITOPOB, aKTUBUPYEMBbIX
alETWIXOJIMHOM U IJIyTaMaTOM — HelpoMeauaTropaMu, OCYIIECTBIISIONIMMU ObICTPYIO
CUHANTUYECKYIO Mepeiadyy B HEPBHOI CUCTeMe MTO3BOHOYHBIX. MHOTHE pabOThI MPOIITIOTO
CTOJIETUSI TIOCBSIIIIEHBI MCCIIEAOBAHUI0O HUKOTUHOBBIX PELIETITOPOB allETUJIXOJIMHA: TIPO-
eCCOB AeceHcuTu3zauuu [1—3], aHaiIM3y MHUHMATIOPHBIX MHOTEHIIMAJIOB, BBI3BAHHBIX
CMOHTAaHHBIM BBIOPOCOM KBAHTOB HelpomeauaTopa W MOCTCUMHANTUYECKUX COOBITUIA,
BBI3BAHHBIX CTUMYJIsilMeil HepBa [4, 5], a TakKe ApYrux (PYHKIMOHAIbHBIX CBOICTB
HEPBHO-MBILIEYHBIX XOJUHEPTUYECKUX CHHATMCOB [6]. DT paGoThl BOILIM B KIACCUKY
CUHAITOJIOTMU. B nccienoBaHusIX MocieIHUX JIET MHOTO paboT MOCBSILEHO BbISICHEHUIO
MEXaHU3MOB ITPOIIECCOB, BbI3bIBAEMBbIX AEUCTBUEM IJIyTaMaTa — OCHOBHOTO BO30yX/Iato-
11IeTO HelipoMenuaTopa B HEpBHOI cucTeMe MO3BOHOUHBIX, a TAKXKE U3yUYEHUIO MOJIEKY-
JIIpPHOM opraHu3aluuu U ¢GyHKIMOHAJIbHBIX CBOMCTB MOHOTPOTHBIX TJIyTAMATHBIX pelLier -
TOpOB |[7—12]. JlaHHBII 0630p MOCBSIIEH KPaTKOMY OIMMCAHUIO MOAX0I0B, 00eceunBa-
IOIIMX C TTOMOIIIBIO CBETA YIpaBjieHWe paboTOi PelieNTOPHBIX OEIKOB U (hpOpMUPYEMBbIX
VMU MOHHBIX KaHAJIOB, OCYIIECTRISIIONINX OBICTPYIO CUHANTUYECKYIO TIepenadyy B HEPB-
HOIl cucTeMe TO03BOHOYHBIX: PELETITOPOB, aKTUBUPYEMbBIX ALETWIXOJIMHOM, a TaKXke
TOopMO3HBIX perenTopoB TAMK u rimunmHa. MaGopmaninsg o GoTOXpOMHBIX MOLYJISITO-
pax INIyTaMaTHBIX PELIENTOPOB YaCTUYHO M3JI0XKeHa B HelaBHUX 0030pax [13, 14].

PazBuTre XMMHU4YECKOTO CUHTE3a, YCIIeXU MOJIEKYJISIDHOW OUOJIOTUM U COBPEMEHHBIX
TEXHOJIOTHUI OoDOecrieunyin TOsIBJIEHUE TPEeX OCHOBHBIX HAlpaBJIE€HWI, B KOTOPBIX TJIaB-
HBIM UHCTPYMEHTOM siBJisieTcs cBeT. OKa3ajloch, YTO C IOMOUIbIO CBETa MOXKHO UCCIIEI0-
BaTh GYHKLMU KJIETOK M KJIETOYHBIX aHcamoueii [15, 16], MmoayaupoBaTh IPOBOAUMOCTh
M KUHETUKY MOHHBIX KaHaJoB [13, 17], uamMepsith KOHLIEHTpaluu UOHOB [ 18, 19], BHyTpuU-
KJIETOUHBIX KOHLieHTpauuit AT® [20, 21], HUKINYECKUX HYKIEOTUAOB [22], aKTUBHBIX
dopM kuciopoaa [23, 24], a Takxke KOHTPOJUPOBATh MOBEAEHNE OPraHU3MoB [25, 26].

OnHUM M3 3TUX MEPCIEKTUBHBIX HaIMpaBieHUit siBiisieTcst hotodapmakosorus [27] —
HarnpasJjieHUe, B KOTOPOM MCITOJIb3YIOTCSI XUMUUYECKU CUHTE3UpyeMble CBETOYIpaBisie-
Mble ((pOTOXPOMHBIEC) COENMHEHUsI, CIIOCOOHbIE TPU NEMUCTBUU OMPEAECTICHHBIX ITUH
BOJIH CBeTa U30MpaTe/ibHO YCWINMBATh WU TOPMO3UTh aKTUBHOCTbh OMOJIOTMYECKUX MO-
JIeKyJ1 (pEeLeNITOPOB, MOHHBIX KaHAJIOB, (hépMEHTOB) B KJIETKAaX OPraHMU3MOB.

CBETOVITPABJIAEMBIE MOJIEKYJIAPHBIE ITEPEK/TIOYATEIN

OCHOBY XMMUYECKUX CBETOYIPABJISIEMbIX MOAYISITOPOB OUOJOTMYECKUX IMPOLIECCOB
COCTaBJISIIOT MOJIEKYJISIDHbIE MepeKioyareau — (POTOXpOMHbIE MOJIEKYJIbI, CLIOCOOHBIE
MOJ, AeiCTBHEM CBETa OCYIIECTBIISITh KOHMOPpMaIIMOHHBIE TPeoOpa3oBaHus, COIMMPOBOXK-
JaroIecs: U3MEHEHUEM CIEKTPaIbHBIX CBOMCTB MoJiekyid. Ha puc. 1 mpeacraBieHb
Haubosiee pacrpocTpaHeHHbIe (hOTOIEPEKITIOYATEIM, KOTOPbIE UCIOJb3YIOTCS, B YacT-
HOCTHU, IJisg (oTOoperyasaunu (GyHKLMN OMOJIOTMYECKUX MOJIEKYI: a300eH301bl, ouapun-
amenbvl u cnuponuparsi. [Ipy oCcBelIeHUU OMNpeneJeHHbIMU JUIMHAMU BOJH, a300€H30JIbl
MOJBEPTaIOTCs YUC-mpanc U30MepU3alluu, B TO BpeMsl KaK y JUapUIdTEHOB U CITUPOIU-
PaHOB MTPOUCXOMSIT MIPEBPAIEHUSI MEXKITY OTKPBITBIMU U 3aKPHITBIMU (DOpMaMU.

A300en304b1 (puc. 1a) 6puIM BriepBble onucaHbl B 1834 1. [28], a croneTue crycrs, B
1937 r., Hartley ony6iukoBan ucciaenoBaHUe BIUSIHUSI CBETa HA KOH(UTypaluio 1BO-
HbIX cBsi3eit N=N [29]. B HacTosi1Iee BpeMsl 3T MOJIEKYJIBI SIBJISIIOTCS HauboJiee IIMPOKO
HCITOJIB3YEMBIMH (DOTOTIEPEKITIOYATEIIMUA B OMOJIOTUIECKUX UCCIIEIOBAHUAX. DTO CBsI3a-
HO C TeM, YTO MOJIeKyJa a300eH30a: (i) ymoOHa WIS CUHTe3a IIPU CO3TaHUM Pa3IMIHBIX
XUMHMYECKUX KOHCTPYKIINIA; (ii) MMeeT BBICOKYIO CTaOMIBHOCTD; (iii) MPOSIBIISIET CUJILHOE
yBEeJIMYEHUE JUTOJbHOTO MOMEHTA MPU NEPEXOie U3 mpaHc- B yuc-KOHMbUTypaluio (m =
=2-3 ne0b); (iv) cmocobHa K OBICTPHIM MEPEKITIOUCHUSIM MeXIy KOH(MOPMALlMOHHBIMU
cocTostHUSIMU. OUeHb Ba>KHBIM CBOMCTBOM SIBJISIETCSI UBMEHEHWE VTMHBI MOJIEKYJIbI PU
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(a) Azobenzenes
trans-Azobenzene cis-Azobenzene
N=N
ST —Na¥s
500 nm
9.0 A 55A
(b) Diarylethenes
R
/-
_ 380 nm
500 nm
/ N\
R S S R
Open
(©) Spiropyrans
380 nm
500 nm
Open

Puc. 1. YacTo UCTonb3yeMble MOJIEKYIISIPHBIE (POTOTIEPEKITIOUATEITH.

u3omepusanuu. [1pyu BUAMMOM CBETE WJIM B TEMHOTE MOJICKYJIa HAXOMUTCS B MPAHC-KOH-
durypaumu v uMeer LIMHY mpuMepHo 9.0 A. OGnydenue ynbTpaduoneTom ¢ LINHOIM
BosHBI 350—380 HM BBI3BIBACT YUC-U30MEPU3ALIMIO a300€H30J1a, MPUBOISIIYIO K CKPYYH-
BAHWIO MOJIEKYJIBI M YKOPOUYEHHIO TIOYTH B 2 pasa: 1o 5.5 A [30, 31] (puc. la). MHorue
MOYJIATOPBI aKTUBHOCTH PELIEIITOP-YIIPAB/ISIEMBIX KAHAIOB IIOCTPOEHBI Ha 0a3e a300eH-
30ja. HekoTopble 13 HUX OYayT IIPEaCTaBICHBI HIKE.

Juapunstensl (puc. 1b) — 3TO KJIaCC COCAMHEHUI CTUIBOEHOBOIO THUIA, B KOTOPBIX
OPTO-aTOMbl BOAOPOJA 3aMeEIleHbI ISl TTOAABJIEHUsI HEOOPAaTUMOTO OKMCJIEHUS TTocse
dorouuknuzaunu [32]. Haubosee yacto MCIoab3yemMble TMapUISTEHbl — 3TO TPUMETHII-
THOo(EeHMAaICMHOBBIE aHTUAPUALI U quapuinepdropunkioneHTeHsl |32, 33]. [Ipu epe-
KJTIOYEHUH CBeTa U3 TMaIia3oHa BUIMMOTO CBeTa K YIbTpachrOJIETOBOMY MPOMCXOIUT pe-
[UKIA3aMs OT OTKPBITOM K 3aKpbiToil (popme (puc. 1b) ¢ HEOOJNBIIMM M3MEHEHHEM
JJIMHBI MOJICKYJIbI U TUTIOJIbHOI'O MOMEHTA. BaxHbIM KauecTBOM JUAPUJISTEHOB SBJISICT-
€SI UX BBICOKAsl yCTOMUYUBOCTD K MEPEKITIOUEHUSIM: LIUKJIbI MIEPEXO/IOB U3 OTKPHITOTO B 3a-
KPBITOE COCTOSIHUE MOTYT MOBTOPSIThCSI COTHU pa3. C APYroil CTOPOHBI, AUAPUIISTEHBI HE
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UaeaabHBI ST CO3MaHMs CIICLUAIM3UPOBAHHbBIX CBETONEPEKIIoUaTeeil, MOCKOJIbKY UX
M30MepU3alNsT COMPOBOXIACTCSI OTHOCUTEbHO HEOOJBIIMMUA U3MEHEHUSIMU MOJIEKY-
JIIpPHO KOH(OopMalu U AUTOJIBLHOTO 3apsiaa.

Cmuponupans! (puc. 1c) — 310 poTOXpOMaTUUECKUE MOJIEKYJIbI, COCTOSIIIME U3 ABYX
TETEPOLIMKINUECKMX (DYHKIMOHAIBHBIX TPYII B OPTOTOHAJIBHBIX TIJIOCKOCTSIX, CBS3aH-
HBIX aTOMOM yriiepona. O6ayyeHre crnuponupaHoB Y®M-cBeToM ¢ MIMHOM BOJIHBI 360—
380 HM mpuUBOIUT K pa3pbIiBY cBsi3u CO, B pe3yibTaTe CTPYKTypa MUCXOIHOU MOJIEKYJIbI
W3MEHsIETCsI, U oOpa3yeTcsl TuiaHapHasi MepolimaHnuHoBast (popma (puc. 1c). OTKpbiTUe
KOJIbLIA BBI3BIBAeT OOJILIIIOE U3MEHEHME OUITIOJILHOro MoMeHTa (m = 7—15 ne6). U3-3a
TOTO, 4TO JABe (DOPMBI CIIUPONUPAHOB MMEIOT CWJIBLHO pa3jinyamolluecs CBOWCTBA, 3TU
MOJIEKYJIbl HAlJTA IIUPOKOE TPUMEHEHUE B pa3IMYHbIX obsacTsax. CrMponupaHbl UC-
MOJIB3YIOTCS B (DOTOYMNPABISIEMOM IEPEHOCE aMUHOKMCIIOT Yyepe3 OucioiiHbie MeMOpa-
HbI, GPOTOKOHTpOJIE (hepMEHTAUBHOU aKTUBHOCTH, U3MEPEHUSIX TPaHCMEMOAHHBIX I10-
TeHUMAJIOB [34].

B o61ieM, B hOTOXPOMHBIX MOJieKyIaxX (POTOM30MepH3alvsi OCHOBaHa JIMOO Ha yuc-
mparc- miepexonax (HarpuMmep, B a300eH3eHe) WIIM OTKPBITUN/IIMKJIN3AllUU CBA3M (Ha-
OpuMep, B COUPOIMpaHaX WIN IUapuisTeHax). B pasHbix KoH(GOpPMAaIIMOHHBIX COCTOS -
HUsIX DOTOXPOMHBIE MOJIEKYJIBI UMEIOT pa3Hble TeoMeTpruuecKue (HOpMbI U MOJSIPHOCTH,
YTO MOXET OBITh nacaJIbHbIM 1J1s1 YIIPpaBJICHWSI aKTUBHOCTBIO 0MOJIOTUYECKHMX MOJICKYJI.

DOOTOXPOMHDBIE MOAYJIATOPBI MOHHBIX KAHAJIOB U PELIEIITOPOB

st coznanusi U30UpaTebHO AEWUCTBYIOIIETO (DOTOXPOMHOIO COEIUHEHWUS JMTaHI
MOMICOeNNHSIETCSI KOBAJIEHTHO K (hoToXpoMy. B pesynbTaTe XMMUUECKOTO CUHTE3a CO3/a~-
eTcsl MoJIeKyJa, CIOCOOHAast U3MEHSITh KOH(MUTYpaIMIO U MOJIOXXEHUE arOHUCTA MO Aeii-
cTBUEM cBeTa. TakuM obpa3oM, (GOTOXPOMHBIE MOAYJISITOPBl MIOHHBIX KaHAJIOB U PELIE-
TOPHBIX OEJIKOB MPEACTABIISIIOT COOOI MOYJIbHBIE JIUTAHIbBI, CTTOCOOHBIE TTEPEKITI0YAThCS
MEXy aKTMBHOW M HEaKTUBHOU (hOpMOIi MpU OCBEIIEHUU OIpeIe/IeHHBIMU JUIMHAMU
CBETOBBIX BOJIH.

DdoToxpoMHBIE MOAYISITOPbI MOXKHO pa3le/IMTh HA IBa OCHOBHBIX Kiacca: (i) pacTBo-
puMble ()OTOXPOMHBIE JIMTAHIBI, COCTOSIIIME U3 (hOTONEPEKIIOUaTelsl U JUTaHIa, COeau-
HEHHBIX MeXIy CO00Ii IMHKEePOM OIlpeneieHHOI IIUHBI U (ii) mpukpemisiiomuecs ¢goTo-
XPOMHBIE JIMTAHIbl — COEIMHEHUSI, COCTOSIIIME 13 (DOTOIEepeKIIouaTeisl, IMraHaa, JMHKepa,
a TakXXe MOJIEKYJIIPHOTO KOMITOHEHTa, 00eCIIeYnBaIONIeTO KOBAJICHTHOE CBSI3bIBAHUE C
OeKoM-MullieHblo |13, 35].

Kaxnplii xracc MMeeT CBOM IIperMyllecTBa M orpaHuyeHus. PacrBopumbie ¢oTo-
XPOMHBIE JIMTAHIIbl YIOOHBI U MPOCTHI AJIs1 Pa0OThI C 3HAOTEHHBIMU peLENnTOpaMHu, IMo-
CKOJIBKY HE€ TpeOYIOT MOJICKYJISIpHONW Momudukaunu 6enkoB-mullieHei. Ipukpensio-
mpecsa (hoTOXpOMHBIE JTUTaHIbl MTO3BOJISIIOT KOHTPOJIUPOBATh aKTUBHOCTh MOJIEKYJI MU~
IIEeHE ¢ 0YEeHb BBICOKOM M30MpPaTeIbHOCTbhIO O1arogapss HEOOpaTUMOMY KOBaJIEHTHOMY
CBSI3BIBAHUIO MOJIEKYJIBI B y4acTKe, OJIM3KO PACIIONIOKEHHOM K CalTy NEWCTBUS arOHU-
croB. KoBaneHTHOe cBsi3biBaHUE (DOTOXPOMHBIX JIMTAHAOB, COMEPXKAIMX MaJEUMMUII,
OCYLIECTBIISIETCS, KaK MPaBUJIO, C OCTaTKaMU LIUCTEUHA. B peakux ciyyasix, B €CTeCTBEH-
HOM MoJieKyJjie 0eKa-MMILEH!, IMCTEMHBI MOTYT OBITh PACIIOJOXEHHBIMY Ha YIOOHOM
PacCTOSTHUM OT aKTUBHOM 30HBI AeCTBUS aroHUCTa. [1o3TOMY, B OOJBIIMHCTBE CIy4Yaes,
st 3¢hheKTUBHOTO AEHCTBUS TIPUBSI3bIBAIOIIMXCS (POTOXPOMHBIX JIUTAHAOB TPEOYIOTCS
reHeTu4Yeckue MoauduKanum.

B mocnennue rombl ObLIM co3maHBl (OTOYIIPABISIEMbIE XMMUUYECKHUE COCIMHEHMUS,
obecreunBalole MOAYISIIIUI0 HECKOIbKHX BUIOB MOTEHIIMAI-3aBUCUMbIX MOHHBIX Ka-
HayioB [36—38]. Takke MoJlydeHbl U MCCIIEAOBAaHbl PACTBOPHUMbIE U TTPUKPETUISIOIINECS
(GOTOXpPOMHBIE JTUTaHABI HEKOTOPBIX HEMPOHAJIBHBIX PELIeNTOpPOB: MiyramaTta [39—41],
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nonamuHa [42]; AT®-aktuBupyeMbix PX2 perientopos [43]; HUKOTMHOHOBBIX PELIENTO-
poB anetunxoyimHa [44]; peuentopoB TAMK [45—48] u penenTopoB rauiHa [49, 50].

B naHHOM 0630pe OynyT KpaTKo MpeacTaBieHbl (POTOXPOMHBIE COSTMHEHUST, MOTYJTH -
pyloiire GyHKIMKU MOHOTPOIMHBIX [luc-neTenbHBIX pelienTtopoB ameruixoiuHa, TAMK
W TJIMIIWHA.

OUC-TTETEJIbHBIE PELIETITOPBI

Penenrop-ymnpasinstemble Lluc-nerensHble penentopsl (Cys-loop receptors) mpeacraB-
JISIIOT CO0O0M TpaHCMeMOpaHHbIe GEJIKU, KOTOPBIE OTBEYAIOT 3a OBICTPYIO BO30OYKIAIOIIYIO
¥ TOPMO3HYIO CUHANTUYECKYIO Mepenavdy B IEeHTpaJbHON U TepruhepuIecKoil HepBHOM
cucteme. K wieHam atoro cemeiicTBa MO3BOHOYHBIX OTHOCSITCSI HUKOTMHOBBIE PELIETTO-
pbl anetwixoarHa (HAXP), peuentopsl ceporoHuHa (5-HT5P), muuuna (I'nmuP) u ram-
ma-amuHomacisiHoi kucnoTel (TAMK,P u TAMKCP) [51].

HasBanue “lLluc-tieTebHbIC PELIEITOPHI” 3TO CEMECTBO MOJYYMIIO U3-3a HATUYUS
BO BHEKJIETOYHOM JOMEHE TMeTau, hopMupyemMoit 13 aMruHOKUCIOTaMU, 3aKJIFOYEHHBI -
MU MEXIy NBYMSI IMCTEMHAMU, OCTATKU KOTOPBIX (DOPMUPYIOT AUCYIbDUIHYIO CBSI3b
[52, 53]. UneHBI 3TOro ceMeicTBa MMEIOT OOIIYI0 CTPYKTYPY, COCTOSIIYIO M3 ISITH
CcyObeIHUIL, POPMUPYIOIINX IIEHTPAJIbHYI0 MOHONPOBOISAIIYIO mopy. B Kaxmoii cyob-
€IMHUIIE BBIACSIIOT OOJBIION 9KCTPaKAeTOUYHbIM N-KoHIeBoit noMeH (ripumepHo 200
aMMHOKHCJIOT), YeThipe aibda-cnupalbHbIX TpaHCMeMOpaHHBIX noMeHa (TM1-TM4,
0koJi0 20 aMUHOKMCIIOT), COeIMHEHHBIX METISMU Pa3HOM IIMHBI (LIMTOIUIa3MaThyecKast
nest, coenuusiomas TM3- u TM4-goMeHBI B pa3HBIX CyObeIMHUIIAX COCTOUT U3 80—
270 aMMHOKMCIIOTHBIX OCTAaTKOB) M KOPOTKOIO BHeKJeTouHOTro C-moMeHa (IIpUMepHO
10 amunokwucior) [54, 55]. I1sath cyObenuHuUIl, 13 KOTOPBIX COCTOUT KaXKIbIi PELeITop,
COPUEHTUPOBAHbI TaKUM 00pa3zoM, uTo ux TM2-goMeHbl 00pa3yioT MOH-U30UpaTeib-
HbIii KaHas, a TM 1, TM3 u TM4 okpyxaror TM2 1 B3auMoAeiiCTBYIOT C JIMTUAAMU LIV~
Toria3MaTu4eckoil MeMOpaHbl. B HEpBHOII cucTeMe MTO3BOHOYHBIX MOHHBIE MOPHI, (Pop-
mupyemble TM2-1oMeHaMu, SIBJISTIOTCSI N30MpaTeIbHBIMU 100 m1sT KaTuoHOB (HAXP 1
5-HT5P), mu6o nnst annonos (FCAMKP u I'nuP). OTu cBoiicTBa onpenensitor ux GyHKUU-
OHaJIbHYI0 3HAYMMOCTb B BO30YKIIAIOIIMX UJIM TOPMO3HBIX CUHATITUYECKUX TTPOLIeCCax.

BOJIBIIMHCTBO PEeleNTOPOB SIBJISIIOTCS reTepoMepaMu, T.e. (DOPMUPYIOTCS U3 HECKOJIb-
KMX TUTIOB cyObenuHuil. OHU MOTYT COUeTaTbCsl B Pa3IMYHBIX KOMOWHAIIMSIX, JaBas
CJIOXKHBINT HA0Op PELenTOPOB C Pa3NTUYHBIMU (DU3MOJOTMYECKUMU U (hapMaKoJoruye-
CKMMU CBOMCTBAMMU.

PELHEITTOPBI AHETUJIXOJINHA

B HepBHOIT cuctemMe MO3BOHOUYHBIX MAEHTU(MUIIMPOBAHO 5 OCHOBHBIX TUIIOB TPaHC-
MeMOpPaHHBIX CYOBEAMHMUIL: O, B, 8, Y 1 €. BMecte ¢ momrumamu (0.1—10 u f1—4) 370 1011~
ceMeiicTBO cocTouT u3 17-tu cyobeauuull [56]. KoMOMHALIMKM 3TOTO MHOXKECTBA CyOh-
eIMHULL obecreunBaloT GopMUpoBaHue 0oJbIIOro Koaudyecrsa HAXP, pasnuyaronimxcst
MO CBOMM CBOMCTBaM UM (byHKIIMOHAJBHBIM XapaKTepUCTUKAM, BKJIIOYAsi YyBCTBUTEJIb-
HOCTB K aTOHHMCTaM, IIPOHUIIAEMOCTb JUISI KAJIbIIUS U KMHETUKY AeceHcuTu3auuu [57, 58].

Ha niepucdepun mbieunbie HAXP jiokanu3yoTcs Ha IMTOCTCUMHANTUYECKUX MeMOpa-
Hax HEPBHO-MBIIIEUHBIX COEIUHEHUI, obecrieunBasi ObICTPOE yIIpaBJIeHUE COKPATUMO-
cThio MbIi [1, 59]. MelleyHble TTeHTaMEPHBIE PEeIeNnTOpbl UMEIOT cocTaB (0ul),B 170
win (o1),f1€d. YpoBeHb 3KCIpeccuu U CyObeAMHUYHBIN cocTaB HAXP u3MeHsieTcs: B
MpOLIECCe Pa3BUTUSI CKEJIETHBIX MBI, Perentopbl 9MOPUOHAILHOTO TUIIA COCTOSIT U3
cyobenuuuil (0.1),41Y0, a mo Mepe pa3BUTHSI OpraHU3Ma CyObeIMHUIIA Y 3aMEHSIETCS Ha &,
dbopmupyst HAXP B3pocioro tura, (oul),31€d [60, 61].
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Heiiponansueie HAXP MoryT ¢opMupoBaTh reTrepoMepHble MaKpOMOJEKYISpHbIE
6J10KkH, cocrosiiue u3 o u B (02— 10 u f2—P4) cyObenrHumil, a TAKKE MOTYT OBITh TOMO-
neHTtamepamu, opmupyemMbiMu o7 —09-cyObeauHULIIAMU, U (19 B KOMOMHauuu ¢ ol0
cyobenuHuliei [62, 63].

B ronoBHOM Mo3re HelipoHaiibHble HAXP ioKain3yoTcs MperMyIlecCTBEHHO B MPecH-
HaIlTUYECKMX y4acTKaX HEPBHBIX OKOHYAHWIA, TIe OHU PETYJHMPYIOT BBICBOOOXICHHE
HepoMeanaTOpPOB B BO30YKIAIOILIMX Y TOPMO3HBIX cuHaricax [64]. PeuenTopsl 3Kcrpec-
CHUPYIOTCS TAK3Ke TTOCTCUHANTUYECKHU 1 YYaCTBYIOT BO MHOTUX (DYHKITUSX MO3Ta U PeryJIsi-
1IUY TIOBEIEHYsI OPTaHM3MOB, BKJIIOUasi OOy4eHUe U NaMsITh, BO30YKIeHNE, BO3HArpaKie-
HUE, MOTOPHBII KOHTPOJIb 00JIEBYIO UYBCTBUTEIBLHOCTD, YYBCTBO TojIofa U CoH [65]. HAXP
TakKXe SIBJISIIOTCS MUILEHbIO JIJISi HUKOTMHA, OCHOBHOTO BBI3BIBAIOIIETO MPUBBIKAHUE
areHTa, J0CTaBJISIEMOTO CUTapeTHBIM IbIMOM [66]. [ToMrMoO 3HAYUMMOI poJiu B (hr3KoTa-
TOJIOTMM HUKOTUHOBOM 3aBucuMocTHu [67], HAXP cBsi3aH ¢ pa3BUTHEM MHOTHX HEBPOJIO-
ruJeckux 3aboyieBaHM, BKII04asi 001e3Hb Anblreiimepa, 6ose3Hb IlapkuHcoHa, 1M30-
dpeHuto, AeNpeccHio 1 arencuro [68].

Domoxpomuas modyasayus HAX peyenmopos

HUKOTUHOBBIN pelienTop alleTWIXOJWHA SBJISIETCS TEPBBIM KaHAJIOM, IIJIs KOTOPOTO
OBLI OTKPBIT CITOCOO YITPaBJICHMS C TIOMOIIIBIO CBETOYIIpaBIsieMbIX MosieKyl. boiee 50 et
TOMy Ha3zan B Jaboparopum Nachmansohn ObL10 ITOKa3aHO, YTO XMMUYECKOE COSIMHE-
Hue Azo-CCh, cocrosiiiee 13 a300eH30J1a U KapOaxoanHa, HErMapOoJInu3yeMOro XOJIMHAC-
Tepa3oit aronructa HAXP, a Takke Azo-PTA — coenuHeHus], MPeaCTaBIISIIONIETO a300€eH-
3071 U (hbeHUJITPUMETWIAMMOHUI (Tabs1. 1), SIBISIIOTCS CBETOYIIPABISIEMbIMU MOIYJISITO-
pamMu akTUBHOCTM HAX penenTopoB. O6a COEOIWHEHUSI OKa3aJlUCh OOpPaTUMBIMU
aHTaronucramu. [lpu aToM mpanc-n3omMep (OCBelleHWe BUIMMBIM CBETOM) OBIIT CUJIb-
HBIM 6J10KaTOpPOM, a MIPU M30MEPU3AINH B Yuc-KOH(MOPMAIINIO, BHI3BIBAEMYIO YIbTpadu-
OJIETOBBIM CBETOM, MHIMOMPOBAaHME 3HAYMUTEIBHO OCIA0IsIOCh [69]. DKCrepuMEeHTHI
OBbLTM TIPOBEICHBI Ha KJeTKax 3jekTpuueckoro yrps (Elecrtophorus electricus), conepska-
nero HAXP MBIIIEYHOTO TUTIA ¢ CyObeIMHUIHBIM cocTaBoM 0230 [70].

B nocnenyioiye ronbl ObLIM CUHTE3MPOBAHBI MPOU3BOIHBIE a300€H30J1a, KOTOPhIE
B3aumoneiicrBoBasiu ¢ HAXP [71]. Okazanock, uto coequHeHue Bis-Q (ta6n. 1) B mpanc-
KOH(UTYpallUM SIBJISIETCSI MOIIHLIM aroHHCToM HAXP, s3ddekTnBHasT KOHIICHTpAIIMS
Kotoporo B 500 pa3 MeHbIIIe, YeM KapOaxoiauHa. [1pu aToM yuc-n3omMep MpOosIBIISIIT HU3-
KyI0 aKTUBHOCTb. HaMHOTO mo3mHee ObLI0 IMoKa3aHo, 9To Bis-Q He akTuBUpYyeT roMo-
MepHbiit o7 HAXP, skcnipeccupyemblii B kietkax HEK293 [72], yka3biBasg Ha uzbupa-
TEJIbHOCTD 3TOro (pOTOXpOMa B OTHOILIIEHUU MbIlIeyHoro tura HAXP.

KpacHbIM BbIeeHbI MOJIEKYJISIPHBIEC YUACTKW arOHUCTOB, & CMHUM — TpYIIIa MaJleuMU-
na, obecrieynBalolas “3asikopuBaHue”, T.e. CBSI3bIBaHUE (POTOXpOMa C LIUCTEMHOBBIMU
rpyrnamMyu aMMHOKHUCIIOT.

HenaBHo ObL1 cuHTEe3MpoBaH (OTONEPEKIIOYaeMblii arOHUCT, a30XxoJuH (Azo-Ch)
(Tabs. 1), KOTOPBII TPOSIBJISII CBOMCTBA MPOTUBOIIOJOXHBIE Bis-Q. DToT hoTOXpOM B
mpanc-xoHburypauuu (mparc-Azo-Ch) okaszajncs aroHUCTOM HelipoHasibHOTO 07 HAXP,
HO He MPOSIBJISUI aKTUBHOCTH B OTHOIIIEHNHU MbIiedHoro tuita HAXP [72]. Takum obpa-
30M, OBIT CO3aHBI POTOXPOMHBIE TEPEeKITIOUaTEN, U30MPATETLHO MOIYJIMPYIOIINAE aK-
TUBHOCTh MBIIIEYHBIX 1 HelpoHaIbHBIX AX-penientopoB. CoequHeHnue Bis-Q sBisieTcs
CBETO-UHAYLUPYEMbIM arOHMCTOM Te€TEPOMEPHBIX HAX, dKCMpPEeCCUPYyeMbIX B HEPBHO-
MBILLIEYHBIX cMHarcax, a Azo-Ch — aroHMCTOM HEMpPOHaIbHBIX O/7-peLienTopoB AX.

IIpukpemnsiiomuecst ¢goToxpoMubie MOAYJIATOPbI akTHBHOCTH HAXP. Ipyroe coemmHe-
Hue — QBr (Tabsn. 1) B mpauc-KoHduUrypay BbI3bIBaJI0 HEOOJBIIYIO AETOISIpU3aLINIO
MeMOpaHbl KJIeToK Elecrtophorus electricus. Tlocne o6pabOTKU KJIETOK JUTHOTPEUTOJIOM,
areHTOM, BBI3BIBAIOIIM BOCCTAHOBJIEHUE AUCYIbMUIHBIX (S—S) cBs3eil u oOpazoBaHue
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Ta6amna 1. cDOTOXpOMHbIe MOAYJATOPbI HUKOTUHOBBIX PELICIITOPOB allCTUJIXOJIUHA

dDoToxpom CrpyKTypHasi hhopmyia Ton JleiicTBre Cchuika

Azo-CCh 1969 | Trans-aronuct HAXP [69]
H
N
H
Azo-PTA ©\ 1969 | Trans-aronuct HAXP [69]
N =
H

Bis-Q H 1971 | Trans-aronucr [71]
H_ . MblIleyHbIX HAXP
- N N 4N N H
QBr 1971 | Ipukpenusomuicst [71]
N trans-aroHucT HAXP
Br = N H

MAAChHh H 2012 | Mpukperuisonuiics [44]
cis-aroHucT HAXP

/\/\/YO\/ SN H
ToH 0 yoH
MAHoCh H 2012 | [pukperuisitonuiicst [44]
0] 1{] trans-aroHucT HAXP
N /\n/
\ o} N
(0] N H
O/\/\ N ~
| ~
H H
Azo-Ch 2015 | Trans-aronuct 0.7 HAXP [72]
N =N O\/\+N _H
| ~ H
H

cBOOOIHBIX cynbdruapmibHbx (SH) rpynm [73, 74|, mpanc-QBr HeoOpaTMO CBSI3BIBaI-
Ccsl C HUMU B yyacTKax, OJIM3KO PaCIIOOXEHHbBIX K CAlTy B3aMMOACHCTBUSI aTOHUCTOB C
peuenrropoM. B yuc-xondurypanmu QBr OblT HeaKTHMBEH, a B mpaHc-KOHMUTypalluu
QBr BbI3bIBaJ €J1a0YyI0 aKTUBALIMIO MOHHBIX KaHaloB HAXP u KOHKypupoBa ¢ kKapbaxo-
JIMHOM, BbI3bIBasi yTHETEHUE OTBETOB Ha aliUIMKALIMIO 3Toro aronucra [71, 75, 76]. QBr
M €ro aHajioru, Ha3blBaeMble MPUKPETUISIONIMMUCS arOHUCTaMU, ObIJIA YCIIEITHO UC-
MOJIB30BAHbBI TSl aHAJI3a KWHETUKW OTKPBITHS M 3aKpbITUs KaHainoB HAXP [76—79].

B HBIHEUIHEM THICSYEJIETUU CO3aHO HOBOE TMOKOJIEHUE COeAUHEeHUH 1151 9(PhEeKTUB-
HOIi cBeToynpasisieMoit Monyiassuun HAXP. HoBble mnpukperuisiionuecss (OTOXpOMBbI
OOBIYHO COCTOSIT U3 MaJIeUMUIA — IS CBSI3BIBAHUSI C IIUCTEMHOBBIMU IPyMIIaMU aMUHO-
KMCTIOT, (hoTorepekitouaresisi a3006eH3051a 1 JUraHaa 1jisi B3auMOACHCTBUS C PELIETITO-
poMm (cm. MAACHh, ta6m. 1).

Ha ocHOBe peHTIreHOBCKOI1 CTPYKTYpbl AX-CBSI3bIBalOIIIETO OejiKa B KOMILIEKCE C Kap-
6axosmHoM [80] U ompeneneHus] pacCTOSTHUI MEXIy aMUHOKHUCIOTHBIMU OCTaTKaMU B
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0EJIKOBBIX CTPYKTYpaX, B B-cyobenuuuiie HAXP ObLTO BBISIBICHO HECKOIBKO TOTOXEHU
aMUHOKMCJIIOT, OJIM3KO PACITOJIOKEHHBIX K CATy CBSI3bIBAHUS JIUTAHAA U TIPEICTABIISIO-
IIUX MOTEHIMAIbHBIE MeCTa JIJIsl IPUCOSIUHEHUSI aTOHUCTOB U aHTArOHUCTOB. DTO MO3-
BOJIMJIO OCYILIECTBUTH LieJIEHANPABIEHHYIO 3aMEHY Ha LIMCTEMHbI aMUHOKMCIIOT B MeCTax
B2- u B4-cyopenmunir HAXP, 94TOGBI K HUM MOTJIM TIPUBSI3BIBATHCS CBETOYIIPABIISIEMbIE
aroOHMCTHI [44].

bt cuHTe3MpoBaHbBI POTOXPOMBI MajleMMUI—a300eH301—aneTuiaxoanH (MAAChH)
U MajieuMua—a3o0eH301—roMoxoauH (MAHoCh) (ta6:. 1). eiictBue poTOXpoMOB ObI-
JIO MCCIIEMOBAHO Ha OOLMTaX Xenopus, IKCIPECCUPYIONINX MyTaHTHBIE CYyObheAMHUIIBI [34
B cocraBe reteporieHTamepa 034, UCIosb3ys 3IeKTPO(PU3NOTOTMYECKYIO PETUCTPAIIMIO
MOHHBIX TOKOB. B mparnc-koHdurypanum npukperuisiiomuiics ¢oroxpom MAACh ObLn
HeakTuBeH. [1pu ocBemeHun Y® ceetoM (380 HM), BBI3BIBAIOLLIUM IUC-U30MEPU3ALIAIO
MAACh, perucrpupoBaii (pOTOAKTUBUPYEMEI TOK Yepe3 HAXP-KaHajbl, KOTOPBIii IIpe-
Kpainajucs npu odsydyeHuu ceetoM 500 HM, Bo3BpaliaiinuM GoToXpoM B mparc-KOH U -
rypauuto. Ilpukperuisiiomuiicas MAHoCh oGnagan OpOTHUBOIOJOXKHBIM JASHCTBUEM,
MPOSIBJISIST CBOICTBA (DOTOYIIPABISIEMOro KOHKYPEHTHOIO aHTaroHucra. B mpanc-KoH-
durypauuu oH ObUI HEAKTUBEH, a MPU yuc-u3doMepusauuu, Bei3BaHHON YD (380 HM),
WHTUOUPOBAJ aMIIUTYAY alleTUIXOJINH-aKTUBUPYEMbBIX TOKOB.

Takum oGpa3zoM, 610 TTOoKaszaHo, uTo MAACh saBnsieTcss yuc-aronncrom HAXP, a
MAHoCh — yuc-anraronucrom HAXP [44]. Co3paHne 3Tux ¢oTorepeKiIodyaTesieil saB-
JISIETCS TIEPCIEKTUBHBIM 1T M3YYeHUST (DU3UOIOTUIYECKON U MaTOJOTMYEeCKO PO Te-
TepoMepHbix HAXP B Mo3re.

PELEIITOPBI TAMK

HNonotpormasie TAMK-pelienTopsl SIBASIOTCS OCHOBHBIMH pellelIToOpaMi, 00eCIIedn-
BaOLIMMU OBICTPYIO TOPMO3HYIO0 cuHanTudeckylo nepenady B IITHC mo3BoHouHbIx [81].
Briopoc TAMK u3 npecuHanTU4YeCKMX OKOHYaHU CTUMYJIMPYIOT OTKPBITUE aHUOH-U3-
OupaTeIbHBIX MOHHBIX KaHa1oB. [1py HU3KOI KOHIIEHTpALIMX BHYTPUKJIETOYHOTO XJIOpa,
HabII01aeMOii, KaK TPaBUJIO y B3POCJIbIX MJIEKOIMUTAIOIINX, OTKPBITUE MOHHBIX KAaHAJIOB
MPUBOIUT K TUTIEPTIOISPU3ALIMUA TOCTCUHATITUYECKONH MeMOpaHbl U CHUXKEHUIO HEHpO-
HaJIbHOI aKTUBHOCTH [82].

W3 knerok LIHC muexkonuratonumx 6pu10 KiIoHUpoBaHO 19 cyonenuuun TAMK-pe-
entopoB (ol—6, B1-3, y1-3, 8, €, 0, T u p1—3) [83]. KomOuHaTropHast cGopka rmeHTa-
MEPOB 3TUX Pa3IUYHBIX CYyObEAMHUIL OOECIIeUNBAET MOTEHIIMAIBLHO OTPOMHYIO MOJIEKY-
JIIpHYIO reTreporeHHocTh noaTuIrioB perentopoB TAMK. B ITHC nan6osee pacrpoctpa-
HeHbl perentopsl TAMK,, cocrosiimue u3 cyobequnui o, B2 u y2 ¢ onpeneneHHON
crexuometpueit 20.:/2B/1y (~43% Bcex TAMK,P). B 3aBucuMOCTH OT CYyOBEAMHUYHOTO
cOoCTaBa, MOITUIIBI PELENTOPOB TMPOSIBISIIOT PAa3IMYHbIC 3JIeKTPOGU3NOJOTHIECKUE U
dapMakoornyeckue CBOMCTBA M MOMAYJMPYIOTCS MHOXECTBOM (hapMaKOIOTHUYECKUX
npenapaToB, TaKMX KaK O€H301ua3enuHbl, 6apOUTypaThl, HEMPOAKTUBHbBIE CTEPOUIbI,
aHEeCTEeTUKM 1 CyAOpOKHbIe cpeacTna [81]. BaxkHbIMU (papMaKoJI0rMyeCKUMU MOIYISITO-
pamu TAMK-penienTopoB B 3KCTIEpUMEHTAJIbHBIX MCCIIEIOBAHUSX SBJISIIOTCSI TAKUE CO-
eIWHEHMST, KaK arOHUCT MYCLIMMOJI, aHTarOTUCThI — OUKYKYJIIMH W raba3uH, GJIOKaTop
XJIOPHBIX KaHAJIOB — IMMMKPOTOKCHUH, a TAKXKE COSAMHEHUST U3 CeMecTBa GeH30IMa3eT-
HOB Y 0apOUTYypaToOB, KOTOpPbIE NOTEHUUPYIOT akTUBHOCTE TAMK, P, cBsI3bIBasich ¢ pas-
JIMYHBIMHM AJIJIOCTEPUYECKMMM YyJ4acTKaMU Ha CyOBbeTMHMIIAX PELIENITOPOB.

B ronoBHoM Mo3re 17—20% Bcex HelipoHOB siBiisiiotcst TAMKepriaeckumu, KOTopbie
B3aMMOJICHICTBYIOT C OTPOMHBLIM YHCJIOM Ppa3IMYHBIX TUIIOB HEpoHOB [84]. Pemrerrropsr
TAMK, MonyupytoT TpEBOTY, BO30yIUMOCTb MO3Ta, MbILLIEUHBI! TOHYC, OIUTEILHOCTD,
LIMpKaIHbIe pUTMBbI, oOydyeHue u ntamsaTh [81]. HapyieHue nx GyHKIMOHUPOBAHUS MIPU-
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BOIUT K CEPbE3HBIM OOJIE3HSIM, BKJIIOUAsl SMUJIECTICUIO, IEPECCUI0, TUcOalaHC apTepu-
aJILHOTO JaBJICHMSsI, HapyllIeHne CHa, Imn3odpeHuto [83].

B kauecTBe jieKapCTBEHHBIX CPEACTB MCTIONIB3YIOTCS TIPEXK/e BCEro OEH3011a3eTNHbI,
Takue Kak ajllipa3ojiaM, KJIOHa3eram, I1a3ernaM 1 jjopa3enam, KOTopble YCUJIMBAIOT pa-
6oty TAMK,P, cTuMynupysi uXx TOPMO3HYIO0 aKTUBHOCTb. DTU COEAMHEHUS SIBJSIIOTCS
OIHMMM U3 HanboJjiee YacTO Ha3HavyaeMbIX JiekKapcTB [85]. HampuMmep, nua3enam B iepu-
on ¢ 1968 o 1982 r. 6611 cambIM TIponaBaeMbIM TMpeniapaToMm B CIITA [86].

OpHako AeicTBre 3TUX (HapMaKOJOTMYECKUX COEAUHEHU U3-3a Heu30upaTeJIbHOTO
neiicrBust Ha MmHorue ydyactku LIHC umeer psin mo6ouHbix adhdekroB. Ucrnosib3oBaHue
¢doToynpapisieMbIX aTOHUCTOB U aHTATOHUCTOB CO3/IA€T OCHOBY ISl OoJiee crienuduue-
cKoro KoHTpouist aktuBHOCTU TAMK -pentenitopos.

Domoynpasnsiemas modyaauus F'AMK-peyenmopos

Heckonbko THUITOB (DOTOYIPABASIEMbIX MOMIYJISITOPOB AKTUBHOCTH WOHOTPOITHBIX
T'AMK-penienTopoB 6bUIO CO3IaHO B MOceaHUe To/ibl. OMHUM U3 TIEPBBIX SBJISIETCS CO-
emnHeHne MPCO088, co3manHoe Ha ocHOBe nponodoiia 1 GOTON30MEPU3YEMOM TPYIIITHI
aszobeHn3oua (tabi. 2). [Iponodoi sBiageTcs MTMno@IbHBIM aHECTETUKOM, KOTOPHIH I10-
TeHuupyet TAMK-penienTopsl, a Ipu BBICOKMX KOHIIEHTPALIMSIX CITIOCOOEH MX aKTUBU-
poBaTh, B3aUMOIeCTBYs ¢ B-cyobenuuuiieii [87, 88].

Hcnonb3yst 251eKTpo(U3NOJOTMYECKYI0 PETUCTPALIMI0 MOHHBIX TOKOB B OOIATaX
Xenopus laevis sxcripeccupytonmmx TAMKLP B cyObeqnHuaHOi KoMOuHammm ol2y2,
ObLT0 TTOKa3aHo, 4To mpanc-MPCO0O88 B HU3KMX KOHLIeHTpauusx (1 MKM) moTeHUIMpyeT
TFAMK-unayuupyemsle Toku. B momnonHeHue k noreHuuauuu, mpanc-MPCO088 npu
0osiee BBICOKMX KOHLEHTpauusiXx GYHKIIMOHUPOBAJ KakK aroHUcT, aktuBupysi TAMK
peuenTopbl. CpaBHUTEIbHBIN aHAIM3 KOHLEHTPALMOHHBIX 3aBUCUMOCTEI MOKa3aj, 4To
mpanc-MPCO088 mpuMepHo B 25 pa3 achdektuBHee, yeM mporodot [46]. B yuc-koHbop-
Mauuu, Bei3biBaeMoil Y®-ocseumenuem (380 um), MPCO088 Mano Biausin Ha aMIUIUTYOY
T'AMK-mHaynpoBaHHBIX TOKOB. [eiictBue oroxpoma MPCO088 6bpu10 Takke mpoTe-
CTUPOBaHO Ha HelpoHax [TypkuHbe B cpe3ax MO3xKeukKa, KOTOpble 9KCIPECCUPYIOT Mpe-
umyiectseHHO o132/372 TAMK-peuenropsr [89]. Pesynbratsl montBepawiu ¢oto-
YIIpaBISIEMYI0 MOJIYJISILIMIO MOHHBIX TOKOB W aKTUBHOCTU TIOTCHIMAJIOB NEHCTBUS B
kieTkax ITypkuHbe [46].

Takum obpa3zoM, 3Tu uUcciaemoBaHus mmokasanu, 4To MPCO088 sBisercs cBeToyIpas-
JsieMbIM MonyJsitopoM akTuBHocTM TAMK, P. [llupokoe pacnpoctpaHeHue hopMUpye-
Mbix 0t132Y2 cyobenunuuamu FTAMK, P HeiipOHOB rOJIOBHOTO MO3ra MPEAIOJIaraeT, 9To
co3fgaHHbIii Ha ocHoBe mnpornodona MPCO088 MoxeT ObITh BaXXHBIM (hapMaKoJOruye-
CKUM MHCTPYMEHTOM B UccJieoBaHUsIX HepBHBIX Lietieit [ITHC.

Ha ocHoBe nporodoJia ObIJ10 CHHTE3UPOBAHO €111e OAHO (hOTOYNPaBISIEMOE COeqUHEe-
Hue — AP2 (tabiu. 2), KoTopoe B mparHc-KOH(MUTYpallMu BbI3bIBAJIO MOTEHLIMPOBAHUE
TAMK-eprudeckux TOKoB, onocpenoBaHHbIX 01 32y2-TAMK 4 -pelientopaMu, aKcmnpec-
cupyeMbiMu B ooumTax Xenopus n HEK-xnerkax, B To BpeMst Kak yuc-AP2 mipu obiyde-
Huu Y@ nipenoTBpaiiai pa3BUTHe 3Toro apdekra noreHiupoBaHus [45].

[Mponodoa u3BecTeH Kak aHaJIbIeTUK, CEJaTUBHOE CPENCTBO, a TAKXKe JIEKapCTBO, 00-
JIeryamplee JMUIeNTUYEeCKUe MPUCTYIbl, OCOOEHHO Yy MallMeHTOB C JIEKapCTBEHHO
ycroitunBoi amnwiericueit. OnHako Tpornodosi He SBISIETCS BbICOKOU30MpaTEIbHBIM
T'AMK-monynmupyromum coenmHeHneM. OH TakKe IeiiCTByeT Ha HaTPHUEBbIE 1 KaJIbLIMEe-
Bble KaHaJbl U siBjsieTcs aHTaroHuctoM NMDA-peuenTopoB [91-93]. B cuny Hu3Koi
M30MpPaTeIbHOCTU OH 00JamaeT psiioM MOOOYHBIX 3P (PeKTOB, TaKUX KaK apTepraibHast
TUMOTEH3Us, OpaauKapausl, IbIXaTeJibHasl HEIOCTATOUHOCTh U B HEKOTOPBIX CITy4asix MO-
XKET CTUMYIUPOBaTh cymoporu [90, 94].
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Ta6muma 2. @oroxpomHubie Monyssitopel TAMK perienitopoB

doToxpom

CrpykTtypHasi hopMyina Ton

JleiicTBue

Ccbuika

MPCO088

|

~

OH 2012

N

L Pt
SENBN oo s
I
=z Ns H
H N
N
o

Trans-aroHUCT
o1B2y2-TAMK
peLenTopoB
3KCITPECCUPYIOLLIAXCS

B 0OLIMTaX KCEHOITyca, B
kieTkax [TypkuHbe 1
ceT4aTKu

[46]

AP2

H 2012

HO

Trans-aroHuct
o1f2y2-TAMK
PpeLerTopos
9KCHPECCUPYIOLLMXCS B
0OLIMTaX KCEHOIyca U B
HEK-xierkax

[45]

MAM-6

2014

Trans-aHTaroHUCT
al(T125C)B2y2-GABA
PELENTOPOB
3KCMPECCUPYIOLLIMXCS B
OOLIUTaX KCeHoIyca

[95]

MAB-0

(o) 2014

Cis-arOHUCT MyTAHTHBIX
al(T125C)B2y2
pPeLenTopoB
3KCITPECCUPYIOLLIUXCS

B HEK-kneTkax

[95]

PAG-1C

2015

Trans- aHTaroHUCT
myrtaHTHbIX 0.1 (T125C)B2Yy2
FAMK 4 peuenTopos
9KCIPECCUPYIOLLIUXCS B
HEK-ksieTkax u HelipoHax
TUTIITOKaMITa

[96]

PAG-2A

2015

Cis- aHTaroOHUCT
mytaHTHBIX 0.1 (T125C)B2Y2
T'AMK, peuentopos
SKCIPECCUPYIOIINXCS B
HEK-xerkax

[96]

Azo-gabazine

o) 2016

Trans-aHTaroHUCT
o1B2y2-TAMK pewernro-
OB 3KCTIPECCUPYIOIINXCS
B HEK-xeTkax.

[46]

Azo-NZl1

o] 2018

Trans-610KaTop KaHAIOB
a1B2y2-TAMK, 1 p2
TAMK ¢ akcnipeccupyro-
mxest B CHO krnetkax u
HepoHax Cpe30B rMITIO-
Kamria.

[47]

dMPCl1

2018

Trans-aHTaroHUCT
o132y2-TAMK -penierro-
OB 9KCTIPECCUPYIOLINXCS B
HEK-xeTkax

[99]
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Ta6auna 2. OKoHYaHMeE

dotoxpom CrpykTypHas dhopmyia Ton JeiicTBue Ccpuika
Fulgazepam 2020 | Anoctepudeckuit [48]
fo) Cis-TIOTEHLIUATOP
0.132y2-GABA 4 -pelietopos
_N 3KCHPECCUPYIOLLIXCS
— O) B CHO kj1eTKax 1 B JIMUUH-
S Kax 3ebpa pbIOKH in vivo
S s
(6]

dortonepexiaoyaeMble aHaJI0rM Mpornodoiia B COYETAHMU C JIOKAJbHON ONTUYECKOM
CTUMYJISILIUEHl U COOTBETCTBYIOIIUM 3JIEKTPUYECKUM MOHMTOPUHIOM MOTYT CO3/1aTh B
OyayieM crocoObl CHUXXEHUS TTOOOYHBIX 3(GhEKTOB MPU JEYSHUU SMUJISTICUM 34 CUYET
WCITOJIb30BaHMS TTPOCTPAHCTBEHHO TOUYHBIX ONTUYECKUX CPEACTB, PETYIUPYIOIINX MOIY-
JISMIO perienTopoB. POKYCHO HAIIpaBIeHHOE OCBEIIEHNE MOXET MO3BOJUTH MPOCTPaH-
CTBEHHO OrpaHUYEHHOe NeiicTBrUEe (DOTOXPOMHBIX MOIYJSITOPOB PELIENITOPOB B JIOKAJb-
HbBIX 00JIaCTSIX SMUJICNTUUYECKUX 0YaroB.

BbUI0 CKOHCTPYMPOBAHO TAaKXKe HECKOJILKO MPUKPEIUISIoIMXcsl hoTonepekoyare-
neit, monynupyoinx aktuBHocTb TAMK-peuentopoB. MAM-6 (Tabi. 2) COCTOUT U3
MaJleMMHIa, KOTOPbIii obecrieunBaeT KOBaJeHTHOE CBsi3biBaHUE poTtoxpoma ¢ SH rpyr-
nmamu, poTomnepekioyaresis a300eH3eHa U MPUCOEINHEHHOTO K a300€H3eHY uepes3 yrie-
ponubiii ((CH2)e) JIMHKEp MycnumoJa, MOCJIECIHUI SIBISIETCSI MOLUHBIM CEJIEKTUBHBIM
aroHuctoM FTAMK,P. [lis obecnieueHus cBga3biBaHUsT (POTOXpOMA ¢ aMUHOKUCIOTHBIM
y4acTKOM, OJIM3KUM K akTUBHOMY lieHTpy 'TAMK-peuenTopa, B anbda-cyobenuHule
Obl1a ipousBeneHa ToueuyHast mytauus ol (T125C). Dnekrpodusnonornyeckuii aHanus
TTPOBOIMIICST Ha ooInTax Xenopus laevis, sxcripeccupyirormx ol (T125C)B2 koudurypa-
uuto TAMK,P. KoBaneHtHoe cBsizbiBaHue doroxpoma ¢ ol(T125C)-cyobenuHuueit He
BhI3bIBaJIO akTuBanu AMK -penientopoB. OnHako B mpaxc-KOHMUTypanuu (oCBellleHIe
500 M), MAM-6 unrubupoan aMrmintyay [AMK-akTUBUpYEeMbIX TOKOB, CBSI3BIBAsSICh C
aKTUBHBIM 1LIEHTPOM pelienTopa 1 OJIOKUpYS AeiicTBUe HelipoMennaTopa. B yuc-xkondury-
paiuu (ocsenieHue 380 HM), CaiiT CBSI3bIBAaHMUSI C aTOHUCTOM OCBOOOXIAJICS 1 HabJroaa-
JIoCh TToBbIIeHNEe aMIUIUTYAbl TAMK -akTuBUpyeMbIX TOKOB [95].

Jpyroe coenquHeHue, MalleMMHI-a300eH30/1-4-runpokcnoeH3mwiamMud (MAB-0), ko-
TOPOE CONEPXKUT HEUTPAIbHBIM aHAJIOT MYCLIMMOJIa U HE UMEET YIJIEPOIHOr0 JMHKEpa
(tabu. 2), 6110 naxe 6osee 3HEKTUBHBIM CBETOUYBCTBUTENILHBIM UHTMOMTOpOM TAMK , P.
ITocne obpaborkm MAB-0 KyabTUBUpYyeMble HEHpOHBI TMIIIIOKAMIIa, 3KCIIPECCUPYIO-
e ol (T125C)B2 TAMK -petierrropst, 3¢ heKTHBHO MOLYIMPOBAINCH CBETOM [95].

Takum obpazom, coeanHeHnst MAM-6 u MAB-0, co3maHHbBIE Ha OCHOBE MYCLIMMOJIA,
NPOSIBJISLIIM CBOMCTBA cBeTOyNpasisieMbIx mparc-antaronucros FTAMK,P. OnHako cia-
0as1 3peKTUBHOCTh M HU3Kasl pacTBOPUMOCTH (<50 MM) 3aTpyaHsiia ux 3KCIepUMEH-
TaJIbHOE UCHOJIb30BaHUE, OCOOEHHO in vivo. [1J1s1 MoBbIIIeHUS 3¢ (HEKTUBHOCTU OBLIU CO-
31aHbI HOBbIE (hoToXpOoMHbIE MoaysiTopel TAMK, P, rae B kauecTBe JIMIraHIa UCIOJIb30-
Bastack TAMK unu ee ryanunuaueBbsie aHasioru (cepust PAG) (ta6:. 2) [96].

CoenuHeHUs1 ObUTM UCCIEAOBAHHI in vitro Ha pelienTopax, GOpMUPYEMBIX U3 Pa3HbIX
o-FAMK-cyobenuHull, a Takke in vivo. bpijio moka3aHoO, YTO B TEMHOTE WJIM TTPU OCBE-
IIEHUH BUOUMBIM cBeToM (480—560 HM) mpanc-n30oMepbl He aKTUBHBI, a pu Y D-ocBe-
meHun (380 HM), B yuc-KoHpuUrypauun dotoxpomsl 0jokupyioT TAMK-penenTopsr,
SIBJISISICh aHTATOHUCTAMU €CTECTBEHHOTO HEHpOMennaTopa, BbIICISIONIETOCs U3 Mpecu-
HaNTUYEeCKUX OKOHYaHUH [96].

Ee oquH cBeToymnpabiseMblii anHtaroHucT TAMK-penenTopoB, azora6asuH (taos. 2)
[97], O6bLT co3naH myTeM oObenMHEHUs (PoTomNepeKsovaTeNsi a300eH301a ¢ Taba3uHOM,
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BbICOKOM30MpaTeIbHbIM KOHKYPEHTHBIM aHTaroHuctom FTAMK, P [98]. OnexTpodusuo-
JIOTMYECKUI aHaIn3 Ha KyJIbTUBUpYyeMbIx Kietkax HEK293, skcripeccupyrommx ol 322
T'AMK,P, noka3zan, yto azorabasuH sIBJsIETCSI ONHUM M3 HauboJjiee CUJIbHbIX aHTAarOHU-
croB ¢ ICs5y = 23 nM. bBrnokupylolee neiicTBre MPOSBISI mpanc-a30raba3uH (ocBelle-
Hue 470 HM), B TO BpeMs Kak yuc-azorabasuH (ocBelleHre 365 HM) ObUT He 3DHEeKTUB-
HbIM. Takum 06pa3oM, 3TOT (POTOXPOM SIBJISIETCSI MOIIHBIM, BHICOKOM30OUpPATEIbHBIM U
cBeToynpasisieMbiM aHTaroHucToM TAMK 4 P, npencrasnsitiorium 0011101 MHTEpPEC A5
WUCCIEI0OBAHMS B Pa3IMUHBIX SKCIIEPUMEHTAIbHBIX MOJICIISIX.

DoToXxpoMHBIE COEMMHEHMsI, CO3MaHHbIe HA OCHOBE a300¢H30J1a, He CITIOCOOHBI HaX0-
NIUTHCS JUTUTEJIbHOE BpeMsl B METaCTaOWJILHOM COCTOSIHUM TIPU MPAHC/Uuc-n3oMepusa-
1LIMU, YTO 3aTPYIOHSIET UX MCIOJIb30BaHNE B HEKOTOPBIX IKCIEPUMEHTAIbHBIX MOIETSIX.
Ota npobiiema Oblia pellieHa B HeAaBHe pabote u3 nadoparopuu Kramer [99]. beuio
cuHre3upoBaHo coeauHeHre dMPC1 (Tabi1. 2), KOTopoe MO3BOJISIET IBYHAIIpaBIEHHOE YIIpaB-
JIEHUE pelienTOpaMU C TIOMOIIBIO cBeTa ¢ JirmHoi BoiaHbl 380 n 500 nm. Ha HEK-xieTkax,
skcnpeccupyomux FAMK, P, 6b110 nokazano, yto poroxpom dMPC1 moxer Ha pjiu-
TeJIbHOE BpeMsl 3a0JI0KUPOBATh PELIENITOPbl B AKTUBHOM WJIM HEAaKTMBHOM COCTOSTHUU B
TEMHOTE IOCJIE KOPOTKOTo MMITyJbca cBeTa [99]. Takum obGpa3om, aTta cTparerust odbec-
MeYrBaeT Kak ObICTPOE, TaK U JUIMTEIbHOE MAaHUITYJIMPOBAHUE TOPMO3HOM CUHANTUYe-
CKOIl mepenaveii, MO3BOJIsASI MCCIenoBaTh MYHKIIMM HEHPOHATbHBIX CETEN B IIUPOKOM
Mana3oHe BpeMEHHBIX MHTEPBAJIOB.

Kak yxe oTMedanoch, OTHMM 13 HanOoJjee MCIOJIb3yeMbIX (hapMaKOJIOTMUYECKUX CO-
€IMHEHUI, YCWIMBAIOLIMX aKTMBHOCTb MOHOTpOnHbIX TAMK,P, saBisiercs nnaszenam,
KJlacCMUYeCcKoe CoeIMHeHue, BbI3biBaolee noteHuauuio FTAMK-peuentopoB uepes aj-
JIOCTEPUUYECKUI CaliT U LIMPOKO UCIOJIb3yeMOE ISl MPEeAOTBPALLEHUST SMUIENTUYECKUX
Kpu30B [85, 86, 100—102]. B npeanogoXeHNH MONYYUTh YIIPABISIEMbIif CBETOM MOTEH-
LUPYIOIINIA areHT, KOTOPBIM OyIeT ajJjoCTepUUYeCKU B3aUMOJIEeiiCTBOBATh ¢ OCH30IM-
asenuHoBbIM caiitoM TAMK, P, 661710 CMHTE3MPOBAaHO COeAMHEHNE a300€H301-HUTpa-
3emnaM (A30-NZ1), cocrosiiiee U3 pparMeHTa HUTpa3ernama, CJIMTOro ¢ poTonzoMepusy-
eMoii rpymnmnoii azobeH3osna (tadn. 2) [47]. OngHaKo BKCIEpUMEHTAIbHbII aHaJIU3 Ha
CHO-kJeTkax, 3KCIPECCUPYIOLINX B YCJIOBUSX KYJIbTYpPbl TKAHU PELIENITOPHI U3BECTHOTO
CyOBEIMHUYHOTO COCTaBa, Mmokasai, 4To Azo-NZ1 sBisieTCs He TTOTeHIIMaTOpOM, a CBe-
ToympaBiasieMbIM aHTaroHucToM T'AMK-uHaynmpyemMsix ToKoB. Tpanc-Azo-NZ1 (ocBe-
LIeHUEe BUAMMBIM cBeTOM 460—560 HM) OJIOKMPOBaJl aHMOH-U30MpaTeIbHbIC KaHAJbI Te-
tepomepHbix TAMK,P (0t1/32/v2), a Takke 0MHOTO U3 MOATUTTOB roMoMepHbIX TAMK -
(p2). bel1o nokazaHo, 4To mparc-Azo-NZ1 B3auMOAeHCTBYET C 2'-ypOBHEM TPAHCMEM-
OpanHoro gomeHa (TM2), dopmupyloliero aHuoOHHyIO Topy. B yuc-xoHdurypauuu
Azo-NZ1 ocBobOoxnan nopy, Obl1 HeakTuBeH U amriutyna FAMK-akTuBupyeMbix To-
KOB BOCCTaHaBIMBagach. bblTo TakKe moka3aHo, 4To Azo-NZ1 MoayIupyeT CBETO3aBU-
cuMbIM oOpa3oM cuHanTuueckue FAMKepruueckue Toku B HelipoHaxX Cpe3OB T'MIIIO-
KaMIIa MBIIIEl, BBI3BIBASI MX MHTUOUPOBaHUE B mpanc-KOHurypanuu [47].

Taxkum o6pasom, Azo-NZ1 nposBisieT cBOKMCTBa (OTOYMNPABISIEMOIO0 HEKOHKYPEHT-
HOro aHTaroHucra peuentopos GABA,, B3auMoIeiCTBYsl ¢ aMUHOKHMCJIOTHBIMU OCTaT-
KamMu, GOpMUPYIOIIIMMU AHUOHHBIN KaHaJl.

Hpyroii ¢potoxpom, dymsrazenam (Fulgazepam, Ttabi. 2), co3maHHBIN Ha 60a3e quas3e-
nama 1 QyabruMuna (M3 ceMeicTBa IMapuIMTeHOB, puc. 1), oKa3ajcsa NOTeHIIUPYIOIINM
coeIMHEHUEM. DJIeKTPO(PU3NOIIOTMUECKUI in Vitro aHAJIN3 Ha JIMHUU KYJIETUBUPYEMBIX KJle-
TOK, TeTePOJIOTMIECKHU Kcnpeccupyronmx o.1/B2/y2 cyobenunuiie TAMK P, okasai, 4ro
anmuukanusa ¢ynerazenama (10 MkM) B oTKpbITOM popMe (OCBElIeH€ BUIUMBIM CBe-
TOM) NMPAKTUYECKU HE BJIMsIIa HA aMIUIMTY1y TOKOB, nHayuupyeMbix TAMK (0.5 MxM).
OnHaxko nmpu Y®-ocBelleHNH, TIepeBOaSIINM (yJibra3enam B 3aKpHITyIo ¢hopMy, HaOIIO-
naynock nosbiiieHUe aMinuTyabsl [AMK-unayipyembix TokoB B 200—300 pa3. AHanu3
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KOHLIEHTPaLlMOHHBIX 3aBUCUMOCTEN nokasai, 4ro ECsy mis dynabrazenaMma B 3aKpbITON
dopme cocrtasisier 13 MkM [48].

Taxkum obpaszom, coznaH HOBbI hoToynpasisieMblii moreHuuatop FAMK, P, o6nana-
IOIIUH YHUKAJIbHBIMU CBOWCTBAMU: a) MO NECTBMEM COOTBETCTBYIOLIMX JJIUH BOJIH
obecnieunBaeTcsi o00paTuMoe MepeKIIOYEeHNE COSTMHEHUS U3 OTKPBITOTO B 3aKPHITOE CO-
cTostHue; 0) o0a COCTOSTHUSI CTaOWJIBHEI, B) B OTKPHITON (hopMe COSOIUMHEHUE SIBIISICTCS
HEUTPaIbHBIM. DTU CBOMCTBA YKA3bIBAIOT Ha MOTEHIMAJIBHYIO BaXXHOCTh (pysibrazernama,
Kak (oToyrmpasiisieMoro ajwiocrepuueckoro nmoreHimaropa FTAMK-penentopos.

B obmiem, “6ubmmorexa” (poTOXpOMHBIX COSAMHEHUI, CITOCOOHBIX MOIYJINPOBAaTh aK-
TuBHOCTh AMK-penenTopoB, 10CTaTOYHO OOIIMpPHA U OTKPHIBAET OOJIBIINE BO3MOXK-
HocTU Tt aHam3a TAMK-3aBUCUMBIX TPOLIECCOB TOPMOXKEHMST M BO3OYXKIEHUST B HEli-
POHHBIX CETSIX U MOJEJISIX HEiiPOHAIBLHBIX MTATOJIOTHIA.

PELEIITOPHI INTUIINHA

I'munmnoseie penenTopsl (ImuP), kak m nonorpomxasie TAMKP dopmupyioT aHnoH-
n301paTebHbIe MOHHBIE KaHAJIBI M 00eCceuYnBalOT OBICTPOE TOPMOXKEHME B HEPBHOM CH -
creme muiekonuTatomux. [P skcnpeccupyroTes IpeuMyliecTBEHHO B CTMHHOM MO3re
M CTBOJIE MO3Ta, a TAKXKE€ BO MHOTHX JIPYTMX 00J1aCTSIX HEPBHOM CUCTEMBI, BKJIHOYasl CET-
yarky [103], runmmokami [104—106], 3y6uatyio ¢acumio [107], kopy mo3xeuka [108],
ciryxoBoe U BecTuOyssipHoe siapa [ 109] u npyrue yactu ronosHoro mo3sra [104, 110, 111].

M3 Mo3ra MJIeKOIUTAIOIIMX BbIAEIEHO M KJIOHUPOBAHO YEThIPE MOIATHUIIA O.-CYyOb-
enuaun [muP (al, o2, a3, od), kotopsie Ha 90% TOMOJIOTUYHBI MeXIy coboit [112,
113] u B-cy6peannmIly, KoTopas umeet 47% romosoruu ¢ ol [114]. AHaornaHbIH HaGOP
CYOBEeIMHUIL XapaKTepeH IS HEPBHOI cUCTeMbl 3e0pa puioku Danio rerio [115—117].
CyobenuHuliibl ol, o2 1 o3 MmoryT ¢hopMupoBaTh GYHKIIMOHAIbHbIE TOMOMepHbIe [P,
a KoMOMHaIMu ¢ B-cyobequHuIIeil OHM (POPMUPYIOT reTepoOMepHbIe perenTopbl. OMHAKO
B-cyOobenuuaniia He obiagaeT CrocoGHOCTBIO (GOPMUPOBATH (DYHKIIMOHAIBHBIE TOMO-
MepHble pertentopsl [ 118, 119]. Cyosenununa B sapisiercst HanbGosiee pacrpocTpaHeHHON
110 CPaBHEHMIO C IPYTUMU CyObemUHUIIAaMU. Ee BaskHBIM CBOMCTBOM SIBJISIETCS] HAJIMYKE B
LIMTOTIJIa3MaTUIECKOM JIOMEHE yJacTKa CBSI3bIBAaHUS C IKeeprHOM — apMaTypHBIM
OEJIKOM, WTpalolMM KJIOYEBYIO POJIb B (POPMUPOBAHMM CUHANTUYECKUX KJIACTEPOB
[120—122]. dpyrumu cioBamu, 3Ta cyObeqUHMIIA 00ECTIeYnBaeT CUMHATITUYECKYIO JIOKA-
smzauuio [mP.

CBolicTBa TOMOMEPHBIX U TE€TEPOMEPHBIX PELIENITOPOB MPOSIBISIOT (PyHKIIMOHAJIbHBIE
¥ dhapMaKOJOrn4ecKre pa3andus: IPOBOAUMOCTh OIMHOYHBIX KaHaJIoB [119], neiicTBue
omokaTopoB [123, 124], cuHanTHyeckass M B3KCTpacHHAIITU4YecKast sKkcmpeccus [125].
CyobequHn4HEIN cocTaB [P MeHsieTcs B mporecce oHToreHesa. B mepuon smo6puore-
He3a M Ha paHHUX CTaJUsIX MOCTHATATLHOTO Pa3BUTHS HanboJiee pacIipoOCTpaHEHHOM B-
asieTcst o2-cyobenunuiia, a B LIHC B3pocabix MiaeKonuTarmlmx npeodiagaet ol -cyonb-
equnuia [110, 126].

Domoxpommbie MOOYAAMOPbL PEUENMOPO8 CAUUUHA

HemaBHo co3nano nBa nepBhIX (OTOXPOMHBIX MOIYyIsITOpa aktuBHOCTU [P [49, 50].
O06a coenmHEeHUS CO3MaHbl HAa 0a3e a300eH301a 1 qua3enama (Tadi. 3).

IlepBoe coenmHeHNE — 3TO OMMUCAaHHEIN BoIe ¢oToxpoM Azo-NZ1. [Tockonbky Azo-
NZ1 saBiseTcsl CBETOYIIPABIISIEMBIM OJIOKATOPOM XJIOP-M30MpaTeIbHBIX KAHAJIOB PeIe-
TopoB TAMK, TO HEOOXOIMMO OBLIIO BBISICHUTD, AEMCTBYET JIM (DOTOXPOM Ha APYyTUE TH-
bl aHUOH-MU30UpaTeIbHbIX KaHAI0B, GOpPMUPYEMBbIX pa3HbIMU cyOobenuHuamu I'muP. B
JIMHUSIX KYJBTUBUPYEMBIX KJIETOK, SKCITPECCUPYIOILIMX PELIENTOPHI U3BECTHOTO CYOhEIM -
HUYHOTO COCTaBa, Moka3aHo, 4To ¢oTtoxpoM Azo-NZ1 oxasbiBan ciabblii 3ddeKT Ha
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Ta6auma 3. PoTOXpOMHBIE MOYJISITOPHI PEIIEITOPOB IIIMIIMHA
Dortoxpom CrpykTtypHasi hopMyia Ton JeiicTBue Ccblika
Azo-NZl1 o) 2018 | Trans-6aokarop kaHanoB [P o2 [46]
N skcnpeccupytonmxest B CHO kietkax
u cuHanpuueckux [P B cpesax
HEOHATAJIbHOTO MO3Ta
N.
SN _—N

Glight o) 2020 | Trans-Gnokarop kaHanoB o1 32y2-TAMK , [47]
and p2 TAMK( peuenrtopoB

receptors akcrpeccupytouuxcst B CHO
kieTrkax u cuHanpuueckux [uP B cpesax

TUTIITOKaMIa

IJIMIWH-aKTUBUPYEMBbIE TOKM B KJIETKaX, IKCIIPECCUPYIOINX roMoMepHbie o- [P u re-
tepomepHbie [nuP, dopmupyembie ol/B-cyobenuauiiamu. C Apyroit cTopoHsl, Azo-
NZ1 BbI3bIBaJ CUJIBHOE YTHETEHUE aMIUIUTYIbl TTUIUH-aKTUBUPYEMBIX TOKOB B KJIET-
Kax, dKcIpeccupyoumx romomepHole a2-InmuP u rerepomepneie [uP, popmupyembie
02/B-cyopenuaniiamMu. C IMOMOIIBIO IIeJIeHATPaBJIeHHOTO MyTareHe3a TpaHCcMeMOpaH-
HOTO ToMeHa, (hOPMUPYIOIIETro aHUOH-U30MPATEbHYIO IOpY, OB OTIpene/ieH caiiT B3a-
umoneicteust Azo-NZ1 ¢ I'muP. B nononnenue k ananuzy Ha TAMK,P, 6b110 nokasa-
HO, 4To B TP amMuHOKMCI0Ta B TTOJIOKEHUHU 2' TTOPHl MOHHOTO KaHalla UMeeT pelaro-
111ee 3HaYeHue 1 OyioKupymolero neicrteust Azo-NZ1 [49].

Pe3ynbTaThl, MoJy4eHHbIE TIpU TeTeposiorndeckoil akcrnpeccun [P m3BecTHOrO
CYyOBEIMHUYHOIO COCTaBa, mpeanoiaramT, 4To Azo-NZ1 MoxeT ObITh 3P(PeKTUBHBEIM
CBETOYIPABISIEMBIM MOIYJISITOPOM aKTMBHOCTH TJWIIMHEPTUUECKUX CUHAIICOB Ha paH-
HUX (pazax MOCTHATAILHOIO Pa3BUTHUS, B3aUMOJIEHCTBYS ¢ “HEOHATAJIbHBIMU® PELIEITO-
pamu, GopMUpyeMbIMU alibdha2-CcyobeIMHUIIAMU.

DTy runote3a Obljla MPOBEpeHAa Ha MOTOHENMPOHAX THUIOIJIOCCATBHOTO sIpa CPe30B
CTBOJIA MO3ra MBbIIIEH, UMEIOIIMX MOIIHbIE MNIMLIMHEPTUYECKUE CUHATITUYECKUE BXOJbI
[127, 128]. U3BecTHO, 4TO 3KCIpeccusi moartunos [P peryaupyercs B mpoliecce pa3Bu-
TUS: TP POKACHUU U B TIEPBbIC TTOCTHATAJIbHBIC JHU Y TPBI3YHOB IpeobJ1afaoT aibdal-
cyobenuuuiel [P, Ho B TeyeHue ABYX Henesib MOCTHATAJbHOW >KU3HU 3KCIIPECCUst
anbdal-cyObeIMHULIBI Pe3KO YBEJIUUMBAECTCS M Ha B3POCIbIX 3Tarax CTAaHOBUTCS TIpeod-
nanatomeit [110, 129, 130]. CpaBHUTENbHBIN aHAJIM3 BBI3BAHHBIX MOCTCUHANTUYECKUX
TJIMLIMHEPTMYECKUX TOKOB ObLI MPOBENEH Ha MOTOHEMPOHAX TUIIOIIOCCATbHOIO siapa
CpPE30B MO3ra MBbIIIEil Ha pa3HbIX CTAIMsIX MOCTHATAJIbHOIO pa3BUTHUs. Bbulo MokaszaHo,
uyto Azo-NZ1 B mparc-KoHUTYpaLi OJIOKUMPYET BbI3BAaHHBIE ITOCTCUHATITUYECKHUE TO-
K#, onocpenoBaHHble [P, cdhopmupoBaHHBIMU “HeOHATATLHBIMU™ anbdha-cyobean-
HUIIAMU, U MaJIO BJIMSIET HA TOKU, OMIOCPEAOBaHHbBIE pelienTopaMu, ChOpMUPOBAHHBIMU
“B3pociabiMu”  anbdal-cyobenmaunamu. OOnydeHHe yabTpadroIeTOM, NepeBOIsIIee
(GOTOXpOM B yuc-KOH(puUrypamuio, ycrpaHser neiictBue Azo-NZ1 Ha “HeoHaTajabHBIE”
anbda2-T'nuP B cpe3ax Mo3ra. DTu pe3yabTaThl ITOKa3bIBaIOT, 4YTO Azo-NZ1 sBiseTcs
CBETOYMPAaBJISIEMbIM MOJYJIITOPOM TJIMLIMHEPTMYECUX CUHATICOB HEOHATAJIbHOTO MO3ra.

Btopoii doroxpomusiit Mmonynsstop I'muP, nHazBannbiii Glyght (tabi. 3), cuHTe3Mpo-
BaH Ha OCHOBE 7-aMMHO-HUTpa3ernama u 2-HutponupuarHa. Kak u npyrue a300eH30/1b-
Hble TIpOM3BOAHbIe GeH3onuasenuHa, Glyght mpu oonyyeHun Y@ nepexoauT B yuc-KOH-
durypauuio, a mpu oO0JIyYeHUU CUHUM WA BUIAMMBIM CBETOM — B mpaHc-KOHMUTypa-
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uuto [50]. Ha mMoToHeipoHax TMIOITIOCCAJIbHOTO siipa CPe30B MO3ra HeOHaTaJlbHBIX
MBIlIEH TToKa3aHo, YTo B mparc-KoHburypauuu Glyght siBiisiercst “MHEpTHBIM”, T.€. HE
OKa3bIBacT BJIMSHUS Ha BbI3BaHHBIC TJIUIMHEPTUYECKUE MOCTCUHAINTHUYECKUE TOKHU.
Ocseuienne YO (yuc-Glyght) mpuBOAMIO K CHUXXEHUIO aMIUIUTYAbI TOKOB. AHaNU3
in vivo mokasain, uro Glyght a¢pdekTuBHO BaMseT Ha IToBeaeHUe 3e0pa peiooK Dario re-
rio [50].

Taxkum obpazoM, poToxpomHble coennHeHns Azo-NZ1 u Glyght saBisioTcst MomyJsi-
Topamu [P, 1 nx ncronb3oBaHME SIBISIETCS] TIEPCIIEKTUBHBIM IS KOHTPOJISI TOPMO3-
HBIX MIPOLIECCOB B HEPBHOM CUCTEME MJICKOTTUTAIOLIIUX.

SAKITIOYEHUME

B 1ienoMm, mpencraBieHHbBIE JaHHBIE TTOKA3BIBAIOT, YTO (DOTO(PApPMAaKOIOT U SIBISICTCS
Ype3BBIYAITHO TIEPCHEKTUBHBIM HaIlpaBlICHUEM, OTKPHIBAIOIINM YHUKAIBHBIE BO3MOXK-
HOCTH UISI MUCTAHIIMOHHON CTUMYJISILIMM HelpoHOB. I1pu 3TOM, KakK ImpaBWiIo, HEe TPeOy-
JOTCSI TEHETUYECKNE MaHUITYJISILIMM JUISI CO3JaHUST BHICOKOM30MPATEIbHBIX CBETOYIIPABJIS -
eMbIX (papMaKOJOTrMUEeCKMX IpernapaToB, BO3ASUCTBYIOIIUX Ha OIpelejCHHBbIC y4acTKU
Mo3ra.

OgHUM U3 BaXKHBIX OrpaHUYEHUI LLIMPOKOIO MCIIOJIb30BaHUSI a300€H30/0B TaK K€,
KaK U JIpyrux poTonepexiovaTeseil, IBasgeTcsI He0OOXOAUMOCTb OCBEIIEHNSI KOPOTKUMU
IUIMHAMHY BOJIH YJITPa(HOJIETOBOTO IMAaNa30Ha, KOTOPbIE MOTYT BBI3BIBATH OTPUILIATEIIb-
HOE BO3IeiiCTBME HAa (PYHKIIMM OMOJIOTMYECKUX MOJIeKYyJI. OmHAKO B MOCJIEIHNE TOIBI
pa3pabaThIBalOTCS a300€H30JIbHBIC IIEPEKIIIoYaTe I B KPaCHOM IMAIla30HE CBETOBBIX
BoJH [131].

Hcnonb3oBaHue cBeTa B KaUeCTBE PETYJISITOpAa aKTUBHOCTHA OMOJIOTMYECKMX MOJIEKYJI
OTKPBIBAaET BO3MOXKHOCTHU [IJIsI TOYHOI'O IIPOCTPAHCTBEHHOIO W BPEMEHHOIO0 KOHTPOJIS
aKTHBHOCTBIO KJIETOK, OPTaHOB U 1I€JIbIX OPraHU3MOB. DTU OCOOEHHOCTH SIBJISIIOTCS BaX-
HBIMU 11 PU3MOJIOTMYECKOT0 aHaau3a (pyHKILU HEPBHOI CUCTEMbI M, BO3BMOXHO, B Oy-
AyIIeM — 00eCIIeYeHUSI MOLLIHBIX U U30MpaTeIbHbIX KOHTPOJIUPYEMBIX CBETOM TeparieB-
TUYECKUX BO3ACHCTBUIA.
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Advances in molecular and cellular biology, the development of chemical synthesis and
modern technologies, enriched the modern experimental research with new directions,
where the light plays a key role as a tool for modulating biological functions. One of
them is photopharmacology, a field that uses chemically synthesized light-controlled
compounds that can modulate the functions of proteins. When illuminated at specific
wavelengths, these photochromic modules switch between active and inactive states and
change functions of receptors, ion channels and enzymes. This review briefly describes
compounds that modulate the functions of ionotropic Cys-loop receptors for acetyl-
choline, GABA, and glycine. The nicotinic acetylcholine receptor (nAChR) is the
first receptor-operated channel for which a way of modulation using light-dependent
molecules has been discovered. In the 1970s—80s, blockers and activators of nAChR
were created, consisting of azobenzene (light-controlled switch) and agonists. In the
current millennium, new compounds have been created to provide light-controlled
modulation of nAChR activity. These new photochromes are selective to muscle and
neuronal nAChR, and are promising to study the physiological role of nAChRs in the
nervous system. An extensive library of photochromic compounds is available for
light-controlling of GABA receptor function. Some of them modulate the activity via
interaction with the agonist site, the others are light-regulated blockers of chloride-se-
lective ion channels. Recently, the first two photochromic modulators of glycine re-
ceptor activity have also been developed. These achievements demonstrate that photo-
pharmacology opens up unique possibilities for remote control of physiological func-
tions, as well as for studying the processes of inhibition and excitation in neural
networks and models of neuronal pathologies.

Keywords: Photopharmacology, light-controlled molecular switches, nicotinic acetyl-
choline receptors, GABA receptors, glycine receptors, synaptic transmission
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