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MemMbpaHHBIe pelienTophl, comnpsikeHHble ¢ G-6enkamu (GPCR), sBasitoTcst Kito4eBbIMYA KOMITOHEHTaMU
OOJIBLLIMHCTBA 3YKAPUOTUYECKUX CUTHAJIbHBIX CUCTEM, OCYLIECTBIISIS MIepeJavy BHEIIHUX CUTHAJIOB K BHYTPU -
KieToyHbIM 3ddekTopHbiM Oenkam. AktuBauuss GPCR ocyiiecTBiseTcss mocpeacTtBoM crieliudruyeckoro
CBSI3bIBAHUSI PA3JTUYHBIX 10 MPUPOJIE TUTAHIOB C UX OPTOCTEPUUECKUM caiiToM. OIHAKO peryJsius CpOACTBa
OPTOCTEPHYECKOTO arOHUCTA K PELEeNTOPY, KOHTPOJIb 3((GEKTUBHOCTU OTBETA, a TAKXKE BHIOOD ITPENTTIOUTH -
TeJIbHO aKTUBUPYEMOTO BHYTPUKIIETOUHOTO CUTHAILHOTO KaCcKaa OCYIIECTBIISIOTCS ¢ TIOMOIIBIO aJIJIOCTePU-
YEeCKHMX MEXaHU3MOB. D10 00ycioBieHo npucyTcTBueM B GPCR MHOXeCTBa aJlJTOCTEPUIECKUX CAUTOB, KOTO-
pble pa3InNyaloTcsl MO CTPYKTYPHO-(GYHKIIMOHAIBHO OpraHMU3allii M TOMOJIOTMU B MOJIEKYJie pellernTopa,
pacrosarasicb Bo Bcex ero ¢hyHKIIMOHAIbHBIX CyOIOMeHaX. DHIOTeHHBIMU PETYISITOPAMU 3TUX CANTOB SIBJISI-
totcst mpoctbie nonbl (Na't, Zn?t, Mg?t, Ca?™, CI~ u apyrue), mununs! (xonectepuH, hocdomnnmuabl, CTepo-
WUIIbl), AMUHOKMCIIOTHI Y UX TPOU3BOIHBIEC, TTIOJIUTIETITUIBI, @ TAKXKE CUTHAIbHbBIE Oe1Ku, oopasytoiiue c GPCR
(byHKIIMOHATBHO aKTUBHBIE KOMILIeKChl (G-6enku, B-appectubl, RAMP), u ayTroaHTuTeNa K BHEKIETOY-
HbIM yyacTkam GPCR. ITo dapmMakosiornyeckoit akTMBHOCTH JIMTaH bl ajutocTepuyeckux caiitoB GPCR non-
pa3nensiioT Ha MO3UTUBHbBIE, HETATUBHBIC WJIM HEUTpaIbHbIe MOOYISATOPHI 3(h(HEeKTOB OPTOCTEPUIECKUX aro-
HUCTOB, a TAK>Ke Ha MOJTHBIE © MHBEPCUOHHBIE arOHUCTHI WUIM HEUTpaJIbHbIE aHTATOHUCTHI, KOTOPHIE BIUSIOT
Ha 6a3aJIbHYIO0 aKTUBHOCTb PElIeNTOpa B OTCYTCTBME OPTOCTEPUUECKOTO arOHNCTA, XOTS BO3MOXKHO COBMeIIIe-
HUE CBOMCTB MOAYJISITOpA M arOHUCTa. MHOXeCTBEHHOCTD aJUIOCTEPUUYECKUX CAliTOB U aJUIOCTEPUUECKHX pe-
TYJSITOPOB, CJIOXHBIE B3aUMOACHCTBUSI MEXTY HUMM, BOBJIEUEHUE aJUIOCTEPUUECKUX MEXaHU3MOB B (hopMuU-
pOBaHME PELETTOPHBIX KOMITJIEKCOB UTPAIOT KJITIOYEBYIO POJIb B TOHKO# HACTPOIiKe (hyHKIIMOHATLHOMN aKTUB-
HOCTM CUTHAJIbHBIX KacKaJoB, B MPEIB3SITOM aroHuU3Me, MpPeaoIpelessiioT IPOLEeCChl ASCEHCUTU3ALMU
PELETITOPOB U CYIb0Y PELENITOPHOTO KOMILIEKCa IOC)Ie MepeIadyd TOpPMOHAJIBHOTO cuTHaIa. B 063ope cymMmmu-
POBaHbI ¥ TPOAHAIM3UPOBAHBI COBPEMEHHbIE MPEICTaBICHUs] M HOBbIE TEHACHIIMU B 00JIACTU U3YYEHUS ajl-
noctepudeckoit perynsinuu GPCR, mokanuzanuy v GyHKIMOHATBHOMN POJIM aJlZIOCTEPUIECKUX CANTOB, UX
9HAOTEHHBIX U CUHTETUYECKUX JIMTAHAOB. B KauecTBe nmpumepa noapodHO pacCMOTPEHBI CHHTETUYECKUE all-
JIOCTEpUUYECKHE PETYISITOPHl PELENTOPOB TUPEOTPOMHOIO U JIOTEMHU3UPYIOIIEr0 TOPMOHOB KaK MOTEHIIU-
aJIbHBIX JIEKAPCTBEHHBIX MPETapaToB IJisi KOPPEeKIINHU S9HAOKPUHHBIX PACCTPOMCTB.

Karuesvie cnoea: annoctepudeckuii peryasitop, G-0eJ10K-COMNpszKeHHBIN peLienTop, aJUIOCTEpUYEeCKHii caiiT,
OPTOCTEPUUECKUI aTOHUCT, CUTHAIBHASI TPAHCIYKIIUS, TeTepOTPUMEPHBI G-0€eJI0K, B-appecTrH, pelenTop-
HbI KOMILIEKC
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BBEOAEHUWE Oo-crnupaieit, MNpOHU3bIBAIOLINX

IJ1a3MaTU4€CKYIO

INepenava curHaIOB pa3IMYHOI TPUPOABI B KJIETKY
OCYILECTBJISIETCS IOCPEICTBOM CIIeIM(PUYHOIO CBSI-
3bIBAaHUSI CUTHAJBHBIX MOJIEKYJT (TOPMOHBI, POCTOBBIE
¢akTOphl, HEUPOTPAHCMUTTEPHI, HYTPUEHTHI U 1Ip.) C
MeMOpaHHBIMM PELENTOPHBIMU OENKaMU, Cpear KO-
TOpPBIX HauboJjee PacIpOCTPaHEHBI PELENTOPhI, CO-
NpsoKEHHBIE ¢ TeTepoTpuMepHbIMU — G-0enkaMu
(G protein-coupled receptors, GPCR). Ux cTpykTyp-
HBIMHU OCOOEHHOCTSIMU SIBJISIETCS HaJIW4YWEe CEMU
TpaHcMeMOpaHHbIX y4yacTKoB (TM) — runpodoOHbIX

MeMOpaHy ¥ 00pa3yIolnX TPaHCMEMOpPaHHBIN JOMEeH
(7TM-ny4ok). C BHEIIHE CTOPOHBI MEMOpaHbI 3TU
YYACTKU COETMHEHBI TPEMSI BHEKJIETOUHBIMU METISIMU
(ECL1—ECL3), B TO BpeMs KaK ¢ BHYTPEHHEN CTOpO-
HBI — TpeMsI LHuToIUIa3MaTudeckumu netissmu (ICL1—
ICL3), u3 xotopsix ICL1, coenunsiomas TM1 u TM2,
OOBIYHO IOCTATOYHO KOpOTKasl, B To BpeMs Kak ICL3,
coenunsmonias TMS5 u TM6, MoXeT BKIIIOYaThb OO0
120 aMmuHOKHUCIOTHBIX ocTaTKOB (AKO) 1 gaxe 6osee.
N-konnesas yactb GPCR o0OpamnieHa Bo BHEKIETOU-
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HOE IIPOCTPAHCTBO, I B HEKOTOPHIX PELIETITOPAX UMEET
3HAYUTEJbHYIO JUIMHY U CJIOXHYIO CTPYKTYPHYIO Opra-
HU3anuio, (GopMupysl BHEKJICTOUHbBIA JOMEH, OTBET-
CTBEHHBIH 32 BhICOKOA((PMHHOE CBSI3bIBAaHME JIMTaHAA
U CTAaOWIM3ALUIO NU- U OJIMTOMEPHBIX PELENTOPHBIX
komIuiekcoB. C-koHIeBas yacTb GPCR pacmoiioxeHa
B LIMTOIUIA3MAaTUYECKOM IIPOCTPAHCTBE, COACPKUT
cantei-mMuiieHu st GPCR-ciednyHBIX TIPOTENH -
knHa3 (GRK-kuHaz). PochopunmpoBaHue 3TUX caii-
TOB UTPAET OIPEALIISIIONIYIO POJIb B KOHTPOJIE B3aIMO-
neiictBust GPCR ¢ pa3snmMuyHbIMU pETyJISITOPHBIMU O€JT-
KaMH, B TOM 4ucClie ¢ [-appecTUHAMU, YTO BHOCUT
CyILIECTBEHHBII BKJIaJ B CUTHAJIBHYIO TPAHCIAYKIINIO, B
MPOLECChl IECEHCUTU3ALUN, SHIOLMTO3a U PELIMKIIU -
3alUu peuenTopHoii Mosekyibl. B Hekotopsix GPCR
B N-KOHIIEBOM CErMEHTe LIMTOILIa3MaTUIYECKOTO
C-KOHIIEBOIO JIOM€Ha JIOKaJu30BaHa aMduriaTuye-
ckas crimpanb (HS8), koTopast XoTst 1 He IPOHU3BIBACT
I1a3MaTU4YeCcKyio MeMOpaHy, HO TECHO ¢ Hell acColu-
MpoBaHa, 00pa3ys TOIOJHUTEIbHYIO YeTBepTyio ICL,
BOBJICYECHHYIO B IIPOLICCCH CUTHAJILHOM TPAaHCAYKIIVH.

EmuncrBenHsiii caiit B Monekyine GPCR, ¢ koro-
PBIM CBSI3BIBA€TCS €0 3HAOTEHHBINM JIMTaHI, Ha3bIBa-
eTcsl opTocTepuyeckuM caiitTom. Kak mpaBujio, Takoe
CBSI3BIBAHME XapaKTepPU3YeTCSI BBICOKOM crienudud-
HOCTBIO U SIBIISIETCS BhICOKOAPUHHBIM. OpTOCTEPH-
YEeCKMI1 CAalT MOXET OBITh JIOKAJIM30BaH B pa3IMYHbBIX
JIOKyCax peleITopa, YTO B 3HAYUTEIbLHOM CTEIeHU
onpenensieTcs Ipupoa0ii S9HAOreHHOTo turaHaa. B pe-
LenTopax, aKTUBUPYEMbIX 3HAUYUTEIIbHBIMM I10 pa3Me-
py nuraHgaMu (IJIMKOIPOTEMHOBBIE W MOJIMIICIITHI-
HbI€ TOPMOHBI), OPTOCTEPMYECKUII cCaliT oOpazoBaH
N-koHueBbIM yyacTkoM 1 ECLs wiu JIokajJu3oBaH B
3HAYUTEJIBHOM II0 pa3Mepy 3KTOJIOMEHE, B TO BpeMmsl
KakK B pelenTopax, akTUBUPYEMbIX HEOOJbIIMMU JIU-
raigamMu (IIpOM3BOAHBIE aMUHOKHUCIOT W JIMIIUIOB,
HeOOoJIbIIIMEe IENTUIbI, HYyTPUEHTHI, U ApP.), OH PacIo-
JaraeTrcsi BO BHEIIHEM MpeNaBEepuU WJIM BHYTPU
TpaHCMEeMOpPaHHOTO TOHHEJISI, 00Pa30BaHHOTIO CEMbIO
runpodooHsiMu TMs. CBsi3piBaHUE pelenTopa C JIn-
TaHIOM OPTOCTEPUYECKOro caiiTa, HaAeJeHHBIM aro-
HUCTUYECKOM aKTUBHOCTBIO, IIPUBOIUT K KOH(MOpMa-
LUOHHBIM NepecTpoiikaM B MoJiekysie GPCR, pesynb-
TaTOM YETO SIBJISIETCS aKTUBALIMS Pa3IMYHBIX THUIIOB
G-0eJIKOB, B3aMOJICICTBYIOIINX C BHYTPUKJIETOYHBI-
MU y4YacTKaMHM pelenTopa M LUMTOINIa3MaTUYEeCKU-
OPMEHTUPOBAHHBLIM BECTHOIOJIEM €T0 TpaHCMeMOpaH-
Horo ToHHess1. CleacTBUeM 3TOTO SIBJSIIOTCS 3amyck
BHYTPUKJIETOYHBIX CUTHAJIBHBIX MyTeli, BKIIIOYAIOIINX
(epMeHTBI-TeHepaTOPbl BTOPUYHBIX ITOCPEIHUKOB,
G-0enoK-peryaupyemMble HMOHHbIE KaHabl, MHOTIO-
YMCJIEHHbIE NPOTEMHKWHA3bl, (ocdaTaspl U TpaH-
CKPUITLIMOHHBIE (DaKTOPHI, KOTOPHIE BOBIECYCHBI B pe-
ryJIsinio pyHIaMEHTAJIbHBIX KJICTOYHBIX IIPOLIECCOB.
CBsI3bIBaHME aroHUCTa C OPTOCTEPUYSCKUM CAUTOM
penenTopa TakxKe CTaHOBUTCS TpHUTITepoM docdopu-
JIMPOBaHUS €ro LUTOILIA3MAaTUYECKMX YIACTKOB C I10-
Mouibio KuHaz, crieuuduuHbix K GPCR (GRK-ku-
Ha3), 4To obecrmeuuBaeT OOpa3oBaHME KOMILIEKCa
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dochopunrpoBaHHoro perenropa ¢ J-appecTuHaMu
N IMIPpUBOAUT K pas3jiMdYHbIM C06bITI/IﬂM, B TOM 4YUCJIE K
npepbiBaHu0 G-0€10K-0MOCPeayeMOTrO CUTHAJIUHTA,
SHIIOUMTO3Y JIMTaHI-PELEeIITOPHOTO KOMILJIEKCA C ero
JaJIbHEWIIe aerpajgauuer WJIW peuuKau3anueii, a
TakXKe K 3aMycKy [3-appecTrH-0mocpenyeMoro CurHa-
JIMHTA.

JnuTtenbHOe BpeMsl CUMTAIM, YTO JMTaHAbl OPTO-
CTEpPUYECKOTO caiiTa UTpaloT IIaBEeHCTBYIOIIYIO POJIb B
perynsiimu aktuBHOCTH GPCR m peanm3yeMbIxX yepes
HUX CUTHaAJIbHBIX KacKaloB. OTO BbIPaXaloCh B TOM,
YTO OOJBIIMHCTBO U3BECTHBIX U IIMPOKO IIPUMEHsIe-
MBIX B HacTtosee Bpems 111 peryasunn GPCR mips-
MbIX arOHUCTOB (aKTUBUPYIOT pelenTop), HeHTpaib-
HBIX aHTAarOHUCTOB (OJIOKMPYIOT aKTUBUPYIOLINI 3 -
(GEKT OPTOCTEPUIECKOTO arOHNCTA) 1 UHBEPCUOHHBIX
aroHUCTOB (MHTUOUPYIOT 6A3IbHYIO U CTUMYJIUPOBAH -
HYIO aKTUBHOCTh pelienTopa) IpeacTaBIeHbl 3HIOTeH-
HBIMU WJIM CUHTETUYECKMMU JIUTaHIaMU OPTOCTeprYe-
CKMX CAaMTOB. DTU COCAUHEHUSI COCTABJISIIOT OOJIBIIYIO
4acTh OT Bcex M3BeCTHRIX peryisitopoB GPCR u Bkinio-
YaloT HE MEHEE TPEeTU MCIIOJb3yeMbIX B MEOUIIMHE
dapmakojiornyeckux rnpenapatos [ 1, 2]. OmHako B I1o-
cJIeMHUE TOAbl ITOJIydeHBI MHOTOYMCJICHHBIE CBUIC-
TEJILCTBA TOTO, UTO HE MEHEE BaXKHYIO POJIb B KOHTPOJIE
akTuBHOoCcTH GPCR urpaior nx aaioctepudeckue pe-
TYJISITOPBI, KOTOPbIE B3aMMOAECUCTBYIOT C aJJIOCTEPU-
YeCKMMH CaiTaMu, PacIloJOXEHHBIMU B Pa3IUIHBIX
Jokycax GPCR, 1 4ncjio KOTOPBIX B MOJIEKYJIe pelier -
TOpa, KakK MpaBWJIO, COCTaBISACT OT 3—4 MO HECIATH U
oousee. B manpHemx pasaenax OyayT HoapoOHO Mpo-
aHaJIM3UPOBAHBI KaK OOIIKE TPUHLIMITHI aJJIOCTEpUYE-
ckoii peryinssuun GPCR, Tak v pa3imyHbIe TUIIBL aJLIO-
CTEPUYECKUX PEryJISITOPOB, B TOM YHCJIE TPUMEHMU-
TebHO K HekoTopbiM TuiiaMm GPCR. Ilepen atum
JIaeTCsl KpaTKOoe OMNHUCAHME 3BOJIIOLMU, CTPYKTYPHO-
GYHKIIMOHAJTBPHON OpraHU3allMy U MEXaHU3MOB JICii-
crBust GPCR.

I. CTPYKTYPA U KIIACCUO®UKALINA GPCR

Kaxk otrMeuasioch Bhilie, ocHOBY cTpykTypbl GPCR
cocrapisger 7TM-Iy4yok, BKIIOYAIOIIWI CEMb CIHHU-
paJbHBIX TUAPOMOOHBIX YJYaCTKOB, KOTOpPEIC HMMEIOT
mmny ot 17 no 24 AKO u coenqunensl Tpems ECLs u
tpemst ICLs. Dtu ey rugpodIbHEL 1 1aske B 0113~
KOPOJCTBEHHBIX PELIENITOpaXx MOTYT B 3HAYUTEIbHOM
CTEeTeHU BapbUPOBATh IO JUIMHE U MEPBUYHOM CTPYKTY-
pe. Hapsny ¢ ECLs Baekiterounast yacte GPCR, oTBet-
CTBEHHas 3a y3HaBaHWE U CBSI3bIBAHME PHIIOT€HHbIX JIU-
TraHIo0B, BKIo4YaeT N-KOHILIeBOII cyomomeH. B pomor-
cuH-nIomoOHbIX (rhodopsin-like) GPCR N-koH1ieBoit
CcyOIOMeH peaylMpoOBaH U TPENCTaBIeH CPaBHUTEIbHO
HeOOJIBIINM YYaCTKOM, B TO BpeMsl Kak B pelienTopax,
oTHocsmxcs K apyrum kitaccaM GPCR, nHanpumep, k
peuenTtopaM KJIETOYHON aare3Mu, OH MOXET ObITh
MpencTaBieH 3HAYMTEbHBIM MO pa3Mepy BHEKJIETOY-
HbIM JOMEHOM, UMEIOLIIUM CJIOKHYIO TPOCTPAHCTBEH-
HYIO OpPTaHM3allMi0 U MHOXECTBO (DYHKIIMOHATbHBIX
Ne 7
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monyieii. BapmaOenbHBIMUA 110 IJIMHE SIBJISIOTCS
ECL2, ICL3 u uuromnazMatuyeckuii C-KOHILEBOH
noMeH. Benengcrsue atoro ainnHa mojiekyil GPCR Ba-
pbUpPYET B LIUPOKUX Mpeneiax — oT 289 AKO y Mas-
nogo6Horo penernropa (Q86SM5) mo 3312 AKO y
DDP-ntogobHoro peuenropHoro 6enka-1 (QINYQ7),
XOTS B OONBIIMHCTBE CIIydyaeB OHa cocTaBiisieT 320—
470 AKO [3].

B 1eHTpasbHONM YacTM HEKOTOPBIX O-CITMpaieid,
ob6pasyromux 7TM-Iy4oK, JIOKaJU30BaHbI M3TUOHI,
KOTOpHbIe, KaK IPaBUJIO, BKIIIOYAIOT BEICOKOKOHCEpPBa-
TUBHBIE OCTATKU IIPOJINHA, UMEIOIIIETO OTPaHUYEHHYIO
KOH(OPMALIMOHHYIO NMOABMXHOCTh. Hanuuue B 3THX
n3rnbdax OCTaTKOB IIPOJIMHA, C OIHOI CTOPOHBI, 00eC-
MEYMBaACT UX KECTKOCTb U CTAaOMIU3UPYET IPOCTPaH-
CTBEHHYIO CTPYKTYpY BHYTpE€HHUX Iogocteit 7TM-
y4YKa U, C APYroi, IBISIETCSI OMHUM U3 KITIOYEBBIX 3J1e-
MEHTOB M€XaHM3Ma CUTHAJbHOI TPaHCAYKIIUU, OCY-
mectrisieMoit yepe3 GPCR. Onpenensioliyio pojib B
rnepenaye CUrHaja ¢ akTUBUPOBAaHHOIO TOPMOHOM pe-
HernTopa K TPaHCAYKTOPHBIM U 3 OEeKTOPHBIM OeIKaM
urpaioT uHTepdeichl, 00pa3oBaHHbIE LIATOILIa3MaTH -
YeCKMMHU OKOHYaHMSIMU TMSs 1 MpOKCUMAaJIbHBIMU K
MeMOpaHe CerMeHTaMM LIMTOILIa3MaTUIYECKUX ITeTeb
peuenTtopa U ero C-KOHIIEBOTO JOMEHa, KOTOPhIE CO-
IepKaT OOJIbIIOE KOJIWYECTBO MOJOXUTEIHHO 3apsi-
xeHHbIX AKO 1, TeM caMbIM, SIBISIIOTCS TTOJIMKATHOH-
HBbIMU CTPYKTYpamMu, TE€CHO acCOLIMMPOBAHHBIMMU C
MeMOpaHoii. DT MHTEepdelichl y4acTBYIOT B (hOpMU-
pPOBaHUM CAWTOB, OTBETCTBEHHBIX 3a CIIELIM(UIHOE
B3aumMojeiicteue ¢ G-6eakaMu, B TIEPBYIO O4Yepelb C
nx Go-cyObeIMHULIAMU, a TaKXe C B-appecTMHaMMU.
Mytauuu B 3TUX MHTepdeiicax, B TOM YHMCJie 3aMEHbI
MOJIOKUTEIBLHO 3apsSIKEHHBIX AaMUHOKUCIIOT B TPOKCU-
MajibHbIX K MeMOpaHe yyactkax ICL2 u ICL3 u B BbI-
cokokoHcepBaTuBHOM DRY-MoruBe, okaan3oBaH-
HoM B TM3/ICL2-uHTepdeiice, npuBOAST K MOTEPE
CIIOCOOHOCTY MYTAaHTHOTO pelenTopa OCYIIEeCTBISThH
nepenadyy CMTHaJIa B KJIETKY M(MJIM) MEHSIOT ero 3¢-
dexTopHyI0 CrielIuPUIHOCTD.

OCHOBBIBasICh Ha CPaBHUTEIbHOM aHAJIN3€ aMUHO-
KMCJIOTHBIX U HYKJIEOTUIHBIX TOCIeN0BaTeIbHOCTE
GPCR, a takke Ha M3y4eHUU UX CTPYKTYpHO-(YHK-
LIMOHAJIbHOI OpraHu3aluy ObLIM BbIAEIESHBI CEMb OC-
HoBHBIX ceMeiicTB GPCR, nsTh U3 KOTOPBIX UMEIOTCS
Y NO3BOHOYHBIX 1 MHOTOKJIETOYHBIX 0€CIIO3BOHOYHBIX
JKMBOTHBIX U ellle JBa CEMEMCTBA TOJIbKO y IpuOOB 1
MpeacTaBUTENCH OMHOKIIETOUHBIX 3YKapHuoT [4, 5]. Co-
mIacHO oOmenpuHsaToit  kKinaccupukanmu  Robert
Fredriksson n coaBTOpOB Y MJIEKOITUTAIOIINX BBIACIISI-
1ot cienytomue cemelictBa GPCR: pogoncuH-110106-
HBIE pelenTopbl (CeMeMCTBO A), CEKPETUHOBEIE pe-
LHenTophl (4acTb ceMelicTBa B), perienTopsl KJI1eTOUHOM
anre3uu (4actb ceMeiicTBa B), MeTaGoTpoITHBIC TTyTa-
MAaTHBIE M CTPYKTYPHO POICTBEHHEIE MM PELIEIITOPEI
(cemeiictBo C), peuentopsl Frizzled/Taste2 (cemeii-
ctBO F) [4—7]. CemeiicTBO pOOONCUH-TIONOOHEIX pe-
LENTOPOB, B CBOIO OUepedb, IOAPa3Ie/IsIeTCs Ha YeThI-
pe noacemeiicta — o, B, Y u 0. HanbGosee oGIIMpHbIM
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¥ CaMBIM HCCJICIOBAHHBIM SIBISIETCS IIOACEMENCTBO O,
KOTOpOE BKJIIOYAET pelenTOPbl OMOTeHHBIX aMUHOB 1
MpOCTAaNIAaHAMHOB, MEJIAaTOHNHOBEIC 1 aAc¢HO3MHOBBIC
peLenTopkl, OIICUHEL JIpyras KiaccuduKaus pomor-
cuH-1ono0oHeIX GPCR BhImensieT dyeTevipe MX MoOACE-
meiictBa: GO0 — penenTopbl MENTUIHBIX TOPMOHOB U
MelaToHuHa, oncuHbl, Gl — coMaTOCTaTUHOBEIE,
ONMOUIHBIC Y XeMOKMHOBBIE pelienTopbl, G2 — pelen-
TOpPbI OMOTEHHBIX AMUHOB 1 afaecHo3nuHa, G3 — MeJlaHO-
KOPTUHOBBIE I KAHHAOWMHOWIHBIE PELETOPHI, peLen-
TOpBI pelIakKCHHA, MPOCTAIIaHANHOB, TUITOMU3apPHBIX
MJIMKOIIPOTEMHOBBIX TOPMOHOB M C(PUHTO3UH-1-doc-
dara [8]. AmuTenbHOEe BpeMs, a B psilie CIIydaeB U Ceii-
yac, JOMOJHUTEIbHO MCIONb3YIOT KJIacCU(PUKALIMIO
GPCR, ocHoBaHHyio Ha Tumne G-0eJKOB, KOTOpbIe
OHU TIPEUMYIICCTBEHHO aKTUBUpPYIOT. OmHAKO, CO-
[JIACHO MHOXECTBY MOJYYEHHBIX B MOCJICIHUE TOIbI
JIoKa3aTeabeTB, onvH U TOT ke GPCR mnocie aktuBa-
LIUM OPTOCTEPUYECKUM arOHUCTOM CIOCOOEH COompsi-
raTbCsl IOCIEAOBATEIbHO C HECKOJIBKUMM TUIIAMU
G-0€eJIKOB, COOTBETCTBEHHO aKTUBHMPYS HE ONVH, a HE-
CKOJIBKO BHYTPUKJIETOUHBIX KacKanoB. [ToaToMy Takast
KaccuduKauus SIBISIETCS] BeCbMa YCJIOBHOM, XOTS B
MPaKTUIECKOM OTHOIIEHUHU OCTaeTcst ynooHoit. Hapsimy
¢ atuMm HekoTopble GPCR crmocoOHBI HEe3aBUCHUMO OT
G-6eKoB aKTHBHUPOBATh [-appecTUHOBBIC IMyTH, YTO
BOBCE He YKJIaJbIBaeTCs B IMapagurMy KjiacCupUKalu
GPCR 1o Tuny conpsckeHHBIX ¢ HUMU G-0€JIKOB.

11 ToHMMaHUsI TOHKMX MEXaHM3MOB aKTUBAaLIU
GPCR u pa3paboTku (papmMaKoIOruyecKux mpernapa-
TOB CO CBOIICTBAaMU UX CEJICKTUBHBIX PETYJISITOPOB He-
00XOI1MO YCTaHOBJIEHUE IIPOCTPAHCTBEHHOM OpraHu-
3allMU 3TUX PELENTOPOB, a TAKKE ITOCTPOSHUE Haubo-
Jiee TIPUOMKEHHBIX K pealbHOCTH 3D-Momeneil mx
OPTOCTEPUYECKUX U aJUIOCTepruUecKux caiiToB. Mccie-
nmoBaHus 3D-crpykryp GPCR craproBanu nmocie pac-
IIM(APOBKU C MOMOIIBIO pEHTTEHOCTPYKTYPHOIO aHa-
JIn3a IIPOCTPAHCTBEHHOI CTPYKTYpPhl CBETOUYBCTBHU-
TEJIbHOTO PeLeNITOPHOTO Oeika poJaoIcuHa, HaruboJiee
npocto yctpoeHHoro GPCR [9]. TTocne atoro 3D-mMo-
nenu npyrux GPCR cTtpounuchk Ha OCHOBe UIEHTUDM -
LIUPOBAHHOM CTPYKTYPhI POJOIICMHA C YYETOM JaHHbBIX
caliT-HaIIpaBJIeHHOIO MyTarcHe3a, pe3yJIbTaTOB OMO-
GU3MUEeCKNX M OMOXMMUYECKUX HuccaegoBaHuii |10,
11]. OmHako nmpeackKazarenabHast ClTOCOOHOCTh “poaom-
CUHOBBIX” MoOJeNeil sl OONBIIMHCTBA PELIENTOPOB
ObIa HM3KOH, 4YTO TPeOOBaJIO TOJNYYSHUS IJaHHBIX
peHTreHocTpyKTypHOro aHanu3a apyrux GPCR. 3gech
BO3HUKJIY 3HAYUTEIbHBIE TPYIHOCTU, 00YCIOBJICHHbIC
HU3KUM conepxaHueM apyrux tunos GPCR B nna3-
MaTUYECKOU MeMOpaHe, 3HaUUTeIbHOU JJIMHOMN U BbI-
cokoit moasvzxkHocThbio ECLs u ICLs B O0abLIMHCTBE
PELIeNITOPOB, HU3KOI CTAaOMJIILHOCTBIO UX TPAHCMEM-
OpaHHOTO JOMEHA B YCJIOBHUSIX OTCYTCTBMS JIMTaHIA U
B3aMMOJCUCTBUSI C MeMOpaHHBIMU JIUIIMIAMU, B
MepByI0 odyepeab C MeMOpaHHBIM XoJiecTepuHOM. B
oInpee/IcHHOM CTeIIeH! 3TU TPYAHOCTHU ObLUIY ITPEOI0-
JieHbl Tonbko B 2007 ., Korga ImoJ pyKOBOICTBOM Oy-
nymero Hobenesckoro maypeara bpaitana Koowniaku
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Obl1a pa3paboTaHa HOBas TEXHOJOTUS TMOJIYYEHUs
KPUCTAJUTMYECKUX CTPYKTYP, OTJIMYHBIX OT POAOIICMHA
GPCR. 3T0 103BOJINIO C HOMOIIBIO PEHTTEHOCTPYK-
TYPHOTO aHa/n3a ycTaHOBUTh 3D-cTpyKTypy B,-ampe-
Hepruyeckoro perenropa (,-AR) [12, 13], a B nasib-
HeMIIeM B KOPOTKHUE CPOKU C UCITOJIb30BaHUEM IITUPO-
KOTO CHEKTpa COBPEMEHHbBIX (DUUKO-XUMUUYECKUX
MOAXOJ0B JETAJIbHO OXapaKTepU30BaTb IPOCTPaH-
CTBEHHYIO CTPYKTYpy Ooabioro yucia apyrux GPCR
[7], Bximrouast Takue “Hekiaccuuyeckue” popmbl GPCR,
KaK pelLeNnTop KaJbIIMTOHWHA, OTHOCSIIMMCI K ce-
melictBy B [14], u peuentop Frizzled 4 (FZD4), otHO-
camumiica K cemeiictBy F [15]. B HacTosiiee Bpemst u3-
BecTHbI 3D-cTpykTyphl 60ee yeM 11 150 GPCR [16].
DTO MO3BOJIMJIO COBEPIIUTH HACTOSIIYIO PEBOIIOLIMIO
B 00JlacTW OM3aiiHa HOBBIX JIUTAHIOB OpPTOCTEpUYE-
ckoro caita GPCR, a Ttakxke pa3paboraTh ITOIXOIbI
JUTSI CO3IaHUsl TaKUX JIMTAaHIOB, KOTOPBIE XapaKTepu-
3YIOTCSI CEJIEKTUBHOCTBIO HE TOJBKO 1O OTHOLIEHUIO K
OIpeAeIeHHOMY TUITY pPelleNToOpa, HO U K ONpeaeeH-
HOMY BHYTPUKJIETOUHOMY 3(deKTOpY, T.€. HaleJeH-
HBIE IIPeaB3sITHIM aroHu3MoM |17, 18].

I1. CUTHAJIBHBIE ITYTU GPCR,
BKIIIOYAIOIUINE G-BEJIKU U B-APPECTUHDBI

OCHOBHBIMHY TPAHCAYKTOPAMM CUTHAJIA, IlepeaaBa-
eMoro ¢ aktuBupoBaHHoro ropmoHoM GPCR Kk BHyT-
PUKJIETOYHBIM 3(ddeKTopaM, SBISIIOTCS TeTepOTPU-
MmepHble G-0enku, cocrosiue n3 Go.-cyobeTMHUIIBL U
Gpy-numepa, npudyem Go-cyObenmHUIIA OMPEAETSIET
TUITOBYIO MpUHaAiexxHocTh G-6enka. OHa BKIOUaeT
T'YAaHWHHYKJIEOTUACBA3bIBAIOIINIA CAAT, KOTOPBIK B
HEaKTUBHOM COCTOSIHUM CBsI3aH ¢ TyaHo3uHAuGocpa-
ToMm (I'’Z1I®), a npu aKTUBALIMK TOPMOHOM — C T'yaHO-
suaTpudOochaTrom (I'TD). Go-cyobenuHUIIA TaKKe
nposieisieT [ Tda3Hy0 aKTUBHOCTD, UTO 00ecreyrBa-
et Bo3BpaulecHue G-0ejika U3 akTuBHOro, I' TM-cBs-
3aHHOTO, B HeakTuBHOEe [ JIMD-CcBI3aHHOE COCTOSIHYE.
Gpy-mumep, mpeacTaBAsSIONIMIA COOOM TOCTATOYHO
MPOYHbII KOMILJIEKC (32 UCKIIOUEHUEM TUMEpPa, B CO-
CTaB KOTOPOTO BXOIMT [5-CyObeAMHUIIA), OTBEYAET 3a
dukcanuio ofyy-rereporpumeproro G-6enka B mias-
MaTu4ecKoii MeMOpaHe, a Takke, Kak 1 GO-cyobeamn-
HUIIA, BOBJICUYEH B PETYJISIIINIO aKTUBHOCTH MHOXXECTBA
3PP eKTOPHBIX OCIIKOB, OTIpeAcasisi, TEM caMbIM, (hu-
3MOJIOTUYECKUI OTBET KJIETKM Ha TFOPMOHAJbHBIN
ctumyil. G-0€JIKM, UCXOAs U3 CTPYKTYPHBIX U PYHK-
OUOHAJIBHBIX XapakTepucTuk Go-cyObeauHMNIIL,
MOAPa3aesiioT Ha YeThIpe OCHOBHBIX Kiacca: 1) G-
OenKM, 4epe3 KOTOphbIe OCYIIECTBISICTCS CTUMYJIS-
M. aKTUBHOCTA MEMOpaHHO-CBSI3aHHBIX U30(pOopM
ageHunatuukaassl (All), KaTaau3upyoumux oodpa-
3oBanue HUAM®, u nanee UAM®P-3aBUCUMBIX 3Q-
(ekTopHbIX 6eNKOB; 2) Gj/,-0eKM, Yepe3 KOTOpbIe
OCYIIECTBISIETCSI MUHIMOMPOBAaHUE HEKOTOPBIX MEM-
OpaHHO-CcBsI3aHHBIX uU30opM All B ycimoBusix ux
CTUMYJISIIMM TOPMOHAJIBHBIMU WJIW HETOPMOHAaJIb-
HbIMU areHTaMu; 3) G,y -6€JIKu, 4epe3 KOTOpbIE CTH -
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MYJIMPYeTCS aKTUBHOCTH (POCHOMHOZUTHI-CIIEIINPII-
Hot hocdomumnaszsel CP (PLCP) u perynupyeTcst BHyTpH-
KJIETOYHBIA KalbUUEBbI CUTHATUHT; 4) Gp/13-0eaKu
(HamMeHee IIpeaCcTaBIICHHBII KJIacC), Yepe3 KOTOPhIE pe-
ryjaipyercs aktuBHocTh Rapl-crienudpuynoro I'Tdazy
aKTUBHUpYIOLIEro 6enka, oomeHHoro pakropa Rho-ce-
MEMCTBA, KAaAr€pUHOB, PpaIUKCHUHA M psdla AOPYrux
0€JIKOB. Y MJIEKOITUTAIOIINX UMEIOTCS 16 TEHOB, KON -
pyouux Go-cyObeAUHULIBI, a TakXke 5 TeHOB s
GpB-cyobenunuil u 12 reHoB mist Gy-cyobeauauir [19].
VY yenoBeka, ¢ y4eTOM aJIbTEPHATUBHOIO CIUIAliCUHTIA,
naeHTUGUUMpoBaHbl 23 (GyHKIMOHAIBHO aKTUBHBIX
Go-cyobenuuuiibl [20]. GPy-aumepbl, noHaTopaMu
KOTOPBIX B OCHOBHOM siBIsiiOTCS G /,-0€NIKM, MOTyT
pa3HOHANpaBJIeHHO BJIMATh Ha aKTUBHOCTh HAMD-
3aBUCHUMBIX ITyTeit, ctumyipyst ALl 1-ro Tuna u MHIru-
oupyst All 2-ro, 4-ro 1 7-TO TUIIOB, CTUMYJIUPOBATh
aktuBHOCTH PLCP 1 y-u3odopmsl dbochaTuanainHo-
3UTOJI-3-KMHA3bl, a TaKXe PeryjJInupoBaTh aKTUBHOCTb
kanueBbix (Kir3.1—Kir3.4) u kaneuuesbix (P/Q, N) ka-
HAaJIOB.

Mexanu3m aktuBauumn G-0€JIKOB IOCJIe CBSI3bIBA-
Huss GPCR ¢ opTocTepuyecKrM aroHMCTOM BKJTIOUAET
cHuxeHue acdhduHHOCTU GOo-cyobenuHuibl K [P u
ero 3ameHy Ha I'T®, cumxenue cpoacrsa [ Td-csg-
3aHHOI Gol-cyobennuuiibl K GRYy-aumepy u auccorm-
anuio OfY-reTrepoTpUMEPHOrO KOMIUIEKCA C BBICBO-
6oxnenuem cBo6oaHbix Go-I'T® u Gy, kotopsie B
JaJIbHEUIIIEM PeryJupyoT aKTUBHOCTb BHYTPUKJIETOY -
HbIX a(pdekTopos [21]. TTocne aTtoro, 6aaromgapst Mpu-
cymieit Go-cyobenuauile ['TdasHoii aKTUBHOCTHU,
I'T® B ryaHMHHYKJICOTUICBSI3bIBAIOIIEM CATEe TUIPO-
mm3yercss 1o I, 94To MHAYLUMPYET peaccoLUalnio
Go-T1® u GBy u Bo3Bpaiaer G-6e0K B UCXOIHOE,
HEaKTUBHOE, COCTOsIHUE. B psime ciyyaeB MoOXeT He
MmpoucXonuTh mojHou auccoumauunn Go-I'T® wn
Gpy-numepa, a JuiIb OcinabiseTcsi B3auMOIeCTBIE
MEXIy HUMH, YTO TIO3BOJISIET BHICBOOOIUTHLCS OT/IE/b-
HBIM cerMeHTaM G-0eJiKa, KOTOpbIe HEOOXOIMMBI JJIsI
B3aMMOJCUCTBUSI C HIDKeJIeXallUMU B CUTHAJIBHOM
Kackazae 3ppeKkTopHpIMU OesiKamu [21]. BaxkHy1o poib
30eCh UTPaAIOT OEJIKKA LIMTOCKEJIeTa, B TOM YHMCJIE TyOy-
JIMH, KOTOPbIE MOTYT BHIITOJIHATH (DYHKIIUM TOHATOPOB
I'T® gns G-6enkoB B npouecce [J1®/TTD-o6MmeHa
[22].

3a B3aumopeiictBue ¢ G-0eaKaMu B OOJIBIIMHCTBE
pelLenTopoB OTBEYalOT MPOKCUMaJIbHbIE K MeMOpaHe
yuactku ICL2 u ICL3 u ux unrepdeiicel ¢ TMs, a B
HEKOTOPBIX pelienTopax ceMeiicTBa A B TaKO€ B3aUMO-
JIeJiCTBYE BOBJICYEH IIPOKCUMAJILHBIN y4acTOK C-KOH-
LieBoro goMeHa. B o6acTu 3Toro yyactka, Kak oTMe-
4aJioCh BHIIIIE, MOXET (DOPMUPOBATHLCS YeTBEpTas, 10-
MOJTHUTEIbHAST LIMTOIUIa3MaTudeckass TeTast Jubo
IMyTeM 3asIKOpUBaHUS B MeMOpaHe XXKUPHOKHUCIOTHOTO
najbMuTaTa, MOANGMUIIMPYIOIIETO OCTaTKY IIUCTENHA,
JIOKaJIM30BaHHBIE B 3TOM YYacTKe, JIMOO BCIENCTBUE
npucyTcTBUS B C-KOHIIEBOM IOMEHE HeOOIBbIIIOM THI-
podooHoii criupanu (H8), koTopast TeCHO accolMupo-
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BaHa C BHYTPEHHEI ITOBEPXHOCTHIO IIa3MaTUYECKOMI
MeMOpaHBbl. YJacTKu B3auMoneictBus ¢ G-0ejkaMu
OOBIYHO OO0OTAIlleHbI ITOJOXKUTEIBHO 3apssKeHHBIMU
aMUHOKHcIoTaM, oOpasyrommmMun BBXXB m pon-
CTBEHHbIE €My MOTUBHI, Iie B — mojioxXuTeibHO 3apsi-
JKEHHbIEC OCTAaTKU JIM3WHA, apTMHUHA WIM TUCTUANHA
[23]. Baxnyro pons B aktuBaimm GPCR u Bo B3anumo-
neiictBumn ¢ G-0eJIKaMUu UTPAIOT psiJi BLICOKOKOHCEP-
BaTUBHBIX MOTUBOB, B ToM uucie MotuB (D/E/N)RY,
pacnoioxXeHHBIM Ha rpanuie TM3 u ICL2, m MmoTuB
NPXXY, pacnojoxXeHHBIIi B IIUTOIJIa3MaTHUECKON
gyacti TM7 [24—26]. B HeakKTMBHOM pelenTope OHU
B3aMMOACUCTBYIOT C LIMTOILIA3MAaTUYECKMM OKOHYa-
HueM TM6, Ho 1tocite aktuBanuun GPCR ropmoHoM,
BBI3BIBAIOIICH 3HAYNTEIbHbIC U3MEHEHUSI KOH(MOpMa-
U ero TM6, 3TM MOTHBBI IPUOOPETAIOT CIIOCOO-
HOCTh B3aUMOJEHCTBOBATh MEXIY CO0OI, YTO BHOCUT
onpenensiolnii BKiIaa B aktuBauuio G-6eiakoB [27,
28]. MotnB NPXXY Takke BoBjIcUeH B aKTHBAIIMIO
He3aBUCUMBIX 0T G-0€JIKOB CUTHAJIbHBIX KacKaloB, B
TOM 4YMCJIe€ MyTeM B3auMoaelCcTBUs ¢ OeakamMu Rhol-
cemeiictBa [26, 29]. [TockonbKy 60nbimHcTBO GPCR
(bYHKIIMOHAIBHO COMPSIKEHBI C HECKOJbKUMU TUIIAMU
G-0eIKoB, TO M MX LUTOIUIa3MaTUYECKUE Y4aCTKU
CITOCOOHBI (POPMUPOBATH HECKOIBKO G-0€JT0K-CBSI3bI-
BaIOLLIMX ITOBEPXHOCTEN, KOTOPhIE MOTYT OBbITh M30JIM -
pOBaHBI APYT OT APYyra WA YaCTUYHO IEPEeKPhIBATHCS.
OTH MOBEPXHOCTU MMEIOT Pa3IUdHYI0 HTOCTYITHOCTh
i1 G-0eJKOB B pa3jMYHBIX JIMTAHI-aKTUBUPOBAH-
HBIX COCTOSIHUSIX PELIEIITOPa, YTO U SIBJISICTCS OMHUM
13 MEXaHM3MOB IIPEAB3SATOrO arOHU3MA.

Hapsany ¢ G-6enkamu, GPCR B3aumoneiicTByior ¢
pa3IMYHbIMU aIaNITEPHBIMU U PETYJIITOPHBIMU OeJiKa-
MU, KOTOPbIE BIUSIOT Ha 3(P(HEKTUBHOCTh U CEJIEKTUB-
HOCTb Mepeaayu TOpPMOHAILHOTO CUTHAJIa, KOHTPOJIU -
PYIOT MNpPOLIECChl DHAOLIMTO3a JMTaHA-PEeLEeNTOPHbIX
KOMILJIEKCOB, a B psijie CJIy4yaeB caMU sSIBJISIFOTCS TTOJTHO-
LIEHHBIMU YYaCTHUKAMU CUTHAJIBHON TpaHCIyKIIMU.
HaubGonee BaXHBIMU UX MPENCTABUTEISIMU SIBISIOTCS
B-appecTuHBI, TOCTATOYHO APEBHEE CEMEICTBO pery-
JIITOPHBIX OeNKoB, KoTtopkhle mmociae GRK-omocpenye-
moro ¢ochopmmpoBanuss GPCR He ToabKO TTpephI-
BaloT Iepenavy curHaja yepes G-0eJIKu U OnoCcpenyoT
TPaHCIIOPT PELIETITOPHOTO KOMILJIEKCa B COCTaBe dHAO-
COMBbI BHYTPb KJIETKHM, HO U CaMMU CIOCOOHBI OCYy-
LIECTBJISITh Mepeaady CUrHajia K BHYTPUKIETOYHBIM
addekropam [30—35]. B psiae ciryyaeB moka3aHO, YTO
Ut Tiepenadu P-appecTuH-crennuIHbIX CUTHAIOB
He TpeOyeTcs 0OMeHa r'yaHMHOBBIX HYKJICOTUIOB, UYTO
MOXET yKa3bIlBaTh Ha HE3aBUCHUMOCTb TaKOTO CUTHa-
nuHra ot G-6enkoB [36].

Y MJIEKOTTMTAIOMNX BEIIBICHO 4 (DOPMBI appecTu-
HOB, JIB€ M3 KOTOpbIX — appecTuH-2 (Parrl) u appe-
ctuH-3 (Barr2), Ha3pIBaeMble TaKXKe HE3PUTETbHBIMU
appecTMHaMU, TIPEICTaBICHBI MPaKTUIECKN BO BCEX
TUIIaX TKaHEeW W MMEIOT UCKIIOUUTENBHYIO BaXKHOCTh
st GPCR-omnocpenyeMoil CUTHaJILHOI TpaHCAYKIIUU
[34, 37, 38]. Ilportecc P-appecTMH-OTOCPEIYEMOTO
9HA0LIMTO3a Jurana-cesa3aHHbix GPCR-koMIuiekcoB
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WHOYLPYETCS IyTeM calT-crieuduaHoro pochopu-
JIMPOBaHUS IUTOILIa3MaTUYECKUX YIACTKOB PELEITO-
pa (B IIepBYyIO o4epeab, caiToB B eT0 C-KOHIIEBOM J0-
MeHe) ¢ nmomoinbio kuHa3 GRK-cemeiicTtBa mo ocrat-
KaM ceprHa U TPEOHWHA. DTO MOoBHIIIaeT ahpOUHHOCTh
GPCR « B-appectrHam, pe3yJbTaToM 4ero siBJISIeTCSI
BBITECHEHUE STUMM pPeryasITopHbIMU Oenkamu Goi-
CyOBeAUHUIBI M3 IIUTOILIa3MaTUYECKOIO BECTUOIOJIS
TpaHcMeMOpaHHoro ToHHens1 GPCR, 4yTo npuBoauT K
MpeKpalieHUIO IIepeaadr TOpMOHAJIBHOTO CUTHAJIA Ye-
pe3 G-6enok [34]. B3aumoneiictBue [-appectuHa c
pELIEITOPOM COIIPOBOXIAETCS 0Opa30BaHUEM MHOTO-
KOMIIOHEHTHOTO KOMILJIEKCa, BKIIOYAIOIIEro Kila-
TPUH, aganTepHbINA OSJTOK-2 U psia APYTUX KOMIIOHEH -
TOB, U 3TO 3allyCKaeT IIPOLIECC KJIATPUH-OIIOCpEIye-
moro sHnouunTo3a GPCR ¢ nanbHeNIIUM BKJIIOYEHUEM
ero B paHHIo10 aHIocoMy [39, 40]. ITocne atoro GPCR
MO0 TomBepraeTcsl peUMKIM3aluy, BO3BpallasiCh B
IU1a3MaTUIeCKyI0 MEMOpaHy B CBOOOITHOM OT JIUTaHaa
COCTOSTHUM, OyAy4M CIIOCOOHBIM BOCIIPUHUMATh CJIE-
IYIOIINK TOPMOHAJIbHbBIIA CUTHAJ, JIMOO IOABEepPracTCs
JIM30COMaJIbHOM nerpagaumu. B TocnemHeM cirydae
pelLenTopbl CHayajla COPTUPYIOTCS BHYTPU SHAOLIM-
TapHOI'O MyTU U YIIAKOBBIBAIOTCSI BO BHYTPUIIPOCBET-
HBIC BE3MKYJbI, 00pa3yloniue MYyJIbTHUBE3UKYJISIPHBIC
TeJIblla, IMTOCJIE Yero 3TU TeJiblia CAUBAIOTCS C JIM30CO-
MaMHU, Iie OCYILIECTBISICTCS IIPOTEOJIMTUYECKAs JeTpa-
Jalust TUTaHI-peLieNTOPHOro KoMmIuiekca [39, 40].

B 3aBucumocTu ot narrepHa (ochopuinpoBaHus
penenropa knHazamMu GRK-cemeiicTBa, oopazoBaHue
KOMILJIeKca [3-appecTHa C JIMraHA-aKTUBUPOBAHHBIM
GPCR MoxeT npuBecTy K (pOPMUPOBAHUIO CUTHAIO-
COMBI, YTO OOecreYnBacT B-appecTUH-0MOCPEnYEMYIO
CTUMYJISILUIO OOJIBIIIOTO YK C/Ia BHYTPUKIIETOYHBIX ITy-
Teili 1 3PdekTopHBIX 6elKOoB. OCHOBHOII MUIIIEHBIO
B-appecTUHOB SIBJISTFOTCST KOMITOHEHTBI KACKajia MUTO-
reHaKTUBUpPYeMbIX mporernHkuHaz (MAPKS), Takux
kak mporemHkuHa3bl ERK1/2, p38-MAPK, JNK3,
KOTOpbIE KOHTPOJMPYIOT Mpoliecchl pocTa, nudde-
PEHLIMPOBKY M BbIKWBaHUS KieTok [31, 35, 41—49].
Hapsiny ¢ 1M, B-appecTrHbI MOTYT GbITh BOBJIEUYCHBI
B aKTUBAIMIO 3-(hocHONHOZUTHUIHOTO MyTU U €TI0 OC-
HOBHOTO 3((EKTOPHOTO 3BeHa — MPOTEUHKUHA3bl B
(Akt), B perynsuunio akTuBHOCTH TAM®D-crienndua-
HoIt pochommacTepassl 4-To TUIIA, KOHTPOJIUPYIOIIEH
aKTUBHOCTb HAM®M-3aBUCUMBIX CUTHAJIBHBIX TTyTeit
[50], a Takxe yuacTtBOBaTh B conpskeHu GPCR ¢ tu-
pO3UHKMHa3aMu Src-ceMelicTBa, B ToM uucie ¢ Fgr-
KWHA30l, peryJupyloluMil UMMYHHBIII OTBET, IpPO-
1IeCChl BOCIaJIEeHUsI, KJIETOYHOI MUrpauuu u audoe-
peH1poBKH [51—54]. MuieHsiMu 3-appecTUHOB, CO-
npskeHHBIX ¢ GPCR, ansitorest MukpoPHK, perynu-
pylolliie MHOXECTBO OMOXMUMUYECKMX MPOLIECCOB B
KJIeTKe, BKJIIOYasi aKTUBHOCTb TPaHCKPUIIIMOHHBIX
¢aKTOpOB M IKCIIPECCUIO TeHOB [55—57].

Ecnu yuactue B-appecturoB B GPCR-omnocpenye-
MO CUTHAJILHOM TPAHCIYKIUM HE BHI3BIBAET COMHE-
HUIA, TO BOIPOC O TOM, CITOCOOHBI JiU -appecTUHBI
OCYILIECTBISATh CBOU CUTHaJIbHbIE (DYHKITUM CAMOCTOSI -
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TeJIbHO, He3aBUCUMO OT G-0€IKOB, OCTAeTCS TUCKYC-
CUOHHBLIM. Tak B mocjemnHee AeCSITUIETHE MOJIyYSHBI
JIOKa3aTeabCTBa, YTO IS aKTMBALMA KOMIIOHEHTOB
Kackama MAPKSs HeoOXoomMo corlacOBaHHOE ydJa-
ctue B-appectuHoB U G-0€IKOB, MOCKOJIBKY B OTCYT-
ctBue G-6esKOB J-appecTUHbI MOTYT yTPaTUTh CITO-
cobHocTh akTtuBupoBaTb MAPKs [58—61]. Tak , B
kynsTypax HEK?293-kjeTok, B KOTOpbIX ObLIa OJIHO-
cTbio 6iokupoBaHa akenpeccust Gg-, Gy - U Gy p5-
0€eJIKOB 1 C IOMOIIBIO KOKJTIOITHOTO TOKCMHA MHAKTH -
BUpOBaHbl G;/,-0€aKM, CrOCOOGHOCTD -appectrHOB
onocpenoBath ctumyisuuio ERK1/2-kuHa3, Kommo-
HeHTOB Kackaga MAPKS, 6eu1a mogasneHa [61]. Ipu
3TOM PEKPYTUPOBaHME [3-appeCTUHOB K PELeNTOopy, a
Takxke B-appecTH-3aBucuMasi nHTepHanu3anus GP-
CR IIOJTHOCTBIO COXPaHSIJINCh, M 3TO YKa3bIBaeT Ha TO,
qTO IJIST 3TUX TpoleccoB IpucyrcTterue G-0elIKOB He
SIBJISIETCSl 00sI3aTeIbHBIM. B TOJIb3y COMTaCOBaHHBIX
addexToB B-appectuHoB 1 G-GEIKOB CBUIETEIBCTBY -
IOT JaHHBbIE O B3aUMOICHCTBUM [3-appecTUHOB U O
cyobenuHull G ,-0€1KOB 1 00 y4acTUH BKITHOYAKOLIETO
MX MHOTOKOMIIOHEHTHOI'O PELIENITOPHOIO KOMILIEKCa
B IIpOLIeECCe CUTHAJIbHOU TpaHcaykuuu [36]. TToka3a-
HO, 4TO J-appeCcTUHBI MOTYT OBITh BOBJIEYEHBI B MOJLY-
nsuuio aktuBanyu GPCR pazanuynbivMu tunmamu G-
0eJIKOB, KaK 3TO MPOIEMOHCTPUPOBAHO IIJIST PELICIITO-
pa mapatupeounHoro ropmoHa 1 tuma (PTHIR),
(YHKLIMOHAIBHO conpsikeHHOro ¢ G- u Gy -6enka-
Mu [62].

[1I. ®BOJIOIUNA GPCR

IMporotunst GPCR oGHapykeHbI y 6akTepuii, HO
BOIIPOC O TOM, KaKWe€ M3 HUX MOTYT SIBJSTbCS HEMNO-
cpenctBeHHbIMU npenirectBeHHnKaMu GPCR y syka-
PUOTUYECKUX OPIraHM3MOB B HACTOsIIIee BpeMsl, OcTa-
eTcsl JUCKYCCUOHHBIM. B KauecTBe Hambosee momxo-
JISIIWX KaHAWJATOB pacCMaTpUBaIOT OOHAPYXKEHHBbIE Y
pa3JIMYHBIX BUIOB OaKTepUil CBETOUYBCTBUTEIbHBIE U
POICTBEHHbBIE UM POAOIICUHBI (ITPOTE0-, DaKTepruo- U
raJIopoJIONICUHBI ), KoTophle, TogooHo GPCR sykapu-
OT, UMEIOT TPaHCMEMOpPaHHbBI TOMEH C CEMUCITUPATb-
HOI CTpYKTYypoii [63—66]. [eHOMHBII aHaIN3 MOKa3al
3HAYUTEJbHYIO TOMOJIOTUIO TPAHCMEMOPAaHHBIX TOME-
HOB 0aKTepUaTbHBIX POAOIICMHOB C TAKOBBIMU MeTa-
OOTPOIHBIX DIYTAMATHBIX PELIENITOPOB U HEKOTOPBIX
apyrux GPCR kitacca C, mpencTaBisIIOIIMX CoO0O0ii
HauboJsiee NpeBHIoI0 rpymiy sykapuorudeckux GPCR
[67]. YcraHoBIEHO, uTO BHeKJIeTOUHBIN noMmeH GPCR
kjacca C xapakTepusyeTcsl 3HaUUTETbHONH TOMOJIOTU-
€1 Mo OTHOIIIEHUIO K 6aKTepuaJibHbIM MEepUTLIa3MaTH -
YeCKHUM CBsI3bIBaOIIMM Oejikam (periplasmic binding
proteins, PBP) [68], mpuuem HanboJjiee BbICOKAs CTe-
TMEHb TOMOJIOTUM C ATUMU OeIKaMU MPOJAEMOHCTPUPO-
BaHa JiJ1si N-KOHIIEBOTO SKTOJOMEHAa METaOOTPOITHOTO
peuenropa y-aMuHoMacissHO kuciaoTbl (GABARR)
[67]. Ha ocHOBaHMY 3TOr0 OBLIO BEIABUHYTO MPEIIO-
JIOXKEHME, YTO Ha paHHUX ITarnax dBOJIOLUU TTPOU30-
10 OO0BEOIMHEHME OaKTepHaJbHOIO pPOAOICHMHA WU
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PBP ugepe3 obpa3zoBanme MexXXIy HUMU TUCYITb(MUIHOMN
CBSI3U C MOCJIEIYIOIINM CIIMSIHUEM UX TeHOB M 00pa3o-
BaHMEM JpeBHEl (popMbl METAOOTPOITHOIO IIIyTaMar-
Horo penentopa [67]. B orHomenuu apyrux GPCR, B
TOM YHCJIe peLeIITOPOB Hanboaee OOIMIMPHOTO KiTac-
ca A, IMEIOTCS IIB€ TUTIOTE3bl, B COOTBETCTBUM C KOTO-
pBeIMU OHU 1100 3BoooHnpoBanu or GPCR kmac-
ca C, 1n00 Mpou30LLIN HE3aBUCUMO OT OaKTepuaslb-
HBIX poIoIlcMHOB. OIHAaKO B HACTOMIIEe Bpems
JOMUHHPYET TOYKA 3pEHUS O TOM, UTO OaKTepUaTbHbIC
POIONICUHBI M POIOIICUHBI 3YKApPUOTUYECKMX Opra-
HU3MOB 3BOJIOLIMOHUPOBAIN OT pa3IMYHbIX MPEIIIIC-
CTBEHHUKOB U UX CTPYKTYPHOE CXOICTBO OOYCIIOBIEHO
KOHBEPreHTHO 3Bomouneit [69—72]. Tak Ha ocHOBe
(GpUIOreHeTUYECKOro aHaIr3a U M3Y4eHUSI CTPYKTYp-
HO-(YHKIIMOHAJIBHOM OpPraHu3alui pPa3IMYHbIX pO-
JIOTICMHOB OBIJIO MOKa3aHO, YTO 0AKTEPUOPOIOIICUHEI
MOIJIM IIPOU30MTHU OT IM30COMAaJIbHBIX IEPEHOCUMKOB
nucrenHa, nMmeromux 7 TM-cTpykrypy [71, 73], B TO
BpeMsI KaK 9YKapuOTUYECKUE POIOTICUHBI 3BOIIOIIUO-
HUpoBaJii oT TAM @-peliennTopoB, UMEIOLINX KJIaCCH -
YeCKYI0 CEMUCTIMpaJIbHYIO CTPYKTypy [74, 75]. Ume-
I0TCS ocHOBaHUd cuutath, YTo GPCR Morim Bo3HuK-
HYTh OT pELENTOPHBIX TUCTUAMHKHWHA3, IIUPOKO
MpeNCTaBIEHHBIX Y 0aKTepuii, 1 UMEILIUX OT 6 10 8
TpaHCMEeMOpaHHBIX Y4aCTKOB, KOTOPbIE€ CITOCOOHBI 00-
pa3oBBIBAThL TPAaHCMEMOpPAHHBIN OOMEH, WMEIOLINIA
3HaYMUTEIbHOE cXonCcTBO ¢ TakKoBBIM B GPCR sykapuor

[76].

GPCR umeroTcst y 3yKapuoTUYECKUX OPraHU3MOB
pa3sIMYHOTO (DUIIOTEHETUYECKOTO YPOBHSI, BKIIIOYast
OQHOKJIETOYHBIX 3yKapuor [76—78]. 3HauuTeabHOE
pa3HooOpa3ue GPCR xapakrepHo mjs IrpuboB, Yy
MpeacTaBUTeNIeil KOTOPBIX BBIOEISIOT OT 5 1o 9 Kitac-
coB atux peuenrtopon [77, 79]. Ilpu aTOM B reHOME
IpoxKent Saccharomyces cerevisiae, Schizosaccharomy-
ces pombe n Candida albicans 10Kaan30BaHO TOJIBKO
tpu reHa it GPCR, konupyoommx ¢gepoMoHaAILHBIE
peuenTopbl Ste2 u Ste3 mis o- 1 a-(PaKTOpOB, COOT-
BETCTBEHHO, a TaK3Ke IIIOKO3HBIN perentop Gprl, gB-
JISSIOLIMIACS CEHCOPOM INTIOKO3bl B OKPYXKaIOIE cpene
[80]. B renome Neurospora crassa nmerorcst 10 TeHOB,
Koaupylomux ¢pepoMoHalibHbIe pelenTopbl Pre-1 u
Pre-2, rpancMeMOpaHHbIe 6e1KH, Mogo0HbIe HAM®D-
peuenTtopaMm (Gpr-1, Gpr-2, Gpr-3), CeHCOpHI yIiIepo-
na (Gpr-4) v azora (Gpr-5 u Gpr-6), a TakKe aHaJIOTH
MUKpOOHBIX onicuHOB (Nop-1 u Orp-1) [79, 81]. B re-
HoMme Aspergillus nidulans TipencTaBiieHbI 16 TeHOB LTS
GPCR [82], B reHome ciauseBuka Dictyostelium dis-
coideum 9NCIIO TAKUX TEHOB HocTuraet yxke 55 [83], a B
reHoMe MaTOreHHOTO JJIs1 3JIaKOBBIX pacTeHUM rpuba
Fusarium graminearum HacdUTBIBaeTcsa 123 reHa i
GPCR, kotopsie moapas3nenstioT Ha 10 KiaccoB, OIUH
13 KoTophixX (kinacc X) o0ObeAUHSIET HEOObIYHbIE (DOP-
Mbl PELIENITOPOB, UMEIOIIUX CIIeLNATU3UPOBAHHBIM
BHekyeTouHblt CFEM-noMeH, oTBETCTBEHHBIH 32 BU -
pyJieHTHOCTb rpuba [84]. CxonHble HEKAHOHWYECKUE
GPCR, nmerommne CFEM-nomMeH, oOHapy:KeHbI U Y
JIpyroro natoreHHoro rpuda Magnaporthe oryzae [85].
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Heo6sruayio rpymmmry GPCR, kortopasg mmpoko
MpeacTaBieHa Y OOMUIIETOB, COCTABIISIFOT TaK Ha3bIBa-
embie GPCR-bigrams [86]. Ouu BKiTtouaroT N-KOHIIe-
BOIi IOMEH, SIBJISIIOLIMIACS T10 TOTIOJIOTUM U CTPYKTYP-
HO-(yHKIIMOHAJIbHOI opraHu3anuu cxonHbiM ¢ GPCR,
U pacriojiokeHHbIN B 1uTorasMe C-KOHIIEBOM 10-
MEH, KOTOPbIi Ha/leJieH KaTaTuTUUYeCKMU CBOMCTBA-
mu [87]. B xauectBe C-KOHIIEBOIO KaTaIUTUYECKOTO
JIOMeHa MOTYT BBICTYIaTh (pepMeHThI pochaTUuaANIN-
Ho3uTon-4-pocdar-5-kuHaza (phosphatidylinositol-
4-phosphate 5-kinase, PIPK) u mHo3uTonmonudoc-
dardocdarasa, BoBiedyeHHbIE B (ochoaunuaHbe
curHajbHble nyTu, ALL 1 HAM®-cnenuduynas ¢oc-
doauscTepasa, OTBETCTBEHHbIE 32 CUHTE3 U Jierpaaa-
LIMI0 BTOPUYHOTO nocpenHuka HAM®, a TakxKe pas-
JIMyHble (OpMBbl TUPO3UHKMHA3 U POACTBEHHbIE UM
Oenku. B reHoMe pa3inuyHbIX BUIOB OOMUIIETOB UME-
ercsl oT HeckoJibKux 10 20 u 6onee GPCR-bigrams,
npuyeM HauboJjiee XOpOoIlo OXapaKTepu30BaHbl KOH-
crpyktel GPCR-PIPK [86]. HokayT rena RpkA, xo-
nupyouero GPCR-PIPK, y Dictyostelium discoideum
BBI3bIBAET 1€(PEKThl B BOCHPUSATUHU TIJIOTHOCTU KJIETOK,
CHMZKAET 3alllUTy OT OaKkTepuii, HapyiaeT parouurap-
HYI0 aKTUBHOCTb [88], B TO BpeMsl KaK HOKayT J1axKe Ofl-
Horo u3 12 renos, koaupywoiux GPCR-PIPK, y nato-
reHHoro rpuda Phytophthora infestans IpuBOAUT K Hapy-
LIEHUIO OECIToIoro Pa3MHOXEHUSI U B 3HAUUTEIbHOM
CTEIIeHW CHIXAaeT IMaTOTeHHOCTh [89]. BEIKITIoueHUe
onHoro u3 reHoB a5t GPCR-PIPK y Phytophthora so-
jae cHUXaeT KaK XeMOTaKCUC, TaK U BUPYJEHTHOCTb
[90]. Bce aTu naHHbBIE CBUETEIBCTBYIOT 00 UCKITIOUM -
tenbHOU BaxkHOCTH GPCR-bigrams j1s1 HOpMaabHOTO
¢yukuonupoBaHusi oomuneroB. GPCR-bigrams
rpruOOB UMEIOT CTPYKTYPHOE CXOACTBO C CEHCOPHBIMU
cucteMamMu OakTepuii, KOTOpbIe TakKxXe BKIIOYAIOT
TpaHCMEMOpPAaHHBII1  KOMITOHEHT,  BBITTOJHSIIOIINIA
GYHKIIUIO cCeHCopa BHEIIHEro CUrHajia, u JOKajlu30-
BaHHBIM B 1MTONaasmMe 3(pGeKTopHbIi OE0K, KOTO-
pblii yale Bcero npeacTaBiieH pa3andyHbIMU IMTPOTEWH -
KMHa3aMu, liuKia3zamu, ¢pocdoamscrepazaMu 1 METUII-
TpaHcdepasamu [91, 92].

¥ pacrenuii konnyectBo GPCR cuiibHO orpaHuye-
HO, a camMu cucteMbl GPCR—G-0e10K 1o CTpyKTyp-
HO-(GYHKIIMOHAJIBHOW ~OpraHM3allui  CYIIECTBEHHO
OTJIMYAIOTCS OT TAKOBBIX Y (KMBOTHBIX, UTO OOYCJIOBJIE-
HO 0COOEHHOCTSIMU CTPYKTYPHI KaK PEIIeNITOPOB, TaK 1
G-6enkoB [93]. B nanbonbineii crerienu rnarrepH GPCR
HucciienoBaH y pacteHust Arabidopsis thaliana, B reHOMe
KOTOPOTO BBISIBJIICHO, TI0 KpaifHel Mepe, 3 TeHa, KOIH-
pytomux cemucnimpanbHble GPCR, koTopBIe B3anuMo-
neiictBytoT ¢ GPAI1, a-cyobenunutieit G-6enka, B oc-
HOBHOM 4Yepe3 TOCPEACTBO IIUTOILUIA3MaTUYeCKOTO
C-xonueBoro nomeHa [93—97]. IBa peuenropa GCR1
n GCR2, crpyktypHo Oauskue nAM®D-perienitopam
Dictyostelium discoideum, ornocpenyioT peryJsiTOpHbIe
3¢ deKTh a0CIIN30BOI KMCIOTHI Ha (PU3NOTOTMYECCKIE
npotieccol y Arabidopsis, npuuem GCR2 sBisieTcs mo-
3UTUBHBIM [95], B TO BpeMsi Kak GCR1 ux HeraTuBHbBIM
peryasatopomM [94, 97]. Kpome Toro, GCR1 onocpeny-
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eT 3 deKTH OpacCMHOCTEPONIOB U THOOEPEIIMHOB Ha
IpopacTaHue ceMsIH, XoTs ydactue G-0ejiKa B 3TOM
Ipolecce He JOKa3aHO M He UCKJII0OYEHO BOBJICUCHIE B
Hero G-0Oenok-He3aBucuMoro MmexaHmisma [98]. Pe-
uentop CAND?2 y Arabidopsis onocpenyeT 3ddeKTh
duToMeIaTOHMHA, ONOCPEeAys MEJIaTOHWH-YYBCTBU-
TeJIbHOE 3aKphiTHE YCThUIL [96]. HeoOBIYHEBII pelier-
top GPCR—-COLDI, Bkmoyawuiit 9 TM, obHapy-
XeH y puca [99]. B oTBeT Ha CHIMIKEHHE TeMITepaTyphl
OH B3ammopaeincTByeT ¢ GO-CyObeIMHULICI, TOBHILIAS
ee ' Tda3HyI0 aKTUBHOCTb, PE3yJIbTATOM YETO SIBJISIET -
CS aKTUBALYS KaJbIIMEBBIX KAHAJIOB, IIPUYEM TOYCY-
HbIe MyTanu B reHe COLD 1 nmpuBOIsT K yCTOMYMBO-
CTH puca K xosnony [99].

Y 06ecro3BoHOYHBIX KMBOTHEIX ImatTepH GPCR
WMeeT 3HAYUTEJIbHOE CXOJICTBO C TaKOBBIM Y MO3BO-
HOYHBIX JKMBOTHBIX, YTO OOYCJIIOBJIEHO BHICOKOI KOH-
cepBaTUBHOCTHIO OobIIMHCTBA Ki1accoB GPCR B 3Bo-
monnn sykapuot [100—103]. Tak, GPCR obnHapyxe-
HBI y IpeacraBuresieii kopamwios [104], Hemaron [100,
101, 105—108], unenucronorux [100, 102, 109—111],
moimmiockoB [107, 112, 113], aktunawnit [114]. B HacTos-
mee BpeMsl y OECIIO3BOHOYHBIX B MOJHOU Mepe oxa-
paktepu3oBaHbl GPCR K OMOreHHBIM aMUHAaM U ITeII-
TUIHBIM TOPMOHAaM, B TO BpeM$ KaK OCTaJIbHbI€ Kjiac-
cbl GPCR MeHee u3ydeHbl WM MOKa MPeObIBAIOT B
craTyce “pelenTopoB-CUPOT”.

IV. KTIACCUDPUKALMA
AJJIOCTEPUYECKUX PEI'VIATOPOB GPCR

PaznuuHble clieHapuy CUTHAJIbHOI TPaHCIYKIIVH,
obycnoBieHHbIe conpsikeHueM GPCR ¢ paznmuyHbIMU
tunamu G-06eJ1KOB U B-appecTUHOB, IIPEAINOIaraeT Cy-
IIECTBOBAHME MOJEKYISIPHBIX MEXaHU3MOB, OTBET-
CTBEHHbBIX 3a CTAaOMIMU3AIAIO BITIOJIHE OIpPeNeIeHHbIX
JIMTaHI-aKTUBUPOBAHHBIX KOH(pOpMAIINii, B KOTOPHIX
pPELIETITOP CEeJIEKTUBHO AaKTMBHUPYET OIpeacIeHHBIN
BHYTPUMKJIETOYHBIM CUTHaJILHBIN Kackan. Hapsoy c
9TUM IOJDKHBI OBITh MEXaHU3MBI, O0OeCIIeUnBaIONINE
TECHYIO B3aMIMOCBSI3b MEXIY CTaOMILHOCTBIO OIIpee-
JIEHHbIX akKTUBHBIX KoHdopmanuii GPCR u takumu
dakTopamMu, Kak (PU3MKO-XMMHYECKUE CBOMCTBA M
JIATIMIOHBIA COCTaB MJIa3MaTHYeCKOl MeMOpaHbI, KIC-
JIOTHOCTb BHYTPEHHE! U BHEIITHEM Cpeabl, MIOHHAS CU-
JIa 1 OCMOJIIPHOCTb, KOHLICHTPALIUS IIPOCThIX NOHOB,
aMMHOKMCJIOT, JIUITMIOB, MOJUIICNITUIOB, HYTPUEH-
TOB, CTPYKTypHasli opraHusauusi uurtockenera. Mme-
IOTCSI JAHHBIE O TOM, UTO 3TU (aKTOPhl 3HAUYNMO BJIH-
SI0T Ha KJIETOYHBIM OTBET, BBI3BIBAEMbI OPTOCTEPU-
YeCKUM aroHuctoM mnpu ero cpsideiBaHuu ¢ GPCR.
MexaHU3MBI, OIIpeAcsIolIne KoH(opMallOHHOE
paBHOBecHe nuraHa-akTuBupoBaHHBEIX GPCR, momxk-
HBI 00ecreYnBaTh HEe TOJILKO IPEAB3SITOCTh CUTHAJIb-
HOM TpaHCAYKIIMU, HO 1 onpeneisiTh 3(pHEKTUBHOCTD
nepenadu curHaiga yepe3 GPCR, u 5T0 B 3HaYNTEIb-
HOM cTeneHu o0ycioBIeHO ah(PUHHOCThIO aTOHUCTA K
OPTOCTEPUYECKOMY CAWTy pelerTopa M €ro MakKCH-
MaJIbHBIM CTUMYJIUPYIOIIUM (pexKe, MHTMOUPYIOIINM )
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Ta6mma 1. Kitaccudukanys auranaos autoctepudecknx caiitoB GPCR 1o ux dhapmakosiornaeckoit aktTuBHocTH (1o [116])

Tun ajutocTepUYECKOTO

peryisTopa PerynsaropHbie 3G deKTHI o B T

[ToaHbIl arOHUCT Crumynsiuuss GPCR B oTcyTcTBHE aroHucTa opTo- 1 1 bonee 1
CTepUYECKOro caiiTa WU IPYyroro auiocTepuye-
CKOTO arOHUCTa, OTCYTCTBME BJIIMSTHUS HA CPOJCTBO
OPTOCTEPUYECKOr0 arOHUCTA K PELIENITOPY U Ha eTo
3(HEKTUBHOCTH

MNHBepCcUOHHBIN arOHUCT CHukeHue 6a3ajlbHOM WJIM KOHCTUTYUTHUBHO 1 1 Menee 1
noBbilieHHOI akTuBHOCTH GPCR B oTCcyTCTBUE
OPTOCTEPUUECKOTO arOHUCTA, a TAKXKe MHTMOUPO-
BaHUE CTUMYJUPOBAHHOI OPTOCTEPUUYECKUMU WU
aJUIOCTEpUYECKUMU arOHUCTaMU aKTUBHOCTHU
peuenropa

HeiitpanbHbIil aHTaTOHUCT WurnbupoBaHue CTUMYIMPOBAHHOM OpTOCTEpUYe- 1 1 Memnee 1
ckuM aroHuctoMm aktuBHocTu GPCR 6e3 BiusiHus
Ha 6a3aJIbHY0 MU KOHCTUTYUTUBHO TTOBBIIICHHYIO
aKTUBHOCTH pelienTopa

PAM [MoBbIlIEHKE CPOACTBA OPTOCTEPUIYECKOTO arOHU - bonee 1 boinee 1 1
cra Kk GPCR n(unm) apcbekTuBHOCTH ero AeiCTBUS
0e3 BIUSHUS Ha 6a3aJIbHYIO WJIM KOHCTUTYUTUBHO
TMOBBIIIEHHYIO aKTUBHOCTD peIernTopa

NAM CHUXXeHUe CpOACTBa OopTocTepuyeckoro aronucrta | MeHee 1 | Menee 1 1
K GPCR u(unu) a¢p(eKTUBHOCTHU ero 1eicTBUsI 6e3
BJIMSTHUSI HA 6a3aJIbHYIO NI KOHCTUTYUTUBHO
MOBBIIIEHHYIO aKTUBHOCTb pelienTopa

SAM OTCyTCTBUE BIMSIHUS HAa CPOICTBO OPTOCTEpUYE- 1 1 1
ckoro aroHucta K GPCR n(unm) Ha ahpekTuB-
HOCTb eTo NeiiCTBUsI, HO TIPY 3TOM U3MEHEHHE
HEKOTOPBIX XapaKTePUCTUK PETYISITOPHOTO BIMSI-
HUS OPTOCTEPUYECKOTO MY aJUIOCTEPUYECKUX aro-
HUCTOB Ha aKTUBHOCTD pelienTopa (MpeaB3sThlit
aroHu3M, cneunuUIHOCTb B3aUMOIEUCTBHUS C
onpeneneHHbIMK TUITaMu G-6GeKOB U 3-appecTr-
HOB, KOMILJIeKCcooOpa3oBaHue, noctymHocTh GPCR
IJIST APYTUX aJUIOCTEPUUECKUX PETYIATOPOB), OTCYT-
CTBUE BIMSTHUS Ha 6a3aJIbHYIO WJIM KOHCTUTYH-
TUBHO TTOBBIIIEHHYIO aKTUBHOCTD PellenTopa

Aro-PAM [NoBreIIeHUE cpomcTBa OpTOCTEpUYecKoro aroHncTa | boiee 1 Bonee 1 Boee 1
K GPCR n(mnm) 3¢pHeKTUBHOCTH €T0 ASUCTBUS, a
TaksKe CTUMYJISIIus 6a3anbHoi aktuBHOCTH GPCR
B OTCYTCTBHE OPTOCTEPUUYECKOTO arOHUCTA, BO3-
MOXHO ITOTEHIIMPOBaHME (YCUIICHHUE) CTUMYJIUPYIO-
1mero 3¢ deKTa OpTOCTEPUIECKOTO arOHUCTA

Aro-NAM CHIXeHHe CPOICTBA OPTOCTEPUUECKOTo aroHucTakK | MeHee 1 | Menee | bonee 1
GPCR u(unm) apdeKTUMBHOCTH €T0 NEMCTBUS, HO
MPY 3TOM CTUMYJISILUS 6a3aJbHOM aKTUBHOCTH

GPCR B oTCYyTCTBHE OPTOCTEPUUYECKOTO arOHUCTA

AnTaronuct/PAM CHmxeHue 3pdeKTUBHOCTH AeiicTBUS opTocTepu- | boree 1 Memnee 1 1
YeCKOro aroHucTa (aHTarOHUCTUIECKUi 3P dexT)
Ha GPCR, Ho nipu 5TOM IOBBIIIIEHHUE €T0 CPOACTBA K
pelernTopy
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Tun ajutocTepuYECcKOro
peryasaTopa

PerynsaropHbie 3 deKTH o B T

[TpenB3sThIil aTTOCTEPUYECKUIN
pEryIsTOp

YECKOI'o aroHucCra

Nzmenenue cpoactBa K GPCR u(uin) acpdpextuns-
HOCTHU AEWCTBUSI OPTOCTEPUYECKOTO arOHUCTA, MPU-
BoJsAIIIee K MpeuMyllecTBeHHO akTuBauuu (PAM),
uHruouponsanutio (NAM) win moaubukauuu
(SAM) onpeneneHHOTO CUTHAJILHOTO KacKana, a
Tak>Ke akTUBalMs (TOJHbIIA aroHUCT, aro- PAM,
aro-NAM) unu nonasieHe (MHBEPCUOHHbII aro-
HUCT, aHTAaTOHUCT) OIPENEEHHOTO CUTHAJILHOTO
KackazJa BHE 3aBUCUMOCTHU OT AEHCTBUS OPTOCTEPHU -

ND ND ND

IIpumeuanue. 0. — GAKTOP KOOTIEPATUBHOCTH CBSI3BIBAHUS MEXITY OPTOCTEPUUYECKUAM ATOHMCTOM M AJUTOCTEPIIYECKUM MOIYJISITOPOM; 3 —
OIepaLMOHHbIN (HaKTOP KOOMEPAaTUBHOCTH TSI KOJTMYECTBEHHON OLEHKU BIMSHUS aJLIOCTEPUYECKOr0 MOAYJISITOpa Ha ONepalMOHHYIO
3 GHEeKTUBHOCTb OPTOCTEPUUECKOI0 arTOHKUCTA; T — OlepalMoHHas 3((HeKTUBHOCTh KOMILIEKCA PelernTopa C IMTaHI0M aJIOCTEPUUECKO-
ro caiita. 3HaUYeHHsI CBSI3BIBAIONIEH KOOTIEPATHBHOCTH OL U OTIEPAIIMOHHON KOOTIEPATUBHOCTH [3 GOJIbIIIE 1 03HAYAIOT MTONOKUTENBHYIO KO-
OMEepaTUBHOCTD, B TO BPeMsl KAK COOTBETCTBYIOIIME 3HAUCHUSI OL U 3 HUXe | 0603HAYAIOT OTPULIATEIBHYIO KOOTIEPATUBHOCTh. 3HaYeHue |
JUIST oTiepallMOHHOM 3 (HEKTUBHOCTU T MPEACTaBIsieT cCO00i HOPMaTM30BaHHOE 3HAYEHME, MOCKOJIbKY aOCOMIOTHOE 3HAYEHUE T MOXKET
MEHSIThCSI B 3aBUCMMOCTH OT MCITOJIb3YeMbIX pacueTHBIX MapamMeTpoB. ND — BO3MOXHBI pa3jinuHbie BapuaHThl (1, MeHee wiu 6oee 1),
TMOCKOJIbKY ISl TPEB3SITOrO aJUIOCTEPUYECKOTO PEryisitopa Heooxoanumo nuddepeHIMPOBaHHO OLIEHUBATh OMMUChIBaeMble (haKTOPbI 15T
KaXJI0r0O OTACJbHOTO BHYTPUKIIETOUHOTO KacKaja, peryJImpyeMoro yepe3 KOHKPETHbBIN peLenTop.

3¢ dexToM Ha 1IeJIeBOM BHYTPUKIIETOUHBIN 3 deKTOop.
UccnengoBanust, mpoBedeHHBIE Ha pybdexke XX U
XXI BexoB, mmoKa3ajii, YTO KJIIOYEBYIO POJIb B TOHKOM
perysiniuyd M HACTpOiiKe CUTHAJIOB, T€HEPpUPYEMBIX
OpPTOCTEPUYECCKUMU arOHMUCTAMM, UTPAIOT AJUIOCTEPU -
yeckue peryasitopbl 1 Moaysisitopel GPCR, npencras-
JICHHBIC PAa3JIMYHBIMM TI0 XUMUYECKON MpuUpoae U
CJIO)KHOCTU MOHAaMU U OMOAKTMBHBIMHM MOJIEKYJIAaMMU,
cpenu KOTOPBIX IIPOCThIE M OPpraHU4YeCKre UOHBI, JIU-
OUIBI U UX IIPOMU3BOAHEIC, AMUHOKMCIIOTHI, OJIATONE -
TUOBI, OEJIKM, CJIOXHBIE OEJIKOBBIE KOMILIEKCHL. TeM
caMbIM ITapagurMa, B paMKaxX KOTOpOI BEIYIIYIO POIb
B peryssiiiuu GPCR oTtBoauau auraHaaM opTocTepU-
YeCcKOro caiita, B IMOCJEIHUE TOIbl YCTYyMUIAa MECTO
HOBOIi cUCTeMe MPEACTaBJIEHUI, B COOTBETCTBUU C KO-
Topoii onpenenstoiias poab B GPCR-omocpenyemoit
CUTHAJIbHOM TPaHCAYKIMU TEIIepb OTBOAUTCS aJlJIO-
CTEpUYECKOM peryssiiuy, BKIIOYAIOIIed COrjlacoBaH-
HO€ B3aMMOJACMCTBME MHOXKECTBA aJlJIOCTEPHYSCKUX
CalToOB M UX aUraHaos [115].

B oTiinune ot IMraHIoOB OPTOCTEPUUECKOTO caiiTa,
JIMTAHIIbl aJIJIOCTEPUYECKUX CalTOB, KakK MpaBWIo,
CBSI3BIBAIOTCSI C PELENTOPOM C CYIIECTBEHHO Ooiee
HU3KOU adhPUHHOCTHIO, XOTS 3TO HE SIBJSIETCSI OOLIUM
MpaBuiIoM. JIpyruM OTJIMYUEM SIBJISIETCS O0sIee MSITKOE
BO3JieiicTBHE Ha 0a3aJIbHYI0O aKTUBHOCTb pElIeNTOpa B
CPaBHEHUU C OPTOCTEPUYECKUM aroHMWCTOM WU, B
cllydyae OTCYTCTBUSI COOCTBEHHOI aKTUBHOCTHU Y aJljio-
CTepUYECKOTo JIMTaHIa, MOAYJSLUS PEryasiTOPHbIX
a(pdekToB opTocTepuUecKOoro aroHucra. Bo3moxHO
COBMeEIIIEHWE COOCTBEHHOI aKTUBHOCTU 1 CIIOCOOHO-
CTM MOIYJIUPOBaTh AKTUBHOCTb OPTOCTEPUYECKOTO
aroHUCTA WIX IPYToTo aJUIOCTEPHUUECKOro peryssTopa.
Bce 3T 0cOOEHHOCTH MOJIOXKEHBI B OCHOBY COBPEMEH -

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

HOM KjaccuuKallMu JIMTAaHAOB aJlJIOCTEPUYECKUX
caitoB GPCR.

JIuranapl ayIoCTEpUYECKUX CAHTOB, KOTOPHIE HE
MMEIOT COOCTBEHHOII aKTUBHOCTH, HO BIIMSIIOT Ha aK-
TUBHOCTb aJIJIOCTEPUYECKUX aroHUCTOB, OTHOCAT K
rpymnne amioctepuyeckux MoayiasitopoB  GPCR
(ta6u. 1). [Tpr 3TOM B 3aBUCMMOCTH OT XapaKTepa BJIH -
sTHUSI Ha 3(HEKT OPTOCTEPUYECKOTO aroHMUCTa ajao-
CTepuYeCcKre MOIYJISITOPBl KIacCU(GULUPYIOT Ha T10-
JoxuTtenbHble (positive allosteric modulator, PAM) u
oTpuaTtejibHbIe (negative allosteric modulator, NAM)
aJJIOCTEpUYECKNE MOIYJISITOPHI, a TakKXKe Ha “MoJJa-
mue” ajyIocTepuiyecKre MOMYJISITOPHI (silent allosteric
modulator, SAM), Ha3bpIBacMble¢ TaK:Ke HEUTpaJIbHBI-
MU aJlJlocTepuyecKuMu Juranaamu (neutral allosteric
ligand, NAL) [117]. K rpynnie PAM OTHOCST JAuUraH-
nbl aytoctepudyeckux caitoB GPCR, koTopsie mo-
BbIIIAIOT adppuHHOCT, U(MIU) 3DGEKTUBHOCTD,
OIIEHMBAEMYIO IO BEJIWYMHE MaKCHUMaJbHOTO CTU-
Myaupyoomero 3ggeKkra opTocTepUIeCcKOro aroHu-
CTa Ha IIeJIeBOil BHYTPHMKJICTOUHBIA KacKad, B TO
BpeMs Kak K rpynne NAM OTHOCST JIMTaHObl ajljIo-
crepuueckux caiitoB GPCR, koTophle cHIXaoT ad-
¢uHHOCTD N(MIN) 3(DHEKTUBHOCTh OPTOCTEPUIYECKO-
ro aroHucra Kk peuenropy (puc. 1). K rpynne SAMs
(NALSs) oTHOCAT JTUraHAbl AJUIOCTEPUUECKUX CANTOB,
KOTOpBIE HEMOCPEICTBEHHO He BIUSIOT Ha adpduH-
HOCTh 1 3(P(PEeKTUBHOCTh OPTOCTEPUIECKOTO aroHM-
CTa, HO CITOCOOHEI BIIMSITh Ha CEJIEKTUBHOCTD B3aMO -
IEMCTBUSI arOHUCT-aKTUBUPOBAHHOIO peElIeITopa C
TpaHAYKTOPHLIMU OC€IKaMM, Ha TIPEIB3SITOCTh BHYTPHU-
KJIETOYHOTO CUTHAJIMHTA, Ha (PYHKIIMOHAJIbHOE B3aM-
MOJICCTBYE peleNTopa C JUraHAaMM IPYTrux ajljIocTe-
pUYECKUX CAlTOB.
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NAM

NAL/SAM

Efficiency of response

[OA]

Puc. 1. D dhexThl aJuToCTepUISCKIX MOAYISITOPOB Ha ach(UHHOCTh opTocTeprdeckoro aronrcta K GPCR u Ha BeJlMuMHY €ro 1ie-
JIEBOTO peryiasaTopHoro 3¢ dekra (3HeKTUBHOCTD AeiicTBUs). PAM — MOMOXUTENbHBIN aJlIOCTepUIeCcKUil Moy isitop; NAM —
HeraTMBHbBIN ajuioctepuueckuit Monynsitop; NAL/SAM — HelTpalibHBIN aJlTIOCTEpUYECKU JIMTaHl WK “MOJYallIuit” ajnocTe-
puyeckuit MmoayasaTop; Ago-PAM — ajuiocTepuyecKuii aTOHUCT ¢ AKTUBHOCTBIO MOJOXKUTEIBHOIO aJUIOCTEPUYECKOTO MOIYJISITO-
pa; Ago-NAM — ajutocTepuiecKuii arOHMCT C aKTUBHOCTBIO HErAaTUBHOTO a/UIOCTEpUYecKOro MoayJissitopa; PAM /antagonist — no-
JIOXKUTENIBHBII aJNIOCTEPUYECKUIT MOIYSTOP, MoBbllIaoluni adpduHHOCTb opTocTepuueckoro aronucra kK GPCR, Ho cHuxalo-
it adekTMBHOCTL ero neicTBust (aHtaroHuctuyeckuit acddekr). [Tokasanbl 3HaueHust O ¥ B, siBjstoLMecs: HakTOpoOM
KOOTMEPaTUBHOCTU CBSI3bIBAHUST MEXKIY OPTOCTEPUYECKUM arOHMCTOM M aJlJIOCTEPUUECKUM MOIYJISITOPOM (OU), M OTepallMOHHBIM
haKTOpOM KOOTEPaTUBHOCTH JIJIs KOJIMYECTBEHHOM OLIEHKHU BIMSIHUST aJUTOCTEPUIECKOTO MOAYJISITOpa Ha OTIepallMOHHYI0 3(hdek-
TUBHOCTh opTocTepryeckoro aroHucra (). ITo ocu abcunce — KOHIEHTPALUST OPTOCTEPUIECKOTO arOHUCTA, 10 OCH OPAMHAT —
3 GhEKTUBHOCTb OTBETa HA OPTOCTEPUUECKMI WIIM aJUIOCTEPUYECKUIA arOHUCT.

Jluranne! anmocrepudeckux caiitoB GPCR, Hane-
JIEHHbIe COOCTBEHHOI aKTMBHOCTBIO, MOAPA3ACIISIOT,
KaK 1 JIUTaHIbl OPTOCTEPUUECKOIO CaiiTa, Ha ajljIoCTe-
pUYecKUe IIOJHbIE arOHUCTHI, CTUMYJIMUPYIOIINE aK-
TUBHOCTb pelienTopa, aJlIocTepuiecKre HeTpaibHbIE
aHTarOHMUCTHI, KOTOPbIC MNPEISITCTBYIOT CBSI3BIBAHUIO
GPCR ¢ ropMOHOM, HO IIPH 3TOM CaMM He BIUSIOT Ha
CUTHAJIbHYIO TPaHCAYKIIUIO, U aJlJIOCTepUYECKUe UH-
BE€PCUOHHbBIC aTOHUCThI, KOTOPHIE ITOJABIISIIOT KaK rop-
MOH-CTUMYJIMPOBAHHYIO aKTMBHOCTh PEeLeNTOpa, Tak
U ero 0a3aJbHYI0 aKTUBHOCTb, JieJIasl €€ 3HAUMMO HITKE
TaKOBOM IJISI HEJIMTAaHAUPOBAHHOTIO pellerTopa (aro-
¢dopmerl) (Tadi. 1, puc. 1). MoxHO moiarath TaksKe Ha-
JIM4YKe, MO aHaJIOTUU C OPTOCTEPUYECKUMMU JIUTaHIa-
MU, aJUIOCTEPUUYECKUX PETYIITOPOB C aKTUBHOCTHIO
YaCTUYHBIX arOHMCTOB, KOTOPbIE, B OTIMUME OT II0JI-
HBIX arOHUCTOB, He CITOCOOHBI MAKCHUMAaJbHO CTUMY-
JIMPOBATh PEUEIITOP AazKe P HACHIIIAIOIINX KOHIICH-
Tpanusax. OmHAKO WIS aIOCTEPUYECKUX arOHUCTOB,
3 heKThl KOTOPBIX BECbMa YMEPEHHBIE, CJIOKHO pa3-
IEeIbHO KJIacCU(UIIMPOBATh IIOJHBIE W YaCTUYHEIC
arOHUCTHI.

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

HakoHnell, enie onqHy Tpyniy COCTaBISIIOT JIMTaAH b
ajutoctepuueckux caiitoB GPCR, koTopbie HameaeHbI
KaK COOCTBEHHOM aKTMBHOCTBIO, TaK U CITOCOOHOCTBIO
MOJlyJIMPOBAaTh CUTHAJIbI OPTOCTEPUUYECKUX aTOHNCTOB
[117, 118]. Ux mogpa3aeisitoT Ha TpU Kitacca: ago-PAM,
ago-NAM u PAM-anrtaronuctsl (ta6i. 1). JImranmer
AJUIOCTEPUUECKX CAMTOB C aKTMBHOCTBIO ago-PAM
ycrnBaloT adhGUHHOCTh U(Win) 2(DPHEKTUBHOCTH Op-
TOCTEPUUYECKOTO arOHUCTA, HO TPU 3TOM CIIOCOOHBI U
caMM aKTMBUPOBATh pelieNTOp (B OTCYTCTBUE OPTOCTE-
puyeckoro aroHucta). Ago-NAM HaneneHbl aKTUBHO-
cteio aronuctoB GPCR, HO mpu 3ToM cHMXaT ad-
¢uHHOCTD N(1IN) 3(PHEKTUBHOCTD OPTOCTEPUIECKO-
ro aronucra (puc. 1). B cBow ouepenb, PAM-
AHTaroOHUCTBI, C OIHOW CTOPOHBI, CHUXAIOT 3hdheK-
TUBHOCTb OPTOCTEPUUYECKOTO arOHKCTAa, NeHCTBYS KakK
€r0 aHTarOHUCTHI, W, C JAPYTOM, MOBBIIIAIOT ahHUH-
HOCTh opTocTtepuyeckoro aroHucra Kk GPCR, neii-
cTBys Kak PAM [118].

OnHako BO MHOTMX cCllydyasiX OTHECEHME JIMraHaa
AJUIOCTEPUYECKOTO CaiiTa K TOW WJIM MHOM T'pyIIIe pe-
TYJSITOPOB WU MOOYJISITOPOB SBJISIETCS BECbMA OTHO-
CUTEIBbHBIM, U 3TO OOYCIOBJIEHO LIEJbIM PSIAOM TPU-
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yuH [116, 117]. OCHOBHOI M3 HUX SIBJISIETCS TO, YTO
KOH(OpPMalLIMOHHBIE UW3MEHEHUsI, OOYCIOBJICHHEIC
CBSI3BIBAHUEM JIUTAHIIOB C OPTOCTEPUYECKUM M ajlIo-
crepmuecknMu caitaMu GPCR, gBiagrorca penm-
npokHbIMU. C OIHOM CTOPOHBI, CBSI3bIBAaHUE JIMTaHAa
C aJUIOCTePUYECKMM CaiTOM CIIOCOOHO W3MEHUTH
CBSI3BIBAIOIINE XapaKTEPUCTUKM JIUTaHIAa OPTOCTEPU-
YeCKOro caiiTa 1 MaTTepH aKTUBALIMM UM BHYTPUKIIE-
TOYHBIX KackanoB. C Npyroil CTOPOHbI, CBSI3bIBAHUE
SHJIOTE€HHOTO T'OPMOHA WJIM €r0 aHaJIOIOB C OPTOCTE-
PUYECKMM CaliTOM MOXET CYILIECTBEHHO BJIMSITh Ha J10-
CTYIHOCTb IJISI JIUTAHJIOB U PETYJISITOPHBIE CBOICTBA
aJUIOCTepUUYeCKMX caiiToB. boiee Toro, ormeuaercs
PELIMIIPOKHOE B3aMMOIEUCTBUE MEXIY aJlIoCTepuye-
CKUMM CaiiTaMM, KOTOPbIX MOXET OBITh HOCTaTOYHO
MHOTO B MOJIeKyJie perienTopa. Tem caMbIM, 0011Iee KO-
JIMYECTBO B3aUMOASHCTBUI MEXKIy CBOOOTHBIMU U JIM-
raHA-CBsI3aHHBIMU OPTOCTEPUYSCKUMU U AJIOCTEPU-
YEeCKMMU CaliTaMU MOXKET OBITh OU€Hb 3HAYUTEJILHBIM,
a caMU B3aMMOCBSI3U MOT'YT ObITh BECbMa CJIOXKHBIMU
[116]. DTO mpenomnpenensieT To, YTO B 3aBUCUMOCTU OT
OPUPOIBI M CBSI3BIBAIOIIMX XapaKTePUCTUK OPTOCTE-
PUYECKUX U aJUIOCTEPUYECKUX JIMTAaHIOB, OOUH U TOT
Ke aJUIOCTEPUYECKUI PETYIITOP MOXET (DYHKIIMOHM-
poBaTh, Kak PAM, NAM wiu SAM [116, 117, 119, 120].
Cutyanuust yCJIOXKHSIETCS ellle Y TeM, YTO HEKOTOpbIe
aJJIOCTepPUYECKIE CaliThl MOTYT COCEICTBOBATh WU Ja-
K€ YaCTUYHO IIePEeKPhIBAaThCS C OPTOCTEPUICCKUMU
caiitamu, BIUSISI KaK Ha UX JIOCTYITHOCTb JIJIsI arOHUCTA,
TaK 1 HA BhI3bIBAEMbIC 3TUM arOHUCTOM KOH(pOpMAaIIK-
OHHBIE TIEPECTPOMKM, HEOOXOMMMBIE IS IIepemadu
CHUTHAaJIa K TPAHCAYKTOPHBIM OeTKaM.

B kaxmoM KOHKpEeTHOM ciyyae apmakojoruye-
CKUii TTpOoMIb aJUIOCTEPUUYECKOro JUTaHIa 3aBUCUT
oT OonpHIOro ymciia (pakTopoB, KOTOphIE HE BCETIa
yaaeTcs AeHTU(UIUPOBATh U HAIEKHO KOHTPOJIUPO-
BaTh B YCJIIOBUSIX OpraHM3Ma, YTO TOPMO3UT BHEIPEHUE
AJJIOCTEPUYECKUX PETYJISITOPOB B KIIMHUYECKYIO IPaK-
TuKy. Cpeau Takux (pakTopoB IPUPOAA U CBI3BIBAIO-
1€ XapaKTepUCTUKU OPTOCTEPUYSCKOTO aroHMCTa,
MPUCYTCTBUE APYTUX AJUIOCTEPUUECKUX PETYISITOPOB U
MOMYJISITOPOB, ITOCTTPAHCISLUOHHBbIE MOIU(GUKALIUU
MoJeKyabl petenrtopa (N-mmko3winpoBaHue, ¢Goc-
dopunmpoBaHue, caiiT-crielIMUIHBIN TTPOTEOIN3, 1
JpyTue), o6pa3oBaHUE AU- U OJIMTOMEPHBIX peLieNTOp-
HBIX KOMIUIEKCOB, KOTOPbIe MOTYT BKJIIOYATh IIPOTO-
Mepbl KaK OTHOTO (TOMOOJIMTOMEpPHI), TaK U Pa3HbIX
(rerepoonuromepnl) TuUNoB GPCR, o6pa3oBaHue
MHOTOKOMITOHEHTHBIX KOMIUIEKCOB C pa3InYHbIMU
TPaHCAYKTOPHBIMM U adanTepPHBIMM OejIKaMu, acco-
Hyanus ¢ 6eJKaMu [UTOCKeeTa, TUMUAHBINA COCTaB 1
BSI3KOCTh ILIa3MaTUYECKON MeMOpaHbI, MOHHBINA CO-
cTaB 1 pH BHEKJIeTOYHOI ¥ BHYTPUKIICTOYHOM CPEIIbI.
Bce 3t pakTOpBhl BO MHOTOM OIPEASIISIIOTCS (PYHKIIM -
OHAJILHBIM COCTOSIHUEM KJIETKA U, OoJiee IIMPOKO,
(U3MOIOrMIYECKMM COCTOSTHMEM OpraHu3Ma, BKItoJast
BO3MOXHBIE IIaTOJIOTMYECKME W3MEHEHUSI B HEM.
BcaencrBue 3Toro HeoOXOMMMBI KOMIUIEKCHBIE UCCIIE-
JIOBaHMUS CcIieIn(puUIecKoil OMOIOTrNYeCKOM aKTUBHO-
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cTu U (hapMaKoJOrnueckoro npoduss JUraHaoB ai-
JIOCTEpPUUYECKUX CATOB KaK B YCIIOBUSIX in Vitro, TaK U
in vivo, Ipu4YeM Kak B HOpME, TaK U MPHU MaTOJIOThYE-
CKUX COCTOSIHUSX. [Ipu 3TOM HEOOXOAUMO YUUTHIBATD
TO, YTO (papMaKOJIOTMUYECKU MPpodUJib alslocTepuye-
ckoro JsuraHaa GPCR MoxeT 3aBUceTh OT TUIIA KJie-
TOK ¥ TKAaHEN, a TAKXKE BAPbUPOBATD y PA3TUYHbBIX BU-
OB XKNUBOTHBIX.

B cBs13u ¢ BbIllIecKazaHHBIM, IS oncaHus hapMa-
KOJIOTMYECKOTO MPOMUIs JIMraHaa aliocTepuyeckoro
caiita GPCR B KaX/10M KOHKPETHOM cjlydae mpume-
HsIeTCs cIielMaibHO pa3dpaboTaHHas sl 3TOTO MaTe-
MaTuhuyeckasi MoJiesib, KOTopasi 0a3upyeTcs Ha ornuca-
HUU PYHKIMOHAJBHON aKTUBHOCTU TPEXKOMITOHEHT-
Horo Kowmruiekca, Bkiwoyvatoniero GPCR, nurannm
OPTOCTEPUYECKOTO caiiTa U JIUraH/ 1eJIEBOTO aJlJIOCTe-
puyeckoro caira [117, 121]. B ToM cnyyae, Korma pe-
LIENTOp CHavajla o0pa3yeT KOMIUIEKC ¢ OpTOCTepuye-
CKUM aroHuctom A, dopMupoBaHUe TPOUHOTO KOM-
Tuiekca OyeT onmuchiBaThesl ypaBHeHUEM A + R + B <
<~ AR + B (K,) & ARB (Kg/o), tne K, u Ky npen-
CTaBJISIIOT COOOM paBHOBECHbBIE KOHCTAHThI TMCCOLIMA-
uu 1t KomriekcoB GPCR ¢ oprocTtepuyeckuM u ai-
JIOCTEpUYECKUM JIMTAaHIAaMU COOTBETCTBEHHO. B Tom
cly4yae, Korja pelenTop cHayaia oopa3yeT KOMILIEKC C
aJJIOCTepUUYECKUM aroHucTtoM B, oOpaszoBaHue Tpoii-
HOTO KOMIUIeKCa OyIeT OITMCHIBAaTbCsS ypaBHEHUEM
A+ R+B<A+RB(Kg) < ARB (K, /o) [121]. B 060-
WX YpaBHEHMSIX KOHCTaHTa O TpeACTaBiseT coboit
¢akTOp KOOINepaTUBHOCTU CBSI3bIBAHUS MEXKITY JIUTAH-
JlaMU OPTOCTEPUUYECKOTO U aJJIOCTEPUIECKOTO CalTOB.
DakTop O ONMWCHIBACT BIMSHHUE AJIJIOCTEPUUECKOTO
Juranga Ha aPUHHOCTh OPTOCTEPUYECKOTO aTOHUCTa
K peuentopy. Eciiu 3HaueHue of 6osblile eNUHUIIbBI, TO
AJUIOCTEpUUYECKUIA arOHMCT MOBBIIIAaeT adpOUHHOCTH
optocTtepuueckoro aronucrta (PAM), eciiu 3HaueHUE O,
MEHbIIIe eNUHUIIbI, TO ero 3(pdeKT ABsIeTCs] TPOTUBO-
noiaoxHbIM (NAM), B To BpeMs Kak B ciydyae, Koraa
3HaUYeHUE O paBHO €AMHMUIIE, a/UIOCTEPUYECKUIA aro-
HUCT He BJIMSIET Ha CPOJACTBO OPTOCTEPUUECKOTO JIU-
raHga K peuenrtopy (SAM) (ta6xa. 1). g onucaHus
BJIMSIHUSI aJUIOCTEPUUECKOTO Juranaa Ha 3ddeKTuB-
HOCTb OPTOCTEPUUECKOTO arOHMCTA UCTIOJb3YIOT (haK-
Top . B TOM ciydae, Korna aJuloOCTepUYECKU TUTaH]T
noBhIIIaeT 3(h(HEKTUBHOCTh OPTOCTEPUYECKOTO aro-
HHUCTa, OLIEHUBAEMYIO MO BEJIWUYMHE €ro MoJyMaKCH-
masibHOro 3ddekra, 3HaueHue dhakTopa 3 BbIllIe enu-
Huibl (PAM). Eciiu annoctepuyecKuii JUraHa CHUXa-
eT 3(hheKTUBHOCTb OPTOCTEPUUECKOTO aroHUcCTa, TO
3HaueHue dakrtopa B Huxke emuuuibl (NAM). s
SAM, koTopble He BAUSIOT Ha 3((HEKTUBHOCTh OPTO-
CTepUYECKOro arOHUCTA B OTHOLLIEHUH 11€JIEBOTO BHYT-
PUKJIETOYHOTO KacKaja, 3HaYeHue [3 mpuHUMaeTcs 3a
enuHuny (ta6ua. 1). IMockoabky GPCR criocobeH on-
HOBPEMEHHO B3aUMOJEUCTBOBaTh C pPa3IUYHbIMU
TPAHCAYKTOPHBIMU O€JIKaMU U MIOTOMY PETYJIMPOBATh
pasJInyHble BHYTPUKJIETOUHBIC KacKaabl, TO OIUH U
TOT Xe autoctepuueckuii monyistop (PAM, NAM,
i SAM) MOXeT mo-pa3HOMY BIMSTH Ha KaXKIbIii U3
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3THUX KacKamIoB, BCIEACTBHUE Yyero dhakTop 3, ctporo ro-
BOpSI, OMKUCHIBAET €ro (hapMaKoJOrM4ecKuit mpohuib
TOJIKO TIO OTHOIIIEHUWIO K OTPENEIEHHOMY CUTHAJb-
HOMY KacKay.

Kak oTMeuanoch BEIIIE, CYIIECTBEHHAsI YaCTh JIU-
TaHIIOB AJNIOCTEPUUECKUX CAiTOB UMEET COOCTBEHHYIO
AKTUBHOCTb, HE 3aBUCHIIYIO OT IIPUCYTCTBUS OPTOCTE-
pUYECKOro aroHucTa. JIjis XxapakTepUCTUKU UX aKTUB-
HOCTH BBOIMUTCS (DAKTOP T, KOTOPBIIA IJIST aJlIOCTEPH-
YECKUX JMTraHAOB C aAKTUBHOCTBIO aroHucra HUMEET
3HAUYEHUS BbIIIE €AUHUILBI (AJUIOCTEPUYECKHUIA MO-
HBIN aroHUCT, aro-PAM, aro-NAM), a s aymiocre-
PUYECKUX JIUTaHAOB C aKTUBHOCTHIO MHBEPCHUOHHOTO
aroHMCTa UM HEMTPaTbHOIO aHTAaTOHUCTA UMeeT 3Ha-
YyeHusl Hyke emuHMLbl (Tada. 1). s ayutoctepuye-
CKHUX MOAYJSITOPOB, HE MMEIOIIMX COOCTBEHHOI aK-
tuBHoctu (PAM, NAM, SAM, PAM-aHTaroHucr)
3HayeHue dakrTopa T paBHo exuuuie [116, 117]. [pu
OTOM HCO6XO£LI/IMO OTMETUTDb, YTO 3HAYCHUEC €AMHMLIA,
Kak rpaHuLa 11 AuddepeHMPpOBaHUS ITOJTHBIX U UH-
BEPCUOHHBIX aTOHUCTOB, SIBJISIETCSI BEChbMA YCJIOBHBIM,
IMTOCKOJIBKY B HEKOTOPLIX Cay4dyasaX OTCUET BEAYT OTHO-
CUTEJIBbHO HYJIS, VCIIOJB3yd MOJIOXUTEbHbIE 3HAYe-
HUS T 1J1s ormcaHus 3(p(EKTOB MOTHBIX aTOHUCTOB, U
OoTpULaTC/JIbHbIC 3HAYCHMA 3TOT'O ITapaMeTpa AJisd OIIn-
caHus 3P@OEKTOB MHBEPCUOHHBIX arOHUCTOB. Kak u B
ciyvae dakropa 3, mpu oreHke 3HaueHuUs1 dhakTopa T
JUTSL aJIJTOCTePUYECKOro JUraHaa HeoOXoIMMO TTPUHU-
MaTh BO BHUMAaHHE €r0 PETYISITOPHOE BIUSHUE Ha
KOHKPETHBIM BHYTPUKJIETOUHBINA KacKajl, MOCKOIbKY
NPENB3ITOCTb CUTHAIBHOM TPAHCAYKLIMU MOXET MPU-
BECTU K TOMY, UTO JJISI OMHOTO U TOTO XK€ aJllIoCTeprye-
CKOTO JIMTaHJa 3HAYeHMUS T IJIsI pas3IMIHbIX BHYTPU-
KJIETOYHBIX KaCKaa0B MOTYT CUJIbHO BapbUpOBAaThb.

Hapsgny ¢ nurangamMu, cneimUIHBIMUA IO OTHO-
meHuto K ornpeneneHHomy caiity GPCR, umeertcs
rpynma COeIMHEHM, TaK Ha3bIBa€MbIX OWTOITHBIX
(IBOMCTBEHHBIX) JIMTAHIIOB, CITOCOOHBIX OTHOBPEMEH -
HO B3aMMOJIeHICTBOBATh KaK C OPTOCTEPUUECKUM, TaK U
c ainoctepudeckum caitamu [ 120, 122—128]. B cTpyk-
Type OUTOMHBIX JIMTAHJIOB UMEIOTCS ABa (papMakodo-
pa, OOWH U3 KOTOPBIX CBSI3bIBAETCS C OpPTOCTEpUYE-
CKUM caliToOM (OOBIYHO C BBICOKOIT a(h(PMHHOCTHIO), B
TO BpeMs Kak Ipyroi ¢ aJJIOCTEPUUECKUM CaiTOM (Kak
npaBujio, ¢ 6ojee HU3Kou achPUHHOCTHIO). ITocKob-
Ky aJUIOCTEPUUYECKUIN U OPTOCTEPUYECKUIA CAWTHI TO-
norpadrMyeck pasiMyarTCs U MOTYT HaXOIUThCS
JIPYT OT Apyra Ha omnpeaeeHHOM PacCTOSTHUU, TO IS
3¢ GEKTUBHOTO CBI3BIBAHMS C peLICITOPOM (papMaKo-
(dOophI B OUTOITHOM JTUTaHIE HOKHBI OBITh COSTMHEHBI
TMOKUM, TTOJBVXKHBIM JIMHKEPOM. JIJTMHA TaKOTOo JIMH-
Kepa IOOJDKHA COOTBETCTBOBATb PACCTOSHUIO MEXIY
OpPTOCTEPUUYECKUM U aJIJIOCTEPUYECKUM caliTaMU B pe-
LIETITOpE, a caM JIMHKEP He MOJKEeH 3aTPYIHSTh KOH-
(dopMallMOHHBIE IIEPECTPONKIN, UHAYLIMPOBAaHHEIE O1-
TOITHBIM JIUTAaHIOM M HEOOXOAMMBIE IJISI peaau3aliu
ero addekra [120, 126]. [Ipu 3TOM KpaitHe BaxXHO
3HaTh TOYHYIO JoKanu3auuio B GPCR kak oprocTepu-
YeCKOro, TaK U 1eJIEBOTO aJlJIOCTEPUYECKOTO CaliTOB, 1
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aJIeKBaTHO BBIOpaTh HEOOXOTUMBIE THOKOCTh M (pr3M-
KO-XMMWYECKME XapaKTEePUCTUKU MCIOJIb3YEMOIO
JmHKepa, 9To B cirydae GPCR, mist KoTOpBIX He ycTa-
HoByieHa 3D-CcTpyKTypa, HAXOAUTCS TOJIBKO SMITUPHU-
yeckuM nyteM [129].

ITpeumyiiecTBaMu OUTOITHBIX JIMTAHIOB SIBJISIETCS
OoJiee BhIpaXXKeHHAas MIPEIB3SITOCTb UX ACUCTBUS U I10-
BhIIIeHME a(PUHHOCTU CBS3BIBAHUS C PELICITOPOM,
KOTOpasi o6ecreuynBaeTcsl CoueTaHUEM B HUX OPTOCTE-
pUYECKOIO M aJUIOCTEPUYECKOIO “KOMIIOHEHTOB”
[120, 125, 128, 130]. YHuUKanbHOCTb MPOGUIIST CHUT-
HaJIbHOIM TPaHCAYKIIMU OIpeaeisieTcs: bjarogaps Ha-
LEJIMBAaHUIO OUTOITHOTO JIMTaHIa Ha aJUIOCTepUIECKIIA
CalT pelernTopa, B TO BpeMsl Kak 0oJjiee BbIcoKasl ac-
(UHHOCTb OOYCJIOBJIEHA €r0 CBSI3bIBAHUEM C OPTOCTE-
pudyeckuM caiitoMm. ITokazaHo, 4To ocobeHHOCTU (hap-
MAaKOJIOTUYECKOTO TTPOGUIsi OUTOITHOTO JIMTAHIAa MOTYT
MPUBOAUTH K YHUKAIBbHON KUHETUKE €T0O CBSI3bIBAHUSI.
Crenyet, OMHAKO, OTMETUTD, YTO MOBHIIIEHNUE apduH-
Hoctu OutormHoro auranga K GPCR mnpowucxomut
TOJBKO ToOrma, kKorma ob6a dapmakodopa uaeaaibHO
CBSI3BIBAIOTCS C COOTBETCTBYIOIIMMU CaiiTaMM, 1 KaX-
IbIii U3 HUX UMEET CBOIO COOCTBEHHYIO KUHETUKY
CBSI3bIBAHUsI, KOTOpasi CcIocoOHa obecreuynuBarhb
CUHEPTUYHBIN 3¢ PeKT 000ux papMakooOpoB Ha aK-
TUBHOCTB pelienTopa. BTo OBIJIO MPOASMOHCTPUPOBA-
Ho Ha mpuMepe THRX-160209, 6uronHoro auraHaa
m2-MyCKapMHOBOTO alleTWJIXOJMHOBOIO pelenTopa
(mACh,R) [131], 1 R64a, buTomHOTO JIMTaHAa KaHHA-
OuHouaHoro peuenrtopa 2-ro tuna (CB,R), coBmenia-
IOIIETO B cede B KauecTBe (papMakodOpoB aJJIOCTEPU-
yeckuii Mmoayisitop EC21a (PAM) u opTocTepudecKui
aroHucT LV62 [128]. B 10 e BpeMsI HeGIaronpusiTHOE
BO3JcHCTBUE OOHOTrO (papMakodopa Ha KOH(popMalu-
OHHBIE IIEPECTPOIKM, BI3bIBa€MbIe APYTrUM (papMako-
¢opoM, HeraTUBHOE BIMSIHYE JIMHKEPa Ha CBSI3bIBalO-
II1e XapaKTepUCTUKU (dapMakodoOpoB B OUTOIHOM
JIMTaHOe, a Takke WHAWBUAYAIbHBIC IIPEIIIOYTCHUS
B3amMoIeicTBUS (apMakodopa ¢ pa3IUIHBIMU CO-
crossHusimu GPCR moryTt noBieyb 3a coboit 3HaYM-
TeJIbHOE CHIDKeHNEe ap(UHHOCTU OMTOMHOIO JIMTaHAa
K peuenTopy [132].

V. OCOBEHHOCTH .
CTPYKTYPHO-OYHKIIMOHAJIBHOU
OPTAHU3ALNHU, HNCIIO 1 JIOKAJTU3ALINA
AJIJIOCTEPUYECKHUX CAMUTOB B GPCR

B monekyne GPCR nMeeTcst ToIbKO OIUH OPTOCTE-
pUYECKUIA caliT, KOTOPbIi SBJISIETCSI MECTOM CHeLu-
¢UIHOrO CBSI3BIBAHUS C BHAOTCHHBIM JIMTAHIOM (aro-
HUCTOM WIM, KpaiiHe pemKo, aHTarOHMCTOM 3TOTO
caiita), B TO BpeMs KaK YMCJIO aJLTOCTEPUYECKUX Cail-
TOB 0OBIYHO cocTaBiisieT oT 3—4 no 10 u GoJjiee, 1 OHU
pa3au4aloTCs MO TOIIOJIOTMH, CTPYKTYPHO-(PYHKIINO-
HaJIbHOM OpraHu3anuu, CPOACTBY K JIMTaHAAM, MOJIE-
KyJISPHBIM MeXaHU3MaM aKTUBAlIMU, a TaKxKe obecrie-
YMBAIOT Pa3IMYHYIO IIPEAB3SITOCTh aTOHMCTOB K BHYT-
pukieTouHbIM 3¢dekrTopam. Cpeam TapamMeTpoB,
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XapaKTePU3YIOIINX ajIOCTepUIECKe CaliThl, HAanbOo-
Jiee BaXKHBIMU SIBJISTIOTCSI X JIOKQJIM3AlUs U TOTIOJIO-
rust B GPCR, koHdurypauus u ¢Gpusnko-xuMuieckue
CBOICTBa CBSI3bIBAIOILETO KapMaHa, KOH(MOpMallMOH-
Hasl MOABMXXHOCTD aJUIOCTEPUYECKOIO caiiTa, 3aBUCH-
MOCTb OT MOHHOTO COCTaBa, MOHHOI CUJIbI, OCMOJISIP-
Hocth U pH BHelIHel cpeabl, 0COOEHHOCTU B3aUMO-
IEUCTBUS 00Opa3ylollux alJIOCTepUIYSCKHM  cauT
MOJICKYJISIPHBIX IETEPMUHAHT C TPAHCAYKTOPHBLIMU U
amantepHbIMu Genkamu, BKiIodast G-6eiku, B-appe-
CTUHBI, MoauULMpYyIole akTuBHOCTE GPCR 6enku
(receptor-activity-modifying proteins, RAMP), a Tak-
Xe ¢ JIMImMoHo# (azoit MeMOpaHBI. McKIIIOUYnTeIhHO
Ba)KHOE 3HAUYCHHME UMEET yJacTHUE aJJIOCTePUUYSCKUX
caiiToB B (DOPMUPOBAHUU 1 CTAOMIM3AaLIMK TOMO- U I'e-
TEPOOJIMTOMEPHBIX PELENTOPHBIX KOMILJIEKCOB U MHO-
rokoMroHeHTHBIX GPCR-comep:kalimx KOMILJIEKCOB
[115—117, 133—136].

AnnocteprdecKe CaiThl MOTYT OBITh TOIIOJIOT Y€~
CKH1 U30JIMPOBAaHHBIMU OT OPTOCTEPUYECKOTO U IPYTHUX
aJIJIOCTePUUYECKUX CAMTOB MU YaCTUYHO C HUMU TIepe-
KpBIBAaThCsI, UTO IIPEAIIoJaraeT CylleCTBOBaHUE MHO-
TOBEKTOPHBIX  PELMIIPOKHBIX  B3aMMOOTHOIICHUIA
Mexny HuMu. OpTocTepruyeckuii caiiT B OOJbIIMHCTBE
GPCR BBICOKO KOHCEpPBAaTUBEH, YTO IO3BOJISIET KJIAC-
cu(UIIMPOBATh PELEOTOPHI, B TOM YHMCIE, IO CTPYK-
TYPHOIi OpTaHU3aLIMU UX OPTOCTEPUUECKUX CAliTOB U B
COOTBETCTBUU C XMMWYECKOI IIPUPOIOI JUTaHIOB
3THX caiiToB. Tak, HaIIpUMep, OPTOCTEPUIECCKUIA CalT
BO BCEX MATU TUIAX MYCKApWHOBBIX alleTUJIXOJUMHO-
BbIX peuentopax (MACh,R—mAChs;R) umeer Bbico-
KYIO CTEIIEHb TOMOJIOTUY aMUHOKWCJIOTHOM ITOC/IEN0-
BaTEeJIbHOCTH, CXOACTBO MPOCTPAHCTBEHHON CTPYKTY-
pbl U cyOaoMeHHoM opranusainuu [137]. Bto, ¢ onHOM
CTOpOHBI, obecneuynBaeT cTumyasiuni mACh R—
mACh;R onHUM U TeM ke TUraHaom, u, ¢ Apyroi, co-
3MaeT TPYAHOCTU B MOUCKE OPTOCTEPUUYECKUX arOHM-
CTOB, CIIOCOOHBIX auUd@epeHIUPOBATh OOWH TUII
mAChHR or apyroro [138].

B cBolo ouepenpb, ayiocTepuuecKre CalThl CyIle-
CTBEHHO BapbUpPYIOT II0 CTPYKTYpE, Jaxe cpeau 0JIm3-
KOPOACTBEHHBIX PELICIITOPOB, XOTS 3TO U HE SIBISIETCS
obmuM npasuioM [139—142]. BaxkHO OTMETUTb, YTO
aJJIOCTEpUYECKHE CAThl, C KOTOPBIMU CBSI3bIBAIOTCS
WIEHTUYHBIE WIU CTPYKTYPHO CXOOHbIE JIUTAHIBI, B
pa3Hbeix GPCR MoryT OBITh KOHCEPBATUBHBIMU, B TO
BpeMsl KaK aJUIOCTePUYECKUE CaiThl, JTUTaHAAMU KO-
TOPBIX SBIISIIOTCS CTPYKTYPHO pa3Indaionimecs: Coeam-
HEeHUsI, KaK NpaBUJIO, BapuabesbHbl U OMNPENesioT
MIPEAB3SITOCTh aKTUBALUM BHYTPUKJIETOUHBIX KacKa-
OB, CcHenU(PUIHOCThL 0Opa3oBaHUS PelEeHTOPHBIX
KOMIUIEKCOB U P APYTMX XapaKTEPUCTUK Jaxe Cpeau
6uskopoactBeHHbIX GPCR, mo3Bosisist ux ¢pyHKIIUO-
HaJIbHO pa3jndaTh MeXXIy COOOIA.

OpHaxko crieHn(pUIHOCTD AJITIOCTEPUISCKUX CAaiTOB
B GPCR TOXe nMeeT orpaHU4eHUsI, KOTOpbIe HEO0XO-
IMO TIPMHUMATh BO BHUMaHMe. DTO TIPOAEMOHCTPU -
POBaHO IJII HEKOTOPBIX AJITIOCTEPUIECKUX CANTOB, JIO-
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KaIM30BaHHBIX B HHTepdeiicax MeXIy TpaHCMEM-
opanHeiM goMeHoM M ICLs peuenrtopa. M3ydyeHue
csi3biBaHus B-AR ¢ coenHeHuem 15 (Cmpd-15) ¢ ak-
TUBHOCTBIO aJUTIOCTEPUYECKOIO0 MOAYJISITOpa MOKa3ajo
BBICOKOE CXOACTBO BHYTPMKJIETOUHBIX aJlJIOCTEpUYE-
cKux caiitoB, MuteHeit Cmpd-15, B Mmosiekyax B1- u
B2-AR [143, 144]. B xone usydeHus cBsizbiBaHust NAM
PF-06372222 u NNC0640 ¢ pererrropaMu DIIOKaroHa
(GCGR) u mmokaroH-noao6Horo nentuaa-1 (GLP-1R)
OBUIO OOHApPYKEHO CXOICTBO CTPYKTYPHO-(YHKIIMO-
HaJbHOI OpraHu3aluu aJUIOCTEPUUECKUX CAUTOB 3 TUX
peLenTopoB, 00pa30BaHHBIX IUTOILIA3MAaTUYECKUMU
okoH4YaHusgsMu TM5, TM6 u TM7 u ipoKCUMaJIbHbI-
mu ydyactkamu ICL3 [145].

I1pu co3manuu TeKapCTBEHHBIX ITperapaToB HEO0-
XOJIMMO YYUTHIBATh TOT (haKT, UTO KAXKYIIUHCS CIIeLM -
(UYHBIM B OTHOIIEHWM OJIHOTO pellenTopa mpenapar
CMOCOOEH CBS3bIBATHCS C TOMOJIOTMUYHBIM aJlJIOCTEPU-
YeCKMM CaiiToM, JIOKaJIU30BaHHBIM B OJIM3KOPOI-
crBeHHOM eMy GPCR, u, TeM cambIM, BIUSTH Ha €ro
(YHKIIMOHAJIbHYIO aKTUBHOCTb, UTO MOXKET NPUBECTHU
K HeMpeackaszyeMbIM MOOOYHBIM 3 deKTaM Mpu Mpu-
MEHEHUU TaKUX aJIJIOCTEPUIYECKUX PETYISTOPOB B KJIU -
HuKe. Tak, BepKMpHOH (vercirnon), aJuIoCTepUYCCKUIA
antaroHuct CC-xeMOKMHOBOro peuentopa 9 Ttuna
(CCRY), cBg3biBasichb ¢ BHYTPUKJIETOUHBIM aJlJIOCTe-
pUYECKUM CaliTOM, TOHABISIET HE TOJbKO CTUMYJISI-
o peuentopa celieKTuBHBIM CCR9-aroHucrom
CCL25, Ho u HapymaeT conpsikeHne ¢ G-0ellKaMu
JIPYTMX TUIIOB XeMOKMHOBBIX peLienTopos [146]. Ato-
crepuueckuiit CCR2-antaronuct CCR2-RA-[R], B3a-
UMOJEMNCTBYS C aJLIOCTEPUUECKUM CaWTOM, pacIoio-
>KEHHBIM B MHTep(deiice, 0Opa3oBaHHOM LIUTOIIa3Ma-
TUYECKUMU OKOHYaHUSIMU TMS U TIpOKCUMAaJIbHBIMU
K MeMmOpaHe ydyactkamu [CLs, mHruOupyet repemaqay
reaepupyemMoro CCR2-aroHncTaMu cUTHaJIa K BHYT-
PUKJIETOYHBIM 3¢ dekTopaM, Hapyiias QyHKIMO-
HaJbHOE B3auMoeiicTBue pelentopa ¢ G-6enkamMu, u
Hapsiiy C 5TUM HEraTUBHO BJIMSET HA Mepenavy CUurHa-
Jla yepe3 IpyTrre XeMOKUHOBBIE PeLIeNITOPHI, POACTBEH-
Hele CCR2 [147].

COBOKYITHOCTD ITOJIYYeHHBIX B HACTOSIIEEe BpPEMS
JTAaHHBIX YKa3bIBaeT Ha TO, YTO aJUIOCTEpUICCKUE cali-
Tl B GPCR MoryT pacrnoyiaratbcs BO BCeX CTPYKTYp-
HBIX JTOMEHax M cybmoMeHax peuenrtopa [116, 136].
Tak, oHM MOTYT OBITh JIOKAJIM30BaHbI B N-KOHIIEBOM
ydyacTke 1 Bo BHekJieTouHbIX neTasax (ECL1, ECL2,
ECL3), a Takkxe B obsacTu ux uHTepdeiicoB ¢ TMs,
¢dopMUPYIOIINX BHEUIHUI BeCTUOIONb IPU BXOAE B
TpaHCMeMOpaHHBIM TOHHENb. B pennentopax, nMero-
WX 3HAYUTEIbHBINA 110 pa3mepy N-KOHIIEBOI I0-
MeH, B (DOPMHUPOBAHUE aJUIOCTEPUICCKIX CANTOB MO-
I'yT OBITh BOBJICUCHBI YJYaCTKU 3TOTO JOoMeHa. B kaue-
CTBE TaKMX y4aCTKOB MOTYT BBHICTYHNATh JIMHKEPHBIC
MOCJICIOBATEIbHOCTH, KOTOPBIE B pellelITOpax THUIIO-
¢uzapHBIX NIMKOIIPOTEMHOBBIX TOPMOHOB CBSI3bIBAIOT
Oorarblii ocTaTKaMM JIEHIIMHA 9KTOJOMEH C IIUTOILIA3-
MaTU4YeCKUM OoKoHYaHueM TM1. DTu mociaeaoBareib-
HOCTH, KaK M HEKOTOPbI€ Y4aCTKM 3KTOAOMEHA, MOTYT
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SIBJISITBCSI MUIIEHSIMU IJII ayTOAHTUTE]T, KOTOPBIE BBI-
pabaTbiBalOTCs K BHeKJIeTOYHbIM yyacTkam GPCR u
BIUSIIOT Ha UX aKTUBHOCTbL. Takoe BIMSHHE ayToO-
GPCR-antnTenr o0ycioBiIeHO TeM, UTO B OOraToMm
ocTaTKaMu JielIIMHa 2KTOIOMEHE pacIiojiaraeTcsl BbI-
cokoaDUHHBI OPTOCTEPUUYECKUI CAMT IJIs CBSI3bI-
BaHMs -cyObenuHuil runodu3apHbIX DIMKOMPOTEH-
HOBBIX TOPMOHOB, KOH(OpMAalIUs U TOCTYMHOCTb KO-
TOPOTr0 BBICOKO YYBCTBUTEJILHBI JaxKe K HEOOIBIINM
VHIYKIIMOHHBIM BIUSHUSIM, UCXOOSIINM OT COCETHUX
C HAM aJJIOCTEPUYECKUX CANTOB, MUILLIEHEN ayTOAHTHU -
tea. B apyrmx GPCR BHeKJIETOYHBIE ajUIOCTEpUYE-
CKHE CalThl CIIOCOOHBI KOHTPOJIMPOBATh JOCTYIHOCTD
OpPTOCTEPUYECKOIo caiiTa, pacHo0XXeHHOIo B TpaHC-
MeMOpaHHOM JIOMEHE, IJISI SHAOTeHHBIX MJIA CUHTETU-
YeCKMX JIMTaHIO0B, a TAKXKE BIIMSITh Ha 00pa3oBaHMeE T0-
Mo- U retepoauMmepHbIXx GPCR-KoMIIeKCOB 1 Ha UX
B3auMoaeicteue ¢ RAMP, KoTopble CBSI3BIBAIOTCSI C
ECLs peuenntopa. ITockoinbpKy BaxkHYIO pOJIb B (DYHK-
LIMOHMPOBAHUHU PELIETITOPOB UT'PaAET MIPUCYTCTBUE B UX
BHEKJIETOYHBIX y4yacTKax N-TJIMKaHOB, TO BHEKJIE-
TOYHBIE aJJIOCTEPUIECKIME CANTHI CITIOCOOHBI 3HAYM -
MO BJIMSATH Ha IpoliecCc N-INIMKO3WJIMPOBAHUS, TEM
CaMbIM, OIIOCPEIOBAHHO MOIYJIMPYS CBSI3bIBAIOIINE
XapakKTepUCTUKU M (PYHKIMOHAIBHYIO aKTUBHOCTH
GPCR.

Jpyroii nmokanm3anmeil aJIoCTepUIECKUX CATOB
SIBJISIETCSI BHYTPEHHSISI MOJIOCTh TPaHCMEMOpPaHHOTO
JIOMeHa, B KOTOPOIA BO MHOT'MX pelIeNITOpax pacIioJja-
raercs OPTOCTEPUUYECKMI CalT. AJJIOCTEpHYECKUE
CaliThl MOTYT OBITh PACHOJIOXEHbI B BEPXHEU, OpUEH-
TUPOBAHHOU BOBHE, U B CPEAHEH YacTIX TpaHCMEM-
OpaHHOTO TOHHEJS, a TAKXKe B HWKHEI (OpUEHTUPO-
BaHHOI B LMTOIJIa3My) €ro 4acTu, KOTOpasi BO BCEX
GPCR BoBiieyeHa B Iiepegady BOJHBI KOH(oOpMalu-
OHHBIX MIEPECTPOEK OT OPTOCTepUUECKOro caira Kk G-
o6enkam. DyHKIIMOHAJbHASI 3HAUMMOCTD aJlJIOCTEPU-
YEeCKUX CAWTOB, PACHOJIOXEHHBIX BHYTPU TPAHCMEM-
OpaHHOTO JOMEHA, OIPEAcsIeTCs TeM, UTO B TpaHC-
MEMOpaHHOM TOHHEJI€ PaCHOJIOXEHbl OCHOBHBIE
CTPYKTYPHBIE 3JIEMEHTBI, OTBETCTBEHHBIE KaK 3a CTa-
OMIM3alnIo M aKTUBHOI, U HEaKTUBHOM KOH(poOpMa-
muii GPCR, Tak u 3a obpa3zoBaHue (GyHKIIMOHATBHO
AKTUBHOIO KOMIIJIEKCa, B TOM YMCJe MpeaaKTUBall--
OHHOTO, C TPAaHCIYKTOPHBIMHU Oejakamu. bojbliryio
pOJb 3[ECh UTPAET B3auMHOE pacrojoxeHue TMs, B
nepByio ouepenb TM5, TM6 u TM7, dopMupyommx
BHYTPEHHIOIO MOJIOCTh TPAHCMEMOpPAaHHOTO JTOMEHA.
JIuraHgaMm ajloCTEpUYEeCKUX CaMWTOB, JIOKAJIU30-
BaHHBIX B TpaHCMEMOpaHHOM IOMEHE, MOTYT ObITh
MPOCTBIE MOHBI, CIIOCOOHBIE JIETKO MPOHUKATh Yepe3
yCThe TPAHCMEMOPAHHOTO TOHHEJIST, 4 TAKXKE OTHOCU -
TEJbHO HEeOOJIbIIMEe OpraHNn4YeCKre MOJIEKYJIbl, CpaB-
HHUMBbI€ MO pa3Mepy U (PU3UKO-XMMUYECKHM CBOM-
CTBaM C JIMTaHAAaMU TPaHCMEMOpPaHHOTO OPTOCTEPHU -
4YeCKOro caura.

AnnocteprdecKe caiiThl MOTYT OBITh JIOKAJIM30Ba-
HEI B ICLs, C-koH1IeBOM TOMeHe M B MX MHTepdeiicax
¢ TMs, oTBeTCTBeHHBIMH 3a B3anMoaeiicTeue ¢ G-0e-
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KamH, B-appectnnamu u KuHazamu GRK-cemeiicTa.
Tem caMbIM JMTaHABI 3TUX CAUTOB KOHTPOJIUPYIOT
CUTHaJbHYI0 TpaHcAyKuuio Ha atanne GPCR-omocpe-
JIyeMOM aKTUBAallU1 TPAHCAYKTOPHEIX OEJIKOB, a TAaK3Ke
BO MHOTOM TIPEIOIPENC/ISIOT JAJIbHEHUIIIYIO CyIb0y pe-
HenTopa B KJeTKe, 3aBucdmlyio ot marrepHa GRK-
ornocpeayeMoro pochopuiupoBaHusl U 0Opa3oBaHUS
€ro KOMIUIeKCcoB ¢ B-appectuHamu. Kpome Toro, atu
CaMTHI MOTYT OBITh BOBJIEYCHEI B CUCTEMY PELIAIIPOK-
HBIX B3aumoaeicTBuil mexny G-0eaKkaMu 1 OpTocTe-
puueckumu caiitamMu GPCR, omocpenoBaHHO BIUSIS
Ha ap(pUHHOCTh peLenTopa K OPTOCTePUISCKOMY JIU -
rangy. CorjlacHO COBPEMEHHBIM HPEICTaBICHUSIM,
GPCR B3auMomeiicTByIOT ¢ OOJBbIIMM 4YmMcJIOM scaf-
fold-6enkoB, 00Opa3sys 3HAYMTEIbHBIE II0 pa3Mepy
MHOTOKOMIIOHEHTHBIE KOMIUIEKCHI, BKJIIOYalOIIe
¢epMeHTEI-TeHEpaTOPbl BTOPUYHEIX ITOCPEOHUKOB,
NpoTeMHKWHA3kl, pocdaras3bl, MOHHBIE KaHAJIbI. Poib
nuToruiasMarndecknx ydactkoB GPCR, a ciemoBa-
TeJIbHO, U JIOKAJM30BaHHBIX B HUX aJJIOCTEPUUYECKUX
CaliTOB 37IeCh MOXET ObITh BEChMa CYIIIECTBEHHO, XO-
TSI 3TO TPeOYyeT NOIOJHUTEIBHOTO U3YYSHMUS].

Bo3MoxkHa TakKe JOKaIM3alus alyIoCTEPUIECKUX
caiiToB Ha OOKOBOI ITOBEPXHOCTU TPAHCMEMOPAHHOTO
IIOMeHa, Tae TuapodooHbBIe cTOpOHBI TMSs KOHTaKTH-
PYIOT C TUITMIHBIM MaTPUKCOM IIJIa3MaTUYECKON MEM-
OpaHbl. DTU CAaTHI HE TOJBKO “HAaBOJSIT MOCThI” MEX-
Iy U3MEHEHUSIMU (PU3UKO-XUMUYECKUX CBOMCTB U X1~
MHMYECKOTO cocTaBa MeMOpaH 1 akTuBHOCTEIO GPCR,
HO Y MHIOYLMPYIOT U3MEHEHUsT KOH(MOpPMallui BHYT-
pEeHHEH MOoJIOCTU TPaHCMEeMOpPaHHOIO JOMEHA, BIIUSIS
Ha cynepno3uiirio TMs 1 IIpoCcTpaHCTBEHHYIO CTPYK-
TYpy, ¥ Ha JOCTYITHOCTh TPaHCMEMOpPAaHHBIX OPTOCTE-
PUYECKOI0 1 aJUIOCTePUUECKMX CAlTOB IS JIMTAHIOB.
Kpome Toro, oHM MOTyT y4acTBOBATh B CTAOMIN3alIN
M- U OJIMTOMEPHBIX PELENTOPHBIX KOMITJIEKCOB, BN~
STh Ha MepeMElleHUe pelenTopa MeXIy CyOKIIeTOd-
HBIMM KOMINApTMEHTaMH1 1 Ha TPaHCJIOKAIIUIO pellell-
TOpa B IJIa3MaTUYECKYIO MEMOpaHy.

I[MoreHLIMaIbHO aJUIOCTEPUYECKME CAWTBI MOTYT
dopmupoBaTbcsl IIpU OOpa30BaHMM TOMO- U TeTe-
poonuromepHbix KoMmiiekcoB GPCR u BKiIto4aTh cer-
MEHTBI Pa3JIMYHBIX IIPOTOMEPOB B MECTE MX KOHTAKTa,
HO JAHHBIX B OTHOLIEHUHN PEaJbHOTIO CYIIeCTBOBAHMSI
TaKMX CAliTOB B HACTOSIIIEE BPEMsI HET.

Heob6xonmMo oTMETUTh, 4TO MICHTU(MUKAIINS ajl-
JIOCTepUYECKMX CAaliTOB, YCTAHOBJIEHUE UX KOJIMYECTBA
M JIOKaJu3allui B MOJIeKyJie pelenTopa B KaXXIoM
KOHKPETHOM CJIydae IIPEACTaBISIIOT co00if BechMa
CJIOXXHYIO 3a71a4dy, XOTS y>Ke B HACTOsIIIIee BpeMsi B 3TOM
OTHOIIIEHUX JOCTUTHYT 3HAYMMBIIi ITporpecc, 4To cra-
JIO BO3MOXXHBIM BO MHOT'OM GJ1aronapsi pa3paboTKe HO-
BBIX ITOOXOI0B IS UACHTU(PUKALIMY aJIJIOCTEPUISCKUX
caritoB B GPCR [135, 136, 148, 149].
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VL. IOAXO bl AJIAA MAEHTU®UKALINA
AJUIOCTEPUYECKHUX CAUTOB B GPCR

Jlo Hayana smoxu ycTaHoOBJeHUs 3D-cTpyKTyp
GPCR c noMo1pio peHTTeHOCTPYKTYPHOTO aHaInu3a 1
JIPYTUX COBPEMEHHBIX (PU3UKO-XUMUYECKUX TTOAXON0B
JIaHHbIC O JOKalu3aluu, (pyHKIIMOHAbHON aKTUBHO-
CTU U CTPYKTYPHOH OpraHM3alliu ajlJIOCTepUUYECKUX
CalTOB ObLIM HETOUYHBIMU, CIIEKYJISITUBHBIMU, U 0a3u-
POBaJIMCh B OCHOBHOM Ha pe3yJibTaTaxX UCCAeA0BaHUMI
COeIUHEeHUI C yXe JOKa3aHHOH aKTMBHOCTbhIO. Tak,
HarpuMmep, BbISBJICHUE Y CUHTETUYECKUX TETNTUIOB,
Npou3BOAHbIX pazinuuHbix ydyacTkoB GPCR (ICLs,
ECLs, ux unrepdeiicel ¢ TMs), aKkTUBHOCTH aJIJIOCTE-
PUYECKUX PETYISITOPOB 3TUX PELENTOPOB MO3BOJIUIO
co3faaTh MOJEAM MOTEHLMATbHBIX aJIOCTEPUUYECKUX
CalTOB, C KOTOPBIMU 3TH MENTUAbI MOTYT B3aUMOJEH -
ctBoBaTh [150—153]. Beu1o moka3zaHo, 4TO (PYHKIIUO-
HaJIbHOM aKTMBHOCTBIO 00J1a1aJI1 B OCHOBHOM T€ Mem-
tuabel, npousBonHeie ICLs, KoTophle ObLIM MOTU(PU-
LUPOBaHBl  TUAPOMOOHBIMU  KUPHOKHUCIOTHBIMU
ocrtaTkamMu U(WJIM) coaepkaau omnpeaeseHHbIM o0pa-
30M PaCIIOJOXEHHbBIE KJIAaCTePhl MOJOXUTEIBHO 3apsi-
keHHBIX AKO, 4TO MO3BOJISIIO UM IIPOHUKAThH Yyepe3
JIMOUAHBINA 6uciaoi MeMOpansbl [152, 153]. D10 coort-
BETCTBOBAJIO TOMY, UTO UX CBSI3bIBAaHUE OCYIIECTBJISI-
JIOCh C BHYTPUKJIETOYHBIMU aJUIOCTEPUUYECKUMHU caii-
TaMH, KOMILUIEMEHTApHbIMU 3THUM TMenTuaaM. Takum
o0pa3oM, ObUIM TOTEHLMAIBHO UAESHTU(MUIIMPOBAHbI
HEKOTOPbIe BHYTPUKJIETOUHBIE AJIJTIOCTepUUYECKHUE caii-
Thl, & TAKXKE YCTAHOBJICHBI MEXaHU3MBbI (DYHKLIMOHATb-
Horo conpsxkeHuss GPCR ¢ tpancnykTopHbIMU OeJiKa-
MHU. B cBolo ouepenb, M3ydyeHHe B3aMMOOTHOIIECHUI
CTPYKTYpa—aKTUBHOCTb CPEIr HU3KOMOJEKYISIPHbBIX
aJIJIOCTEPUUYECKUX PETYISITOPOB PELIENTOPa JIOTEUHU -
3upytoiiero ropmMoHa (JII') 1 XopuoHWYECKOTIO ToHa-
notponuHa vejoBeka (XI'Y), a Takxke pelLiernTOpoOB
dommukynoctumynupytomero (PCI) u Ttupeorpomn-
Horo ropmoHoB (TTI) mo3BoauIO MAEHTUDULIMPO-
BaThb MX MMUIIEHU — PACIOJOXEHHBbIE B TpaHCMEM-
OpaHHOM TOHHEJIe aJlJIOCTepUYecKue CalThl, a TakKXKe
CKOHCTPYMPOBATh TIPUEMJIEMYIO TIPOCTPAHCTBEHHYIO
MoHeb 3TUX caiiToB [154—158].

ITocne Toro, Kak NOSBUINCH CTPYKTYPHBIC TaHHBIE
st GPCR, mouck ajuiocTepruyecKrX CamToB CcTall 1ie-
JNeHanpasBiieHHbIM 1 3¢ dekTuBHBIM. B 2010 1. Ivetac u
McCammon ¢ UCTIOJIb30BaHUEM METOJIOB MOJIEIUPO-
BaHUs Ha OCHOBE MOJIEKYJISIPHON TMHAMWKHU W aJirO-
putmMa FTMAP (fragment-based mapping), npenHa-
3HAYEHHOTO ISl BBISIBJICHUSI B PELIENITOPE “TOPSYUX
TOYEeK”, UMEIOIINX BRICOKOE CPOICTBO K IIEIEBBIM Op-
raHM4YeCKUM MoJieKysiaMm, uccriegpoBanu Bl- u B2-AR
[159]. B cTpyKType KaxKIoro 1u3 3TUX peLeNTOPOB ObLIO
BBISIBJICHO IO TISITh TTOTEHIINATBHBIX AJNTOCTEPUIECKUX
caliTOB, KOTOphIE pacmojarajiuch KakK B 00JaCTIX
B1/B2-AR, HOCTYNHBIX [UIsi PacTBOPWTENsI, TaK U B
yJacTKaX, SKCIIOHUPOBAHHBIX B JUMHUAHYIO (a3y. B
JalbHENIIeM, ¢ MOMOIIBI0 METOIAa YCKOPEHHOIO MO-
JIeJIMPOBAHUSI HA OCHOBE MOJICKYJIIPHOM TUHAMUKU U

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

asroputMa FTMAP, ¢ ucnonp3oBaHueM 16 opraHuye-
CKMX 30HJIOB, KaK ()parMeHTOB IOTCHIUAIbHBIX Jie-
KapcTB, B peuentope mACh,R 6bu1u uaeHTUGUIIMPO-
BaHbl CEMb MOTEHIIUAJIBbHBIX AJJIOCTEPUYCCKUX caii-
TOB, OOHW W3 KOTOPBIX ObUIM JIOKaJIM30BaHBI BO
BHEKJICTOUHBIX W BHYTPUKJIETOUHBIX IIPEIABEPUIX
TpaHCMEeMOpPaHHOI'O TOHHEJSI M ObLIM JOCTYIHBI IS
BOIBI, B TO BpeMs KakK JIpyrue pacloyiarajiich BHYTPU
TpaHCMEMOpPaHHOTO TOHHEJS, OyayYr 00pa3oBaHbl TU/I-
podo6HbIMU nHTepdeiicamu TM3-TM4, TM5-TM6 u
TM7-TM1/TM2, u 6bUIM OOCTYITHBI TOJBKO IJISI JIU-
MOMUIBHBIX OpraHUYEeCKUX MOJIeKy [ 160].

B 2018 r. ¢ momompio anroputmMa FTMAP Oblta
OCYIIEeCTBJICHA WICHTU(UKALIUS alJIOCTePUIECKUX
CaliTOB B A,,-aIcCHO3MHOBOM pelenTope, NpudeM
OTIEJIbHO pacCMaTpUBAJIMCh aKTUBHAS, IBE TIPOMEXY-
touHsble (1 u 2) (intermediate 1, intermediate 2) n Heak-
TUBHasi KOHopMalum perrerropa [ 161]. B HeakTMBHOIM
KOH(opMalluM TIPUCYTCTBOBAJIM TSITh TMOTEHIUATb-
HBIX aJUIOCTEPUYECKUX CANTOB, KOTOphIEe (DOPMUPOBa-
JIUCh LUTOIUIa3MaTUYECKUMU OKOHYaHusIMu TMI1 m
TM7 n BHeKJIETOYHBIMU OKOHYaHusIMU TM3 n TM4.
B akTtuBHOIi KOH(OpMaLMU ObLIIU BBISIBJIEHBI TOJBKO
JIBa aJUIOCTEpUYECKUX caiiTa, ONUH B BecTuOjI€E, 00-
pa30BaHHOM 1IMTOILIA3MaTUYECKUMH OKOHYaHUSIMU
TM3 u TM4, u npyroit BHyTpu G-06€710K-CBSI3BIBAIO-
1Ieit MoBEepXHOCTU B MHTepdeiice, 0Opa30BaHHOM LIM-
ToIJIa3MaTUYECKUMU OKOHYaHusgMu TM2, TM3, TM6
u TM7. B npomMexXXyTouHbIX KOH(popManusx 1 u 2 ObI-
JIU UAEHTU(ULIMPOBAHbBI TPU aJIJIOCTEpUYECKUX caliTa,
IJe B IOMOJIHEHUE K ABYM caiiTaM, MPUCYTCTBYIOLIUM
B aKTUBHOW KOH(poOpMaluu A,,-aleHO3UHOBOIO pe-
LIerTopa, UMeJcsl caiiT B ruaApochoOHOi moaocTH, 06-
pazoBaHHoi TMS5 u TM6 [161]. DTO HMccaenoBaHue
MPOAEMOHCTPUPOBAJIO, YTO NATTEPH UAEHTUDULIUPY-
€MBbIX C TMOMOIIBIO MOJIEKYJISIPHOTO MOIEJIMPOBAHUS
aJIJIOCTEPUYECKUX CAUTOB CUJIBHO 3aBUCHUT OT TOI KOH-
dopmaiiuu GPCR, Kotopasi aHaIM3upyeTcs, a TakxKe
OT MPUPOIBI JUTAHAA, KOTOPBIN CBSI3aH C OPTOCTEPU-
YECKMM WJIU AJJIOCTEPUUYECKMM CaliTaMu pelenTopa.

B 2019 r. Wakefield 1 coaBT. ¢ ITOMOIIIbIO aJATOPUTMA
FTMap u ero moguduiinpoanHoii Bepcuu FTSite uc-
cJieoBaIv JIOKAJIU3aluIo aJUIOCTEPUUYECKUX CAaliTOB B
17 penenTopax, OTHOCSIIIIMXCSI K YEThIpEM OCHOBHBIM
kimaccaM GPCR, ucronb3ys mist atoro 29 KpucTaim-
yecKnuX cTpykTyp [148]. TTockoabKy st BceX M3ydeH-
HBIX PELENITOPOB UMEJIMCh SKCMIEPUMEHTAIbHbIC JaH-
HEBIE T10 MX aJIJIOCTEPUICCKOI PeryIsiiuy, TO ITOJIyYeH-
Hele ¢ Tmomomublo FTMap pesyasTtaTel  ObBUIH
COMOCTaBJIEHbl C HUMU, U 3TO MO3BOJIUJIO B OIpe/e-
JIECHHOM CTEIIeHU OLICHUTh UX IpeICcKa3aTeIbHYIO CITO-
cooHocth. Hnsa amroputmoB FTMap m FTSite mipu
UIeHTU(PUKALIMM BCEX aNIOCTEPUUECKUX CalTOB B
M3YYEeHHBIX peleITopax oO0Ias IpencKaszaTejibHast
croco6HocTh cocraBuia 69 (FTMap) u 76% (FTSite).
ITpu 3TOM 1711 ajIOCTEpUUYECKUX CAUTOB, JTOKAINU30-
BaHHBIX BO BHYTPEeHHEI MTOJIOCTA TpaHCMEMOPaHHOTO
JJOMEHa M BOJIM3M BXOla B TpaHCMEMOpaHHBINA TOH-
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HeJlb, MpeacKa3aTelbHasl CIIOCOOHOCTh aJrOPUTMOB
FTMap u FTSite OblJ1a CyIIIECTBEHHO BBIIIE U JOCTHU-
raja 80 u 88%, COOTBETCTBEHHO, UTO SIBIISIETCS OYEHb
XOPOIIINM ITOKa3aTejeM. 3HAYMTEILHO XyXKe OeJI0 00-
CTOSIJIO C ITpeAcKa3aHUeM aJUIOCTePUUECKUX CAaliTOB Ha
rpaHuIe MeXIy TpaHCMeMOpaHHBIM JTOMEHOM U THI-
poMIBHBIMM TIETJISIMM, TII€ IpeacKa3aTeabHasl CIIO-
COOHOCTB, KakK IMpaBujio, He Ipesblana 50%. Dr1o
00YCJIOBJIGHO TEM, YTO HCIIOJb3yeMbI€ B aJropUTMax
FTMap u FTSite uHCTpyMEHTHI KapTUPOBAHUS pa3pa-
OoTaHBI OJIS TIpeAcKa3aHUs “TOpSTYUX TOUYEK” CBSI3BI-
BaHMsSI C OPraHUYECKUMU MOJICKYJIaMHU JJIs TIIOOYJIsIp-
HBIX O€JIKOB, 0€3 yuyeTa MX B3auMOACUCTBUS C IIOBEPX-
HOCTbIO MeMOpaHbl WJIM BCTpauBaHUS B JIUITMIHBIN
MaTpukc MeMOpaHbBl. Kpome Toro, maHHbBIE pEHTI€HO-
ctpykrypHoro aHann3a GPCR m1s mogBM>KHBIX THII-
pOMUIBHBIX METEIb OYEHb HEHANEKHBI, UYTO TaKKE CO-
3[4aeT OrpaHUYEeHUS IUISI UASHTU(MUKALIMK B HUX aJlJIO-
CTepuyYeCcKux caliToB ¢ rnmomoliibio anroputMoB FTMap
u FTSite [148].

IIpo0GyieMBl, BOZHUKIIIME TPU UASHTU(MUKALIAN aJTl-
JIOCTEPUUYECKUX CATOB, paCOJIOXEHHBIX Ha TpaHUILIE
TpaHCMEeMOpPaHHOTO JOMEHA U TUAPOGUILHBIX TTETEb
GPCR, ¢ mmoMomipio pa3augIHBIX BEPCUI alTOpUTMa
FTMap (https://ftmap.bu.edu/), o kpaiiHeit Mmepe,
YaCTUYHO MOTYT ObITh pellicHbI MyTeM aHajiu3a JaH-
HBIX, TIOJIYYEHHBIX IJISI KPUCTAINIMYECKUX CTPYKTYP
CBOOOMHBIX OT JIMTAHJA PELIETITOPOB U TAKOBBIX, KPU-
CTAJNIM30BAHHBIX B KOMITJIEKCE C aJIOCTEPUYECKUM
nurasgom [162]. B 2022 r. Wakefield u coaBT. npoaHa-
JIM3UPOBAIA PEHTIeHOBCKUE CTPYKTYphI Wist 394 GPCR
¥ COMOCTABUIIN UX C pe3yJibTaTaMU aHanu3a 39 peHTre-
HOBCKHUX CTPYKTYpP PeleNTOPOB, KPUCTANIM30BAHHBIX
B KOMIUIEKCE C WMHTHUOUTOpaMU aJNIOCTEPUUECKOTO
caiita. B 21 u3 39 Takux cTpyKTyp OBIIIA YCTAHOBJIEHBI
JIOKanu3auust U MIPOCTPaHCTBEHHAs] OpraHu3alus aji-
JIOCTEPUUECKUX CAlTOB, YTO TMO3BOJMJIO UCCASAOBATh
TOMOJOTMYECKN CXOmHbIe JIOKycHl B Apyrux GPCR,
CBOOOIHBIX OT aJJIOCTEPUYECKOro uraHaa. B pesynb-
TaTe ObLIU MASHTUMUIIUPOBAHBI AEBSATH TOMOJIOTUYE-
CKM CXOIHBIX JIOKYCOB B pas3nmnuHbIX Kinaccax GPCR,
KOTOpPBIE C BBICOKOI BEPOSITHOCTBIO COACPKAT aJlIo-
cTepuyeckue canmTol. [1pu 3TOM 3TH JIOKYChI MOTYT He
MMETh 3HAYMMOI TOMOJIOTMY Ha YPOBHE MEPBUYHOIM
CTPYKTYPBI U SIBJISITbCS MUIIECHSIMM IJISI XUMUUYECKU
pPa3IUYHBIX OPTaHUYECKUX MOJIEKYI [162].

Jns moucka amnoctepudeckux caiitoB B GPCR
TakXe IIUPOKO KMCHOJBb3YIOT METOIBI MOJEKYJISIPHOMN
IUHAMHUKH. 3HAYUTEIbHBIN MHTEpPEC 30eCh MpeacTaB-
JISTIOT TIOMCK U M3YYEeHME aJlJIoOCTEpUUYECKUX CailToB,
KOTOpBIC JIOKAJIM30BaHBI Ha OOKOBOI ITOBEPXHOCTU
TpaHncMeMOpaHHoro noMeHa (TM7-1my4yka) u TOCTyII-
HBI U151 (PyHKIIMOHAJILHOIO B3aMMOAEUCTBUS C UM -
IaMU TUIa3MaTUIeCKOil MeMOpaHEL. DTO 00YCIIOBICHO
TeM, YTO MOJIEKYJISIpHAsT AWHAMHWKAa B HauOOJbIeit
CTEIEeHU MOAXOAUT 1T U3YyYeHUsI KOH(OPMaIITMOHHBIX
n3MeHeHuii B GPCR, Haxoggmuxcss B MeMOpaHHOM
OKPYKEHHHU. AJUIOCTEpUYECKHE CaliThl, CIIOCOOHBIC
KOHTAaKTUPOBaTh C MEMOpaHHBIMU JIMIIUIAMU, B Ha-
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CTOAILICC BpEMA I/II[CHTI/I(I)I/ILII/IDOBS.HBI JIJIA IEJIOTO pAda
GPCR [149, 163—172].

IIpu u3yyeHuM perieniTopa CBOOOIHBIX XXUPHBIX
kuciiot 1 Tuna (Free Fatty Acid Receptor 1, FFAR1) ¢
MOMOIIIBIO MOJIEKYJISIPHON NUHAMUKU ObLIM OOHapy-
JKeHBI Ba PELIMIIPOKHO B3aMMOMEHCTBYIOIIMX aJljIo-
CTepUYECKUX CaiiTa, OMMH U3 KOTOPBIX pACIIOJIOXKEH BO
BHEKJIETOUHOM TpPEIABEPHUU TPAHCMEMOPAHHOTO TOH-
HeJisl, a Ipyroii Ha 00oKoBoit ctopoHe TM7-myuka, B
npoctpaHcTBe Mexay TM3 u TM4 [169, 171]. AroHuct
BTOpOro caiita, AP-8, ocmabnsan B3aumMOOEHCTBUS
AKO B TpaHcMeMOpaHHOM IOMEHE, OIIOCpEIyeMEbIe
yepes JJoKaJin3oBaHHbI B TM3 BbICOKOKOHCEpBATHUB-
HBI1 octatok TuposuHa (Y?'G37) B 1o Bpems Kak aH-
TarOHUCT, HAINPOTUB, CTAOWJIM3MPOBAI 3TU B3aUMO-
NeucTBUsl, 3aTpydHsIsi KOH(OpMallMOHHbIE Tiepe-
CTPOIKM TpaHCMEMOpPaHHOTO JOMEHa, HEOOXOIUMbIe
JUIS1 OTKPBITHSI TOHHEJISI M aKTUBaluu penenrtopa [171].
Jiménez-Rosés 1 coaBT. ¢ IIpUMEeHEHNEM TOM K€ METO-
JIOJIOTUM MOJIEKYJISIPHOTO MOAEIMPOBAHUS OBLIO MO-
Ka3aHoO, UTO CBSI3bIBaHUE aNIOCTEPUUECKOTO caiiTa,
JIOKaJIM30BaHHOTO Ha OOKOBOI ToBepxHocTu TMT7-
myaka mACh,R, ¢ coenmaennem LY2119620, HaneneH-
HBIM aKTUBHOCTbIO PAM, npuBOAUT K OTpaHUYECHUIO
KOH(OPMaILIMOHHOM MTOABUXKHOCTU OCTaTKa TpunToda-
Ha B TM7 (Trp*2(739), x usmeHeHnI0o KOHPOPMALIMK
ocratka Tupo3rHa B TM7 (Tyr*207-3))  ¢opmupyrolero
OPTOCTEPUYECKUNA CAUT, U K YCUIEHUIO aKTUBUPYIOILIE-
ro JIefiCTBUSI Ha PELIETITOP OPTOCTEPUUECKOTO arOHUCTA
unepokco (iperoxo) [167].

C NTOMOIIBIO MOJIEKYJISIPHO-IUHAMUYECKOTO MOJIE-
supoBaHus B GLP-1R u P2Y,-nypuHepruyeckom pe-
LEeNTOpe OOHAPYXEHBI aJZIOCTEPUICCKUE CAMTHI, JIO-
KalIM30BaHHbIe HA TpaHulie TM7-nydka ¢ TUIIMIHBIM
oucioeM MeMOpaHBI, KOTOpEIe O0O0pa30BaHBI THIIPO-
¢ob6HBIMU TIOBepxHOCTIMU TM1, TM2 u TM3 [163,
170]. B cayuae GLP-1R, Kak u B pelLienTope MIoKaro-
Ha (GCGR), B hopMupoBaHUM TaKMX CAaliTOB TaKXKe
npuHuMalor ygactue TM6 u TM7 [145, 173]. B ipore-
MHa3a-aKTUBUpyeMoM perienitope 2-ro tTumna (PAR2) u
KaHHabuHouaHoM penenrope 1-ro tuna (CB,R) B
¢opMHUpPOBAaHUY TAKUX CAWTOB IPUHUMAIOT Y4acTHUE
TM2, TM3 uTM4 [164, 168]. B f2-AR, xeMoTakTH4e-
ckoM peuernrope 1-ro Tuna mist CSa aHaduI0TOKCHHA
(C5aR1), peuentope CBOOODHBIX XKUPHBIX KHCJIOT
GPR40 u nopaMuHOBOM pelenTope 1-ro Tumna 3TOT
caiit ¢popmupyor TM3, TM4 u TMS5 [174—178], a B
aleHO3MHOBOM penentope 1-ro tTuna — TM1, TM6 u
TM?7 [179]. DTo yKa3biBaeT Ha TO, YTO B pa3IMIHBIX
GPCR marrepH ruapodo0OHBIX moBepxHocTeir TMs,
YYaCTBYIOIINX B aJUIOCTEPUUYECKOM PETryJISIIUUA B WH-
Tepdeiice peenTop-MeMOpaHa, CUJIbHO Pa3JInyaeTCsl.
OnHako 3TO HE O3HAYaeT, YTO YMCJIO TaKUX CAWTOB
OrpaHUYMBAETCSl TEMU, KOTOpble OOHAPYXXEHBI C TO-
MOIIBIO MOJICKYJISIPHO-AMHAMUUYECKOTO MOJIEIMPOBa-
HYSI, M JONOJHUTENbHBIE, ellle HEUAEeHTU(PULIMPOBaH -
HBIE, CaliThl MOTYT OBITH 00Opa30BaHbI IPYyruMu 1T Ms.
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Jns wmccneqoBaHWs MOJIEKYJISIPHBIX MEXaHM3MOB
B3aMMOJEMCTBUS JIMTAHI0B C AJULIOCTEPUYECKUMMU Caii-
TaMU, JIOKAJIM30BAHHBIMM Ha OOKOBOI1 ITOBEPXHOCTU
TpaHcMeMOpanHoro noMeHa GPCR 1 HaxongmmMmucs
B KOHTaKT€ C JIMNUAAMU, ObUIM HCITOJb30BaHbI KakK
KBaHTOBO-XMMHWYECKME PACUYCThl C MCIIOJIb30BAaHUEM
aIarTUPOBAaHHOM K CUMMETPUM TEOPHU BO3ZMYILIEHUIA
(symmetry-adapted perturbation theory, SAPT), Tak u
aHaJIU3 €CTCCTBEHHOM MOMYJISILAN I KOJIMYECTBEH-
HOM OLIEHKM CHJIbI MEXMOJEKYISIPHBIX B3aMMOICii-
ctBuii [172]. B pe3ymbraTe OBLIO YCTAaHOBJICHO, YTO
CBSI3BIBAHME JIMTaHAA C TAKUMM caliTaMU OIIOCPEayeT-
¢S KaK KJIaCCMYE€CKMMY BOTOPOAHBIMU CBSI3SIMU, TaK 1
B3aMMOACUCTBUSIMU MEXITY CIa00MOJISIPHBIMU U 3apsi-
KeHHBbIMU TpyrmiamMu. Kpome Toro, BaxkHYIO pOJb B
of0ecrnedyeHn IOOXOOSIICH MO3bl aJIOCTEPUIECKOTO
JIMraHjaa U KoH¢popMalluu caiTa CBSI3bIBAaHUS UTPaIOT
ruapodoOHbBIe XBOCTHI JIMIIMAOB IIa3MaTUYECKOI
MmeMOpans! [172]. Kak oTMedaoch BhIIIIE, aJlZIOCTEPH -
YyecKre calThl Ha cThiKe TM7-Imydka U MeMOpaHHBIX
JIMIIUOI0B CIOCOOHBI TaKXKe B3aUMOIeiicTBOBaTh ¢ TMs
JIPYTMX MHTETPAIbHBIX OEJIKOB, B TOM YMCJIE C IIPOTO-
mepamu GPCR, yyacTtBys B hopMHUpOBaHUM 1 CTaOU -
JIM3aLIMM PELEIITOPHBIX KOMILICGKCOB U OIIOCPELYS al-
JIOCTepUYECKME BIMSHUS AW- U OJIUTOMEpU3alMM Ha
aktuBHocTh GPCR. Hapsay ¢ aTuM, 3Tu caiiThl sSIB-
JISIOTCS MOOXOISIIMMU MUIIEHSIMU IS PeTyJIsIun
GPCR nunmpamu 1iazMaTA4ecKoit MeMOpaHbl, Kak
3TO MMOKAa3aHo JJISI XoJaecTeprHa, pocdoaunuaoB 1 He-
KOTOPBIX MEMOpPaHHO-aCCOLUMUPOBAHHBIX CTEPOUIOB
[180—182].

B oTiinumne oT opTOCTEpUYECKUX CATOB, KOTOPHIE
mist oonbimHcTBa M3BeCTHBIX GPCR 00cTOSATEIBHO
OXapakTepu30BaHbl, 3HAYUTEIbHASI 4YacTb MHOXe-
CTBEHHbBIX AJUIOCTEPUYECKUX CANTOB, JOKAIM3ALUSI U
CTPYKTYpHasi opraHu3alus KOTOPbIX CUJIbHO BapbUPY-
IOT, JaXe B CJIydae XOpOIIO M3YYEHHBIX PELENTOPOB
ocTaeTcs HeucciaeaoBaHHOM. Takue caiiTbl Ha3bIBAIOT
“CHUPOTCKUMU” aJlJTOCTEpUIECKUMU caiiTaMu (MO aHa-
norun ¢ GPCR, 17151 KOTOPBIX HE U3BECTEH OPTOCTEPHU -
yeckuii aroHucT). B 2022 r. Kolb 1 coaBT. ¢ 11e1b10 Be-
pudUKaLIMK yKe U3BECTHBIX AJIOCTEPUUYECKUX CAHTOB
U TIoMcKa “CHPOTCKUX” aJlJIOCTEpHMYSCKUX CaiiTOB C
MOMOIIIBIO MeTOoAa MOKMHIa HU3KOMOJIEKYJISIPHBIX
30HOOB in silico vccaenoBaiu 557 KpUCTATTMYECKUX
ctpykryp wist 113 pazmmuneix GPCR [135]. D10 1103BO-
IO CcOo3JaTh “TMakeToM” IS aJIOCTEPUYECKUX
caiitoB, lokanu3zoBaHHBIX B GPCR, oTHOCAIIMXCS K
pasnmuuyHbIM Ki1accaM (A, B1, B2, C, D1, u F). B pe-
nenTopax kKyjacca A, Hanbosee OOIIMPHOTO U Pa3Ho-
00pa3Horo Mo MPUPOE OPTOCTEPUUECKUX JIUTAHIO0B, B
obmactu 7TM-1yuka Obl1a oIpeacseHa JIOKAIM3alus
no 11 ammocTepnyecKMx CaiiTOB, IS CYIIIECTBOBAHMS
KOTOPBIX UMEINCh DKCIIEPUMEHTaIbHbIE NTOKa3aTe/lb-
CTBa, B TOM YMCJI€ JaHHBIE 110 YHIOTCHHBIM WJIN CUH-
TETUYECKUM aJIJIOCTEPUUYECKUM pPEeTyjsITopaM W pe-
3yJbTaThl CalT-HaINpaBleHHOro MmyrtareHe3a. Kpowme
TOTO, B 3TUX pelenTopax ObUIM UASHTU(MULIMPOBAHBI
elre 10 8 caiToB, KOTOPBIE MOTYT OBITh MUIIICHSIMU JIJIST
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AJIJIOCTEPUYECKUX PETYISITOPOB U OTHECEHBI K “CHUPOT-
CKUM” aJjijlocTepudecKuM caiitam [135].

B nosoctu, 3aHMMampIIeil LIEHTPAJIbHYIO YacTb
TpaHCMEMOPaHHOTO TOHHEJISI, HEMHOTIO BBbIIIIE €T0 ce-
penuHbl, Bo Bcex kinaccax GPCR pacnonaraercst mex-
cnvpaNbHBIM  cBsa3bIBatomuii  caiit-1 (Interhelical
Binding Site 1, IBS1), oqnako ero ¢yHKInu B pa3ainy-
Hbix GPCR MoryT cyliecTBeHHO pasnuyaTbes. Tak B
GPCR kitacca A oH, KaK IIpaBUJIO, SIBIISIETCSI OPTOCTE -
PUYECKUM CaiTOM M C BBICOKOM a(p(PUHHOCTBHIO CBSI-
3bIBAETCSl C BHAOTEHHBIMU JuraHaamMu. OgHaKo uMe-
I0TCSI UCKJTIOUEHMsI, HAlIpUMED, B ciiyyae peliernTopoB
nonkinacca AlQ (peuenTopbl TMNOGU3APHBIX TIUKO-
MPOTEUHOBBIX TOPMOHOB), B KOTOPBIX OPTOCTEpUYE-
CKWI CalT JJOKAJIM30BaH B 3KTogoMeHe, caiiT IBS1 He
SIBJISIETCSI MULLIEHBIO JIJIS1 OPTOCTEPUYECKOTO JIMTaHaa U
(GYHKIIMOHUPYET KaK ajlocTepuyeckuii caiut. s
GPCR knacca A, KOTOpHbIe SIBASIOTCS MUIICHSIMU IJ1sI
MENTUAHBIX U MOJUIENTUAHBIX TOPMOHOB, HE CITIOCO0-
HBIX LEJTUKOM MOTPY3UThCS B TPAHCMEMOpPaHHBIN TOH-
Hesb, BbicOKoadp¢uHHBIN caiit IBS1 Bkirouaer He
TOJIBKO LIEHTPAJIbHYIO MOJOCTb TPAHCMEMOpPaHHOTO
TOHHEJISI, HO 1 €ro BHEIITHUI BeCTUO0Ib U UHTepdeii-
Chbl MEXIy BHELIIHUMM OKOHYaHUSIMU TMSs U NpoKcu-
MaJIbHBIMU K MeMOpaHe ydactkamu ECLs. CxomHas
cutyanus Habmonaercs niast GPCR knacca B, Takxke
aKTUBUPYEMbIX MOJUIENITUAHBIMU TOopMOHaMu. B
GPCR xiacca C, K KOTOPBIM OTHOCSITCSI METaOOTpPOTI-
Hble TJIyTaMaTHble PeLieNTOPbI, PELENTOPHl Y-aMUHO-
MacisgHo#t kuciaoTel (GABARR) 1 BKycoBbIe pelienTo-
pbl, UMEIOIIIMEe OPTOCTEPUYECKU CAUT B 3HAUMUTEb-
HOM I10 pa3Mepy BHekJeTrouHoM Venus flytrap (VFT)
JIOMeHe, Kak M B pelientopax nonkiacca Al0, cait
IBS1 BBITTOTHSIET QYHKIINT aJUTOCTEPUUIECKOTO caiiTa.

Heo6xoaumMo oTMETUTh, UTO B TpaHCMEMOpPaHHOM
TOHHeJIe OOJBIIMHCTBA pPELENTOPOB Kiacca A caiiT
IBS1 mHaxommTcsd HEeMHOTO BBIIIE, YeM TaKOBOM B
GPCR xiaccos B u C. B ciyyae GPCR kiacca B 310
MOXKET OBITh O0YCJIOBJICHO OOJIbIIEI IIPOTSLKEHHOCTBIO
cayita IBS1, KoTOpHIit Kak OBI BBEITSIHYT BIITyOb TpaHC-
MeMOpaHHOTO TOHHEJIS, B TO BpeMs Kak B GPCR kiac-
ca C aTOT cailT (hyHKLIIMOHUPYET KaK ajlJIOCTEPUUYECKUIA,
YTO, BO3BMOXHO, CHUMAET ONpeae/IeHHbIE OTPaHUYCHUS
Ha ero “yrarmjiuBaHue” BIIIyOb TpaHCMEMOpPaHHOTO
toHHes1. CBepxy K caiity IBS1 nmpuMbIKaloT aBa BTO-
PUYHBIX cBsI3bIBarommx cairta, IBS2 n IBS3, xoToprie
MOTYT YaCTUYHO MEPEeKPbIBATbCSI C HUM U SIBJSIOTCS
NOTeHUMAJIbHBIMI  aJUIOCTEpUYECKUMM  caliTaMu,
BJIMSIS KaK Ha CBSI3bIBAIOIIIME XapaKTEPUCTUKHU pelLier -
TOpa, TaK U Ha CTAOMJIBHOCTb €ro aKTUBHOU KOH(pOp-
Malyu 1 IIepeaady BOJIHBI KOH(MOPMAIMOHHEIX IIepe-
CTPOEK C OPTOCTEPUUECKOTO caiiTa K TPaHCAYKTOPHBIM
o6enkam. IIpu atom caiit I1BS2, KoTopblit uaeHTUhU-
LMpOBaH B pelienTopax kiraccoB A, B2 u C, dopmupy-
eTcsl BHyTpeHHel moBepxHocTbio TM4, TM5 u TM6, B
TO BpeMs1 Kak caiit IBS3, o6HapyxeHHblii B GPCR
kimaccoB A, B1, Cu D1, oopazoBan TM1, TM2, TM3 n
TM7 [135].
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Cpenu 60JIbIIOr0 YMCa aJlJIOCTEPUIECKUX CAUTOB,
naeHTUGUIUpoBaHHBEIX B 2022 T. MeXIyHapOIHBIM
HayyHbIM KOJIJIEKTMBOM TI0J, PYKOBOJACTBOM Peter
Kolb, HanOobIIMii MHTEpPEC IIPEACTABIISIECT MOAPOO-
HO€ U3y4YeHUEe CTPYKTYPHBIX U (DYHKIIMOHATbHBIX Xa-
PaKTepUCTUK OBYX “CHUPOTCKUX’ aJJIOCTEPUYECKUX
caiitoB, obo3HayaeMbIXx Kak OS5 u OS9, jgokanuso-
BaHHBIX B HIxKHel yactu 7TM-myuka [135]. Caiit OS5
JIOKAIV30BaH B IOJIOCTH, ob6pasyemoit TM5 u TM6,
KOTOpbIE MEHSIIOT CBOIO KOH(MOPMAILMIO U B3aUMHOE
pacnoyioXXeHue NMpu CBSI3bIBAHUM pelenTopa C OpTOo-
CTepUUYECKUM arOHWCTOM Y MOIYJMPYIOT B3auMOJe-
CTBHUE JIUTaHI-aKTUBUPOBAHHOTO pelientopa ¢ G-6e-
KaMHM, NOCKOJbKy uHTepdeiicel ICL3 ¢ TM5 u TM6
SIBJISIIOTCSl  KJIIOYEBBIMU MOJIEKYJISIPHBIMU  IETEPMMU -
HaHTaMH, OTBETCTBEHHBLIMU 3a (popmupoBaHue G-0e-
JIOK-CBSI3bIBAIONIE TTOBEPXHOCTU pelenTopa [23].
CerMeHTbl aMUHOKUCIIOTHOW MOCIea0BaTeIbHOCTH,
dopmupytomme caint OS5, SIBASIOTCS BEHICOKOKOHCEP-
BatuBHEIMU cpenu oonbimmHcTBa GPCR kitaccoB A u
B1, 1 MmyTauiuu B HUX MPUBOMAST K HapylIeHU1o (hyHK-
LIMOHAJIbHOM aKTUBHOCTU pelienTtopoB. [lpu 3TOM
caiit OS5 oTYeTNMBO AETEKTUPYETCS BO BCeX Kjlaccax
GPCR — A, B1, B2, C, D1 u E. Orot caiiT 10Kanmu3o-
BaH B HIXXKHEH 4acTM mydka, oOpazoBaHHoro TM5 u
TM6, B omnpenelieHHO# CTEIeHW ypaBHOBEITMBACTCS
caiitom KS12, KoTopbiit pacnosioxkeH B BEpXHEei yacTu
3TOTO IMyYyKa, BOBJIEYEHHOI B (popMUpOBaHUE BHEIII-
Hero BecTuO10J1s1 TpaHCMeMOpaHHOTO ToHHeNs. bosee
TOro, B HEKOTOPBIX pELENTOpaXx MMEEeTCsl MOMOJHU-
TeJIbHBIN aJTocTepuueckuit cant OS4, joKaau30BaH-
HbI Mexny caiitamu OS5 m KS12, B cpenHeit yactu
TM5/TM6-nyuka [135].

Caiit OS9 pacnonaraercsi B mOJOCTHA, 0Opa3yeMoii
BHYTPUKJIETOYHBIMUA OKOHYaHUssMU TM1 u TM7 n
ceBOOTpaHCMeMOpaHHOI cniupaibio HE, 1 obpa3syro-
IIMe 3TOT CaWT CEerMeHThl BBICOKO KOHCEpPBATHMBHBI
cpenu oonbminHceTBa GPCR, BKiIIOYast puioreHeTu-
yecku ynaneHHbIi kiiacc F. Kak u B ciryyae caiita OS35,
mytauuu AKO, dopmupyromux caiit OS9, B 3,-AR u
mACh;R kpuTnueckum ob6pa3om BIUSIOT HA CTUMYJISI -
1110 aKTUBHOCTU G-0€JIKOB, peKPYTUPOBaHUE U aKTH -
Banuio B-appecturos. [Tpu atom 3amensr AKO B caiite
OS9 BUSIOT Ha CEIEKTUBHOCTD Tepeady TOpMOHATb-
HOTO CUTHajla yepe3 omnpeaeieHHble TUIbl G-0eJIKOB,
YTO BHOCUT CYIIECTBEHHBIN BKJIall B TPEAB3SITOCTb
curHajabpHOU TpaHcaykumu [135]. Tak, MmyTanuu B J10-
Kyce, cooTBeTcTByOIIeM caitity OS9, B AT, -aHTHOTEH-
3UHOBOM peELIENITOpE IPEaB3SITO BIUSIIOT Ha aKTUB-
HOCTb CUTHAJIbHBIX ITyT€i, OCYIIECTBISIEMBIX 4epe3
Gy/11-6enku B-appectunsi [183]. CoracHO TaHHBIM
JMIOKWHTAa MaJIbIX OpraHMYecKux MoJjiekyi, caut OS9
HauOoJiee BaXXeH MUISI ajlJIOCTEPUYECKON Pperyysiuuu
GPCR kinaccoB A, Bl, C u F, B cTpykType KOTOPBIX
npucytcTByeT H8-nceBmocnupaib, B TO BpeMsi Kak JJIsI
penenTopoB kKiaccoB B2 u D, roe Takasg cnupanb oT-
CYTCTBYET, 3HAQUMMOCTb 3TOTO CaiiTa He CTOJIb CyIlle-
ctBeHHa. Hapsiny ¢ caiitamu OS5 u OS9, BaxkHYy10 poib
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B PEryJsiliui B3aUMOAEUCTBUS C TPAHCAYKTOPHBIMU
OGeJKaMy UTrparoT ellle ABa caiiTa, pacloJOoXeHHbIC B
00J1aCT OPMEHTUPOBAHHOTO B LIMTOILIa3My BECTUOIO-
s — caiit GPROT, obpa3oBaHHBIN IMTOTLIa3MaTHIE-
CKMMM OKOHYaHusMu crnupajieit TM2, TM3, TMS u
TM6, u caiit KS11, o6pa3oBanHbIii crimpansmu TM1,
TM2, TM7 u HS.

HenaBHo ObL10 cOOOIIEHO 00 yCIELIHOM arpoba-
UM I WACHTUPUKAIUMN aJIOCTEPUIECKUX CAlTOB
MeTola MOJIEKYJSIPHOI AWHAMUKU CO CMEIIaHHBIM
pactBoputeneM (mixed-solvent molecular dynamics
(MixMD)-based method), KoTopbIif yYUTHIBAET B3au-
MoJieficTBUE C caliTaMM pelieNnTopa KaK BOIbl, TaK U Te-
CTHUPYEMOIO opraHmdeckoro coenquHeHus [184]. CHa-
Yyaja 3TOT METOo/ ObLJI YCIIEIITHO alipoOMpOBaH IS pe-
LIETITOPOB C M3BECTHBIM HAO0OPOM aJIJIOCTEPUUYECKUX
caiitoB, Takux kak CB;R, CC-xeMOKMHOBBII pelien-
Top 2-ro Tuna, mACh,R, P2Y,-nmypuHepruueckuii pe-
nenrtop 1 PAR2, a 3areM ¢ ero moMollblo yaaaoch
UIEHTU(GUIMPOBATh AVIOCTEPUUYECKUE CAWTBI B |-
OINMMOUTHOM pelenTope, Mo KOTOPOMY UMEJNUCH BECh-
Ma CKYIHbIE CBEIEHUS O KOJIWYECTBE U JIOKATU3alUU
aJIJIOCTepUYECKUX CaliTOB, TIPUYEM TOJIyYeHHbIe AaH-
HbIE XOPOIIIO KOPPETUPOBAIU C UMEIOLIIMMUCS IKCIIe-
PUMEHTAIBLHBIMU pe3yJibTaTaMU IO aJlJIOCTepUYECKOM
peryJIsiuy U-OoIMOUIHOrO pelenTtopa |[184].

I[IpumeHeHne apceHaja COBPEMEHHBIX METOHOB
Teopetnueckoro aHanuza GPCR, Bkmouyass MeTOIBI
MOJIEKYJISIpHOM TuHaMUKU, airoput™ FTMAP, nokuHr
HU3KOMOJIEKYJISIPHBIX COSAUHEHWI B ITOTCHIIUAILHBIC
CalThI CBSI3bIBAHUS, B COUETAHUU C DKCIIEPUMEHTAIb-
HBIMU JAaHHBIMU T10 (DapMaKOJIOTUU PELIEIITOPOB U UX
CTPYKTYPHO-(YHKIIMOHAILHOM OpraHM3allii I103BO-
JISIET pa3paboTaTh HOBbIE MHCTPYMEHTHI JJIsI ITOMCKa 1
BepU(UKALIMU aJIJIOCTEPUYSCKUX CATOB B MOJIEKYJIax
GPCR, 4T0O MCKIIIOUMTENILHO BaxKHO IJIsS AU3aliHa U
JMaJIbHEMIIIEro NpOaBUXEHUSI B KIMHUKY JeKapCTB Ha
OCHOBE aJlyIocTepuyeckux JmraHgos [116, 135, 136,
172, 184, 185].

OnHako B HACTOSIIIee BpeMsi OCHOBHEBIE YCIIEXH JTO-
CTUTHYTHl B OTHOIICHUM AJUIOCTEPUUECKUX CANTOB,
JIOKaJIM30BaHHBIX B 00j1acTu 7TM-11yyKa 1 €ro MuHTep-
deiicoB ¢ ECLs u ICLs, B To BpeMs Kak mpobiema
UICHTU(PUKAIINN AJUIOCTEPUYECKUX CATOB B THUIAPO-
(GUIBHBIX TTETJISIX U 9KTOJIOMEHAaX MoKa Jajieka OT CBO-
ero peieHus. 30eCh BaXXHYIO POJIb MOXET UMETh MC-
clienoBaHue CIIeM(PUISCKOTO CBS3bIBAHUS IIPKYJIH -
pylOIIMX B KPOBUM M MCKYCCTBEHHO MOIYyYEHHBIX
ayroantutesl K GPCR, MuiieHIMU KOTOPBIX SIBJISIOT-
CsI BHEKJIETOYHBIE TOMEHBI PELETITOPOB, a TAKXKE U3Y-
yeHMe crneuu@uyeckoili aKTUBHOCTU MENTHUIOB,
CTPYKTYPHO cooTBeTcTByIommnx ydyactkam ICLs wu
ECLs, n ¢pparMeHTOB TPaHCAYKTOPHBIX M aJaIlITePHBIX
0eJIKOB, BOBJICYEHHBIX B (DYHKIIMOHAIbHOE B3aMMO-
nevicteue ¢ GPCR.
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VII. SHAOT'EHHBIE AJITTOCTEPUYECKHUE
PETYJIIATOPBI GPCR

Bce sHOoOreHHbIe aaOCTEPUYECKUE PETYJISITOPhI
GPCR yclI0BHO MOTYT OBITH pa3ieiieHbl Ha 4YeThIpe
rpymnibl. TlepBylo cOCTaBISIOT TPaHCAYKTOPHBIE U
amantepHble 6enku, KoMrnoHeHTl GPCR-omnocpenye-
MO CUTHaJIbHOM TpaHCAYKIIMMU, BTOPYIO — WOHBI,
aMUHOKMCJIOTHI, JJUTIUABLI U TIOJUIENITUAbI, He Haje-
JIEHHbIE COOCTBEHHOII FOPpMOHAJIbHOI aKTUBHOCTHIO,
TPEThIO, OTHOCUTEJIbHO HEMHOTOYMCIEHHYIO — TOp-
MOHaJIbHbIE areHThl (CTEPOUJIHBIE TOPMOHBI, TOJIU-
MEeTNTUIHbIE TOPMOHBI), KOTOpbIE NEHCTBYIOT Ha CalThI
GPCR, oTauuHbIe OT UX OPTOCTEPUUECKOTO caiiTa, 1
gyeTBepTylo — ayroanTturenaa K GPCR. Hmke MBI pac-
CMOTPUM OCHOBHBIX MpEACTaBUTEIEH 3TUX TPy aj-
JIOCTEPUUECKUX PETYIISITOPOB.

7.1. Iemepompumepnovie G-beaxu

TeteporpumepHbie G-6eslKU U 3-appecTUHBI CIie-
M (UIECKN B3aUMOAEUCTBYIOT C Pa3IMUYHbIMU IO JIO-
Kanu3auuu ygactkamu ICLs u uToriazaMaTiuieckoro
C-KOHIIEBOIO IOMeHa, B MEPBYIO ouepelb C TPOKCU-
MaJlbHBIMU K MeMOpaHe cermeHTtamu ICL2 u ICL3, a
Takke ¢ naTepdeiicamm mexny ICLs m TMs. Kimoue-
ByI0 poJib B conpskeHnu GPCR ¢ G-6enkamu u 3-ap-
pEeCTUHAMM UTpaeT MOJOCTh, PACIIOJOXKEeHHAas B LIMTO-
TIa3MaTUYeCKOM TIpelIBEPUM TPaHCMEMOPaHHOIO
TOHHEJSA U cPOPMUPOBAHHAsI LIMTOILIa3MaTUYECKUM
okoH4YaHeM TM6 (B HEKOTOPBIX pelienTopax TaKKe
TMS5) u rmapodobHOI crimpanbio HE. Drta momocTth
JIOCTYIHA JIJIsl B3aUMOJACHCTBUS KaK C OS-CITUpPaJIbIO,
pacnonoxeHHoil B C-KoHlleBoii o6iactu Go-cyob-
eIMHULIBI, TAK ¥ C “MaTblIe00pa3HbIM” y4acTKOM [3-ap-
pecThHa, KOTOpPBIii OTBevYaeT 3a oOpa3oBaHUE KOM-
mwiekca ¢ GPCR [186]. ITocie akTuBaLiMy pelentopa
TOPMOHOM WJIA aJJIOCTEPUYECKUM arOHUCTOM OL5-CITH -
panb GO-cyObeOMHUIBI TIPUOOpPETaeT CHOCOOHOCTH
MpPOHUKATh B nojocth TM6/(TMS5)/HS8, uro mpuBogur
K [1®/TTP-06MeHY B €€ T'YaHUHHYKJICOTUICBSI3bIBA-
OLIeM caiiTe, auccoumranuu Ofy-reTepoTpruMepHOro
KOMILJIeKCa U 3ayCKY COOTBETCTBYIOILETO BHYTPUKIIE-
TOYHOTO Kackaja. B To xxe Bpemsi cpa3y BCiiell 3a 9TUM
GPCR ¢ochopunupyercss kuHazamu GRK-cemeii-
CTBa, YTO BBI3BIBACT PEKPYTUPOBaHUE [3-appecTUHOB,
KOTOPbIE KOHKYPEHTHO BHITECHSIOT GO-CyObENMHUILY
u3 mojgoctu TM6/(TMS5)/HS, TeM caMbIM IIpepbIBasi
nepenavy curiaia yepe3 G-06enku. B nanbHeiiem au-
60 ocylecTBIsAeTCsl J-appecTUH-0MOCPeayeMblii H-
JIOLIUTO3 JIUTAHA-PELIENITOPHOTO KOMILIEKCAa BHYTPb
KJIETKH, JINOO 3aITyCKaeTcsl MeXaHU3M [-appecTUHO-
BOIo cUrHayjimHra [186].

HeakTtuBHblii G-0e/10K, KOTOPBIM MpeacTaBisieT
coboit Gofy-komruieke u BKioyaeT Go-CyObeaMHM-
1y, cBsi3aHHylo ¢ ['J1®D, npu B3aumoneiictsuu ¢ GPCR
VHAYLUPYET ero “3aKphITyio” KoHdpopMmanuio. Ee oco-
GEHHOCTBIO SIBIIIETCS TO, UTO, HAXOASICh B TOM KOH-
dopmanm, GPCR mMeeT MOBBIIIEHHOE CPOACTBO K
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OPTOCTEPUUYECKOMY arOHUCTY, YTO obecrieunBaeT 60-
Jiee BBICOKYIO YYBCTBUTEIBHOCTh pelieNITopa K TOPMO-
HaJIbHOM aKTUBALIMU. DTO OOYCJIOBIEHO TEM, YTO B
“3aKpBITON” KOH(MOPMAIINK TUCCOIIMAIINS JINTAHIa 13
OPTOCTEPUYECKOTO CaifTa 3aTpyIHEHAa, U OH KakK Obl
noragaeT B “joBymiky”. Kak ciaencTtBue, 4uciIo
JIMTaHI-PeleNTOPHBIX KOMIUIEKCOB PE3KO ITOBHIIIACT-
ca [187]. O6pa3zoBaHne KOMIIJIEKca MEXKIY HEaKTUB-
HbIM OfY-reTepoTpuMepHbIM G-GEJTKOM U KOHCTHUTY-
ntnBHO akTnBHBIM GPCR, manpumep, BciencTtBue
AKTUBUPYIOLIUX MyTallUii, TAKXKe TTPUBOIUT K CTaOM-
Jiuzalu pelenTtopa B “3aKpbiToii” KOHMOpMaluu,
MIPUYEM B 3TOM CIIy4ae OPTOCTEPUIECKUIA caiiT OKa3hI-
BaeTcs cBOOOAHBIM OT JauraHaa. bosiee Toro, ocobeH-
HOCTBIO “3aKpBITOI” KOH(pOpPMALIMU B KOHCTUTYUTHUB-
HO aKTHUBHBIX pPElENTOpax SIBJISIETCS BOCHPEIISITCTBO-
BaHME ITIPOHUKHOBEHMUIO B OPTOCTEPUUYECKUN CaMT
JIMTaHJOB C Pa3jIMYHBIM IIpodrieM (papMakogoruyie-
ckoit aktnBHOCTH [187]. B TO ke BpeMsI, HecMOTpsI Ha
pasnuuHbie 3¢p@deKThl “3aKpBIThIX” KOH(OpMaIni
GPCR Ha cBsI3bIBaHHUE OPTOCTEPUUYECKUX JIUTAHIIOB,
OHU TIPEICTABJISIOT COOOM pe3yabTaT a/uIoCTepUde-
CKOTO BJIMSIHUS HeaKTuBHOro (G-0eJjika Ha CBSI3bIBalO-
II1e XapaKTepucTuKM peuernropa. Ilocie aktuBauum
G-0eJiKa U €ro JuccoLaluy Ha MOHOMepHYy1o, I TdD-
cBsizaHHyl0, Go-cyobenuuuily u GRy-numep, ¢ OIHOIA
CTOPOHBI, OCYIIECTBJISICTCS aKTUBAlLUsS pa3IdndHbIX
addexTopHbIX 6eK0B, Takux Kak AL, PLCB, docda-
TUAWJINHO3UTON-3-KNHa3a, G-0el0K-peryanpyeMbie
KaJIbLIMEBbIC U KaJMEeBhIe KaHalbl, 1, C IPYroi, necra-
ounu3upyeTcs “3akpbiTas’” KOHMOpManMs M CHIDKA-
€TCSI CPOACTBO JIMTaHIa K OPTOCTEPUYSCKOMY CaifTy.

AJliocTepryecKkue MeXaHUu3MBbl, JiexKallrue B OCHOBE
BJIMSIHUSI TPOMHOI'O KOMILJIEKCA OPTOCTEPUYCCKUIA JIH -
rang—GPCR—G-06e10K Ha CpoOJICTBO JUTaHOA K pe-
LIENTOPY U HA CUTHAJBbHYIO TPAHCAYKIIUIO B LI€JIOM,
OCTaIOTCs OO0 KOHIIA He BhIsICHeHHBIMU. Ellle MeHb-
e uH@opMaluu O MEXaHM3MaX, KOTOPbIE MOTYT
ObITh BOBJIEYEHBI B IIPEIIIOYTUTEIBLHOCTh BKJIIOYE-
HHS B TAKOM KOMILIEKC B KaUeCTBE TPAaHCAYKTOPHO-
ro KOMINOHEHTa onpeaeaeHHoro Tuna G-0eiaka min
B-appecTrHa, a TakXe 0 BO3MOXHOM aJUIOCTEPUYE-
CKOM BIIMSTHUU TPOHOIO KOMIIJIEKCAa OpTOCTEpHUYE-
ckuii iurann—GPCR—B-appecTrH Ha CBsI3bIBAIOIINE
XapakTepucTuku perentopa. [Ipu a3Tom coBepieHHO
OYEBUIHO, YTO COCTaB U CTPYKTypHasl OpraHu3alus
TaKOro KOMILJIEKCA JOJDKHBI BO MHOIOM ONpPENeIsTh
MPEAB3SIThIA aroHW3M, obecriednBasi U30MpaTeTbHYIO
aKTUBAlLIMIO OIpPENeJICHHOIO TUIIAa TPaHCIYKTOPHBIX
0OeJIKOB OpTOCTepHUUeCKUM aroHucToMm [ 115]. JIast obec-
MEYCHUSI TIPEAB3SITOCTU CUTHAJIBLHOM TPAaHCAYKIMU C
MIOMOIIBIO AJUIOCTEPUYECKUX MEXaHU3MOB IIPEIIOXKE -
HBI IB€ OCHOBHBIE Moaenu [57, 188, 189]. B onHoit u3
HUX TPUITEPOM MPEAB3ITOr0 arOHM3Ma SIBJISIETCSI CME-
LIEHHBI OPTOCTEPUYECKUIT arOHUCT, KOTOPKI obec-
Ne4YnBaAET PEKPYTUPOBAHUE B TPOWHOM KOMILIEKC
onpenenerHoro tuna G-6enka wiu B-appectuHa. Bo
BTOPOI1 MOAEM CHadajla o0pa3yeTcs IpeaaKTUBalM-
OHHBI JTBOMHOM KOMIIJIEKC MEXIY CBOOOOHBIM OT
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aroHucTa pPELENTOPOM M OIPeNeIeHHBIM TUIIOM
G-6enka (B HeakTuBHOM [JIMD-CBI3aHHOM COCTOSI-
HUM) WK -appecTrHa, MOC/e Yero OHU yXe Tpel-
OIIPEACISIOT CBSI3bIBAHHME OIIPEIeJIEHHOrO JIUTaHa,
CTAOMIM3UPYS TOJBKO OOHY “3aKpBITYI0” KOH(POpMa-
LIVIO.

IlepBasg mMomenb, B OCHOBE KOTOPOU JEKUT “JIM-
raHIHBIN” MexaHu3M, ObLIa mpemjioxeHa B 1997 r.
aMepuKaHCKUM 6roxumMukoM Henry Bourne u onupa-
JIach Ha pe3yJIbTaTbl MHOTOUYMCIIEHHBIX CCIIETOBaHUI
1980—1990-x rogoB, CBUAETEABCTBYIOIIUX O TOM, YTO
cesa3piBaHne GPCR ¢ oprocTrepmyeckMM aroHHCTOM
NPUBOINT K pekpyTupoBaHnio G-06eJIKoB ¢ oopa3oBa-
HUEM TPOMHOTO KOMILIeKCa, U 3TO SIBJSIETCS] TPUITE-
pOM TIIPEAB3SITOTO BHYTPUKJIETOYHOTO CHUTHAJIMHTA
[190]. ITonauyamy aTa Moaeab Ka3ajaach Oe3ajJbTepHa-
TuBHOM [191—194], HO MOCTENMEHHO CTAJIM HaKaIlIu-
BaTbCsl TaHHbIE, KOTOPhIe HE YKJIaIbIBaJIUCh B mapa-
IUTMY “JTUTAaHIHOTO” MeXaHMW3Ma. DTOMY MEXaHU3MY
MPOTUBOPEUMIU PE3yIbTaThl MCCIEIOBAHUM, yKa3bl-
BaloIIMe HA TO, YTO KOHCTUTYUTUBHO aKTUBHBII pe-
LIENTOp, B OTCYTCTBUE OPTOCTEPUYECKOTO aroHMUCTa,
COXpaHsLI CIIOCOOHOCTb PEKPYTUPOBATh U aKTUBUPO-
BaTb G-0enku [195, 196], u maxke M30MpaTeIbHO aKTHU-
BUpOBaJI ornpenesieHHble TUIIbI G-6eaKkoB u B-appe-
ctuHoB [197, 198]. Tem cambIM OBUI clieJaH BBIBOM O
TOM, YTO OPTOCTEPUICCKIIT aTOHUCT HE CIIOCOOEH JIe-
TepMuHHpOBaTh popmupoBanre Komruiekca GPCR ¢
omnpeneaeHHbIM TUTIOM TPaHCIYKTOpHOro 6eka. K To-
My Xe “JMraHgHBIN’ MeXaHW3M He IOIIepKUBajCs
KMHETUYECKUMU TaHHBIMU, KOTOPbIE CBUAETEIBCTBO-
BaJId O BBICOKOI CKOPOCTU Y BBICOKOI 3(pheKTUBHO-
CcTU 06pa30BaHUSI TPOMHOIO KOMILIEKCA, UTO HEAOCTH -
>KMMO B cJTydae BbIOOpa B KaueCTBE HayaJIbHOM CTaauu
rpoliecca CBSI3bIBAHUSI OPTOCTEPUUECKOIO aroHHUCTA.
K Tomy ke He MOHSATHO, KaK B TaKOM CJIy4ae OCYy-
niectisiercsi COpTUHT G-6GesIKoB Win 3-appecTUHOB,
YUUTBIBasE HU3KYI AOCTYIMHOCTh TpeOyeMoro s
MIpPEeAB3SITOM IIepeaadyr CUTHaIa ONpenaeIeHHOIO UX T -
na B IpuMeMOpaHHOM IIPOCTPAHCTBE.

OrpaHU4YEeHUS U IPOTUBOPEYMS, UMCIOIIMECS B OT-
HOILIEHUX “JIMTAaHAHOTIO” MeXaHM3Ma, B 3HAYUTENIb-
HOI CTENEeHU MPEOIOJIEBAIOTCS B paMKax BTOPOIi MO-
nenv. B Hell Ha TiepBOM 3Tamne oOpasyeTcsi ABOWHOM
MpeIakTUBALMOHHBIN KOMIUIEKC, BKIIOYAIOLINMI JIN-
ra’a-cBoooaHyo hopmy GPCR u onpeneaeHHBIN TUIT
TPaHCIYKTOPHOTO OeiKa. AJUIOCTepUYECKIE BIMSIHUS,
OCYIIECTBJIIEMble TPAHCAYKTOPHBIM OEJIKOM Ha KOH-
dopMalIo OPTOCTEPUYECKOIO caiiTa, IpeaoIpeaes-
IOT BhICOKOA((PUHHOE CBSI3bIBAHKUE C HUM OIIpeIeIeH-
HOT'0 OPTOCTEPUYECKOI0 arOHNCTA, YTO U JIEXKUT B OC-
HOBe TMpenB3saToro curHaauHra |[189]. BaxHo, 4To
CyILLIECTBOBAHME TaKUX IIpeJaKTUBALlMOHHBIX KOM-
IUIEKCOB ITOKa3aHo 1151 pa3nuaHbiX ceMeiictB GPCR n
pa3nuuHbIX TUIIOB G-06enkoB [199—204]. I1pu 3TOoM B
COCTaB TaK1X KOMILJIEKCOB BXOIAT Te TUMBI G-0€/IKOB,
KOTOpHBIE IIPEUMYILIECTBEHHO COMNPSIKEHBI C OIIpeae-
jgeHHbIM TunoM GPCR. Tak, Hanpumep, G,-6e10K-
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COMPSIKEHHBIN 0,-AR 00pa3yeT npeaakTuBaliMOHHbBIN
KOMILIEKC npeumMyliectBeHHo ¢ G, -6enkamu, G,-6e-
JIOK-COMPSsIKEHHbIE MPOCTAMKIMHOBBINA pelenTop u
5-HT,-cepotoHuHoBbIi peuentop — ¢ G -OenkaMu
[199, 203, 205], G;-6enok-conpsxkeHHbIii PAR1 — ¢
G;-6enkamu  [200], u  G,),-6estOK-CONPSIKEHHbII
mACh;R — ¢ G/y;-6enkamu [201].

MoneKyasipHblii MEXaHW3M, OITOCPEIYIOIINHI U3Me-
HeHMe CBSI3BIBAIONINX XapaKTEPUCTUK PELieTOpa B CO-
CTaBe KOMIUIEKCa ¢ HeaKTUBHBIM (G-0eJIKOM, BKJIIOYa-
eT ociabneHne B3auMoaeiicTus mexay TM3 u TM6,
YTO IIPUBOIUT K OOJIBIIECH JOCTYITHOCTH OPTOCTEpUYE-
CKOTO caiiTa IJIsI CBSI3bIBaHUS aroHuCTa. B cmyyae koH-
CTUTYUTUBHO aKTMBHOIO pelierTopa cMelleHrne TM6
HapyXy, 00yCJIOBJICHHOE NOBHILICHIEM OABXKHOCTH
atoii TM, oka3bIBaeTCsl JOCTAaTOYHBIM [IJIST aKTUBALIUKA
G-06enKka, B TO BpeMs KaK B pelenropax ¢ 0asajibHoi
aKTUBHOCTBIO JIst 3(P(PEKTUBHOTO CMEILIEHUSI HEO0XO-
MM OpPTOCTEpUYECKUI arOHUCT. B TO XXe BpeMs o6pa-
3oBaHue Komryiekca GPCR—HeakTuBHbINN G-0ey10K
CYLIECTBEHHO CHMKAET SHEPreTUYCCKUIl MOpoTr IJist
TaKOIrO CMENIeHUsI, CHUMAsI, TEM CaMbIM, TEPMOIMHA-
MUYECKUEe MPENsITCTBUS IS aTOHUCT-UHAYLIMPOBaH-
Hoit aktmBanuu G-6enka. CMemenne TM6 HapyXKy 13
TpaHCMEeMOpaHHOIO TOHHEJISI IPUBOIUT K U3MEHEHUIO
Jokanu3auuu oS-cnupanun Go-cyObeAUHULIBI, 4YTO
criocobcerByeT 3aMmeHe B Hell [JIM na I'T®, nucconua-
UM TeTEPOTPUMEPHOTO KOMILIEKCa M 3aIlyCKy CUTI-
HaJibHOI TpaHcayKumu [189].

st mokasaTenbCTBa aNIOCTEPUUYECKUX BIIMSTHUIMA,
BbI3bIBaeMbIX (G-0elKaMu, YCMHEIIHO MNPUMEHSIOTCS
aHTHUTeJIa WX UX (pparMeHTHI (HAaHOTEa), UMUTHUPYIO-
mue HeakTuBHble [JIM-cBsizaHHble G-6enku. OHU
TaK>Ke 001aJat0T CIIOCOOHOCTBIO CTAOMIU3MPOBATh “3a-
KPBITYI0” KOH(MOPMAIIMIO OPTOCTEPUYECKOrO caiiTa
GPCR [206—208]. B 2011 r. Rasmussen 1 coaBT. BbIpa-
6otasm anturena Nb80 (14 x/la) Ha arOHUCT-aKTUBU-
poBaHHbIH 3,-AR, 1 9TH aHTHTEIA 0OJIATATN CBOWICTBA-
mu G-0enka IIpU CBSI3BIBAHUM C 3TUM PELETITOPOM
[206]. AnTuTena Nb8O He ormo3HaBajM CBOOOTHYIO OT
OPTOCTEPUYECKOTO JUTaHAa, HeaKTUBHYIO KOH(popMa-
UIO perenTopa, HO IMPU 3TOM C BBICOKOI 3(hPEeKTUB-
HOCTBIO CBSI3BIBAJINCH C ArOHUCT-aKTUBUPOBAHHOI
¢dopmoii perrlenTopa 1 BI3BIBAJIM B HEM KOH(OpMal-
OHHbIE U3MEHEHMSI, CXOMHbIE C TAKOBBIMU IIPU CBSI3bI-
BaHuM 3,-AR ¢ G,-6es1koM U [3,-arOHICTOM HU30MpPOTE-
peHosioM. B nanbHelieM 6butr pa3paboTaHbl aHTUTEA
Nb60, KoTOpBIE AECTBOBAIN IPOTUBOMNOJIOXHBIM 00-
pazoM, CTaOWIM3UPYsd HEAKTUBHYIO KOHMOpMalLUIo
GPCR, xapakTepusylollyiocsi HU3KMM CPOACTBOM K
muradny [208]. M3omporepeHon 1pu CBSI3BIBAHUM C
B,-AR B ipucytcTBum antuten Nb80 mMen cponcTBo K
peuenTopy B 15 ThicAY pa3 BbIllle, YeM B MMPUCYTCTBUU
antutenn Nb60. [Ipu stom pasznmuuust B adhGUHHOCTU
CBSI3bIBAHUSI APYTUX JIUTaHIO0B ¢ 3,-AR B npucyTcTBUM
antutes1 Nb80 1 Nb60 criIbHO BapbUPOBAJIU, UTO YKa-
3bIBACT HA OTYETIIMBO BBIPAXKCHHBII X aJIOCTEpUYe-
cKkuii 3PEKT Ha CBSA3BIBAIOIINE XapaKTEPUCTUKH Op-
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TocTepmueckoro cawita [208]. B coBoKymHOCTH 3TH
IaHHbIE CBUACTEILCTBYIOT B I10JIb3Y aJIJIOCTEPUYECKOM
MIPUPOIHI peryisaTopHoro BaussHus G-0enKka Ha Cpo-
ctBo GPCR K oprocTepmuecknM aurangaM. C rmomMo-
11IbIO aHTUTEN U JPYTHX MOJAX0J0B ObLIO MOKa3aHO, YTO
aJJIOCTepUYECKHME CAMTHl PELEITOpa, SBIISIONIAECS
mutreHsaMu 111 G-0eJika, pacnojIoXeHbl Ha TpaHUIIe
MEXIy IUATOILUIa3MaTUYECKUMU OKOHYaHUIMU TMs u
MpOKCUMabHBIMU K MeMmOpaHe ydactkamu ICL2 u
ICL3, B muroruia3sMaTM4eCcKOM IIpeIIBepUr TpaHC-
MeMOpaHHoro ToHHeas [207]. OmHako B OTAEIBHBIX
cliyyasix B (QOpMUPOBAaHUM TaKUX CAMTOB MOTYT IIpU-
HUMAaTh ydacTne u 6oJiee nuctambHbIe ydacTki ICLs n
muToruiazMaTudeckoro C-xsocroBoro nomeHa. Heoo-
XOOVMO NPUHUMATh BO BHUMAaHUE TOT (paKT, YTO eCIIU
Go-cyObenMHMIIa B OCHOBHOM B3aMMOMACMCTBYET C
npeaaBepreM TpaHcMeMOpaHHOro KaHaia, To Gfy-
IUMEp HMCIIONb3YeT IJISI CBSI3bIBAaHUSI APYTHUe MOJCKY-
JISIPHBIE I€TEPMUHAHTHI, PACIIOJIOXKEHHBIE B TOM YKCJIIC
B nucTaiabHbIX yyacTtKax ICLs.

7.2. B-Appecmunot

KoMmnioHeHTaM1 TNpegakKTUBALIMOHHOTO KOMILJIEK-
ca, Bxmovaroniero GPCR, Hapsany ¢ G-6enkamu, Mo-
ryT ObITh [J-appecTuHbI, KOTOPbIE Takxke 00JerdarT
CBSI3BIBAHUE OPTOCTEPUYECKUX aTOHUCTOB, B TOM YMC-
Jie TIPEAB3SIThIX M0 OTHOIIEHUIO K [J-appecTuH-cIIe-
muuuaHbiM Kackamgam [57, 209]. CyimecTtBoBaHue
TPOMHOr0 KOMILJIEeKCa OPTOCTEPUYECKUIl arOHUCT—
GPCR—[-appectun 6bL10 NpeackaszaHo emie B 1997 1.
Gurevich 1 coaBT. Ha OCHOBE M3YYCHHSI KOMIIJICKCOB
B-appectunos ¢ B,-AR u mACh,R [210]. Bsuto moka-
3aHO, YTO B KOMIUIEKCE C J-appecTUHAMU 3T peLier-
TOPBI UMEIOT CYILIECTBEHHO 00J1€€ BRICOKOE CPOJICTBO K
aroHucTaM, HO He K aHTarOHUCTaM OPTOCTEPUYECKOTO
caiita, rMpuYeM MyTallMyd B P-appecTUHax, MPErsiT-
cTByIomre 3PPEKTUBHOMY CBSI3bIBAHUIO C PELICIITO-
pOM, TIOJHOCTBIO TIpemOoTBpalliaiy MOBbIIICHUE ad-
¢unHoctTu GPCR K aronucry [210, 211]. B manbHeii-
meM OBLIO NOKa3aHO, YTO MOBBIIIEHHWE CPOICTBa
pelenTopa K OpTOCTepUISCKUM arOHUCTaM ObLJIO Hau-
0oJjiee OTUYETIMBO BBIPAXKEHO B CjIydae aroHMUCTOB,
MPEAB3SITHIX B OTHOILICHUW aKTUBAIMK [3-appecThH-
crieuM@UYHBIX CUTHAJILHBIX NYTE, 4YTO, KaK MOXHO
M0JIaraTh, JIEKUT B OCHOBE IPEAIIOYTUTEILHOIO CBSI-
3piBaHusi komriekca GPCR—[-appectun ¢ B-appe-
CTUH-TIPEAB3SITHIM arOHUCTOM U COOTBETCTBYET pac-
CMOTPEHHOM BBILIE BTOPOM MOJIEIN, OCHOBAHHOM Ha
00pa3oBaHMM ABOMHOTO MPEIaKTUBAILMOHHOTO KOM-
TUIeKCa, TOJIBKO TeTeph B MPWJIOKEHUU K [3-appecTu-
HaMm [59].

C ToMOIIbID KPUOIJIEKTPOHHONW MUKPOCKOITUU
ObLIa yCTAaHOBJIEHA CTPYKTYpa KOMIUIEKCA, BKIIOYal0-
niero B,-AR, Parrl u B-appecTuH-TIpeaAB3ATHI aro-
HucT popmotepo (formoterol), v mokazaHO, YTO KOH-
dopMalLlMOHHbIE M3MEHEHUs, KOTOphle WHIYLIMPYET
Barrl B ctpykType TpaHcMeMGpaHHOTO foMeHa 3,-AR,
CYILIECTBEHHO OTJIMYAIOTCS OT TAaKOBBIX B CIydyae KOM-
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wiekca B;-AR ¢ G,-GeKoM M 3aTparuBaloT B OCHOB-
HoM TM7. DT0 00yCI0OBICHO TEM, YTO, B CPABHEHUH C
oS-ciupanbio GO-CyObeIMHULBI, TajblieBasl IETJIS
(finger loop) Parrl 3aHuMmaer GoJiee Y3KyIO IIe/b BO
BHYTPUKJIETOYHOM BeECTHOIOJE TpaHCMeMOpaHHOTO
ToHHeJs [209]. B aT0i1 CBSI3M HEOOXOAUMO OTMETUTD,
4TO B-appecTHHBI CITIOCOGHBI OITOCPEIOBATh CUTHATb-
HYIO TPaHCAYKLWIO He3aBUCHMMO OT (G-0eJIKOB, OcCy-
1ecTBIIsIs peryasuuu Kackaga MAPKSs [212, 213]. Tem
caMbIM MOJelb MPeJakKTUBALMOHHOTO KOMILUIEKCa
GPCR—[-appectun siBisiercsi (GyHKIIMOHAJIBHO 3HA-
YUMOI 1 MOXET YKa3blBaTh Ha YHUBEPCAIbHOCTh MeXa-
HM3Ma 00pa30oBaHUs IIPeIaKTUBAIIMOHHOTO KOMILIEKCa
MEXIY pelenTOPOM U TPAHCAYKTOPHBIM OEJIKOM.

Eme omHa, cpaBHUTEIbHO HETABHO pa3BHBaeMas
MOJIeIb, aBTOPAMU KOTOPOIi SIBJISIIOTCSI BbIIAIOLINECS
CIICUMAJIMCTEI B 00JIaCTU CUTHAJIBHON TPaHCAYKLIUU
Anthony Nguyen u maypeatr HoGeneBckoii IpeMun
2012 1. Robert Lefkowitz, ormiceiBaeT B Ka4eCTBE KJTIO-
yeBoro sTtamna mnpensssitoro GPCR-omocpexyemoro
curHannHra (popMHUpOBaHME KOMIUIEKCOB C “Mera-
TUIeKCHOM” (megaplex) CTPYKTypO#, BKJIIOYAIOILINX
murana-cBsa3anHelii GPCR u o6a tpaHcmykropa —
G-6enok u B-appectun [214]. Tlpenrnocwuikoit mwist
9TO# MOJIENIN CTaI HAOJIOIEHUSI, UTO MOCJIe MHTepHA-
mm3auun komiuiekca murana—GPCR, uaaynmpyemoit
B-appecTHamu, B psijie CITy4aeB PeLENTOPbI COXPaHsI-
IOT CIOCOOHOCTh YCTOMYMBO TiepenaBaThb CHUTHAJIbI
yepe3 nocpenctBo G-o6enkos. IIpu aToM paccmarpu-
BalOTCSI pa3jIMIHbIe MEXaHW3MBbI ST peajn3aiuy Ta-
KOTro HeoObIYHOTO 3 deKkTa. B ux ocHOBE JIeXKUT Mpe/ -
CTaBJICHUE O TOM, YTO [3-appecTHHBI HE TOJBKO 00ec-
MEYMBAIOT BE3UKYJISIPHBIA TPAHCIIOPT PELENTOPHOTO
KOMIUIEKca, HO, obecreunBasi ero yaepXuUBaHHUE B
noaxoasieil KoHGoOpMaly BHYTPU CUTHAJIBHOM 2H-
IOCOMBI, CIIOCOOCTBYIOT UIMTEILHOM aKTUBALIAN
G-6enkoB. IMeroTcst maHHBIE O TOM, 4TO [3-appecTu-
HBI MOTYT TTOAJIEPXXMBATh U Aaxke ycusnubaTb G-06e10K-
OmnocpeayeMblii CUTHAJIMHT, IPEISITCTBYSI peaccola-
1 Go-cyosenunuiibl U Gy-mumepa myrem o6paso-
BaHMSI KoMIUlekca, Bkiodaomero GPCR, GRy-au-
Mep u B-appectut [215]. Crioco6HOCTH B-appecTUHOB
B cocTaBe koMmiuiekca ¢ GPCR ¢dyHKIIMoHanbHO B3au-
MoneiictBoBath ¢ GPYy-aumepom Gblaa MPOIEMOH-
CTpUpOBaHA HA IIpUMEpPE XMMEPHOIO penenrtopa
B,V,R, B koTropom C-KoHIIeBoi#i 1oMeH 3,-AR 3ameHeH
Ha TaKOBO# V,-Ba3olnpecCUHOBOTO perenrtopa [216].
BaxxHo oT™MeTHTB, 4TO B3auMoneiicteue GRy-mumepa ¢
KomrutekcoM 3,V,R—Parrl 6b110 OTYETIMBO BhIpaxe-
HO TOJBKO B TOM cCjydyae, KOrjga reTepoTpUMEPHBIN
koMmIuieke Gg-0esika moaBeprajacs IUCCOUMALMUA Ha
Go,-cyobenuauity 1 Gy-nuMep B MPUCYTCTBUU He-
rugponansyemoro aHaiaora ['TO.

B HacTosiiee BpeMsi ajuiocTepUYecKUe BIUSIHUS,
KOTOpbIE MOTYT peajiIu30BbIBaThCI TpU (hopMupoBa-
HUM “MeramnjekcHoii” cTpyktypbl Juranga—GPCR—
GBy-numep—pB-appecTuiH, OCTaOTCSI HE U3YYEHHBIMU,
HO MX POJIb, OCOOEHHO Ha CTaauM “ITO3THETO0”, SHIO-
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COMAaJIbHOTO, CUTHAJIMHTa MOXET ObITh OIpenesisiio-
mieit. M3BeCTHO, YTO OAHUM U3 MEXaHU3MOB MpeKpa-
LIEHUS MIepeaayy CUrHaIa Yepe3 UHTepHATM30BaHHBI
GPCR saBnsieTcst cHuxXeHue pH B mpocBeTe 3HI0COM,
YTO MPUBOAUT K CHUXXEHUIO CPOJACTBA JIMTaHAa K pe-
LIETITOPY, KaK 3TO MOoKa3aHOo ISl pelierTopa napaTtu-
peongHoro ropmoHa [217]. BeaeacrBue aToro s mom-
JIep>KaHUs 3HIOCOMAJIbHOTO CHUTHAJIWHIa HEoOXOmu-
Mbl MEXaHU3MBbI U1 COXpAaHEHUS BBICOKOTO CPOJICTBA
GPCR K nquraHay B yCJIOBUSIX 3aKMCJIEHUS TTpOCBETa
9HJIOCOM, YTO, BO3MOXHO, W oOecleuynBaeT ‘“Mera-
TUieKcHas1” cTpykTypa. [1py 3ToM B OCHOBE TaKuX CTa-
OWJIM3BUPYIONIIMX BJIUSIHUN MOXET ObITh MOBBIIIEHUE
YCTOMYMBOCTH “3aKphITOI” KOH(pOPMALIUM OPTOCTE-
pUUecKOro caiiTa, 4YTo 3aTpyIHSET JUCCOLMALIMIO CBSI-
3aHHOTO C HUM JIUTaH/a B yCJIOBUSX 3akuciaeHus. Cie-
yeT OTMETUTh U TOT (haKT, YTO KOH(OpMaIlMOHHbIE
udMeHeHus1 B GPCR, nnayuupyeMbie o0OpazoBaHUEM
“meraruiekcHoi” crpyktypbl JuraHni—GPCR—Gy-
nuMep—-appecTrH, BIUSIOT Ha MPEAB3STOCTh BHYT-
PUKJIETOYHOTO CUTHAJIMHTa 1 HA UHTEHCUBHOCTh MPO-
NYKLUU, paclipelieieHUss U TpaHCHOpPTa BTOPUYHBIX
MOCPEIHUKOB BHYTPU DHIOCOMBI [214].

ITockoubKy 3-appecTUHBI MOTYT BBICTYIIATh B Kaue-
cTBe aytoctepudyeckux peryasitopoB GPCR, to cTpa-
TeTUU, HarpaBJeHHbIE HA PETYJISILIMIO UX aKTUBHOCTH,
CMOCOOHBI BJIMSATH Ha aJJIOCTEpUUYECKUE B3aUMOIEi-
ctBust mexkny GPCR u B-appectuHamu, a ciemnoBa-
TenbHO, KoHTpojmpoBaTh GPCR-onocpenyembrii
CUTHAJIMHT. B KadecTBe mpuMepa MOXHO ITPUBECTHU
HemaBHee MCcCclieqoBaHMe 110 pa3paboTKe BBICOKOCIIE-
1UIHBIX BHYTPUKIIETOYHBIX aHTUTEN K Parrl, KoTo-
pble AJUIOCTEPUUECKU MOAYIUPOBAIY S9HA0COMAIbHBIM
CUTHAJIMHT MYTAHTHOTO V,-Ba30IIPEeCCUHOBOTO PEIleII-

topa [218]. 3ameHa B 3ToM peuenTope octatka Thr3®,
muieHu pist pochopunupoBanust GRK-kuHazamu u
KOMITOHEHTa OJHOTO U3 IBYX CAUTOB JJIs1 CBSI3bIBAHUSI
¢ Parrl, Ha amaHuH coxpaHsia crocoOHocTh Parrl
TpaHCJIOLMPOBaThcsl B MeMOpaHy U 0Opa3oBbIBaTh
KOMIIJIEKC C arOHUCT-aKTUBUPOBAHHBIM MYTaHTHBIM
peLIEnTOPOM, HO IpeaoTBpalliajga 3HA0COMAIbLHYIO JIO-
KaJIM3al1Io KOMILIeKca perenropa ¢ Barrl u 6;10Kupo-
Bajia Parrl-omocpenyemyio aktuBauuio ERK1/2, Hu-
JKeJiexkalero KoMImoHeHToB Kackaga MAPKSs, Ha6ro-
laeMylo B ciydae V,-Ba30IpeCcCUHOBOTO pelernTopa
nukoro tuna [219]. B npucyrctBuu antuten Ib30,
KOTOpbIe crienndurdecku CBsi3biBatoTCs ¢ Parrl, Ha-
XOASIIMMCSI B KOMIUIEKCE C MYTAaHTHBIM V,-Ba3o0-
MPECCUHOBBIM PELIENTOPOM, aArOHUCT-UHAYLUPOBAH-
HbIA DHIOCOMAaJIbHBI TPAHCIIOPT JIMTAHA-PELENTOPHO-
ro KOMILUIEKCa BOCCTaHABIMBAJICSI U OMHOBPEMEHHO C
9TUM HopMmanu3oBaiach akTuBamusi ERKI1/2-cur-
HaJbHbIX MyTeil. Bo3aMOXHBIMM MeXxaHU3MaMu 3[eCh
SIBJISIFOTCSl  CTaOMM3aliMsl aKTMBHOUW KOHdoOpMaluu
Barrl B KOMIUIEKCE C PELIENITOPOM U AIOCTEPUIECKU
MHIYIIMPOBaHHOE yCUJIeHHe B3auMoneicTus Parrl ¢
6eKkoM [2-amanTUHOM, POJIb KOTOPOTO B 3HIOCO-
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ManbHOM GPCR-curHanmHre B mocjiegHue Toabl MH-
TeHCUBHO usydaetcs [220].

B nipenB3sgTocTy cUrHaAIMHTA OOJIBIIYIO POJIb UTPa-
et cootHomeHue mojekynr GPCR u B-appecTnHOB,
MMOCKOJIBKY B CJIy4ae THUIIEPAKCIIPECCHU PELIEITOPOB
KOJIMYECTBA IKCIPECCUPYEMBIX [3-appecTUHOB, HEO0-
XOIMMOTO ISl HOpMaJIbHOTO obecriedeHusi [-appe-
CTHUH-CIeIn(PUIHOIO CUTHAIMHTA, HAYMHAET He XBa-
TaTh, ¥ TOTaA Aaxe npu cBsizbiBanu GPCR ¢ B-appe-
CTUH-TNIPEAB3SITbIM  arOHHWCTOM  IMapaaoKCaJIbHbIM
o0pa3oM HauMHaeT 3aryckatbest G-0emoK-crermud -
Hble CUTHaJIbHBIe KacKanubl [221—223]. I1pu 3TOM yem
oosnbiie aucbananc mexay GPCR u B-appectuHamu B
MOJIb3y PELENTOPOB, TEM BHIIIIE BEPOSITHOCTD IIepeaa-
yu curHajia yepe3 G-06enok-ornocpeayembie myTu. I1o-
Ka3aHoO, YTO TpU (PU3UOJOTUUYECKUX, CPABHUTEILHO
HU3KUX, YPOBHSIX 3KCIIPECCUY aHTMOTEH3MHOBOIO pe-
nentopa 1 Tuna (angiotensin II type 1 receptor, AT1R)
pu  IEHCTBUM [B-appecTHH-TIPEAB3ATOrO JMTraHIa
TRV026 akTUBUpPYIOTCSI MPEUMYIIECTBEHHO [3-appe-
CTUH-crieuuGuYHbIe MyTU. B TO ke BpeMsI B YCIIOBUSIX
runepakcrpeccun AT1R coenqunenne TRV026 npuo6-
peraeT cnoco6HOCTh akTUBUPOBaTh Gi- U G /y,-6€nKH,
BBI3bIBasl, TEM CaMbIM, MOIIIHYIO CTUMYJ/ISIIIAIO KaJIb-
LIMeBbIX KACKaIOB, UTO YKa3bIBaeT Ha MOTEPIO 3TUM CO-
equHeHeM (PYHKIIMOHAIBHOMN celeKTUBHOCTHU [223].
OnHO#l M3 MPUYMH TIOTEPU CENIEKTUBHOCTH [-appe-
CTUH-TIPEAB3STHIX JIMTAHAOB TPU TUIEPIKCIIPECCUU
GPCR saBisgercs To, 4TO Ogaxe IIPU CTEXHOMETpude-
ckom cootHorreHnn GPCR u -appectHOB HeGOb-
11as1 YaCcTh PELIENITOPOB BCe Xe OcTaeTcsl B KOH(opMa-
UM, CIIOCOOCTBYIOIIEH X 3(h(HEKTUBHOMY B3aMOICH-
crButo ¢ G-6enkamu. Ilpu moBBIIIEHNN KOJIWYECTBA
PELIENITOPOB J0JIsI KX MOJIEKYJI, HE CBSI3aHHBIX ¢ [3-ap-
pecTuHAMM, BO3PACTaeT, M 3TO HEM30EKHO IIPUBOIUT
K 3HaunTesbHOMY yBeamdyeHnto noan GPCR B G-0e-
JIOK-aJlanTUpOoBaHHO# KoHbopmanuu. CXxomHast CUTY-
anys HaOJIoHaeTcss U IIpu HOKAayTe TeHOB, KOOUPYIO-
1UX -appecTuHbl, WK BCIEACTBUE DKCIIPECCUU MYy-
TAaHTHBIX UX (POPM, HECITOCOOHBIX K CBSI3bIBAHUIO C
GPCR [222, 223]. Bce 3T 3aKOHOMEPHOCTH XOPOIIIO
YKJIaIbIBAIOTCS B IIPEACTABICHHYIO BBIIIE ITapagurMy
“MmeraruieKCHOI” cTpyKTypbl, BkiItovawieit GPCR,
G-06eJ10K U B-appecTuH.

7.3. GPCR-akueccopHble beaku

OTaedbHYIO TpyINIly O€NKOB, BIUSIONUX Ha
¢yHkunoHanbHyo akTuBHOCcTh GPCR, cocrasisior
GPCR-axkueccopubie 6enku (GPCR Accessory Pro-
teins), cpeou KOTOPBIX HauboJiee 3HAYMMBI OEIKU
RAMP-cemeiicTBa.

CemeiictBo RAMP BkinogaeT Tpu npencTaBUTENS,
RAMP1, RAMP2 u RAMP3, xoTopble B3auMoOAcii-
CTBYIOT, IO KpaitHeiil mepe, ¢ 46 Turmtamu GPCR [224].
Bce RAMP onnH pa3 mpOHU3BIBAIOT IJIAa3MaTUIECKYIO
MeMOpaHy, UMEIOT 3HAUMUTEJIbHBII T10 pa3Mepy BHeE-
KJIeTOYHBI N-KOHIIEBOI TOMEH W HEOONBIITON IUTO-
mnasMaTnyeckuit C-XBOCTOBOIM NTOMEH, IIpUYeM BO
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B3anMmoneictB ¢ GPCR yJacTByIOT BHEKIJIETOUHBINA
IIOMEH U, B MeHblei crerienu, TM [225, 226]. O6pa-
3yst Komruiekcbl ¢ GPCR, RAMP moaynupytot cenex-
TUBHOCTD pelenTopa K OpTOCTEPUISCKOMY arOHHUCTY,
BJIMSIIOT HA MPENB3SITOCTh aKTUBALMU BHYTPUKIIETOY -
HBIX 3PP EeKTOPOB, pEeryJIrupyIoT BE3UKYJISIPHBII TpaHC-
nopT aroHucT-akTuBnpoBaHHoro GPCR u ero peruk-
musanuio. Hapsany ¢ atTum RAMP mMoryT pyHKIIMOHM-
poBaTh KaK IIIaIlepOHBI, O0ecIieyrMBasi HOPMAJIbLHOE
OpOTeKaHWEe IIOCTTPAHCISIIMOHHOIO MPOIIeCCUHTa
GPCR u crniocobcTBysl HamjiexalieMy WX BCTpauBa-
HUIO B IJIa3MaTUYECKYyI0 MeMOpaHy, a TaKxKe OIocpe-
IOBAHHO PETYIMpPYIOT reHHylo skcrpeccuio GPCR,
KaK 3TO IPOAEMOHCTPUPOBAHO Ha MIPUMEpPE PELIEITO-
pa, MoIoOHOro pelenTopy KalbLUUMTOHMHA (calcitonin
receptor-like receptor, CALCRL) 1 9yBCTBUTEIBHOTO
K BHEKJICTOUHOMY Kanbluio peuentopa CaSR [224,
225,227, 228].

B HacTosiiiee BpeMsi yCTaHOBJICGHA JIOKaIU3allus
aJUIOCTEpUYECKMX CaliTOB, KOTOpPhIE IIOTCHILIMAIBLHO
CITOCOOHEBI B3anMoaeicTtBoBaTh ¢ RAMP, omnu 13 Ko-
TopbIX JJoKanin3oBaHbl B ECLSs, B To BpeMs1 Kak Ipyrue
Ha OGOKOBOI1 IMTOBEPXHOCTH TpaHCMEMOPaHHOIO JOMe-
Ha, B MECTe ero KOHTaKTa ¢ JMIUIHOM pa3oit MmeMOpa-
Hbl. KiTtoueBbIM pe3ynbraToM B3auMoneiicterust RAMP
¢ GPCR saBusercs nsmeHeHue KoHdpopMauuu TM6 u
ICL2, xoTtopble y4acTBYIOT B (DOPMHUPOBAHNM Kapma-
HOB OPTOCTEPUUECKOTO CaiiTa, UTPaIOT BaXKHYIO POJIb B
CTabWIM3aluM ero “3aKpBITOi” KOH(MOpMaluu, TeM
caMbIM, OIpeesisisi CPOACTBO pelenTopa K arOHUCTY.
TM6, Kak OTMeYajaoCh BBIILIE, HEMOCPEACTBEHHO BO-
BJICY€HAa BO B3auMojeiicTBue penenrtopa ¢ G-6eakom
u B-appectuHamu [224]. B 3aBUCMMOCTH OT TOTO, C Ka-
kuM RAMP penentop o6pa3yeT KOMILIEKC, OH CIIOCO-
0eH B3aUMO/IeICTBOBATh C BIOJIHE OIPEeACICHHBIM TH-
IOM OPTOCTEPUYECKOTO arOHMCTa, KaK 3TO MOKa3aHO
s peuentopa CALCRL [224]. B cnyyae obpa3oBa-
Hust komiiekca CALCRL ¢ RAMPI, peuenrop aktu-
BUPYETCS KaJblLIATOHUH-TEH-POJCTBEHHbIM TIETITU-
1noM (CGRP), npu o6pazoBanum Komiuiekca c RAMP2
OH aKTUBUPYETCS aApEeHOMEIYJUIMHOM, B TO BpeMs Kak
npu obpaszoBaHum KoMmruiekca ¢ RAMP3 — anpeHome-
IYJUITMHOM U aIpEHOMENYJUIMHOM-2 (MHTEPMEINHOM).
Bonee Toro, KaabLIMTOHWMHOBLINA pPELICITOP, HAXOISICh
B KOMIUIEKCe ¢ onpenesieHHbIM TiuimioM RAMP, nmpno6-
peTaeT cnoCoOHOCTD CBSI3BIBATh HE CBOMCTBEHHBIM 151
3TOTO peLeNnTopa JUTaHA — TOPMOH aMUJIWH [229—
231]. RAMP Takxe omnpenenstioT crnenu@uIHOCTb 1
3¢ (HEKTUBHOCTh aKTUBALIMM TOPMOHAMU BHYTPUKJIE-
TOYHBIX CUTHAJIBHBIX KacKamnoB. OHM yCUJIMBAIOT B3al-
MOAEHCTBHE KOPTUKOJIMOEPUHOBOrO perenrtopa 1-ro
tuna ¢ G-o6enkamu [232], a Takke oOecIiedynBaroT ce-
JIEKTUBHOCTh akTuBaluu G-6elKoB U [3-appecTHHOB
MPpU CBSI3BIBAHUM pELIENITOpa 2-TO TUNA Ba30aKTUBHO-
ro uHtectuHaiapHoro nentuna (VPAC,R) u kanpuuro-
HUHOBOTO pelenTopa C OPTOCTEPUISCKUMU arOHUCTA -
mu [233, 234].

I1pu geTanbHOM pPacCMOTPEHUM BIIMSIHUSI pa3ind-
HBIX RAMP Ha akTMBHOCTB pelienTopa IJIIOKaroHa
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(GCGR), GLP-1R u GLP-2R 6b111 mOTy4YeHbI CBUIEC-
TEeJbCTBA B MOJb3Y PELENTOPHOU CHelUuPUIHOCTH
RAMP-onocpenyeMoii MOIYISILIAN 3aBUCUMBIX U HE-
3aBUCUMBIX OT G-0€JIKOB CUTHAJIBHBIX MMyTEU 111 IJT10-
karoHoBoro cemeiictea GPCR [235]. Iloka3aHo, 4TO
RAMP1 Mmonynupyet ctumynupymoiine 3¢hheKThl aro-
aHUcT-cBI3aHHBIX penenTopoB GCGR 1 GLP-1R kak
Ha G- u G/ -0€I0K-3aBUCUMbIE KaCKalbl, TaK U Ha
peKpyTHpOBaHUe -appecTUHOB K JIMTAHI-PELETOP-
HOMY KOMILJIEKCY, B TO BpeMsl KakK aJlIoCTepuyecKue
a¢ddexTsl RAMP2 611 cietiipIHBI TOJIBKO B OTHO -
LIEHUU -appeCTUHOB ISl BCEX TPEX M3YYEHHBIX pe-
nenTopos. B cBoio ouepens, RAMP3 HeratuBHO Bin-
SI71 HA BCE CUTHAJIbHBIE MYTU, OCYILIECTBJISIEMbIE YePE3
GCGR, GLP-1R u GLP-2R [235]. ITo3aHee apyrumu
aBTOpaMu ObUIO ycTaHOBJIEHO, Y4To RAMP2 saBsieTcs
HETaTUBHBIM aJJIOCTEPUUCCKHUM MOIYJISITOPOM JIJIsI pe-
LieNTopa IJIIOKaroHa, IOBbIIIAS TIOABUXXHOCTb €ro
BHEKJIETOUHOTO JIOMEHa U, TeM CaMbIM, CHUXas cTa-
OMJIBHOCTh arOHUCT-aKTUBUPOBAHHOM KOH(MOpMaAIIUN
U MPENSITCTBYS aKTuBauuu perentopoM G,-6enka u
HAM®-3aBUCUMBIX CUTHAJIBHBIX MyTei [236].

BaxxHocTtb uzyyeHuss RAMP, kak ajyiocTepuyecKux
peryiastopoB GPCR, o0OycioBieHa nx KIHO4eBO po-
Jiblo B (DYHKIIMOHUPOBAHUU CEPAECUYHO-COCYTUCTOM,
BBIIEJIUTEIbHOM U AbIXaTeJIbHOUN CUCTEM, B PETYISILIUU
BOCIIJIMTEILHEIX IIponeccoB [237—242]. UaTepdeiic,
KOTOPBIH omnpeneiseT B3aumonaeiictere mexay GPCR
n RAMP, aBnsercst oqHoO# U3 MUIIeHe ! JJIs1 CO3IaHusT
dapmakonaoruueckux peryiasatopoB GPCR-omocpe-
JyeMOoro curHajauHra [226, 228, 243, 244]. OgHum
U3 TaKUX PEryJIsITOPOB siBisieTcs npemnapat Olcegep-
ant ij1s JIeYeHUsI MUTPEHU, KOTOPbIf BCTpauBaeTCs B
KapMaH, oOpasyemMblii RAMPI u N-koHIlIeBBIM
yuactkoM CALCRL, obecrieunBasi HeraTUBHYIO pery-
JISIIMI0O CUTHAJBbHBIX myTeid, akTtuBupyeMbix CGRP
[245—248].

Hapsany ¢ RAMP, B atoctepnyecKyro peryasiimnio
otnenbHbIX TUNOB GPCR MOryT ObITh BOBJIEYEHBI IPY-
rue GPCR-akuieccopHble O€IKM, B TOM YHCJIe pelemn-
TOpP-TpaHCIIOPTUpPYIOIINe Oenku (receptor-transport-
ing proteins, RTP), 6enku, nmoBeIlIalonine sKcHpec-
cul0 penenTtopoB (receptor expression-enhancing
proteins, REEP), Oenku, sgBisommecss KOMIIOHEHTa-
MU PELENTOPHBIX KOMILIEKCOB (receptor-component
protein, RCP), a takke cnenuduuHbie IS MeJIaHO-
KOPTUHOBBIX PEIENTOPOB HIOMNOJIHUTEIbHBIC OeIKM
(melanocortin receptor-accessory proteins, MRAP)
[249—-251].

Penentop-tpancnoprupylomue 6enku RTPIS u
RTP2, npencrasisioiimne coboii MHTerpajJbHbIe Oe-
KM, MMEIOIIME 3HAYMTEIbHBIN 1IUTOIIa3MaTUIYECKUM
N-KOHIIeBOiT TOMEH, BEINOJIHSIOT (PYHKIIUU IIaepo-
HOB IJIsI OJOpPAHTHBIX PELEeITOPOB, Urpasl BaKHYIO
pPOJIb B PETYJISIIIUN UX 9KCIIPECCUM U KOMILJIEKCOO0Opa-
30BaHMsI, YYACTBYIOT B MHTEpPHAIU3AUM WX JIMTAHI -
peLEenTOPHBIX KOMIUIEKCOB [252, 253]. benku RTP3 u
RTP4 BoBieueHBI B MOAYISIINIO BHYTPUKIETOYHOTO
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GPCR-T1pancniopra 1 QyHKIIMOHAJIBHON aKTUBHOCTH
BKYCOBOTIO pelieritopa yejiobeka TAS2R [254], a RTP4
TakKe OIOCpeayeT ITOBbIIICHWE KOJIWYeCcTBa |- U
$-ONMMONIHBIX PELIENTOPOB Ha MOBEPXHOCTH MeEMOpa-
HBI M YCUJICHUE OTBETa KJIETKU-MUIIIEHU Ha aTOHUCTHI
9TUX pelentopoB [255]. HMewTcss OCHOBaHUS
CYUTATh, 4TO IanepoH-nogooHass pyHKumns RTP ocy-
LIECTBJISIETCST BCAEACTBUE UX B3aUMONIEHCTBUS C MUK-
poaoOMeHaMU JTUITMIHBIX padTOB, IOCKOJIbLKY Hapylle-
HME TaKOro B3aMMOIEICTBUS IIPeaOTBpallIacT 00pa3o-
BaH1e (PYHKIMOHAJIBHO aKTUBHOTrO Komriekca RTP ¢
GPCR [256].

CewmeiictBo 6enkoB REEP Bkitoyaer aBa mojce-
meiictBa, REEP1-REEP4 u REEP5-REEP6, npen-
CTaBUTEIU KOTOPBIX YYACTBYIOT HE TOJILKO B PEryJIsi-
MU MopdoreHesa, peMoIeIMPOBaHUN IHAOILIa3Ma-
TUYECKOTO peTUKyaymMma U B (GHOPMUPOBAHUU
LUATOCKEJETa, HO IIOCPEICTBOM OOpa30BaHUS KOM-
iekcoB ¢ GPCR, KOHTpOIMPYIOT BHYTPUKJIETOYHBIIA
TPaHCIIOPT PELENTOPOB, UX IKCIIPECCUIO, TOCTTPAHC-
JISIIMOHHBIE MOTM(UKALMM 1 PYHKIIMOHAJIBHYIO aK-
TuBHOCTB [257, 258]. REEP nokaiu3oBaHbl MpeuMy-
IIECTBEHHO BO BHYTPUKJIETOUHBIX KOMMapTMEHTax U
MpPaKTUYECKM OTCYTCTBYIOT B ILIa3MaTUYECKONI MeM-
Opane. BcienctBue aToro ormMeyaeMoe B UX MPUCYT-
CTBUM TOBBIIIEHUE TMJIOTHOCTH PELENTOPOB Ha Kie-
TOYHOI IIOBEPXHOCTU OOYCJIOBJIEHO CIOCOOHOCTBIO
REEP o6neruath tTpancaokanuio GPCR u3 BHyTpu-
KJIETOYHBIX JeMNo K ruiasMaTudeckoit MmeMoOpaHe. Tem
caMbIM OHY (DYHKIIMOHUPYIOT KaK TPaHCHOPTHbBIE Oe-
KU VIS PEeLeNTOPOB, KOTOPhIE B NaJbHEHIIIEM AUCCO-
LIMUPYIOT OT pELeNTOpHOro KoMIuiekca [257]. B3au-
mogeiicteue REEP paxke ¢ OIM3KOpoICTBEeHHBIMU
GPCR cuibHO BapbUpPYyeET, TOCKOJIBKY OHM CITOCOOHBI
00pa30BbIBATh KOMIUIEKCHI U TPAHCHOPTUPOBATH Oy~
AR, KOHTponupysl IpoliecC MX NIMKO3WINPOBAHMUS,
HO HE BJIUSIIOT Ha BHYTPUKJIETOYHbBIN TPAaHCHOPT U MO-
CTTPAHC/ISILMOHHBIN mpoleccuHr o,,-AR. Tlpone-
MOHCTPHUpPOBaHa IIPEAIIOYTUTEILHOCTh B3aMMOICIi-
ctBust REEP ¢ HermmKo3MmmmpoBaHHBIMY U ¢J1a00 TN -
KO3WJIMPOBaHHbIMU hopmamu 0,-AR [257].

CewmeiictBo RCP npencraBieHO BHYTPUKIIETOYHBI-
MW TIpUMeMOpaHHBLIMU OeJIKaMM, CPaBHUTEILHO He-
OoJIbIIMMU TI0 pa3Mepy (B cpenHeM okoo 148 AKO),
KOTOPBIE SIBJISIIOTCS KOMIOHeHTaMu KoMmiuiekca PHK-
noymmMepassl 111 m HeoOxoguMBI 1T PYHKIIMOHUPO-
BaHuss GPCR knacca B [259]. IIpogeMoHCTprUpOBaHO
yuyactue RCP B xonTpoie axkcnpeccun CALCRL u ero
CpPOJICTBA K JIMTaHAAM OPTOCTEPUUECKOTO caiiTa, TIpH-
YyeM 3TOT OeJIOK BIMSIET HA aKTUBHOCTbH pelierTopa
coBMecTHO ¢ 6enkamu RAMP-cemeiictBa [260]. Oc-
HOBHBIM caiiToM mjisg cBsA3biBaHusI ¢ RCP saBisieTcs
ICL2, umerolass KpuTU4YeCKOe 3HaYeHUe IS IIepeaa-
YY CUTHAJIA C JIMTAaHO-aKTUBUPOBAHHOIO peELENTopa
Ha G-0enku U B-appecTuHbI, Kak 3TO MOKa3aHO IS
koMiiekca CALCRL—RAMPI1—RCP [261]. U3meHe-
Hue koHpopmanuu ICL2 pelienitopa BCieacTBUe €ro
B3anmozeiicTeus ¢ RCP saBisieTcst MoeKyIsSIpHBIM Me-
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XaHU3MOM, KOHTPOJIMPYIOIINM B3aIMHOE PACIIOI0Ke-
Hue TM3 u TM6, BoBiiedeHHBIX B GOPMUPOBAHUE OpP-
TOCTEpPUYECKOTO caiiTa.

CewmeiictBo 0enkoB MRAP Bkiaiouaer MRAPI1 u
nMeronii ¢ HUM 40%-romostornio MRAP2, kaxablit
13 KOTOPBIX IIPOHU3BIBAET MEMOpPaHy OOUH pa3 U UMe-
€T 110 IBe CIUIaiiCMHTOBBIX (popMEbI [262]. MRAP1 6bL1
UICHTU(PULIMPOBAH C IIOMOIIBIO TEHETUIECKOTO CKpU-
HWHTA y NallMeHTOB C HACJIeACTBEHHOM (hopMoit nedm-
1IMTa TJIIOKOKOPTUKOUIHBIX TOPMOHOB. DTOT OEJIOK C
BBICOKOIT MHTEHCUBHOCTBIO 3KCIIPECCUPYETCsS B Hal-
MOYEYHUKAX, TJe YCUIMBAET 9KCIIPECCUIO MEJIAHOKOP-
TUHOBOrO peuenrtopa 2 tuna (MC,R) Ha noBepxHOCTH
KJIETOK Y IOBBILIACT €0 YYBCTBUTEILHOCTD K aIlpEHO -
KopTUKOTpoItHoMy TopMoHy (ACTH) [263]. MRAP2
XapaKTepu3yeTcsl BBICOKOM KOHCEPBAaTUBHOCTBIO Y
pa3IUYHBLIX MPEACTAaBUTEICH IT03BOHOYHBIX >KMBOT-
HBIX U 3KCIIPECCUPYETCSI B MO3re, HAAIMOYSYHNKAX U B
psine npyrux TkaHeit [264]. JoctaTo4yHO HEOOBIYEH TOT
¢aKT, YTO B NIMKO3MJIMPOBAHHOM cocTostHuu MRAP
00pa3yloT aHTUMNapajiebHble TOMOIMMEPHBI, BCJIE-
CTBME 4Yero y 3THUX OEJKOB, KaK C BHEIIHEW, TaK U C
BHYTPEHHEN CTOPOHBI MeMOpaHbl pacrojiaraloTcs u
N-koH11eBOI1 (OT ogmHOro mporomMepa), u C-KOHIIEBOM
(oT gpyroro rporomMepa) ydacTku [265]. B Hermmuko3u-
JIMPOBAaHHOM COCTOSIHUM OHM OOpa3yioT Iapajuieiib-
HbIE TOMOAVMEPBI, B KOTOPBIX 00a N-KOHIIEBBIX
y4acTKa ¢ 0JIM3KOM BEPOSITHOCTBIO PACIIONIOXEHbI JIU -
00 BO BHEKJIETOYHOM, JMOO B LIMTOIJIA3MaTUYECKOM
IIPOCTPAHCTBE.

JmurenbHoe BpeMs cunutaiu, uto MRAP dyHKIIM-
OHaJIbHO B3aMMOJIEUCTBYIOT MOYTU UCKIIOUUTEIBHO C
MC,R [262], HO B mocnenHue Tonbl OBIIO MOKa3aHo,
yT0o MRAP 006pa3ytoT KOMIUIEKCHI U C APYTUMU TUTIA-
MU MeJIJaHOKOPTHUHOBBIX perientopoB MC;R u MCyR,
KOTOpbIE CcHeM(GUYHO CBI3bIBAIOTCA C MNENTUIAMU
MeJIaHOKOPTUHOBOTO ceMeiicTBa — Oi-, 3- 1 Y-MeslaHO-
LATCTUMYJTUPYIOIIUMU TopMOHam#u (0i-, B- u y-MSH)
[266]. BaxHo, 4TO BO3HEMCTBUE Pa3IUYHBIX (POPM
MRAP, B TOM yncJlie pa3HbIX UX CILUIAICHTOBBIX BapH -
aHTOB, Ha CBSI3bIBAIOIIUE XapaKTEePUCTUKU, TPAHCIO-
KalliIo U BCTpauBaHWE B MeMOpaHy MeJIaHOKOPTUHO-
BBIX PELENTOPOB CWJIbHO BapbupyeT. Tak MRAPI B
3HAYUTEIbHOU cTerneHu mnosbiiaetr yuciao MC;R Ha
MOBEPXHOCTH KJIETKMU, B TO BpeMsI Kak MRAP2a u
MRAP2b ero cHuxaroT. B nmpucyrctBun MRAP1 u
MRAP2a cHuxaetcst adhdektruBHOCTh oTBeTa MC;R
Ha -MSH u ACTH, B To BpeMs KaK B IPUCYTCTBUU
MRAP2b ocnabnsiercst orBeT ToJabko Ha 0.-MSH. B
cnyyae MC,R 4yucino peuentopoB IMOBBILIAECTCS B
npucyrctBun MRAP1 u MRAP2a, a cponcTBo pe-
nentopa K -MSH n ACTH mnoBbIIaeTcst B IpuUcyT-
ctBuM Bcex Tpex MRAP. Ilpu stom MRAP2a noBsI-
maetT peanusyemblit yepes3 MC,R cTumynupyromumii
aktTuBHOCTh All s3ddexkt ACTH, B TO BpeMss Kak
MRAP2b cHUXaeT COOTBETCTBYIOLIMMN 3(PheKT Kak
ACTH, tak u o-MSH. Tem campim MRAP, B 3aBucu-
MOCTHU OT U30(POPMBI, a TaKXKE TUIIA PELIENTOPA U OpP-
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TOCTEPUYECKOIO AaroHuUCTa, peaau3yloT IMHUPOKUMA
CIIEKTp aJUTOCTEPUUYECKUX BIUSTHUU Ha aphUHHOCTH
CBSI3BIBAHUS JIMTAHIA C OPTOCTEPUUYECKUM CAUTOM U
Ha BEJIMYMHY TOPMOHAIBHOIO OTBETA, B MEPBYIO OYE-
penb, Ha akTUBaLMio HAM®-3aBUCUMBIX CUTHAJIbHBIX
myTeit [266].

7.4. IIpocmoie uonwi

YHUBepCaTbHBIMU AJIJIOCTEPUISCKUMU MOIYJISITO-
pamMu GPCR gBisitoTCSI HEKOTOPBIEC TTPOCThIE MOHbBI, B
MepBYIO Oo4Yepedb KaTMOHBI HATpUs, LIMHKA, MarHusl,
KaJbLMsl U MapraHiia 1 aHUOHBI xjiopa. [1pu aTom of-
HO3apsiTHbIE MOHBI HATPUSI CHUXKAIOT CBSI3bIBaHUE pe-
LENTOPOB C aTOHUCTAMM, CTAOMIN3UPYS NX HEAKTUB-
HOE COCTOSIHUE, U TIPU 3TOM MOTSHLIMPYIOT CBSI3bIBa-
HUE pelenToOpOB C aHTaroHuWcTamu. JIByx3apsimHble
WOHbBI KaJIbLIMSI M MarHus, Kak MpaBujio, J€MCTBYIOT
IIPOTUBOIIOJIOXKHBIM 00pa3oM, CTaOUIU3UPYS aKTHUB-
Hble KoHpopmaliuu GPCR u moBbilllas MX OTBET Ha
CTUMYJISILIMIO OPTOCTEPUUYECKUMU aroHUCTaMu [267—
269]. B 10 e BpeMst 5(pHeKThl MOHOB LIMHKA HAa aKTUB-
HOCTb PELIETITOPOB SIBJISIIOTCS pa3HOHAIIPaBIeHHbBIMMU,
M XapaKTep MX aUIOCTEpUYECKUX BIUSHUI B 3HAYM-
TEeJIbHOM CTEMEHU 3aBUCHUT OT KOHUEHTpallMd MOHOB
Zn**, Tuna peuenTopa, a TAKXe XMMUYECKOI IPUPOILI
U CBSI3BbIBAIOIIMX XapaKTEPUCTUK OPTOCTEPUYECKOIO
muranga [270—272].

Honvi nampus

Eue B 1970—1980-e roabl 6610 0OHAPYXKEHO, UTO
MOHBI HATPUSI MOTYT HETaTUBHO BJIMSTH Ha CBSI3bIBA-
HHE OIMOMIHBIX PELENTOPOB C aroHucramu [273],
yCUJIMBaTh UX CBSI3bIBAHUE C aHTaroHUCTaMu [274], a
TaK:Xe BIMATH Ha TTAaTTEPH KOH(OPMAaIIMOHHBIX COCTO-
SHUI 3TUX penenTopos [275]. B To ke BpeMsT MOJIeKy-
JISIPHBIE ME€XaHM3Mbl 3TOTO OCTAaBaJIMCh HEBBISICHEH-
HBIMU, a 3(pPekThl noHOB Na™ paccMaTpuBaInch Kak
cneluYHbIe TOJbKO JJIsi OMMMOUIHBIX PELENTOPOB.
Ha py6exe 1980-1990-x ronoB ObUIM MOJy4YEHBI AaH-
HbIE O BIMAHUU MOHOB Na' Ha cBA3BIBaIOLINE XapaK-
TEPUCTUKU U (PYHKLUMOHAIBbHBIN OTBET Ha JeiicTBUE
aroHuctoB s psiaa apyrux GPCR, uto cBuaeTenb-
CTBYET O IIPUCYIIMX 3TOMY MOHY CBOMCTBAaX ajlJIOCTE-
pudeckoro MmonayisTtopa [276—279]. Ilpu usydeHuu
D,-nodamMmuHoBOrO peuentopa ObUIO YCTAaHOBJIEHO,
YTO B IIPUCYTCTBUHM MOHOB Na™ ap(MHHOCTH peLienTo-
pa K ceJeKTUBHOMY D,-aroHUCTy KBUHITUPOJY CHUXA-
€TCs1, B TO BpeMsI KaK ero CpOACTBO K HECEJIEKTUBHOMY
D,/D;-aHTaroHUCTy anuaenpuiy nosbiiiaercs [278].
DTO CBUAETENBCTBYET O CTAOWUJIM3ALIMU B TIPUCYTCTBUU
MOHOB HATpUsI HEAaKTUBHOI KOH(MOpPMAaIUX PELEITO-
pa. beuiu oGHapyXeHbl MOTeHIIUAIbHbIE MUILIEHU IS
cBsi3biBaHUA MOHOB Na't — GoKoBblE KapOGOKCUJIATHI
BBICOKOKOHCEPBATUBHBIX OCTAaTKOB acHaparuHOBOU
KMCJIOTHI, JIOKAJM30BaHHBIX BHYTPU TpaHCMeMOpaH-
HOro JOMEHAa, YTO YyKa3blBaJO Ha pPAacCIIOJOXEHUE
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Na'-CBA3bIBAIONIETO  aJUIOCTEPUYECKOTO  caiita B
TPAaHCMEMOPAHHOM TOHHEJIE, BOJIM3U JIOKAJIU30BAH-
Horo Tam B 6oabimHcTBe GPCR knacca A optoctepu-
4eCcKOoro caiita. 3aMeHbl octatka Asp’® B 0,,-AR 1 1Byx
ocratkoB Asp’' u Asp'??2 B mACh,R, pacronoxeHHbIX
NIPUMEPHO B CEPEAMHE TPAHCMEMOPAHHOIO TOHHENS U
CIIOCOOHBIX CBA3LIBATH MOHOBAJIEHTHBIE KATUOHBI, HA
acraparvH, JIMIIEHHBIA TAaKOHW CIIOCOOHOCTH, ITOBBI-
mam adpOUHHOCTh 3TUX PEIEeNTOPOB K arTOHUCTAM M
MPENOTBPALLAINA HETaTUBHOE BIMAHUE HA HUX MOHOB
Hatpus [276, 277].

B nanbHeiIIEM UCCIENOBaHU T10 JOKAIU3ALUUNA 1
KoHpurypaunu Na*-cssaseiaromux caiitoB B GPCR
ObUIM TIPOIOJIKEHBI [268, 269, 280—282]. Bblio moka-
3aHO, YTO KJIIOUEBYIO POJIb B (POPMUPOBAHUU TAKUX
CaiiTOB, HAPSLy C OCTATKOM aCIIaparuHOBOM KHCJIOTHI,
Jiokasin3oBaHHbIM B TM2 (no3uius 2.50), urpatot u
psil. IPYTUX, NPOCTPAHCTBEHHO COJIMKEHHBIX C HUM
AKO, TaxKe BBICOKOKOHCEPBATUBHBIX B CTPYKTYPE
6ospiimHcTBa GPCR kiacca A [268, 280]. B A, -ane-
HO3WHOBOM PELETITOPE, HAPSIAY C OCTaTKOM Asp>2(2-50),
OTBETCTBEHHBIM 34 CBsi3bIBaHue noHa Na*, B popmu-
poBaHuu Na'-cBI3bIBAOLLETO CAliTa IPUHUMAIOT y4a-
ctie octaTku  Ser?!G39) TrpX6648)  Agn28045)
Asn?840749) 1268, 281]. 3aMeHbI 0cTaTKOB Asp>? 1 Asn?8
Ha aJIAHVH TOJHOCTBIO ITPEIOTBPAILAIOT HETaTUBHBIIA
Monyupyoowuii 3gdext noHos Na™ Ha aroHUCT-UH-
OYLAPOBAHHYIO aKTUBALMIO PELENTOPA, B TO BPEMH
Kak 3aMmeHbl octaTtkoB Ser’!, Trp2*® u Asn?® nuiup ya-
CTUYHO ero ocyiabstior [268]. IIpu 3TOoM perienTop ¢
3ameHaMu ocTatkoB Ser’! u Asn?? xapakrepusyercs
MTOBBILLIEHHOI 6a3aJIbHOI aKTUBHOCTBIO, UTO SIBJISIETCS
CJIEICTBUEM ITIOAABJIEHUSI HETaTUBHOIO MOIYJIMPYIO-
LIETO BIMSAHMA MOHOB Na' Ha yCTOMYMBOCTB €TI0 aK-
TUBHBIX KOH(popMmauumii [281]. HecMoTpst Ha TO 4TO
Asp>?20) jokanmn3oBaH BHE OPTOCTEPUYECKOTO CaiiTa,
OH CYILIECTBEHHO BJIMAET HA €TI0 JOCTYITHOCTD JIJIS aro-
HHCTOB, a TAKXKE KOHTPOJIUPYET MTepeMELLEHUE aTOHU -
CTOB B 3TOT CAMT M NOAXOAALIEE I AKTUBALIUMU PE-

LOEIITOpa PacCIioJIOKEHMUE MOJIEKY]I arOHUCTOB B HEM
1268, 281].

CrpykTypHOe usydyenne Na*-cBsa3bIBalolIero caifra
B TPAHCMEMOPAHHOM TOHHEJIE O-OMMOUIHOIO PELIEN-
TOpa IT0Ka3ajo0, YTO UMEIOTCS IBe KOOPAUHALIMOHHbIE
000JIOYKU, C KOTOPHIMU B3aMMOACHUCTBYET WMOH Ha-
TpUsi, GYayIU IIPOUYHO CBI3aHHBIM COJIEBBIM MOCTUKOM
C OTPULIATCILHO  3apsDKeHHBIM — KapOOKCHIATOM
Asp©®39_ TTepByro 060J1094Ky (POPMHUPYIOT AT aTOMOB
KHCJIOPOAa, TPU U3 KOTOPBIX OTHOCSTCSI K GOKOBBIM
ueram Asp? 230 Serl33G39) y AsnBlG35 3 npa npyrux
aToMa KHMCJIOpoJa K MOJIEKYJIaM BOAbl. BTopyio koop-
IVWHAIIMOHHYIO 000J109Ky (hOPMUPYIOT OOKOBEIE 1LIEITN
emme Tpex AKO, Trp2#649)  Asn300745) 1 Agn314749)
ellle JBe MOJIEKYJbl BOIBI, KOTOpPBIE OCYIIECTBIISIOT
KOHTaKT ¢ IiepBoii obOoJjioukoil [283—285]. Bce »tu
OCTATKU SIBJISIIOTCSI BLICOKOKOHCEPBATUBHBLIMU CPEAU
GPCR kxitacca A 1 y ipeacTaBuTeNICit HEKOTOPBIX APY-
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rnx kimaccoB GPCR, uTo yka3piBaeT Ha paHHee IIpOoMC-
XoxzaeHue B spomonnu Nat-omocpemyemoro mexa-
Hu3Ma amnoctepudeckoit peryassuuu GPCR. B vacr-
HOCTW, OHM BKJIIOYEHBI B BBICOKOKOHCEPBAaTUBHbLIC
MOTUBbI FO4OXXWEXP g TM6 nu N74PXXY3) g
TM7, onpenensiomue aktuBanuio GPCR u epenauy
ropMoHasibHOTO curHaina Kk G-6Genkam u [-appectu-
HaM [268, 280, 283]. [1pu uzyyenuu D,-nodaMUHOBO-
IO PELENTOpa NMOKA3aHO, YTO, KaK U B CIy4ae 0-OMuo-
MIHOTO pelLeNnToOpa, MOHBI HATpUsl OIOCPEIOBAaHHO
B3aMMOJEHCTBYIOT ¢ octatkoM Trp©4®  kortopsrii
(GYHKIMOHMPYET KaK MepeKIodaTeab BpameHus TMs
IIpU IIepexXoe OT HEaKTUBHOM K aKTUBHOI KOH(MOpMa-
U1, ¥ 3TO MO3BOISIET CTAOMIN3UPOBATh HEAKTUBHYIO
KoH(popMaLuio peentopa B Na*-cBA3aHHOM COCTOSI-
Huu [286].

Ipu wuccnenoBanuu 3D-ctpyktyp [;-AR [287],
A,s-aneHo3nHoBoro penenropa [288], PAR1 [289] u 6-
onuvouaHoro peuentopa [283] 6bU10 yCTaHOBJIEHO, UTO
B Na™-cBsI3aHHOM COCTOSIHUY CTa0UIU3UPYETCS HEAK-
TUBHOE COCTOSIHHE pelenTopa, B TO BpeMsI KakK IIpu
MoTepe MOHOB HATPUS, B TOM YHCJIE B Pe3yJIbTaTe CBSI-
3piBaHUsT GPCR ¢ oprocTepuyecKrM aroHuCTOM,
MIPOMCXOOUT €TI0 IIepPeX0o B aKTUBHOE COCTOsIHME. TeMm
camMbIM MOHBI Na*t BBITTOTHAIOT (PYHKIAIO COXpaHEHUS
GPCR B HeakTuBHOII KOH(pOPMAIIMM B OTCYTCTBHE
ropMOHa/IbHOI cTumyisiuuu [280].

B monb3y 3T0ii TMIIOTE3bl CBUACTEIBLCTBYIOT TaHHBIC
ucciaenoBanus Libin Ye 1 coaBTOpoB, B KOTOPOM OBLIO
U3YyYEHO aAJUIOCTEPUYECKOE BIUMAHME MOHOB Na' Ha
pasiunvyHble KOH(hOpMEpPHI A,,-aJeHO3UHOBOTO pelieTl-
TOpa M YCTAaHOBJIEHO, YTO B IMAaIla30HE OTHOCUTEIBHO
HU3KMX KOHUEHTpauuii MoHbl Na® cTabuamsmpyror
HeakTUBHbIe KOH(popMmauuu S-1 u S-2 1 MoBbIIIAIOT
JOJII0 TIEPEeXOMHOM aKTMBHOM KoHpopMauum S-3
[269]. [MoBeIIeHUEe HoJK KOHGopManuii S-1, S-2 u
S-3 mpoucxoguT BCJESACTBUE CHUXXEHUSI CTaOMJIbHO-
CTU IIOJIHOCTBIO aKTMBHOI KoH(popMmauun S-3*. Bax-
HO, 4YTO TP MOBLIIIEHUN KOHLIEHTpal M noHosB Na*
oIS KoHGopMaluy S-3 MOBBIIAETCS, X 3TO MOXKET
yKa3bIBaTh Ha HAJIUYKE B MOJIEKYJIE peLieIITopa BTOPO-
ro caiita s cBsa3biBaHug Na't ¢ 6osiee HU3KUM CPOJI-
CTBOM K 3TOMYy HOHY. CpenHee BpeMsi MpeObIBaHUS
noHoB Na™ B amo-chopme A,,-aIeHO3MHOBOTO pelie-
Topa cocTasisieT Bcero 480 musnucekyHa. [Tpouecc nx
BBIXOJIa U3 CaliTa CBSI3BIBAaHUSI C PELICTITOPOM SIBJISIETCSI
HEMpPOCTHIM 1 HE 10 KOHIIA ITIOHATHIM ITpoiieccoM. ITo-
Tepsi MOHOB HATPUS UHAYLIHUPYET BO3MYIIEHUE pacIio-
JIOXXEHHBIX II0 COCEACTBY C HUM MOJIEKY/ BOAbI, 00pa-
3YIOIIMX BBICOKOYIIOPSIIOYEHHYI0 CUCTEMY BHYTPM
TpaHCMEeMOpPaHHOIO TOHHEJS, B PE3yJIbTATe Yero KOH-
¢dopMallMOHHBIE U3MEHEHMsI OXBATHIBAIOT HE TOJILKO
LIEHTPaJIbHYIO YacTh TPAaHCMEeMOpPaHHOIO TOHHES, HO
U TIpeAaBepue BHEKJIETOUYHOrO Bxoja B Hero. Ilocnie
BBICBOOOXIEHMSI MOHOB Na® M3 auIoCcTepUYECKOro
caiiTa ux crabunusupyoinii apheKT Ha HeaKTUBHbIE
Y TIPOMEXYTOUHYIO aKTUBHYIO KOH(OpPMALIIU peler-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

LITTAKOB

TOpa UCYE3AET, YTO MPUBOJIUT K MOBBIIIEHWIO 10U aK-
TUBHOI KOHpopMaluu S-3* 1 a¢peKTUBHOMY CBSI3bI-
BaHUIO OPTOCTEpUYECKOro aroHucra [269]. Takum 06-
pa3oM, JJI YCIIEIIHOW aKTMBAallMM pelenTopa
OPTOCTEPUYECKMI  arOHUCT,  BOCIOJb30BABIIUCH
OYEHb Y3KUM SHEPreTUYECKMM OKHOM, BOZHUKAIOIIUM
mocsie aucconuainum noHoB Na* u3 CBSI3BIBAIOIIETO
ero calita, 10JK€H YCIeTb TOCTUYb OPTOCTEPUYECKOTO
caiiTa U MPOYHO CBI3aThCsl C HUM.

ITocne Toro, Kak aroHUCT CBSI3AJICSI C OPTOCTEpUYEC-
CKUM CaiiToM, JOCTYN MOHA HaTpus K Na*-CBsI3bIBao-
IIeMy CcalTy Ipekpalnaercd. B IpoTHUBOIOIOXHOCTh
MOJTHOMY OPTOCTEPUUYECKOMY arOHUCTY, WHBEPCUOH-
HBII aroHucT ctabumusupyeT Nat-cBa3anHoe cocTos-
HUe A,,-adeHO3UHOBOIO pelenTopa 10 630 Musuince-
KyH, YTO COKpalllaeT BpeMsl CyIlIeCTBOBaHUS peliemn-
TOpa B CBOOOZHOM OT MOHOB HATPHUSI COCTOSTHUU U
CHMXXAET BEPOSTHOCTh €r0 aKTMBALIMU ITOJHBIM WU
YaCTUYHBIM aroHUcToM [269]. B mojgHOM cooTBeT-
CTBUM C 3TUM HAXOIITCI Pe3yIbTaThl, IMOJIydeHHBIE C
HWCIOJIb30BAaHUEM MacC-CIEeKTPOMETPpUU, I10 U3yde-
HUI0 KoHopMalmoHHbIX coctosiHuit GPCR B cpene ¢
BBICOKMM CcoOJepXaHueM MOHOB Hatpus. IlokasaHo,
YTO aroHUCThI CYILIECTBEHHO CHIXKAIOT CBSI3bIBaHUE
nonoB Na* ¢ TpaHcMeMOpaHHbBIM Nat-CBA3bIBaIOIIUM
caliToM, B TO BpeMsI KaK aHTarOHUCTHI CITOCOOCTBYIOT
Takomy cBsi3biBaHUIO [290]. UMeroTcst JTaHHbIE O TOM,
YTO arOHUCT CITOCOOCTBYET BBHITAJIKUBAHUIO MOHOB Ha-
TpUSI U3 TPAaHCMEMOPAHHOTO TOHHEJISI HE BO BHEKJIe-
TOYHOE MPOCTPAHCTBO, KAK OMUCHIBAET OONBIINHCTBO
Mojeneil, a B LIMTOIUIa3MaTUYeCKOe IPOCTPAHCTBO,
yeMy CITOCOOCTBYeT W3MEHEeHUE IPOTOHUPOBAHMUS
BHYTPEHHEM MOJOCTH TPaHCMEMOpPaHHOIO TOHHEJS
[291], 1 5TO XOPOIIO COOTBETCTBYET MOJEIN “MOHHOTO
toHHens1” gt GPCR, nipennoxeHHoit emie B 1998 1.
Zhorov u Ananthanarayanan [292, 293]. Pacuetsl
MOKA3bIBAIOT, 4YTO IIpOLEeCcC IepeIBUXKEHUS HOHOB
HaTpUsl B LIUTO30JIb XapaKTepU3yeTCsI HUBKUMHU DHEp-
FeTUYECKUMU OapbepaMyd U MOXET YIPaBISThCS
GU3NOIOrNYEeCKUMU 3HAYEHUSIMU MeMOpPaHHBIX I10-
TeHManoB. Eciu ucxomuTh M3 Takoil MoAeaud, TO
TpaHcnopT noHOB Na* 13 BHEKJIETOYHOTO B LINTOILIA3-
MaTU4YEeCKOe TIPOCTPAHCTBO Yepe3 TpaHCMeMOpaHHBII
toHHenb GPCR gBnsieTcst OmHUM U3 KITIOYEBBIX 3Ta-
IMOB aKTUBALIMM PELIENITOpa U 00eCIeunBaeT yCTOMYM -
BOCTh aKTHMBHBIX €r0 KOH(MOPMALUii B IIPOLIECCE CUT-
HaJIbHOM TpaHcAyKIuu [291].

C UCnoib30BaHUMEM METOMOJIOTUM MOJIEKYJISIPHOM
IruHamMuku, Ha nipumepe SHT,p-cepoTOHMHOBOIO pe-
LenTopa yCTaHOBJIEHO, YTO MOHBI HATPHUS TPAHCIIOPTU -
pyiorca B Na*-cBg3bIBaolnii caifit Booas TM3, TM6 u
TM7, mocite yero od6pas3yioT CUIIBHBIE BOTOPOIHBIE CBSI-
3u ¢ ocratkoM Asp®3? [294]. ducraHums MeXIy
KapOoKcuIaT-aHnoHoM M moHoM Na' cocTaBiger B
cpenHeM 2.4 aHTcTpeMa, U KOJIEOJIeTCSI B CPaBHUTEIIBHO
Y3KOM JIMana3oHe oT 2 10 4 aHICTpeM, YTO Mpearioiara-
€T BBICOKYIO BEpOSITHOCTh OOHAPYKEHMSI MOHOB HAaTPUS
Ha 3TOM PacCTOSTHUU OT KapOokcuiara [294].
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CnenyeT, odHAKO, OTMETHUTh, U4TO B 2020 r. mTostBU-
JIUCh JaHHBIE O TOM, UTO Hapsay ¢ “KjaccCU4YecKou”
JoKanuzauueii Na'-cBga3bIBaIOLIEro caiita B LIEH-
TpaJbHOW YacTM TPaHCMEMOPAHHOTO TOMEHa, eIle
OIVH, JOIMOJMHUTENbHBIA Na'-cBsA3bIBaIOIIMIA CaiiT,
MOKET OBITh JIOKaJIM30BaH BO BHEKJIETOUHOM IIPEIIBE-
puM TpaHCMEMOpPaHHOTO TOHHEIISI, IpUYeM eTro (PyHK-
MU CYIIECTBEHHO OTJIMYAIOTCSI OT TaKOBBIX TpPaHC-
MeMOpaHHoOro caiita [295]. OTKpbITHE BTOPOTo caiiTa,
pacrionoxeHHoro B nHTepdeiice mexny ECL2 u co-
cenHuMu ¢ HUM TM4 1 TM3, onupajioch Ha pe3yJibTa-
Thl U3ydeHust 3D-cTpyKTypbl KoMmIuiekca D,-nobhamu-
HOBOTO penienTopa 1 aronucrta MLS1547 ¢ momotipio
MOJIEKYISIpHOTO JoKUHTa. CBSI3aHHBIN C 3TUM CaliTOM
noH Na' ocyliecTBIsI KOOPIMHALIMIO B3aUMMOIEH-
CTBUSI MEXIY WMHUIA30JbHBIM KOJIBIIOM OCTaTKa
His?»3(6-5% y orpuiiatebHO 3apsKeHHO IPYIIOii aro-
Hucta MLS1547, npuyeM 3TO B3aMMOIEIICTBUE OCY-
LIECTBJISITIOCH C YYaCTHEM JIBYX MOJIEKYJI Boabl [295].

B Hacros1ee Bpems poiib HoHOB Nat, Kak ajiocre-
PUYECKUX MOIYJISITOPOB, MPOASMOHCTPUpPOBAHA JJIs
oomnpioro ynucia GPCR, Bkimoudast penienTopbl OMO-
TeHHBIX aMUHOB, HYKJICOTUIOB, TIENITUIHBIX TOPMOHOB
u aunuaoB [269, 280, 282, 285, 288, 296, 297]. C yye-
TOM CTPYKTYPHOTO aHaJIN3a TPaHCMEeMOpPaHHBIX TOME-
HOB, MOXHO C BRICOKOM BEPOSITHOCTBIO TIpEaIiojiaraTh,
yto Bce GPCR Haubosee oO1IMpHOro Kjiacca A pery-
JIMPYIOTCS MOHAMU HATPHSI, BBITOJHSIONMIMMU (hyHK-
o NAM, B To BpeMsI KaK B OTHOIIIEHUH JPYTUX KJ1ac-
coB GPCR Hamuuwne Nat-cBSI3BIBAOINX CAUTOB TMO-
Ka3aHO JIMIIb B HEKOTOPHIX ciydyasx. Toiabko B
MOCJIEAHNE TOObI CITOCOOHOCTh MOHOB HATpUsS (PyHK-
OnoHWpoBaTh Kak NAM Obl1a MpoIeMOHCTpUPOBaHa
U AeTaIBHO M3YYeHa IUIS Pa3IMYHBIX TUIIOB HOohaMu-
HOBBIX perienTopoB (D2, D3 u D4) [298, 299], 5-HT | 5-
cepotoHuHoBoro peuenrtopa [300], mACh,R [301],
8- ¥ u-onMoMIHBIX peuenTopos [285, 299], rucramu-
HoBoro pernenTopa 1-ro tuna [302], OKCUTOLIMHOBOTO
peuenTopa [303], V2-Ba3oIpecCMHOBOIO pelelnTopa
[304], rpennHOBOTO peuentopa [305], XeMOKMTHOBOTO
peuentopa CXCR4 [306], ETz-3HA0TEIMHOBOTO pe-
uenrtopa [307], peuenrtopa neiikotpueHa B, (leukot-
riene B, receptor BLT1) [308], conpsixkeHHOTO ¢ G-06€71-
KaMU LMCTEUHUJIJIEMKOTPUEHOBOIO pelientopa 1-ro
tuna (G protein-coupled cysteinyl leukotriene receptor,
CysLT,R) [309]. UckouuTeIbHO BaxKHO, UTO OOHa-
pyxeHHBIe 3¢ HEKTH MOHOB HATPHS PeaTu3yIoTCs TIpU
GUBNOJOTMUECKUX UM OIM3KMX K HUM KOHLICHTpAaIIU -
X, YTO CBUAETEILCTBYET 00 yuacTuu MoHOB Na* B pery-
nssuun GPCR-curHaiyMHra He B MOAEIBHBIX (in Vitro),
a B peaJbHBIX KUBBIX CHUCTEMaX.

C y4eToM aKTUBHOCTH MOHOB Na*, Kak ajutoctepu-
yeckoro peryiastopa GPCR, B skcrepuMeHTax IIO
oneHke akTuBHOCTH GPCR Heo6xoanuMo CTpOTro KOH-
TPOJIUPOBATh KOHIIEHTPAIIUIO WOHOB HATpUSI BO
BHELIHEN cpele, BKIo4Yasg Haauyue B Heil Na't-co-
nepXkaimnx 0y¢pepoB U XeIaTOpOB, YTOOBI CTAHAAPTH -

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

3UPOBATh YCIOBUS U3MEPEHUS 1 HE NCKAXKATh CBSI3bI-
BaWIIMEe XapaKTEPUCTUKH peELEINTopa I10 OTHOIIEe-
HUIO K aroHucramMm u aHTaroHucrtam. Cremyer
OTMETUTDH, UYTO JO HACTOALIECIO BPpEMEHU OTCYTCTBYIOT
HaZeXHbIE CBUIETEBCTBA TOTO, YTO UOHBI KAJIUS MO-
ryT ajutoctepudecku BusaTh Ha GPCR, B cBs13u ¢ yeM
K*-comepxaiune 6ydpepbl OTHOCUTEIBHO HERTPATBHBI
o otHouleHnio K GPCR-curHaapHbpIM OyTaM [267].
XOoTs1 HeNmb3sT UCKIIOYUTh TOro (pakTa, 4To, 3aMelast
WOHBI HATPUS B Cpelie UHKYOalluK, OHU MOTYT OITOCpe-
JOBAHHO BIIUSITh HA CUTHAJILHYIO TPAHCAYKIIUIO, CIIO-
co0cTBYd co3gaHuio Na'-1e@ULIUTHBIX YCIOBUA.

Honwi yunka

Houbl Zn?>' gBusgiorcss  peryasaropamMu  Goliee
300 bepMeHTOB 1 OoJiee ThICIYNU TPAHCKPUITLIIMOHHBIX
($aKTOpOB M 3aBUCUMBIX OT HUX (PU3MOJOTUIECKUX
nponeccos [310, 311]. CoBpeMeHHbIE JaHHbIE YKA3bI-
BalOT Ha TO, YTO 3TO MOXET OBITH OOYCJIIOBJIEHO HE
TOJILKO HEMOCPEICTBEHHBIM BIIMSIHUEM MOHOB IIMHKA
Ha OMOJIOTMYECKYI0 aKTUBHOCTh 3TUX OEJIKOB, HO U
MIPUCYIIIMMU UM CBOMCTBAMHU aJIJIOCTEPUUYECKUX Pery-
nssropoB GPCR. Emie B 1980—1990-romax 0b110 TOKa-
3aHO, YTO MOHBI IIMHKA SIBJISTIOTCSI HETATUBHBIMU PETy-
JIITOpaMM  arOHUCT-CTUMYJIMPOBAHHOM aKTUBHOCTU
U-, K- ¥ O-ONMMOUIHBIX perienTopos [312—314]. B nanb-
HelileM ObUIO YCTAHOBJIEHO, YTO MOHHI Zn?" uzbupa-
TEJIbHO MHTUOUPYIOT CBSI3bIBAHME JIMTAHIOB OPTOCTE-
puyeckoro caifta ¢ D,-, D,- u D,-nodpamuHoBbIMU pe-
lIeNTopamMu, 4YTO OBLIO OOYCIOBJICHO IIOBBLILLIEHUEM
3HaueHus K, 1715 CBSI3bIBaHUS 9TUX JIMTAHIOB, TPUYEM
3¢ ¢eKT NOHOB LIMHKA OBbLI 1030-3aBUCUMBIM 1 MOJI-
HOCTBIO OJIOKMPOBAJICS B IPUCYTCTBUU XeJIaTOpa ABYX-
BaJICHTHBIX KaTuoHOB D/ITA [315—317].

ITokazaHo BIMSIHME MOHOB LIMHKA HA aKTUBHOCTD
pa3IMYHBIX TUMOB aJpPEHEPIUYECKUX pelenTOpPOB
[318—320]. Tak, ycTaHOBJIEHO, YTO MOHBI Zn’', KaKk u
OJIM3KME UM 110 HEKOTOPBHIM (PU3UKO-XUMUYECKUM Xa-
pakrepuctukam MoHbl Cu?*, MomaBIsAIOT CBA3LIBAHUE
aHTaroHUCTa Mpa3o3rHa C O ,-AR, cHuXas moctymn-
HOCTb JIJISI HEro opTtocTepuyeckoro caiita [320]. B To
K€ BpeMsI B 9KCIIEpUMEHTAaX I10 OlleHKe CTelM(pUIHO-
ro cBs3bIBaHUSA O ,-AR ¢ aroHucramu O6bUIO Mpoae-

MOHCTPUPOBAHO, YTO MOHBI Zn’", B OTJIMYME OT MOHOB
MEIU, CABUTAIOT BJIEBO KOHLEHTPALIMOHHYIO KPUBYIO
CBSI3BIBAHUS C DPELENTOPOM AaroHUCTAa adpeHalWHAa.
Mexny TeM, B 3KCTIEpUMEHTAaX Ha KJIETOYHBIX KYIbTY-
pax 6bUIO MOKA3aHO, YTO KaK MOHBI IIMHKA, TAK U UOHBI
MeIY, CXOOHbIM 00pa3oM CHUXaIOT 3(pGhHEeKTUBHOCTh
otBeTa O ,-AR Ha agpenanuH. Ha ocHoBaHuU 3TOrO
aBTOPHI JieJIaloT 3akjoyeHue, 4to 3(pGeKTbl MOHOB
IIMHKa Ha (yHKIMOHUPOBAHUE MpPENCTaTeIbHON Ke-
JIE3bI, SABJSIOLICUCS ONHOW U3 MUILIEHEH aroHUCTOB
0 2-AR, perynupyloniux ee TOHyC, BO MHOTOM OOy-
CJIOBJICHBl MOIYJVPYIOIIUM BO3IEHCTBUEM HWOHOB
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Zn’" Ha o, ,-AR ¥ 3aBUCHMBIE OT HETO CUTHAJIbHBIE
Kackansl [320].

B orHomennn 3,-AR mokazaHo, YTO MOHBI LIMHKA
saBasiioTcst PAM 11151 CBSI3BIBAHUSI C peLienTopoM [B-aro-
HUCTa U30IIPOTEPEHOIa, CYILIECTBEHHO MOBHIIIAs €0
adduHHOCTS K 3,-AR, 1 TakKe OTEHIUPYIOT CTUMY-
JIupylomnii 3¢ @eKT M30IpoTepeHoJIa Ha aKTUBHOCTh
All 1 TAM®-3aBucuMble cUTHabHbIe KacKaabl [318].
Ins uneHTUGUKALMU Zn2t-CBS3bIBAIOLLETO AJJIOCTe-
puyeckoro caiita B 3,-AR Gblta mprMeHeHa CTpaTerust
caliT-HaIlpaBJIEHHOIO MyTareHesa, npeaycMaTpuBaro-
11asi 3aMeHbI OCTaTKOB TUCTUAMHA, KOTOPHIE SIBJISIIOTCSI
OCHOBHBIMM MUILICHSIMU IJIS1 MIOHOB LIMHKA. B pe3ynb-
TaTe ObLJIO YCTAHOBJIEHO, UTO 3aMeHbl His?®, a Taxke
pacCIOIOXKEHHBIX BOIM3M Hero ocraTkoB Cys?® u
Glu?® Ha aJlaHVHBI TPUBOIWIIN K TTOJTHOMY GJIOKHAPO-
panuo (His*’) wuam 3HAYUTETLHOMY CHUXKEHUIO
(Cys?%, Glu?®) NO3UTUBHOTO AJUIOCTEPUYECKOTO BIIU-
SAHUA MOHOB Zn>* Ha akTUBHOCTH 3,-AR [319]. Bce atn
OCTAaTKU JIOKAJIM30BaHbI B IIUTOILIAa3MAaTUIECKUX IIPO-
nomkeHusix TMS u TM6. Tem cambiM Zn%"-cBSI3bIBa-
fonuit caiit B 3,-AR pacrnosioxkeH B 061aCTH BHYTPH-
KJIETOYHOI0 BECTUO10JIsI TPAHCMEMOPAHHOTO TOHHEJIS.
DTOT cCallT IIpenoIpeaessieT B3aMMHOE pacIloJIOXKeHUE
TMS5 u TM6, xoTopble BOBJIeueHbI B GOPMUPOBaHUE
OPTOCTEPUYECKOro caiiTa, KOHTPOJUPYET €ro TOCTYM-
HOCTb JIsI aTOHUCTa U UTPAeT KJII0OYEBYIO POJIb BO B3a-
umMoneiicTBum perentopa ¢ G-6enkamu u B-appectu-
Hamu [319]. HenaBHO ObUIO MTOKa3aHO, YTO YCUJICHUE
IPUTOKA MOHOB LIMHKA B KapIMOMMOLIUTHI, OOYCIIOB-
neHHoe akTtuBauueil kaHaaoB TRPC6, npuBoaur K
MOBBILICHUIO aKTUBHOCTU [3,-AR W ycuieHuo mpo-
nyku DAM®, 94To TaKKe MOXET OBITh O0OYCIIOBJICHO
aKTUBHOCTbIO MOHOB IIMHKa, Kak PAM nnsa Bz-AR.
Myrauuu B rede 7TRPC6, Hapyuaiolye IIPUTOK
WOHOB LIMHKA B KapAUOMUOLUTHI, MMOJHOCThIO OJIOKU-
PYIOT TOoTeHUMpYIoUii 3(h(HEKT 3TUX MOHOB, CIIOCO0-
CTBYIOT CHUXeHUIo [3,-AR-ormocpemayeMoro moyioxu-
TeJIbHOTO MHOTPOITHOTO OTBETAa M CITOCOOCTBYIOT pa3-
BUTUIO XPOHUYECKOM CEpASCYHOI HETOCTaTOYHOCTU
[321].

JlocTaTOYHO MHTPUTYIOLIMMHU OKa3aJIMCh Pe3yIbTa-
Thl HM3Y4YEHUS aJlJIOCTEpUYeCKUX 3(P(PEeKTOB HNOHOB
LUHKA Ha MeJIJAHOKOPTUHOBBIC PELICIITOPHI, B IIEPBYIO
ouepenb, Ha MC,R [271, 322, 323]. UccnegoBaHue
BJIMSIHUSI MOHOB 1IMHKA, a TAK;Ke MOHOB MEIY Ha CBsI-
3piBatoliue xapakrtepuctuku MC,R nokasano, 4to o0a
9THUX MOHA BEICTYNAaloT B KauecTtBe NAM [322—324], B
TO BpeMsI KaK B OTHOIIIEHUHY MX BJIMSHUS Ha 0a3aIbHYIO
1 CTUMYJIUPOBAHHYIO aTOHUCTAMU aKTUBHOCTD pelierl-
TOpa OaHHBIE OKa3aJUCh IIPOTMBOPEUYMBHIMU. Tak,
Holst 1 coaBT. nmokasanu, 4To MoHbl Zn>" camu cro-
CcOOHBI MOBBIIIATh aKTUBHOCTL MC,R 1 omHOBpeMeH-
HO C 3TUM ITOTEHIIMPOBATh CTUMYJIMPYIOHINe 3D EeKThI
MC,R-ceneKTUBHBIX arOHUCTOB Ha aKTUBHOCTb ALL,
(GYHKIIMOHUPYS, TEM caMbIM, Kak aro- PAM, npuyem B
NPUCYTCTBUU XEJIATOPOB CTUMYJIMpYOIne 3P (eKThI
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MOHOB IIMHKAa yTpaunBaioTcd [322, 324]. B To xke BpeMst
Lagerstrom 1 coaBT. 0OHapyXWJIM, YTO MOHbBI IIMHKA
caMHM XapaKTepU3yIOTCSI aroHUCTUYECKOM aKTHUBHO-
CTblO, HO TIpU 3TOM IIOJABJISIIOT CTUMYJIMPYIOIIHUE
adbdexkTet MC,R-ce1eKTUBHBIX aATOHUCTOB, DYHKIIUO-
HUPYsSI, B COOTBETCTBUU C IIPUBEICHHOI HAMU COBpE-
MEHHOI KJlaccuukaumeir, kak aro-NAM [323].
IMpennpunsaroe B 2020 r. Link 1 coaBT. 60Jee AeTab-
Hoe uccienoBaHue 3dekToB MOHOB IMHKa Ha MC,R
MOATBEPAUIIO UX CBOMCTBA, KaK NAM 1Jis1 CBSI3bIBAHUS
MC,R-ceneKTUBHBIX arOHUCTOB, MPUYEM JISI ITOTO
HEOOXOAUMO OBLIIO TIPUCYTCTBME MOHOB KaJIblIMsl, KO-
TOphle caMu SIBJISIIOTCS PAM 111 TaKOTO CBSI3BIBAHUS
[271]. TTIpu 5TOM MOHBI Zn*>" B HU3KUX, MUKPOMOJIAP-
HBIX KOHIIEHTPALUIX, KOTOPhIe OBLIM COITOCTABUMBI C
UX GU3MOTOTUYECKUMU KOHLUEHTPALUSIMU, TIPOSIBIISI-
JIM arOHUCTUYECKYI0 aKTMBHOCTH II0 OTHOIICHUIO K
MC,R, HO 11pu 3TOM, B 3aBUCUMOCTU OT CTENIEHN KOH-
CTUTYUTUBHOI aKTUBHOCTU pelenTopa, WHIYLUPO-
BaHHOII Zn’*, oTMeYyaJloch MOTEHLIUPOBAHUE WIH, Ha-
IpOTHUB, oOcHabJIeHne CTUMYIUPYIOINX 3(deKTOB
MOHOB LIMHKA. [IpyrumMu cioBamMu, B OTHOLLIEHUU 3 -
dexTuBHOCTU cTUMYJSILMU M C4R MOHBI ITMHKA MOTJIN
BecTH cebs1 1 Kak aro-PAM, m kak aro-NAM [271].
HNHTepecHO OTMETUTh, UTO MOHBI Meau (PYHKIIMOHM-
poBasiu kak NAM n1s cBsizbiBaHust MC,R-cenexkTuB-
HBIX arOHUCTOB, W IIPY 3TOM CHIXaJMU 0a3zajbHYIO U
aroHUCT-CTUMYJIUPOBAHHYIO  akTuBHOCTL MOC,R,
(GYHKIMOHMPYSI KaK WHBEPCHUOHHBIE AaroOHUCTHI M
NAM [271]. Bce aTO0 yka3biBaeT Ha IOpPOM BecbMa
CJIOXXHBIH IIPpodhWiIb (papMaKOIOrMIeCcKOil aKTUBHOCTH
MOHOB LIMHKA aXke B OTHOIIIEHUX OMIHUX U Te€X XK€ TH-
noB GPCR.

Ecmu s B,-AR Zn?*-casbiBaonmii cailT ObL
UAeHTUGUIUMPOBAH BOMU3M  LIUTOIUIA3MATHYECKOTO
BXOJIa B TPAHCMEMOPAHHBI TOHHEJb, TO B MEJIAHOKOP-
TUHOBBIX PELENITOPAX OH MPEANOIOXKUTETBHO JTOKAI -
30BaH BO BHEKJIETOYHOM €ro BectumOlone [322, 323].
Tak, B MC,R stoT caiit Bkmoyaer ocratok Cys?’! B

ECL3 u ocratok Asp'"” Bo BHEKJIETOYHOM CETMEHTE
TM3, 1 5T 0CTaTKM BBEICOKOKOHCEPBATUBHBI BO BCEX
TUIIaX MEJAaHOKOPTUHOBBIX pelentopoB [322]. B
MC,R Zn*'-cBasbiBalolimii caiiT Goyiee yTOIUIEH B
TpaHCMeMOpaHHBI TOHHEJb, pacloJiarasicb MeXIy
BHEKJIETOUHO OPUEHTUPOBAHHBIMU OKOHYAHUSIMU
TM2 u TM3, urpaloliiuMu BakKHYIO poJib B GOPMUPO-
BaHWM OPTOCTEPUUYECKOTO caiita, KoTopbiii B MC,R
MIMeET CIIOXKHYI0 KOH(MUTYpaIUIO U BKITIOYAeT 3JIeMEH-
Thl BHEKJIETOUHOTO BecTuOOJsI peuenTopa [323].
IIpennoututenbHass BHEKJIETOYHAs  JIOKaju3alus
(Mexay MOpOKCUMaldbHBIM K MeMOpaHe CerMeHTOM
ECL1 n BHEKJIECTOUYHO OpMEHTUPOBAHHBIM OKOHYAHM -
eMm TM7) Zn*'-cBsaspIBaroniero caiita 6buIa OKa3aHa
U OJIsT MOJEKYJIbl OBIYbEro POIOIICMHA, MOJIEIbHON
cTpyKTypbl wisi pasnuuHbeix GPCR, Bkimouas MC,R
[325].
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CroxHBIiT  (papMaKoNoOrndecKnuii MTpoduiab I
MOHOB IIMHKA OBbLI MPOJAEMOHCTPUPOBAH U B cllydyae
5-HT,s- u 5-HT;-cepoToHuHOBBIX peuentopos [270,
326, 327]. Ilpu n3yyeHUM BIMSHUS MOHOB LIMHKA Ha
5-HT,,-cepOTOHMHOBBIE peLIENTOPHI ObLT OOHAPYXEH
oudaszHbIil 3(pHeKT, KOTOPHII BKIIIOUAJ ajlIocTepruye-
CKOe TIOTeHLIMPOBaHUE CBS3bIBAHUS aroHUCTa MpuU
CYOMMKPOMOJISIDHBIX KOHLEHTpauuax Zn?* (10 MkM)
U MHTMOMPOBaHUE CBSI3bIBAHUSI aroHUCTa MpU CyO-
MWUIMMOJISIDHBIX ~ KOHILICHTpAaIUsIX  3TOr0  HMOHa
(500 MxM) [270]. B ycnoBusix in vivo MOHBI IIMHKA
caMU He BbI3bIBaJIU 3(h(HEKTOB, XapaKTEPHBIX JJIs Ce-
JeKTUBHbIX 5-HT,,-aroHUcTOB, 3a HCKIIOYEHUEM
rUIoTepMuueckoro a¢pdekra, HoO IPpU 3TOM BIUSLIIU
Ha a(pdextnl 8-OH-DPAT, aronucra 5-HT  ,-cepoTo-
HUHOBBIX PELENTOPOB, MPUYEM pa3HOHAMpPaBJIEHHO.
Bri3piBaeMoOe MOHAMU LIMHKA CHUXKEHUE TeMITepaTyphbl
TeJla y TPhI3yHOB MOJTHOCTBIO OJIOKUPOBAJIOCH B CIyvyae
HokayTa reHa, koaupymwouiero 5-HT,,-cepoToHuHO-
BBII pELIENTOP, UTO YKa3bIBaeT HA HEMOCPEIACTBEHHOE
€ero yuacTtue B 3ToM 3(pdekre noHoB Zn>*. BaxkHo, 4TO
9TU WOHBI AEWCTBOBAIM KaK Ha IMpeCUHAINTUYECKUE,
TaK U Ha MOCTCUHAINTUYECKUE PELIETITOPbI, HO UX (-
dexThl Ha npecuHanTuueckue 5-HT ,-cepoToHUHO-
BbIE PELIENTOPHI OBUIN CYILLIECTBEHHO 00JiEe BbIPaXKEH-
HbiMU [270]. Tlpu neiictBum Ha 5-HT,-cepoToHUHO-
Bblii peuenTop MWOHbI 1IMHKA JI€MOHCTPUPOBAIU
CBOMCTBa HEUTPaJILHOTO AHTArOHUCTA MPU HUZKUX
KoHIeHTpauusax (10 MkM) u cBoiicTBa MOIIHOTO
NAM 1 UHBEpPCHUOHHOTO arOHKUCTA P BHICOKMX KOH-
neHTpauusax (500 MmxM) [327]. B nmonb3y nHruoupyto-
11I€TO BJAUSIHUSI MOHOB LIMHKA CBUIETEbCTBYIOT CJIEIy-
fomve g1aHHble. B koHueHTpauuu 500 MkM noHbl Zn?t
MONaB/sIN crienrduueckoe CBSI3bIBaHUE C PELENTO-
POM €ero aroHmcra S5-KapOOKCHaMUAOTPUIITAMMHA U
aHTaroHUcToB SB-269970 m MecylepriHa, a Takke
CHMXaJIU UX CPOJCTBO K pPelenToOpPYy, Ha UTO YKa3bIBaeT
nosblllleHUe 3HaueHuid K,, B HauOosblleil creneHu
sl 5-KapOOKCUaMUIOTPpUIITAMUHA U MecCyJepruHa
[327].

HeitponenTtua rajiaHuH crieuuduryueckd CBSI3bIBa-
eTcsl C TpeMsl TUIIAaMM PELENTOPOB, TaKMMHU Kak
GALRI1, GALR2 u GALR3, 1Ba 13 KOTOPHIX COITPSIKE-
HbI ¢ G ,-6enkamu (GALR1, GALR3), B TO Bpemsi Kak
peuentop 2-ro tuna — ¢ G-6esnkoM. MOHBI LIMHKA
OYeHb U30UpaTEIbHO BIUSIIOT Ha UX aKTUBHOCTb, UTO
BO MHOTOM MpeAorpenessieT CeJIeKTUBHOCTh aKTUBa-
LIMU TAIAHWHOM BHYTPUKJIETOUHBIX KacKaJlOoB U OIO-
cpenyeT (GrU3M0JIOTMYECKUId OTBET, KOTOPbIH ISl Tajia-
HUHA OXBaTbIBAET ILIMPOKMUN CHEKTP PETYISITOPHBIX
3¢ deKToB Ha IHEPreTUYEeCKNii OOMEH, HelpoItaTuye-
CKy10 00Jib, COH, 3MUJIENTUYECKYIO aKTUBHOCTb [272,
328]. Tak, mokas3aHo, YTO MOHBI Zn>' WHIMOUPYIOT
CTUMYJIMPOBaHHYIO rajJaHnHoM akTuBHOCTE GALRI1, B
OCHOBE Yero JIEXXUT CHIDKeHHUe ToaBmkHocTn TM6 B
MPUCYTCTBUM UOHOB LIMHKA [272]. TIpu 3TOM OHM He
BJIMSIOT Ha cTUMYJIsiiuio rataHnnHoM GALR2, otinya-
forerocs Mo cBoeit PyHKIIMOHAIILHO aKTUBHOCTH OT
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GALRI1, ITOCKOJILKY 3TOT pelieNTOp He MHTUOMPYET, a
crTumysimpyeT akTuBHOCTh ALl 1 HAM®P-3aBUCUMBIX
CUTHAJBHBIX KacKamoB [272]. Murubmupytommii 3¢-
¢eKT MOHOB LIMHKA OB IPOIEMOHCTPUPOBAH B IOCT-
CUHaNTHYeCKMX rimyramMateprudecknx 1 GABA-epru-
YyeCKMX HEMpOHaX, B CBSI3U C YeM MHTEepeCeH TOT (hakT,
YTO MOHBI IIMHKa, BBICBOOOXHIAeMbIE B CHMHAIITHYE-
CKYIO 11IeJIb, MHTUOUPYIOT TAKXKE MOHOTPOITHBIC TTyTa-
MmaTHble perenTopsl AMPA- 1 NMDA-tunos [329,
330]. BaxkHO OTMETUTh, YTO YYBCTBUTEIILHBIN K MOHAM
muHka peuentop GPR39, BoBiedeHHBIN B KOHTPOJIb
CHMHAaNTUYeCKOo macTuaHocTH [331], Takke BOBJIEUeH
B PEryJISILMIO Mepeaayu CUTHAJIOB Yepe3 MOHOTPOITHbIE
miyramaTHble 1 GABA ,-pelienTopsl, ¥ pojib MIOHOB LIMH-
Ka B 3TOM CjIy4yae MOXeT ObITh onpenersioneit [332].

Emre 10 net Hazam ObUIO YCTAHOBJIEHO, UTO MOHBI
Zn*" peryaupyloT akTuBHOCTb peuentopa GPRS83
[333], KoTOpHIil 001agaeT yHUKAIbHBIMU CBOIICTBAMU,
MOCKOJIbKY €TO 9HAOTEHHBIMU arOHUCTAMU SIBJSIOT-
Csl MPENCTaBUTENM ABYX Pa3/IMUHBIX CEMEMCTB MeT-
™iaoB — Heiponentuaa PEN 1 XOJeLMCTOKMHUHA,
MpUYeM B 3aBUCUMOCTU OT TaTTepHa U30(POPM BTUX
NENTUIOB aKTUBUPYIOTCS Kak Gy -, Tak U Gy-conpsi-
XKEHHbIe CUTHaJIbHbIe KacKanbl [334]. YcTaHOBIEHO,
YTO HOHBI IIMHKA, B3aUMOAEUCTBYS C OCTaTKaMu
His', His?4, Cys?"” u Glu?", nokaau3oBaHHBIMU B
ECL2 u ECL3, ¢dbopMupylOIIMMHA BHEKJIETOUYHBIA
BXOI B TpaHCMeMOpaHHbI TOHHEIb, U MEHSS I0-
IBUXXHOCTE TM6 1 TM7, ycuIMBarOT aKTUBALIMIO pe-
enTopa aroHWCTaMM, TOBbIIIAsl CTAOUJIBHOCTb aK-
TuBHOI KOH(Mpopmauuu GPRS83 [333]. CxonHblit 3¢ -
¢exT okazbiBaeT U OJIM3KUI MOHY LIMHKA IO CBOUM
(GUBUKO-XUMUYECKUM CBOWCTBAaM MWOH MapraHiia.
MyTauum B cerMeHTax, OTBETCTBEHHBIX 3a CBsI3bIBa-
HUE MOHOB IIMHKA, CYIIECTBEHHO BIUSIOT KakK Ha 0a-
30BYl0, TaK U Ha arOHUCT-CTUMYJUPOBAHHYIO aKTHB-
Hoctb GPRS83 [333].

Bce BblllleckazaHHOE CBUAETEILCTBYET O TOM, UTO
MOHBI IIMHKA MOTYT (DYHKIIMOHUPOBATh KaK ajyiocTe-
puyeckue MoayasaTopbl pasnauyHbix TUoB GPCR,
MpPOSIBJISISI KaK TOJIOKUTEIbHBIN, TaK U OTpULIATETb-
HBIIT 3 eKThl B oTHOIIeHNH ah(UHHOCTU CBSI3bIBA-
HUSI U (PYHKIIMOHAJIBHOM aKTMBHOCTU OpTOCTEpUYE-
CKUX arOHUCTOB, U 3TU 3(PheKTbl MOTYT 3aBUCETH OT
YPOBHSI KOHCTUTYUTHMBHOI aKTMBHOCTHM pelEeINTopa.
Kpome Toro, MoHbl IMHKA AEUCTBYIOT CEJIEKTUBHO Ha
ornpeaeseHHbIe TTOATUIIBI PELIENTTOPOB, UTO OMpeaes-
€TCsl CTPYKTYPHBIMU OCOOEHHOCTSIMU CBSI3bIBAIOIIIETO
UX AJJIOCTEPUUYECKOTO caiiTa, a TAaKXe MOTYT ObITh CBSI-
3YIOLLMM 3BEHOM MEXAY PETYJIATOPHBIMUA CBOMCTBAMU
METa0OTPOMHBIX U MOHOTPOMHBIX PELENTOPOB, Kak
9TO MOKA3aHO B OTHOLIEHUW MOHOTPOIMHBIX ITyTamar-
HbiXx U GABA ,-pelienTopoB, ¢ OIHOW CTOPOHBI, U pe-
nenTopoMm rajganuHa 1-ro tuna u GPR39, ¢ npyroii.
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Honwvt maenus

KaTnoHBI MarHusl SIBJISIFOTCSL PeTyasITOpaMy MHO-
XecTBa (DEPMEHTOB 1 CUTHAJIBHBIX Oe1KOB. OHU SIBJISI-
JOTCSI BaXXHEUIIMMHM KodaKTopaMu, HEOOXOTUMBIMU
st pyHKIMoHupoBaHUs G-0eIKOB, B3aIMOICIICTBYSI
¢ caiitom ux GOl-CyObeIMHMIIL, OTBETCTBEHHBIM 3a CBSI-
3bIBaHME U OOMEH I'yaHHMHOBBIX HYKJIEOTUIOB, a TAaKXKe
BoBjIcYeHbI B perymsuuio ['Tda3zHoN aKTUBHOCTH,
nosBoJsioneit Go-cyobeaunuiie nepexoautsb B [ M-
CBsI3aHHOE COCTOSIHME U peacconupoBath ¢ GRy-nu-
mepoM [335]. Ilpu cHUKEeHUU KOHLIEHTpallud MOHOB
MarHusl CyIIECTBEHHO HIDKe e¢ (PU3MOJIOTMYeCKUX
3HAY€HU, B TOM YMCJIe BCJIEACTBUE JOOABICHUS B MH-
KyOalMOHHYIO CMECh XeJIaTOPOB, aKTUBHOCTL G-0eJ1-
KOB U CONPSIKEHHBIX C HUMU CUTHAJIbHBIX KACKA/IOB B
3HAYUTEJIbHOM CTETIeHU CHUXKAETCS. DTU MOHBI COBEP-
IIEHHO HEOOXOOWMBI I OOJIBIIOTO 4YMcJia BHYTPU-
KieTouHbIX 3(ddekropoB, mumeHeit GPCR-curna-
JIMHTA, B TOM YHUCJIE IS CIeHU(UISCKON aKTUBHOCTH
MeMOpaHHO-CBsI3aHHBIX u3odopMm All, akTuBupye-
Mot uepe3 nocpenctBo G-0eJKOB U reHepupylolieit
YHUBEPCAJIbHBII BTOPUYHBIIA IOCpegHUK UAM®D
[336]. DT0 MOXeT GBITH OOYCIIOBIEHO KaK HEOOXOmM-
MOCTBIO MIOHOB Mg?" 1119 coXpaHeHUsI HamJIeXallero
ypOBHS aKTUBHOCTU KOMITOHEHTOB GP CR-curnanuH-
ra, Tak ¥ M”HTEHCMBHO M3y4YaeMbIMU B ITOCJICAHNE TOIbI
aJIJIOCTePUYECKMMHU CBOMCTBAMU 3TOTO MOHA B OTHO-
meHuu GPCR.

B HacTos1IIee BpeMsT UMEIOTCS CBUIETEILCTBA TOTO,
4TO MOHBI Mg?* MOIyT a/lI0CTEPUYECKU PETYIUPOBATh
MYCKapUHOBBIE alleTHJIXOJMHOBBIE, [-aapeHepruye-
CKHE, ONMUOUAHBIE U 1O0(PaMUHOBBIE PELENTOPHI [269,
314, 336—341]. IlepBbic CBemeHUSI O CITOCOOHOCTH
MOHOB MarHusi MoayaupoBath akTuBHOCTbE GPCR 6ObI-
JIV TIOJTy9€HBI TIOYTH TI0JIBEKA Ha3aa B OTHOIIIEHUM [L-
OMUOUIHBIX pelenTopoB [337], U 3TOT (akT B Aajb-
HeitmeM ObL1 HoapoOHO rcciieqoBaH [314, 341]. beuto
YCTAHOBJIEHO, UTO MOHBI MAaTHUS CTAOMIIU3UPYIOT aK-
TUBHYIO KOH(GOPMAIIUIO PelenTopa, B TO BpeMsT KakK
WOHBI HATPUsI OKa3bIBAIOT IPOTUBOITOJOXHBIN 3¢h-
dexT, cTadbuau3upyss HEaKTMBHYIO ero KoHdpopma-
uuto [314]. Tem caMbIM MOHBI MarHust QYHKIIMOHUDPY-
T kKak PAM, B TO BpeMsI KaK MOHBI HATpus IJs
U-oTnuouaHoro pelenTtopa spistioTcss NAM. B 2020 r.
Hu u coaBT. umeHTHGUIIUPOBAIU B WU-OHUOUTHOM
pellenTope caiiT, OTBETCTBEHHBI 3a CBSI3bIBaHUE
MOHOB Mg?", KOTOPBIil BKJII0YA/I OTPULIATENILHO 3aps-
KeHHble ocTaTKu Asp?'® u Glu’', nokanusoBaHHbBIE
cootrBercTBeHHO B ECL2 m ECL3 [341]. BT ocTtaTkn
o0ecrneuynBamT 3aKpPbITUE M OTKPBITUE BHEIIHETO
BXOa B OPTOCTEPUUECCKUI cafiT U MOTOMY MX KOH-
dopmanmmoHHasA TIOABMIKHOCTh HEITOCPENCTBEHHO
BJIMSIET Ha a(PUHHOCTH pelernTopa K OpTocTepuye-
ckoMy aroHucty. CailT, CBS3BIBAIOIIUIl WOHBI Ha-
TPHSI, HAXOMUTCS B TITyOMHE TpaHCMEMOpPaHHOTO TOH-
HeJIsI, TPAAUIIMOHHO BKJIIOYasi BBICOKOKOHCEPBATUB-
Hblil octaTok Asp>>), u He mepecekaeTcs ¢ caiiToM
CB43bIBaHUS MOHOB Mg2'. B To e BpeMs MpOoJeMOH-
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CTpUpOBaHa OTpuIlaTeIbHasi KOONEPATUBHOCTb MEXY
CBsA3bIBAaHMEM MOHOB Mg?" 1 Na', moCKO/IbKY B Ipu-
CYTCTBUM MOHOB HAaTpHs CBSI3bIBAHWE MOHOB MarHus
ocnabsiercst, 1 Hao6opoT [341].

CXonHBIE AJUIOCTEpUYECKUE BIUSHUS MOHOB Mar-
HUS W HATpUs NPOAEMOHCTPUPOBAHBI U IS Ay -ajie-
HO3MHOBOTO PEILEITopa, XOTsSI MEXaHU3Mbl U JIOKAJIU -
3aums Mg? " -CBA3BIBAIOLIETO AJUIOCTEPUYECKOTO CaiiTa
B DTOM cJiydyae HEMHOIo oTiinyaiorcs [269]. [TokaszaHo,
yT0 MOHBbI Mg?t, Kak U moHbl Ca?", yBeIMUUBAIOT JOJTIO
KOH(pOPMEPOB, COOTBETCTBYIOIINX aKTUBUPOBAHHOMY
COCTOSIHUIO A,,-aJIeHO3WHOBOTO pELIeNTOpa, UHIYLIH-
pOBaHHOMY KakK ero oopaboTkoii 5'- N-3Trinkapbokca-
muna-ageHo3nHoM (NECA), cMmemiaHHBIM arOHUCTOM
A,- 1 A,-aleHO3MHOBBIX PELIETITOPOB, TaK U 100aBe-
HueM C-KoHlleBoro nentuaHoro ¢parmeHta Go-
CyOBbeAUHUIIBI, KOTOPBIN BJIMgeT Ha (YHKIIMOHAIBHOE
conpsikeHue peuentopa ¢ G-6enkamu. JlaHHbBIE MO-
JIEKYJISIPHOTO ITOKMHIA IOKa3bIBalOT, 4YTO 00a MOHAa,
Mg?" u Ca’*, ciocoGHBI IIPOHUKATH B TPAHCMEMOpPaH-
HbI TOHHEIb U CBI3BIBAIOTCS TaM C CaliTOM, pacIioio-
KeHHBIM BOm3K Na't-cBaspiBalolero caiita, mpersrT-
CTBys HeraTUBHOMY 3(pdekTy noHoB Na' Ha cBa3bIBa-
I0llIMEe XapaKTepUCTUKU pelienitopa. [lokazaHo Takke,
yTO MOHBl Mg?" u Ca?t B3aMMOIEHCTBYIOT ¢ OTpULA-
TEJILHO 3apsKeHHON KapOOKCUIIbHOM Ipynoii ocTaT-
ka Glu??86:30) xoTophlil ABISETCA KIIIOYEBBIM 3BEHOM B
“MOHHOM 3aMKe”, TIPeIOTBpaIlaolIM BO3BpalleHNIe
pelenTopa B HeaKTUBHYIO KOH(popmMauio [269].

OCHOBHBIMM KaHIAWAATAMM IJIsI TIEPBUYHOTO B3aM-
MozneiicTBus ¢ MoHamu Mgt u Ca?t apisiiorces ocTaT-
ku GluP!, Glu'®!, Glu!®® u Asp'”?, nokaau3oBaHHbIE B
ECL2 A,,-aneHO3MHOBOTO PELIENITOPa, BO BHEKJIETOU-
HO OPUEHTUPOBAHHOM BECTHOI0JIe TPAaHCMEMOpaHHO-
ro ToHHeJs [342]. Takoe B3auMoOIeHCTBUE, COIJIACHO
pes3yabTaTaM MOJIEKYJISIPHOTO MOIEJIMPOBAHUS, CYKU -
Basl BXOJ B TpaHCMeMOpaHHBI TOHHEIb, MOBBIIIACT
MOCTYITHOCTD IIUTOIUIa3MaTHYeCKnX G-0eJI0K-CBA3bI-
BaIOIIMX CAaMTOB IJIT 00pa3oBaHUS (PYHKIIMOHATBHO
akTUBHOTO KoMmIuiekca ¢ G-6enkoM. C Apyroii cTopo-
HBI, TAKOE CY>)KMBaHME BXOJIa B TOHHEIb MOXKET 3aTPYI-
HUTb IMIPOHUKHOBEHHNE aTOHMCTA K OPTOCTEPUIECKOMY
caiiTy. BaxxHo 1 To, uTo noH Fe?™ He oka3blBaeT MOTEH-
nupyloniero agpdekra Ha arOHUCT-UHAYLIUPOBAHHYIO
aKTUBAIUIO A,,-aJeHO3MHOBOTO pellenTopa, YTO MO-
JKeT yKa3bIBaTh Ha HEOOXOTUMOCTb OYeHb TOHKOM MO -
TOHKH JIBYX3apsITHOTO KaTUOHA K CBS3BIBAIOIIEMY €0
caitty [269]. OcTaeTcst OTKPBITBIM BOIIPOC, OKA3bIBAIOT
JIV IBYX3apsITHbIE KaTUOHBI CBOM 3G eKT Ha pelienTop
ele 40 ero aKkTUBAILIMM arOHUCTOM, YT 3TOT 3(PdeKT
pean3yIoTcs yKe TOCie TOro, KaK PelenTop Mepele
B aKTUBHYIO (hopMy.

JlocTaTogyHO TIOAPOOHO M3YyYEeHO BIUSTHUE MOHOB
Mg?* Ha aktuBHOCT, MACh,R, IprueM 1 B 3TOM CIIy-
yae OHM MposIBIIsIIOT cBoiicTBa PAM [339, 340]. IToka-
3aHO, YTO B OCHOBE MTOTEHLIMPYIOLIETO BIusasHug Mg?*
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Ha akTuBHOCTb MACh,R JexuT ero cnocoGHOCTH
3aMeISITh JUCCOLUALIMIO arOHUCTA U3 OPTOCTEpUYE-
CKOro caiiTa pelenTopa 1, TeM caMbIM, CYILIECTBEHHO
MOBBIIIATh YCTOMYMBOCTb €r0 aKTMBUPOBAHHOI aro-
HUCTOM KOoHdopmauuu. Ha 3T0 yKaspiBaeT 3HA4YU-
TeJbHBIN CABUT BIOPABO KPUBBIX KOHKYPEHTHOIO BbI-
TecHeHUsI N-MeTUJICKOIOJIaMUHA, OPTOCTEPUIECKOTO
cesiekTuBHoro suraHna mACh,R, B mpucyrctBuun
WOHOB MarHusl, B3sITbIX B KOHLIEHTpauu 3 MM U BbI-
mre [339].

Honwt kanrvyus

Honbl Ca?" gBis10TCSl OMHUMHU U3 BaXKHEHIIINX BTO-
PWYHBIX IIOCPEIHUKOB, PETYIUPYsS aKTUBHOCTH 0OJIb-
IIIOTO YMCJIa KaJabIINii-3aBUCUMBIX 3 (PEKTOPHBIX OeI-
KOB, a TaKXXKe KOHTPOJUPYIOT (PYHKILMOHAJIBHYIO aK-
TUBHOCTb MHOXECTBAa TPAaHCKPUILIMOHHBIX (DaKTOPOB,
MUIIICHEI TOPMOHOB, IEHMCTBYIOIIMX Yepe3 II0CPe-
ctBo GPCR. Tem He MeHee 00JbllIOe 3HAUEHUE B KOH-
TpoJie CUTHAJILHOM TPaHCAYKILIMM TaKKe€ OTBOASIT all-
JIOCTePUUECKOMY BIMSTHUIO MOHOB KaJIbLIMS Ha CBS3BI-
BalOIIUE XapaKTEPUCTUKU U CTelleHb aKTUBalUU
GPCR. Brilie otMeyanoch, YTO MOHBI KaJIbLIVsl, Hapsi-
Iy ¢ MIOHAMHW MarHus, MOTYT (PYHKIIMOHUPOBaTh, KaK
PAM, nipu perynsiuuun aktuBHoctu MC4R u A,,-ane-
HO3MHOBOro perenropa [269, 271]. B 1o xe Bpems
criektp GPCR, KoTOpBIE a/UIOCTepUYECKHN PEeTYIUpy-
IOTCSI MOHAMU KaJIblIMs, CYILIECTBEHHO IIMpPE, XOTs
uaeHTUdUKALMS ajiocTepudecKux 3p¢GeKToB MOHOB
Ca?* Bo MHOTMX CJIy4asix 3aTpyJHEHA U3-3a IPobJIeM ¢
X HameXHBIM 1uddepeHIUpOBaHUEM OT IPYIUX 3(-
(dEKTOB 3TOro MOHA.

HMoHbl Kanbluus, a TakKKe OJIM3KHUE UM 110 (PU3UKO-
XMMUUYECKUM XapaKTepUCTUKaM MOHBI MapraHiia mo-
BBILIAIOT 3(PHEKTUBHOCTh CBSI3BIBAHUSI arOHUCTA -
OMMoOUuAHOTO peuenTtopa, [d-Ala2, N-Me-Phe4, Gly5-
oj]-3HKedainHa, ¢ ToMoreHaraMu MO3ra MOPCKOI
cBUHKM [314], a TakKe YyCUJIMBAIOT BbiICOKOadUHHOE
CBSI3bIBAaHUE TUAPOKCUOEH3UIU30IPOTEPEHOIA, aro-
Hucta B-AR, ¢ aapeHepruyecKMMH perenTopaMu
SPUTPOLIUTAPHBIX MeMOpaH Jsaryiuku [336]. [ToBbiire-
HUE KOHLEHTPAllM1 MOHOB KaJIbIIKsI BO BHEKJIETOUHO
cpele aJlJIoCTepUUYECKH BJIMSIET HA CBSA3bIBAHUE OPTO-
CTEpPUYECKHUX U aJTIOCTEPUUYECKUX JIMTAHA0B ¢ MeTabo-
TPOTIHBIM DJIyTaMaTHbIM pelenTtopoMm lo-noarumna
(mGIluRI1o) U Ha BeJIMYUHY CTUMYJIUPYIOIIEro (-
¢exkra mGluR1-aronucroB [343]. BHek/i1eTOYHBIN
Ca?* ycunuBaer ctumysupyromuii 3¢gpdexT oprocte-
pudeckoro mGluRl1a-aronncra L-kBUCKBajlaTa Ha
CTUMYJISILIIO MHO3UTONI-criernduaHoit PLCP 1 BHYT-
PUKJIETOYHBIA KaJbLIMEBbIA CUTHAIWHI, U IIPUA 3TOM
CHUXXAeT MHTUuoupymoimre 3(pheKTbl OpTOCTEPUIECKO-
ro mGluRla-antaronucra (S)-o-MeTun-4-kapOook-
cuGeHWITIUIIMHA HA aTOHUCT-CTUMYJIUPOBAHHYIO aK-
tuBHOCTh MGIuR 1. MUaeHTudunmuposansl AKO, n10-
KaJIM30BaHHbIE B 00JIaCTH BHEKJIETOYHOTO BECTUOIOJIS,
BeIylIero B TpaHcMeMOpaHHBI ToHHeab mGIuR1a,
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KoTopble (popmupyior Ca’t-cBa3bIBaIOIINiA caliT U Of-
HOBPEMEHHO C 3TUM YYaCTBYIOT B IIEPBUYHOM OITO3HA-
BaHUN OPTOCTEPUUYECKUX U ATIOCTEPUUECKUX aroHU-
CTOB, MUIIIEHSIMUA KOTOPBIX SBIISIIOTCS CBSI3BIBAIOIIE
KapMaHbl BHYTPU TpaHCMEMOpPaHHOTO TOHHENs pe-
1enTopa. 3aMeHbI 9TUX OCTATKOB ITPUBOIST HE TOJBKO
K HapylIeHUIO aJJIOCTEPUUYECKOTO BJIMSIHUSI MOHOB
KaJbI1sI Ha MYTaHTHBII peleNTOp, HO W BBI3BIBAIOT
n3MeHeHue orBeta mGluR10 Kak Ha opTtocTepuue-
CKUii aroHUcT L-KBUCKBajaT, TaK U Ha COENMHEHUeE
Ro 67-4853 co cBoiictBamu PAM [343]. [TonydyeHHBIE
MaHHBIE CBUIETEIBCTBYIOT O TOM, YTO BHEKJICTOUHBIC
WOHBbI KaJIbLIUsI CIIOCOOHBI aJUIOCTEPUYECKU TTOJIOKM -
TEJTLHO MOIYJIMPOBATH BEIXOI MOHOB KaJTBITAS M3 BHYT-
PUKJIETOYHBIX AETIO Yepe3 MMOCPENCTBO aKTUBAIIMHU CH-
crembl mGluR1-G/;-6enok—PLCR [344].

YcraHoBJIeHA BaxkHasl poJib MOHOB KalbIUs B I10-
3UTUBHOU aJlJIOCTEPUUECKOU PETYJIILIMU MEJTAaHOKOP-
TuHOBBIX peuentopoB MC,R u MC,R [345-347].
Honbl kanbums, KaKk M1 WOHBLI MarHusi, yCUJIMBAaJIU
CBSI3bIBAHME IIOJHBIX M YaCTUYHBIX aroHUCTOB C
MC,R B kieTkax MeJaHOMbI MbIu JuHuu B16F10
[345]. B manpHeilinneM Oblla yCTAaHOBJICHA JIOKAJIM3a-
uus Ca?™-cBs3bpIBalOIIETO caiiTa B MC,R, nns yero ¢
IIOMOIIbIO KPUO3JIEKTPOHHOM MUKPOCKOIIMU MCCIIC-
noBanu CTpykKTypy komruiekca MC,R—Gg-6enok ¢
pa3IMYHBIMU aroHucTaMmu — 3HaHoreHHBIM MCR-aro-
HuctoM o-MSH, cuHTetnueckumu MCR-aronucra-
mu apamenanotunom (afamelanotide) u SHU9119. B
pe3yabTaTe ObLI BBISIBJIEH YHUKAJIbHBIIA U KOHCEpBa-
TuBHBI Ca?'-cBA3bIBalOLIMII CaiiT, BKJIIOYAIOLIMIA
Glu?% AspG-2) u Asp32» p MC,R, ¢ KOTOpPBIM B3au-
MOAEUCTBOBAIM OOKOBbIE (DYHKIIMOHAIbHBIE TPYMITbI
0-MSH unm ero cuHTeTrueckux aHajoroB [347]. Ha-
muane noHoB Ca?* mpenaTcTByeT 06pa3oBaHUIO KAHO-
HUYeCcKol qucyiabpuaHoin cBa3u mexny TM3 u ECL2,
KOTOpasi UrpaeT BaxkKHYIO POJib B JOCTYITHOCTU U ag-
(UHHOCTU OPTOCTEPUUECKOTO caiiTa B OOJBIIIOM YKC-
e GPCR knacca A. CHIXeH1e KOHLIEHTpallui HOHOB
Kanblisi BO BHEKJIETOYHOM cpele WM pa3pylleHHe
cTpykTypbl Ca’'-cBA3BIBAIOIIETO caiiTa OCadIsger
arOHUCT-CTUMYJIMPOBAHHYIO aKTUBHOCTB pelleIITopa U
UHTUOUpyeT BbizbiBaeMoe MC,R-aroHucTaMu MoBbI-
reHue ypoBHsI HTAM® BHYTPU KIETKU-MHUIIECHH.

IIpu aHanu3e KpUCTAIUYECKON CTPYKTYpPbl KOM-
wiekca MC,R—SHU9119 6b1710 moka3aHo, 4TO BO BHE-
KJIETOYHOM BeCTHOIOJIE OH BKJIIOYAET CAMT C IOBHI-
LLIEHHOI 3JIEKTPOHHOI MJIOTHOCTHIO, KOTOPbI COCO-
O0eH ¢ BbICOKOI 3(PGHEKTUBHOCTHIO CBSI3bIBATH
IByX3apsiAHbIe KaTUOHBI, BKJIIOYas WOHBI KaJIbLIVS
[346]. B cocrase Takoro komruiekca nonbsl Ca’* obpa-
3yIOT KOOPAMHAIIMOHHBIE CBSI3U C IBYMsI KapOOHWIIb-
HBIMM aTOMaMU KUCJI0POoAa, TOKAJIM30BaHHBIMU B OC-
HoBHOM mernm coenmHeHust SHU9119, menrumHoro
a”Hayiora 0.-MSH, u ¢ TpeMs1 oTpunaTeIbHO 3apsKeH-
HbIMU ocTaTKamMu Glu'%0C00) = Agpl22G3.25) 1 Agpl2663-29),
Mo1oO6HO TOMY, Kak 3TO Mpoucxoaut B ciiyuae MC R.
Ne 7

TOM 59 2023



590 LITTAKOB

Honbl Kasibuims nosbiianu cpoactso oi-MSH k MC,R
B 37 pa3, a 3¢p(PEeKTUBHOCTb OTBETA K arOHUCTY OoJjiee
yeM B 600 pa3, mpuyeM aJtocTepudecKuii 3¢ deKT BbI-
SIBJISIZICSL TOJIBKO IJIsi BHEKJIETOYHBIX MOHOB KaJIbLIUS
(busznonornyeckne KOHIUEHTPALIUU B CTPYKTYpaX MO3-
ra okoyio 1.2 MM), B TO BpeMs KaK U3BMEHEHHE KOH-
neHTpauuy noHoB Ca?* BHyTpM KJIETKM Ha CBA3BIBAIO-
e xapaktepuctuku MC,R cyliiecTBEHHO He BIUSIIN
[346]. DT maHHBIE YKa3bIBAIOT Ha PEIIAIOLIYIO POJIb
BHEKJIETOYHBIX MOHOB Ca’' B pacno3HaBaHUU JIUTAH-
noB oprocrepuueckoro caiita MC,R u MC,R u B ak-
tuBauun MC, 4R-omocpenyeMbix CUTHAIbHBIX KacKa-
IoB [346, 347].

Jlpyeue kamuoHuw!

Wndopmanus o BKIaae Opyrux KATUOHOB B ajlio-
crepuueckyio peryasauuio GPCR He cTtonb MHOTOUYMC-
JneHHa. KaTuoHbl Meay MHTMOUPYIOT CBSI3bIBAHUE aH-
TaroHUCTA Mpa3o3rHa ¢ 0 ,-AR, aKcipeccupyeMbiM B
KynbType COS7-KJIETOK, HE BAUSS IIPU 3TOM Ha IHC-
colMauuio mpa3o3rHa oT pelentopa. Hapsmy ¢ atum
nmoHbl Cu?" OKa3bIBAIOT MOAYJUPYIOLIEE BIMSIHUE Ha
CBSI3BIBAHME SHIOICHHOIO aroHMCTa agpeHaauHa C
0 ,-AR 1 Ha TpaHCAYKIIMIO apeHATMHOBOTO CUTHAJa
K 3¢ dexkTopHBIM cucTemMaM KiieTku [320]. Ycranosie-
HO, UTO MOHBI ABYX3apsAHOIO KOOaJbTa CHMXKAIOT ap-
(UHHOCTD CBSI3BIBAHUSI ATOHUCTOB C L-OIMUOUTHBIMU
pelenTopaMy B TOMOreHaTax Mo3ra MOPCKOM CBUHKU
[314]. CnenyeT OTMETUTD, YTO KaKue-Iubo JaHHBIE O
BO3MOXHOM aJUIoCTepudeckKoM 3(ddeKTe Tpex3apsii-
HbIX KaTnoHOB Ha GPCR B HacTosiIiee BpeMsl OTCYT-
CTBYIOT. BO3MOXHO, 3TO yKa3bIBaeT Ha OTCYTCTBUE B
HX CTPYKTYpE IMTOTeHIIUATbHBIX aJUIOCTEPUIECKUX Caii-
TOB JIJISI CIIEIM(PUIHOTO CBSI3bIBAHUSI TAKMX OHOB.

INpu aHanu3e BO3mENCTBUIT pa3TUYHBIX KATHOHOB
Ha GPCR Heo06Xxo1mMMo yIuThIBATh TOT (paKT, 9YTO B PsI-
JIe CIIydaeB UX MUILIEHSIMU MOTYT OBbITh U IPYTrAe CUT-
HaJIbHBIE OENIKM, oOpasyrole (QYHKIMOHAILHO aK-
TUBHBIE KOMIUJIEKCHI C pelienTopamMu. Hapsimy ¢ aTum
WOHbI METAJIJIOB MOTYT 00pa30BbIBATh KOMILIEKCHI C
JIMTaHAaM#, MOTUGUIIMPYS MX CITOCOOHOCTH CBSI3bI-
BaTbCSd C OPTOCTEPMYECKUM WM AJJTOCTEPUISCKUM
caiiTaMu. B BBICOKMX KOHLIEHTpALIMSIX MOHBI METAJIJIOB
CIIOCOOHBI BJIIMATHL Ha CTPYKTYPHYIO OpTaHM3allnIio
GPCR m ycTOMYMBOCThP WX KOMIIJIEKCOB, M3MCHSS
OCMOJISIPHOCTb Cpellbl M BUSISI HA (PUBUKO-XUMUYE-
CKWMe cBoiicTBa MeMOpaH. BeenmcTBue 3Toro st OKOH-
YaTeJIbHOTO CYXICHUS 00 alJIOCTEPUIECKOM XapaKTe-
pe BO3NEHCTBUSI MOHOB METAJUIOB Ha CTPYKTYpy M
¢dyHkumoHanbHy10 akTuBHOCTH GPCR wacTo TpeOy-
IOTCST TOTIOTHUTENIbHBIE PAa3HOTUIAHOBBIE MCCIIEIOBA-
Husi. C apyroii ctopoHbl, ooHapykeHue B GPCR caii-
TOB, ONOCPENYIOLINX UX ceUU(PUUHOE CBSI3BIBAHUE C
MOHAMU METAJLJIOB, M TTOCTOSTHHO BO3pAaCTalOIIee YHC-
JIO MPUMEPOB ALUIOCTEPUUECKON Peryasiiuu 3TUMU
MOHAMM YKa3bIBAIOT Ha TO, YTO KATUOHBI METAJIJIOB SIB-
JISTIOTCSI BAXKHEUTITM, (GU3NOJIOTUIECKH PEJIEBAHTHBIM
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KOMITOHEeHTOM aytocTepmudeckoil peryinsonn GPCR,
dynkimoHupys kak NAM, PAM, aro-PAM, aro-NAM.

Xnopuo-arnuonsi

HMmeroTcst naHHble 00 a/IOCTEPUYECKOM BIUSTHUU
xnopun-annonoB Ha GPCR knacca C. DT aHUOHHI,
KaK M3BECTHO, MOAYJUPYIOT aKTUBHOCTb MHOXKECTBA
JIPYTUX CUTHAJIBbHBIX O€JIKOB (MOHHbIE KaHaJIbl, peler -
TOpPBI HATPUIypEeTUUECKUX MENTUIOB, U Ap.). Elle B
1995 romy ObBUIM TOJIyYEHBI TaHHBIE O TOM, YTO XJIO-
PUI-aHUOHBI NTOBBLILIAIOT cBA3biBaHue [SH]-L-2-amu-
HO-4-(pochonodyrupara ¢ mGluR4, B To Bpems Kak
HU OAWH W3 M3YYEHHBIX JBYX3apsiAHBIX KaTHOHOB
(Mg?*, Ca?", Mn?") Ha cBA3BIBAIOLINE XapAKTEPUCTHU-
KM 2TOro peuenrtopa He Biausia [348]. B manpHeiiem
ObLIO yCTaHOBJIEHO, YTO 3HaueHue ECy, mist cBsi3piBa-
Husa L-2-amuHo-4-docdonodyrupara ¢ mGIluR4 co-
craBisieT 63 MM, 4TO COOTBETCTBYET IpuMepHoO 50%
KOHIIEHTpAlMU XJOPUI-aHUOHOB BO BHEKJIETOYHOI
cpene [349]. [1pu Bo3aeiicTBUM IyTaMaTa Ha KJIETKHU C
aKcIpeccupoBaHHbIM B HUX mMGIluR4 B cpene ¢ KoH-
LIEHTpallMeil XJOpUI-aHWUOHOB B KOHLIEHTpaLUsIX,
01M3KMX (DU3UOJIOTUUYECKUM, OTMEYaId aKTHUBALUIO
3TOTO pelenTopa, B TO BpeMs Kak B Cpejie ¢ HU3KUMU
koHueHTpanussMu noHos Cl~ penentop mGluR4 6p11
MaJjio 4yBCTBUTeJIeH K mryramary [350]. OrMeuanachk
BbICOKasi TIOJIOKUTENIbHAS KOOMEPATUBHOCTb MEXIY
XJIOpHUA-aHUOHAMM M IIyTamMaTtoM (Ko3(hUIIMEeHT
Xuiaa okojo 6), BCIEACTBUE Yero Jaxke HeOOJIbIIoe
TOBBIIIEHUE KOHLIEHTpalu MoHOB Cl~ BO BHEKJIETOU -
HOIi cpele MPUBOJAWIO K 3HAYUTEJIbHOMY YCUJICHUIO
DIyraMaT-uHaynupoBaHHONM  aktuBanmu mGluR4
[350]. Peuentop mGIuR3 Tak:ke 9yBCTBUTEJICH K XJIO-
pua-aHuoOHaM, HO B otanuue oT mGluR4 annocrepu-
YECKU PEeryJupyeTcss W ABYX3apsAHbIMU KaTHUOHaAMU.
XJopua-aHUOHBI MO3UTHUBHO PEryaupyioT 3(p@PeKThI
aronucroB Ha mGIluR6 1 mGIuR8 [351]. B To ke Bpe-
MsI HEKOTOpPbIE MPEACTaBUTENM TIyTaMaTHbIX MeTabo-
TPOMHBIX pelienTopoB, Takrue Kak mGluR1 1 mGluR2,
HE YyBCTBUTEJIbHBI K XJIOPUI-aHUOHAM, [TPU 3TOM, Ha-
npuMep, peuentop mGluR1 saBisieTcss MUILIEHBIO IS
AJIJIOCTEPUYECKOTO BJIUSIHUSL MOHOB KaJIbLIMS W Mar-
Hus [349, 351]. Tem cambIM TToKa3aHa CeJIEKTUBHOCTD
aJIJIOCTEPUYECKON pPeryysiliuu XJIOpUId-aHUOHAMU U
JNBYX3apsIAHBIMU KaTUOHAMU Pa3JIMYHBIX TUTIOB MeTa-
OOTPOMHBIX INIyTaMaTHBIX PELIEITOPOB, UTO MO3BOJISICT
IuddepeHIMPOBAaHHO KOHTPOJUPOBATh UX CUTHAJb-
HbIe Kackansl [351, 352].

C noMolIbI0 caliT-HalpaBJICeHHOTO MyTarcHe3a U
MOJICKYJISIPHOTO MOJIEIMPOBaHUS ITOKa3aHO, YTO B OC-
HoBe PAM-3ddekra XIopua-aHMOHOB B clIydyae
mGIuR3 1 mGluR4 nexxut ux CBSI3bIBAaHUE C IBYMS
aJUIOCTEpUYECKUMM CaliTaMM, pacIlOJIOXKEHHBIMU B
3HAYUTEIBPHOM II0 pa3Mepy BHEKJIETOUHOM JIOMEHE
METaOOTPOITHBIX IIyTAMATHBIX PELICITOPOB, YTO IPU-
BOIMUT K CTaOMIM3alM MHAYIUPOBAHHOIO ITyTaMa-
TOM aKTUBHOTO COCTOSTHUSI pelenTopa. DTO SIBISIETCS
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cieacteueM (GOpPMUPOBAHUS YHUKAJIBHOM WHTEpaK-
TUBHOI CeTU “XJOPUAHBIX 3aMKOB” (interactive “chlo-
ride-lock” network), 3aTpyaHSIIOLIMX BBIXOJ TIyTamaTta
n3 oprocrepmueckoro caiita [350, 352]. Tem camMmbiM
XJIOPUI-aHUOHBI CYILIECTBEHHO CHMKAIOT 3P (PEeKTUB-
Hble KOHLIEHTpalMU TJIyTaMaTa u CIOCOOCTBYIOT aK-
TUBAlMU TJIyTaMaTHBIX PELENTOPOB CYIIECTBEHHO
boJjiee HM3KMMHM KOHILICHTpALMSAMHU TJyTamMara WId
€ro aHaJloroB, BCJIEACTBHE YeTO MOJHOLEHHbIEe (hyHK-
LOHAIbHBIE OTBETHI 3TUX PELIEIITOPOB Ha IJIyTaMatr
peanusyrTcsl aaxe MPU MUKPOMOJISIPHBIX KOHIICH-
TpallMsIX 3TOr0 aroHWCTa BO BHEKJIETOUHOM cpere.
DaKkTUYECKN XJIOPUI-aHUOHBI SIBJISTIOTCS AUpUKEpa-
MU TaKOTO OTBETA.

PAM-3¢ddexT xJIopua-aHMOHOB ITOKa3aH TaKxXKe
TSI KaJTbLIMH-9yBCTBUTEIBbHOTO penenropa CaSR, ko-
TOpBIi 3 PeKTnBHO akTUBHpyeTcd noHamu Ca’" B
cpene, coaepxaiieit noHbl Cl~, HO He MOHbBI IJIFOKOHA-
Ta, KOTOPbIE€ XOTS U UMEIOT CXOAHbBIN C XJIOPUA-aHUO-
HaMU OTpULIATEbHBIN 3apsii, HO CYIIECTBEHHO TIpe-
BBIIIAIOT MX 1O pa3Mepy, YTO He IMO3BOJSIET MOHAM
nokoHaTta 3(¢p¢eKTUBHO B3ammopeiictBoBaTh ¢ Cl—-
CBSI3BIBAIONIMMM caiitamMu penenTopa [353]. Heob6xo-
JIMMO OTMETUTh, YTO B MoJieKyJie CaSR BbIsIBIIEHO TpU
caiTa, CTPYKTYpHO CXOOHBIX ¢ Cl -CBSI3BIBAIOIIUMU
caiiTaMM MeTaOOTPOMHbBIX IJIyTaMaTHBIX PELIENITOPOB,
KOTOpbIE MPETEHAYIOT Ha POJib AJNIOCTEPUUECKUX Cail-
TOB, ClielU(PUIHO cBI3bIBaroIuX noHbl Cl~ [353].

YuuteiBasi BOBJEUEHHOCTh XJIOPUII-aHUOHOB B
KOHTpOJIb BKyCa, B MOCJIEOHHE TOIbl 3HAYUTEIIbHBIC
yCrIns ObUTY HNPEOIPUHATHI IS NCCIIEAOBAHUS 3aBU-
CUMOCTHY aKTUBHOCTHU PA3JINYHbBIX OJATUIIOB BKYCOBBIX
peuenTopoB 1-ro Tuna (T1rl, T1r2, u T1r3), oTHOCSI-
muxcs K kitaccy C GPCR, ot comepxaHnst BO BHEKJIe-
TouHoOi1 cpene noHoB Cl~ [354, 355]. Heob6xommumo oT-
METUTh, YTO BTU PELENTOPHl B (PYHKIIMOHAJIBHO aK-
TUBHOM  COCTOSIHUM  OOpasyloT  TreTepoIuMephl
T1r2a/T1r3 u Tlrl/T1r3, yro obGecreunBaeT paco-
3HaBaHME IIMPOKOTO CIEKTPa CIaIKOr0 M MUKAHTHOTO
BKYCOB, MIPUCYIIEro caxapaMm U aMUHoOKucaoTaM. [1pu
HCCIIENOBAaHNY KPUCTAJUIMYECKOM CTPYKTYPhI BHEKIIS-
TogyHoro paomeHa TIr3 B cocraBe reTepogmMepa
T1r2a/T1r3 sIMOHCKOI pUCOBOI PHIOBI, KOTOPBI KpU-
CTaJUIN30BaJIM B IIPUCYTCTBUHU XJIOpUIA HATPUS, OBLIN
BBISIBJICHBI CaMThl, CIIOCOOHBIE CHEHUMUIHO CBSI3bI-
BaTh XJIOPUI-aHUWOHBI. 3aMeHa 3TUX MOHOB Ha Opo-
MUI-aHUOHBI BBI3bIBajla KPUTUYECKME M3MEHEHUS B
CTPYKTYyp€ BHEKJICTOUHOTrO JoMeHa T1r3, B ToM gucie
B caliTax CBSI3bIBAHUSI aMUHOKUCJIOT, Pe3yJIbTaTOM Ye-
ro OBUIO CHIDKEHHE MX CBSI3BIBAIOIINX XapaKTePUCTUK
[354]. Xnopna-aHMOHBI B3aMMOJIENCTBOBAJIM C OOKO-
BOM TMIPOKCWIBHOI Tpymnmoii ocrarka Thr!® u ¢
aMUIHBIMU TPYNIIAMU OCTOBA MENTUAHON LIEMH, TIPU-
Haiexamumu octatkaM GIn'*® u Ser'®. Ocrarku, ¢
KOTOPBIMU B3aUMOJICHICTBYIOT XJIOPHUI-aHUOHBI, KOOP-
IVHUPYIOTCA ¢ ocTaTkoM Ser’, urparoimmm KpuTude-
CKYIO pOJIb B CBSI3BIBAHMM aMWHOKMCIIOT, a TAKXKE BO-
BJICYEHBI B CTAOMIM3AIIUIO aTOHUCT-aKTUBUPOBAaHHO-
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TO COCTOSIHMSI pelellTopa M €ro TIeTepOoaMMEpPHOI
CTPYKTYpHI [354]. TeM caMbIM XJIOpUA-aHUOHBI BasKHBI
Kak I ToAAepXKaHusI KOH(GOpMallii OpTOCTEpUYEC-
CKOTO caiita, obecrieunBalomieii 3(pOeKTUBHYIO aKTH -
BalMIO pelienTopa MUILEBBIMIA aMUHOKMCIOTaMHU, TaK
W IUISL W~ U OJIMTOMEPU3AINU BKYCOBBIX PELIEeITOPOB,
OIpeIeIsTIoNIeil MX CIIOCOOHOCTh aIeKBaTHO BOCIIPH-
HUMaTbh BHEKJIETOYHbIE CUTHaIBI. BaxkHO, 4TO XJ10pUI-
AHMOHBI B OTHOCHUTEIBHO HU3KUX, MUUIAMOJISIPHBIX
KOHIIEHTPALMSIX ObLIM CLIOCOOHBI MHAYIIMPOBATh B I'e-
teponumMepe T1r2a/T1r3 KoH(pOpMaLIMOHHBIC U3MEHEe-
HUSI, BBI3BIBAEMbIC “KJIACCUYECKMMMU~ aroHUCTaMU
9TUX pelenTopoB. Tak, mepopajbHOEe BBEIECHUE MbI-
111aM XJIOPUJI-aHUOHOB MOBBIIIAIO0 YaCTOTY UMITYJILCOB
BO BKYCOBBIX HEpBax, IJie OBLJIM 3KCIPECCUPOBAHBI
pasmuuHbie moaTunsl T1r [355]. Tem caMbIM, TTIOMUMO
MOAYJMPYIOIIEH, XJIOpUI-aHMOHAM TIpUcCylla U CO0-
CTBEHHAsI aTOHUCTUYECKAsI aKTUBHOCTD, UTO ITO3BOJISI -
€T UX XapaKTepru30BaTh B OTHOIICHUM BKYCOBBIX pe-
nentopoB Tlr-cemeiicTBa, Kak ago-PAM.

Henb3st uCKITIOUNTD, UTO CYLIECTBYIOT U IPyTryie aHU -
OHBI, HaJIeJICHHBIE CBOMCTBAaMU aJJTOCTEPUYECKIUX PETY-
JISTOPOB, HO B HACTOSIIIIEE BPEMSI CPEIU IMTPOCTHIX aHUO-
HOB TaKMe CBOICTBA MOKa3aHbl TOJBKO ISl XJIOPU/I-
aHMOHOB. DTN cBolicTBa MoHa Cl~ TOJKHBI YYUTHIBATh-
Cs1 B CBSI3U C TEM, UTO MHOTHE JIEKapCTBEHHbIE IIpeIiapa-
TBI 1 HOBbIE OMOJIOTUYECKHM AKTUBHbBIE TECTUPYEMBIE CO-
eIUHEHMUSI TIPEICTABISIIOT COOO0I XJIOPUCTOBOIOPOIHbIE
COJIM, U HEeJIb3sI UCKJIIOUMTh BO3MOXKHOCTh MaHM(pecTa-
UM COOCTBEHHOIM aKTMBHOCTU XJIOPUA-aHUOHOB Ha
du3MoIIornYecKne M OMOXMMHWYECKHe IIpoliecchl. B
OIpelIe/IECHHOM CTEIIEHM 3TO OTHOCUTCS M K HEKOTO-
pPBIM KaTUOHAaM, B IIEPBYIO ouepelb K MOHAM HATpUS,
TaKXXe MCIIOJIb3YeMbIM B KayeCTBE IIPOTMBOMOHOB B
¢dapMakoJoruuyecKrx npenaparax.

7.5. Jlunuowi

3a nociegHue roabl AJis1 00JIbIIOTO YKCa JIMITUI0B
MoKa3zaHa CIIOCOOHOCTh aJUIOCTEPUYECKM PeryIupo-
Bath GPCR, nmpuueMm HambOosplliee 3HaYeHUE B TOM
OTHOIIIEHUY OTBOASAT MEMOpPaHHBIM JIUIIUIAM — XOJIe-
crepuHy u dochomunumaM. M3HaYaapbHO CUMTANH,
YTO POJb MEMOpAHHBIX JIMIINAOB OOYCJIOBJIEHA B OC-
HOBHOM MX BJIMSIHAEM Ha (PU3UKO-XMMHUYECKUE CBOM-
CTBa IUIa3MaTUYECKOl MeMOpaHbl M CTPYKTYPHO-
(GYHKIIMOHATBHYIO OpraHW3annio padToB, MpeacTaB-
JISTIOIUX cO00Ii MeMOpaHHbIe MUKPOJOMEHBI, OTBET-
CTBEHHBIC 3a TPaHCJOKALIMIO M BCTpauBaHUE B MEM-
OpaHy CUTHaJIBHBIX MOJEKYI U COOPKY CUTHAJbHBIX
KoMIuieKcoB. IIpu 3ToM Takoe BIUsIHUE, KaK IIPpaBUJIO,
SIBJISIETCSI HECIIeLM(PUUIECKUM 1 OOYCJIOBJIIEHO CBOIi-
CTBaMU JIUNUIOB, (PyHKIITMOHUPYIOIIUX KaK CTPYKTYP-
Hasg MaTtpuua st GopMUPOBaHUS MHOTOKOMITOHEHT -
HbIX KoMIuiekcoB aurani—GPCR—G-6emok/B-appe-
ctuH—3¢dexTop. B manpHeIeM 3TH IIpeaCcTaBICHUSI
CcTau IIepecMaTpUBaThCs. BRISCHUIOCH, UTO IEICTBUE
JIMINIOB, B TOM YHCJIe ¥ TAKOTO YHUBEPCAIbHOIO al-
JIOCTEPUUYECKOr0 MOMYJISITOpa, KaK XOJeCTEpUH, BO
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MHOTHX CJIy4asiX SIBJISIETCS BBICOKO CIIeUIM(PUIHBIM 110
OTHOIIIEHUIO K onpeneaeHHbIM TuniaMm GPCR, a B Mo-
JIeKyJiaX pelenTOPOB UMEIOTCS allJIOCTepUIECKIe caii-
Thl, OTBETCTBCHHBLIE 3a CHeHU(PUIHOE B3aUMOIEIi-
CTBME C Pa3IMYHBIMU KJIAaCCAMU JIMIIMIOB. DTHU CalTHI,
KaK MpaBWJIO, PacHOJIOXeHbl Ha OOKOBOII TTOBEPXHO-
ctu TpaHcMeMOpaHHo# yactu GPCR, KOHTaKTUpYyIO-
e ¢ IMOUIaMI MEMOpPaHbI, X TAaKKe BKIIOYAIOT Cer-
MEHTHI ITPOKCUMAaNIbHBIX K MeMOpaHe ydyacTkoB ECLs
u ICLs. TeM caMbIM JTUIUABI MOTYT HEMOCPEACTBEHHO
BIMATH Ha KOHGpOPMALIMIO U CTEPUYECKYIO TOCTYII-
HOCTb OPTOCTEPUYECKHUX M aJUIOCTEPUISCKUX CANTOB,
JIOKAJIM30BAHHBIX BHYTPU TPaHCMEMOPaHHOIO TOHHE-
JIs1 pelenTopa, a TakXKe CalToB, JOKaJU30BaHHBIX BO
BHEKJIETOYHBIX W BHYTPUKIJIETOYHBIX BECTUOIONSIX
TpaHCMEeMOpaHHOIO JOMEHa.

OCHOBBIBASICh Ha BBIIIIECKA3aHHOM, MPEITOXKEHBI
JIBa OCHOBHBIX ME€XaHM3Ma aJJIOCTEPUYECKOTO BO3/ICH -
crBust iunuaoB Ha GPCR. TlepBblit U3 HUX SIBJISIETCS
He cIeur(UYHBIM WIM HU3KO CeIU(PUIHBIM 1 3aBU-
CUT B OCHOBHOM OT (DM3UKO-XMMUYECKMX CBOMCTB pe-
LIeTrITopa, ero ruapodoOHOCTH, MIOLIAA KOHTAKTa C
MeMOpaHOIi, ero MHUKPOOKpYyxXKeHus. Kak M3BecTHO,
(GuU3NKO-XMMUYECKEe CBOICTBA  IIa3MaTUYECKOM
MEMOpaHbI, TaKre KaK TeKy4eCThb, YIPYTOCTh U MeXa-
HUYecKasi IPOYHOCTh, 3aBUCST OT COOTHOIIIEHUS pa3-
JIMYHBIX JIUITMIOB B MEMOpaHe, 1 3TO OKa3bIBaeT 3HA-
YUTENbHOE BIIMSTHIE Ha CTpYKTypHBIe cBoiicTBa GPCR
U ero KOMIUIEKCOB, Ha CTaOMJIBHOCTh 1 COOTHOIIIEHUE
aKTUBHBIX 1 HEAaKTUBHBIX KOH(pOpPMAaLIMii pelernTopa,
Ha COMNpsDKeHUE pelenTopa ¢ TPaHCAYKTOPHBIMU U
3¢ deKTOpHBIMH OeTKaM1. DTO MOKa3aHO IS pa3and-
HeIx TUIIOB GPCR, HauboJiee OoTYETIUBO IJISI CBETO-
YyBCTBUTEJILHOTO PELIETITOPHOTO OejiKa poJoTCUHA.

[TokazaHo, 4TO (HU3MKO-XMMUUYECKHE CBOMCTBA
MeMOpaHBbI, ee TOJIIIMHA U TeKY4eCTb, HEIOCPENCTBEH -
HO BJIMSIOT Ha MEpexoj MeXy MeTapoaorncuHamu I u
II, yto mpenonpenensieT 3PHeKTUBHOCTh (HOTOTPAHC-
mykmu [356—359]. B3anMoCBS3b MeEXIy TOJIIIMHOMN
MeMOpaHbl 1 KOHDOPMALIMOHHBIMU XapaKTepuCcTUKa-
MU pOIOTICMHA ObLIa HAISIAHO IMPOJAEMOHCTPUPOBaHA
C TIOMOIIbIO CTYIEHYaTOro M3MEHEHUS TOJIIUHbI
MeMOpaHbl ((pochaTuaNIXOIMHOBBIE CIOU C TOJIIM-
HoM TuapodoOHoit ¢a3wl ot 21 mo 38 aHrCcTpeM), HO-
CTUTAEMOTO TTyTeM MU3MEHEHMUST COINepPKaHUS XOJIeCTe-
puHa B Moze/IbHOM MeMOpaHe [359]. JlobGaBiieHue X0-
JlecTepyHa K MeMmOpaHe, TOJIIMHA KOTOpOil Oblia
MEHBIIIe, YeM CpeaHss mimHa ruapo¢dooHbix TM (Me-
Hee 27 aHICTPEM), CMEIIAJI0 PaBHOBECHE B CTOPOHY
meTtapogomncuHa I, B To Bpemst Kak 1o0aBIeHUE XOJIe-
cTepvHa K MeMOpaHe, TOMIIMHA KOTOPOU MPeBOCXOAM -
na mHy TM, BBI3BIBAJIO yBEJIWYEHUE JIOJIM METapo-
noricuHa I. B mepBoM ciiyyae XxojaecTepruH B HEOOJbIION
CTeTEeHU TIOBBIIIAT U, TEM CaMbiM, HOPMaJIU30Bas TOJI-
LIIMHY MEMOpaHbI, B TO BPEMS KaK BO BTOPOM Cilydyae OH
MEHSLI YIIPYyrocTb MeMOpaHbl M MHIYyLUPOBa 00pa3o-
BaHUE OJIMTOMEPHBIX KOMIUIEKCOB POAOIICUHA, CTaOu-
Jm3upys KoHdopmaluo meraponoricuna I [359].
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HenasHo 6BIJIO M3yYeHO TIPSIMOE BIUSTHNE (PU3NKO-
XUMUYECKUX CBOMCTB MeMOpaHbl Ha 3,-AR u AT, -aH-
TMOTEH3UHOBBIN periernitop [360, 361]. B ciydae 3,-AR
ObLI1O OOHAPYKEHO, YTO X0JaT HATpuUs, Oyay4Uu BCTPO-
€H B MUIIEJUIbI, 0Opasyembie noaeiuni-f-D-Manbro3u-
JIOM, MHAYLUPYeT IUMEPU3alUIO pelierTopa, YCUIu-
Bast KOHTaKThl Mexny TM1, TM2 u H8 mporomepoB
[360]. B ciayuyae AT,-aHI'MOTEH3MHOBOIO pelLienTopa
MoKa3aHO M3MEHEeHUEe ero (hyHKIIMOHAJbHON aKTUB-
HOCTH IPU U3MEHEHUHU TOJIIIMNHBI M HATSDKSHUS T1a3-
MaTUYeCKOM MeMOpaHbI, IpUYeM MHATTEPH aKTUBHBIX
KOH(pOpMaLUii B 3TOM CIy4yae OTJIMYaJICsS OT TAKOBOTO
B cJlyyae aKTUBallMM pelenTopa 3HAOT¢HHBIM aroHU-
cToM — anrunoreHsuHoM I1I [361]. OmnucaH n1BOMCTBEH -
HbIIi MEXaHU3M BJIMSTHUSI XOJIeCTepMHA Ha aKTUBHOCTD
A,,-aICHO3UHOBOIO pelenTopa, MyTeM BJIUSIHUS Ha
(GpU3NKO-XMMUYECKIE CBOMICTBA MEMOpaHBI U IIOCPE]-
CTBOM CITeLIM(UYHOIO CBSI3bIBAHUSI C MOJIEKYJION pe-
uernropa [362]. IlonydyeHHbIe TaHHBIE YKA3bIBAIOT Ha
TO, YTO MOTYT PEaJIM30BBIBATHCS IBA PA3JIMYHBIX CIIe-
Hapus akTuBaluu AT |-aHTMOTEH3UHOBOTO U A,,-ajie-
HO3MHOBOTO PELENTOPOB, ONUH 13 KOTOPHIX 3aBUCUT
OT (PU3UKO-XUMUYECKNX CBOMCTB MeMOpaHBI, B TO
BpeMsi KaK BTOPOIi peaqmu3yercsi BCIAEACTBUE CIICIIM-
(UYHOro CBS3BIBAaHUS JUIUAA C PELENTOPOM, XOTS
HEJIb3sI UCKJIIOYATh U COBMEIIEHMS] 3TUX ClIEHApUEB.

BaxHast posb py peanusalyiy IIepBOro MexaHu3-
Ma, TTOCPEICTBOM KOTOPOTrO JUIHUALI BIUSIOT KaK Ha
CBSI3BIBAIOIIME XapaKTEPUCTUKU U 3PEHEKTUBHOCTh
aktuBauyu GPCR, Tak 1 Ha IpeaNOYTUTETHHOCTD aK-
TUBALIMX arOHMCTOM OIIPENEIEHHOTO CUTHAJIBHOTO
Kackaga (IpeaB3sITOCTh CUTHAJIbHOM TPaHCIYKIIMU),
MPUHAIJIEKUT VX CIIOCOOHOCTHU PETYIUPOBATH CyOKIIE-
TOYHYIO KOMIIAPTMEHTAJIU3ALMI0 PEeUeHTOPHBIX U
CBSI3aHHBIX C HUMM aKIECCOPHBIX U 3(PDHEKTOPHBIX
0EJIKOB U KOHTPOJIMPOBATh 00pa30oBaHUe KaBEOJ U JIU -
NUOHBIX padToB, IIpeAcTaBiLIIomMx coboit scaffold-
11aThOPMBI JI51 BBICOKOYTIOPSIIOYEHHBIX MHOTOKOMIIO-
HeHTHBIX GPCR-conep:kaimx KomIiekcos [363—365].

C TOYKM 3peHUs] MalllMHEPUU JIUTUI-OMOCpeaye-
MOI aJIJTOCTEpUYESCKOM peryisiiuy HanboJiee MHTepe-
CEeH BTOpPOIl MeXaHM3M, KOTOPBIi COCTOUT B HEIO-
CPEeACTBEHHOM, BBICOKOCIEHU(PUIYHOM B3auMOIeCHi-
CTBUU JIMIIMIOB C aJJIOCTEpUUYCCKMMU CalTaMH,
noxkann3oBaHHBIMU B MoJieKyne GPCR. B xauecTBe
annoctepuueckux peryiasitopoB GPCR MoryT BbI-
CTyIaTh TakKue JIMIIUIObLI, KaK 3HIOKAHHAOWMHOUIbI
(aHaHZaMun, 2-apaxuaoHOUITIULEpUH) [366—370],
JIUTTOKCUH A4 (TTpOr3BOAHOE apaxuIOHOBOM KUCIO-
Tol) [371—373], oneamun [374—376], a Takke cTepO-
WAHBIE TOPMOHBI — TIPETHEHOJIOH, MIPOreCTEpPOH,
17B-acTpanuon U HEKOTOpbie UX MeTaboNUThI [377—
382]. DHOOKAHHAOWHOUIBI, SIBJISISICH 3HIOTCHHBIMU
JIMTaHIAMM KaHHAOMHOMIHBIX PEIIEIITOPOB, HETaTUB-
HO BJIUSIIOT Ha TIepe1ady CUTHAJIOB Yepe3 CEpOTOHUHO-
BbIe perienTophl [366], mACh;R 1 mACh,R [367, 368],
a TaKkke 4epe3 A;-aleHO3WHOBEIE pelenTophl [369].
IIpu TOM OTMeuaeTcsi BhICOKAsi UX CEJIEKTMBHOCTb B
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OTHOIIEHWM OTIPENENIEHHOTO THUIIA OJIM3KOPOACTBEH-
HBIX PELIENITOPOB, MOCKOJIbKY, HAIIPUMED, 2-apaxuiao-
HOWITJIULEPUH UHTUOUPYET CBSI3bIBAHUE arOHUCTOB C
A;-aZIeHO3MHOBBIM DPELENTOPOM, HO He BIUSIET Ha
POICTBEHHBIE EMY A |- U Ay,-aICHO3UHOBbIE PELIENITO-
poI [369].

Hawnbosmee M3ydeHHBIM JUMMUOHBIM aJIOCTepUUe-
ckuM peryasitopoM GPCR sBisieTcst xojlecTepuH, oc-
HOBHOM KOMIIOHEHT KJIETOUHBIX MEMOPaH, JTUMTUIHBIX
padTOB, TIPEAIISCTBEHHNK OOJIBIIOTO Y1 CiTa OMOJIOTH -
YECKU aKTUBHBIX JIUMUIOB, BKJIIOYasI CTEPOUIHBIE TOP-
MoHbI [133, 383, 384]. BaxkHyto posb B ajuiocTepuye-
ckoii perymsiuun GPCR takke nMmeroT ¢ochonumm-
IIbI, KOTOpbIE, KaK M XOJECTepUH, BO3ACHCTBYIOT Ha
KOMTIOHEHTBI CUTHAJIbHOM TPaHCIYKIINH eIl Ha paH-
Hux cragusix spomonu GPCR-cucrem [385, 386]. Ux
a¢hdheKkThl U MeXaHU3Mbl ACUCTBUSI MOAPOOHO pac-
CMOTPEHBI HITKE.

Xosecmepun

XoJiecTepuH MPENCTaBIsIET COOOI CTEpOI-TTOI00-
HBII TN, KOTOPBIi cocTapsieT 10 30% MemMOpaH B
KJIETKaX XXMBOTHbBIX, 1 €T0 OCHOBHAasI (DYHKIIUSI COCTO-
WUT B PETYJISILIUUA TEKYYECTU MEMOPAHBI TTyTeM (hOpMU-
pOBaHUS YMOPSAOUYEHHBIX CTPYKTYP MEXAy pas3jiny-
HBIMU €€ JIMITUAHBIMU KOMITOHEHTaMU. [10CKOJIbKY B
oTauuue ot pocdoaMNUIOB XONECTEPUH MTPeaCTaBIsI-
€T co0Oi XECTKYI0 MOJIEKYJy, MPU MOBBIIIEHUU €r0
coliepXkaHusi B MEMOpaHe ee TeKy4eCTb CHUXKAETCs, B
TO BpeMsl KaK TOJIIIIMHA MeMOpaHbl BAPbUPYET B MEHb-
et crerieHu. HecMoTpsi Ha TO YTO TMAPOKCUJIbHbBIE
IPYIIIBI XOJ€CTEPUHA MOTYT ObITh BOBJIEYEHBI BO B3aU-
MOJIeHiCTBUE MEXIYy ABYMSI MOJIEKYJIaMU XOJieCTepUHa
¢ o0pa3oBaHUEM JMMEPOB, Yalle C MOMOIIbIO BOAO-
POOHBIX CBSA3EM OHU B3aUMOJIEUCTBYIOT C TUAPOKCUJIb-
HBIMU TPYNIIAaMU OPYTUX JUMTUIOB WIN C MOJIEKYJIaMU
0€eJIKOB 1 NIMKO3MJIbHBIMU Tpyniamu [387].

Kak oTMeyanoch Bblllle, XOJIECTEPUH MOXET OKa3bl-
BaTh BiausiHUe Ha aKkTUBHOCTh GPCR 1 X cUrHaNbHBIX
KacKajoB, onpeaessiss GUu3anKo-xMMUYeCKre CBOCTBA
MeMOpaHbl WM C BBICOKOI Cneln(pUIHOCTbIO B3aM-
MOJIEHCTBYSI C aJLIOCTEPUUECKUMU caliTaMUu B MOJIEKY-
ne GPCR. Ucmonb3ys pasaudHbIe TTOAX0IbI, BKITIOYast
KpucTajiorpayecKuii aHaJIu3 KOMILIEKCOB pelien-
TOPOB C XOJIECTEPUHOM, B HACTOSI1lIee BpeMsl CBSI3bIBa-
HUE XOJIECTEPUHA MPOJIEMOHCTPUPOBAHO JJIs1 OOJIBIIIO-
ro YMcjia pelenTOPOB, B TOM YUC/Ie IS aipeHepruye-
ckux (0,c-AR, B,-AR), ceporonuHoBbix (5-HT 4R,
5-HT,3R), anruorensutoBbix (AT ;R), XeMOKMHOBBIX
(CCRY, CXCR2, CXCR3), onuonnubix (KOR, pOR),
aleHO3uHOBBIX (A,4R), mypunHepruueckux (P2Y,R,
P2Y;R), snnotennnoBbix (ETgR), KaHHaOUHOMIHBIX
(CB|R, CB,R) u MerabOTpOIHBIX NIIyTaMaTHBIX
(mGluR1a) peuenTtopoB, peLEeNTOPOB OKCHUTOIIMHA,
N-dbopmunnienTuaa U roHanoaMbepruHa, TUCTEUHUI -
JelikoTpueHoBoro pererntopa 2-ro tuna (CysLT,R),
XOJeMCTOKMHIUHOBOTO penernropa 1-ro tmma (CCK1R)
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n pspa npyrux GPCR, B ocHOBHOM MpHHAIEKAIINX K
kiaccy A [133, 182, 267]. Ilpu 5ToM X0JIECTEPUH B Ta-
KX KOMILIEKCAX MOXKET HAXOAUThCS KaK B hopMe MO-
HoMepa, Tak u guMmepa. CyliecTBEHHO BapbUpyeT JIO-
KaJIM3alysl MOJIEKYJIbl XOJIECTepUHA B KOMILJIEKCE C
GPCR, Bxi1io4ast Takyro HEOXMIAHHYIO OpUEHTALINIO,
KaK ITapajuleIbHOE PACIIONIOXEHUE B CepeIuHe JINTIU/I -
HOTO OMCJI0S WX TTapajuIeIbHOE PACIIONOKEHUE OTHO-
CUTEILHO MOBEPXHOCTU IIAa3MaTUYECKON MeMOpPaHBI,
Kak 3To nokasaHo s CB- u CB,-KaHHaOMHOUIHBIX
peLenTopoB coOoTBeTCTBEHHO [388, 389].

Emre B8 1990—2010-€ Tomsl ObUIO TTOKA3aHO, UTO I10-
BBILIIEHHOE COJEpXaHUE XOJeCTepUHA B JIMIIUIHBIX
padTax TpUBOAUT K 3HAUUTETbHOMY YCUJICHUIO CPO/I-
cTBa peuenrtopa okcutounHa, mGluR1a, 5-HT,R u
CCKIR k muranmaM opToCTepHUIECcKOro caiita, B TO
BpeMs Kak B padTax ¢ HU3KUM COAEPKaHUEM XOJIeCTe-
puHa a(PUHHOCTh PEleNTOPOB K aroHUCTaM PE3KO
ocmabasgercsa [390—393]. IIpu 3ToM BoccTaHOBIEHUE
colepXXaHusl XOJecTeprHa B OOCIHEHHBIX UM JIAMIWI-
HBIX padTax BOCCTaHABIMBAJIO YMCIO (DYHKIIMOHAIBHO
aKTUBHBIX PELIENTOPOB U nX a(UHHOCTH K JIMTaHIAM
[390, 391]. B obenHEHHBIX XOJeCTEPMHOM MeMOpaHax
CHMKaJIaCh HE TOJIbKO aKTUBHOCTH PELIEIITOPOB, HO U
HapylIajics IIpoliecc Mepemadyd TOpMOHAJIBHOIO CHUT-
HaJia, ocyuiecTBiasiemoro yepe3 GPCR. Ilpu HegocTa-
TOYHOCTU MEMOpPaHHOIO XOJeCTepMHA OCIadJIsIIach
aktuBaisi PLCB 1 KalbliMeBbIX CUTHATBHBIX MyTEH,
onocpenyemast aronuctamm CCKI1R, u nmomaBasiiach
crumyiisinysgs ERK1/2 u TpaHCKpUNLIMOHHOTO (PAKTO-
pa c-Fos, BeI3pIBacMasi TOHAAOIUOSPUHOM IIPU €TO
CTUMYJIMpPYIOIIIEM BO3ACUCTBUU Ha pELENTOp 3TOro
punu3uHr-gakropa. Hopmanusauust comepkaHus X0-
JIecTeprHAa TPUBOAWIA K IIOJIHOMY BOCCTaHOBJICHUIO
aTux a¢dexton [393, 394]. BaxkHO NMMOAYEPKHYTh, YTO
colepXaHre MeMOpPaHHOTO XOJIECTEpUHA MOXET IO-
pa3HOMY BJIUSITH HA CUTHAJIbHYIO TPAHCIYKIIMIO JaKe B
ciiyyae GJIM3KOPOACTBEHHBIX PELEeNTOPOB, UTO HE00-
XOIMMO IIPUHUMATh BO BHUMaHMe. Tak CHUXKEHUE CO-
JIepXaHMs XOJeCTeprHa HapyllaeT Inepemnadyy cCUrHajia
C aroOHUCT-aKTUBUPOBAHHOTO |L-OMMOUIHOTO peler-
TOpa, HO MaJIo BIUSIET Ha CUTHAJILHBIC IYTU, Pealin3y-
eMBble yepes d-onmonaHblii petenTop [395]. Hopmann-
3alys COASPKaHUSI XOJIECTEpUHA B JIMIUIHBIX padTax
pUBOIUT K BoccTtaHoBIeHUIo adppruaHocT CCKI1R k
aroHUCTaM, HO cJ1a00 BIUSIET HA CPOACTBO K aroHM-
CcTaM XOJIELIMCTOKMHUHOBOIO pelenTopa 2-ro TUIla
(CCK2R) [393].

OOHapyxXeHHe CHeUUM@UUHBIX MO0 OTHOIICHUIO K
onpeneneHHbIM TUIIaM GPCR annocrepnyeckux 3¢-
¢eKTOB XoJecTeprHa MOCTABWIIO TIEPe UCCaeaoBaTe-
JISIMY 3a/1a4y BbISIBUTh CAThI, OTBETCTBEHHBIC 32 B3au-
MOJEHCTBUE PELIENITOPOB C 3TUM JIUIMUAOM. IlepBbie
paboTel ObLTM ocyuiecTBiaeHbl B 2008 r. Hanson u co-
aBT., KOTOpbIe C TOMOIIBIO PEHTTEHOCTPYKTYPHOIO
aHajM3a MCCAeIOBald KPUCTAJIMUECKHUE CTPYKTYPhI
KoMmIuiekca [3,-AR ¢ nmBymsi MojieKyiamMu THUMOJAa |
IBYMSI MOJIEKyJIaMH XoJiecTepuHa [396]. bruto rokasa-
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HO, uTo B TM [,-AR nokanmuzoBanbl AKO, koTOopbIe
CITOCOOHBI 00Pa30BBIBATh KOOPAMHAIIMOHHBIC CBSI3U C
IMMepHOT OopMOii XoslecTeprHa — TPU OCTaTKa JOKa-
mu3oBaHbl B TM4 u onua B TM2, npuyeMm Hauboee
3HAUMMBIM OBIJIO B3aMMOJACHCTBUE AMMEpPa XOJecTe-
puHa ¢ octatkoM Trp¥*39) Ha ocHoBe MojaydyeHHBIX
JMaHHBIX ObLI MPEMIOXeH KOHCEHCYCHBIII MOTHUB IIJIsI
cBsI3BIBaHMs XonecTeprHa (cholesterol consensus mo-
tif, CCM), KoTophIii BKIIOYaJ 4 BHICOKOKOHCEPBATUB-
HbeIX AKO, nMeriuxcst B 00JbIIIOM YKCJIC IPYTUX pe-
enTopoB (He MeHee, yeM B 96 GPCR) [396]. B 3,-AR

STOT MOTHMB, Hapsanay ¢ ocratkoM Trp'3 Bximouan
octarku Tyr’®, Arg™' u Leu!®>. DToT KOHCEHCYCHBIi
MOTHB, HaXOIsIIelcsT B KaHaBKe MEXIY IBYMST WU
TpeMst TM-cnimpansasMu, BKITIOUaJl MOJIOXUTEIILHO 3a-
psokeHHbIH AKO B mo3unuu 4.39-4.43 (Lys unu Arg),
amuparnueckuii AKO B nmonoxenuu 4.46 (Ile, Val unu
Ile) nu apomatnueckne AKO B mmonoxkenusx 4.50 (Trp
uu Tyr) u 2.41 (Phe, Tyr wnu Trp). B o01iem Buze ero
MOXHO TipenctaBuTh Kak R/K-X5-1/V/L-X5-Y/W B
onHoit TM-cniupanu (TM4 B ciyuae 3,-AR) u F/Y B
MIPOTUBOIIONOXKHOM eit TM-cnupanu (TM2 B ciydae
B,-AR). Ilpu atom AKO Arg/Lys u Phe/Tyr 8 CCM
HaxomsTCsd Ha BHYTPUKIETOYHOM KoHIe TM, dro
obecrnieynBaeT B3aMMOACHCTBUE THAPOKCHUIIOB XOJIE-
CTeprHa C UX MOJOXUTEJbHO 3apSKEHHBIMU OOKOBBI-
mu rpyrmamu. Ocratku Tyr/Trp HaxoosTCS B CpenHeit
JacTHU TpaHCMEMOPAHHOTO TOMEHA, YTO JIESKUT B OCHO-
Be TUAPO(GOOHBIX U apOMaTUUECKUX B3aUMOACHCTBUIA
mexay TMs u numepHoit opMoii XoaecTeprHa, IIpu-
YeM ONpPeaeSIONIYIO POJIb 3€Ch UTPAIOT TT-T-CTIKUH-
roBble B3aumoaeuctaus [396, 397].

OpgHako B JanbHEMIIIEM OBLIO ITOKa3aHO, YTO B
ctpykrype GPCR MoryT OBITh U ApyTUE XOJIECTEPUH-
CBSI3BIBAIONINE KOHCEHCYCHBIE MOTHUBBI, ITOCKOJBKY
pSiI pEleNITOPOB, B KOTOPHIX OTCYTCTBYeT [3,-AR-110-
no6HbBI CCM, noaBepraloTcsl aJuUIOCTePHUUYECKOM pe-
ryssiuyu xonecrepuHoM. Tak, CCM oTCyTCTBYeT B pe-
Henrope 3HA0TeNMHA U B CB,-KaHHaOMHOUIHOM pe-
LIENITOPe HECMOTPsSl Ha TO, YTO 00a 3TUX pelenTopa
00pa3yioT (PYHKIIMOHAJIBHO aKTHUBHBIC KOMIUIEKCHI C
XOJIECTEPUHOM U SIBJISTIOTCSI MUILICHSIMHU €TO aJLIOCTe-
puueckoro BiusiHus [307, 389]. B nonoiaHeHue K 3TO-
My, Hanuuue Takoro f,-AR-nogo6Horo CCM BoBce
He SIBSIETCS YCIOBUEM IUISI 3aBUCUMOCTHA aKTUBHOCTU
pelenTopa oT NpUCYTCTBUS X0JIeCTepUHa, KaK 3TO IO-
KazaHo 11 nMmeromero takoit MotnB CCK2R, akTus-
HOCTb KOTOPOTO, OIHAKO, HE CHUXKAETCs IIPU UCTOIIIE-
HUU 3aI1acoB XOJIeCTeprHa B TUNUAHBIX padTax [393],
u mis psaa apyrux GPCR, Bkitouasi MycCKapyuHOBBIE
aleTWIXOJIMHOBBIE penenTophl [133, 398, 399]. Tak,
CMM O6rb11 BBISIBJICHBI BO Beex MaTH TUImax mAChR,
HO BO BCEX M3BECTHBIX UIST HUX 16 KPUCTAINTMYECKUX
CTPYKTYpaXxX CBSI3bIBAaHUSI C XOJECTEPMHOM IMOKa3aHO
He Obuio [400]. Y TOABKO B IBYX KPUCTAJLIUYECKHUX
ctpykrypax mACh;R Obl1a oOHapyxkeHa COBMECTHast
KpUCTaJIM3alysl penenropa ¢ BOIOPAaCTBOPUMOIL
¢dopMoOii xojleCTeprHa — XOJIECTEPUJI T€MUCYKIIMHA-
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LITTAKOB

toM (cholesteryl hemisuccinate, CHS), Ho aTOT aHajOr
CYIIECTBEHHO OTJIMYAeTCSl OT HATUBHOTO XOJIeCTEpUHA
IO CBOUM CBSI3BLIBAIOIIUM XapaKTEPUCTUKAM C GEIKO-
BbIMU MoJjieKyiaamu [398, 399].

B nexkotopeix GPCR, HecMmoTpst Ha Hammuue CCM
WJIN IOAOOHOro eMy MOTHMBA, CBSI3bIBAHME XOJIECTEPU -
Ha OBLIO IIPOAEMOHCTPUPOBAHO B JIPYrOM MECTE pe-
LENTOPHOM MOJIEKYJIbI, UTO YKa3bIBaeT HA HAIMYNE B
GPCR anbTepHaTUBHBIX XOJECTEPUH-CBSI3bIBAIOIIINX
caiitoB. OIVH 13 TAKMX CAaiTOB JJOKAJIM30BaH BO BHYT-
PUKJIETOYHOM BeCTHUOIOJIE TPAaHCMEMOpPaHHOIO TOHHE-
JII U BKJIIOYAeT LMTOIUIa3MaTM4YeCKOe OKOHYaHMe
TMI1 u ctiupanb H8, kak 910 mokasano mist 3,-AR [12],
K-onuoauHoro peuenrtopa [401], 5-HT,zR [402, 403]
u AT R [404]. CBg3biBaHUE XOJIECTEPUHA C ITUM Caii-
TOM TpeOyeT KOBaJ€HTHOU MoauduKaluu ocTaTkKa
LUCTEeVHA, JOKAJIM30BaHHOTO B crimpanu HE, xupHo-
KMCJIOTHBIM OCTaTKOM (OOBIYHO IaJbMHUTATOM), YTO
obecneuynBaeT MOAXOASIIYIO IJISI CBSI3bIBAHUS JIMIINUIA
KOH(popMaLuio 3Toii cnupanu. dpyroil HeKaHOHIYE-
CKUI CaiiT pacmnoJjaraeTcss BO BHEKJIETOYHOM BECTUOIO-
JIe TPaHCMEMOPAHHOIO TOHHEJISI U BKJIIOYAaeT BHEKJIC-
ToYHOe OKOHYaHue TM6, Kak 3TO MOoKa3aHo Ui O- U
K-OMUOUAHBIX PEUENnTOPOB U A,,-al€HO3UHOBOIO
peuenTopa [288, 386, 405, 406]. CyiiecTBEeHHBIE U3ME-
HEeHMS 110 cpaBHeHUIO ¢ KaHoHn4YeckuM CCM ormeua-
IOTCSI B XOJIECTEPUH-CBSI3bIBAIOLLIEM MOTUBE [L-OIMUO-
WIHOTO pelerTopa, riae BMeCTO MOJOXUTEILHO 3apsi-
KeHHoro ocratrka Ha TrpaHune ICL1 wu TM2
pacrionaraerca ocratok GIn*'“, o6paszyrowmnii Bono-
POIHYIO CBSI3b C TUAPOKCUIOM IUMEPHOM (hOPMBI XO-
nectepuna [407, 408].

B HacTos1ee BpeMs mpeaaoxkeHa o0IpHast Kiac-
cupuUKalus JIOKAIU3aluu auIOCTEPUIYECKUX CANTOB
IUIST XOJIeCTepuHa, IIpUYeM HEMaJOBaXXHYIO pOJIb B
MPEeANOYTUTEIbHOCTH BbIOOpA caiiTa CBSI3bIBAHUSI UT-
paeT TO, HAaXOAUTCS JIM XOJeCTepUH B MOHOMEPHOM
wi numepHoi dopmax. Kak mokazano mis 3,-AR
[396], xonecTepuH B IMMEPHOIT (hOpMe CBSI3BIBAETCS C
CcaliTOM, pacrnoJOXEeHHBIM B 00pO31Ke, 00pa3oBaHHOI
TM2, TM3 u TM4, Bximiouarolieii BHyTPUKICTOUHBIIA
BeCTHOIONL TpaHcMeMOpaHHOro ToHHens1. CxomHas
JIOKaJIM3alus caiiTa CBI3bIBAHUSI IUMepa X0oJIeCcTepuHa
noka3aHa B P2Y ,-TiypuHepruuyeckom pelernrope, pe-
nenTope N-(hopMWINEeNTUAA U XeMOKITHOBOM pelen-
Tope CXCR2 [409—411]. Opyrast 1oKaau3auust XoJjie-
CTEpPUH-CBS3bIBAIOIIECTO caliTa TakKe BKJIIOYaeT 00-
po31aKy, obpaszoBaHHyo TM2, TM3 u TM4 (1 TM6
BMecTo TM4), HO HalpaBJIeHHYI0 K BHEKJICTOUHOMY
BXOAy B TpaHCMeMOpaHHEIN TOHHEIIb pelenrtopa. Ta-
Kas JoKaau3alius, BIiepBble U3yYeHHas sl Aj-anie-
HO3MHOBOrO perenropa [288, 386, 405], mokasaHa
takke st P2Y | -nmypuHeprudyeckoro peuenropa [163],
K-OIIMOMIHOTO peleNTopa B aKTUBHOI KOH(popMaluu
[406, 412], p-onmromaHOTO pelenTopa B aKTUBHOUN U
HeakTuBHOM KoHpopmarusx [407, 408] u xeMOKMHO-
Boro peuenropa CXCR3 B akTuBHOII KOH(pOpMaLIUKU
[413], mpyyeM ¢ peIenTOPOM 1 B 3TOM CIydae B3aMO -
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IEeMCTBYeT MCKIIOYMTEIbHO AUMEpHas (opma xoJie-
cTepuHa. B cilyyae OKCHUTOLIMHOBOIO pelLenTopa Mo-
HOMEp XOJIECTepMHA CBSI3BIBACTCS C PACIIOI0KEHHBIM
BO BHEKJIETOYHOM BeCTHOIOJIe caiite, 0Opa30BaHHOM
BHEKJIETOUYHBIMU OKOHYaHUSIMU TM4 1 TM5 [414],aB
ciydae 0,c-AR, P2Y,-nypuHepruyeckoro perenropa
Y DHIOTEJIMHOBOIO PEleIITOPa MOHOMEPHBII XOJIeCTe-
PUH CBSI3BIBAETCSI C CAaliTOM, TaKXe PaclOJIOXKEHHBIM
BO BHEKJIETOYHOM BeCTHOI0JIE, HO 60JIe€ BBITSTHYTHIM U
00pa3oBaHHBIM BHEKJICTOUHBIMM OKOHYaHUSIMHU TM1
u TM7 [133, 307, 409]. MoHoMepHas (popmMa MOXKET
CBSI3BIBATBCS U C BHYTPUKIETOYHBIM BeCTUOIOJIEM
TpaHCMeMOpaHHOIO0 TOHHE, KaK 3TO II0KAa3aHO IS
K-onuougHoro penenropa [406], XeMOKMHOBOIO pe-
pernropa CCR9 [146], UMCTEeMHUIIIEHKOTPUEHOBOIO
peuentopa CysLT,R [415] u peuentopa N-dopmui-
nentuaa [416]. JloctaTo4HO HEOOBLIYHOI SABJISIETCS 10O~
KaJau3alus X0JIeCTEPUH-CBSI3bIBAIOIIETO caliTa, BBIHE-
CEHHOTO 3a Mpeleiabl TpaHCMEMOpaHHOIO JOMEHa U
BKJTIOYAONIETO B OCHOBHOM THMAPO(OOHYIO CIMpalb
H8 u BHyTpukiaerouHoe okoH4YaHue TMI, Kak 3To
MpPOJEMOHCTPUPOBAHO B citydae S-HT,z-cepoToHUHO-
Boro peuenropa [402, 403], AT,R [404] u onHoii U3
Kkpuctaumueckux dopm 3,-AR [12].

Heo6xomuMo OTMETHUTh, YTO JOKAJIU3allus CaiiTOB
cBsa3bIBaHms xonectepuHa ¢ GPCR u popma xommecre-
puHa (MOHOMeEpP WU AUMEP) HUKAK He KOPPETUPYIOT C
tunom G-06eska uiu B-appecTuHa U 0COGEHHOCTSIMU
BHYTPUKJIETOUHBIX CUTHAJIBHBIX ITyTEi, UTO YKa3bIBAeT
Ha paHHee ¢popMmupoBaHue B 3Bomounn GPCR mexa-
HU3Ma HMX aJIOCTEPUYECKOM Peryysiiiui XOJIECTEPH-
HOM U pOACTBEHHBIMU €My JIMTIMAAMU 1 YKa3bIBacT HA
OTCYTCTBUE 3HAUMMOTO BJIUSIHUSI XOJecTepuHa Ha
MPEeaB3SITOCTh CUTHAJIBHOM TpaHcayKuuu. He BoIsiBiIE-
HO M OTYETIMBO BbIPAXKCHHBIX 3aKOHOMEpPHOCTEil B
CBSI3BIBAHUU XOJIECTepUHA C aKTUBHBIMU U HEaKTUB-
HbeIMu KoHpopmauusmu GPCR, uyto ykaspiBaeT Ha
CJIOXKHBII TTaTTepPH BIUSIHUSI XOJCCTEpPUHA HA CBS3bI-
BalOIIME XapaKTEPUCTUKU penentopa U 3(pGeKTuB-
HOCTh €ro akTuBanuu aroHuctamMu. OmHaKoO OeaTh
OKOHYAaTeIbHbIC BHIBOIBI B 3TOM CJlydyae MpexXaeBpe-
MEHHO, TOCKOJIbKY TpeOYIOTCSI cIiellMajbHbIe HCCle-
JIOBaHWS 1O BKJIAAY XOJI€CTEPUHA B IIPEIB3SITOCT U Ce-
JIEKTUBHOCTb CUTHAJIbHOM TPaHCAYKIIUU.

Bort nuiiib HEKOTOpbIe TIPUMEPHI CIOKHOCTU U He-
OTHO3HAYHOCTU XOJIECTEPUH-OIOCPEAYEMOI peryJisi-
uuu ¢pyHkuuit GPCR u ux kackanos. [TokazaHo, 4To
XOJIECTEPUH CIIOCOOEH TTOBBIIIAThH CBSI3bIBAHME arOHU -
CTOB ¢ XeMOKMHOBBIM petnieritopoM CXCR4 [417], HO
MpY 3TOM HETaTUBHO BJIMSICT Ha CBSI3bIBAHWE aroOHM-
CTOB C JpYyrMM XeMOKMHOBBIM peuentopom CCRS,
cTpykTypHO 01n3kuM CXCR4 [418]. ITpu 3TOM yIuBuU-
TeJIbHO, YTO B KPUCTANIMYECKUX CTPYKTypax OOOUX
XEMOKMWHOBBIX PELIENTOPOB HE ObLJI0 OOHAPYXKEHO XO-
JnectepuHa. [Ipy MOBBILLIEHUU YPOBHS XOJIECTEpUHA B
MeMOpaHaxX MO3ra OTMedaeTcsl MOBbIIIeHMEe 6a3aabHOI
aktuBHOCTH CB1-KaHHAOMHOMIHOTIO pelenTopa, YTo
00yCJIOBJICHO CTaOMIM3allieil aKTUBHOM KOH(PopMa-
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1IMM pelenTopa B MpUCYTCTBMU XOJieCTeprUHA, HO MpU
5TOM CHMXKAETCSl €ro YyBCTBUTEIBHOCTh K OPTOCTEPU -
yecKrUM aroHuctam [419]. B kpucTtanindeckoii CTpyK-
Type A,,-aIeHO3UHOBOTO pelienTopa UASHTUDUIIUPO-
BaHbI cpa3y JBa caiiTa JJis CBSI3bIBAHUS C TUMEPOM
xojiecteprHa. OIMH B HApY>KHOM JIMCTKE IJIa3MaTuye-
CKOI MeMOpaHbI, BKJIIoYaomumii ocratku Arg/Gln(¢-3>
u Leu/lle®* nokanusopanusie B TM6, u npyroii
BOJIM3M HETO, HO BKJIIOYAIOIIWiT BHEKJIETOUHBIE OKOH-
qyaHusg TM2, TM3 u TM4, mipiaem o6a caiitTa HaXoIsT-
cs1 BOJIM3U OPTOCTEPUUYECKOTO caiiTa U Aaxe MOTYT, XO-
TSI 1 B HEOOJbIION CTeNeHU, C HUM TMepeKpbIBAThCS
[404, 405]. UMeHHO B CBSI3M C TAKMM PACITOJIOKEeHUEM
3TUX CAWTOB OTMEUYAIM CHUXKEHUE CBSI3bIBAHUS Ajp-
aHTaroHucra ZM?241385 ¢ pelienTopoM B TPUCYTCTBUU
3 MM xonecrepuHa remucykumHara [420]. C mpyroii
CTOPOHBI, HE ObUIO BbISIBJIEHO CYIIIECTBEHHOTO BJIMSI-
HUS colepXXaHUs XoJeCcTepyuHa B MeMOpaHe Ha CBSI3bI-
BaHVE arOHUCTOB C A,,-aIEHO3UHOBBIM PELIENTOPOM
[421]. Kak oTMeUaioCh BBIIIIE, XOJIeCTePUH HE OBIT BBI-
SIBJICH B KPUCTAJUIMYECKUX CTPYKTYpax BCeX ISITU MO -
TUIIOB MYCKApUHOBBIX alleTUJIXOJUHOBBIX PeLenTo-
POB, HECMOTpPS Ha HAJIWYUE XOJECTEPUH-CBS3bIBAIO-
1IIeTO caiiTa B X BHEKJIeTOUHOM BecTtubiose [400, 422].
CHIXeHUe YPOBHS XoJleCTeprMHa B MeMOpaHe MpUBO-
Iuio K cHuxeHuto cBsidbiBaHust mACh; R, mACh,R u
mACh;R ¢ anTaronucrtom N-MeTUIICKONOJIAMUHOM, B
TO BpeMsl KaK BOCCTaHOBJICHUE COACPXKaHUS XOJIeCTe-
pUHa NPUBOJWIO K TOBBILIEHUIO CBSI3bIBAHUSI 3TOTO
antaroHucra ¢ mACh,R, Ho B enie Oosblieii cTeneHu
cHuXayno cBia3biBaHMe ¢ HUM mMACh;R 1 mACh;R
[423, 424]. ITpu 3TOM 3¢ (DEKThI ITOBBIIIIEHUS COAEPXKa-
HUS XOJIeCTEpUHA B MeMOpaHe oKa3blBaJIM MPOTUBO-
MoJIOXKHBIE 2((HEKThl Ha CBSI3bIBAHUE PELIENITOPOB C
aroHUCTOM Kap0axosjaoM, YTO yKa3bIBaeT Ha BO3MOX-
HOCTh IpuUCyTCTBUSA B MosieKyimax mAChR He ogHOTO,
a JIBYX XOJIeCTepUH-CBsI3bIBatoIuX caiitoB [133, 425].
HeoO6biueH ToT dakt, yto HekoTopble GPCR, umero-
mue B cBoeit cTtpykrype CCM miam poncTBeHHBIE UM
MOTUBBI, HOPMaJILHO 3KCIIPECCUPYIOTCS B MeMOpaHax,
JIMILIEHHBIX XOJIECTEpHMHA, W TIPOSIBJISIOT TMPU 3TOM
cneuuuuecKyro akKTUBHOCTb, KaK MOKa3aHO [JIs
GPCR B xoJiecTepruH-IeUIUTHBIX MeMOpaHax Oak-
tepuu Escherichia coli [426].

B oTHOIIEHN BAMSHUS XOJeCTEpUHA Ha MPEaB3sI-
TocTh GPCR-curnanmuHra umeercs o0OHaaeXXBaroIee
HCCIIeOBaHUE YEIICKMX YYeHbIX, Michal u coaBT., B
KOTOPOM OHU M3YYWJIM 3aBUCUMOCTb BHYTPUKIIETOY-
HOTO CHUTHAJIMHTA, OCYIIECTBISIEMOro 4epe3 pasind-
Hble Tkl MAChR, ot cogepxaHust MeMOpPaHHOTO XO-
nectepuHa [423, 424]. b1o ycTaHOBIEHO, YTO MCTO-
HIeHWEe MeMOpaHHOTro xoJjiecTeprHa B ciiydyae mACh,R
MPUBOJUT KakK K MOBBILIIEHUIO aKTUBaUuu G;-06e10K-
COTIPSDKEHHOTO KacKajia, HalpaBJIeHHOTO Ha CHIKE-
HUE BHYTPUKJIETOYHOIO YpOoBHSI HAM®, Tak U K yCH-
JeHuto G,-6eJIoK-0IoCcpeyeMOoro yCWIeHUsI CUHTe3a
3TOr0 BTOPMYHOI0 nocpemHuka. Hapsiny ¢ aTum otme-
Yajan ociiabjeHre CTUMYJISIIN (HOCHOMHOZUTUITHOTO
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obMeHa, peasn3yeMoro yepe3 aktuBaiuio PLCB, uH-
JIYLUMPOBAHHYIO KaK BBICBOOOXIAeMbIM IMPU aKTUBa-
unu G;-6enka GPy-nuMepoM, Tak U O-CyObeTnHHIIEH
G 11-6enka [423]. Heo6XonmmMo OTMETHTb, YTO 3HAYM -
TeabHOe ToBbIeHue (+137%) comep:kaHUS XOecTe-
puHa B MeMOpaHe B CpaBHEHUU C KOHTPOJIEM He BbI3bI-
BaJjio 3aMETHBIX U3MEHEHUI B CUTHAJIbHOU TPaHCIYK-
M, Kak TAM®-3aBUCUMOI, TaK U 3aBUCUMOM OT
NPOAYKTOB Tuapoau3a dpochonHo3uTuaoB. Ipu nusy-
yeHur mACh;R u mACh;R 6bU10 TOKa3aHO, UTO CHU-
KEeHUe COJepKaHMsI XoJiecTepruHa B MeMOpaHe Takke
MPUBOIUT K MNOBBILIEHUIO G -0€JIoK-0nocpenyeMoi
aktuBauuu AlLlL. B To xXxe BpeMs KaK IOBBILLIEHUE, TaK U
CHUXEHUE COJep>XaHUs MeMOpaHHOIo XoJieCTepuHa
BBI3BIBAJIO 3HAYUTEIIbHOE ocjadiaeHne GochonHO3U-
TUIHBIX TIyTeH, omnocpenyeMbix 4deped Gy -6€1oK
[423, 424]. CnoxHble B3aMMOOTHOILICHUSI MEXIY
MpenB3ITOCTbIO cUrHadbHbIX NyTeidk MACh, ;R u co-
JIiep>KaHUEeM XoJieCTepMHa B MeMOpaHe CBSI3BbIBAIOT C
MHOXECTBEHHOCTBIO XOJIECTEPUH-CBSI3bIBAIOIINX Cail-
TOB B peLIETITOpaXx, C pa3JIuYHbIMUA MEXaHU3MaMU BJIU -
SIHUS XOJIECTepMHA Ha aKTUBHbIE U HEaKTUBHBIC KOH-
dopManum peuenTopa (cailT-crieuPUIHOE CBSI3bIBa-
HUue U(WIK) BJIUSHUE Ha TEKyyecTb W TOJNIIUHY
MeMOpaHbl), a TakKXXe Ha CTaOMJIbHOCTbh KOMILIEKCOB
peLenTopoB ¢ APYrMMU KOMITOHEHTAMU CUTHAJIbHOM
TpaHcoykouu [133, 422]. Baxxao 1 1O, 9To adpdmuH-
HOCTb XOJIECTEPUH-CBSI3bIBAIOIIMX CANTOB K XOJIeCTe-
PUHY Tak>Ke MOXET B 3HAUMTEJbHOU CTEeNeH! Bapbu-
poOBaThb, UTO TNPUBOIUT K PATUYHOMY MATTEPHY UX
aKTUBALIMU TIPU PA3JIMYHBIX KOHIIEHTPALIUSIX XOJIeCTe-
puHa.

OTnenbHYIO U J0 KOHIIA HE pElIeHHYIO IIpodjeMy
MpPENCTABIsIET BIWSIHUE XOJIECTepMHA Ha CTaOWIIb-
HOCTb V- U OJUTOMEPHBIX PELIENTOPHBIX KOMILIECK-
COB, KOTOPBIE HE TOJIbKO BAXKHBI 111 (PYHKIIMOHATBLHO
aktnBHOCTH GPCR, HO B psme ciiydyaeB MOJTHOCTBHIO
OMPEAEISIOT CITIOCOOGHOCTD PELIeNITOpa CEJIEKTUBHO aK-
TUBUPOBATh 3PP ekTopHbIe cucTeMsbl [133, 427]. B Ha-
CTOsIIIIee BpeMsi MMEIOTCS CBUACTEIBCTBA TOTO, 4TO
XOJIECTEPUH, B MEPBYIO OUepelb ero IuMepHbie (op-
MBI, OKa3bIBAIOT PETYJIITOPHOE BIMSIHUE HA V- U OJIU-
roMmepuzanuio mis 6oabmioro yncia GPCR, Bkiatouast
B,-AR [12, 428], CB1- u CB2-kaHHaGMHOMIHbBIE pe-
uenropsl [429], xemokmHOBBIM peuentop CXCR4
[430], 5-HT,,R [383, 431, 432], 5-HT,,R [433],
5-HT,cR [432, 434], mACh;R [435].

Eme B 2007 1. Vadim Cherezov u coaBTOpEI, OCY-
LLIECTBJISISI MUOHEPCKUE UCCIAENOBAHUS 110 U3YUYEHUIO
MPOCTPAHCTBEHHOM CTPYKTYphI B-AR, mokasanu, 4to
KpUCTaUTMYecKast CTpykTypa [,-AR, cBsizaHHOTO ¢
WHBEPCUOHHBIM arOHUCTOM, MPEACTABISET COOOM ro-
MOJIUMeED, B KOTOPOM UHTepdeiic MeXITy MOHOMEpaMu
obpazoBaH TM4-TMS5 omxoro nnporomepa u TM1-HS8
Jpyroro mpoTomMepa, npuyeM KaXAblidi TaKOW JUMEpP
CTaOMIN3UPOBAH IIECThIO MOJEKYJIaMU XOJeCTepUHa
¥ IBYMSI MOJICKYJIaMU ITaJIbMUTUHOBOM KUCJIOTHI [12].
ITpu 5TOM B KaXi0M MOHOMEpE NUMMEDP XOJeCTepuHa
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LITTAKOB

cBs3aH ¢ TM2 1 TM4, a MoHoMep xoJtecteprHa c TM 1
u ruapodoOHoii criupaibio HE, B To BpeMst Kak Kup-
HOKMCJIOTHAs 1IeIlh NaJIbMUTaTa KOBAJICHTHO CBSI3aHa
C OCTaTKOM LIMCTeMHA B IMojoxeHnu 341, 4ro obecrie-
YMBAaET IPOYHYIo accouunanuio H8 ¢ munuaoHoii dpazoit
MEMOpaHbl. DTU pe3yJIbTaThl IPOAESMOHCTPUPOBAIN
KaK 3aBUCUMOCTD osiuromepusanuu 3,-AR ot mpucyt-
CTBMSI XOJIECTEpHHA, TaK U CYyIIIECTBOBAaHUE B MOJIEKYJIE
peuenTopa, o KpailHe Mepe, ABYX XOJeCTEPUH-CBSI-
3BIBAIONINX CaTOB. B manpHeiinieM ObUIM POBEIEHBI
MpsIMbIE UCCIEAOBAaHMS BIUSIHUSI COIIEPXKAHUSI MEM-
OpaHHOIO XoJieCTepuHa Ha auMepusanuio B,-AR, u
9TO II03BOJIMJIO YCTAHOBUTH, YTO IIPU HU3KOM COHEP-
KaHUU XoJiecTeprHa obpasyercs B,-AR-aumep, B KO-
TOPOM TIPOTOMEPHI COSIUHEHBI MOCPEACTBOM TUAPO-
¢$o6HBIX KOHTAaKTOB MexXay TM1 u TM2 omgHoro 1po-
tomepa 1 TM4 u TMS5 gpyroro mporomepa. Ilpn
MOBBILICHUU COACPXKAHUSI XOJIECTepUHA, KOTOPbIi
B3aMMOJICUCTBYET C caiiToM, BKJIouyaommm TM4, 06-
pasyetcst B,-AR-n1uMep, COemMHEHHBIN MOCPEICTBOM
ruapodoOHBIX KOoHTakKTOB TM1 m TM2 nng oGoux
npotoMepoB [428]. Takum oO6pa3om, coaepkaHUe
XoJIecTeprHa B MeMOpaHe SIB/IsIeTCSI (hpaKTOPOM, KOH-
TPOJUPYIOIIMM OpTraHU3aluio TMMEPHOIo KOMILIEKca
B,-AR, mepeBosi KOMILIEKCHI C TeTeporHTEpdeiicoM
(TM4/TM5—TM1/TM2) B KOMIJIEKCEl C TOMOUHTEP-
deiicom (TM1/TM2—-TM1/TM2), uto, 6€3yCIOBHO,
BIUsieT Ha A(POEKTUBHOCTb U CEJIEKTUBHOCTb CUT-
HaJIbHOM TPaHCIYKIIAU.

B orcyTcTBHE X0ONECTepUHA IPU U3YYECHUU JUMEPH -
3auuu 5-HT,R 610 uaeHtTudumposano go 17 pas-
JIMYHBIX WHTepdEcoB, 00ECICUMBAIOIINX B3aNMO-
JIeJiICTBYE IIPOTOMEPOB, B TO BpeMs KaK B IPUCYTCTBUM
XOJIeCTEpUHA MX YUCJIO COKpAIlaJoch M Ipeobiaman
nHTepdetic, BKiovaomuii ocb TM1-TM7—HS8 [434].
DTO MOXET CBUACTEIBCTBOBATDH B ITOJIL3Y TOTO, YTO B
00OralleHHBIX XOJEeCTEPUMHOM MeMOpaHaxX IIPOUCXO-
IUT yYMEHBIIICHUE YMCJIa DHEPreTMYECKU BBITOTHBIX
TOMO- M TeTepOouHTep(deiicoB ¢ MPEAIIOYTUTETLHBIM
o0pa3oBaHUEM KakKOro-TO OJHOIO TUIMA KOMILIEKCAa
[432]. B ciyyuae mACh;R nokazaHo, 4TO XOJieCTEpUH
MOXKeT cTabunusupoBatrb U OoJiee cioxkHbie GPCR-
KOMITJIEKCHI, BKJTIOYAIOIIUE YEThIpE MPOTOMEpa, CTa-
OUIIM3UPYS B3aUMOIEHCTBUS MEXOY PEeLENTOPHBIMU
nuMmepamu [435]. Mosekyiibl XojlecTeprHa pacroJjara-
JIUCh B BTOM CJydae MeXAy AMMepaMH, obecrieunBast
6oJiee TECHBIM KOHTAKT MEXIy HUMU U BHOCS 3HAYM-
MBI BKJIaJl B CTAOMIN3ALAIO TETPAMEPHOTO KOMILIEK -
ca. DTo yKa3bIBAET HA BO3MOXHYIO POJIb XOJIeCTEpPUHA
B oOpasoBannn MHoromepHbIx GPCR-kommiekcos, B
repBylo ouepenb mjis kinacca A GPCR [436].

Crenyet, 0O1HAKO, OTMETUTb, YTO XOJECTEPUH TaK-
JK€ BOBJICUEH B CTaOWIM3AlUIO0 OJUTOMEPHBIX KOM-
mwiekcoB u w1t GPCR kitacca C, B KOTOPHIX KITIOYEBYIO
pOJib B CTA0MJIM3ALIMU PELIENTOPHBIX KOMILIEKCOB UT-
paloT BHekJeTouyHble AoMeHbl [437]. OH sBasieTcs
PAM nna CaSR, obecneunBas 3ppekTuBHOE 00pa3o-
BaHWE roMoJauMepHoil dopMbl pelienTopa MOCpem-
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CTBOM B3aMMOJAECMCTBUS MOJIEKYJ XOJeCTepuHa ¢ 60-
KOBBIM TUIpo(hOOGHBIM panukantom octaTkos I1e®'°, 1o-
Kaym3oBaHHBIX B TM6 Kaxaoro u3 mporoMepos [438].
Omnpenensioniasi pojb XojecTepruHa B 00pa3oBaHUU
(GYHKIIUOHAIIBHO AKTUBHOTO TOMOIMMEPHOTO KOM-
IUIeKca IMoKa3aHa B OTHOIIEHUM Op(PaHHOTO PeLeTOo-
pa GPR158, koTopslii aKcipeccupyeTcsi B MO3Te U MO~
cpenctBoM perymsinun TAM®-3aBUCUMBIX KaCKagoB
BOBJICUECH B CUHANTOIeHE3, KOHTPOJIUPYS, TEM CaMbIM,
KOTHUTHUBHBIE (DYHKIMM U Pa3BUTHUE NEIPECCUBHBIX
coctosiHuii [439]. MosieKkysibl XoJlecTeprHa JOKaIU30-
BaHHI KaK B MHTepdeiice MeXIy IpOTOMEpaMU pelien-
Topa, Jiejasi IMMEPHbII KOMILIEKC 00jiee yCTOMYUBBIM,
TaK ¥ CHapyX#, 4TO 1mo3BoJjisieT coxpanuTth GPR158 B
HEaKTUBHOI KOH(OpMalLlMM, IpeaoTBpallasi aKThuBa-
uuo uM G-6enKoB. BaxkHO, YTO MOJIEKYJIbI XOJeCcTe-
pUHaA TakXe BIMSIOT Ha oOpa3oBaHUE KOMILIEKCa
GPRI158 ¢ RGS-6enkom (RGS7-G5) [439]. Tpu Mo-
JICKYJIbI XOJIECTEpUHA CIIOCOOHBI CIIELIU(PUYHO CBSI3bI-
BaTbcsi ¢ GABARR, KOTOpblit HAXOAUTCSI B KOMILIEKCe
¢ PAM, TeM caMbIM, oOecriednBasi ITOBBIIIICHUE €T0 aK-
TUBHOCTH, HAIIPaBJICHHOM Ha OTKPbITUE KaJMEBbIX Ka-
HAJIOB, CHIDXKeHHME aKTUBHOCTU HAMMD-3aBUCUMBIX U
KaJIbIIUEBBIX CUTHaJbHBIX I1yTeit [440]. MHTepecHoO,
YTO C PELIETITOPOM, B OPTOCTEPHUUYECKOM caiiTe KOTOPO-
r0 HAXOOWUTCSI AHTArOHMCT, CIOCOOHBI B3aMMOJEi-
ctBOBaTh OT 10 10 16 MOJIEKYJI XOJIECTEPMHA, KaK B MO-
HOMEPHOI, TaK U B AUMEpHOI (popMax, U 3TO obecre-
yuBaeT (POPMUPOBAHUE IIPOYHOTO TOMOIUMEPHOIO
GABAgR-kommiekca [441]. B cBOGOIHOM OT iUraHia
coctosinu GABAgR, HanpoTuB, HE CITOCOOEH CIelU-
¢UYHO B3auMMONEHICTBOBATh C XOJECTEPUHOM, M 3TO
MO3BOJISIET CAEATh BHIBOA O TOM, YTO CAMThHI IJISI CBSI-
3bIBaHUSI XOJIECTEPHUHA, KOTOPbIE BOBJICYCHBI B IPO-
LIECC OJIUTOMEPHU3ALIMHU PELIETITOPA, UMEIOT PA3IMYHYIO
JOCTYIHOCTh B 3aBUCHUMOCTH OT 3aHSITOCTH OPTOCTE-
PUYECKOTO MJIM aJUIOCTepUIECKUX canToB [437].

ITockoabKy ypOBEHB X0JIECTEpUHA 1 COOTHOILIIEHUE
ero (opM CyIIECTBEHHO MEHSIOTCS NP Pa3IAIHBIX
ITaTOJIOTMYECKMX COCTOSIHUSIX, TO UMEIOTCSI BECKHE OC-
HOBaHWMSI [10J1araTh, YTO UHAYLIUPOBAHHBIC STUM U3ME-
HEHMsI ajutocTepudeckKux 3¢ (GEKTOB XOJeCcTeprHa Ha
GPCR-curHajavHr BHOCSIT 3aMETHBII BKJ1a1 B 3TUOJIO-
TUIO U IaTOTeHe3 MHOTUX 3abojieBanuii [432, 437, 439,
442—-444].

Docpoaunudvt

HecomHenHo, 4yto dochonummmasl TuiasMaTude-
CKOI1 MeMOpaHBbI BIIMSIIOT Ha ee (PUBMKO-XUMUYECKUE
XapaKTEPUCTUKU M, TEM CAMBIM, HENOCPEICTBEHHO
perymupyiot aktuBHOCTh GPCR, 1ipenB3sTocTh cuT-
HaJIbHOM TPaHCIYKIUN, YCTOMUMBOCTb OJIUTOMEPHBIX
peLenTOpHBIX KoMIUIeKcoB U KoMmruiekcoB GPCR ¢
JIPYTUMU KOMITOHEHTAMU CUTHAJIbHOM TPaHCIyKIIWU,
npuYeM, Kak IIpaBuio, (pochoimnuabl OeiiCTBYIOT B
aHcaMOJie ¢ X0JIeCTepUHOM U APYTUMU MeMOpaHHBIMU
yunugamu [181, 385, 386, 445]. B 2016 r. Dawaliby u
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COAaBT. MOKAa3aJy, 4TO pas3jnudyHbIe (pochommnumsl, Ta-
KMe Kak auoJieryipocaTuaviarIniepyu, IUOISUI-
dochaTuauiacepu U guoaeupochaTuININHO3ZUTOI
(DOPG, DOPS u DOPI), B3aumoneiicTBys ¢ caiita-
MU, JIOKAJIM30BAHHBIMHA BO BHYTPUKJIETOUYHOM BECTH-
O1oie TpaHCMEMOpPaHHOTO TOHHEJNSI, CTUMYIUPYIOT
Kak 6a3aJibHYI0, TaK M aTOHUCT-UHIYLIMPOBAHHYIO aK-
TUBHOCTbH [3,-AR, B To Bpemsi Kak auosewidocharu-
IUJI3TAaHOJIAMUH ACUCTBYET IIPOTUBOIIOJIOXKHBIM 00pa-
30M, CTAOMIN3UPYsI HEAKTMBHOE COCTOSIHUE PELIEIITO-
pa [180]. HdeiictBue ¢hochoaumaoB OCYIIECTBISIIIOCH
B TOM YHCJIE U B OTCYTCTBUE [3,-arOHMCTA, YTO yKa3bl-
BaeT Ha HE3aBUCUMOCTb MX BJIMSIHUSI OT KOH(OpMalIu-
OHHBIX IIePECTPOCK, BHI3BIBAEMbBIX JUTaHIAMU OPTO-
CTEPUYECKOTO caiiTa, W IO3BOJISIET pacCMaTpUBAaTh
dochonunmuabl Kak caMOAOCTaTOYHEIE ajlJIoCTeEpUYe-
CKUE peryIsaTopbl. B magpHelnemM ObLIO N3y4eHO BN -
aHue (ochoNMUnuaoB Ha aKTUBHOCTb Pa3IMYHBIX
npencraButeneit k1acca A GPCR, Bkmouas ,-AR,
A,A-al€HO3UHOBBIN pElEenTOp U HEWPOTEH3UHOBbIM
peuentop 1-ro Tuma (NTSR1) [181, 386]. Bo Bcex ciy-
Jasx, KaKk U B Bz—AR, dochonumnua-cBs3bIBaIOIIe
CaliThl OBLIM JIOKAJIM30BaHbI B 00JIACTU LIUTOILIa3Ma-
TUYECKOIO BXOJIa B TPAaHCMEMOpPAaHHBIIX TOHHEIb.

Ipu wmsyuenun B,;-AR GbLIO MOKA3aHO, YTO ABE
MoJIeKynbl  dochatuaminnHo3uTon-4,5-mudocdara
(PIP2) crabuiu3upyioT KOMILIEKC pelernropa ¢
o-cyobenuHulieii G-6enKka, OCHOBHBIM TPaHCIYKTOP-
HbIM GenkoM Utst 3,-AR, HO IIpu 3TOM He BIMSIIOT Ha
o0pa3oBaHUe KOMILUIEKCA ¢ APYTUMU TUNAMU Ol-CyOb-
envanil (Goy, Go) WM ¢ aHTUTEIaMK, BbIpPaOOTaH-
HbIMM Ha LIMTOIIa3MaTU4YeCKHe YYaCcTKU pelenTopa
[181]. TIpu sTOM npyrue usydyeHHble pocdhonunuibl,
HarnpuMep, dochaTuauiceprH, ciaado MM BOBCE HeE
BTN Ha cBsisbiBaHMe 3,-AR ¢ Go-cyObenuHMIIEH 1
Ha aKTUBALIMIO HUKEJIeXKaIIlUX CUTHAIBHBIX KaCKalI0B,
YTO yKasbiBaeT Ha crneumdpuaHocts PIP2, kaxk PAM
IJist aToro peuenTtopa. CesizeiBaHue PIP2 ¢ peuenTo-
POM TIOBBIIIAETCS B YCJIIOBUSIX €r0 aKTUBAIIUU U30IIPO-
TEPEHOJIOM, HECEJIEKTUBHBIM [3-arOHMCTOM, W 3TO
00yCI0BIeHO KOH(MOPMALIMOHHBIMUA U3MEHEHUSIMU B
ICL2, xoTopast He TOJbKO TECHO CBsI3aHa C arOHUCT-
WHAyLUUPOBaHHON akTuBauueil Gg-0eika, HO U, Kak
MOXHO TIOJIaraTh, SIBJISIETCSI OMHOI M3 MUIICHEN IJIst
cBs3bIBaHUs ¢ pochomununamu. [1pu 3ToOM MoI0XKM-
TEJIbHO 3apsLKeHHBIC OCTAaTKU, JIOKAJM30BaHHbIE B
npokcuManbHbIX ydacTkax ICL2 u ICL3, MoryT OBITh
BOBJICYEHBI B MOHHBIE B3aUMOICICTBUS C OTPUILIATEIIb-
HO 3apsiKeHHOM “rojioBKoi” dpochonunuga. DTo co-
mIacyercs ¢ TeM akTom, 4To (pochoIunuapl, He COo-
Jepxkalye IMoJIMaHMOHHBIX IPYIIII, TakKue KakK docda-
TUAWJCEPUH, He ObLIM aKTUBHBI B ClIydae BCEX Tpex
n3ydeHHBIX penentopoB [181]. Bo3daMoxHO, omHako,
yto npyrue, yeM PIP2, ¢dochommmmabl MOTYT BIMSTH
Ha TEKy4eCTh U TOJIIMUHY MEMOpaHbI U, TEM CaMbIM,
MmonayaupoBatb GPCR-omocpenyemMyio CUTHaJbHYIO
TPaHCIYKIIMIO, KaK 3TO Mmoka3aHo st 3,-AR [180], Ho
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3TO TpeOyeT TOIMOJIHUTENbHBIX NCCICIOBAHMIA 1Is1 60-
Jiee IIMPOKOTO CIIEKTPa PELENTOPOB.

3HaYUTENbHBIA UHTEPEC B TTOCJEIHUE TOIbl MPe-
CTaBJIsIET orocpenyeMasi (pocorMHO3UTUIAMU a0~
crepudeckas peryiasinuss GPCR, oOycioBieHHast ux
CMOCOOHOCTBIO BJIMSATH Ha OOpa3oBaHUE KOMILIEKCA
mexnay GPCR u B-appectuHamu, 4To UrpaeT KPUTH-
YEeCKyl0 pPOJib Kak B KOHTpoJie [-appecTMHOBOIO
CUTHAJIMHTIA, TaK U B MPOLIECCE PHAOLIMTO3a U PELIUK-
nu3auuu peuentopoB [385]. dust adpdekTUuBHOTO 00-
paszoBaHus koMmruiekcoB ¢ GPCR HeoGxonuma TpaHc-
JIOKAIs 3-appecTHHOB B I1a3MaTUYECKYI0 MEMOpaHy
1 VX HaKOIUIEHUE BOJM3U PELIETITOPHBIX KOMITJIEKCOB
B COCTaBe CTPYKTYP, MOKPBITHIX KJIaTpuHOM (clathrin-
coated endocytic structures, CCSs), emre 1o GRK-omno-
cpenyemoro ¢ochopunuposanuss GPCR, sasisiolie-
rocsi TPUITEPOM TSI B3aUMOJIeCTBUSI ¢ 3-appecTrHa-
mu. Kak B-appectrH, Tak 1 acCOIIMUPOBAHHBIE C HUM
KOMITOHEHTbl SHIOLIMTAPHOrO armmapara, BKJIIOYasl
aganTepHblil 6e10k-2 (AP-2), cnocoGHbI B3aumMoeii-
crBoBath ¢ PIP2 [446, 447]. B pesyabrate Obuia
BBIIBUHYTA TUIIOTE3a, KOTOpasl ceifuac IoJiyuusa Be-
COMBbIE 10Ka3aTeIbCTBa, YTO “KaTaIUuTUYeCKU aKTUBU-
pOBaHHBIN” [3-appecTUH JOJKEH HAXOAUTHhCS B KOM-
iekce ¢ MmeMopaHHbeiMu PIP2 no ero cBsi3piBaHUS C
peuenTopoM u B panbHeiiieM PIP2 obGecrieyuBaer
HajJiexaliee B3auMOEHCTBUE [J-appecTUHOB C JM-
raHJ-peLeNnTOPHBIM KOMIUIEKCOM U Peaiu3aliuio CUT-
HaJIbHBIX QYHKIIMI TaKoTo KoMIiekca [385, 445, 448].
ITpu u3ydyeHUU KoMmIuiekca HEWPOTEH3MHOBOTO pe-
uenropa 1-ro Tuma ¢ [-appecTUHOM C IMOMOIIBIO
KPUOBJIEKTPOHHON MUKPOCKOIUU ObIJIO TOKAa3aHO
BKJtoueHne B Hero PIP2, KoTopwiii 06pa3oBhIBa MO-
CTUK MEXIYy BHYTPUKJIETOYHBIMU OKOHYaHUsIMU TM 1
u TM4 penentopa u C-KOHLEBOI YaCTbIO MOJIEKYJIbI
B-appectuHa. [Tpu 3TOM OTpPULIATEIBHO 3apsiKEHHAs
roioBka PIP2 oOpa3oBriBaia cCojieBbIe MOCTUKM C 10~
JIOXKUTENTbHO 3apsiKeHHbIMA aMUHOTPYIIIIaMU OCTaT-
KOB JIM3MHA U apTMHUHA, KOTOpbIe ObLIU JOKaJIN30-
BaHbI Ha TTOBEPXHOCTH P-CKIaauaThiX CTPYKTYp B-ap-
pecTuHa, OOpallleHHbBIX TI0 HampaBleHUI0 K
BHYTPUKJIETOYHOMY BECTUOIOIIO TPAHCMEMOPaHHOTO
TOHHeJIsT perieniropa [448]. MyraHTHBI B-appecTuH,
UMEIOIINI 3aMeHbl TIOJIOXKUTEIbHO 3apskKeHHBIX
amuHokucaor Lys??Gln, Arg?**Gln u Lys*’Gln, He
croco6eH 06pa3oBbIBaTh KOMILIEKC € 3,-AR, uTo mipe-
MSATCTBYET KaK WHTEpHAJIM3AllMM pelenTopa, Tak u
OCYIIECTBJICHUIO [J-appecTUH-CrieUuDUIHBIX CHT-
HaJIbHBIX KacKanoB [385, 445, 446].

JleTanbHOE U3ydyeHUE CTPYKTYPHBIX OCOOEHHOCTE
komiuiekcoB GPCR u [J-appecTHHOB U BO3MOXHOIO
yyactud B ux ctrabmnmzauun PIP2 n npyrux docdonan-
OUAOB TIOKa3ajlio, 4YTo ocdoaunuasl Haubdosee
BaXKHBI IJI 00pa30BaHUSI TAKUX KOMITJICKCOB B ClIydae
GPCR xknacca A, Ho He GPCR xmnacca B [385]. BTo
obycioBiaeHo TeM, yTo GRK-unayuupoBanHoe doc-
dopummupoBanne GPCR kitacca A He 1103BoJIsIET 0O€EC-
neuynTh 3(pPEKTUBHOE B3aUMOACIHCTBHE C MOJICKYJION
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B-appectuHa 6e3 ee TOMOJHUTEBHON KOOPIMHAIINH C
nmomoliibio PIP2. Ob6pa3zoBaHue MocTuKa MexXay Goc-
bopMIMPOBaHHBIM pELENTOPOM U [B-appecTHHOM
MO3BOJISIET HE TOJbKO CTa0WJIM3MPOBATh TPOUHOM
komruieke surann—GPCR—B-appectuH, HO u obGec-
nevrBaeT B-appecTUH-CIeUOUIHYIO TPAHCIYKIIUIO,
a Taxke MHTepHann3auuio u penukimsannio GPCR.
OnpeneneHHyo poJib 31eCh UTpaeT B3auMOIEUCTBUE
PIP2 ¢ C-KOHIIeBOIi YacThiO 3-appecTrHa, 4TO MO3BO-
JisieT 00ecTneuynTh ero KoHgopmMalinio, ONTUMaIbHYIO
st cBsi3biBaHus ¢ perientopoM. GRK-omnocpenyemoe
dochopunupoBanue GPCR kitacca B B rosiHO# Mepe
obecrieuuBaeT peKpyTUPOBaHUE U TECHOE B3aUMOIE -
CTBUE C [-appecTMHaMM, BCJICACTBUE YEro Yy4acTHhe
PIP2 B aTOM cityuae He SIBJISIETCSI HEOOXOIUMBIM, XOTSI
HeJIb3s WCKIIOUYUTb, YTO (POCHOUHO3UTUIABI MOTYT
BJIVISITb HA IPYTME 3Tanbl CUTHAIBHOU TPAHCOYKIIUU.
Tem cambIM o crtocOOHOCTU (HPOCHOMHOZUTUAOB BTN~
SITh Ha 00pa30BaHUE KOMILIEKCA MEXTY PELIETITOPOM U
B-appecturoM Bce GPCR MOXHO yCJIIOBHO pa3ienuThb
Ha PIP2-3aBucumelie u PIP2-He3aBucumele [385, 386].
ITpu nepexone B aKTUBHOE COCTOSIHWE, B TOM YMCJIE B
G-6enmok-cBsi3anHoM coctossHuM, GPCR crmocoGHEBI
HakamuBath PIP2 BOMIM3M BHYTPUKIETOUHOM 4YacTu
TpaHCMEMOPAaHHOIO IOMEHA, TEM CaMbIM, TTPE3EHTYS
ux st B-appectuHos [ 181, 449].

Annocrepudyeckue (QYHKIUM MOXKET BBINTOJIHSTH
docharuaunHosuton-3,4,5-rpucdocdar (P1(3,4,5)P3),
MPOAYKT KaTtaauzupyeMoil pocharuaminHO3UTOII-3-
KWHAa301 peakluu, KaK 3TO IMPOJIeMOHCTPUPOBAHO IS
peuenTtopa napaTMpeoOUJHOro ropMoHa 1-ro Tura
(PTHI1R) [450]. DToT peuenTop, KaK B aKTUBHOM, TaK
1 B HEAaKTUBHOM COCTOSTHUHU, 00pa3yeT KOMILIEKCHI C
pPa3JIMYHBIMU JIMMTMIAMU, BKJOYash (Gochonaunuabl,
YTO YKa3blBaeT Ha MPUCYTCTBME B HEM JIMITUI-CIIELIM -
¢GuYHBIX aJIoCcTepUUYeCcKuX caiiToB [451, 452]. ITpu no-
IPYy)XEHUM B KIJIETKY B COCTaBe paHHEl 3HIOCOMBI
PTHIR ocymiecrBisier aktuBanuio All u ctumynupy-
eT HAM®-3aBucuMblie curHaibHble ytu. ITokaszaHo,
YTO BaXXKHYIO POJIb B 3HIOCOMAaIbHOM CUTHAJIMHTE aro-
HUCT-ctumympoBanHoro PTHIR urpaer o6pa3oBa-
Hue koMrutekca aurana—PTH1R—Gy-numep—f-ap-
pectuH. B cBolo ouepenb, cTabuIM3alus 3TOTO KOM-
IUieKca ocyulecTBisieTcss ¢ momounpio PI(3,4,5)P3,
KOTOpHhIit, TogooHo PIP2, ocyiiecTsBisieT KoopauHa-
LIMIO MOJIEKYJT PeLIeNTopa U J-appecTiHA B 3TOM KOM-
iekce [450, 453].

7.6. Amunokucaomot, nenmuodvl u 6eaKu

AMuHOKUCAOMBL U UX NPOU3BOOHBLE

Cpenu 20 “kKaHOHMYECKMX’ IIPUPOIHBIX aMUHO-
KMCJIOT, SIBJSIOIIMXCSI CTPYKTYPHBIMHM 3JIEMEHTaMM
MENTUA0B U OEJIKOB Y 3YKapUOTUUYECKHUX OPTraHU3MOB,
HanOOJIBIIYIO POJIb B KAYECTBE AJNIOCTEPUIECKUX PETy-
asaropoB GPCR wurparor apomMarndyeckne aMUHOKUC-
JIOThI (TpunTodaH, TUPO3UH U (DeHUIATaHUH), a TaK-
K€ TOMOLIMCTEVH U arMaTUH, METa0O0JIUThI LIUCTEHA 1
apruHuHa COOTBETCTBEHHO [267]. PYyHKIMOHMPOBA-
Ne 7

TOM 59 2023



AJUIOCTEPUYECKME CAUTHI U ATNIOCTEPUYECKUE PETVJIAATOPHI 599

HHE apoOMaTUYECKNX aMUHOKKCIIOT B KAa4€CTBE aJlJIO-
CTEpUYECKUX PETYJISITOPOB MPEACTaBISIETCSI BecbMa
JIOTUYHBIM, II0 KpaifHeil mepe, IO IBYM HpUYMHAM.
Bo-1epBBIX, HEKOTOPBIE MX MPOU3BOMHBIE SIBISTIOTCS
SHJIOT€HHBIMU  OPTOCTEPUYECKMMU aroHUCTaMU
GPCR, Hampumep, CepOTOHMH, TpUMOTaMUH, Aoda-
MUH, agpeHalMH, HOpaapeHaJMH, OKTOIIAMHWH, 4TO
npenonpenensieT HajJludue MHOXKECTBEHHBIX CaiToOB
CBSI3BIBaHUS UISI HUX. BO-BTOpBIX, apoMaTuyeckue
aMMHOKMCIIOTHI, 00JIamaloline JTUIoMOMILHBIMA CBOM -
CTBaMM, JIETKO TIPOHMKAIOT B TUAPO(POOHBIE KapMaHbI
pEeLEnTOPOB, a TakKKe B MHTepEUChl MEXIY JIMIIUJI-
HBIM CJIOEM MeMOpaHBl M BHEIIHENM ITOBEPXHOCTHIO
TpaHCMEeMOpaHHOIO JOMEHa, e pacnoJjaralTcs IMo-
JIOCTH, SIBJISIIOLLIMECS TTOTEHLIMAIbHBIMU aJlJIoCTepuye-
CKMMU CaliTaMMU.

OCHOBHBIMY MUILIEHSIMU AJLLIOCTEPUUECKOTO BJIUSI-
HUSI apoMaTudyeckux amMmuHokucior sisitotcs GPCR
kjacca C, uMelue 3HaYMTEIbHBIN 110 pa3Mepy BHe-
KJIETOYHBIN JTOMEH, B TepBylo ouepenb CaSR [454—
457]. IlokazaHo, 4TO apoMaTUYECKE aMUHOKMCIIOTEI
cnelnUYHO CBSI3bIBAIOTCS C AJNIOCTEPUUECKHUMU Caii-
TaMM, KOTOpbI€ PaCMOJIOXEeHbI BOJIU3U BXOIa B TPaHC-
MeMOpaHHbI TOHHEb U CPOPMUPOBAHBI CErMEHTaMU
CaSR, ¥ NOTeHUMPYIOT CTUMYJUpPYIOIIee BIUSHUE
WOHOB KaJIbIIMSI Ha aKTUBHOCTH pellenTopa [456].
HmeroTcs cBeieHUsI 0 MOLYJIMPYIOLIEM BIUSIHUU (he-
HUJAJJaHWHA U aJudaTu4ecKuX aMUHOKHUCIOT, Jeii-
LIMHA U U30JiefilIMHa, Ha peryasiTopHble 3ddeKThl Oa-
kjodeHa Ha akTuBHOCT GABARR, uTo, Kak cuuTalor,
BHOCUT OIpENeIEHHbIN BKJIal B (PyHKIIMOHUPOBaHUE
CUTHAJIBHBIX CUCTEM, KOHTPOJIUPYEMBIX Y-aMUHOMAC-
nsHo#t xucioroit [458]. OmHako (u3nonmornyeckast
pOJIb TAKOTO BJIMSIHUS O KOHIIA HE sIcCHa, TeM OoJiee
YTO JaJIbHEHIIIMEe UCCIeI0BaHUS He TTOATBEPININ BO3-
MoxkHoCTH peryiasuuu GABAgR HU3kuMu, He MpeBbI-
HIaIoIMMU (pU3N0T0TMYecKre, KOHLIEHTpauusMu de-
HWIajgaHuHa [459].

OoOHapyxeHHe Toro aKTa, YTO TOMOIIMCTENH MO-
>KeT BBICTYTIATh B POJIM aJlJIOCTEPUYECKOTO PETyasiTopa
D,-nodamMmuHoBoOro peuenTtopa, ykasblBaeT Ha BO3-
MOXHEBIE TOMOJHUTEIbHBIE MEeXaHM3Mbl ITaTOTCHETH -
YECKOI'O BJIMSIHUSI 3TOTO IIPOM3BOJHOIO LIUCTEMHA, IO~
BBILIIEHNE KOHLICHTPALIMX KOTOPOI'O B KPOBU ACCOLIMM -
pOBaHO ¢ HelipolereHepaTUBHBIMU 1 9HIOKPUHHBIMU
3a001eBaHUSIMA. [OMOILIMCTENH CBS3BIBAETCS C aJJIO-
CTEpUYECKUM CaiiTOM, BKIIIOYAIOIIUM ITPOKCHUMAJIb-
Hble cerMeHThl ECL3 D,-nodamuHoBoro peienTopa,
CHITXAsI €ro aKTUBAIMIO JopaMUHOM U (PYHKIIMOHMU -
pys, TeM caMbIM, Kak NAM [460]. B 3ToM OTHOIIICHUHA
MHTEpPECeH TOT (PaKT, YTO OJHUM U3 IIOIXOI0B IJIs Jie-
yeHUs 0ome3Hu [lapkuHcoHa SgBJISeTCS MpUMEHEHUE
aroHucrta 10¢aMUHOBBIX pellenTopoB — L-3,4-nurumi-
pokcudeHmwnanannHa (L-DOPA), KoTophlii ¢ moMo-
mpio ¢pepMeHTa Karexon-(O-MeTnaTpaHcdepassl Jier-
KO mpeBpalliaeTcsl B TOMOLMCTEUH. Y MalueHTOB, Je-
yeHHBIX L-DOPA, B XKadecTBe OOZHOrO M3 MOOOYHBIX
3¢ dexToB HAOIIONAIOT TUIIEPTOMOIIMCTEUHEMUIO M
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9TO COIPOBOXIAETCS CHUXEHUEM 3(p(heKTUuBHOCTH
VICTIOJIb3yeMoii Tepanuu [461]. B cBsI3u ¢ 3TUM NMEIOT-
Csl BCE OCHOBaHUSI CUUTATh, YTO 0Opa3yoIIUAcs Mpu
MeTmmpoBaHnu L-DOPA roMoumcTenH aajiocTepu-
YEeCKM CHUXXAeT arOHUCT-UHIYLIUPOBAHHYIO aKTUBa-
vto D,-nodamuHoBoro penientopa [462]. bonee Toro,
9TO OOBSICHSIET U BBICOKYIO 3P (heKTUBHOCTh MHINOM -
TOPOB KaTexoj- O-MeTunaTpaHcdepasbl, IPEIsITCTBYIO-
IIUX TUMEPrOMOLUCTEMHEMUU U YCUJIMUBAIOIINUX 3-
dextel L-DOPA Ha nodaMUHOBYIO CHUCTEMY MO3Ta Y
MMalMeHToB ¢ 6ose3Hnio IlapkuHcona [461].

Armatun gsnsietca PAM nming o,-AR, mosbimas
CBsI3bIBAHME C HUM HOpaapeHaJIMHa, IPUYEM B OCHOBE
JIIEMCTBUS arMaTUHA JIEXUT B3aUMOJICMCTBUE KaK C ajl-
JIOCTEPUYECKMM, TaK U C OPTOCTEPUYECKUM caiiTaMu
peuentopa [463]. AKTUBUpYIOIee BIUSHUE arMaTHHA
Ha GyHKIMU O,,-AR BO MHOTOM OOBSICHSIET 3allIUTHbIE
3¢ deKThI 3TOTO IeKapOOKCUINPOBAHHOTO MPOU3BOI -
HOT'0 apriHMHA IIpU JICYSHUN HEBPOJOTUYECKUX 3200~
JIeBaHWI W HapyHIeHW (PyHKIU cepaeaHO-COCYIM-
croit cucremsbl [464]. [Toka3zaHo, 4TO arMaTUH, TAKXe
Kak 1 L-apruHUH, CII0COOEH MO3UTUBHO MOIYIUPO-
BaTbh akTuBHOCTH CaSR [465, 466]. Ha uzoaupoBaH-
HBIX KapaIUOLMTAX 3UMYIOIIUX CYCIIMKOB MPOIEMOH-
CTPUPOBAHO, YTO ITOCPeICTBOM cBsI3biBaHMs ¢ CaSR
HM3KME n03bl armMatuHa (1o 500 MKM) BBI3BIBAIOT
Gpy-onocpenyemyto akrtusaiuio 3-pochonHosuTua-
HOTO MYyTH, YTO IPUBOAUT K IMOBBIIICHUIO IPOIYKIIN
okcuaa azora sHmoTeaunaabHoit NO-cuHTazoii. B mo-
3ax Bhille 2 MM armatuH BeI3biBaeT CaSR-omnocpenye-
Myto ctumysisitinio PLCP v noBbIliaeT ypoBeHb BHYT-
PUKJIETOUHOTO KayibLivs [465]. TeM caMbIM B 3aBUCH-
MOCTHM OT KOHICHTpallMM arMatTuHa IIpOUCXOIUT
rnepepacrpenejieHie BHYTPUKIIETOYHBIX CUTHAJIbHBIX
KacKazoB, peam3yeMbIX yepe3 CaSR.

Tlenmuovt u 6eaku

OIHUM U3 XOPOIIO MCCIeAOBAaHHBIX TMENTU-
HBIX ajjocTepuueckux peryjsitopoB GPCR aBis-
eTCcsl 5-TuAPOKCUTPUNITAMUH-MOIYJNH, TTPEACTaBIs-
o1t coooit terpanentun Leu-Ser-Ala-Leu, BEICBO-
OoxnaeMblii B pasziIuMyHBIX oOjacTsx wmoara. OH
cnel(UIHO B3aUMOAEUCTBYET C alJIOCTEPUISCKUMU
caliTaMM, JIOKAJIMBOBAaHHBIMU B CEPOTOHUHOBBIX pe-
uenropax 5-HT,p, p-nioaruna, u nogaBasieT MHIYLIM-
pOBaHHYIO aroHMCTaMU CHHAIITOCOMAJIbHYIO aKTHB-
HOCTb 3THUX PELENTOPOB, (PYHKIMOHUPYST KaKk NAM
[467—469]. Tlpu ocTpoM MMMOOHIN3ALUOHHOM
CTpece B pa3jIUYHBIX OOJACTSIX MO3Ta OIpPenesin
ObICTpOE 1 3HAYUTEJIbHOE TTOBbILLIEHUE YPOBHS S-TU/I-
POKCUTPUIITAMUH-MOYJWHA, YTO TPUBOAUJIO K Jie-
ceHcurusauuu 5-HT g/ p-CEPOTOHNHOBBIX pELENTO-
POB U HapyllIaJIo peaju3yeMoe 4yepe3 HEro MHrMoupy-
folee BIusiHUe Ha akTuBHOCTD Al [470].

CBolicTBa a/UIOCTEPUYECKUX PErYISITOPOB IJIsI pa3-
JIMYHBIX TUIOB KAHHAOMHOWIHEIX PELEeNTOPOB IIPOAc-
MOHCTPHUPOBAHHI Y IENTUIOB, SABJISIOIIMXCS TIPOU3BOI-
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HBIMHA O-T€MOIJIOOMHA, B IIepByI0 odepenb y RVD-re-
MorpeccuHa (RVD-hemopressin) RVDPVNFKLLSH,
0003HauaeMoro Kak mnemnkaH-12 (pepcan-12) [471—473].
RVD-remonpeccuH AeMOHCTPUPOBaJl aKTUBHOCTD
NAM st CB-kaHHaOMHOUIHOTO pelenTopa, MoaaB-
JISIsl CBSI3bIBAaHUE C HUM OPTOCTEPUUECKOTO aroHUCTa
WINS55212-2 1 MHrAOUpysT aroHUCT-UHIYLIUPOBaH-
HYIO aKTUBalUIO onocpeayemMbix yepe3 CB-kaHHa0u-
HOUJHBIN pelenTOp CUTHAJbHBIX KacKanoB [472, 474].
Hownanenrun remonpeccun PVNFKLLSH Takxke 06-
Jlaiajl CIMOCOOHOCTBIO BJIMSATH Ha akTUBHOCTH CBi-
KaHHAOMHOUIHOTO pelenTopa, XOTs M B MEHbIIeH
CTEeTIeHU B CpaBHEHMU C TlenkaHoM-12 [475], Ho mpu
GU3NOJOrMYECKUX YCIOBUSX B MpoIlecce TMAPOIM3a
Ol-TeMOIJIOOMHA, B OTJIMYUE OT IelKaHa-12, oH He 00-
pasyeTcsl ¥ MOTOMY HE MMeeT CylLIeCTBEHHOTrO 3Have-
HUS 0 KIMHUKA [471, 472]. Baxx#Ho, 9TO 1ermkaH-12
MOXKET ObITh IPUMEHEH JJ1sl HOpMAaJIM3allU MUILIEBOTO
MOBEICHUSI U DHEPreTUUYECKOro 0OMeHa Ipu MeTabo-
JIMYECKUX PACCTPOMCTBAX, MOCKOJbKY, B OTJIMYME aH-
TaroHUCTOB OopTocTepuyeckoro caiita CB;-kKaHHaOu-
HOUJIHOIO pelenTopa, AeicTByeT 0ojiee MSATKO U He
BBI3BIBAET ETIPECCUBHBIX U IPYTUX HEBPOJIOTMUECKUX
paccrpoiictB [476, 477]. OnHUM U3 IIyTEl BBEIECHUSA
nenkaHa-12 MoxeT ObITb MPUMEHEHUE eTo OMOJIOTU-
YecKoTo MmpeKypcopa — TenkaHa-23, KoTopbiii 6oJiee
YCTOWYMB K TUAPOJIU3Y U HANIEXXHO TpeBpallaeTcs B
nenkaH-12 B ycinoBusix in vivo [478].

YkopoueHue nemnkaHa-12 ¢ N-KoHIIa BCero Ha OIHY
AMUHOKMCIIOTY HAJEJIsIeT ITOJyYeHHBIM YHAESKATTeI T
VD-reMonpeccrHa CBOMCTBAMU CEJIEKTUBHOTO aJljIo-
crepuyeckoro aronucra CB;-KaHHaOMHOUIHOTO pe-
nenropa [479, 480]. B Tecte oTnepruBaHMUsI XBOCTa Y
MBIIIE MOKA3aHO, YTO MPU CIIMHAILHOM U CYIIPACITH-
HaJIbHOM BBeicHUM VD-reMonpeccuH 1030-3aBUCUMO
BBI3BIBAJI aHTUHOLIMLIENITUBHBIN 3(h(hEKT CO 3HAUCHU -
amu EC5; MmeHee 7 HM, u 3T0T 3ddekT O10KupoBaics
cesieKTuBHbBIMU CB,-antaronucramu [479]. Ilpu cy-
npacrimHaIbHOM BBE€ICHUU VD—FeMOHpeCCI/IH TaKXKe
BBI3BIBAJ XapakTepHyto st CB,-aroHncToB rumorep-
MUIO Y1 BIIVSUT HA MOTUBALIAIO MUAIIEBOTO ITOBEACHUS, U
9Tu 3P dexThl cHUuManuch B npucyrcrBuu CB,-aHTa-
roHuctosB [480].

B otHomieHun CB,-kKaHHAOWMHOUIHOTIO pelenTopa
nernkaH-12, neicTByss B HAHOMOJISIPHBIX KOHIIEHTpa-
LUSIX, IPOSIBsieT cBolicTBa PAM, moTeHIMPYS CTUMY -
aupywoiue 3¢hdexktsl CB,-aroHUCTOB, B TOM 4HCIE
2-apaxunoHowarnuuepuHa [473]. B npucyrcTBum
nenkaHa-12 ycunmBaloTCS KaK CTUMY/IUpYoLIe 3¢-
dekThl 3TUX aroHucToB Ha I TM-cBsA3bIBaIOIIYIO aK-
TUBHOCTb G;-0€JIKOB, TaK U peajiu3yeMoe 4yepe3 HUX
nHruouposanue All. ITockoJIbKY comepkaHue IenkKa-
Ha-12 1 ero npexypcopa nenkaHa-23 NOBHILIAETCS IIPU
WIIEMUU U BOCTIAJIMTENbHBIX Mpolieccax, a CB,-kaH-
HaOWHOUAHbBIE PELENTOPHI BHIMOJHSIOT MPU 3TUX Ta-
TOJIOTMYECKMX COCTOSIHUSIX 3allldTHbIe (PYHKIIUU, TO
reHepalrIo nmerKkaHa- 12, Kak aroH1ucTa 3TUX pelenTo-
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pPOB, MOXHO pacCMaTpuBaTh B KauyeCTBE MOJIEKYJISIP-
HOro MexaHu3Ma peanu3aluu 3Tux pyHkuuii [473].
IMpuHMMas Bo BHUMaHME JIOKAJIU3aLUIO aJlJIOCTEpUYE-
cKux caiitoB B MoJsiekyjie CB,-kaHHaOMHOUIHOTO pe-
LIeNTOpa, CBSA3bIBaHUE IenkaHa-12 M ero aHaJloroB
OCYIIECTBJISIETCS TIPEANOJOXUTEIbHO ¢ calitaMmu H u
J, Tokann30BaHHBIMUA BO BHEKJIETOUHOM IIPEIIBEPUN
TpaHCMEMOpPaHHOIO TOHHEJSI W MPUKPHIBAIOIIUMU
cBepxy opTocTepudeckuii caiit [481]. Heoboxogumo oT-
METHUTh, YTO HEJABHO OBUI MACHTU(MUIIMPOBAH eIle
OOWH TENTUIHBIA PEeryasiTop ¢ akKTUBHOCTbIO ago-
PAM n1s1 CB,-KaHHaOMHOUIHOTO pelenTopa — IMer-
THI OCTEOTeHHOTo pocTta (osteogenic growth peptide,
OGP), xoropslii mpenoTBpalllaeT ITOTEPI0 KOCTHOM
TKaHU TIpu ctapeHuu [482]. Tem cambIM, KAHHAaOMHO-
WIHBIC PELEOTOPHI SIBIISIIOTCS MUIIEHSIMU IJIs1 LIEJIOTO
psiZa menTUAOB, 0Opa3yIoIINXCsd KaK B HOpMe, TaK U B
YCJIOBUSIX TIaTOJIOTUM, U CITOCOOHBIX a/IOCTEPUYECKU
BJIMATHL Ha HEPBHYIO U IPYIrUe CUCTEMBI OpraHU3Ma,
mudGepeHINPOBAHHO PETYJIMPYS pPa3IMIHBIC THUIIBI
KaHHAOMHOUIHBIX pelenTopoB [483].

MuieHsIMHU OeJIKOB, 00OTaIlleHHBIX TTOJIOKUTEIb-
HO 3apsKeHHBIMM  aMUHOKUCIIOTaMM,  SIBJISIIOTCS
mACh,R. 9Tt Genku B3aUMOAEHUCTBYIOT C OTpMlIA-
TEJILHO 3apsDKEHHBIM aJUIOCTEPUIECKIM CAaiTOM, pac-
MOJIO)KEHHBIM B 00JIACTH BHEKJIETOYHOTO BXOJa B
TpaHCMeMOpaHHBI TOHHENb pelienTopa [484]. [Toau-
KaTUOHHBII O€JIOK IIPOTaMUH, OCHOBHOM 0€JIOK Mue-
JIMHA, TOJIOXUTEJIbHO 3apsKEHHBIN TMEeNTUlI AUHOP-
dunH-A(1-13) [485, 486], HeKOTOpBle TOKCHHBI sIa
3Meit [487], a TakxKe oOoTallleHHBII OCTaTKaMU apru-
HUHA JOMUHAHTHBIM OCHOBHBIN 010K 303MHO(DUIIOB
(eosinophil major basic protein) [488, 489], B 6obIINX
KOJIMYECTBaX BEICBOOOXKIAEMBbI Y ITALIMEHTOB C OPOH-
XUaJIbHOM aCTMOIi B 001aCTH BOCHAJICHUS U aKTUBUPY-
IOLIMI Ty4HbIE KJIETKM U HEUTPOMUIIbI, HEraTUBHO
perynupytor mACh,R-onocpenyeMbiii  CUTHAJIUHT,
MpUYeM UX ASMCTBUE, 32 UCKIIOYEHEM KOMIIOHEHTOB
siga 3Mei, BBICOKO CIEeUU(pUYHO MO OTHOIICHUIO K
mACh,R.

HocTaToyHO UHTepeceH TOT (PaKT, YTO aJIOCTEpHU-
YeCKHe CBOMCTBA TIPHUCYIIN [ITyTaTHOHY, TIPEACTABIISI-
fouieMy coboit tpunentul Y-Glu-Cys-Gly, ocHOBHOI
¢yHKIIME KOTOPOTO SIBASIETCS MOAAePKaHUE OKUCTU -
TeJIbHO-BOCCTAHOBHUTEJIBHOTO OalaHca B KiIeTKe. [ry-
TaTHMOH, TTOMOOHO apOMaTHMYECKUM aMHWHOKMCIIOTaM,
MO3UTUBHO BO3AelcTBYeT Ha akTUBHOCTL CaSR [490,
491]. Ilpy1 >TOM OCHOBHBIM (HPU3UOJIOTUYECKUM pe-
3YJITATOM TaKOTO B3aMONIECTBUS SIBJISIETCS U3MEHE -
HUE TIPOAYKLMUU TapaTUPEOUTHOTO ropMoHa (hOJITU-
KYJISIPHBIMU KJIETKAMU TTapalluTOBUIHOMN XeJe3bl, B
TOM YHCJIe TIPY Pa3IMIHBIX (POopMax TUIeprapaTupeo-
3a [491]. TeM caMbIM U3MEHEHUE COACPXKAHUS TIyTa-
THOHA MOXET IPUBOIWTH K IATOJIOTUW HE TOJIBKO
BCJIEACTBUE HAPYIIEHU OKMCIUTEITLHO-BOCCTAHOBU-
TeJIbHOTO 0ajaHca B OpraHu3Me, HO U IyTeM U3MeHe-
HUs1 QyHKIMOHaIbHOI akTuBHOCTH CaSR m ero cur-
HaJIbHBIX KackamnosB [492].
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7.7. Aymoanmumena k GPCR

B pesynbrate nerpagaiu GPCR 1 nx KoMIuiek-
COB, HapyIIEHUsI MPOLIECCUHTA PELIETITOPOB U X BHYT-
PUKJIETOYHOM JIOKalM3allMi, Kak B HOpME, TakK U B
YCJIOBUSIX MATOJOTUU (OHKOJIOTMYECKUE U SHAOKPUH-
Hble 3a00JIeBaHUs1, TPAaBMbl, BOCITAJIMTEIbHBIE MPOLIEC-
Chl, HEKpO3, ayTodarus), reHepupyeTcs 0OJIBIIOE YHC-
JIO pa3nyaroIuxcs Mo pa3Mepy v JoKaIu3aluu ¢par-
meHToB GPCR. B panbHeiinieMm 3T ¢parMeHTHI
BBICTYTIAIOT B POJIM aHTUTEHOB, K KOTOPBIM BbIpabaThI-
BatoTcs crieuuduuHble ayto-GPCR-antutena. B mo-
cllefHue Tofbl POBOSITCS UHTEHCUBHbIE HCCIIEA0Ba-
HUS 110 UIEHTU(UKALIMU U U3YYEHUIO MEXaHW3MOB
00pa3oBaHUsI TaKUX AHTUTEJ, a TAKXKe BbISICHSIOTCS
MOJIEKYJISIPHbIE MEXaHU3MBbI UX NEHCTBUSI U UX POJIb B
pa3BUTUM AayTOMMMYHHBIX 3a0oneBaHuii [116, 493—
495]. Hauboaplunit MTHTEpeC NPpeacTaBIsIOT aHTUTENa,
BbIpabaTbiBaeMble Ha BHEKJIETOUHBI N-KOHIIEBOM 10-
MmeH n ECLs GPCR, mocKoibKy B (PU3MOTOTMYECKUX
YCJIOBUSIX OHU CITOCOOHBI C BBICOKOH crenu@uyHO-
CThIO B3aUMO/IeiICTBOBATh C BHEKJIETOUHBIMU YYacTKa-
MU PEUEenTOpPOB M aJJIOCTEPUYECKM BJIMATH Ha UX
GYHKIIMOHAJIBHYIO aKTUBHOCTh U CPOJICTBO K aroOHM-
cTaM.

OnHU ayToaHTHUTEJIa XapaKTepU3YIOTCs aroHUCT-
nogo0HOI aKTHMBHOCTBIO, BHI3BIBAsI IIOBBIIICHUE Oa-
3anbHOI akTuBHOCTH GPCR, 111 MoTeHUIUpPYIOT CTU -
myaupytomue 3¢h@dEKTbl arOHUCTOB, (PYHKIIMOHUPYS
kak PAM. [Ipyrue ayroaHTuTeNa IIOMABIISIIOT PETyJsi-
TOpHBIE 3(P(PEKTH aTOHUCTOB, CHUKAsI UX CPOICTBO K
GPCR u npenorBpaiiiasi akTUBaLIMIO BHYTPUKIETOU-
HBIX CUTHAJIbHBIX KaCKamoB, (PYHKIIMOHUPYS, TEM Ca-
MbIM, Kak NAM. Psan ayroaHTuTen uMMelOT OoJjiee
CJIOXKHBIN CIEKTP OMOJIOTUYECKO aKTUBHOCTH, 00Oec-
eYrBasi IPeaB3SITOCTh BHYTPUKIIETOYHOTO CUTHAJIMH-
ra 1 MOIYJIMPYSl aKTUBHOCTh APYTUX aJZIOCTEPUIYECKUX
GPCR-perynstopoB [494]. OCHOBHBIMUA MUIIECHSIMU
ayro-GPCR-anTuren sBisiorcss nubo IN-KOHIIEBbIE
BHEKJIETOUHBIE JOMEHBI U MX CIEHCEpPhl C TPAHCMEM-
OpaHHBIM IOMEHOM, KaK 3TO UMEET MECTO B CiIy4ae pe-
uenropa TTTI [496, 497] m CaSR [498], mu6o ECLs pe-
LIETITOPOB, KaK 3TO MPOAEMOHCTPUPOBAHO IJIsT OOJIb-
moro uuciaa GPCR knacca A [494]. Onpenensiioniast
poJib B TaKMX B3auMoneicTBusx npuHamiexut ECL2,
KOTOpAasi B OOJILIIMHCTBE PELICTITOPOB HE TOJIBKO caMast
3HAYUTEeJbHAsl TI0 pa3Mepy, HO U JIOKaJIM30BaHa MpU
BXOI€ B TpaHCMEMOpaHHBIII TOHHEJb, BIIMSIS Ha HO-
CTYITHOCTb OPTOCTEPUYECKOIO caiiTa U Ha B3aUMHOE
pacnonoxeHue TM, BOBJIEUEHHBIX B Mlepeaady CUrHa-
Ja C OPTOCTEPUYECKOIO caiiTa K TPaHCIYKTOPHBIM
oenkaM. YcraHosiieHo, 4To ayTro-GPCR-anTturema
B3aMMOJIEMCTBYIOT C 3TOM METJIEH B Cllydyae pa3jiuyHbIX
TUIIOB aapeHepruyeckux peuentopos (B,-AR, B,-AR,
0,-AR) [499—501], MycKaprHOBBIX alIE€TUIXOJIUHOBBIX
peuentopoB (MACh,R, mACh;R) [502, 503], AT,-an-
ruoteH3uHoBoro [504, 505] u 5-HT,-cepOoTOHUHOBOTO
peuentopoB [506]. B To e BpeMs1 B psifie cliydaeB BO
B3anMmozeiicTteum ¢ ayro-GPCR-anTuTe 1aM1 IprHU -
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marot yuactne ECL1 m ECL3, xak mpaBmio, B KOOpOn-
HallUU IPYT C APYTOM WU IPYTUMU BHEKJCTOYHBIMU
CcerMeHTaMM, Kak 3To mokaszaHo misi 3;-AR [500],
o,-AR [507], p-ommoumpHoro peuenrtopa [508],
mACh;R [503, 509].

B HacTos11ee BpeMst uMeeTcs OOIbIIOe YUCIO CBU-
JIeTeIbCTB O BoBJIeueHHOCTU ayTo-GPCR-aHTUTEN B
STUOJIOTUIO U TATOIeHE3 Pa3jIMYHbIX 3a00JeBaHU Y
YeJIOBEKAa U XKMBOTHBIX, XOTS TOJBKO B OTPaHUYEHHOM
qyciie cilydaeB JoKa3aHa uX Beayllasi poJib B pa3BUTUU
MATOJIOTUYECKUX IIPOLIECCOB. DTO OOYCIIOBICHO Kak
TeM, UTO He Bcerma sICHO, saBastorcs i ayro-GPCR-
aHTUTeJa TIEPBOIPUYMHOMN 3a00JIeBaHUIA UK 00pa3y-
IOTCSI B pe3y/bTaTe HapyLIEHHOM UMMYHOTOJIEPAHTHO -
CTH, TaK 1 OTCYTCTBMEM BO MHOT'MX CTydassx nH(popMa-
IIMM O TIEPBUYHOIN CTPYKTYpP€ U IIPOCTPAHCTBEHHON
opranuzauuu ayro-GPCR-aHTUTEN M 3muTONax uX
crrienugmyeckoro cBa3piBannsg ¢ GPCR. MoxeT cun-
TAThCSl JOKA3aHHOUW pOJib ayroaHTtuTen K [3,-AR,
AT -anruoreHsuHoBomy petentopy 1 mACh,R (kak
npaswio, K ux ECL2) B pa3BuTUM KapaIuOMUOIIATUIA 1
JIPYTUX CEPACUYHO-COCYIMCTBIX ITAaTOJOTUiA, ayTOAHTH -
ten K ET ,-2HA0TeTMHOBOMY PELIENITOPY — B Pa3BUTUU
JIETOYHOI apTepuaabHOI TMIEPTEH3UM, ayTOAHTUTE
K mACh;R — B matorenese cunapoma IllerpeHa, ayto-
aHTuTes K AT,-aHTMOTEH3UHOBOMY peUeNnTopy — B
pa3BUTUM TIpEIKIAMIICUU, ayToaHTuTea K MC,R — B
MaToreHe3e OXUPEHUS M MeTabOJIMYEeCKOro CUHIPO-
Ma, ayroantutesn K mGluR1 — B atnonornm u mmatore-
He3e liepebpanbHOil atakcuu. OOIIenpu3HaHa PoJib
aytoantuten K peuenrtopy TTI B atTmonarorenese 3a-
OoJyieBaHUI IIUTOBUIHOM XKeJIe3bl, B TOM YHCJIe ayTo-
MUMMYHHOTO rureptupeosa (6oae3nu IpeiiBca), Kap-
LHOMBI IIMUTOBUIHOM Kejie3bl, ayTOUMMYHHOIO TH-
peounura (0oJie3HM XalIMMOTO), TIpUYEM IIO
dapMaKkoJIOTUUECKOMY TIPOUII0 3TU ayTOaHTHUTEJA
MOT'YT OTHOCHUTBCS K pa3IMYHbIM I'PYIIIIaM aJIOCTEPU -
YEeCKMX PETyJIsSITOPOB.

Hexkoroprie ayro-GPCR-anTuTE1a BBISIBICHBI U Y
3MOPOBBIX JIIOAEH, YTO TpearojiaraeT UxX ydacTue B
KOHTpOJIe (PU3NOJIOTNIYECKUX U OMOXUMNYECKHX IIPO-
neccos [510, 511]. Ecim oj1st 3HAaYMTEIHHOTO YHCJIa Ta-
KHUX ayTOaHTUTEN UX dusnosornyeckue GyHKIUU
OCTalOTCsI HE BBISICHEHHBIMM, TO JUTsSI ayTOAHTUTEN K [3,-
u B,-AR [512, 513], U- ¥ O-ONMUOMIHBIM peleNTOpaM
[508, 514, 515], ETA-2HOOTEIMHOBOMY pELIENTOPY
[510] u xemokuHoBoMy perieritopy CCRS5 [516, 517]
MokKa3aHa ux coenuduieckas aKkTUBHOCTh, KOTOpasi B
psifie caydaeB MOXKET OBITh IMOJIE3HOM JIsI OpraHu3Ma.
Tak, HaAIIpUMED, ayTOAHTUTENIA K O-OMUOUIHOMY pe-
LIEITOPY C aTOHUCTUYECKON aKTUBHOCTBIO IIPOSIBIISIIOT
VUMMYHOMOIYJISITOPHYIO aKTUBHOCTh 1 OCYIIIECTBIISIIOT
cross-talk Mexxnmy MMMYHHOH W HEWPOIHIOKPUHHOMN
cucteMamu [515]. Ctumynupyloliue ayToaHTUTeNa K
L-OMMMOMIHOMY PELIENITOPY, CBS3bIBASICH C AJLLIOCTEPU-
YEeCKHMM CalToOM, BKJIIOYAIOIIUM IPOKCUMAJIbHbIC
yuactku ECL1 u ECL3, MuMukpupyoT 3¢ ¢eKTh
MopduHa 1, HapsSAy C 3TUM, IIPUMHUMAIOT y4acTue B
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KOHTpoJie ToMeocTa3a JuMdpormton [508, 514]. Ayro-
aHTutesna K ET,-3H10TETMHOBOMY pPELIENITOPY IPOSIB-
JISIIOT XeMOTaKTUYECKYlI0 aKTMBHOCTb, BJIMSISI HA MU-
rpalyio HelWTpodUuIoB, UTO CBUIETEIbCTBYET 00 UX
BOBJIEYEHUH B PYHKIIMOHUPOBAHNE UMMYHHOI CHUCTe-
Mbl [510]. biokupymolie ayToaHTUTENA K XeMOKUHO -
Bomy peuernTopy CCRS, KOTOpHIii SIBIISIETCS KOpele-
TOPOM JJI1 BUpyca UMMYHoAeduumnTa yejioBeka 1-ro
tuna (HIV-1) u cmocoGcTBYeT ero MpOHUKHOBEHUIO B
KJIeTKy-MUIlIEHb, OOHapyXeHbl KaK y 3J0pPOBBIX,
HIV-1-orpunarenbHbIX, CyObEKTOB, TaK U y MallMeH-
TOB, UHGUIIMpoBaHHBIX HIV-1, HO nmuTenbHOE BpeMs
He UMEIOIUX MPU3HAKOB Pa3BUTHUS CUHApPOMA MPUOO-
peTeHHOro MMMyHonmeduuuTa [516—518]. 3ammTHbBIE
CBOICTBa 3TUX ayTOAHTUTE OOYCIOBJIEHBI UX CITOCO0-
HOCTbIO MpPEensATCTBOBaTb aKTHMBAaLlUM pelenTopa
CCRS5 aroHucramu, a TakKKe UX CITOCOOHOCTBIO OJIOKM -
poBaTh MPOHUKHOBEHHUE BUpPYCa B KJIETKY, YTO TPEMSIT-
ctByeT pa3zmHoxeHuo HIV-1 u reHepanmzanum BUpyc-
Hoit mHpekimu [516—519]. Ayroantutena K [3,-AP,
BBISIBJICHHBIE Y 3HAYUTEIbHON 4YacTu CyOBEKTOB 0€3
KaKUX-JTMOO MPU3HAKOB CEPAEYHO-COCYAUCTON TaTo-
JIOTUH, B OTJIMYME OT TAKOBBIX Y OOJIbHBIX C AWJIaTallu -
OHHOM KapauoMuornaTrieid He ObUIU CITOCOOHBI CTUMY -
nupoBarth 3,-AP, a B psizie cilydaeB UMeH C1alyio aH-
TarOHNUCTUYECKYI0O aKTUBHOCTH [512]. Dtm aHTHMTeNa
CO3MIAI0T B CBOEM POJIE PEryIITOPHBIN “Oydep”, 1mM03-
BOJISIIOLIIMI CMSITUUTh aKTUBUPYIOILIUE BO3IeiCTBUS
[-aroHMCTOB Ha aAPEHEPTUIECKYIO CUCTEMY U TIPEIOT-
BpaTUTh HapyIIeHUSI GYHKIWNA CepaeyHO-COCYIUCTOMN
cuctembl. Takue peryasiTopHble “OydepHble” cucTe-
MBI MOTYT (pyHKOHoHHpoBath U 1t Apyrux GPCR-
CUCTEM, TEM CaMbIM SIBJISISICh HEOTHEMJIEMbBIM KOMIIO-
HEHTOM CUTHaJIbHO# TpaHCAYKIIUU.

Ayrtoantutena K GPCR xapakrepusylorcs Iipe-
B3SITOCTbIO BHYTPUKJIETOYHOIO CUTHAJWHTa, Oyay4yu
CMOCOOHBI CEJIEKTMBHO aKTUBUPOBATH OIpeNeIeHHbIe
tunbl G-6enkoB u B-appectuHoB. Tak, Mpu B3auMO-
neiictBum ¢ B,-AR, KoTOpbie (YHKIIMOHATBLHO MOTYT
comnpsratecs Kak ¢ G¢-, Tak U ¢ G;-06enkamu, OKa3blBa-
FOIIIMMU TIPOTHBOIIOJIOXKHBIC BIMSTHUSA Ha TAM®PD-3a-
BUCHMbIe CHUTHAJbHBIC MyTH, ayTo-P,-AR-aHTuTena
CIIOCOOHBI Kak ctumyaupoBaTh All, akTuBHUpys
G,-6enku [501], Tak m CHIXaTh MpoayKImio TAM®D
yepes nocpeAacTBo aktuBauuu G;-6enkos [520]. B o60-
MX CJydasix OHM B3aUMOJIEHCTBYIOT C SMIUTONAMU, JIO-
kanmu3oBaHHbIMU B ECL2. CiienyeT oTMETUTh, YTO UH-
rnoupylomure All ayroaHTuTena ImoaydaroT OT ITanu-
€HTOB C TSKEJIONM CepAeYHO-COCYIUCTOM MaTOJIOTUEH.
O06paboTKa KOKJIIOIIHBIM TOKCMHOM, WHAKTUBUPYIO-
muM o-cyobenuuuiy Gi-06enka, 6J10KUpYyeT UHTUOU-
pylolllee BIUsIHUE 3TUX ayToaHTUuTea Ha AL, yTo yka-
3bIBACT Ha OMNPEESIONLYIO posib G;-0€JIKOB B 9TUX 3 -
dekrax [520]. ITokazaHo, YTO OOHU TUIILI AyTOAHTUTE
K B,-AR, nosydeHHbIe U3 KPOBU MALIMEHTOB C IUajia-
TallMOHHO KapAroMUOIIaTHe i, CITOCOOHBI aKTUBUPO-
Batb G-0€JIKM, B TO BpeMsl KaK JIpyrue ayroaHTUTeIa
MPEAB3SITO CTUMYJIUPYIOT [3-appecTMHOBbBIC KacKabl,
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BKJIIOYAIOIINE B KayecTBe 3(PPEKTOPHBIX 3BEHBEB KM~
Ha3el ERK1/2 [521].

AytoanTturena x 5-HT,,-cepoTOHMHOBOMY perienTo-
DY, B 3aBUCUMOCTU OT MCTOUYHMKA TOTyYeHUsI, ObLITNA U3-
OupaTebHbl B OTHOIIEHUU Pa3IWYHbIX TUMOB G-06ei-
KOB, (DyHKIIMOHAJIBHO COMPSIKEHHBIX C 3TUM PELEITO-
poM [522, 523]. AyroaHTHTE]a K 3TOMY pEICTITOpPY,
MOJIy4eHHBIC OT MOXXWJIBIX TTAIIMEHTOB C CaXapHbIM I1a-
0eToM U HedponaTueil, a TakXe C OCIOXHEHUSIMMU,
BbI3BAaHHBIMU OXXMPEHUEM U BOCHATUTEbHBIMU MPO-
Lieccamu, BeI3bIBa akTuBanmio G/ -6emkos u PLCH
U TIPUBOAWIIN K YCUJIEHUIO BHYTPUKJIETOUHOTO Kajlb-
LXEeBOro CUrHajxuHra [522], B TO BpeMs KakK ayTo-5-
HT,,R-anTuTeNa, TOJyYeHHBIE OT NALIMEHTOB C M-
3o0(ppeHUeii, CTUMYIUPOBAIU CUTHAJbHbIC MYTH,
onocpenyembie yepes G -6enku [523]. AyroaHTu-
Tella K 3kTonmomMeny CaSR, monydyeHHBIE M3 KpPOBU
nalydeHTa ¢ CUHAPOMOM IPUOOPETEHHOM TUITOKAb-
LIMYPUYECKOM TUTIEPKAIbIIMEMUN, CEJEKTUBHO CTUMY-
JIMPOBAJIV CUTHAIIBHBIE ITYTH, peausyemble Yepe3 Gy -
OeJIKM, HO HE BJIMSIM Ha aKTUBHOCTD G ,-0€JIKOB, KO-
Topble Takxke compsikeHbl ¢ CaSR [524, 525]. bwuio
MOKa3aHo, YTO AJUIOCTEPUYECKUIA caliT ISl U30JIUPO-
BaHHbIX ayroaHTuTen ¢ G -6enok-crennpuaHon
AKTUBHOCTBIO JIOKAJIN30BaH BO BHEKJIETOUHOM JOMEHE
Tuna BeHepuHoi MyxonoBKu (Venus flytrap domain)
BOu3u Ca’"-cBasbiBatoniero caifta. ITOCKOJIbKY MU-
meHbpio nuHaKanbneTa (cinacalcet), PAM mna CaSR,
SBJISIETCS AJIOCTEPUYECKUIA CAMT, JIOKAJIM30BAHHBIN B
TpaHCMeMOpaHHOM TOHHeEJIe pelenTopa, TO OH 3(-
(EeKXTUBHO CHMMaeT WHIuOUpylolllee BO3JEHCTBUE
ayroaHtuten Ha CaSR m MoXeT OBITH MCIOJb30BaH
IUJIsl HOpMaJiu3allui YPOBHSI KajbLlUsl B KPOBMU IIpU
ayTOMMMYHHBIX (popMax TUIepKarbIueMun [525].

IToMuMoO BAMSTHUS Ha CBSI3BIBAIOIIME XapaKTepH-
CTUKU PELENTOPOB U MX (PYHKIIMOHAJIbHYIO aKTUB-
HoCTh, ayTo-GPCR-anTnTEeNa MOTYT BJIMSITH Ha TIEpe-
MeIlleHe PELENTOPOB MEXIY BHYTPUKICTOYHBIMU
KoMmriapTMeHTamu [493, 494]. B ominuue ot opTocTe-
PUYECKUX aTOHUCTOB M HEKOTOPBIX HU3KOMOJIEKYJISP-
HBIX aJJIOCTEpUYEeCKUX MoayiasTopoB, ayTo-GPCR-
aHTUTeNa, UHAYLIUPYS UHTepHAIU3AIMIO peLernTopa,
MPETSAITCTBYIOT €ro JajJibHEMIIel pellMKIu3alum, 4To B
KOHEUHOM UTOTe MPUBOAUT K CHMXKEHHUIO YuCa pe-
LIENTOPOB Ha MOBEPXHOCTU KJIETKMU U OCIabJIsSIeT CUT-
HaJIbHYIO TPAHCAYKIIMIO. DTO MOKAa3aHO JIJIsI ayTOAHTH -
Ten K xeMokuHoBoMy peuentopy CCR5 u mGlusR
[519, 526, 527], mpudeM mpollecc WHTEPHAIM3AIINU
MPOUCXOAUT CYLLIECTBEHHO MEJIEHHEE, UeM MPU aKTU-
BallMM PELIENITOPOB PHAOT€HHBIMY aTOHUCTAMM.

st n3ydeHus1 (pyHKUIMOHAJIILHONM aKTUBHOCTU U
MEXaHU3MOB AEMCTBUS LIMPKYJIUPYIOIIUX B KPOBU
ayro-GPCR-aHTUTEN U 1151 CO30aHUST HOBBIX ayTOaH-
TUTEJI C LIeJIbIo pa3padoTku ceneKTuBHBIX GPCR-30H-
JIOB U U3YYEHUS IMMOTCHUMAIbHONA MaTOr€HETUYECKOM
ponu ayro-GPCR-aHTUTEN B pa3BUTUM 3a00JIeBaHUIA
IIMPOKO IIPUMEHSIOT CUHTETUYECKHE IIEITUIbI, COOT-
BETCTBYIOIIME (DYHKIIMOHAJIBHO BaXKHBIM BHEKJIETOY-
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HbIM CETMEHTaM PeleNTOPOB, a TAKXe BbIpabOTaHHbIE
K HUM MOHOKJIOHAQJIbHBIE aHTUTEJIa. DTOT MOAXOI el
B 1990-¢ roasl ObLI YCHIEIITHO MCIOJIb30BaH IJIsI TIOJIY-
YeHUS W JTaJIbHEHIIEro UCccaeqoBaHns ayTOAHTUTET K
B,-u B,-AR, urpamooiux Beayllylo pojib B Pa3BUTUU
KapIMOMMOIIAaTUM U [OPYIUX CEPIEYHO-COCYIUCTHIX
nartoJioruii. B pe3ynbrare n3ydeHus: OOJIBIIOrO 4rcia
ayTOAHTUTEJ ObUIO YCTAaHOBJIEHO, YTO Y IMAllMEHTOB C
KapauoMuornaTueit u 6oJie3Hblo Yaraca smuTomn, Ha
KOTOPBIIA  BbIpabaThIBAIKCh ayTo-f,-AR-aHTuUTENa,
BKJIIouaeT KopoTkuii ¢pparmenTt 201-205 ECL2, y ma-
LIMEHTOB C MTOCJIEPOIOBOIT KapIuoMuoIrnaTuei — ¢ppar-
meHT 200—210 ECL2, y maiieHTOB ¢ AujiaTallMOHHOMI
KapauoMuonartueii —  B3aMMOIIEpPEeKpPhIBaIOIIECS
dparmenTsr 183—-208, 197—-202, 206—212 u 213218,
cootBeTcTByIone ECL2 1 BHEKJIIETOYHOMY OKOHYA-
Huto TM4 [500, 528, 529]. B nanpHeiilieM C TOMOIIbIO
IMKIAYECKUX MENTUIOB, 1O TMIEPBUYHOMN CTPYKTYpE U
MPOCTPAHCTBEHHOM OpTraHU3allMM COOTBETCTBYIOLIMX
ECL2 penenrtopa, ObUIO MOKa3aHO, YTO KIIOYEBBIM
SIIUTOIIOM IS BBIPAOOTKU “IAaTOre€HHBIX” ayTOAHTU-
Tes K 3,-AR y malmeHTOB ¢ KapAMOMUOTIATHEH, SIBIISI-
eTcsd KOpOTKH cerMeHT 211—214, ToKaimM30BaHHBIN B
C-KOHILIeBOIT yacTu OOpaTHO OPUSHTHUPOBAHHOM OL-
cnupanu, obpasyemoii ECL2. [1Ipu B3aumoneiicTBuu
ayTo-3,-AR-aHTHUTENT C 3TUM CErMEHTOM MPOUCXOIUT
HeUTpaau3alus OTpUliaTeIbHO 3apsSIKeHHOTO OCTaTKa
Asp?'2, yTo NPUBOIUT K CTAOUIU3ALMN AKTUBHON KOH-
dopmanum perlenTopa U OrnocpeayeT CBOicTBa ayTo-
aHTUTE]I, KaK ajuioctepudeckux aronucros [530]. B
9KCIEPUMEHTAX C TPhI3yHaMU BKJIIOYAIOIINUE TU Cer-
MEHTBI [UKJIWYECKUE MENTUIbI, CTPYKTYPHO TOH00-
Hbie ECL2 B,-AR, oka3biBaii KapauopOTEeKTOPHBIA
o dekT, 3amminasg XKUBOTHBIX OT MaTOT€HHOTO BO3-
neiictBus ayto-PB,-AR-anturen [530—532].

Hawmu nng n3yyeHust GyHKIMOHAIBHONM PO Me-
JIJAaHOKOPTUHOBBIX PELIENITOPOB B pa3BUTUMU METa0OI-
YEeCKMX PaCCTPOMCTB M BBIICHEHMS MOTEHIIMATbHBIX
JIETEpPMUHAHT, MUIIIEHEW ayTOaHTUTEJ, ObUIM CHUHTE-
3UpPOBaHbl KOHBIOTAThI MENTUIOB, COOTBETCTBYIOIINX
pa3JIMYHBIM BHEKJIETOUHBIM yuacTkam MC;R u MC,4R.
B pesynprare ObLIO TTOKA3aHO, YTO MHOTOKpAaTHasl, Ha
MPOTSKEHUU ToJla, UMMYHM3alUsl KPbIC C TIOMONIBIO
BCA-konsblorara nentuga 11—25, cOOTBETCTBYIOLIETO
BHeKjieTouHOMY N-koHlleBoMy nomeHy MC,R, u
BCA-konpiorata nentuga 269—280, cOOTBETCTBYIO-
wero ECL3 MC;R, npuBoaunia K 3HaYUMbIM MeTab0-
JIMYECKUM U TOPMOHAJILHBIM U3MEHEHUSIM, XapaKTep-
HBIM JIsI MeTabojmyeckoro cuHapoma [533—535].
Bri60p yKazaHHBIX y4aCTKOB OCHOBBIBAJICSI HA Pe3YJib-
TaTax KCIEPUMEHTAJIbHBIX U KIMHUYECKUX UCCIEI0-
BaHuii ayroantuten K MC;R u MC4R, koTopsbie Obu11
MpOBENICHbI paHee IPYNIION IBEHIIapCKUX YYSHBIX IO
pykoBoacteoM Karl Hofbauer [536—538]. UMMyHM3a-
oy renTtuaomM 11—25 mpuBoaniaa K MOBBIIIIEHWIO Mac-
ChI TeJIa U KMPOBOI TKAHU U YPOBHEM IIIOKO3bI U UH-
Cy/IMHAa B KPOBM, HAPYIIEHUIO TOJIEPAHTHOCTH K TJIIO-
KO3€, WHCYJIMHOBOM pE3MCTEeHTHOCTH, OTYETIMBO
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BEIpaKeHHON gucimmmaeMuu [533], a Takske MHIYIN -
poBajia rumotupeouagHoe coctossHue [535]. B cBoro
ouepenb, UMMYHU3aLUs ITenTuaoM 269—280 BeI3bIBa-
JIa 3HAUUTEJIbHOE MOBBIIIIEHUE MACCHI XKUPOBOM TKAHU
MIPpU OTHOCHUTEIBHO HEOOJIhIIIOM M3MEHEHUM OOIIeit
Macchl Tejia, YTO YKa3hIBAET HAa XXKUPOBOE ITepEPOXKIE-
HU€ MBIIIEYHOI TKaHU. ¥ UMMYHU3UPOBAHHBIX 3TUM
MENTUAOM KPBbIC OTMEYaIu MOBBIIICHNE MHIECKCA aTe-
POT€HHOCTU, TUIEPIIULEPUIEMUIO, WHCYIUMHOBYIO
PE3UCTEHTHOCTD, a TaKXKe CHIDKEHUE TIPOTYKLINU TH-
PEOUIHBIX TOPMOHOB, YTO YKAa3bIBACT HA Pa3BUTHUE Me-
TabOJIMYECKOTr0 CUHAPOMA C ITPU3HAKAMU TMIIOTUPEO-
MIHOTO COCTOSTHUSA [534].

VIII. CUHTETUYECKHUE
AJJIOCTEPUYECKHUE PET'VIIATOPBI GPCR

Pa3paboTka HOBBIX a/IOCTEPUUYECKUX PETYISITOPOB
GPCR gBisgercss omHUM M3 MarucTpaJibHBIX HaIlpaB-
JIeHuit B ¢papmakojioruu. s 3HaYMTEIbHOTO YHCa
GPCR umeeTcst 601bI110€ YMCIIO PA3TUYHBIX IO XUMMU -
YeCKOM IpUpPOoae Y MeXaHU3MaM JeiCTBUS aJUIOCTePHU-
YeCKMX PETryJISITOPOB C pa3IWYHOil (hapMakKoJioTHude-
CKOIt aKTMBHOCTBI0. OTHU U3 HUX A€HCTBYIOT Ha caii-
ToI, BKTIoUatomme ECLs 1 BHEKJIETOUHBIN BECTUOIOIH
TpaHCMEeMOpaHHOIO TOHHEJIS pelleliTopa, Ipyrue Impo-
HUKAIOT BHYTPb 3TOTO TOHHEJISI U CIeLIU(UYIHO CBSI3bI-
BAaIOTCH C AJUIOCTePUUECKUMU caiiTaMu, JIOKaJIU30BaH-
HBIMUA B TpaHCMEMOpPaHHOM JOMEHE, B TO BpeMs Kak
TpPeTbM CHayaja IIPeoAoeBalOT IUIa3MaTUYECKYIO
MeMOpaHy U B JaJIbHENIIeM crien(GuIHO B3aUMOICii-
CTBYIOT C aJUIOCTEPUISCKHIMHU CaiiTaMM, JIOKaJI30BaH-
HeiIMU B ICLs m BO BHYTPUKJIECTOYHOM IIpeIIBEepUN
TpaHcMeMOpaHHOIro ToHHesa. CTPYKTYpHO aJIOCTe-
pUYeCcKHe PeryasITOpbl OOBIYHO IIPEACTABIISIOT COOO
HeOOJIbIIIME OpraHUYeCcKre MOJIEKYJIbI, KaK IpaBuiio,
TreTePOLIMKINYECKOM IIPUPOIbI, KOTOPbIE MOTYT UMETh
ruapodmIbHYI0 Wi TuapodooHyIo TTpupoay. Jdocra-
TOYHO MHTEPECHYIO IPYIITY aJJIOCTEPUIECKUX PETYJIsi-
TOPOB IIPEICTABJISIOT CHUHTETUYECKUE TIENITUIbI, B TOM
YHuCJIe T€ W3 HUX, KOTOpPBIE II0 CBOEW IIEPBUYHON
CTPYKTYpPE CXOIHbI C (DYHKIIMOHAJIbHO BaXKHBIMU
yuactkamu GPCR mim ¢ yyactkaMy BHYTPHMKIICTOU-
HBIX CUTHAJIbHBIX O€JIKOB (B IepBYyIo odyepenb, G-0em-
KOB U [3-appecTHHOB), OTBETCTBEHHbBIX 32 B3aUMO/IEHi -
ctBUe ¢ perenTtopoM. ITocKoNMbKy X MUIIICHSIMU Yallie
SIBJISIOTCS BHYTpUKiIeTodHBIe ydacTkKu GPCR, To mnga
3¢ HEeKTUBHOro MpOHUKHOBEHUS Yepe3 MeMOpaHy U
¢dukcanuy BOIU3M MECTa B3aMOJICIICTBUSI C aJlJIOCTE-
pUYEeCKMMM calTaMyd pelernTopa, TaKue IeITUIbI
JIOJIKHBI OBITh MOTU(PULIPOBAHBI TUAPO(POOHBIMM pa-
IuKanaMu (ocTaTKaMM ITaJibMUATAaTa, MUPUCTATa 1 Ap.)
VI UMETh ITOJIMKATUOHHYIO IIPUPOAY, YTO OOeCeyun -
BaeT UM 3PP eKTUBHBIN TpAaHCHOPT Yepe3 IiazMaTuye-
CKYyI0 MEMOpaHy.

B pamkax 3Toro o63opa MBI aKLIECHTUpPYEeM BHUMa-
HUE Ha CHMHTETUYECKUX aJJIOCTEPUUYECKUX PETyIsiTO-
pax peuenTtopoB TTT u JII'/XI'Y. Ot peuentopsl oT-
Hocarcsa K GPCR nonknacca A10 u omimyaioTcs oT
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Ta6amma 2. O630pbl U aHATTUTUYECKHE CTAThU IO aJUIOCTepUUECKUM perysitopaM pasnmudHbix GPCR

Peutenitop

Cchlika

KpaTKOﬁ OITMCaHUEC

MYCKapI/IHOBI)Ie AUCTUIIXOJIMHOBBIC PCLCIITOPBI

[539]

CucremMaTu3upoBaHbl AaHHble 0 PAM u amioctepuyeckum
aronucram st mACh|R, a takke mo PAM mnt mAChyR un
mAChsR. Bty peryastopsl MOTYT NMPUMEHATbCA ISl JICYEHUS
nernpeccuu, WKU30hpeHUN, NPUBbIKAHUS, HelpoaereHepaTuB-
HBIX 3200JIeBaHUI1, IBUTATEJIbHBIX PACCTPOICTB, HEliponaTuye-
cKoii 6osm U psina npyrux nuchynkuuii [IHC

MYCKapI/IHOBI)Ie ALUCTUIIXOJIMHOBBIC PELICTITOPBI

[425]

[IpoaHaIM3MpPOBaHbI JAHHBIE TI0 CTPYKTYPE U MEXaHU3MaM JIeii-
CTBUSI QJUIOCTEPUUYECKUX PETYJSITOPOB Pa3JIMYHBIX TUIIOB
mAChR, Bxitouast PAM, a Takxe 1o OUTOMHBIM JIMTaHIaM, B3a-
MMOJIEMCTBYIOIIMM KaK C aJUIOCTEPUYECKUMMU, TaK U C OPTOCTE-
PUYECKMMM CaiTaMu pPeLeNnTopoB. OTU PEryJsiTOpbl MOTYT
TPUMEHSITLCS IJI JIeYeHUs] HEBPOJOTUYECKUX PACCTPOMCTB,
0oJie3HM AnblreiiMepa, caxapHoro guadera 2-ro TUIa

MYCKapI/IHOBI)IG AICTUIIXOJTMHOBBIC PCLICTITOPBI

[540]

ITpoananM3upoBaHbl PE3YILTAThI UCCIENOBAHUI alloCTEpUYE-
ckux peryrsaropos mACh; R, mAChyR 1 mAChsR, obcyxneHst
NEPCIEKTUBbl UX NMPUMEHEHUs MAJIs1 JIeYeHMs! NPUBBIKAHUS K
aJIKOTOJII0 U TICUXOTPOIIHBIM IIpernaparaM

MYCKapI/IHOBbIC ALICTUIIXOJITMHOBBIC PCLICIITOPBI

[422]

IMpencraBieHbl JaHHBIE 00 aAUIOCTEPUUECKON PETYISILIMU
aktuBHOCTH MAChR ¢ momoInpio xojiecteprHa, HEMPOCTEPOU-
OB, CTEPOUIHBIX TOPMOHOB, BKJIIOYAsT UX CUHTETUYECKHE aHa-
JIOTH, a TakKke O MeXaHW3Max WX NEUCTBUS W JIOKAJIM3AIUUN
aJUTIOCTepUUECKUX CaliTOB

MeTaboTpOITHbIe TTyTaMaTHBIE PeeNTTOPbI

[541]

IIpencraBnensr nanHbie Mo PAM, NAM u SAM mist pa3niaHbIX
kiraccoB mGluR, o6cyknaroTcss MexaHM3MBbI UX ISHCTBUS, B3an-
MOOTHOIIIEHUSI CTPYKTYpa-aKTUBHOCTh, a TaKXKe TepareBTUYe-
CKMI TIOTEHIIMAJT TIpU JIEYEHUW TPEBOXHOCTH, HIETPECCHM,
mu3odpeHnn, 6omesnu IlapkuHcoHa m cuHapoMa MaprtuHa-
bemn (Fragile X syndrome)

MeTaboTpOITHbIEC TTyTaMaTHBIE PeIETTTOPbI

[539]

CucrematusupoBaHbl ganHble 10 PAM 1 NAM mis mGluR1,
mGIluR2, mGIuR5, mo PAM nng mGIluR4, mo NAM nmna
mGIluR3 1 mGluR7, mo amrocTtepyyecKMM aroHUCTaM ISt
mGIuR7 1 mGluR8. DTu peryasitopbl MOT'YyT IPUMEHSITHCS IS
JIeUYeHUsI AeTTPECCUBHBIX COCTOSTHUM, TPUBBIKAHUS, HEMpOTaTh-
JecKoil 60, MUTPEHU, IM30(PEHUH U psiia IPYTUX HEBPOJIO-
TMYECKUX PACCTPOUCTB

MeTtaboTponHbIe IIyTaMaTHBIE PELIEITTOPHI

[542]

O0600meHs W IIpoaHaJM3MpPOBaHBI nOaHHbIE O NAM s
mGIluR5, ob6cyxnmaeTcss momxombl I UX AW3aiiHa, TepalleBTU-
YECKUM MOTEHIIMA 3TUX COSNMHEHWM MpU JICUeHUM TIIyTamaT-
aCCOLIMUPOBAHHBIX HEUpOJereHepaTUBHBIX W HEBPOJIOTHYE-
CKUX 3a00J1eBaHU 1

MeTtaboTponHbIe IIyTaMaTHBIE PELIEITTOPEI

[543]

IlpoaHanu3upoBaHbl NaHHbIE O JU3aliHE W COOTHOLIEHUM
CTPYKTYpPa-aKTUBHOCTb AJUIOCTEPUUECKUX PETYISITOPOB IS pa3-
muHbBIX TUIIOB MGIuR, a Takke nHpopMalus o JoKaIM3aluu U
NPOCTPAHCTBEHHOM CTPYKTYpPE CAaiTOB MX CBI3bIBAHUS
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MeTaGOTpOHHbIC TJIyTaMaTHBIC PCLUCIITOPHI

[544]

OnucaHbl CBETO-PETYJIMPYEMBIC AJIJIOCTCPUYCCKUEC JIMTaHAbI OJIS1
Pa3JIMYHBIX TUITOB MeTa6OTpO]’[HLIX rjIyraMaTHbIX pE€UCIITOpOB,
a TaK>K€ IoKazaHa MX pOJib B YCTAHOBJICHUN MCXaHU3MOB nem-
CTBUA aJIJIOCTCPUUYECCKUX PETYJIATOPOB mGIluR u B OonpeaciICHNn
JIOKaJIM3allH aJIJTIOCTEPUIYCCKHX calToB

CepOTOHUHOBBIE PELIETITOPHI

[462]

OrnurcaHbl CTPYKTypa M (papMaKOJOTM4eCKHUe CBOMCTBA HU3KO-
MOJIEKYJAPHBIX cuHTeTUYeCKUX PAM n NAM mna 5-HT 4R,
5-HT,,R, 5-HT,3R u 5-HT,cR, B cpaBHeHUM C TaKOBBIMU
SHIOTEHHBIX AUIOCTEPUYECKUX MOLYIATOPOB. PaccMoTpeHbl
MEePCHEeKTUBbl UX MPUMEHEHUsI ISl JIEYEHUs] IMU30(PpEeHUN U
IPYTUX HEBPOJIOTUYECKUX PACCTPOICTB

JlodaMrHOBBIE pELIENTOPHI

[462]

OnucaHbl CTPYKTYpa U papMakoJIOrM4ecK1e CBOMCTBAa HU3KOMO-
UIeKyIApHbIX cuHTeTnYeckKuX PAM u NAM nmna Dy-, D,-, D3- n
D,-1ohbaM1MHOBBIX pELIENTOPOB, B CPABHEHUX C TOMOLIMCTEMHOM 1
IPYTMMU SHIOTEHHBIMU AJUIOCTEPUYECKMMU UX MOLYJIATOPAMU

JlodamMrHOBBIE pelIENTOPHI

[545]

O00061IeHbI TaHHBIE 0 MEXaHU3Max AEUCTBUS U COOTHOIIEHUU
CTPYKTYpPa-aKTUBHOCTb I aJJIOCTEPUYECKUX MOIYJISTOPOB
D,-nocdaMUHOBBIX PeLENTOPOB, a TakXke NMpUBeneHa HHdpopma-
musa o0 uX TepaleBTUISCKOM IIOTEeHIIMaJle TpU JICUCHUU
6ose3nu [MapkuHcoHa, MM30MPEeHUN M HEKOTOPBIX IPYTUX HEB-
POJIOTMYECKUX PACCTPONCTB

OrmmonaHEIe PEUCIITOPLI

[546]

IMpencraBieHbl HOBbIE CTPATETUM IJISI CO3MAHMS ajlIoCTepuyIe-
CKMX MOMYJISITOPOB OMUOUIHBIX PELENTOPOB, B OCHOBHOM |-
THIIa, KOTOPBIE TTO3BOJISTIOT YCHJINTH TTIPOTUBOOOJIEBBIE (DD EKThHI
ONMATOB IIPU OCIA0JIEHNM X ITOOOUYHBIX 3 (DEKTOB

KannabuHoMoHEBIEC peleIITOPhI

[547]

[IpoaHaM3UpOBaHbl CBOMCTBA M MEXAHM3MBbI JEHCTBUS aJUIO-
crepuyeckux peryastopoB CB R, Takux Kak XOpOIIIO 3apeKo-
MmeHpoBaBiime cebss ORG27569, PSNCBAM-1 u wux
MPOU3BONHbIE, a TaKXe HEKOTOPHIX HOBBIX COEIMHEHMIA,
00CYXIEHBI MEPCIIEKTUBBI MX MPUMEHEHUS ISl KYITMPOBaHUS
60JIH, TOJI01a, CHUKEHMS 3aBUCUMOCTH K HAPKOTUKAM, a TAaKXKeE
[IpU JIEYEHUH HENPOIereHEpaTUBHBIX 3a00JIeBAHMIA

KanHabuHouaHbIe pelenTopbl

[548]

OO000ILIEHBI JaHHBIE IO CTPYKTYPE, aKTUBHOCTHU U JIOKATU3ALINU
caiiToB CBSI3bIBaHUs JJIsI aJlocTepriyeckux perynstopos CB;R
u CB,R, moka3aHO OTCyTCTBUE UX CYIIIECTBEHHOTO BIMSHUS Ha
TEeCEHCUTHU3AINIO Y TOJIEPAHTHOCTh PEIETITOPOB, XapaKTepHBIE
IUIST JIMTaHIIOB OPTOCTEPHYECKOTO CaiiTa, a TakKKe MPOICMOH-
CTPUPOBAHbBI MPEIB3ITOCTh BHYTPUKJIETOUHOIO CHTHAJIMHIA U
BBICOKAsI CEJIEKTUBHOCTb aJIJIOCTEPUYECKUX PEryIsITOPOB KaH-
HaOMHOUIHBIX PELETTOPOB

KannabuHouaHbIe pelenTopbl

[549]

[TpoaHanM3MpoOBaHbl MEXaHU3MbI BIMSIHUSI AJJIOCTEPUUYECKUX
MOJIYJISITOPOB Ha MNPEIB3SITOCTh BHYTPUKJIECTOYHOIO CHUTHA-
JIMHTra, ocylecTsiasieMoro yepe3 CB R, oLieHeHbI mepcreKTUBbI
HMCTIOJIb30BaHMS TAKMX MOIYJISITOPOB B TAPTETHOM JICUCHUH HEB-
POJIOTMYECKNX U IICUXUATPUICCKUX PACCTPOIMCTB
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KannabuHouaHbIe pelenTopbl [550] |[ITpencraBieHbl HOBbIE JAHHBIC IO CTPYKTYPE aJJIOCTEPUYECKUX

perynsitopoB CB R u CB,R, a Takxe no CTpykType U JIoOKalIu3a-
LU UX aJUIOCTEPUUECKUX CalTOB

AnpeHepruyeckre pelenTopbl, OMMOUIHBIE
peLeTnTOphI

[551]

IMpoaHamM3npoBaHO MEPEKPECTHOE BIVSTHUE PA3IMIHBIX aJlI0-
CTEPUUYECKUX PETYISITOPOB aAPEHEPTMUYECKUX WM OIMMOUTHBIX
pPeLeNTOPOB, TO3BOJISTIONIEE ONITUMU3UPOBATh TEPATIEBTUUECKHIE
3¢ GEeKTHI arOHUCTOB 3TUX PELEHTOPOB, 0000IIEHB MEXaHU3MEBI
TaKOTO BIUSIHUS, B OCHOBE KOTOPBIX JIEXKUT 0OpasoBaHne QyHK-
IIMOHAJIbHO aKTMBHBIX TETEPONMMEPHBIX KOMILIEKCOB. [Tpume-
HEeHHMe cMecell peryasaTOpOB aJApeHEePTrUYeCKUX M OIMMOMITHBIX
pPELeNTOPOB MO3BOJIUT CYIIECTBEHHO PACIIMPUTD TepareBTHYe-
CKMI TTOTEHIIMAJI WX JEeMCTBMS, YTO BaXKHO IS TIpEAOTBpallle-
HUSI TOJIEPAHTHOCTU K arOHUCTaM 3TUX PEIENTOPOB U JICUSHUST
3a00JIeBaHUIT HEPBHOM M CEPACYHO-COCYINCTOM CUCTEM

5-HTR, mAChR, onuounHbie pelenTopsl

[552]

IMpoaHaim3upoBaHa CTPYKTypa W MeXaHU3MBbI IEMCTBUS ajlI0-
CTEPUYECKUX PeryasaTopoB paznmumyHbix TUnoB 5-HTR, mAChR
U OMMUOWIHBIX PELIENITOPOB HAa MOTOPUKY KEITyTOYHO-KHUIIIEU-
HOTO TpaKTa

mAChR, mGIuR, CB|R, GLPIR

[553]

PaccMoTpeHBI ajutocTepuyecKre MOAYISITOPBI, KOTOPbIe KOBa-
JICHTHO, 32 CUeT PEeaKIIMOHHOCIIOCOOHBIX TPYIIH, ITPHCOCTUHSI-
IOTCSI K autoctepmiyeckuMm caiitam pasnmnaabix GPCR, ugto
MO3BOJIAET OINPEACTIUTD JJOKAIU3ALIMIO U CTPYKTYPHYIO OpTaHU-
3alMI0 3TUX CATOB U UCCIENOBaTh MEXaHU3MBI JeCTBUS aJljI0-
CTEPUUYECKUX MOTYJISITOPOB

mGIluR, GABAgR

[554]

IMonpo6HO 06CYyXTaloTCsl HOBBIE AIOCTEPUIECCKUE MOMIYJIISI-
topbl MGIuR 1 GABARR, KkoTOpBIE CTAOUIU3UPYIOT 0Opa3oBa-
HUE M- U OJIMTOMEPHBIX KOMIUIEKCOB, YTO HEOOXOAMMO ISt
MOJTHOLEHHO# akTuBaimu G-6ejKoB U -appecTMHOB U 0Gec-
Me4YeHUs TPEaB3SITOCTM BHYTPUKJIETOUHOIO CUTHAJIIMHTA. DTO
obecrieunBaeTcs TPU B3aUMOJIECHCTBUM TAKUX MOIYJISITOPOB C
aJIJIOCTEPUYECKUMU caliTaMM, JIOKaJIW30BaHHBIMU B 00JIaCTH
KOHTaKTOB MEX]y TpOTOMepaMu

AIICHO3UHOBBIE PEUCIITOPLI

[555]

[IpencraBneHbl HOBbIE JaHHBIE O CTPYKTYpe U 3 (HEKTUBHOCTHU
aJUIOCTEPUUECKUX MOAYJIATOPOB Ajx R, obcyxnaercs ux posb B
KOPPEKIIMU BOCIAJIUTEIbHBIX IMPOLIECCOB, HEBPOJOTUUYECKUX
paccTpoiiCTB, KOTHUTUBHOTO nAedUlIMTa, pexXuma COH-O00ap-
CTBOBaHUE, TTPOAHAIM3UPOBAHBI TIPEUMYIIIECTBA 3TUX MOMYJISI-
TOPOB HaJl arOHUCTAMM M aHTAarOHMCTaAaMM OPTOCTEPUYECKOTO
caitita AjuR

AIIGCHO3UHOBBIE PEUCIITOPHBI

[556]

O00061IeHbI U TIPOAHAIM3UPOBAHBI JaHHBIE 00 adUHHOCTH,
3(pPeKTUBHOCTH M KOOIEPAaTUBHOCTU aJJIOCTEPUYECKUX MOJIY-
nsaTopoB A R, obcyxnaioTcs ux tepaneBTuueckuit addexT mis
JIeYeHUsI MUOKapAWaIbHBIX HApYIIEHUN MpU WIIEeMUU-perep-
¢by3un, smwiencuu, HeliporaTniaeckoi 601, a TakKe MpUMe-
HEHHMEe TaKUX MOIYJISITOPOB UISl YAYYIIEHWST KOTHUTHUBHBIX
GYHKILIIIT
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Peuenrop HeiiponenTtuna S, MC,R

[557]

[TpoaHanu3upoBaHbl (papMaKoJOrMYEeCKUEe XapaKTEePUCTUKU
AIOCTEpUUYECKMX aHTAarOHUCTOB, aJIJIOCTEPUUYECKUX MHBEPCU-
OHHBIX aroHucToB 1 NAM 1151 MC4R 1 peuenrtopa Heiiporen-
THga S, Kak IIpernapaToB UISI KOHTPOJS amIeThTa, a TaKKe
HEBPOJIOTUYECKUX PACCTPOIMCTB, OOYCIOBJICHHBIX ITOTpebie-
HUEM IICUXO0aKTUBHBIX COSTUHECHMIM

AHTHOTEH3MHOBBIE PEUCIITOPLI

[558]

OcHOBBIBasICh Ha CTPYKTYpHbIX xapakrepuctukax AT R u AT,R,
MPOAEMOHCTPUPOBAHbI JIOKAIU3alUs 1 (DyHKIIMOHAJIBHOE 3HAYe-
HUE B HUX aJUIOCTEPUYECKUX CAMTOB, INPUBEICHBI CBEIEHUSI 00
aJUTOCTEPUYECKUX PETYISITOPaX 3TUX PELIEIITOPOB M MEXaHMU3MaX UX
NECTBUSI, a TAKKE OLIEHEH UX TepareBTUYECKUI MOTeHIIUA

GLPIR

[559]

[IpoaHanu3upoBaHbl NIU3aiiH, CTPYKTypa U 3(MEOEKTUBHOCTD
HEMEeNTUIAHBbIX a/UIOCTEPUYECKUX aroHuctoB u PAM mis
GLPIR, obycinoBneHHast UMHU MPEIB3SITOCTh BHYTPUKIIETOYHOTO
CUTHAJIMHTa, MEXaHU3Mbl B3aUMOJIECTBUS AJUIOCTEPUUECKUX U
oprocTepuyeckux peryiastopoB GLP1R, a TakxKe nmepcneKTUBEI
npUMeHeHus ajutoctepudyeckux peryiasstopoB GLP1R ms neue-
HUSI caxapHOro auabera 2-ro TWMa W APYTMX METabOoJIMYeCKUX
paccTpoOMCTB

PCI_ICHTO])LI CBOOOIHBIX KNPHBIX KUCJIOT

[117]

[IpencraBaeHbl pe3yabTaThl 10 3(PHeKTUBHOCTU U (papMaKoIO-
TUYECKOMY MPOMUITIO AJITIOCTEPUUYECKUX PErYISITOPOB PELIETITO-
poB FFAR-cemeiictBa, Takux kak FFAR1 (GPR40), FFAR2
(GPR43), FFAR3 (GPR41), FFAR4 (GPR120), GPR&4,
00CYXIIaloTCSl TIePCIIEKTUBBI WX TIPUMEHEHUST IJIsT JIeYeHUs
MeTaboINUeCKUX, MH(PEKIIMOHHBIX, SHIOKPUHHBIX U CEPACYHO-
COCYAUCTBIX 3a00JIeBaHU

PeuenTop cBoGoAHBIX XXKUPHBIX KUcT0T GPR40

[560]

[IpencrapiieHbl TaHHBIE O crielU(UUECKON aKTUBHOCTU U MeXa-
HU3MaxX JeUCTBUS ajutoctepudeckux perynstopoB (PAM, ago-
PAM) penenitopa IIMHHOLEIIOYEYHBIX XUPHBIX Kucior GPR40,
KOTOPbIE MOT'YT OBLITh 3 (HEKTUBHEI ITPU JICYEHNN META0OJIMIECKITX
paccTpOICTB, BKIIIOYAsI caXapHBIi AuabeT 2-ro TUMa

5-HT,cR

[561]

O6cyxnatorcss PAM mns 5-HT,cR u ux TepaneBruyeckuii
MOTeHIUA JJIsI HOPMaIM3AlMK TTUIIEBOTO MOBEACHUS U Jieue-
HUS OXXUPEHUS U IPYTUX META0O0IUYECKUX PACCTPOMCTB, Aejia-
€TCsl aKIIEHT Ha 6€30MacHOCTU TIPUMEHEHUST 3TUX MOAYJISITOPOB
B CpaBHEeHUU ¢ opTocTtepudeckumu 5-HT,-R-aronncramu

Peuenrop N-dopmunnenrtuoa

[562]

OnucaHa poJib MENTUAOB, MTPOU3BOIHBIX CHIBOPOTOYHOI'O aMM-
songHoro 6enka SAA (single serum amyloid A (SAA) protein),
KakK aJlJIOCTEpUYECKUX MOIYJSITOpoB pelentopa N-dbopmui-
nentuaa FPR2, B ToM ynciie B KOHTpoJie MUTpallui HeUTpodu-
JIOB U MOHOLIUTOB

OKCUTOLMHOBBII pelenTop,
€ro reTepOKOMILIEKCHI

[563]

OO0cyXnaloTcsl aJNIOCTePUIYECKUE MOMYISITOPbI, KOTOPBIC BJIM-
SIIOT Ha aKTUBHOCTh OKCUTOLIMHOBOTO pelienTopa MoCpeaCcTBOM
PETryJISIUM €r0 TOMOIMMEpPU3allMM U TeTepOoJUMEpU3aliuu C
npyrumu GPCR (D,-nodamunoseiM peuentopoM, 5-HT,4R,
5-HT,cR). AHanusupytoTcs o61yie IPUHLUIBI BIUSHUS aJUIO-
CTEPUYECKUX PETYISITOPOB Ha KoMItieKcoobpa3oBanne GPCR
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OOJIBIIMHCTBA IPYTUX MpeacTaBuTeNieil Kiacca A Ha-
JIMYMEM 3HAYMTEJILHOIO 10 00bEMY 3KTOJIOMEHA, B KO-
TOPOM JIOKAJIM30BaH BBICOKOAMMUHHBINA OpPTOCTEPU-
YEeCKMI CalT IJISI CBSI3BIBAHUS DIIMKOIIPOTEMHOBBIX
ropmMoHoB. O06a peuenTopa MMEIT HCKIIOUUTETBHO
BaxKHOE 3HaYeHUE JIST (PYHKIIMOHUPOBAHUS TUPEOU/I -
HOM 1 peNpOayKTUBHOM CUCTEM U BOBJICYCHEI B I1aTO-
reHes OOJIBIIIOTO YKciia 3a0oaeBaHuii. BeiOop aTux pe-
LEeNTOPOB OOYCIOBJICH TEM, YTO HaMU, B 1a0OpaTopumn
MOJIEKYJISIPHOM SHIOKPUHOJIOIMM 1 Helipoxumuu MH-
CTUTYTa DBOJIOLIMOHHON (PU3MOJOTUU U OMOXMMUU
uM. M. M. CedeHoBa, Ha MPOTSLKCHUM OoJice NECITU
JIET IIPOBOMUTCS pa3paboTKa KaK HU3KOMOJEKYJISIP-
HBIX (Ha OCHOBE CTPYKTYpPbl TAEHONMUPUMUINHA), TaK
U MEeNTUAHBIX (Ha ocHoBe cTpyKTypbl ICL3) amiocte-
pudeckux peryusatopoB penentopon TTI u JII'/XTY.
ITo npyrum knaccam GPCR umeetcst 60JbllI0oe YnCIO
HMCUYEPIIbIBAIOIINX 0030pOB U aHAIUTUYECKUX CTaTei,
HauOoJiee 3HAYMMBIE M3 KOTOPBHIX IIPEACTABIICHHI B
Tabmd. 2.

Crnenayer OTMETUTB, YTO, HECMOTPSI HA HECKOJIbKO
TBICSIY CUHTE3UPOBAHHBIX B HACTOSIIEe BpeMsl ajljio-
CTEpUYECKUX PETYISITOPOB st O0oiee yeM 80 TUIIOB
GPCR, HameneHHbIX crenudUIecKoil Ouoorude-
CKOI aKTUBHOCTBIO, YMCJIO TEX U3 HUX, KOTOPbIe 0100~
PEHBI TSI KIIMHUYECKOTO IPUMEHEHUS WJIN HAXOISITCS
Ha 3aKJTIOYMTEIbHBIX CTAIUSIX KIMHUYECKUX VCIThITA-
HW, CPAaBHUTEIBHO HeBeauKo [185]. D10 BO MHOTOM
00YC/IOBJIEHO TEM, UTO TPEOYIOTCS O0Jice IJIMTEIbHbIE,
YeM B CIy4ae OPTOCTEPUIECKHX TUTAHIOB, KCCIEA0BAa -
HHUS (papMakoJIOrmIecKoro Ipoduis autocTepude-
CKHUX PEryjsiTopoB, C y4€TOM OOJIBIIOro Auara3oHa ux
PETYASITOPHBIX 3((EKTOB, B TOM YKUCJIE B OTHOLLIEHUH
GPCR, ctuMynImpoOBaHHBIX OPTOCTEPUISCKUMU aro-
Huctamu. K ToMy ke Hadaao 3pbl pa3pabOTKU U BHEI -
PEHUSI AJTIOCTEPUYECKUX PETYISITOPOB IO BPEMEHU CY-
LIECTBEHHO OTCTAET OT HAa4yaJjla 3pbl JUTAaHIOB OPTOCTE-
puueckux caiitoB GPCR, B cpenrHem Ha 30—40 ner,
YTO U ONpeaessieT CyIeCTBEHHOE OTCTABAHKE PhIHKA
amnoctepuueckux peryisitopos GPCR.

B Hacrosmee BpeMsi, COIIacHO JaHHBIM 0a3bl aj-
nocrepuueckux peryisatopoB (Allosteric Database,
http://mdl.shsmu.edu.cn/ASD), ToJAbKO 4YeTbIpe Tpe-
napaTta ogoOpEHBI IS KIIMHUYECKOIO MPUMEHEHUS B
coorBerctBuu ¢ npuHnuinamu FDA (U.S. Food and
Drug Administration) [564]: mpemnapar Cinacalcet,
PAM 1151 KanbUUii-4yBCTBUTENBHOIO peLenTopa
CaSR, xoTopwlit TIpuMeHSeTcsS IS HOpMaJu3allun
YPOBHSI KaJIbIIMSI B KPOBU MAIUEHTOB € TUMNepHapaTu-
peounnsMoM [565, 566]; npemapar Ticagrelor, NAM
s P2Y ,-nmypuHepruyeckoro peuenTopa, Mcrojiab3y-
€MBbIi1 1J1s1 JISYEHUST UHCYJIbTa MU OCTPOIo KOPOHAPHOTO
cuHapoma [567, 568]; npenapat Ivermectin, PAM mis
GABAgR, koTopblii 06agaeT aHTUOAKTepUaIbHBIMU
U IPOTUBOBUPYCHBIMU CBOMCTBAMM, B TOM 4HUCie Oy-
oy 3(@GEKTUBHBIM TIpH JICYEHUU Majsipuu [569,
570]; npenapat Avacopan, NAM 1jisi XeMOKMHOBOTO
penentopa C5aR1, mpegHa3sHaYeHHBIN IJIST JICUEHUS
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BaCKYJIMTOB, aCCOLIMMPOBAHHBIX C IUTOILIa3MaTHde-
CKUMU aHTUTeJIaMUu K HelTpodunam [571-573]. Le-
nast cepust NAM nmist mGluRS, a Takke mpenapar Ver-
cirnon, NAM mig xemokmHoBoro penentopa CCRY,
HaXoISITCSI Ha TPEThbell CTanauy KIMHUYECKUX UCTIBITA-
Huit [185].

IX. PEHEIITOP TUPEOTPOITHOI'O TOPMOHA
N ET'O AJZTIOCTEPUYECKHUE PETVJIATOPDBI

9. 1. CmpykmypHO-()yHKUUOHANbHAS OPeAHU3AUUS
peuenmopa TTI, mexanuszmot eco akmueayuu
U CUCHANbHBLE KACKAObL

TTT, sHnoreHHbIl aroHUCT peuentopa TTI, oTHO-
CUTCI K CEMEMCTBY IJIMKOIIPOTEMHOBEIX THUITOMM3ap-
HBIX TOPMOHOB, K KOTOPOMY TakxkKe IMpUHAJJIeKaT To-
HagoTponuHbel. TTI ¥ roHagmOTPOIMHBI COCTOSIT U3
OIMHAKOBOI O MEPBUYHOM CTPYKTYpE O.-CyOBEOUHM -
IbI, KOOUPYEMO OTHMM T€HOM, M CTPYKTYpPHO pa3-
JIMYHBIX B-CYyObEIMHULL, KOTOPBIE, TEM CaAMbIM, OITpe-
eS0T TUII TOpMOHA. B MOHOMEpPHOM COCTOSIHUU
B-cyobenuuuiia (118 AKO) snuiieHa aKTUBHOCTH U
criocobHa B3aumoaeilicTBoBaTh ¢ peuentopoM TTT,
TOJILKO HaXOIsCh B KOMIUIEKCE C O-CyObEIMHUIICH,
Bkitoyampolieir 92 AKO, B Tom yucie 10 ocTaTKoB 1IM-
CTerHa, o0pa3ylluX AUCYJIbpuIHbIe CBSI3U. B xome
MOCTTPAHC/SIIIMOHHOTO MPOIIeCCUHTa B-cyObennHMIIa
MMOABEPracTCsI OTpaHUYEHHOMY IIPOTEOINU3Y, YKOpaUK -
Basich mo 112 AKO, nocie yero B mpolecce N-TJIUKO-
3WIMPOBaHUSI MOTUMDUIIMPYETCS OTPULIATEILHO 3apsi-
KEHHBbIMUA N-IJIMKaHAMU T10 OCTaTKy Asn? B MOJIEKY-
Je B-cyObenuHUIbI U 10 ocTaTkaM Asn®? u Asn’® B
MOJIEKYye O-CyObeqIuHUIEI [574].

PeuenTop TTI, Hapsaoy ¢ peuenrtopaMyd TroHamo-
TPOITMHOB, peJaKCMHA U UHCYJIMHONOA00OHOTO IIeIITH-
na-3, gopmupyet noakiacc Al0 kiracca A GPCR uin,
IO IPYTOi KJIacCU(UKALINU, OTHOCUTCS K TPYyIIIe O
GPCR. OtnnunTeIbHBIMA OCOOCHHOCTSIMM PEIIETITO-
pa TTT gaBasitoTcst 3HAYMTENIbHBIH 110 pa3Mepy KTOI0-
MeH (okoiio 400 AKO), B KOTOpOM JIOKaJIM30BaH OPTO-
CTEpUUECKUI CaliT. DKTOOZOMEH MOXET OBITh pa3aeiieH
Ha cy0JoMeH, c(OpMUPOBAHHKIN 11 TTOBTOPSIIOIIMMU -
csl ydacTKaMM, OOOralieHHBIMUA OCTaTKaMHu JieinrHa
(leucine-rich repeats, LRR), 1 mapHupHym0 00JacTh
(hinge region), oboraleHHYO [IUCTEUHOM, BBITTOJTHSI -
oy GyHKIUU crieiicepa, coenuHsiomero LRR-
cybmoMeH ¢ TpaHcMeMOpaHHBIM gomeHoM [575]. Ilo
aMUHOKUCJIOTHOM TTOCJIeIOBATeIbHOCTU U HEKOTOPBIM
CTPYKTYPHBEIM OCOOSHHOCTSIM TPpaHCMeMOpaHHEBIN 10-
MmeH perenitopa TTI Giu3ok takoBomy 3,-AR, xoTs
MpU CpPaBHEHUM TIPOCTPAHCTBEHHON CTPYKTYpPHI
TpaHCMEeMOpaHHBIX JOMEHOB 3THUX PELIEIITOPOB BBISIB-
JISTIOTCSI CYIIECTBEHHbIE paznuuusi. Hanbosee 3Haum-
MO€ U3 HUX OOYCJIOBJIEHO TeM, uTo B TM5 penientopa
TTT B no3uuuu 5.50 tokanusoBaH octaTok Ala*?, B TO
Bpemsi Kak B B,-AR u B nipyrux GPCR kiacca A B ool
MO3ULIMKM PACIIOJIOXKEH OCTaTOK IIPOJIMHA, KOTOPbIA
n3rn6aetr TM5 n cKpyyMBaeT ee IO HaMpaBJICHHUIO K
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ECL2. 3ameHa crimpajiepa3pymiaroliero octaTka Impo-
JIMHa Ha ajaHuH B perientope TTI nmpuBoauT K ctabu-
muzatuu TMS B O-criupaibHOU KoHboOpMauu u
MHpenoTBpAallaeT U3JIOM 3TOro ydacTtka [576, 577]. Euie
OIHOI CTPYKTYpHOI1 ocobeHHOCThIO penenrtopa TTI
SIBJISIETCS JIOKAJIM3allMsl OCTaTKa METMOHMHA B MOJIO-
xeHuu 637 B TM6 (6.48), toe B 6onbimnHcTBe GPCR
pacroJjaraeTcsl ocTaToK TpunrodaHa. 3aMeHa METHO-
HMHA Ha TpUITO(paH CHOCOOCTBYEeT CTaOMIM3aLUU
KOHCTUTYUTUBHO aKTUBHPOBAHHOTO COCTOSIHUSI pe-
penropa TTT [578]. AHanMM3 aMUHOKWCIOTHBIX 3aMeH
MOKa3bIBaeT, YTO HanboJee BaXKHBIMU 11 (DYHKIIUO-
HaJIbLHOM aKTUBHOCTU SIBJISIIOTCS B3aMMOICICTBUS
Mmexny TM5 u TM6 u mexny TM3 u TMS5, HOCKONIBKY
MX HapylleHUEe BBI3BIBACT KPUTUYCCKUE M3MEHCHMUS
0a3ajnpbHOIl aKTUBHOCTU pELENTOpa U CIOCOOCTBYIOT
€ro mnepexoay B TMIEPaKTUBUPOBAHHOE COCTOSIHUE,
YTO aCCOLMUPOBAHO KAK C TUIIEPCTUMYJISLIECIA CUHTEe-
3a TUPEOMIHBIX TOPMOHOB, TaK U C MTOBBIIIIEHUEM OH-
KOIeHHOTrO IOoTeHII1Maa, BBI3BAHHOTO HEKOHTPOIUPY-
emoit ctumysinneil TTT-3aBUCUMBIX BHYTPUKIIETOY -
HBIX KacKanoB [579].

OHIOTeHHBIMHU peryasgtopamu petteritopa TTT, Ha-
Py ¢ caMUM TOPMOHOM, SIBJISIIOTCSI CIIeIM(PUIHBIE K
peuentopy TTI ayroaHTuTeNna 1 TUPOCTUMYJIVH, B3a-
nmopeiictByromne ¢ LRR-cybmoMenoM 1 mapHUpHOM
obnactbio 3kTogmoMeHa [580, 581]. Omnpenessiouryo
poinsb B cBsa3biBanuu TTT 1 npyrux sHOOTeHHBIX pery-
JIITOPOB UTPaeT Cyab(aTupOBaHHbINA ocTaTok Tyr’® B
C-KOHIIEBOM CeTMEeHTe IIapHUpHOi1 obmactu [582,
583]. PesynbpratoMm cBsi3eiBanust TTI ¢ penentopom
SIBJISIIOTCS M3MEHEHUsT B3aumonaeicTBust Mexay C-
KoHIeBoi crimpanbio LRR-cy6goMeHa u cOmmkeHHBI -
mHU ¢ Heil N- 1 C-KOHIIEBBIMM yJYacTKaMU IIAapHUPHOMN
obyactu [584]. HekoTopble aMMHOKUCIOTHBIE OCTaT-
ku LRR-cy6nomena, Hanpumep, Ser?®!| nokanmsosaH-
HBI B KOPOTKOH O-cipaii Ha cThike Mexny LRR-
CcyOIIOMEHOM U IIApHUPHOM 00JIACTHIO, MOTYT HEIlO-
cpencTBeHHO B3aumogaeiictBoBaTh ¢ ECLs, niepenaBas
curHan Ha G-06enku win [-appecTUHbI 6e3 yJacTus
HIapHUpHOK obnactu [585, 586]. M3aMeHeHUE KOH-
dopmanm 3KToJOMEHA MPU CBI3bIBAHUU pelieniTopa
TTT ¢ ropMOoHOM BJIe4eT 3a cOO0I BOJIHY KOH(OpMa-
LUOHHBIX MEPECTPOEK B TpAaHCMEMOPAaHHOM TOMEHE,
YTO BbIPAXKAETCSl B UBMEHEHUU B3AaUMOJICHUCTBUI U yI-
JoB HakiaoHa TM3, TM5 u TM6, npuyeM B 3TOM
YYaCTBYIOT KakK JIOKaJn30BaHHBIE B 3TUX TM ruapo-
do6HBIE AKO (Val???G40) | A]a393G50) i Met®37(648)) tak
U ruapodWIbHBIE OCTaTKM, Takue Kak Lys®® Ha rpanu-
ue TM6 u ECL3, Asp¥* Ha rpanune ECL1 ¢ TM2,
Glu*"” Ha rpaHuLe MeXIy LIAPHUPHON OOJIACTBIO U
TM1, a Takxke Asp®? (TM6) u Asn®”° (TM?7), pacrosno-
XEHHbIe B LIEHTPAJIbHOM 4YacTH TpaHCMeMOpaHHOTO
JIOMEHa.

PesynpratoM u3MeHeHUS KOHGOpMAaIMM TpaHC-
MEeMOpaHHOTO JOMEHAa SIBJISICTCS aKTUBALIASL pa3jIiny-
HBIX TUTIOB G-0€JIKOB, COIPSIKEHHBIX C PELENTOPOM
TTT, B nepsyto ouepensb G- u Gy/y;-6€1KOB, onocpe-
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nyromux crumyssiiuio ALl u PLCJB, cooTBeTcTBEeHHO,
a Takxke 3aIycK [3-appecTHH-OMOCPenyeMOro CUrHa-
ymHra. COOTHOIIIEHUE CUTHAJBbHBIX KacKamoB (TIpen-
B3STOCTb CUTHAJIMHTA) OIpeaesieTcss Kak n3opopma-
mu TTT, yTo 00yCIOBICHO CTETIEHBIO U TTATTepHOM N -
[IMKO3UJIMPOBAHUS O~ U [-CyObeIMHUIL TOPMOHA,
MUKPOOKPYKEHMEM peLeNTopa M SHIOTCeHHBIMU ajl-
JIOCTEpUUYECKUMU peryyisitopamu  (MOHBI, JIMIUIBI).
I1pu 3TOM pacnojioXeHHbIE B TpaHCMEMOpaHHOM JI0-
meHe penerrtopa TTT caiiTel B TIporiecce ero akTuBa-
LMY HEAOCTYMHHBI JISI OPTOCTEPUYECKUX JIMTAHAOB U
BBIIOJHSIOT (PYHKIMU aJIJIOCTEPpUYSCKUX CATOB, HE
MEePEKPhIBAIOIINXCS C BHEKJIECTOYHBIM OpPTOCTEpHYE-
ckuM caiitoM. COOTBETCTBEHHO, OOHOW M3 aKTyallb-
HBIX 3a7a4 SIBJISICTCSI CO3JaHMe JIMTAHIOB 3TUX aJUIO-
CTEpPUYECKHUX CAWTOB C pas3jIM4YHOM (hapMaKoIorude-
CKOl aKTHMBHOCTBHIO. DTO paccMaTpMBaeTcs Kak
KpaitHe BaxXHbIl oaxon ajis peryasuuu TTI-3aBucu-
MBIX CUTHAJIbHBIX KacKamoB. B 3Toi1 ¢cBsI3u HeoOXomm-
MO OTMeTUTb, 4T0 TTI 1 1pyrue sHIOTEHHBIE pEryJis-
Topsl perientopa TTI MpakTUYECKU HE UCTIONb3YIOTCS
B MEIUILIMHE, YTO CBSI3aHO C MX OHKOT€HHBIM IIOTEHIIM-
aJIoOM 1 APYTUMU ITOOOYHBIMU 3P GeKTaMU, a TaKXKe C
HU3KOM CTaOMJIbHOCTBIO, UMMYHOI'€HHOCTBIO 1 BBICO-
Koif cromMmocThio [587]. IIpu aTOM oTcyTCcTBYIOT (hbap-
MaKOJIOTUYECKHU peJieBaHTHbIE aHTATOHUCTHI 1 MHBEP-
CUOHHbIe aroHUcThl peuentopa TTI, a Takxke opTo-
CTEpUYECKUE JIMTAHIBI C IIPEAB3SITOIl aKTUBHOCTHIO B
OTHOIIIEHUX BHYTPUKJIETOUHOro curHajuHra. Cozna-
HUE TaKUX PETYISITOPOB BO3MOXHO TOJIBKO Ha OCHOBE
JIMTAaHIOB aJUIOCTEPUYSCKUX CAWTOB, JIOKAJIM30BaH-
HBIX BHYTPU TPaHCMEMOpPaHHOTO TOHHEJS pelienTopa
TTT unu B ero ICLs, o aHajoruu ¢ COOTBETCTBYIO-
My uradgamu apyrux GPCR.

9.2. Pecyasmopvl mpancmemopanHo2o
asnocmepu4eckoeo caiima
peuenmopa mupeomponHo20 20pMOHA

Annocmepuueckue aconucmot peyenmopa TTI

IlepBbie ajuiocTepuuecKue peryasiToOpbl pelenTo-
pa TTT 6butn oTKpBITEI B 2006 I. B X01€ U3YYEHUS THE-
HO[2,3-d]-TmpuMUIUHOBBIX Hpon3BogHBLIX Org41841,
Org43553 n ux aHaJI0TOB, YaCTh U3 KOTOPHIX ITPOSTBUIIN
aKTUBHOCTh AJIJIOCTEPUYECKUX arOHUCTOB pelenTopa
JII'/XTY [155]. bruto moka3aHo, 4TO TpaHCMeMOpaH-
HBIE ajJIocTepudecKne canThl B penenropax TTI m
JIT/XTY, Kak 1 ux TpaHcCMeMOpaHHbIE JOMEHBI, UMe-
IOT CTPYKYTYPHOE CXOACTBO. DTO UMEJIO KaK TTO3UTHUB-
HbIiA aCNEKT, MOCKOJbKY 00JIeryajio KOHCTpYUpOBaHe
AJJIOCTEPUYECKUX PeryysitopoB peuentopoB TTI u
JII'/XTY, HO OMHOBPEMEHHO C 3TUM CO3IajI0 IpoodJIe-
MY pa3pabOTKU JIMTAHJIOB, CEJIEKTUBHbBIX MO OTHOIIIE-
HUIO K KaXKJIOMY U3 3TUX pelienTopoB. Pemras aTy nipo-
61emy, Gershengorn 1 coaBT. UCclIeIoBaIu (papMako-
JIOTUYECKYIO 3HAYMMOCTh KaxKIoi (DyHKIIMOHAIBLHOM
TPYIIbI, IPUCYTCTBYIOLIMX B coennHeHusix Org41841 u
Org43553 u ux ananorax. B pe3yiabraTe ObLIO ITOKa3a-
HO, YTO METWJIMPOBAHUE aMUHOTPYMIIbl, CBI3aHHOM C
Ne 7

TOM 59 2023



610

THeHO|[2,3-d]-MMpUMUIMTHOBEIM OCTOBOM, JTUIIIACT Ta-
KO€ IIPOU3BOIHOE CITOCOOHOCTU aKTUBUPOBATh PELICIT-
top TTT, 4yTO O6BUTO OOYCIOBIEHO HAPYIIIEHUEM B3au-
MoAencTBUS ¢ (DYHKIIMOHAJIBHO BaXKHBIM IJISI aKTHUB-
HocTu peunenTopa ocratkoMm Glu(3.37) [588]. Ilpu
M3YYEHUU TPET-OYyTWIAMUIHON TPYIIIbI, IIPUCOCIU-
HEHHOM K THEHONMPUMHUIMHOBOMY OCTOBY, OBLIO
YCTaHOBJIEHO, YTO METUJIMPOBAHME aMUTHOTO a30Ta HE
BJIMSIET HAa CIIOCOOHOCTH TaKOTO ITPOM3BOIHOTO aKTH-
BupoBath perentop JII'/XI'Y, Ho 1uIIaeT ero crocoo-
HOCTH cTuMynupoBaTh peuernTop TTT, B To BpeMst Kak
3aMeHa B 3TOi1 IpyMIie a30Ta Ha KMCJIOPOo/, c1ad0 BIIU-
sIeT Ha arOHUCTUYECKYI0 aKTUBHOCTb B OTHOIICHUU
peuenropa TTI, XOoTS MOIHOCTBIO JUIIIAET €ro CIIO-
cobHocTu akTuBUpOBaTh peuentop JIT/XTY [155].

3HAYUTENLHEIN IIPOrpecc B pa3padoTKe HU3KOMO-
JNIeKYIISIpHBIX aroHucToB penenropa TTI 6bL1 mocTur-
HYT I10CJI€ IOCTPOEHMSI MOJIEJIN €r0 TPaHCMeMOpaHHO-
ro ajjoctepuyeckoro caita [588], koTopas Brocjen-
cTBUM ObLIa ycoBeplleHCTBoBaHa [589—592]. Dtor
cant oopazoBaH AKO, nokanu3oBaHHBIMHU B TM3,
TM4, TM5, TM6 u TM7, a BHELIHUIA BXOA B HETO
dopmupytor cermeHTel ECL2. Cnemyer, ogHaKo, OT-
METUTh, UTO B TPAHCMEMOpPAHHOM JIOMEHE pelleriTopa
TTT MoxxeT ObITH HE OOMH, a ABa WU 00Jiee aJlIoCTe-
PUYECKUX CAMTOB, YTO XOPOIIO COOTBETCTBYET MHapa-
JIUTME MHOXECTBEHHOCTU TpaHCMeMOpaHHBIX aJljIo-
crepudeckux caiitoB B GPCR xitacca A [116] u B 11e-
J10M cornacyercs ¢ nanHbeiMu Rauf Latif 1 coaBTopoB o
CyLIECTBOBAHUM, MO KpaliHeil Mepe, ellle OJHOro cam-
Ta, oopazyemoro TM1, TM2, TM3 u TM7 u cermeHTa-
MU BHEKJIETOUHBIX MeTenb peuernropa TTT [592, 593].

B orimmume ot peuenrropa JII'/XI'Y, Bxom B TpaHC-
MEMOpaHHBII aIoCTEpUYECKUil caliT B peLienTope
TTT 6onee y3kuii u BkiaouaeT runapododoHsie AKO,
pacmojioxeHHele B  uHTepdeiicax TM4/ECL2,
ECL2/TM5 u TM6/ECL3. C noMoILIbiO MOJEKYJISIP-
HOTO JOKHWHTa ObLIO MOKa3aHO, UTO OINPEAeIsIolIyIO
pOJib B arOHUCTUYECKON aKTMBHOCTU HU3KOMOJIEKY-
JISIPHBIX COEIMHEHMI UrpaeT ocratok Met®¥(¢48)  ko-
TOPBIA B OOJBIIMHCTBE IPYIUX PELENTOPOB, POI-
ctBeHHBbIX petientopy TTT, 3aMeHeH Ha OCTaTOK TPUII-
topana. Tak monuseiii aroHuct Org41841 MeHbIIe 110
pa3Mmepy, YeM HalleJIEeHHOE€ aHTarOHUCTUYECKOW ak-
TUBHOCTBIO COCAMHEHME C52, U MOTOMY IOCJIe MpOo-
HUKHOBEHUSI B TPAHCMEeMOpPaHHbBIN ajlJIoCTepUYeCKUIA
cant peuenropa TTT coenmaenue Org41841 cmocodbHO
6onee 3bdeKTUBHO B3auMopeiicTtBoBaTh ¢ Met®’. B
CBOIO OYepellb, COEMMHEHUE €52 C MOMOIIbIO CBOETO
JUJIMHHOTO OOKOBOTO 3aMECTUTENISI B apOMaTUYEeCKOM
KOJIbLE LeruIsieTcs: 3a octaTok Tyr®®, jnokanuzoBaH-
Hblli B TM7, 1 TeM caMbIM HE MOXKET TOCTUYb OCTaTKa
Met®¥ | pe3yabTaToM Yero sBIseTCA CTAOMIN3aLINs He-
akTUBHOU KoH(popmanuu perentopa TTI [589].

OCHOBBIBAsICh Ha pe3yJibTaTax UCCAeI0BaHUS IIPO-
CTPaHCTBEHHOM OpraHU3allii TPAHCMEMOPaHHOTO ajl-
Joctepuueckoro caiita, B 2009—2011-x rr. 6pu1a pas-
paboTaHa cepusi HU3KOMOJIEKY/ISIDHBIX MOJHbBIX aro-
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aucToB peuenitopa TTT, HambombImIeit aKTMBHOCTHIO
cpeau KOTOPBIX XapaKTepu30Baluch coenmHeHns NC-
GC00168126—01 1 NCGC00165237—01, mpousBom-
HBIE S-Tmapokcu-4-okco-1,2,3,4-TeTparuIpoxmHaso-
nHa [594—596] (taba. 3). B Kynbrypax KJIETOK C 9KC-
peccupoBaHHBIM B Hux peuenrtopom TTI st
COCAVMHEHUSI MOBbIIIAIN ypoBeHb HAM® co 3HaUYCHU -
ssmu ECs, 660 u 40 HM, cOOTBETCTBEHHO, 1O 3(hdek-
TUBHOCTU ObLIM connocTaBUMBI ¢ TTI 1 mpakTudecku
He BIMSUIM Ha akTuBauuio All roHamoTponuHamMu B
KJIeTKaX C 9KCIIPECCUMPOBAHHBIM B HUX PELIENTOPOM
JII/XTY [594, 595]. Ob6a coeavHeHUs] B3auMMOIEii-
CTBOBaJIdX C TpaHCMEMOpPaHHBIM aJUIOCTEPUYECKUM
CaliTOM U He CBSI3BIBAJIMChH C 3KTOJOMEHOM PEIEHTO-
pa TTI, mockoabKy B KjJe€TKaxX ¢ 3KCOPECCUPOBaH-
HBIM MYTaHTHBIM PELIEIITOPOM, JIMIIIEHHBIM 3KTOI0 -
MeHa, X MaKCUMaJIbHBIN cTuMyJImpytomuii ALl ag-
dekT coxpaHsics, xotsd 3HaueHuss ECs, 3aMeTHO
MOBHIIIAIMCE. B TO 2Ke BpeMsi, 3aMeHa JIOKaJIM30BaH-
Horo B TMS5 ocrarka Asn®#7, o6pasymollero Bomo-
POOHYIO CBSI3b C TUAPOKCUIAMU S5-TUAPOKCU-4-0K-
co-1,2,3,4-TeTparuIpoxXuHA30JIMHOB, Ha aJaHuH
MMOJTHOCTBIO OJIOKMpOBaiia CTUMYJIUpPYIOIIN 3ddekT
NCGC00165237—01 Ha akTuBHOCTH All. MHTEpecHO
OTMETUTh, UTO cTuMyJmpytoimuii 3pdext TTIT Ha ypo-
BeHb TAM® BHYTpPU KJIETKU MPU 3TOM COXPAHSLICS.
Tem cameiMm AKO, dopmupyronime TpaHcMeMOpaH-
HBIH aytocTeprnyeckuii caiit perentopa TTT, kpurna-
HBI JUISI €T0 aKTHUBAlIMM HU3KOMOJIEKYJISIPHBIMM aro-
HUCTaMM, HO ¢J1ab0 M1 BOBCE HE BJIMSIOT Ha €r0 aKTH -
pauuio TTI, KoTopsIil CBI3BIBACTCS C BHEKJIETOYHBIM
OpTOCTEpUUECKUM caiiToM [594].

Coennnenne NCGC00165237—01 (30 MkM) tmipu
24-4yacoBoii MHKyOalIMKU ¢ TUPOLUTAaMU 4YeJioBeKa IMO-
BBIIIAJIO 3KCIIPECCUIO TUPEOITOOYJIMHA CXOTHO C TeM,
KakK 3TO MPOUCXOIUJIO MpY 00paboTKe KJIETOK C MOMO-
mbto TTT. OHO TakKe TOBBIIIANIO 3KCIPECCUIO TEHOB,
KOIMPYIOIIUX TUpeonepokcuaasy, Na't/I"-cummoprep
u D2-peitoguHa3y, BOBJICYCHHbIE B CUHTE3 U KOHBEP-
CUI0 TUPEOUIHBIX TOPMOHOB — THUpoKcuHa (T4) u
tpuiiontTuponuHa (T3), mpuuem B ciydyae D2-neitogu-
Hasbl MOBHIIIAJIACH HE TOJIBKO IKCIIPECCHUs TeHa, HO U
aKTUBHOCTB (pepMeHTa, UTO YCKOPSLIO MpeBpaiieHue T4
B T3 [594]. I1Ipu BHYTpUOPIONIMHHOM U IIEPOPAILHOM
BBeneHUM MblmnaMm coeamHeHrne NCGC00165237—01
3HAYUTEJIbHO MOBBIIIANIO YPOBEHb T4 B KPOBU, a TAKXKe
YBEJIMUMBAJIO MOIVIOLIEHUE PAIUOaKTUBHOIO ona TU-
pouMTaMy IIMTOBUIHON ene3bl Yy KpPbIC, YTO OO0Yy-
CJIOBJIEHO CTUMYJISIIMEN DKCIIPECCUU T€HOB TUPEOU-
nmoreHesa [594]. B aToii cBSI3M HEOOXOAIMO OTMETUTD,
YTO B HacTosIIIIee BpeMs 151 JMarHOCTUKU MeTacTas u
pEeLMIMBOB paka IUTOBUIHOM KeJe3bl y MalMeHTOB
WCIIONB3YIOT CTUMYISALMI0 nontonieHus ' ¢ momo-
b0 pekomorHantHoro TTT uenoseka [611]. OgHako
U3-3a CPaBHUTEJbHO HU3KOU ach(UHHOCTU CBSI3bIBA-
Hus pekombuHaHTHOTO TTI ¢ pererrropoM TpeOyrOT-
Csl BBICOKME JI03bl 3TOTO TIOPOTOCTOSIIIETO Mpenapara,
€ro BBEJEHHE BO3MOXHO TOJbKO MapeHTEepaJbHO U
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OTpaHWYECHO 3HAYMMBIMU MTOOOUYHBIMHU 3 PekTamut. B
CBSI3U C 3TUM HU3KOMOJIEKYJISIDHBIE aJZIOCTEpUYECKUE
arOHMCTHI, B TOM YUCJIE C YYETOM BO3MOXHOCTH UX Ie-
POPaILHOTO BBEICHMSI, MOTYT CTaTh XOPOIIIEii abTep-
HatuBoM pekomMOuHaHTHOMY TTT, Kak CTUMYJISITOPBI
MOIJIOIIEHUSI pafuOaKTUBHOIO itona [612].

AJlmocTepruecKue arOoHUCTHI CITOCOOHBI aKTUBUPO-
BaTh MyTaHTHBIe (opmbl penenropa TTI, koTopnie
HUMEIOT 3aMeHbl (DYHKLIMOHAIBHO BAXXHBIX AMUHOKUC-
JIOT BO BHEKJIETOUYHOM OPTOCTEPUYECKOM CaliTe U MOTO-
My HeuyBcTBUTENbHBI K TTT [597]. Tak, HU3KOMOJIEKY-
nsapHbId aroHucT C2 ctumynupoBan All m moBbIman
ypoBeHb TAM® B KjleTKaX ¢ 3KCIPECCUPOBAaHHBIMU B
HUX MyTaHTHBIMU (popmamu peuenrtopa TTI, mMero-
LLIMX 3aMEHbI JIOKATU30BAHHbBIX B 9KTOJIOMEHE OCTAaTKOB
Cys*! wim Leu®? Ha cepyH ¥ IIPOJIMH, COOTBETCTBEHHO,
B TO BpeMsi Kak TTT B aToM citydyae ObL1 HeakTuBeH. Ha-
MPOTUB, 3aMeHa ocTaTka Leu*®’ Ha MpOJUH B TpaHC-
MeMOpaHHOM aJIJIOCTEpUYECKOM caiiTe OJIoOKMpoBasia
cTUMYyJMpyloliiee BIusiHue coenuHeHus: C2 Ha aKTUB-
HocTh All, XOoTsT mpu 3TOM c¢J1abo BIMsSIIA HA COOTBET-
crBytouii apdext TTI [597]. DTu naHHbBIe yKa3biBa-
0T Ha TO, YTO aJIJIOCTEPUYECKME aTOHUCTbHI MOTYT ObITh
3¢ @eKTUBHBI TIPU CYOKIMHUYECKOM THUIIOTHPEO3E,
MPUYMHON KOTOPOTO YacTO SIBJISIETCS Pe3UCTEHTHOCTh
TupounToB K TTI BcieacTtBue MHAKTUBUPYIOLIUX MY -
Tanuii B akTogoMeHe peuernrTopa TTT.

UccnengoBanne wm30MpaTeIbHOCTU aJljIoCcTepude-
ckux aroHucTtoB peuentopa TTI mo3BouIO BBISIBUTH
COeMUHEHMUS, KOTOpble MO0 akTuBupoBam G -0em-
ku, ctumynupyd All, mosbinasg ypoBeHb HUAM®D B
KJIETKE-MUILICHU U aKTUBUPYSI TIPOTEMHKMHA3Y A, KakK
3TO MMOKa3aHo I coenmHeHnss MS438, nnbo akTUBHU-
posanu G, ,,-6eku, mopeias aktuBHocTh PLCP 11 ee
HUKenexaniero addexkropa — mporeMHKMHAa3bI C, Kak
3TO IPOAEMOHCTPUPOBAHO s coemuHeHMss MSql
[592, 593]. ns coenmHeHust MSql nokasaHo, 4TO B
OTJIMYME OT aKTUBATOPOB G -0€JIKOB OHO HE BIUSET Ha
HAM®-3aBrCHMbIe CUTHAIBLHBIE ITYTU 1 HA OTIOCPEIy-
eMYIO Yepe3 HUX 9KCIPECCUI0 TeHOB TUPEOUIOTEHE3a,
HO TIpM 3TOM MOBBINIAET pochopmmpoBaHue IIPOTe-
vHKMHa3bl C U MoayiaupyeT NMpojudepaTUBHYIO aK-
TUBHOCTb TUPOLIMTOB [593]. [1pu 3TOM BbISIBJIEHBI aHA-
JIOTU yKa3aHHBIX COCIWHEHMIA, CITOCOOHbIE B OIMHA-
KOBOIi CTENeHU CTUMYJIUPOBATh pPa3IUYHbIC TUIIbI
conpskeHHbIx ¢ peuentopom TTI G-6enkoB (G,
Gy/11> Gip/13) ¥ 3aBUCUMBIX OT HUX BHYTPUKJIETOYHBIX
nyteii [592]. B caydae nipenB3siTOro CUrHajJiMHra rmoka-
3aHO pasznuuue B narrepHe AKO, JIoKaan30BaHHBIX B
TpaHCMEMOpPaHHOM JIOMEHE U KPUTHYECKM BaKHBIX
JUTST B3aUMOACUCTBUSI ¢ HU3KOMOJCKYJISIPHBIMU aro-
HUCTAMM, 4YTO KOCBEHHO YKa3bIBaeT Ha HaJMuue B
TpaHCMeMOpaHHOM TOHHeJIe 60Jiee YeM OTHOTO aJIjIo-
CTepUYECKOro caiira.

Hamwu pa3paboTtaH 1 ncciieqoBaH in vitro N in vivo
ajuiocTepuyeckuii aroHucT perentopa TTI — S-amu-
HO-4-(4-(1-6en3un-1H-1,2,3-tpua3on-4-wn)peHnn)-
N-(mpem-06ytui)-2-(metuntuo)tueHo|2,3-d]-nupu-
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muanH-6-kapookcamun (TPY3m) [598] (Ta6a. 3). [Ipu
MHKyOauuu ¢ KyabtuBupyembiMu FRTL-5-Tuponura-
Mu coenuHeHue TPY3m ctumynupoBano aKCIpeccuto
reda Na*t/I"-cumnoprepa. Ilpy BHyTpUOPIOIIMHHOM
BBEACHUY KpbICaM OHO IIOBBIIIANIO YPOBeHb T4 B Kpo-
BU, 2 B TKAHU LIUTOBUIHOM XeJie3bl yCUIUBAJIO BKC-
MpEeCCUIo TeHOB TUpeonepoKcuaassl U D2-neitonuHa-
3bl, KJIIOYEBEIX (pepMEeHTOB cHTe3a 14 1 ero KoHBep-
cuu B T3. Ilpu coBmectHoM BBeneHuu ¢ TTT (in vitro,
kitetku FRTL-5) unu tTuponudeprHom (in vivo, IIATO-
BUIHA Keje3a Kpbic) coenuHenue TPY3m mpenor-
BpalllaJi0 BHI3BIBAEMOE MMM CHUXEHUE DKCIIPECCUU
peuenrtopa TTI, yTo MOXET OBITH ONHUM U3 MEXaHU3-
MmoB TPY3m-omocpenyemMoro noreHuupoBaHus 3d-
dexToB TTT (in vitro) u TuponudbepuHa (in vivo) Ha
nponykuuio T4 u T3. CoennHenue TPY3m He oka3bl-
BaJIO BIIMSTHUSI HA YPOBEHb TECTOCTEPOHA 1 AKCIpecC-
CHIO T€HOB TECTUKY/ISIPHOIO CTEpOUIOreHe3a Py BBE-
JIIEHUW caMliaM KpPbIC, YTO CBUAETEIbCTBYET B ITOJIb3Y
ero crenupuIHOCTU B OTHOLIeHUU penerntopa TTT.
Tem cambiM TPY3m gBisgeTcs IpOTOTUIIOM Mpenapara
JUJTST KOPpeKIUM PYHKIUN IIUTOBUIHOM XeJe3bl TIpu
CYOKJIMHUYEeCKOM TUIIOTUPEO3€e, B TOM YHUCJIIe, 00y-
CJIOBJIEHHOM pe3ucTeHTHOCThIO K TTT [598].

Tlozumuenble arnocmepuueckue Mooyaamopbl
peuenmopa mupeomponHo2o 20pMoHa

IToMuMO PYHKIIMOHUPOBAHUS B KA4ECTBE TUPEOU -
JIOTEHHOTO TOPMOHA, JEUCTBYIONIEro Ha (POJTUKYIISIP-
HbIe KJIETKU IIUTOBUIHOM Xene3bl, TTI Takke BiusieT
Ha psii IpYyTuX TKaHEH, B IepBYIO o4epeab, Ha (popMu-
poBaHUE KOCTHOU TKaHU U PeMOJeIMPOBAaHUE CKeJle-
Ta, BCIAEACTBUE YETO OCJIabJeHNEe CUTHAILHBIX ITyTeit
TTI cambIM HeTTocpeACTBEHHBIM 00pa30M CKa3bIBaeT -
csl Ha (pM3MOJIOTUYECKOM COCTOSIHUM OIIOPHO-IIBUTA-
TeJIbHOTO armrapara. B ycimoBusix nedunura TTT wim
CHUXeHUS PYHKIIMOHAJIbHOU aKTUBHOCTU €r0 pelien-
TOopa HapyllaeTcss ocTeobJiacToreHe3, UHAYLIUPYIOTCS
nedexThl GopMUPOBAHUS KOCTHOM TKAHM, IIPOMUCXO-
JIUT €€ TToTePsI, YTO, B KOHEYHOM UTOre, BEAET K OCTEO-
mopo3sy [613]. Tepanus pekom6uHaHTHBIM TTT TIpe-
MISITCTBYET 3TUM IIpolieccaM, HO JUIUTEIbHOE BBEICHUE
mpemnapara, JaXxe B CpaBHUTEILHO HU3KUX 103aX, MO-
JKeT BbI3BaTh HApYILIEHUSI THPEOUTHON (DYHKIIMY U MO~
BbIIIAET pUCK pa3BuTus TTI-3aBUCHUMBIX OITyXOJeii,
KaK TUPEOUOHON, TaK 1 HETUPEOUTHOM JIOKaJIM3alun
[614]. IIpuMeHEHME aUIOCTEPUYECKUX MOJTHBIX ATOHU -
ctoB peuenTtopa TTI B 3ToM cilydyae NpeanodyTUTeb-
Hee, TMMOCKOJIBbKY OHM neiictByioT Ha TTI-perynupye-
Mbl€ BHYTPUKJIETOYHBIE KaCKaldbl HE CTOJIb UHTEHCUB-
HO, Kak TTT, HO pyUCKU U B 3TOM CJIy4yae COXpPaHSIIOTCS.
OmHUM U3 TIyTe pelIeHust IMPoOJIeMEBI SIBJISISTCS pa3-
paboTka HU3KOMOJIEKYJIsIpHbIX PAM mis1 peuenrtopa
TTI, xoTopble caMu He CITOCOOHBI aKTUBUPOBATh pe-
gentop TTI, HO B HEOOMBIION CTEIIEHW TTOBBIIIAIOT
3¢ deKThl TOPMOHA, YTO MO3BOJISIET (PYHKIIMOHATBHO
KOMIIEHCUPOBaTh (hU3NOJIOTMUYECKOE CHIDKEHIE YPOB-
Hs TTT B KpoBMH.
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Tab6amna 3. Ajutoctepudeckue peryisitopbl perernropa TTI

(DapMaKonormquKaH AaKTUBHOCTb CoenuHeHUs

buonoruueckuii 3¢ pexr

CchIIK1

AJlTocTepu4ecKre arOHUCThI ITpousBoOIHbIE 5-TUAPOKCU-4-
oKkco-1,2,3,4-TeTparuipoxmHa-
3omHa (NCGC00168126—01,
NCGC00165237—01)

B KyJIbTypax KJIETOK CTUMYJIMPYIOT 9KC-
npeccupoBaHHbIi B HUX perentop TTT,
MOBBIIIAIOT BHYTPUKJIETOYHBIM  ypo-
BeHb HAM®, B Ky/JIbType THPOLIMTOB
CTUMYJIMPYIOT 3KCIPECCUI0 U aKTUB-
HOCTh (PepMEHTOB THUpeouIoreHesa.
[Ipyu B/6 W TmepopalbHOM BBEACHUU
meimaMm NCGC00165237—01 ctumyian-
PYET SKCIIPECCUI0 TEHOB TUPEOUIOTe-
He3a B ILIMTOBUIHOM  Xejle3e WU
MOBBIIIAET TIPOAYKIIUIO TUPEOUTHBIX
TOPMOHOB

[594—596]

CoenuHeHue C2

CenexktuBHO ctumyiupyer Gg-0enku u
ALl B KJIeTKax ¢ 3KCIIpecCUPOBaHHBIM B
Hux peuenrtopom TTI, B ToM umcie ¢
WHAKTUBUPYIOIIUMHA ~ MYyTallUsIMA B
OPTOCTEPHYECKOM caiiTe

[597]

Coenunenne MS438

AxTuBupys peuentop TTI, cenekTuBHO
ctuMynupyeT G,-0eJIKi U KOMITOHEHTHI
HAM®-3aBUCMMOrO NYTH, YCUJIUBAET
TUPEOUIOTEHE3 B TUPOLIMTAX.

[592, 593]

Coenunenue MSql

AxtuBupys peuentop TTI cenextus-
HO cTumMyupyeT G -0eKu v HUKee-
bKalue KOMITOHEHTHl (ochonHo3zuTua-
HOTO TIyTH, MOAYJUPYET Mposudepanuio
TUPOLIMTOB, HO HE UX TUPEOUAOTEHHYIO
aKTUBHOCTb

[592, 593]

Tueno|2,3-d]-mupuMunanHO-
Boe npousBomHoe TPY3m

Ctumynupyetr akTuBHOCTH ALl B MeM-
OpaHaX IIMTOBUIHON KeJe3bl KpHhIC,
CTUMYJIUPYET TUPEOUIOTeHEe3 B KYiIb-
type FRTL-5-tmpomuroB, ycmiauBaeT
6a30ByI0 U TUPOJIUGEPUH-CTUMYJIUPO-
BaHHYIO TIPOAYKIIUIO TUPEOUTHBIX TOP-
MOHOB ITpY B/6 BBEIeHNU KpbICaM

[598]

Menayunn 612—627(Palm)

Ctumynupyet akTUBHOCTb G-0€JIKOB U
ALl B MemOpaHaX, BBIICICHHBIX U3
IIUTOBUAHON keje3bl Kpbic. Ilpu
MHTpAHA3aJIbHOM BBEIEHUM KpbIcaM
MOBBILIAET Y HUX MPOIYKIINIO TUPEOUI-
HBIX TOPMOHOB

[599, 600]

PAM NCGC00379308

YcunuBaer ctumyaupytomme 3ddexkTo
TTI Ha 3KCHpeccuio OCTEONMOHTHHA U
11eJIO4HO hocdaTasbl, BOBJICUEHHBIX B
0cTeo0IacToTeHe3, yepes P-appecTuHO-
Bbl€ CUTHAJIbHBIC MYTU, HE3HAYUTEIILHO
BJIMSIET HA 0a3aJIbHYIO 9KCITPECCUIO CIIe-
MUMOUIHBIX TSI 0CTE00JIaCTOB TeHOB

[601]
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Taomua 3. OKoHYaHMe

613

d)apMaKonomquKas{ AKTUBHOCTb

CoenyHeHUS

Bronormueckuii apdpexr

CchIIKN

AJTJTOCTCDI/I‘-ICCKI/IC AHTAaroHUCThbI

Coenunenue NIDDK/CEB-52

[Tonasnsier ctumynupytoiye 3¢hheKTh
TTI u ayroaHTUTe HAa aKTUBHOCTh All,
cHukaeT TTT-cTuMyIUupOBaHHYIO 3KC-
MpPEeCcCCUI0 TeHa TUPEOIepPOKCHIa3bl B
KJIETKax C IKCIPECCUPOBAHHBIM B HUX
peuentopoM TTI. B HeOosblIoi cTe-
TMEeHW BJIWSET Ha aKTUBHOCTb pelemn-
topa JIT/XTY

[602]

IIpousBonHsie 4-okco-1,2-
MUTUAPOXUHA30JIMHA
(NCGC00242595,
NCGC00242364)

B kxynbpType opOuTanbHbIX (pudpobiIa-
CTOB HMHruOupyloT aktupBauuio ALl u
MPOAYKIIMIO THUATyPOHOBOM KHCIOTHI,
Bb3biBaeMbIXx TTI u ayroaHTUTEeIaMU.
Y MblllIeil TOAaBISIOT CTUMYJIMPOBaH-
HYI0O  TUPOJMOEPUHOM  TPOAYKIIMIO
TUPEOUIHBIX TOPMOHOB M 3KCITPECCUIO
¢depMeHTOB TUpeouaereHe3a B TUPOLIM-
Tax. BnusiHue Ha 6a3aabHbINA TUPEOUIO-
reHe3 He BBISIBJICHO

[603, 604]

Tueno|2,3-d]-mmupuMunmHO-
Boe npousBomHoe TPY1

CHmXaet TTI-mHIyIpOBaHHYIO
CTUMYJISIIIAIO SKCITPECCUM TEHOB TUPEO-
MepoKCHaa3bl W THUPEOITOOyIMHA B
TUPOLIMTAX, TPU B/O BBEACHUM KpBICAM
CHWXXAeT CTUMYJMPOBAHHYIO THUPOJIH-
GEpPUHOM TTPOMYKIINIO TUPEOUIHBIX TOP-
MOHOB M 9KCIPECCUIO TEHOB TUPEOUIO-
reHesa, MpuYeM BIMSHUE Ha 0Ga30BbIS
ypoBHH T4 1 T3 He BBISIBICHO

[605]

AnnocTrepruyecKuii aHTaro-
Huct/NAM

Coenunenue S37a

Uurubupyetr akruBaumio All ¢ momo-
mpo TTI u ctuMynupyrommx ayToaH-
tuten. [lpu mepopaibHOM BBeIEHUU
TPbI3yHAM TMOAABJSIET CTUMYJIUPOBAH-
HYI0O TUPOJUOEPUHOM  MPOAYKIIUIO
TUPEOUTHBIX TOPMOHOB

[591, 606]

AJtocTepuyeckrie MUHBEPCHUOH-
HbI€ aTOHUCTHI

ITpousBonHoe 2,3-TUTUIPOXU-
Ha30JIMH-4-0Ha
NCGC00161856

IlomaBasgeTr Kak CTUMYJIUPOBAHHYIO
TTI, Tak u 0Oa3aJbHYIO aKTUBHOCTb
peuentopa TTI B KJIE€TOYHBIX KYJIbTY-
pax C DJKCIPECCMPOBAaHHBIM B HUX
peuentopom TTI

[607]

Coennnenne NCGC00229600

Wurubupyer ctuMmyaupyommii 3pdexr
aHTUTeNl Ha akKTUBHOCTHb ALl B KyabTu-
BUPYEMBIX TUPOIIUTAX, & TAKXKE MOIAB-
nsieT ctuMysaiauo All ¢ momomsio TTT
W ayTOAHTUTEN B PETPOOPOUTAIBHBIX
¢ubpobaacTax MalMeHTOB ¢ OOJIE3HBIO
I'peiiBca

[608, 609]

Tueno|2,3-d]-mupuMunmHO-
Boe npousBomHoe TP48

CHUXaeT CTUMYJIMPOBAHHYIO THUPOJIV-
oepunHoMm npoaykumio T4 u T3 npu BBe-
TEHUM KpbIcaM, B HEOOJBIIONW CTeNeHN
CHIXaeT 6a30BbIe YPOBHU THPEOUTHBIX
TOPMOHOB B KPOBU KPbIC

[605, 610]
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Crumynmpytomee BimstHue TTI Ha ocTeoOracTsl
peanusyeTcsi 4epe3 IyTh, BKIIIOYAKOILIMI pelenTop
TTI u Bl-appecTuH, aKTUBaLKsI KOTOPOTO MTPUBOIUT
K CTUMYJISIIIAM 3KCIIPECCUY CeTU(PUIHBIX IJISI OCTEO-
0J1aCTOB I'€HOB, B TOM YHMCJI€ KOAUPYIOIIUX OCTEONOH-
THH ¥ IeJIoYHYyIo docdaTasy [615, 616]. Tem caMbiM
PAM penentopa TTT, mpenHazHauyeHHBIE 11T IIPEIOT-
BpallleHUsI OCTEOINOpOo3a, JOIKHBI UMETh IMPEAB3SATYIO
AKTUBHOCTb B OTHOIIEHUU [-appecTMHOBBIX KacKa-
noB. B pesynbprare cKpyHMHTIA OONBIIOIO 4YMCIIa I10-
TeHLMAJILHBIX KAHAMIATOB ObLIO UASHTU(MUIIUPOBAHO
coemuHeHne NCGC00379308, npousBogHoe 2-(1-mm-
nepasuHmI)-4-X1nHa30JIMHAMUHA, KOTOPOE MOBHIIIA-
Jo B3aumoseiicteue perentopa TTT ¢ Bl-appectu-
HOM, ¢J1a00 Biusist Ha aKTUBHOCTD G- 1 G/11-0€NIKOB,
npudeM 1o 3¢pHEKTUBHOCTU YCUICHUS TPAHCIOKALINNA
B1l-appecTrHa K pelienTopy OHO B 5 pa3 MpeBOCXOIMIIO
TTI [601] (ta6n. 3). Coemmnenne NCGC00379308
MpPaKTUYECKU HE BIIMSIJIO Ha 9KCIIPECCHUIO TEHOB OCTEO-
MOHTWHA W HIEJIOYHOMN PocdaTasbl, HO B 3HAYNTEIb-
Hoii cteneHu ycuwiauBajio ee TTI-MHIyLUPOBaAaHHYIO
ctumysiumio. Ilpu couyeranHom BosneiictBuu TTT ¢
NCGC00379308 skcmnpeccusi reHOB OCTEONIOHTUHA U
LIeJIOUHOM docdaTassl MoBkIIAIachk B 5.5 u 1.6 pasa
cooTBeTCTBeHHO. Hapsimy ¢ 3TuM mpm MHKyOalum
MpPOOCTE00JACT-TIOMOOHBIX KJIETOK C COEIMHEHHEM
NCGC00379308 oTMeuasn MOTEHUIMPOBAHUE CTUMY-
mupytoiero addexra TTI Ha cekpennio 6e1ka ocTeo-
MOHTHHA, KOHTPOJUPYIOILIEro IIpolecc 0cTe00IacTo-
reHesa. Tem cambiM coenuHeHrne NCGC00379308 o
cBoeMy (hapMaKOJIOrMIeCKOMY IMPOMUITIO MOXET OBbITh
otHeceHO K PAM miga peuenrropa TTI ¢ mpenB3siTeiM
NEeCTBUEM B OTHOILIEHWUM aKTUBALMK [B-appecTHHO-
BBIX Kackanos [601].

AnnocmepuuecKue HUBKOMONCKYAAPHbIE AHMALOHUCINDL
U UHBEPCUOHHbIE A2OHUCMbL peyenmopa
MUPeomponHo20 20pMoHa

HeobOxonuMocTh co3maHUSI JIMTAaHAOB pellernTopa
TTI ¢ aHTarOHUCTUYECKOM aKTUBHOCTHIO OOYCJIOBIIE-
Ha IIMPOKUM pacnpocTpaHeHeM ayTOUMMYHHOTO T -
neptupeosa (6oJie3Hu I'peiiBca), mepBONMPUYNHOI KO-
TOpPOH SBISIIOTCI CTUMyAupylomue peuentop TTT
ayTOaHTUTEJA, BbI3bIBAIOIIME TUMEPHPOAYKIIUIO TH-
PEOMOAHBIX TOPMOHOB. DTO TIPUBOIUT K TSIKEJIbIM
OCJIOKHEHUSIM, HanboJiee TPO3HBIM U3 KOTOPBIX SIBJISI-
ercs oTajibMoTaTus, a TakXke K HapylleHuo (QpyHK-
LIMOHUPOBAHUSI BCEX 3BEHBEB TUITOTATAMO-TUITO(DU-
3apHoii ocu. CienyeT OTMETUTh, YTO BCE UCIIOJIb3Yye-
Mbl€e 1151 JIeYeHUs TUnepTupeo3a (papmMakoaornyeckue
MOJAXONbl, B TOM 4YHWCJIE TTPUMEHEHHE OJIOKUPYIOIIUX
aHtuten K peuentopy TTI, uMeroT cepbe3Hble orpa-
HUYEHMSI, TOCKOJIbKY HallpaBJieHbl HA KOPPEKIIMIO MO-
cliencTBui rurnepakTuBauum perentopa TTI, a He Ha
HOpMaJIM3aluio ero (yHKUMOHAJIbHON aKTUBHOCTHU
[617—619].

IlepBblii HEUTpadbHBIII aHTArOHUCT peLEeNnTopa
TTI, NIDDK/CEB-52, 6b11 pazpaboran B 2008 T.
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[602] (Tabmn. 3). Hanmuuue B napa-nonoxeHun heHUIb-
HOTO KOJIbI]a METOKCUITPOMNJIEHOBOI TPYyTINbI MPUBO-
JIWJIO K TIOBBILIEHUIO ero TUAPO(hOOHOCTU U, TEM ca-
MbIM, 00JieTYaa0 MPOHUKHOBEHUE B ajlJloCTepUye-
CKMI caliT penenitopa. Ilpu uHKyOalmu ¢ KJIeTKaMu,
skcnpeccupyomumu penentop TTI, coemrHeHuHe
NIDDK/CEB-52 (30 MKkM) MTHTMOMPOBAJIO CTUMYJIH -
pytoiiue 3dpdexktsl TTT 1 aKkTUBUPYIOLINX ayTOAHTU -
TeJl Ha akTUBHOCTD AL, a Tak:ke B 3HAUMTEIbHOM CTe-
neHu cHmkaino TTT-ctTuMyanpoBaHHYIO 3KCITPECCHIO
reHa tupeornepokcuaassl [602]. OgHako coeqnHeHNE
NIDDK/CEB-52, x0Tss 1 B He3HAUUTEJILHOM CTeIle-
HU, HO BJIUSJIO Ha aKTUBHOCTH penenTopa JIT'/XTY,
JIEUCTBYS, KaK €r0O UHBEPCUOHHbBI arOHUCT, 4YTO Ipe-
IISITCTBOBAJIO €T0 BHEIPEHUIO B KITMHUKY [602].

B xone manpHeiiniero nomcka HeMTpaJIbHbIX aHTa-
rouucToB peuentopa TTT, He obmagarommx 6MOJIO-
TMYECKOM aKTUBHOCTBIO 10 OTHOILIEHUIO K PELEITO-
py JIT/XTY, Obuiu pa3paboTaHbl MPOU3BOIHBIC
4-okco-1,2-gurnapoxuHasoianHa, NCGC00242595
u NCGC00242364 [603, 604] (Tadu. 3). B kyaprype
opbuTtanbHbIX (UOPOOJIACTOB OHU HMHIUOUPOBAIU
aktuBanuo ALl xak TTI, Tak 1 cTUMYyIHPYIOIIUMU
peuentop TTI anTuTeIaMM U MOJABISIJIA UHIYIIU-
POBaHHYIO aHTUTEJIAaMU HNPOAYKIMIO THAIyPOHOBOI
kucjaoTel. O0a coemmHeHUs He 0OKa3bIBaJIW BIUSIHUS
Ha 0a3aJIbHYI0 aKTUBHOCTD pelienTopa 1 6a3aJibHbII
YpOBE€Hb NPOAYKIMM TUAIypOHOBOM KWCJIOTHI, a
TaKxXe Ha aKTUBHOCTL peuenTtopa JII/XIT'Y [603,
604]. I1pu obpadorke ¢ momoisio NCGC00242364
MBIIIeii, KOTOpPbIE B Te€YECHUE TPeX AHEI IToaydanu
HM3KHE 03Bl THUpOJAMOEprHa, PUIU3UHT-(paKTopa
TTTI, ypoBenb T4 B KpoBU XKUBOTHBIX CHMXKAJICS Ha
44%, a skcnpeccusi reHoB, Komupyromux Nat/I-
CUMIIOPTEP U TUPEONEePOKCUAA3y, CHMUXanach Ha 75
u 83% cooTrBeTcTBeHHO. OGpaboTKa COeAMHEHUEM
NCGC00242364 6pu1a 3pHEKTUBHON U B OTHOILLE-
HUU MHTUOMPOBAHUS CTUMYJIHUpyIoLero sddexra
aHTUATEN Ha ypoBeHb T4 u skcnpeccuio renoB Na'/I -
cUMIIOpTepa WM TUpPEeOoNepoKCcuaasbl. TeM caMbIM CO-
enuHeHUsT NCGC00242595 1 NCGC00242364 moryT
OBITh 2(hPEKTUBHEI TIpU JedeHUU 0oe3Hu Ipeiisca u
odranpMmornatuu ['peiiBca, He BBI3bIBAasI TUIIOTUPEOU -
HBIX cocTosgHUL [595, 604, 620, 621].

Hamu Ha ocHOBe CTpyKTYphl THEHO|2,3-d]-mpumu-
IHa pa3paboTaHo coenmHeHue S-aMuHo- N-(mpem-
oyTwi)-4-(4-(3-meTokcumnpori- 1 -uH- 1 -wn)deHnn)-2-(me-
TUOTHO ) THEeHO-|2,3-d]-mprvuyH-6-kapookcamun, (TPY1),
Kotopoe TipemoTrBpamiano T TT-mHIynmmpoBaHHYIO
CTUMYJISIIUIO BKCIIPECCUN T€HOB THUPEOTepOKCHUIA3bI
U TupeornmodyauHa B FRTL-5-knetkax, a mpu BHyTpHU -
OpIOIIMHHOM BBEIEHUU KpbICaM MOAABJISIIIO CTUMYJISI-
LIMIO TUPOJMOEPUHOM Kak npoaykiuu T4 u T3 B Kpo-
BU, TaK M BKCIIPECCUY TE€HOB, KOAWPYIOIIMX OeIKHU, BO-
BJICUEHHbIE B CUHTE3 W KOHBEPCUIO THUPEOUHBIX
TOPMOHOB B THUPOILIMTAX IMUTOBUAHOM XeJje3bl [605]
(ta6n. 3). IIpy omHOKpaTHOM BO3IEIICTBUM COEOUHE-
aHue TPY1 He Bausiiio Ha 6a30BBI YPOBEHb TUPEOUI -
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HBIX TOPMOHOB, HO B HEOOJBIION CTEIEHU CHILKAIO
ero mpu AjauTebHOM BBegeHUHM. TeM cambiM TPYI
MOXKET paccMaTpUBaThCsI KaK IIepCIEKTUBHEIN IIperia-
paT W11 KOPPEKIINMY ayTOMMMYHHOTIO TUIIEPTUPE03a.

He B MeHbllIelt cTenieHr, yeM HeUTpaibHbIe aHTa-
TOHUCTBI, B MEAUIIMHE BOCTPEOOBAHBI 1 HU3KOMOJIE-
KyJSIpHBbIE COEIUHEHMSI C aKTUBHOCTbIO MHBEPCUOH-
HBIX aroHUCcTOB peuenitopa TTI. I1pu neyenuu 607e3-
Hu IpeiiBca uUX NOpUMEHEHUE MOXET IPUBECTU K
TUTIOTUPEO3Y BCIEACTBHE MOAABICHUST Oa3albHOUN aK-
TUBHOCTH pentenitopa TTT, XOTS prUCKU 3TOTO BEChbMa
HEBEJIMKU. B TO e BpeMsl MHBEPCHOHHBIE aTOHUCTHI
MOTYT UMETh IIMPOKOE TMIPUMEHEHUE IJTST JIEUeHUS He-
ayTOMMMYHHBIX TUIIEPTUPEOUIHBIX COCTOSIHWI, BbI-
3BaHHBIX aKTUBUPYIOIIMMU MYTAllMSIMUA B PEUETITOPE
TTI, MHAYIUPYIOLIMMUA DPa3BUTHUE OITYXOJIEH IIUTO-
BUJHOI XeJjie3bl U HETUPEOUIHbIX TKaHel. s neve-
HUS Takux 3a00JieBaHUIA B HACTOSIIIEE BPEMSI UCTIOJIb-
3yI0T B OCHOBHOM XHUPYPrAYe€CKHWe MOIXOAbl U paguo-
Tepaluio, YTO MNPUBOAUT K MHOXECTBY MOOOYHBIX
addekToB [622].

IlepBhlii MHBEPCUOHHBIA aroHUCT pellenTopa
TTI, npousBogHoe 2,3-TUTMIPOXUHA30INH-4-0Ha
NCGCO00161856, 6bm1 paspadoran B 2010 r. [607]
(Tab. 3). BTO coenmmHEeHNE TTOABIISIO HE TOJBKO CTH-
MyaupoBaHHy0 TTI, HoO u 6Ga3ajnbHYIO0 aKTUBHOCTbH
peuenTopa. B manpHeimeM, Ha OCHOBE CTPYKTYPHI
NCGCO00161856 6b11 pa3padboraH 6osee 3dDHEKTUB-
Hbli aHaor NCGC00229600, KOTOpbIi CHUXA CTHU-
mysupytomnuii All addekT aHTUTEN B KYIbType TUPO-
OUTOB YeJIoBeKa M cooTBeTcTBYIOMM apdekt TTI n
aHTUTEJI B IEPBUYHON KyIbType (prudpobiacToB, Mory-
YEeHHBIX U3 PETPOOPOUTATIBHOI 001aCTH MALIIEHTOB C
6one3nbio Ipeiieca [608, 609]. CriocoOHOCTL coemm-
Hennit NCGC00161856 u NCGC00229600 mogaBisiTh
akTtuBauuio peuentopa TTI cTuMyInpyOIMMU aHTU -
TeJJaMH B PETPOOPOUTATEHBIX (prmOpoOIIacTax Imo3BO-
JIIET YCTPaHWUTbL MNEPBONPUYUHY O(TaIbMOIIATUN
IpeiiBca, 00YyCJIOBJICHHYIO TUIIePCTUMYJISLIEI
HAM®-cUrHaJIbHBIX MyTeil B 3TUX KJeTKax [619, 623].

Hamm paspaboraHo rajoreH-comepxaiiee ITpOM3-
BogHoe TueHo[2,3-d]-nmupumMuanHa, coenuHeHue TP48
(5-amuHo- N-(mpem-6ytin)-4-(4-nondenun)-2-(me-
TUITUO)TUEHO|2,3-d]-TupuMuavH-6-KapOboKcaMu),
C aKTMBHOCTBIO MHBEPCHMOHHOIrO aroHucra (tadiua. 3).
OHO He TOJIbKO UHTMOUPOBAJIO CTUMYJIMPOBAHHYIO TH-
ponubepuHoM npoaykuuo T4 u T3 mpu BHyTpuOpIO-
IIIMHHOM BBEJIEHUM KpbICaM, HO B HEOOJIBIIION cTerne-
HU CHIKAJIO 0a30BbIe YPOBHU TUPEOUIHBIX TOPMOHOB
[605, 610]. Baxxno, uto coequHenne TP48 coxpansiio
CBOI (hapMaKOJIOTUUECKU MPOdUIb MPU nepopab-
HOM BBEICHUHU, YTO CBUIETEILCTBYET B TTOJIB3Y €r0 CTa-
OMJIBHOCTHU 1 XOPOIIIeif BCACKIBAEMOCTH B SKETYIOYHO-
KUIIIEYHOM TPaKTe.

B 2019 r. Marcinkowski 1 coaBT. co3najin aaiocTe-
pudeckuii peryisitop peuentopa TTI Ha ocHOBe reTe-
POLIMKIINYECKOTO coenqnHeHUs S37a, KoTopoe comep-
2Kajlo ceMb LIEHTPOB XUPAJbHOCTH, IprUYeM PYHKIIMO-
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HaJIbHO aKTUBHBIM OBLI TOJBKO OOWH W3 M30MEPOB,
KOTOPBI TIPOSIBIISII CBOMCTBA aHTaroHucrta u NAM
[591, 606] (Ta6a. 3). B MUKpOMOJISIpHBIX KOHIIEHTpa-
mugx coenmHeHne S37a marnouposano AlLl, ctumynn-
poBaHHyo Kak TTT u antutenmamu K peuentopy TTT
(CcTUMYIMpPYIOIIMEe MOHOKJIOHAJIbHbIE aHTUTeNa TSADb
M?22 d4ejoBeKa, OJIMTOKJIOHAIBbHBIC aHTUTEeTa TSAD,
MoJIy4YeHHbIE OT MallMEHTOB ¢ 0oJie3HbIo I'peiiBca), Tak
1 HU3KOMOJIEKYJISIDHBIM aJ/UIOCTEPUYECKMM aroHM-
ctom C2. Ilpn mepopabHOM BBEICHWH MBIIIAM CO-
ennHeHune S37a MMeI0 BBICOKYIO OMOIOCTYITHOCTD U He
OKa3bIBaJIO Ha OPTaHM3M XKMBOTHBIX TOKCUYECKUX 3P -
dekroB [606].

TakuMm o0Opa3oM, B HACTOSIIEe BpeMs co3maHa 00-
LIMpHAs JMHEWKa aJIOCTEPUUYECKMX DPEryIsITOPOB pe-
nenropa TTI ¢ paznuuHbiM TipodueM papMakoIori-
YeCKOM aKTUBHOCTH (ITOJIHBIE 1 MTHBEPCUOHHbBIE arOHM-
CTBI, HEHTpaJbHbIe aHTAarOHMUCTHI, PAM), KOTOpBIE MOTYT
OBITH IPUMEHEHBI IJISI KOPPEKLIMU TUPEOUIHOM ITaTOJIO-
MK, OOYCIOBICHHOM M3MEHEHNEM CUTHAJIBHOM TpaHC-
oy yepes peuerrrop TTI [612, 621, 624]. Crnenyro-
UM 3TaIlOM SIBJISIETCSI BBIOOp HamboJiee MepCIIeKTUB-
HBIX KaHOWIATOB IS TIPOBEICHUS KIMHUYECKUX
VICTILITAHWM ¥ BHEIPEHMUS TIPETapaToB B KIIMHUKY.

9.3. Pecyaamopui 6HymMpuKAemMo4H020 AA10CIePUHEeCcK020
catima peyenmopa mupeomponHo2o 20pMOHA

ITomMmuMo TpaHCMEeMOpPaHHON JOKaIM3alluKU aJlJIO-
CTEpUYECKUX CaliTOB, B MoJieKyJje petentopa TTI oHmn
MOTYT OBITb JIOKAJIM30BaHbI BO BHYTPUKJIETOYHOM Be-
cTuO0JIe U B MPOKCUMAIILHBIX K MEMOpaHe y4acTKax
ICLs, xoTophle OTBETCTBEHHBI 3a B3aMMOJIEIICTBUE C
G-6enkamu u B-appectunamu. Kak orMedanoch Bbi-
i€, OMHUMHU U3 PETYISITOPOB TaKMX CAHTOB MOTYT
OBITh MENTHUABI, 10 MEPBUYHON CTPYKTYpE COOTBET-
CTBYIOIII€ BHYTPUKJIETOYHBIM yyacTKam, MO0 oOpa-
3yIOIIUM TaKue BHYTPUKIJICTOYHBIE aJUIOCTEPUYECKUE
CaWThl, INOO KOHTAKTUPYIOIIUM ¢ HUMU. [10CKOIBKY
takuM GPCR-nrenitunam ist B3auMoaeicTBUSI HEO0-
XOJIMMO TIPEON0JIETh IUIa3MaTHIECKYI0 MeMOpaHy, OHUI
JIOJCKHBI OBITH MOIM(UIIMPOBAHBI THUAPO(POOHBIMHI
rpyrnmnaMu, o0ecrneynBaolIMMI UX TPAHCIIOPT 4Yepe3
MeMOpaHy, WX 00pa30BbIBaTh aM@UIIaTUYECKUE T10-
JIMKAaTUOHHBIe crmipami. Hambonpnras sddekTuB-
HOCTb TIOKa3aHa JJisl IPOU3BOAHbBIX MEMTUIO0B, MOV~
GUIUPOBAHHBIX OCTaTKAMM UIMHHOLEIOYECUYHBIX
XKUPHBIX KUCJIOT — TMaJIbMUATATOM WU MUPUCTATOM.
IMonoouwie nTunuaupoBaHHbie GPCR-mienTuabl Ha3bI-
BalOT IIEIIyLIMHAMM, U B HACTOSIIEe BpeMsI MMECTCS
MHOTIO MCCJIeNOBaHUI, JEMOHCTPUPYIOIINX UX BBICO-
KYI0 aKTUBHOCTh B OTHOIIIEHUM Pa3JINYHBIX KJIACCOB
GPCR [153, 625—628]. Hamu pa3paboTaHbl HETIIYIIN-
HBI, KOTOPBIE IIPOAEMOHCTPUPOBAIN BEICOKYIO aKTHUB-
HOCTb JIJISI PEJJaKCMHOBOIO pellentopa 1-ro tuma u
5-HT,z-ceporoHnHoBoro perenropa [629—631].

Dra cTparerus ObLIa YCIIEIIHO IpUMEHeHa U IS
pa3pabOTKM aJlJIOCTEPUYECKOTO aroHMCTa pelenTopa
TTI' Ha ocHOBe TENTHUIOB, COOTBETCTBYIOIINX €TI0
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LITTAKOB

TSH receptor

Blocking autoantibody

TSB Ab

Agonists

NCGC00168126-01,
NCGC00165237-01,
Compound C2,
MS438, TPY3m,
MSql (biased, Gq/11)

PAM

NCGC00379308
(biased, beta-arrestins)

Peptide-based agonist

Pepducin 612-627
of receptor ICL3

Stimulating autoantibody

Neutral antagonists

NIDDK/CEB-52,
NCGC00242595,
NCGC00242364,
TPY1

Inverse agonists

NCGC00161856,
NCGC00229600,
TP48

N A

Antagonist/NAM
Compound S37a]

Puc. 2. Asutocrepuueckue caitTel B MosiekyJie peuientopa TTT v ux peryastopsl.

ICL3, B xOTOpOIi JIOKaJIM30BaHBI OCHOBHBIC MOJIEKY-
JISIpHbIE AeTepMUHAHThl 11 akTuBauuu G,-0enka
[599, 600]. Hanbomnee 3 deKTUBHBIM OKa3aJCs MOV -
dumpoBaHHblii ¢ C-KOHIIA TTAJIbMUTATOM MEIIYyLIMH
612—627(Palm), cTpyKTypHO COOTBETCTBYIOIIMIT C-KOH-
eBoMy y4yactky 612—627 ICL3 peuenropa TTT (ta6. 3).
B MmeMOpaHax, BblIeJICHHBIX 13 TUPOLIMTOB IIIATOBU/I -
HOI 3keJie3bl KphIc, nernmyunH 612—627(Palm) no3o3a-
BUCHMO CTHUMYJIMPOBaJ aKTUBHOCTb YyBCTBUTEIBHOI
K TTI' ageHMIaTUHUKIA3HOU CHUTHAJIBHOW CUCTEMBI.
Ero neiictBue ObLJIO cieM(PUYHBIM 1O OTHOILLIEHUIO K
peuentopy TTI' u He BBISIBISIJIOCh B MeMOpaHax, riue
3TOT peUeNnTop OTCYTCTBOBaJ. IlaabMHUTOMIMpPOBAH-
HBIA aHAJIOT B 3HAYMTEJbHOM CTEIEHU ITPEBOCXOMNII
1o 3¢p@PEKTUBHOCTU U CEJIEKTUBHOCTU mnentun 612—
627, He comepxXalluii MaJbMUTaTa, a TakKXKe 6ojee KO-
pOTKHME aHajJord, B TOM 4YHCJIe JIMIUIMPOBAHHEIC
[599]. B skcnepumeHTax in vivo ObUIO TI0OKAa3aHO, YTO
IpU MHTpaHa3aJbHOM BBEICHWM KpbicaM ITEIIYyLIMH
612—627(Palm) cTuMyIMpoBa IPOAYKIINIO TUPEOUI-
HBIX TOPMOHOB, TIpru4eM B 103¢ 450 MKT/KT ero MaKCH-
MaJTBHBIN CTUMYIHUPYIONINiT 3@ EeKT Ha YPOBEHB CBO-
o6onHoro T4 pgocruraics depe3 2 4 [600]. 3HayeHuUsd
EDs, mnsa crumynsitiym nienayunHoM 612—627(Palm)
npoaykuuu cBodbomHoro T4 u o6iero T3 cocraBuin
87 u 78 MKT/KT cOOTBETCTBeHHO. HeobxonumMo otMme-
TUTh, YTO BHYTPHUMBILLIEYHOE BBEACHUE OBbLIO MEHee
3 deKTUBHBIM, YeM MHTpaHa3aibHOoe [600]. Tem ca-
MbIM mernayuuH 612—627(Palm) HameneH akTHB-
HOCTHIO BHYTPUKJIETOYHOIO aJUIOCTEPUYECKOIO aro-
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Hucta peuentopa TTI u MoxeT ObITh MUCHOJB30BaH
IUJTI pa3pabOTKU CTUMYJISITOPOB TUPEOUIOTEHE3A, HO C
YCJIOBHEM TIOBBIIIEHUSI €r0 YCTOMYMBOCTU K MPOTEO-
JIN3Y B KPOBOTOKE.

Ha puc. 2 cymMupoBaHbl TMOJydeHHbIE B HACTOSI-
11lee BpeMs IaHHbIEe MO aJUIOCTEPUYECKON PEeryasiiuu
peuentopa TTI, ocymiecTeiasieMoil pa3IWYHBIMUA TIO
XMMUYECKOW MpUPOEe U MeXaHU3MaM AEeHCTBUS CO-
€IWHEHUSIMU, BKJIOUYaslh ayTOAHTUTENa K PELenTopy
TTI. MHOXeECTBEeHHOCTh aJUIOCTEPUYECKUX CAWTOB B
mosiekyie penentopa TTI oOycioBauBaeTr MHOTO-
YPOBHEBYIO U MHOTO(AKTOPHYIO PETYJISILIAIO €ro akK-
TUBHOCTH, KaK B 0a3aJIbHOM COCTOSITHUMU, TaK U B YCJIO-
Bugx aktuBanun TTT M cTUMyTMpYyIOIITMMHA ayTOaH -
TUTEJIAMMU.

IMpencrasneHsl GIOKUpYIOIME (MHTUOUPYIOIIME) U
CTUMYJIMPYIOLINE ayToaHTUTesa K peuernropy 11T, neit-
CTBYIOIIIME Ha Pa3IMyHbIe YYACTKU 3KTOIOMEHA, CHeii-
CepHBbIit CyOIOMEH, CBSI3bIBAIOILMI KTOJIOMEH C TPaHC-
MeMOpaHHBIM JoMeHoM, a Takxke Ha ECLs penernropa.
I1puBeneHs! pa3paboTaHHBIC B HACTOSIIIICE BPEMsI CHHTE-
TUYECKME aIJIOCTEPUUYECKUE PETYJSITOPhl peLenTopa
TTI' ¢ aKTUBHOCTBIO ITOJHBIX WM YAaCTUYHBIX arOHU-
CTOB, B TOM YMCJIE HENTHAHOM MPUPOILI (HETAYLIAH 612—
627), PAM, HelTpalbHBIX AHTATOHUCTOB, UHBEPCUOH-
HBIX arOHMCTOB, a TAKXKE COCOUHEHUI CO CMEIIaHHBIM
npoduneM ¢hapMaKoIOrMIeCKOll aKTMBHOCTU (aHTaro-
Huct/NAM). B TpaHcMeMOpaHHOM JIOMEHE peliernTopa
TTT mokazaHbl OCHOBHBIE JIOKYCHI, AS-1, AS-2 u AS-3,
SIBJISTIOIIMECST MUIIIEHSIMU JUIST aJIJIOCTEPUUYECKUX PEry-
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JISITOPOB, IPUYEM B KaxKIOM JIOKYCE MOXET OBITh JIOKA-
JIM30BAHO HECKOJILKO TOMNOJIOTMYECKHM Pa3IndaloOIXCsI
aJJTIOCTEpPUYECKUX CaliTOB, a B clydae JIoKyca AS-2 Ta-
KM€ CalThl MOTYT OBITh PaCHOJIOXKEHBI KaK BHYTPU
TpaHCMeMOpaHHOTO KaHaja (MpearmoyTuTe/IbHasI JIOKa-
mM3auus), TaK U CHApy:XM €ro, Ha TpaHUlle TpaHCMEM-
OpaHHOIO JOMEHAa C JIMIMMIHOM (a3oif MeMOpaHhI. I1o-
IPOOHOCTU CM. B Ta0J1. 3 M B COOTBETCTBYIOILIMX IMOAPa3-
nenax paznena IX.

X. PELEIITOP JIOTEMHNU3HWPYIOLIETO
IT'OPMOHA/XOPUOHHNYECKOTI'O
IT'OHAOOTPOIIMHA M ETO
AJJIOCTEPUYECKHUE PET'YJIIATOPHI

10.1. CmpykmypHo-YHKUYUOHANbHAS 0PeaHU3AUUS
peuenmopa JII/XT'9, mexanusmol eco akmusayuu
U cUcHaAbHble KACKadbl

Kak ormeuanocs Bbllie, petentop JII'/XI'Y, kak u
peuenTop TTT, BkatoyeH B moakiacc AlQ kiacca A
GPCR u umeeT 3HaAYUTEITBHOE CTPYKTYPHOE CXOJICTBO
¢ peuenropoM TTI, ocobeHHO B 001aCTH TpaHCMEM -
OpaHHOIO JOMEHa M IIPOKCHMMAJIbHBIX K MeMOpaHe
yuactkoB ICL3, rme jmokamm3oBaHB TpaHCMEMOpaH-
Hble M BHYTPUKJIETOUHBIC AJIOCTEPUUYECKUE CAMTHI.
Bce aT0 cBMACTENBCTBYET B IOIB3Y CXOACTBA MEXaHM3-
MOB  aJUIOCTEPUYECKON  PeryIsliuu  pelLenTOpOB
JIT/XTY u TTT, B TOM uucjie BHyTPUKJIETOUHBIMU aJl-
JIOCTePUYECKMMU PETYJISITOPAaMU. DKTOIOMEH peleII-
topa JII'/XI'Y BxkimouaeT obGoralieHHBI OCTaTKaMU
mucTenHa N-KOHIIEBOIW Y4acTOK, 3HAYMTEJIbHBIA MO
pa3sMepy CyOmOMeH, BKIIIOUAIONIMI oOOorameHHEIe
octarkamu JieiiimuHa 1moBTophl (leucine-rich repeats,
LRR), u crieiicepHblit yuacTtok, coenuHsiommii LRR-
cyomomeH ¢ TM1 [632—634]. B skTogoMeHe JTOKaJIN-
30BaH BBICOKOA(MUHHBIIT OPTOCTEPUICCKUIN CaMT, C
KOTOPBIM CIEeHUMUIHO CBSI3bIBAIOTCS O-reTepos-
mepbl JII' 1 XI'Y. Pe3yabTaToOM TaKOTO CBSI3bIBAHUS SIB-
JISIeTCSl aKTUBALIMSL Cpa3y HECKOJBKMX CUTHAJIBLHBIX
KacKaJoB, UTO OOYCJIOBJIEHO CITOCOOHOCTBIO JIUTAHI-
CBSI3aHHOTO pelieNITOpa B3aMOIeiCTBOBATh C Pa3JINy-
HbiMU TUNIaMu G-0€eNKOB, B TMepByto ouepenb ¢ G- 1
G/ 1-Oenkamu, a Takxe ¢ B-appectTuHamu u amanrtep-
HeiMu Oeakamu APPL-cemeiictBa [632, 635]. Cur-
HaJIbHBIE ITyTH, HAIIpaBJICHHbIE HA IIOBBIIIICHUE YPOB-
HI HTAMO® (yepe3 G,-0eJIK1) 1 MOHOB KaJIbIIUs (depe3
Gg/11-0€eJIK1) BHYTPU KJIETKU-MMILIEHU U HA aKTHBa-
unto MAPKSs (4epe3 B-appecTrHbl), BOBIEYEHBI B pe-
TYJISIIHIO CHHTE3a ¥ CEKPELIMU CTePOUTHBIX TOPMOHOB,
B KOHTPOJIb pocTa U IuddepeHIIMPOBKN TECTUKYIISIP-
HBIX U OBapHabHBIX KJIeTOK. [1pu aTOM -appecTrHO-
BbI€ ITYTH TAaKXKE€ UTPAIOT OMNpPEIeIISTIONIYIO POJIb B MH-
TepHaJU3aluy, SHAOLIMTO3€ M PEUUKIU3ALUN JIU-
raHA-peUeITOPHBIX KOMILJIEKCOB M OIpPEIeIsIOT, TeM
caMbIM, YyBCTBUTEJIBHOCTh TKaHe-MuieHeit Kk JII' u
XTI'Y [635].

IIpu aktuBaumu peuenrtopa JII'/XI'I ronagorpo-
MMHOM 3aMycKaeTcsl BOJIHA KOH(GOPMaIIMOHHBIX TTepe-
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CTPOEK, B KOTOPYIO BOBJICYEHBI CIEOYIONINE MOJEKY-
JIIpHbIE AETEPMUHAHTHI: BHICOKOKOHCEPBAaTUBHBIN B
GPCR kitacca A ERW-M0OTUB, KOTOpBIi JTOKaIU30BaH
Ha rpanuie TM3 u ICL2, 3apsxeHHble ocTaTKu Arg#4
u Asp°®*, pacrnojioXeHHbIE BO BHYTPHMKJIETOYHBIX
okoHuaHuax TM3 u TM6, ocratku Asp®’® (TM6) u
Asn®® (TM7), 0Kaau30BaHHbIE BHYTPU TPAHCMEM-
OpaHHoro noMeHa. UaeHTUdUIIMpoBaHbl (hopMbI pe-
LenTopa C AKTUBUPYIOIIMMHU MYTallSIMH, KOTOpbIE
JIOKaJIM30BaHbI IIPEUMYIIIECTBEHHO B TpaHCMEMOpaH-
HoM goMmeHe (TM1, TM2, TM3, TM5 u TM6), a Takxe
¢opMBI perienTopa ¢ MHAKTUBUPYIOIIMMHA MYTallys-
MU, JIOKAJU30BAaHHBIMU B 3KTOAOMEHE, TpaHCMEM-
o6panHoM nomeHe (TM1, TM4, TM5, TM6 u TM7) u
BO BHekJieTouHBbIX yuacTkax (ICL1, ICL3) [636—638].
MHorue pernponyKTUBHBIE TUCHYHKIIMU OOYCIOBIIC-
HBI Kak MyTauusmMu B petentope JII' /XTI, Tak 1 Hapy-
IIEHUEM €ro ITOCTTPAHCISILMOHHOTO IIPOLICCCUHIA,
BHYTPUMKJIETOYHOIO TPAHCIIOPTa M TPAHCIOKAIIMM B
IUIa3MaTU4ecKyIo MeMOpaHy [639].

Bonbiioe 3HaveHne mist o6ecriedyeHUsI N30MpaTesib-
HOCTH Nepeaadyy CUTHajia K BHyTPUMKJIETOUHBIM pelern -
TOpaM MMEET MUKPOOOKPYKEHME pelenTopa, B TOM
YuCJie TOCTYITHOCTh OIIpeaesIeHHBIX TUIOB (G-0eJIKOB
u B-appecTuHOB, cTtatyc N-IIMKO3WIMPOBAHUS TOHA-
JIOTPONUHOB, 00pa30BaHUE U CTPYKTYpa PELIENITOPHBIX
KOMIUIEKCOB, a Takke natTrepH N-IIMKO3WINPOBAHUS
peuenTopa JIT/XI'. U3BecTHO, YTO TMMEPHbIE MOJIE-
kyabl JIT' 1 XT'Y umeroT 1o Tpu caiita ajist N-IJIMKO3U-
JIMPpOBaHUS — 10 ABa B (l-CyOBbEAMHUIIE 1 II0 OTHOMY B
B-cyobenunuiie. o-CyOobeqMHMIIA, KaK TIPABUIO, [JTH-
KO3WJIMPOBaHa MOJHOCTBIO, B TO BpeMsi Kak [-cyOb-
eIUHMIIA MOXET OBITh HEIJIMKO3WIMPOBaHA, YTO B
cymme naet nBe popmel JIT' u XI'H — ¢ nByMSsT uim Tpe-
Ms1 N-tnmukaHamu. Hapsiny ¢ 3TUM B 3aBUCUMOCTU OT
MecCTa CUHTE3a 1 psiaa Apyrux ¢paKToOpoB CYyIIeCTBEHHO
OTJIMYAIOTCSI PA3BETBJICHHOCTh U 3apsa N-IJIMKAHOB,
ompeesieMble MAaTTEPHOM U aKTUBHOCTBHIO (hepMEH-
ToB N-mukosunupoBanus [640—642]. Tak, cuHTe3u-
pyembie B ageHorumnoduse JIT' u runmocdusapHas gop-
mMa XI'Y wumeror Oosnee kKucable N-TJIMKaAHBI, 4YTO
00YCJIOBJICHO BBICOKMM COAEPKaHMEM B HUX CyIbda-
TUpoBaHHOTro N-aleTWIrajakro3aMuHa, B TO BpeMs
Kak rutaneHTapHast popma XI'd BMecTo cyabdaTupo-
BaHHOro N-alleTWiIrajakTo3aMUHa COIEPXUT CUaIo-
Bbl€ KUCJIOThI, YTO JEJIaeT ee MeHee Kucjaou. BaxHo
OTMETUTD, UTO CIA0OIIUKO3UINPOBAHHbBIC (OpMBbI JIT'
C MEHBIIINMMU I10 pa3Mepy N-DIMKaHaMu 0oJiee aKTUB-
HBI, TIOCKOJBKY ¢ 00bIlIeil adpdUHHOCTBIO U 3 deK-
TUBHOCTBIO CBsI3bIBaloTCsl ¢ peuentopamu JIT'/XTY.
IMoxazaxo, HampuMep, 4To o Takux popm JII pes-
KO BO3pacTaeT B KOPOTKYIO (pa3y MHAYKIIMU OBYJISIIIAN,
B TO BpeMsI Kak B (DOJTUKYJISIPHYIO U TIOTEMHOBYIO (ha-
36l IPEBAIUPYIOT O0JIee NIMKO3MINPOBAHHBIEC (DOPMEI
TOHAIOTPOITMHOB [642].

Cpenu penentopoB JII'/XT'Y BblIeasIIOT HETJIUKO-
3UJIMPOBAHHbBIE U TIMKO3WJIMPOBAHHBIE MOHOMEPHbIE
¢GOPMBI C MOJIEKYJIIPHBIM BECOM COOTBETCTBEHHO 67 1
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84 x/la, a Taxcke M- M OIUTOMEPHBIE (POPMEBI C MOJIE-
KyJasIpHBIM BecoM 166 1 240 x/1a [643]. [TokasaHo, 4TO
CBsI3BIBAaHUE TOHAIOTpoNMHa ¢ perentopom JIT'/XT'Y
IPUBOIUT K YBEJIMYECHUIO TOJU IW- U OJUTOMEPHBIX
dopM, 9TO yKa3bIBaeT Ha MOBHIIICHNE CTAOMIBHOCTU
PELENTOPHBIX KOMILJICKCOB B MPUCYTCTBUU OPTOCTE-
pudeckoro aroHucra [644, 645]. ®opMupoBaHUe pe-
LIENTOPHBIX KOMIUIEKCOB BaXKHO JISI TTOJHOLIEHHOM
aKTUBAlLIMM PeleNITOpa TOHATOTPOIIMHOM, ITOCKOIBKY
MoKa3aHo, 9To cBa3biBaHNe MoeKybl JIT mnm XI'Y ¢
OIHUM TIPOTOMEPOM PELIENTOPHOTO KOMILJIEKca TpU-
BOIUT K aKTUBALIMU JPYroro rpotomMepa, U 3TO siBjie-
HUE ONMCHIBACTCS KaK TpaHCAKTHBAIMs pelerTopa
JIT/XTY [646, 647]. OnHuM 13 IPSIMBIX T0KA3aTEIbCTB
MexaHu3Ma TpaHcakTuBauuu peuenrtopa JII/XITY aB-
JISIETCSI TO, YTO KOB3KCIIpeccHus u30(opM perenrtopa,
OHAa 13 KOTOPbIX HE MOKET CBSI3bIBaTh TOPMOH, a IPY-
rasi He cmocoOHa mnepenaBaTh TOPMOHAJIBHbBIIA CUTHAII,
MIPUBOIUT K OJIUTOMEPHOMY PELIEITOPHOMY KOMILIEK-
Cy, KOTOpBIi crmocoOeH Kak omo3HaBaTh JII'-curHai,
TaK ¥ OCYIIECTBJISITh €r0 TPAHCAYKIIMIO K BHYTPUKIIC-
TOYHBIM MUILLIEHSIM [648].

Kpaiine nHTEpecHbIM SBIsIETCS OOHApy>XeHUe re-
TEPONUMEPHBIX U TETEPOOJUTOMEPHBIX KOMILJIEKCOB
mexny peuentopom JII'/XTY u peuenropom ®CI ¢
rnocjeayolen uX TpaHCcaKTUBallMel JI00bIM U3 rOHa-
IOTponUHOB [649—653]. [1pu akTUBaLIMU TaKUX TeTe-
poavIMepHbBIX KOMILIEKCOB ¢ rmoMouibio JIT' umu ®CT
OTMeYaloT pe3koe cCHUuXKeHue 3(PPeKTUBHOCTU CUTHA-
JIoB, TiepenaBaeMbix yepe3 G,-0enku Ha AL, uyTo yka-
3bIBaeT Ha B3aUMHBIC AJNIOCTEPUUECKUE BIUSTHUS TIPO-
ToMmepoB petientopoB JII' /XTI u @CI' B TakoM KOM-
miekce [649]. Kpome Toro, mgaxke HeOGombIIass HOJS
TaKHUX FeTEPOKOMILICKCOB B OOIIEM ITyJie pelLelTOPOB
JIT/XTY n ®CI cyliecTBEHHO BIUSIET Ha MPOLECCHI
arpe3uu QOoJUIUKYJIOB, pa3BUTUE JOMUHAHTHOTO (poJI-
JIMKYyJIa, a TaKXKe o0ecrneynBaeT MPOAyKIIMIO aHIpOTre-
HOB B OTCYTCTBHE TOCTaTOYHOTO KojmuectBa JIT' [653].

OOpa3oBaHUE PELEITOPHBIX KOMILJIEKCOB, B TOM
YuCIIe TeTepOAMEPHBIX, INIMKO3WIMPOBAHNUE U IPYTHE
MOCTTPAHCJSIIMOHHBIE MOAU(MUKALIMKU  pelenTopa
JIT/XTY gBnsitoTcsl ajlyIOCTEpUYECKUMU MeXaHU3Ma-
MU, KOTOpbIe BHOCST 3HAYMMBbII BKJIaJ B MOIYJISILINIO
CUTHAJIOB, MHIYLIMPYEMbIX TOHATOTPONIMHAMU, a TaK-
K€ OTIOCPEAyIOT U30UpaTeIbHYIO aKTUBALIUIO OMpee-
JICHHBIX BHYTPUKJIETOYHBLIX KacKaJoB, TE€M CaMbIM
IpOorpaMMHUpPYs aleKBaTHBIN IJIsI ONpPeaeICHHBIX (hu-
3UOJIOTUYECKUX YCIOBUM KJIETOYHbIN OTBeT. OmHAKO
CYIIECTBYIOT U JIpyTUe ajIoCTepUIeCKUe MEXaHU3MBI,
pausgomue Ha 3PEPEKTUBHOCTb U IIPEAB3SITOCTh
JIT/XTY-curnanuHra. 9To 00ycJIOBISHO MPUCYTCTBU-
€M B MOJIEKYJIe pelenTopa pas3MYHbIX 110 JOKaIu3a-
UM aJJIOCTEPUYECKUX CAliTOB, B TOM YMCJI€ B TPaHC-
MeMOpaHHOM JOMEHe M B o0ylacTU MHTepdeicoB,
BKJIIOYAIOIIMX CETMEHTHl BHYTPMKIETOYHOIO BECTU-
O10JIT TpaHCMEMOpPAHHOIO TOHHENS M NPOKCUMAaJb-
Hble yuacTku ICLs peuentopa. CUHTETUYECKHE aJIO-
CTEpUYECKUE PEryJISITOPhl 3TUX CaMTOB OymyT pac-
CMOTPEHBI HITXE.
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Aunocrepudueckue BausaHU Ha peuernrop JII/XT'Y
MOTYT OKa3bIBaTh ayTOAHTUTEJIA, BbIpabaThiBacMble Ha
€ro BHEKJIETOUYHbIC yyacTKi. HemaBHO B KpOBU KeH-
IIVH C ITOJIMKMCTO3HBIMU SIMYHUKAMU 1 TUIIEPaHIPO-
reHeMuel ObLIM OOHAPYKEHBI CTUMYJIMPYIOIINE ayTo-
aHTUTeNAa K penentopy JII'/XI'Y [654]. B cBsa3m ¢ aTiM
HEe0OXOOUMO OTMETHUTD, UTO Y XKEHIIWH C SUIYHUKOBOI
HEJIOCTAaTOYHOCTBIO OOHAapyXeHbl HMHTHUOUPYIOIINE
ayroaHTutena K perernropy @CI [655, 656]. [Tockoib-
Ky peuentopsl JIT'/XTY u ®CI MoryT retepogMepu-
30BaThbCsd, TO ayroaHTuTena K peuentopy @CI, kak u
aytoaHtutena K peuenrtopy JII'/XI, saBastorcs mo-
TEHUIMAJILHBIMIA aJUIOCTEPUYECKMMU MOMYJIITOpaMu
JIT/XTY-curnanunra. Henb3st UICKIIOUUTH TOTO, UTO,
KakK M B cily4yae ayroaHTtuten K B-AR, aHTuTena K pe-
uenropy JII'/XI'1 moryr co3maBaTh “‘peryiasaTOpPHBII
Oydep”, MO3BOJISTIONINIT MOIYJIMPOBATh MOIIHEIC aK-
TUBALlMOHHEIE CUTHAJIBI, BEI3BIBAEMbIC 3HAYUTEIbHBI-
MU NeperagaMyu YPOBHSI TOHAIOTPOIIMHOB B XOJI€ pe-
MPOAYKTUBHBIX LIMKJIOB. DTOT BOIIPOC KpaitHe MHTepe-
CEeH U TpeOyeT NOIMOJIHUTEILHOIO U3YyUYCeHMSI.

10.2. Pecyasmopbr mpancmemopanrHoeo
aanocmepuueckoeo caiima peuyenmopa JII/XTI'Y

Heo6xoanmMocTh pa3padoTKM aIOCTEPUISCKUX Pe-
ryssitopoB peuenTtopa JII'/XI™ obyciioBieHa ciienyo-
MMM 0OCTOSITEIbCTBAMHU, BaXKHBIMU C TOYKU 3PECHUSI
JIeYEHUST PENpPOAYKTUBHBIX PACCTPOMCTB M MHPU HC-
MOJIb30BaHUU TOHATOTPOIIMHOB BO BCITOMOTraTeIbHbBIX
penponyktuBHBIX TexHOoIorusIxX (BPT). IIpuMensiemblre
B HacTosIIee BpeMsl ToHamoTponuHsl ¢ JI-akTnBHO-
CTBIO JTUOO BBIACSIOT U3 MPUPOIHBIX UCTOYHUKOB (MO-
yeBble (opMmbl XI'H), 1100 CMHTE3UPYIOT C ITOMOIIBIO
T€HHO-WHXXEHEPHBIX TEXHOJOIUil (peKOMOMHAHTHBIC
dopmbl JIT u XI'Y). ¥V 0b6enx opM roHagoTpONUHOB,
MPUPOAHBIX W PEKOMOMHAHTHBIX, MMEIOTCS CYIIe-
cTBeHHBIC HegocTaTku. MoueBoit XI'H comepXuT psn,
OUOJIOTMYECKU aKTUBHBIX MPUMECEi1, a ero mpenaparhbl
OT ITapTHUU K ITapTUU CUJIBHO BapPbUPYIOT I10 crietindu-
YeCKOM aKTMBHOCTHU, UTO 3aTPYAHAET UX CTAHIApTU3A-
uuto. Kpome Toro, moueBoii XI'H, npencraBiasitoiuii
co00ii mIaneHTapHyo (popMy ropMOHa, UMEET OTIINY -
veIi ot JIT' 1 rmnmoduzapuoro XI'Y criektp 6monorm-
YeCcKOil akTUBHOCTH, BKJIIOUasi MPeAB3ITOCTh aKTUBA-
LM BHYTPUKJIETOYHBIX CUTHAJIbHBIX MyTeii. PekomOu-
HaHTHBIE (DOPMBI, B CBOIO OUYEpPeIb, TAKXKE HE JIMIIICHBI
MpUMeceit, HO TIPU 3TOM, UTO ellle 0ojee CylecTBeH-
HO, 3HAYMMO OTJIMYAIOTCSI OT IPUPOOHBIX (OPM II0
natrepHy N-DIMKO3WJIMPOBAHUS, 4YTO, KaK OTMEYa-
JIOCh BBIIIE, BIUSIET HA aKTHMBALUIO UMM pelenTopa
JII'/XTY 1 Ha npenB3sITOCTh CUTHAJIBHON TpaHCOYK-
uu. B cBsI3M ¢ 3TUM B HACTOsIIIEe BpeMs IpUMEHEHUE
pekomouHaHTHOTO JIT' B BPT cymiectBeHHO orpaHu-
yeHo. [OHamOTpONMHBI MOTYT OBITH MCIIOJb30BaHBI
TONBKO B (popMe MHBEKLMI, TpeOYIOT HaIJIeKAIIero
XpaHEeHUs U CITIOCOOHBI BbI3bIBATH UMMYHOTEHHBIE pe-
akuuu. [locKonbKy aaaocTepudecKue perysiTopbl
TpaHcMeMOpaHHoro caiita peuenTtopa JII'/XT'Y npen-
Ne 7

TOM 59 2023



AJUIOCTEPUYECKME CAUTHI U ATNIOCTEPUYECKUE PETVJIAATOPHI

CTaBIIIOT COO0OM HU3KOMOJIEKYISIPHBIE COCIUHEHUS,
YCTOMYMBBIE B XKEJIyJOYHO-KUIIIEYHOM TPAKTE U XOPO-
III0 BCACKLIBAIOILIMECS CTEHKAMU KHUIIIEYHUKA, TO OHU
3¢ deKTUBHBI TP TTePOPAITLHOM CITOCOOE BBEICHUS.
Hapsiay ¢ 5TuM OHU XOPOIIIO XPaHSTCS U HE BBI3BIBAIOT
MMMYHHBIX peakinii. OqHUM U3 CyIIeCTBEHHBIX HEO0-
CTaTKOB psiia X AKTUBHBIX aHAJIOTOB SIBJISICTCS HU3KAsI
pPacTBOPUMOCTH B BOAHBIX pACTBOPAX, 4TO, OAHAKO, HE
MPEMSITCTBYET UX BHICOKOM OMOIOCTYITHOCTH IIPU pa3-
JIMYHBIX cIOoco0ax MOCTAaBKU, XOTS U TpebyeT AOIOJI-
HUTEJIbHBIX YCUJINI MO pa3paboTKe 0a3upyIOLInXcs Ha
CTPYKTYpE€ TaKMX COCIUHEHUI JIeKapCTBEHHBIX (hOPM.

Hecmotpst Ha BocTpeOOBAaHHOCTh B OCHOBHOM aro-
HucTtoB peuentopa JII'/XI'1, B psane ciaydaes, Halpu-
Mep, IPpU TOHAZOTPONMH-3aBUCUMBIX OITYXOJISIX WJIN
IUIST TIPENOTBPAICHUST IIPEKICBPEMEHHOIO II0JIOBOIO
CO3peBaHUs Y MaJTbYUKOB, HEOOXOAUMbI AHTATOHUCThI
WJIA MHBEPCUOHHBIE arOHUCTHBI 3TOro peuernropa. Ilo-
IOOHBIX MpeIapaToB, JUTAHIOB OPTOCTEPUYECKOTO
caiita peuenropa JII'/XI'1, B HacTosiiiee He pa3pado-
TaHO, 4YTO AeJIacT HEOOXOOUMBIM CO3IaHME aJUIOCTE P~
YECKMX PETYISITOPOB C aKTMBHOCTHIO aHTAaTOHUCTOB U
MHBEPCUOHHBIX aTOHUCTOB Ha OCHOBE HU3KOMOJIEKY-
JISIPHBIX JTUTAHIOB.

Annocmepuueckue a2oHucmbsl U NO3UMUGHDbIE
annocmepuueckue modyaamoput peyenmopa JIL/XI'Y

INepBBle HUBKOMOJIEKYJISIPHBIE aTOHUCTBI perienTopa
JIT/XTY 6butn pa3paboTaHbl TOJUIAHICKUMUA YYeHBIMU B
2002 1. Ha OCHOBE MPOU3BOAHBIX TUEHO[2,3-d]-TuprUMu-
IWHa, HanboJjee aKTUBHBIMU CPEI KOTOPBIX OBLIN CO-
enuHeHue Org41841, N-tper-OyTmi-5-amuHo-4-(3-Me-
ToKcU(eHWT)-2-(METUITUO)TUEeHO[2,3-d]-TMpUMMIH-
6-kapbokcamua, u ero aHamor — Org43553 [154]
(Tabm. 4).

B nanpHeiimem coequHenust Org41841 u Org43553
CTaJlM TPOTOTHITAMU IS OOJIBIIIOTO YWCIA IPYTUX
HU3KOMOJIEKYJISIPHBIX COEAUHEHUN C arOHUCTUYECKOM
aKTHMBHOCTBIO, BKITIOYAsi HOBBIE IIPOM3BOMHBIC THE-
Ho[2,3-d]-mupumuauna [116, 620, 658, 659, 661—663,
665, 666, 680—682]. IlokazaHO, YTO COEIMHEHUE
Org43553 crieunUYHO CBSI3BIBACTCSI C PELEIITOPOM
JT/XTY (K4, 2.4 HM), npuyeM B €ro NpUCYTCTBUU

cBasbiBanue ['21]-XT'Y ¢ peLenTopoM COXpaHSIETCS,
YTO YKa3bIBaeT Ha HECOBMAaJAEHNWE OPTOCTEPUIYECKOTO U
Org43553-cienUIHOro aIoCTePUIECKOro CaiToB
[657]. B moab3y HecOBITaIeHUsI 3TUX CAiTOB CBUIC-
TEJIbCTBYET OTCYTCTBUE CHUXEHUSI CTUMYJUPYIOIIETO
addekra JIT Ha akTuBHOCTH ALL 1 HTAM ®D-3aBUCUMBIX
TPaHCKPUIILIMOHHBIX (PAKTOPOB B KJIETKaX, IKCIIpec-
cupytomimx penentop JII'/XI'Y, B mnpucyrcTBum
Org43553 [158].

T'onagotrponunsl, JII' 1 XI'Y, yepe3 mocpeacTBo
pa3znnyHbIX G-0ellKoB akTUBUPYIOT Kak All, Tak m
PLCp, noBblliasi BHYTPUKIETOUYHYIO KOHLIEHTPALIMIO
MOHOB KaJlbLIMsl, TprueM it aktuBatinu PLCP Tpeby-
10TCd OoJiee BBICOKHME KOHIEHTpalluuM TOHAaAOTPOIU-
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HoB, ueM mis aktuBaumm All [683]. CoenuHeHUe
Org43553 aBnsieTcst 0oyiee CeJIeKTUBHBIM 10 OTHOIIIE-
HUIO K aJlcHUJIATINKIIa3HOMY IIYTH, UTPAIOIIEMYy KITIO-
YEBYIO POJIb B CUHTE3€ 1 CEKPELIMU MOJOBBIX CTEPOU/I-
HBIX TODMOHOB, TIPaKTUYeCKH He Biustst Ha Gy -0€-
ku, PLCB u dochonHosutuaHbiii obmen [158].
Tonpko B BeicOKMx KoHIeHTpauusgx (1—10 mxM) Org
43553 crumynupoBan PLC[ Ha 33—37%, uto cocraB-
Jnsger MeHee 5% ot cooTBeTcTByIOIIEro 3ddexra JII.
Coennnenne Org43553 cpaBHUTEIBHO €1a00 BIMSIIO
Ha aKTMBHOCTD [3-appecTUHOB, Ha YTO YKa3bIBaeT OT-
CYTCTBUE €ro CTUMYJHUpYlollero aggekra Ha aKTUB-
Hoctb MAPKs m sHmonuTto3 peuentopon JII'/XI'Y.
Tem cambiM Org43553 xapakTepuayeTcsl TpenB3siToi
AKTUBHOCTBIO 10 OTHOLIEHUIO K G-0enkam u All, uto
obOecrneunBaeT €ro BBIPaXXEHHBIM CTEPOUIOTeHHBIN
addexr Kax in vitro [158, 658]), Tak u in vivo ipu pas-
JIMYHBIX NYTSIX BBEICHUS 3KCIIEPUMEHTAJIbHBIM XKU-
BOTHBIM U JKEHIIMHAM-A006poBobliaM [658—660]. He-
00XOIMMO OTMETHUTD, YTO pa3paboTaHHbIC HAMU THE-
HO[2,3-d]-MMPUMUINHOBBIE TPOU3BOIHBIE TaKXKe
n30MpaTesIbHO CTUMYJIMPOBAIN alcHUIATIUKIA3HBII
CUTHAJIBHBIN IIyTh [663, 665], 4TO MOXKET yKa3bIBaTh Ha
TIPUCYTCTBUE B MOJIEKyIaX TUeHO[2,3-d]-mupuMuanHO-
BBIX IIPOM3BOMHEBIX (PapMakKo(hOpOB, OTBETCTBEHHbBIX 3a
CTAaOMJIM3ALIO AKTMBHOM KOH(OpMaIM perenTopa,
B3aumoerictByomieii ¢ G -0enkoM. HccnenoBaHue
CTPYKTYpPBI 1 JIOKAIM3alIMKU aJUIOCTEPUUECKOrO caiTa,
C KOTOPBIM CBsI3bIBainCch Org43553 1 ero aHaJIOTH, TTO-
Ka3ajo, 4TO B ero (opMuUpoBaHUM MPUHUMAIOT y4da-
CTHE OPHUEHTUPOBAHHBIE BO BHYTPEHHIOI II0JOCThb
TpaHcMeMOpanHoro ToHHelrst AKO, mprHamiekanie
TM3, TM5 u TM6, a Takke OpMEHTUPOBAHHBIE BO
BHEKJICTOUHbBIA BECTUOIOIb 3TOT0 TOHHEJSI OCTaTKU
ECL2 u ECL3, ¢popMupymomire BHEITHUI BXOI B 3TOT
caiit [588, 634]. DT pe3ysIbTaThl OBLIN ITOATBEPXKIEHEI
IIpU MCCIEAOBAaHMU B3aMMOOTHOIICHUI CTPYKTypa—
aKTUBHOCTH U IIPU MOJIEKYJISIPHOM OOKMHTE pa3pabdo-
TaHHBIX HAMHU TIPOU3BOIHBIX THEHO[2,3-d]-mupumu-
auHa [665, 666].

ITepopansHoe BBeneHue Orgd3553 (50 mMr/Kr) BbI-
3bIBAJIO OBYJISILIMIO Y HETIOJOBO3PEIbIX MbIIIEH U T0-
JIOBO3penbIX Kphic. IloydeHHBIE SHNEKIETKN ObLIN
XOPOIIIET0 KayecTBa, XapaKTEpU3O0BAJIMCh BBICOKON
¢GepTUIbHOCTBIO, MPU UMILJIAHTALMY JaBaJIu KU3HE-
criocoOHbIe 3MOpHOHEL. I1pu BBeneHUM caMiiaM KpbIC
Org43553 crumynupoBall y HUX TECTUKYJISIPHBIN CcTe-
pouaoreHes, MoOBbIIIAST YPOBEHb TECTOCTEPOHA B KPO-
Bu [658]. Coenunenue Orgd3553 npu mepopaibHOM
BBEACHUU KCHIIIMHAM-IO0O0POBOJIbIIAM PEIIPOAYKTUB-
Horo Bo3pacTa (B 103¢ 300 MT') BBI3BIBAJIO OBYJISILIUIO Y
83% 13 HUX 6e3 KaKUX-T100 3HAUNMBIX ITOOOYHBIX 3(-
dexToB [660]. BaxHo, 4TO B 3TOM Cily4ae, KaK U IIpU
WHIYKIWW OBYJISILMU Y TPBI3YHOB, HE ObLIO BBISIBJIEHO
MIPU3HAKOB pa3BUTHUS CHUHIAPOMA TUMNEPCTUMYISILIUUA
SIMYHUKOB, YTO CBUIIETEIBCTBYET O IEPCHEKTUBHOCTHU
BTOTO arOHUCTA JJIs MHAYKLIMU OBYJSILIMU U JISUYSHUS
PEIPOAYKTUBHBIX PACCTPOMCTB y XKEHIIMMH. DTO BO
MHOTOM OOyCJIOBJIECHO OoJjiee MSTKOM aKTHBalMel
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Tab6amma 4. Ajutoctepudeckrie peryiasitopbl perernropa JIT /XTI

LITTAKOB

dapmakosioruueckas
AKTUBHOCTD

CoenuHeHUs

buonoruyeckuii apdexr

CchUIKH

AJTJTOCTCDI/I‘-IGCKI/IC AroHUCThI

Tueno|2,3-d]-nupuMuanHoO-
Bbie mpou3BoaHbie (Org41841,
Org43553)

Crumynupyiot G,-6enku u All B kiet-
Kax C 3KCIPECCUPOBAHHBIM DPELENTO-
poMm JII'/XI'Y, mpu BBeoeHUM caMIlam
KPBIC TIOBBIIIAIOT TPOAYKIIUIO TECTO-
CTepOHa, MPU BBEIACHUY caMKaM KPbIC 1
SKEHIITMHAM-T00pOBOJIbIIaM BBI3LIBAIOT
Y HUX WHIYKIIAIO OBYJISIIIMKA. OTMEUeHO
OTCYTCTBME KOHKYPEHIIMM C TOHAIO-
TPOITMHAMU 3a CBSI3bIBAHWE C PELIETITO-
pamu

[154, 158,
657—-660]

Tueno|2,3-d]-mupuMuamHO-
BhIe TpousBonHbie (TPO1,
TP02, TP21, TP22, TP23)

CTUMynupyoT akKTUBHOCTb G -0eKOB
U All B TECTUKYJISIDHBIX M OBapHUaIbHBIX
MeMOpaHax, TOBBIIIAIOT MPOAYKIIUIO
TeCTOCTEPOHA MpPHU B/6 U MepOpaIibHOM
crnoco6ax BBEACHMS caMIlaM KPbIC

[661—663]

Tueno|2,3-d]-mupuMunnHO-
BeIe mpon3BonHbIe (TP03,
TP04)

CTUMYJIMPYIOT  aJeHWIATIUKIIa3HYIO
CHCTEMY B TECTUKYJISIPHBIX MeMOpaHax,
aKTUBUPYIOT CTEPOUAOTEHE3 U TIPOMYK-
LU0 TECTOCTepOHA B KYJIbTUBUPYEMBIX|
KJeTKax Jlefimura, CTUMYJIMPYIOT TeCTH-
KYJSIDHBII CcTepoMaoreHe3 Imipu B/O,
MMOIKOXHOM M TIEpOPATbHOM BBEICHUU
caMmIIaM KpbIC, B TOM YHCJIe ¢ 11abeToM
U CTapeIOIINM XUBOTHBIM, aKTUBUPYIOT
OBapuaJIbHBIM CTEPOUIOTEHE3 U BBI3BI-
BAalOT WHIYKIIMIO OBYJISILIUM Yy TIOJIO-
BO3pEJIbIX W HEIOJIOBO3PENBIX CAMOK|
KpBIC, TTIOTEHIIUPYIOT CTEPOUIOTCHHBIC
addexter XI'Y in vitro n in vivo

[664—669]

IMpousBomHOe Mypas3oa,
Compound 1

Crumynupyer akTuBHOCTh ALl u mpo-
MYKIIAIO TECTOCTEpOHA B KJeTKax Jleii-
nura

[670]

Mennyux 562—572-

K(Palm)A, ero numepHbIit aHa-

10T, BKJTIOYAOIIMIA CIITUTHIE
yJacTku 562—572

Crumynupytot ALl u G-6enku B Tectu-
KYJIIPHBIX M OBapuajibHbIX MeMOpaHax
Kpbic, 562—572-K(Palm)A moBBIIIaeT
MPOJYKIIMIO TECTOCTEPOHA Y CaMlOB
KPBIC TTPU UHTPATECTUKYJISIPHOM BBEJIE-
HUU

[671, 672]

AnnocTepruyecKre aHTaroHu-
CTBI

IpousBonHoe TepdheHna,
LUF5771

CylleCTBEHHO WHIMOMPYET CTUMYJIMPY-
roe sddexrel XI'Y u amnocrepuye-
CKuUX aroHuctoB Ha JII-3aBUcCHMBbIE
BHYTPUKJIETOUHBIC KACKaIbl

[673, 674]

[IpousBonHbIe GEH3aMUIOB
(ADX68692, ADX68693)

MHrMoupyIoT CTUMYIMPOBAaHHYIO TOHa-
noTponMHaMu akTuBHOCTH JI[-3aBUCH-
MBIX CUTHAJIbHBIX KacKaloB, ITOKa3aHa
crneruyHOCTb 3¢h(HEKTOB B pa3IMUHbBIX
TUTMAaxX KJIETOK W TIPU Pa3TMIYHOM COOTHO-
LIEHUN 9KCITPECCUU peLenTopoB
JIT/XTY u ®CT

[675]
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Taomua 4. OKoHUaHME
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dapmakosiornueckas
AKTUBHOCTD

CoenuHeHUS

buonoruyeckuii adext Ccpuiku

NAM
HadTupuauHa (BAY-298,
BAY-899)

IMpousBomHbie TeTparuapo- 1,6- |CHKaoT

CTUMYJINPOBAaHHYIO  T'OHa- [676]
TOTPONMMHAMU U AJZIOCTEPUYECKUMU
arOHNUCTAMU TIPOAYKLMIO CTEPOUTHBIX
TOPMOHOB,  WHTUOMPYIOT  CUCTEMBI
TECTUKYJISIPHOIO Y OBAPMAIbHOIO CTEPO-
WIOreHe3a, MONAABIAIOT (hOJUTMKYJIOTEHES

ITpN BBCACHUU CaMKaM KpPbIC

JuxnopooudeHnaTpuxiaopaTad |Ocaadiasier CTUMYIMPYIOIii  3¢h¢eKT,

[677]
XTY Ha ALl, nonasnsier JIT'/XTY-uHmy-
[IMPOBAHHOE pPEKPyTHpoBaHue [-appe-
CTUHOB, HO CYIIIECTBEHHO HE BJIUSIET Ha
TOHAOTPOITMH-CTUMYIUPOBAHHYIO TIPO-
TyKIIMIO TECTOCTEPOHA, UTO YKA3bIBACT Ha
MIPEaB3SITOCTb €ro 3((MEKTOB B OTHOIIIE-
HUU Pa3IMYHBIX CUTHAJIbHBIX KACKaIOB

NAM/Annocrepuyeckuii

VHBEPCUOHHBIN arOHUCT Boe npousBomHoe TP31

Tueno|2,3-d]-mupuMungHO-

CHuxaer crtumyiaupymomme 3¢h@eKTsl [678, 679]
XI'4 u TPO3 Ha aktuBHOCTB ALl B TecTu-
KYJISIpHBIX MeMOpaHax (B OOJNbIIE cTe-
neHu B cirydae TP03), marubupyer XI'-
WHIYIIMPOBAHHYIO CTUMYJISIIIMIO TIPOIYK-
IIMM TECTOCTEpOHA Yy CaMIIOB KpHIC.
BoI3biBaeT HeOoOMbIIOE CHIDKEHUE 06a30-

BOI'O YPOBHA TECTOCTECPOHA

[MpousBonHoe upuno|3,4-
d|nmupumunaa PP17

NHrnoupyet ctumynupymolime 3heKTbI [678]
XI'Y u TPO3 Ha ageHMIATIUKIIa3HYIO
CHUCTEeMY B TECTUKYJISIPHBIX MeMOpaHax (B
Oonbleid cterieHy B caydae XI), mHru-
oupyet XI'U-cTUMyIMpoOBaHHBI 1 6a30-
Bblii YPOBHU TECTOCTEpOHA B KPOBU

CaMIIOB KPBbIC

HAM®-3aBUCUMBIX CUTHAJIBHBIX MYyTE, a TaKxXe
MEHBIIUM IleprogoM moiryBeiBencHus Org43553 B
cpaBHeHnu ¢ XI'Y, uTo mpemoTBpaiaeT AJIUTEILHYIO
aktuBaluio peuenrtopa JII'/XI' B KileTKax-MUILIEHSIX
[658, 660].

OcHOBBIBasiCh Ha (hapMaKOJOTMUECKHUX XapaKTepH -
ctukax Org43553 u ero aHajaoroB, HaMu ObLIa pa3pa-
b6oTtaHa cepust TueHo[2,3-d]|-MMPUMUINHOBBIX TTPOU3-
BOJIHBIX, IIEPBBIM M3 KOTOPBIX OBLIO CO3MaHHOE U U3Y-
yenHoe B 2014 r. coemmHeHHMe S-aMuHO-N-(mpem-
OyTi)-4-(3-(M30HUKOTUHAMUIO )(peHMIT)-2 - (METHUII -
THO)TUEHO [2,3-d|nupumMuanH-6-KapGoKkcamMua
(TPO1) [661—663] (Tabxa. 4). Cpeay CHHTE3UPOBAHHBIX
HaMU COeAMHEHM HanOoIbIIeil aKTUBHOCTBIO XapakK-
TepusoBanuch TP03 u TP04, KoTophie OBLIN AETaJIbHO
M3y4eHbl B YCJOBMSIX in Vitro W in vivo [665, 666]
(Tab6a. 4). OHU cTUMYIUpPOBaAIM aKTUBHOCTH ALl B Te-
CTUKYJIIDHBIX M OBapUaJibHbIX MeMOpaHaxX KpbIC, a
TaKKe MTOBBIIIAIN TIPOIYKIIMIO TECTOCTEPOHA ITPU UH-
Kybauuu ¢ KiaeTkamu Jleioura, IpuyeM UX CTUMYJIH-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

pytoiune 3pdeKThl ObIIUM YACTUYHO aJIUTUBHBI C Ta-
koBbIiMU XI'Y. IIpy BHYTpUOPIOIIMHHOM U IepOpab-
HOM BBEJEHUM camliaM KpbIC OHU CTUMYJIUPOBAIU
TECTUKYJSIPHBIM CTepOUIOTreHe3, TMOBBIIAS MPOAYK-
1110 TECTOCTEPOHA B KPOBU. DTO COMPOBOXIAIOCH 10~
BBILLIEHUEM 3KCIPECCUU Psijia CTEPOUJOTEHHBIX T€HOB,
B MEPBYIO OYEPENb XOJECTEPUH-TPAHCTOPTUPYIOIIETO
Oenka StAR, Kartaqusmpylollero nepBylo, CKOPOCTh-
JIMMUTHUPYIOLIYIO CTaAuI0 cTepougoreHe3a. Dddekr
TPO03 1 TP04 coxpansiics ipu IJIUTENbHOM (5 nHelt u
0oJiee) BBeIeHUN, B TO BpeMsl KaK COOTBETCTBYIOIIIME
adextel XI'Y 1pu 3TOM CyIIECTBEHHO OcjabeBaiu
[664—666]. CTaGUILHOCTD CTUMYIUPYIONIETo 3hdeK-
Tta coemuHeHnt TP03 1 TP04 Ha TeCTUKYIISIpHBIN cTe-
pougoreHe3 OblJla BO MHOTOM OOYCJIOBJIEeHAa COXpaHe-
HueM sKkcrpeccuu peuentopa JII /XTI B ceMeHHUKAX,
KOoTopasi B 3HAUUTEJIbHON CTEeNeHUW CHUXKAJach IpHU
JUIUTENTbHOI 00paboTKe TOHAI0TPOIHAMMU.

CrepounoreHHbiii 3¢ dexT TueHo[2,3-d]|-nupumu-
JIMHOBBIX TIPOU3BOIHBIX ObLI OTYETIIMBO BhIPAKEH TIPU
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BBEACHUH CTapEIOIIMM XMBOTHBIM M CaMliaM KpPBIC C
pa3IMYHBIMU MOJIC/ISIMU CaXapHOTo ArabeTa, B TO Bpe-
Ms1 Kak cTuMyaupytomuii apdext XI'1 Ha TecTUKy-
JISIPHBIIA CTEPOUIOTEHE3 Y 3TUX KMBOTHBIX CHIKAJICS
[684]. IToka3aHO TakXKe, YTO Y IUA0ETUIECKHUX KUBOT-
HBIX BBeneHue coenquHeHuii TP03 u TP04 mpuBoamnio
K TIOBBIIICHUIO TIOABVMDKHOCTH SOUIUANMAIbHBIX
CIIepMaTO30MA0B, HOPMAIM30BAJIO UX YMCJIO, a TaKXKe
YMCJIO CIIEPMATOLMTOB B CEMEHHBIX KaHalIbLaX, BOC-
CTaHABJIMUBAJIO TOJIIWHY T€PMUHATUBHOTO SITUTEINS,
YTO yKa3bIBaeT Ha HOpMaJM3allUIo IIpoliecca criepMa-
ToreHesa [665, 666].

MHorue mno6ouyHble 3(MdEKTHl TOHAAOTPOIIMHOB
00yCJIOBJIEHbl CPAaBHUTEJIILHO BBICOKMMU WX JA03aMM,
WCIIOJIb3YEMBbIMU B PENIPOJYKTUBHON MEAUIIMHE, YTO
COIIPOBOXIAeTCs cCHavayia rurepctumyisinueii JII'-3a-
BUCUMBIX CUTHAJIbHBIX TyTei, a BIIOCJIEACTBUU (DOP-
MUPOBAHUEM PE3UCTEHTHOCTU KIJIETOK-MUIIEHEH K
9HJIOT€HHBIM ToHanoTponrHaM. OOHapyXKeHHast HAaMU
B BKCIIEPUMEHTAX M Vitro alIMTUBHOCTb CTUMYJIMPYIO-
mux 3¢pdpexkroB XI'Y u tmeno[2,3-d]-mupuMuImnHoO-
BBIX TTPOU3BOIHBIX, SIBJISIIOIIASICS CIEACTBUEM Pa3nuy-
HOM JIOKaJIM3allMM CalTOB UX CBSI3bIBAHUS C MOJIEKY-
JIoil pelieniTopa, Mo3BoJinjia BbiICKa3aTh IMIOTE3Y, YTO
HU3KOMOJIEKYJISIDHbIE arOHUCTBI CITOCOOHBI TTOBBIIIATH
3((HEKTUBHOCTh HU3KUX 103 TOHAIOTPOMMHOB MPU UX
KOMOMHUPOBAHHOM HCMOJb30BaHUU. J{eliCTBUTENBHO,
NP COBMECTHOM BO3IECUCTBUU CPABHUTEIBHO HU3KUX
nmo3 TPO3 (15 mr/kr) u XI'Y (10 ME/kppIcy) oTMedanu
MOTEHLIMPOBAHUE CTUMYJUMpYIollero 3¢ dekra roHa-
JIOTPOTIMHA Ha MPOAYKIIMIO TECTOCTEPOHA U SKCITpec-
CUIO KJIIOYEBBIX CTEPOMAOreHHBIX TeHOB (StAR,
Cypllal) [685]. [Totenumpytouiee neiictere TP0O3 GbI-
JIO MPOAEMOHCTPUPOBAHO y CAMIIOB KPBIC C Pa3JIMUHbI-
MU MOJIEJISIMU caxapHOTo auadeTra 1-ro v 2-ro TUMOB U
ObLJIO BBIPAXKEHO CUJIbHEE, YeEM Yy HeIuadeTuyecKux
KUBOTHBIX. TeM caMbIM TOKa3aHa MEepCHeKTUBHOCTh
KOMOMHMPOBAHHOM Tepanuu THeHo|2,3-d]-nupumu-
JUHAMUW Y TOHAJOTPONMUHAMU MPU KOMITEHCALIUU aH-
JIPOTEHHOTO AeduInTa, BBI3BAHHOTO METa00INYECK-
MU paccTpoiicTBamu [685, 686].

Hamwu mmoka3zaHo, 4To JIuTeabHast, Ha IPOTSKEHU N
5 Hem, Tepalrsl caMlIOB KPBIC C CaXapHBIM IHAa0ETOM
2-TO0 THUIa METPOPMUHOM HE TOJIBKO YaCTUYHO BOC-
CTaHaBJIMBaJjla Y HUX CTEpOUIOTeHEe3 1 CIIEpMaTOreHe3,
HO M YyCWIMBaJIa CTEPOUIOTreHHEIE OTBETHI TP BBEC-
HUM XKUBOTHEIM TPO03 [666, 667], uTo yKa3bIBaeT Ha
yIIy4llleHe YYBCTBUTEIBHOCTU CEMEHHUKOB K ajljlO-
CTEpUYECKUM aroHUCTamM. ODTO OBLUIO OOYCIOBJICHO
HopMaJim3anueit akcnpeccuu peuerntopon JII'/XT'Y u
¢GepMEHTOB CTepouIoTeHe3a B CeMEHHMKAaX 1uabeTr-
YeCKMX XMWBOTHBIX. B TO ke BpeMs IIpu IJIMTEIHLHOM
BBeneHuu TP03 kpwicaMm, JedeHHBIM MEeT(OPMHUHOM,
CTUMYJIUPYIOIINA 3 PEKT HU3KOMOJIEKYJISIPHOTO aro-
HICTAa HA IIPOAYKIIMIO TECTOCTEPOHA HEMHOTO OocJiabe-
BaJI, YTO MOXKET OBITh KOMIICHCATOPHOI peaklreil Ha
JUINTEJIbHYIO TUIIEPAKTUBALIMIO CUCTEMEI TECTUKYJISIP-
HOro crepouporeHe3a. Tem caMbIM MeT(OpPMHHOBAS
Tepanusi, Kotopast 3¢pdeKTUBHA I BOCCTAHOBJICHUS
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LITTAKOB

PEINIPOAYKTUBHOM CUCTEMBI IIPU META0OINIECKIX pac-
CTPOIICTBAX, COIPOBOXIAAIOIINXCI OXUpeHueM [687,
688], cmocobHa yCUJIMBATh OCTPBIE OTBETHI CEMEHHH -
KOB Ha CTUMYJISILIAIO aJZIOCTEPUIECKMMU arOHUCTaMU
peuenrtopa JII'/XI'Y, Ho Mayio addekTuBHA 11T IO -
JIepXaHUs CTEPOUIOOTreHHBIX 3(P(EeKTOB 3TUX aroHU-
CTOB IIPU UX IJIUTEIbHOM IIPUMEHECHUU.

Onupasich Ha JaHHbIE, TTOJIyYeHHbIC ITPU CTUMYJISI-
UM TECTUKYJISIPHOTO CTepOUI0TeHe3a, ObLIO U3YYEHO
Biausitane coenuHeHns TP03 Ha oBapmalbHBIN CTEpOU -
JIOTeHE3 U OBYJISILIUIO Y CaMOK KpbIC. BBeaeHue aToro
COEAVHEHUSI TT0JIOBO3PEJIBIM U HEMOJIOBO3PEJIbIM CaM-
KaM KpbIC YCUJIMBAJIO OBapUaIbHBINA CTEPOUIOTEHES,
MOBBIIIAS TMIPOAYKIIMIO IPOrecTepoHa, a y 00padboTaH-
HeIx nperaparom POCI' omauMaroMm HEIIOJIOBO3pe-
JIBIX CaMOK BBI3BIBaJIO OByJsnmio, nmpuuyeM TP03 He
yerynan no s¢gdexkruBHocti XI'Y [668, 669]. TPO3
He BbI3bIBAJI OBBIIIEHUS KCIIpeccuu pakTopa pocta
SHIOTENNS COCY0B B SMYHUKAX, OTHOTO U3 TPUTTEPOB
CHHIPOMA TUIEPCTUMYJISLIUU SIUYHUKOB [668]. Tem
cambiM TPO3 u ero aHajoru MoryT ObITh MCIIOJIB30Ba-
HbI JJI1 CTUMYJISIIUY OBapUaJIbHOTO CTEPOUI0TeHEe3a U
KOHTPOJIMPYEeMOM WHAYKLIMU OBYJISIHUM Yy >KEHILIWH,
YTO OTKPBIBAeT IIMPOKKE MEPCIEKTUBBI ISl UX TIPU-
meHeHus B BPT.

Hapsiny ¢ tueno|2,3-d|-nupuMuUaIUHOBBIMU TIPO-
M3BOIHBIMU, BEIYTCS TMOUCKU aJUIOCTEPUUYECKUX aro-
HucrtoB peuenTtopa JII'/XI' u cpenn apyrux KjiaccoB
HU3KOMOJIEKYJISIPHBIX ~ coequHeHMuil. Haunbonbimii
MHTEpEC B 3TOM OTHOILIEHUU TIPEACTaBJSIIOT MPOU3-
BOMHbBIE mMUpas3oa, omHO U3 KoTopbix (Compound 1)
ctuMynupoBaiio akTuBHOCTb ALL (ECs,, 20 HM) 1 tipo-
IYKIIAIO TECTOCTepOHa KJieTkamu Jleiiaura co 3Have-
HueM ECs, paBHBIM 1.31 MKM [670] (Tab6m. 4). Ero ad-
(GEKTUBHOCTH OBIIa corrocTaBuMoOi ¢ TakoBoit XI'Y.
IIpu BHYTPUOPIOIIMHHOM BBEIEHUU caMllaM KpbIC
CoenuHenue 1 (32 MI/KT) MOBBIIIANIO YPOBEHb TECTO-
CTEepOHAa B KpOBU XKUBOTHBIX. Kak 1 TneHo|[2,3-d]-nm-
pUMUIMHOBBIE pou3BoaHble, CoenrHeHUe | HE KOH-
KypupoBaJio ¢ XI'4 3a Mecrta CBI3bIBaHUS C PELICOTO-
POM, YTO yKa3bIBa€T Ha OTCYTCTBUE IE€PEKPbIBAHUS
CaliTOB, CBSI3BIBAIOIIMX ITPOU3BOJHOE MMpa3ojia U ro-
HagoTpornuH. OCHOBBIBasICh Ha pe3ysibTaTaX MOJIEKY-
JISPHOTO TOKWHTA, OB caesiaH BeiBoxd, yTo CoennHe-
HUe 1 B3aMMOJEHCTBYET C allIOCTEPUYECKUM CaliTOM,
JIOKQJIM30BaHHBIM B TpaHCMEMOpPaHHOM JTOMEHE pe-
uenropa [670].

Annocmepuueckue aHmazoHucmol U He2amugHble
annocmepuueckue mooyasmoput peyenmopa JIL/XT'9

IlepBbIM cpeayd HU3KOMOJEKYISIPHBIX aHTarOHU-
ctoB penentopa JIT'/XT'Y craio mpousBogHoe Tepde-
Huiaa LUF5771, kotopoe noaaBisio CTUMYJISILUIO pe-
LIeNTopa TOHAAOTPONMHAMU W AJIJIOCTEPUUYECKUMU
aroHWCTaMH, B TOM 4ucie SHaoreHHbIM JIT [673, 674]
(Tabn. 4). B koHueHtpauuu 10 MKM oHo 6oJiee 4yeM B
TpH pa3a yckopsiiio nucconanuio Org43553 ot pelien-
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topa JII'/XI'Y u B 2—3 pa3a CHMKaJIO pPeryasiTOpHBIC
adextel XI'Y 1 Orgd3553 Ha JIT-3aBUCUMBIIL BHYT-
PUKJIETOYHBIN curHaiwHT [673, 674]. UcciaenoBanue
canTa cBs3biBaHus coeqnHenust LUF5771 moxkasaio,
YTO OH, KaK U cauT cBsa3biBaHUS Org43553 u npyrux
TueHo[2,3-d]-nupuMuINHOB, JOKaIU30BaH B TpaHC-
MEeMOpaHHOM TOHHEJIe, YaCTUYHO C HUM IIepeKphbIBa-
eTcsl, HO BKJIIogyaeT nHoii Habop AKO, nokanu3oBaH-
HbIx B TM1, TM2, TM3, TM6 u TM7, a takke B ECL2
[674]. dpyroe npousBonHoe TepdeHnIa, COeTUHEHUE
LUF5419, B nnpucyTcTBUU KOTOPOIO MHTUOMPYIOIIME
apdexrer LUF5771 cHukatorcest B 2—10 pas, cBs3bIBa-
Joch ¢ TeM Xe cauitom, uto u LUF5771, HO 1IpM 3TOM
He 00pa30BBIBAJIO KOHTAKTHI ¢ AKQ, ToKaJIn30BaHHBI-
mu B TM1 1 TM2 [673]. T1penrionoXuTeTbHO UMEHHO
9THU OCTAaTKU U MOTYT OBITh OTBETCTBEHHBI 32 MHTMOM -
pyromuii apdpexkt LUF5771.

OCHOBBIBasICh Ha 3TUX pe3yabTaTax, B TaJbHEHIIIEM
Ha OCHOBE TeTparuapo-1,6-HadTupuarHa GbUIM pa3-
paboranbl coenuHeHuss BAY-298 u BAY-899, nane-
JIeHHbIe aKTUBHOCTBIO NAM mj1st petentopa JIT'/XT
[676] (TaGn. 4). CoenuHeHne BAY-298 cHuxano cTu-
myJupoBaHHyo JII' 1 ajulocTepuyecKMM aroHUCTOM
Org43553 npoayKIInio CTEpOMITHBIX TOPMOHOB, ITOIaB-
JISIsl TECTUKYJISIPHBIN M OBapHajibHbBIM CTEpPOUIOTeHE3,
a Takxke OJIOKMPOBAJIO (DOJIMKYJIOTEHE3 IIpU BBEC-
HUU caMKaM KpbIC. ITpu 2TOM OHO CBSI3BIBAJIOCH C Caii-
TOM, OTJIMYHBIM HE TOJIBKO OT OPTOCTEPHUUECKOTO caii-
Ta, HO M OT aJUIOCTEpUYECKOIO caiitTa CBSI3bIBAHUS
Org43553, KoTophIii B 3HAYUTEIILHOM CTEIIEHU TIepe-
KpbIBaJIics ¢ caiitoM cBsi3biBaHusl LUF5771. Coenune-
Hue BAY-899 no3o3aBrucrMo MoaaBisijio CTepOraore-
HEe3 NpW BBEJICHUU caMKaM KpbIC M, MogooHo BAY-
298, ocTaHaBIMBAJIO LIUKJI B (ha3e AUDCTPYCa U METICT-
pyca [676].

IMTapautensHO HaMU ObLTH pa3padboTaHbl IPOU3BO/-
Hble TUeHO|2,3-d]|-nmupumuauna (TP31) u nupu-
no[3,4-dnupumuauna (PP17), kotopbie momaBisin
crumynupoBaHHyo XI'H u TP03 aktuBHocTh G,-
oenkoB u ¢pepmenTa All Bo ¢dpaknum miaazmaTude-
CKMX MeMOpaH, BBIICJICHHBIX 13 CEMEHHUKOB CaM-
noB Kpbic, npuuyeMm TP31 (5-amuHo-N-(mpem-0y-
TIN)-2-(MeTUATNO)-4-[ 3-(2-(3TMIIaAMMHO )HUKOTUHA-
MuI0)-penw|tueHo|2,3-d|mpuMuInH-6-Kapd OKCaMUI)
ObL1 3 (PpeKTUBHEE B OTHOLICHUU CTUMYJIUPYIOLIETO
addekra TP03, a PP17 (atunoBsiit 3¢pup 7-aMuHO-
4-(3-(aTOKCHKAapOOHWII ) TUIEPpUANH- | -111)-2-(MeTHII-
cynbbanun)nupuno|4,3-dlnupumMuanH-8-kKapOooHO-
BOI1 KMCJIOTHI) — B OTHOIIIEHUU COOTBETCTBYIOIIETO
apdekra XI''T [678, 679] (Taba. 4). OOHapyXKeHHBIE
3¢ @eKThI, KaK MBI I1ojaraeM, o0yCJI0BJIEHbl pa3jiny-
Hoit Jokanmu3anuein TP31- u PP17-cBga3bIiBaromunx aji-
JOCTEPUYECKUX CAUTOB, a TaKXK€ CXOOHOI JIOKaau3a-
Lueit caiita, CBSI3bIBAIOIIETO CTPYKTYPHO OJIM3KKUE, HO
oT/IMYapIIrecs 1Mo apMakKoJIoTundecKoMy Ipod Ui
THeHOo|2,3-d]-nmupuMuanHoBEIie mpou3BomaHbie TP03 n
TP31. B skcnepumeHTax in vivo coeguHeHus TP31 u
PP17 cHuxanu ctumyaupoBaHHy0 XI'H npoayKuuo
TECTOCTEPOHA, B CYIIECTBEHHO MEHbIIEH CTENEHU

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

BJIMsIsI HA 0a30BBIN yPOBEHb TOPMOHA, KOHTPOJIMPYE-
MbIii aHHoreHHbIM JIT, mpuyem TP31 6611 2 hekTuB-
Hee PP17. Tem cambim, TP31 u PP17 nposiBasiioT ak-
TUBHOCTE NAM 1JIsT rOHaZOTPONNH-CTUMYINPOBaH-
Horo peuenrtopa JII'/XI'Y, a Takke oKa3blBalOT
aHTAarOHUCTUYECKU 3(P(PeKT B OTHOIICHUN CTUMYJISI -
UMY arOHUCTaMM TPaHCMEMOpaHHBIX aJJIOCTepUIe-
ckux caiToB. C yuyeToM cj1a00 BBIPpasKeHHOTO BIMSTHUS
Ha 0a30BBIil YPOBEHb TECTOCTEPOHA, 00a 3TU COSONHE -
HUSI MOTYT OBITh KiIaccuduimpoBaHbl, Kak NAM /uH-
BEPCHUOHHbIE aTOHUCTHI.

HenaBHo OBLIO OOHaApy:KeHO, YTO AUXJIOpOAMQE-
HuatpuxjaopataH (p,p'DDT), KoTopblii MOTEeHUUPYET
otBeT peuentopoB MCI Ha BBemeHHe MpenapaToB
®OCI, Takxke BIMIET Ha aKTMBHOCTb pelenrTopa
JIT'/XTY, npenorBpainast ero aktuBanuio JII' u XI'Y
[677] (Ttabn. 4). B xynsrype CHO-knetok p,p'DDT
cHIXan ctumynupylomiee BaussHue XI'Y Ha ypoBeHB
BHYTpUKJIETOUHOTO HAM®, 1 Hapsity ¢ 3TUM TTOJaB-
JISLT PeKpyTUpOBaHue B-appecTMHOB, WHIYIIMPOBaH-
noe JIT' m XI'Y. IIpu aTOM, OMHAKO, OH CYILIIECTBEHHO
HE BJIMSII Ha CTUMYJIUPOBAHHYIO TOHAZOTPONMHAMU
MPOIYKIINIO TECTOCTEPOHA. DTO YKa3bIBaeT HA €ro aK-
TuBHOCTH Kak NAM mna peuenrropa JII'/XT'Y, Hane-
JICHHOTO MpPEAB3STO aKTUBHOCTHbIO B OTHOIIEHUU
OIpeAeeHHBIX BHYTPUKIIETOYHBLIX KacKamoB [677].
JIpyruM KJIacCOM COeTMHEHU, KOTOPhIC ObIA aKTHUB-
HBI KaK B oTHolueHuu peuentopa MCI, Tak u peuer-
topa JII'/XI'Y, aBasioTcss mpou3BOMHbIE O€H3aMUIOB
ADX68692 1 ADX68693, KoTopble B pa3IMYHOI CTe-
MeHW UHTUOMPOBAJIM CTUMYJIMPOBAHHYIO TOHAJA0TPO-
NUHaAMU aKTUBHOCTh 3TUX peuenrtopoB [675]. Ilapa-
JIOKCAJIbHO, HO UX JEUCTBUE SIBISIETCS CIELUMUIHBIM
MO0 OTHOIIEHUWIO K OMNpeAeeHHBIM TUIaM KJIETOK C
SKCIIPECCUPOBAaHHLIMU B HUX peuentopamu ®CI u
JIT/XTY 1 BO MHOTOM 3aBUCHUT OT ITaTTepHA UX IKC-
npeccuun. He uMckiIoueHO, YTO MUILIEHBIO TTPOU3BO/I-
HBIX OeH3aMU/Ia SIBJISTIOTCSI TETEPOOIUTOMEPHBIE KOM-
riekchl petentopoB @CIT u JIT/XTY, uyro u onpene-
JISIET CJIOXHBII Tpodmib UX (apMaKOJIOTMIeCKOt
aKTUBHOCTU. Pe3toMupyst, MOXXHO OTMETHUTh, UTO B OT-
JIMYMEe OT aJUIOCTePUUYECKMX aroHUCTOB peleITopa
JIT/XTY, antaroHucTel 1 NAM MeHee crieliuUUHbI
O OTHOLIEHUIO K 3TOMY PELIENITOPY, YTO MOXET OBITh
00YCJIOBJIEHO KaK CXOACTBOM KOH(UTYpaluu “HMHTU-
OMpYIOLIEro” aUIOCTEPUUYECKOro caiTa pelenToOpOB
OCI u JII'/XT'Y, Tak ¥ TeTepooIUroMe pru3aleii STux
PELICIITOPOB.

10.3. Annocmepuueckue nenmuonble pecyassmopbl
BHYMPUKAEMOYHO20 AAN0CHEPUUECKO20 cailma

Kak u B cnyuae peuentopa TTI, mpokcumanbHbIC K
MmeMbpaHe yyactku ICL3 peuenTtopa JIT'/XI'Y urpator
OIpPEIESIIOLLYIO POJIb BO B3auMoaeicTeuu ¢ Gg-6en-
KOM, OIIOCPENYIOLIMM CTUMYJIALNI0 TAM®P-3aBucu-
MOTO CUTHaJIMHTa. BaxkHOE 3HaUeHUe B TAKOM B3aUMO-
JIEICTBUM MMEIOT LIEJIOCTHOCTh KJIACTEPOB IIOJIOXKHU-
TEJIbHO 3apsKEHHBIX aMMHOKMCJIOT U CIIOCOOHOCTH
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hinge
region

Agonists

Org41841, Org43553,
TPO1, TP02, TP03,
TP04, TP21, TP22,
TP23, Compound 1

Peptide-based agonists

Pepducin 562-572
of receptor ICL3,
Dimeric pepducin (562-572),

LH/hCG receptor

LITTAKOB

Stimulating
autoantibody
to LH/hCG receptor

Neutral antagonists
LUF5771,

ADX 68692,
ADX 68693

Inverse agonists/NAMs

‘ Thieno[2, 3-d]-pyrimidine TP31,
Pyrido|[ 3, 4-d]|-pyrimidine PP17

NAMs

( BAY-298, BAY-899,
L Dichlorodiphenyl

trichloroethane

Puc. 3. Aiutoctepudeckue caiitol B MoJiekyJie petentopa JII/XT'Y u ux peryasitopsl.

yyacTtkoB ICL3 00pa3oBbIBaTh aMpUNaTUYECKYIO CITH-
paltb, ONTUMAIBHYIO IUIST OPMUPOBAHUST BHYTPUKIIE-
TOYHOTO aJIJIOCTEPUUYECKOTo caita. B momHom coor-
BETCTBUM C 3TUMHM KPUTEPUSIMU HAMU ObLT pa3paboTaH
MATBMUATOMJIMPOBAHHEIN ¢ C-KOHIIA  TIETIyIIUH
NK-DTKIAKK-NIe-A%02-32_K(Palm)-A (562—572-
K(Palm)A), coorBeTrcTByOIIMii C-KOHIIEBOMY y4acT-
Ky ICL3 peuenTopa JII'/XI'Y [671, 672] (Tab6n. 4). dus
W3y4eHUs B3aMMOOTHOINCHUN CTPYKTypa—aKTUB-
HOCTH OB M3YyYEHBI €T0 aHAJIOTH — HEMOINMUIIN -
poBaHHBIE TMENTUABI 558—572 u 562—572, u numno-
¢unbHBIe TPOU3BOAHLIE menTuga 562—572, Monu-
dumMpoBaHHBIC TATLMHUTATOM WM TeKaHOATOM ¢ N-
1 C-KOHIIOB, a TaK3Ke pa3BETBJICHHbIC aHAJIOTY MENTH-
nIa 562—572 ¢ neHApUMEpHOIi CTpYyKTypoii [689].

Menayuun 562—572-K(Palm)A u ero muMepHbIiA
aHAaJIOT, BKJIIOYAIOLINI CIIUThIE Yepe3 TU3UHOBBIN MO-
CTUK ITOCJIEJOBATEIBHOCTU 562—572, CTUMYJIMPOBAIU
All u TTD-cBsa3bIBaOIIYI0 aKTUBHOCTH G-0€JTKOB B
TECTUKYJISIPHBIX W OBapUalibHbIX MeMOpaHaX KpbIC
[671, 672]. Ilenoyuun 562—572-K(Palm)A npeBocxo-
W KaK HeMoauGULIUPOBaHHbBIN aHAJIOT, TaK U OoJiee
NPOTSKeHHBIN TrenTnn 558—572, 4ro monrBepxKmaeT
KOHIIEITLIMIO O TOM, 4TO TuApOoOOHBINA paguKal, UMU-
tupytomuit TM (B HameM ciydaec TM6), BaxkeH IS
aKTMBHOCTHU TIETIAYLIMHOB. BbLIO yCTaHOBJIEHO, 4TO
renayunH 562—572-K(Palm)A cneunduyHO aKTUBU-
pYET UyBCTBUTE/bHbIE K XOJEpHOMY TOKCUHY G,-0Oe-
KM, CYIIECTBEHHO He BIMAsA Ha G- u Gy -0enku,
TakXKe coIpsDKeHHBle ¢ peuentopom JII/XTY [672].

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

ITpu uzyyeHUU pa3aMuHbIX BApUAHTOB JUMOMUIBLHBIX
OPOU3BOAHLIX menTuaa 562—572, MomudUIMpOBaH-
HBIX TeKaHOWJIbHBIMHA W TTaJIbMUTOMIBHBIMU pagiKa-
JlaMH, ObLIIO TTOKA3aHO, UTO MOAUGUKALIMS allJIbHBIM
pamuKaioMm ¢ N-KoHIIa, KOTOPHIN B MOJIEKYJIE peller-
TOpa COOTBETCTBYET cepenuHe ruapoduibHoi 1CL3,
HapyllaeT CTPYKTypy IenTuaa, B TO BpeMsl KaK JeKa-
HOAT B TI000 JIOKATU3aIIN HEIOCTaTOYECH MO IJTMHE U
uapo(pOOHOCTH I TpaHCJIOKALIMM TETTHIa 4Jepe3
MeMOpaHy U(WIn) TSk CTAaOWIN3aliu eTo KOHhopMa-
1K, HeobxomuMoit it 3¢ GEeKTUBHOTO B3aMOIEH -
CTBUSI ¢ peLernTopoM [689].

g wm3ydeHUs aKTUBHOCTM NeNayLuHa 562—
572-K(Palm)A in vivo ocylieCTBJISIM €r0 BBEIECHUE
cam1iiaM Kpwic tuHuU Wistar. [Tpu MHTpaTeCTUKYISP-
HOM BBEJIEHUHU ATOT MEMNIYLMH J10303aBMCUMO TOBBI-
aJl TPOAYKIUIO TECTOCTEPOHA, YTO MOATBEPXKIAET
HaJu4ue y HEro CTepoOUIoreHHOM akTuBHOCTU. OnHa-
KO OTCYTCTBUE 3HAUMMOTO BJIMSIHUS TIETIAyl[MHA Ha
YPOBEHb TECTOCTEPOHA TPU €ro BHYTPUOPIOIIMHHOM
BBEJICHUN CBUJIETEJILCTBYET O €ro aerpaialuu B Kpo-
BOTOKE, UTO TpeOyeT NaJibHEHIIIMX UCCIeNOBaHUI 110
CO3MaHUI0 YCTOMYMBBIX K TIPOTE0JIM3Y aHAJIOTOB 3TOTO
nenayurHa [690]. [TomydeHHBIE pe3yIbTaThl JOKa3bI-
BalOT HAJIMUUE BHYTPUKIIETOUHOIO a/UIOCTEPUYECKOTO
caiita B moJekyiie penernropa JII'/XT'H, koTopblit MO-
JKeT CTaTh MUILEHbIO IS MO3UTUBHOW U HETaTUBHOM
peryngunu JII'-curaanuHra.

Ha puc. 3 cyMmmupoBaHbI TaHHBIE T10 JIOKAJIU3AUNA
AIJIOCTEPUYECKMX CaWTOB B MOJIEKYJIE peLernTopa
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AJUIOCTEPUYECKME CAUTHI U ATNIOCTEPUYECKUE PETVJIAATOPHI

Autoantibody to extracellular
regions of GPCRs

Amino acids and their derivatives,
including homocysteine and agmatine

Peptides and proteins, including pepcans,
5-HT modulin, glutathione, dynorphin A,
protamine and MBP

Simple ions (Na*, Mg2*, Zn2+,
Mn2+, Cu2*, chloride anions, etc.)

Pepducins (lipid-modified
GPCR-derivatives)

625

Protomers as part of di-
and oligomeric GPCR complexes

GPCR-accessory proteins,
including RAMPs, RTPs,
REEPs, RCPs, and MRAPs

Synthetic low-molecular allosteric regulators)

Cholesterol, phospholipids
(including PIP, and PI(3,4,5)P3),
endocannabinoids, steroid hormones
and their metabolites

Heterotrimeric G proteins,
beta-Arrestins

Puc. 4. O6111as cxema ajutoctepuueckoit perynsiuuu GPCR. [pencrapieHbl OCHOBHBIE KJIACCHI SHIOT€HHbBIX aJUIOCTEPUUECKUX pe-
ryasitopoB GPCR, Bkitouast tpaHcaykTopHbie (G-6eiiku, B-appectuHsl) U akueccopHsie 6enku (RAMP, RTP, REEP, RCP,
MRAP), npocTtbie MOHBI, TUMUABI, AMUHOKHUCIIOTBI U PETYJISITOPBI MENTUAHONK U OEIKOBOM MPUPOIbI, a TAKXKE ayTOAHTUTENa K
BHEKJIETOUHBIM yyacTKaM pelenTopoB. Takxke ykaszaHbl nporomepbl GPCR, oTHOCAIIMXCS KaK K OIHOMY, TaK U K pasjany-
HBIM TUIIAM PELIENTOPOB, KOTOPbIE MPU 00Pa30BAHUYN IU- U OJIMTOMEPHBIX KOMITJIEKCOB BIUSIOT Ha (DyHKLIMOHAJIbHYIO aK-
tuBHOCTL GPCR B cocTaBe TaKux KOMILIEKCOB. JlaHbl CUHTETUYECKUE AJIJIOCTEPUUECKUE PETYISITOPHI C Pa3InYHbIM MpoduieM
(hapMaKoJIOrMYeCKOM aKTMBHOCTBIO, SIBJISIOIIMECS KaK HU3KOMOJIEKYJISIPHBIMU COSIUHEHUSIMU, TaK U PETYJIITOPAMU TTENTUIHON

OpUPOALI (TTEeTAYILIAHBI).

Coxpawenus: RAMPs — Receptor-activity-modifying proteins; RTPs — Receptor-transporting proteins; REEPs — Receptor expres-
sion-enhancing proteins; RCPs — Receptor-component proteins; MRAPs — Melanocortin receptor-accessory proteins; MBP — my-
elin basic protein; 5-HT modulin — 5-Hydroxytryptamine modulin.

JIT/XTY, a Takske MO0 OCHOBHBIM, U3BECTHBIM B HACTO-
s11ee BpeMsl X aJlJIoCTepuYecKUM perynsitopam. Kak
n B ciaydae perenropa TTI, MHOXeCTBEHHOCTH aJIjio-
crepuyeckux caiitoB B peuentope JII'/XI'Y sBastercs
OCHOBOM IJIsI TOHKOU peryisuun JI[-3aBuCcCUMEBIX cUT-
HaJIbHBIX KaCKaJ0B B KjieTKax-MulleHsax. K atomy He-
o0xoguMoO 100aBUTh BO3MOXHOCTh TpaHCAKTUBALIUU
peuentopa JIT/XT'Y B komriutekce ¢ peuernropom OCT,
YTO TaKXKe SIBJISIETCSI OMHUM U3 BaXKHEUIIIMX MeXaHU3-
MOB PEeTYJISILIM, COYETAIONIe B cebe KaK OpTOCTEpU-
YyecKUe, TaK U aJUIOCTePUUECKUE BIUSTHUSI.

Ha puc. 4 npencraBiaeHsl pa3padoTaHHBIE B HACTO-
SIIee BpeMsl CHHTETUYEeCKUE aJlTIOCTEPUISCKUE PETy-
nstopsl petentopa JIT /XTI ¢ akTUBHOCTBIO MOJTHBIX
WX YaCTUYHBIX aTOHUCTOB, B TOM YMCJIE MEeTITUIHOM
npuponbl (mermayuuH 562—572 U ero AUMEpPHBIM
KOHCTPYKT), HEUTpaJIbHBIX aHTarOHMCTOB, WHBEP-
CUOHHBIX aroHUCTOB, NAM, a TakKe COeTUHEHMI CO
CMEIIaHHBIM ITpodrieM papMaKoJIOrndeCKON aKTUB-
HOCTU (MHBEpCUOHHBLII aroHUCcT/NAM). B TpaHcMeM-
opanHoM momeHe penenrtopa JII'/XT'Y mokasaHbl oc-
HOBHBIC JIOKYChI, AS-1, AS-2 u AS-3, gpigmoniuecst
MUIICHSIMU IUTST aJUIOCTEPUIECKUX PETYIITOPOB, TIPH-
YeM B KaXKIOM JIOKYCE MOXKET OBITh JIOKAJTU30BaHO He-

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GHU3NOJIOTUN

CKOJIBKO TOMOJOTMYECKHN Pa3IMYaloIINXCS aJlJIOCTe-
puyeckux caiitoB. B j1okyce AS-2 amtoctepuueckue
CalThl MOTYT OBbITh PACTIOJIOXEHBI BHYTPU TPAHCMEM-
OpaHHOTO KaHaja (MpearnoYTUTeIbHAs JJOKaIU3a1lns)
WIM CHapyXM ero, Ha TpaHMlie TpaHCMeMOpPaHHOIO
JIIOMEHa ¢ JUIMMIOHOM da3oii MeMOpaHEI. [Toka3aHbI
BO3MOXHbIC MUILIEHU JSMCTBUS ayTOAHTUTE K pELIeTT-
topy JIT/XTY, HaneneHHBIX aKTUBHOCTbIO CTUMYJISI-
topoB JII'-3aBucumoro curHanunra. IlompoGHocTH
CM. B TaOJI. 4 1 B COOTBETCTBYIOILIMX MMOApa3aesiax pas-
nena X.

3AKJIIOYEHHME

IIporpecc, HOCTUTHYTHIN B MOCJIEAHNUE TOABI B U3Y-
yeHnu annoctepudeckmux caiitoB GPCR u ux sHmo-
TEHHBIX JIUTAHAOB, OTYETJIUBO JEMOHCTPUPYET, UTO
PEryJIsITOpHBIE MEXaHU3MBbI, OIpeaeIsionue QyHKII-
oHanbHyl0 akTuBHOCTH GPCR, rtopasmo OGoraue u
clloXHee, YeM TIpearnoaraiu paHee. Ilepen yavuBieH-
HBIM B30pPOM y4Y€HBIX, pa0O0TaIoIX B 00J1aCTU U3yde-
HUSI CUTHAJIbHBIX CHCTEM KJIETKU, TIpeacTaaa Iiejas
Bcenennas amnoctepuueckoii peryiassunu GPCR, ko-
TOpasi BKJIIOYAET KaK MHOXECTBO aJUIOCTEpHMUYECKUX
CaliTOB, JIOKAJM30BaHHBIX B Pa3JIMUYHBIX JOKycaX pe-
Ne 7

TOM 59 2023



626 LITTAKOB

LENTOPOB, B3aMMOCBSI3aHHBIX MEeXAy cO00il 1 B3am-
MOJIEHICTBYIOIIMX C OPTOCTEPUUYECKMM CaMTOM, TakK U
MHOXECTBO 9HAOT€HHBIX AJUIOCTEPUYECKUX PETYISITO-
pOB, HamelIeHHBIX KaK MOIYJIMpPYIOIIeil, TaK U CO0-
CTBEHHOI aKTUBHOCTbIO, KOTOPBIE C PA3IUYHOM CTe-
MHeHbIO CHECHU(PUIHOCTH B3aMMOACUCTBYIOT C 3TUMMU
cavitamu. CUTyallsI YCIOXHSIETCS TEM, YTO aJUIOCTe-
puyecKue BIUSHUS peain3yloTCs He TOJIbKO Ha yPOB-
He QYHKIIMOHUPOBAHMS OTAEIBHOI MOJIEKYJIbI peler-
TOpa, HO M Ha yPOBHE PELEHTOPHBIX KOMILIEKCOB U
komiiekcoB GPCR ¢ npyrumy KOMINOHEHTaMu CHUT-
HaJIbHOM TpaHCIyKUIMU. TeM caMbIM MH(GOPMALIIOHHAS
€MKOCTh cHcTeMBbl Tiepemaun curHaia depe3 GPCR,
naTTepH PYHKIIMOHAJIBHBIX COCTOSIHUI PEelieNTOPOB U
JIaIia30H BO3MOXHBIX (PU3MOJIOTMYECKHUX OTBETOB Ha
aKTUBALIMIO pelenTopa pa3IudHbIMU II0 IIPUPOIE U
MexaHu3MaM JeHCTBUSI arOHMCTaMM IIOBBILIAIOTCS B
ouyeHb OonblIOil creneHu. OTcloma Kaxkymiasics “He-
MpencKa3yeMoCTh” CUTHAJIbHOM TPaHCAIYKIIMM, KOTO-
pasi B peajlbHOCTU OTpaxkaeT IIIMPOKUM CIIEKTP aJJIOCTE-
pUYECKUX BIUSIHUI, KOTOPbIE, HAKJIAABIBAsICh IPYT Ha
JIpyTra, OCYIIECTBISIIOT TOHKYyI0 HacTpoitky GPCR Ha
onpeneaeHHY0 BHYTPUKJIETOYHYIO MUIIIEHb C BIIOJIHE
OTIPENCTIEHHOM CUION BO3OECTBUSI.

OCHOBBI aJUIOCTEPUYECKOM PEryJISILIU 3aKIaabIBa-
JINCh Ha caMbIX paHHUX cTamusax spomonnu GPCR,
ITOCKOJIBKY aJUIOCTePUYECKIE CAMNTHI, SBISIONIAECS
MUILICHSIMU JIJISI TIPOCTBIX MOHOB, JIUMUJIOB U aMUHO-
KucoT, cpopmupoBanucs emie B GPCR omHokneTou-
HBIX 3YKapuoT, TpMOOB 1 pacTeHmit. bojee Toro, ocHoO-
BBl TAKOM PETYJISLIMU MOTJIU C(hOPMUPOBATHCS €llle Ha
YPOBHE CEHCOPHBIX OEJIKOB TPOKAPUOT, IIpemle-
ctBeHHUKOB GPCR, aKTUBHOCTH KOTOPBIX BO MHOTOM
onpenensuiach KUCJIOTHOCTBIO cpeabl (pH), mpocThiMu
WOHAMU M HEKOTOPBIMU JumuaaMu. PDaKTUYeCcKH,
MaTTepH AJITIOCTEPUUIECKON PETYISIIINU SIBIISIETCS TIep-
BUYHBIM JJISI OPTOCTEPUYECKOUM PEryJsiliui, XOTS B
MambHEeNIeM 00e 3T (OPMBI PETYIISIIAN 3BOJTIOINO-
HUpOBaJIM coBMecTHO. [1pu 3TOM MMeIoTcs BCe OCHO-
BaHUS TI0JIaraTh, 4TO, MO KpaiiHeit Mepe WIS HEKOTO-
peix mpencrasutenieit GPCR, mpouncxonuiaa cMeHa po-
JIel OMHOTO U TOTO XK€ TT0 TOTIOJIOTUHM M CTPYKTYPHOM
OopraHu3aluu caiita, KOTOpbIii Ha OJHUX 3TaIlaxX 3BO-
JIIOIIMY PYHKITMOHUPOBAJ KaK aJUIOCTepUIECKU, a B
TMaTbHENIIIeM CTAHOBUJICS OPTOCTEPUUECKUM CaiiToM,
1 HaobopoT. K coxkaeHu1o, 3TOT BONIPOC B HACTOSIIIIEe
BpeMsI OCTAeTCSI MAJIONCCIIETOBAHHBIM.

MHoroo0pa3ue aJllIocTepuIeCKUX BIUSTHUNA MOXHO
00OOIINUTDL B BUJE CXEMbI, Ha KOTOPOI MpPencTaBIeHbI
KaK pa3HOOOpa3Hble PHAOTEHHBbIE AJJIOCTEpUYECKUe
peryasitTopbl, BKItouast ayroaHtutesaa K GPCR u 6en-
ku, kKomnoHeHTbhl GPCR-omnocpeayemMoro curHajinHra
(G-6enku, B-appecturbl, RAMP), Tak u cuHTeTHYE-
CKHe aJlIoCTepUUeCcKre PerysiTopbl, KOTOphIe ceityac
WHTEHCUBHO pa3pabaThiBalOTCS U YK€ OKa3aluch B
dokyce BHMUMaHHUS (apMaleBTUISCKON WHIYCTPUU
(puc. 4). I1pu 3ToM nepedyeHb AJNIOCTEPUUECKUX Pery-
JIITOPOB MOCTOSTHHO MOTIOJHSAETCS, KaK U YTOUHSIIOTCS
mexaHu3Mbl ux neiictBust Ha GPCR u curHajibHbIe CU-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

CTEMBI B LIEJIOM, YTO OCOOEHHO BaXKHO JJIs pa3padboTKU
MOJIEKY/ISIPHBIX OCHOB IPEIB3SITOr0 arOHU3Ma.

NCTOYHUKUN OPNHAHCUPOBAHHWA

Pab6ora BeImosiHeHa npu noanepxke Poccuitckoro
HayuHoro ¢oHaa (mpoekT Ne 19-75-20122).

KOH®IUKT UHTEPECOB

ABTOp IeKJIapupyeT OTCYTCTBUE IBHBIX U IIOTEHIIN -
aJIbHBIX KOH(MJIMKTOB MHTEPECOB, CBSI3aHHBIX C ITyOJIH -
Kanueil JaHHOTO 0630pa.
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ALLOSTERIC SITES AND ALLOSTERIC REGULATORS
OF G-PROTEIN-COUPLED RECEPTORS:
GRAY CARDINALS OF SIGNAL TRANSDUCTION

A. O. Shpakov

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, St. Petersburg, Russia
e-mail: alex_shpakov@list.ru

Membrane G protein-coupled receptors (GPCRs) are key components of most eukaryotic signaling systems,
transducing external signals to intracellular effector proteins. Activation of GPCRs occurs through the specific
binding of ligands of different nature to their orthosteric site. However, regulation of the affinity of an orthosteric
agonist for the receptor, control of its effectiveness, and selection of the preferentially activated intracellular sig-
naling cascade is carried out using allosteric mechanisms. This is due to the presence in GPCRs of many al-
losteric sites, which differ in structural and functional organization and topology in the receptor molecule, and
are located in all its functional subdomains. The endogenous regulators of these sites are simple ions (Na*t, Zn?",
Mg2+, Ca?*, Cl- and others), lipids (cholesterol, phospholipids, steroids), amino acids and their derivatives,
polypeptides, as well as signaling proteins that form functionally active complexes with GPCRs (G proteins, B-ar-
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restins, RAMPs), and autoantibodies to the extracellular regions of GPCRs. Based on pharmacological activity,
ligands of allosteric sites of GPCRs are divided into positive, negative or silent modulators of the effects of or-
thosteric agonists, as well as full and inverse agonists or neutral antagonists, which affect the basal activity of the
receptor in the absence of an orthosteric agonist, although combining the properties of a modulator and an ago-
nist is also possible. The multiplicity of allosteric sites and allosteric regulators, complex interactions between
them, and the involvement of allosteric mechanisms in the formation of receptor complexes play a key role in
fine-tuning the functional activity of signaling cascades, in biased agonism, and predetermine the processes
of receptor desensitization and the fate of the receptor complex after hormonal signal transduction. The re-
view summarizes and analyzes current concepts and new trends in the field of studying the allosteric regu-
lation of GPCRs, the localization and functional role of allosteric sites, and their endogenous and synthetic li-
gands. As an example, synthetic allosteric regulators of the receptors of thyroid-stimulating and luteinizing hor-
mones, as potential drugs for the correction of endocrine disorders, are discussed in detail.

Keywords: allosteric regulator, G protein-coupled receptor, allosteric site, orthosteric agonist, signal transduc-
tion, heterotrimeric G protein, B-arrestin, receptor complex
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