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Pe3rome
IIpoaHanu3upoBaHa OHOJIOrHYECKash aKTUBHOCTH SKAMCTEPOHMAOB, MCXOAS M3 6a3bl JaHHBIX CTPYKTYPHOTO PasHOOOpas3us M KIFOYEBBIX
MOMEHTOB B3aUMOJCHCTBUS ¢ perienTopaMu. [Toka3aHbl COBPEMEHHbIE TOCTIKEHHUS B O0JIACTH M3YYCHHS aKTHBHOCTH MH/MBH/YaJbHBIX COCAMHEHHIT
METO/IaMi OHOTECTHPOBAHMS, IPOTHO3MPOBAHMUS AKTUBHOCTH mporpammubsivMu cpeactBami COMFA 1 4D-QSAR, MONEKyISIpPHOTO KOHCTPYHPOBAHHS
YCOBEPIICHCTBOBAHHBIX KOHCTPYKLHMH pELEeNTOpPOB. PacCMOTpeHBI MEXaHHW3MBI, OTPAaHHYCHHS M YCJIOBHS, HEOOXOAMMBIC [UIS IIPOSIBICHHS
(hapMaKoJIOrHYecKOil aKTHBHOCTH SKJUCTEPONIOB B MEIHIIHHE.
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Beenenne

DKAUCTEPOUIBI COCTABIAIOT CaMOe PACPOCTPAHEHHOE M MHOTOYHCIIEHHOE CEMEHCTBO CTEPOUIHBIX COCANHEHUI
B Ouocdepe; OHH Yy4YaCTBYIOT B IKHU3HCACATCIILHOCTH MPAKTUYECKH BCEX KJIACCOB OPraHM3MOB, BBIMOJIHSISA
MHO)KECTBEHHbIE QyHKUIUH. [IpHCYTCTBHE SKAMCTEPOUIOB XapaKTEPHO KakK Ul PACTUTEIBHOIO, TaK U dKHMBOTHOTO MHpa
[1-2]. Haunbonee MaccoBO OHM OOHAPY)KEHBI B MANOPOTHHKAX, TOJOCEMEHHBIX M BBICIIMX LBETKOBBIX PAaCTEHHUSX (pHC.
1A), uneHHUCTOHOTUX (HACEKOMBIC M PAaKOOOPAa3HbIC), B HEKOTOPBIX OJHOKIECTOYHBIX MPOCTEHIINX, APEBHUX TPYyIIax
KUILIECYHOMOJIIOCTHBIX (MEIy3bl, IOJHMIIbI, KOPAJUIBI), @ TAKKE B MOJUTIOCKAX, KOJBYATHIX U IUIOCKHX YepBsX (LecTomax H
Tpemarozax), Hemarogax (puc. 1B). Hu omeuMm W3 BHIOB MIICKONUTAIOMIMX SKAUCTEPOUABI HE CHHTE3HPYIOTCS, B
OpraHU3M YeNIOBEeKa M JIPYTHX TeIUIOKPOBHBIX OHH IOCTYIIAIOT BMECTE C PACTUTENBHOM MHIICH.

Hcxonss W3 MPOHMCXOXKICHUS W HMCTOYHUKOB TMONYYEHHs, HMX NPUHATO MOAPA3ACNATH Ha (QHTO-, 300- H
MHKOIKAUCTEpouAsl (T. €. pACTeHHs, HACEKOMbIE C PaKoOOpa3HBIMH ¥ HEMArToaMu, TIPHOBI). 3009KAHUCTEPOUIBI
(9KIHM30HBI) comepIKaTCs B WICHHCTOHOTHX CJICIOBBIX KOJNMYECTBAX M HE MOTYT PAacCMarpHBarhCsi B KadeCTBE
MOTCHIMAJIBHBIX HCTOYHUKOB MNPOMBINIJICHHOTO HCIIOJIb30BAHUA. HepBI/I‘IHI)II‘/II XUMUYECKUNA CHHTE3 OKAUCTEPOUIOB B
HNCKYCCTBCHHBIX YCJIOBUAX HE OCYHICCTBIIACTCA, KaK IpaBUJIO, U3 60.]'[66 AKTUBHBIX TTPUPOIHBIX COCI[I/IHGHI/Iﬁ METOAOM
XAMHYECKOW TpaHchOpMalid MOTYT ObITh MONYYEeHbl MAaJOaKTHBHBIC TMPOAYKTHI BTOPHYHOTO 3HaueHus [3].
AHAaJOTHMYHBIC TPOOIEMBI BO3HUKAIOT MPU HCIOIB30BAHHH METOIOB OHOTEXHOIOIHH — OHOCHHTE3 B YCIOBHSAX KYJIBTYPBI
TKaHeW, KIETOK WM MOJAMGHIMPOBAHHBIX KOPHEH COMPOBOXKIAETCS HAKOIUICHHEM HEUICHTH(OHUUPOBAHHBIX I
HEaKTHBHbBIX coeMHeHHH [4-5].

Hcxons W3 akTMBHOCTH M JOCTYITHOCTH, IPaKTUYECKOE 3HAYCHHE MMEIOT (DHTOIKAMCTEPOUIIBI, OHU CONEPIKATCS
NPAKTHYECKU BO BCEX PACTHTEIBHBIX OOBEKTaxX, HO PA3IMYUs B YPOBHSAX KOHIECHTPAIMH JOCTUIAIOT OTPOMHBIX BEIMYHMH —
8-9 nopsikos [6]. IpucyTcTBHE MOBBIMICHHBIX MX KOJNHMYECTB XapPaKTePHO, HAPSAY C OTACIBHBIMH POJAMH IIBETKOBBIX
pacTeHuid, Ul TaKMX IPEBHHX OPraHW3MOB, KaK MAOPOTHUKH, TPHOBI, MXH, BOXOPOCIH, TOJOCEMEHHBIC pacTeHus [7].
duroskaucTeponbl 00HApYKEHBI B TAKCOHAX PACTEHMH, Kak ONM3KO, TaK M JANeKO OTCTOAIINX B (DHIOTEHETUYECKOM
wiaHe Apyr ot apyra. B otmene Magnoliophyta skaucreponmst uaentudummnposanst Bo Beex 10 momkmaccax, 40 mopsiakax
u G6ornee 80 cemeiicTBax pa3sHOrO YpOBHS DBONIOIMOHHOI mpoaBuHyTOCTH [8]. OOBIUHOE MX COMEpIKAHHE COCTABISIET OYEHD
manyto BenmuuHy — Menee 0.00001%; npumepro y 4-5% pacTeHuil — COThIC U THICAYHBIC JIOJIHM OT CYXOrO Beca; JIUIIb Y
HE3HAYMTETIHLHOTO YHCIIa BUIOB MUPOBOH (riopsl koHIeHTpanwst focturaet 0.5-1.5% B pacuere Ha cyxyro 6uomaccy [9-12].
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Hexoropble W3 3KIUCTEPOWA COAEPIKALIMX PACTHTENBHBIX HCTOYHHKOB SIBIISIOTCS IKOHOMHYECKH Ba)KHBIMHU
o0beKTaMU B MacliTabax MHpPOBOIO KOMMEpUYECKOro pblHKa. Hampumep, cpemy 25 monb3yrOMmIMXCs HaHOONBIINM
crnpocoM  (apMaleBTUYECKUX TIpErnapaTtoB 3Ha4YeHHE (PUHAHCOBOrO cObITa MPOTHBOPAKOBOro mpemapara Taxol,
BBIPa0ATHIBAEMOTO U3 SKAUCTEPOU] COACPIKAIIETO pacTeHus Taxus baccata, 6bu10 oneHeHO 2.3 MUIUTHAPIOB 0JUIAPOB
[17-18]. Jpyrumu BaKHBIMH HMCTOYHHKAMH ISl TMPOHM3BOJCTBA HOBBIX MPOTHBOPAKOBBIX CPEICTB MPH3HAHBL THCC
KOpOTKONMCTHEIN — Taxus brevifolia; kwuraiickuit rpuG-tpyToBuk — Polyporus umbellatus; pamontukym nmu sessest
cadroposuaHas — Rhaponticum carthamoides.

Anvimauis

A B

Puc. 1. [IpucyTcTBHE SKIUCTEPONIOB B IAPCTBE KMBOTHBIX (CIEBA) U pacTeHMii (Cripasa);
o www.quasimodo.versailles.inra.fr/ecdyzone

Y4uThIBas MEIUKO-OMOJOTHMUYECKYI0 3HAYMMOCTh JAHHOTO KJIAcCa COCMUHCHUH B YIIYUIICHHH KA4eCTBA KHU3HH
YeJIOBEeKa, B HACTOSINEE BPEMs BEIYIIUMH J1aOOpPaTOPUSIMH Pa3HBIX CTPaH MPOBOMUTCS CKPUHHHI MHPOBOW (NIOpHI C
LENBI0 UICHTH()UKAIMN BUIOB-CBEPXIIPOMYIICHTOB, OMOTCCTHPOBAHUE M MOJCKYISIPHOE MOJCIHPOBAHUC AKTHBHOCTH
BCEX M3BECTHBIX ¥ BHOBb OTKPBIBAEMBIX SKIAUCTEPOHIOB IS BBISBICHUs HanOoee BaXKHBIX cocTaBoB [2-3, 7, 11-16].

CoBpeMEHHBIH yPOBEHb HAYYHBIX M3BICKAaHHUH 110 SKAUCTEPOUIaM BKITFOUAeT Kak ()yHIAMEHTAIbHEIC UCCIICIOBAHNUS B
00JIaCTH TeHETUKH, KICTOYHON M MOJISKYJISIPHON OUONIOTHH, OHOMEAUIIMHCKON XUMHH, (PU3HOIIOTUH YeI0BEKa, KUBOTHBIX U
pacTeHuii, Tak U NPUKIIAHbIC HAIPABJICHMUS, HANPABJICHHBIC HA PEIICHUE 3a/1a4 B OOJIACTH XUMUHM CHHTE3a U TEXHOJIOTUH
MIPUPOJIHOTO CBIPhSI, OMOTEXHOJIOTHH, (haAPMAKOIOTHH, METUIIMHBI, SHTOMOJIOTHH U Psijia 001acTell CeNbCKOro X03stiicTBa. 3a
MOCIIE/IHEE IECATHIETHE HAYAIO0Ch ITMPOKOE KOMMEPUECKOE MCIIONBb30BAaHHE TPEX BAKHEHIINX (PUTOIKIUCTEPOHIOB (pHC.
2) — ponasterone (ponA), muristerone (murA) u ecdysterone (curonumsr: 20-2udporcusxouson, 20-hydroxyecdysone, 20E).
B marentro#t 6a3e CIIA (US Patent & Trademark Office), pexxnme mowcka mo KIIFOYEBBIM CJIOBaM, HAMOOJIBIICE YHCIIO
MaTEHTOB TI0 cocTostHmio Ha Hayano 2005 roma 3apeructpupoBano mo muristerone — 82 (puc. 3A).

BeicTppiMu  TemMmamMu  pacTeT 4YHMCIO 3afBOK HA IaTEHThI (pregrant), OCOOGHHO C HCIOJb30BAHUEM
BBICOKOAKTHBHBIX cOCTaBOB. Uucio nomanHbix 3as8ok 3a nepuon 2001-2004 rr., rae ynoMuHarOTCS GUTOIKIAUCTEPOUIBI
ponasterone u muristerone, B 1.6 pa3a Bbiiiie, uem unciio nareHToB 3a 1976-2004 rr. ¢ atumu ke sxaucrepongamu (201
3asBKa npoTuB 124-x marentoB). CpeHEroJ0BOE YUCIO MOJAHHBIX 3a mocheqHue 4 roja 3asBOK C HCIOJIb30BAHHEM
muristerone cocrasnsier 33, ponasterone — 18, ecdysterone — 8, o BceM ocTabHBIM 3KaHCTEpOUAaM — 7. B nipensiayiue
20 ner B cpemHeM 3a rof marteHTOBaIUCh 1-3 pabotel. 3a 2003 rox TeMIbl MPUPOCTa 3aPETHCTPUPOBAHHBIX ITATCHTOB TI0
OTHOIIIEHUIO K MpEeAbIaymieMy meprony Bpemern 3a 1995-2002 rr. cocrasmmm 253% (puc. 3B). ITo ponasterone stor
mokasaresb 3a 2003 rox 61 paBen 333%, mo ecdysterone — 205%.

Lonusterone A Ecdysterone Murisferone A

Puc. 2. DxaucTepon/ipl, HalIEANINE IMPOKOE MPAKTHIECKOE IPHUMEHEHHE.
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Puc. 3. lunamuka npupocta natenTHoi 6a3sr CLLIA mo skaucTeponaam.

[Tpobiema 3mech moapasaesseTCss Ha HECKOIBKO MOMEHTOB!

1. CymiecTByeT OTKpOBEHHAs CIICKYISIIIIS TEMOH, BBI3BAHHASI CTPEMIICHHEM 3apaboTaTh Ha HAYKOOOpasuH, AeUImTe
obuenoctynHoi uH(opMmaimu. Eciu mpocnenuTs 3a pekiIaMHbIMA MyONUKAMsAMA B VIHTEpHETE W MACCOBBIX M3IAHUSIX,
CKIIAJIPIBACTCS BIIGUATIICHUE, YTO JIIOOBIC 3KAMCTEPOMABI M MpEraparsl HA MX OCHOBE, HE3aBHCHMO OT aKTHBHOCTH H
HCTOYHUKOB TMOJIYYCHHMsI, CIIOCOOHBI TBOPHTH 4Yy[eca — BEpPHYTh MOIOAOCTh /0-M JIETHEMY CTapily, BBUICYUTH PAKOBYIO
0oIe3HB, HAPACTUTH 7 KT “)KENe3HBIX MYCKYJIOB B MeCSII U T.I. [11e mpaBma v rie 0XKb, a Tae 3a0my>KaeHus? A eciu Takue
CIIyXH BO3HHKAIOT, HABEPHOE, UMCIOTCSI CAMHIYHBIC CIIyYa PeaibHBIX (haKTOB MO JICTCHIAMH.

Ecmu  fmaxke HCXOMUTh M3  PE3yNbTAaTOB  IIOJOXKUTEIBHBIX OKCIEPHMEHTOB C  yYaCTHEM HEKOTOPBIX
(HUTOIKANCTEPONIOB M3 OTACIBHBIX HCTOYHHKOB, MAHHBIA (HaKT HE MOXKET OBITh PACCMOTPEH B KadecTBE BCEOOIIeH
3akoHOMepHOCTH. ClleyeT HMETh B BHY, 9TO KOMMEpUeCKUi mpoaykT 95% 4YHCTOTHI elie He XapaKTepu3yeT akTHBHOCTh
KOHKPCTHOI'0 COCIMHCHUSA, TaK KaK UMCIOTCA €€ U JAPYTUC COCAMHCHUA, B COTHU U ThICAYU pa3 60J1ee AKTUBHBIC TIpHU
CJICIOBBIX KOHIIGHTpalMsX, WM K€ HEaKTUBHbIC, OJOKUpYIOUIME ACHCTBME OCHOBHOTO 3Kaucrepouzaa. lloatomy,
AKTUBHOCTbD JAXKE 98% XUMHUYECKN OYUIICHHBIX SKAUCTEPONUI0B HE BCCr/la OAMHAKOBA OT pa3HbIX HCTOYHUKOB.

2. Ilo sxaucTepoOuIaM MHOTO HEH3BECTHOTO, OCOOCHHO MO MOJICKYJSIPHBIM MEXaHU3MaM HX JedcTBHs. M3BecTHast
Hayke MH(OpPMALUs HAKIAAbIBACTCS Ha TOOPOCOBECTHBIC 3a0Iy)KICHHUS U MPENYOSKICHUS OTACIBHBIX HCCIIeNoBaTeNeH,
YTO BBIPAXKACTCS B HKCTPAMOJIALHMU OTACIBHBIX (hAKTOB MPOSBICHHS aKTHBHOCTH HEKOTOPBIX M3 ITUX COCAWHEHHH BO
BCEOOUIYI0 3aKOHOMEPHOCTh. IIOCTYIUICHHE SKIMCTEPOMIOB B OPraHM3M C PAlIOHOM IHTAHHUS CIIe HE O3Ha4acT
ABTOMATHYECKOTO TIPOSIBICHHS MX aKTHBHOCTH; IPUMEPHO 13 20 THICSY MOTCHIUATIBHBIX PACTUTEIbHBIX HCTOYHUKOB (5%
pacTeHHil C MOBBILICHHBIM COACPKAHHEM (DUTOIKIMCTEPOHIOB U3 MHUPOBOI (IOPBI) PealbHO HCIONB3YIOTCS He Golee
IIBYX JICCSTKOB BHIIOB.

MMeroTcs MHOTOYHCIICHHBIC TPUMEPBI, KOIa BBICOKAas KOHICHTPALMS SKAUCTCPOHAOB B IHILNEC HE OKa3bIBAacT
HHMKaKOTrO BO3/ICHCTBHS Ha YeoBeka. Hampumep, MOXKHO yHOTPeO/SITh CKOJIb YTOAHO MHOTO 3€JI€HOT0 CaaTa U3 JHUCTHEB
mmuHata oropognoro (Spinacia oleracea), monompix mobGeroB cepryxu BeHIeHOCHOW (Serratula coronata) wim
cbemoOHbIX BHAOB manopotHukoB (Polypodium), He wucHbITaB OpPH 3TOM HHUKAKOrO BIHSHHS OSKIUCTECPOHUJIOB,
cozmepxaumxcsi B (uromacce. M HaoGopot, nocrarouHo ymorpedbuth 10-50 Mr moberoB apyroro mpomyleHTa
IKAUCTEpOUNIOB — JeB3en caduopouanoit (Rhaponticum wnm Leuzea carthamoides), uto6bl uchbiTaTh Ha cebe Bech
CIeKTp (PU3MOTOTUUESCKUX ACHCTBUI, ONMCAHHBIX B JIUTEPAType.

[To3HaHWe MOJNEKY/IAPHBIX MEXaHU3MOB [POSBICHUS AKTHBHOCTH OKIWCTEPOHIOB — ONHO U3 DIABHBIX
HanpaBIeHUH OHOMEIMIMHCKON HAyKH, KOTOPOE B COYETAHHH C COBPEMEHHBIMH METONAMH OHOTECTHPOBAHUS M
KOMIBIOTEPHOTO  OOBEMHOIO  MOJCIHMPOBAHUS IBITACTCH OOBSICHUTH  KIIFOYEBBIE MOMEHTBHI  B3aHMOICHCTBHS
SKIUCTEPOUIa-INTaHAA U €0 PELenTopa B CBI3KE “‘CTPYKTypa-aKTHBHOCTH , IPEACKa3aTh ONTUMANbHYIO KOH(PHUTYpaLIHio
¥ KOH(OPMAIIMOHHOE COCTOSIHHE MACATBHOTO COSIHHEHHS — C LEIbI0 OCYIIECTBUTh HCKYCCTBEHHBIN XMMHYECKUIl CHHTE3
COCTaBOB, CIIOCOOHBIX K HPOSIBIICHHIO BHICOKOW OMOIOrHYECKOil aKTHBHOCTH B )KUBBIX CHCTEMAX.

P%paGOTKa TCOPECTUYCCKUX OCHOB MOJICKYJIAPHBIX MCXAHU3MOB aKTHUBAIIUN DKAUCTEPOUIOB B KUBBIX CUCTEMAX,
HCXOJd U3 pe3yJIbTaTOB 6I/IOTeCTI/IpOBaHI/IH YCOBEPUICHCTBOBAHHLIX JIMT'AaHAOB U UX PELCIITOPOB, BAXKHO JJId MPUKIAJHOTO
HUCIIOJIB30BaHUSA JTHUX COC}]I/IHeHI/Iﬁ B Kaye€CTBC (bapMaL[eBTH'—IeCKI/IX, HWHCCKTUIIUAHBIX WJIN IPOTUBONAPAZUTAPHBIX
CPEACTB.
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1. ®dusnosoruyeckue AelCTBUA IKIANCTEPONIOB

[TosiBeka MPOILLIO € TEX MOP, KAK SKAUCTEPOH bl ObUIH BIEpBbIC H30aupoBaHbl [19], a 3aTeM naeHTHOUINPOBAHEL
U3 KyKOJIOK TyTOBOro mienkonpsima Bombyx mori [20]. B pactenumsix 3Tu BeliecTBa BIEpBble OOHAPYKEHBI MPUMEPHO
copok Jer Hazan [21]. Xors 3HaUMTENBHBIA OpOrpecc ObUI MOCTHTHYT B IIOHHMAHHH TOTO, KaK OSKIMCTEPOHIbI
PETYAHPYIOT Pa3BUTHE WICHHCTOHOTHX, MX POJb B MHUpE )KUBOTHBIX M PACTCHWH Bce enie HenoHsTHa. HecMoTpst Ha
3HAYUTEIBHOE YCHIIMS 1O UCCIICIOBAHUIO, MHOXKECTBO OTKPBITBIX BOIIPOCOB I10 300- M (PUTOIKAUCTEPOUIAM OCTAIOTCS —
OCOOCHHO OTHOCHTEJIIBHO MEXaHW3MOB IIPOSIBJICHHS OHMOJOTMYECKOH aKTUBHOCTH M HMX pOIM B IIPUPOAHBIX
B3aHMOOTHOIICHHUAX MEXIY pacTeHHAMH U puToharaMy, MICKOIUTAIOIMMH U Napa3suTHYECKUMU OpraHU3MaMH.

OKANUCTEpOUIBl MOTYT BIMATH Ha (DYHKLHMH >KU3HEASATEIBHOCTH IIPAKTUYSCKH BCEX KIIaCCOB OPTraHU3MOB, HO
BOIPOC O POJIH WX B JKMBOW MPUPOJE 10 CHUX TOP OCTACTCSI OTKPHITHIM. JIOTIOMITHHHO M3BECTHO JIHMIIb TO, YTO OAMH U3
[IaBHBIX WX TMpejcTaBuTene, ¢pusnonornuecku aktuHbii 20-hydroxyecdysone, u uekoropeie apyrue (makisterone C,
25-deoxyecdysone) sIBISIOTCS MCTHHHBIMH TOPMOHAMH JIMHBKH UIS YWICHHCTOHOTHX (HACEKOMBIX M PaKOOOpa3HbBIX) B
xornenTparuax 107...10° M i HHULEHPYIOT MPEBPALICHHS, IPOUCXOSIIEX B SMOPHOTEHE3€e H XO€ PA3BUTHS INIMHKHI
¢ metamopho3oM 10 B3pocioro Hacekomoro [22-23]. Ileproauveckre JHMHBKH BBI3BAHBI THKAMH SKIUCTEPOHUJIOB,
CHHTE3UPYEMBIX B IIPOTOPAKAIIBHBIX JKeJIe3ax MO/ BO3/ICHCTBHEM HEHPONICTITHIOB, BRIPA0aThIBAEMBIX B MO3Te HACEKOMBIX
[24]. Amnanoruunsle (QU3HONIOTHYECKUEC OEHCTBHS OKIWCTCPOHMAOB MPEIMONAralOTCs B OTHOLICHUH MOJUTIOCKOB,
TeIbMUHTOB M KOJIBIATHIX Yepseii [1].

Hekotopsie MOpCKHE OpraHu3Mbl (HaIpuMep, TMKHOTOHUIBI M KOPAJUIbl) CEKPETUPYIOT BEChbMa BBICOKUE YPOBHU
skaucteponios (10° M), KOTOpoe HHTEpIpETHpYeTCs HCCIeNOBaTeIsAMH KaK CPEICTBO 3allUThl OT HAIaIeHHs
xurHrKoB. Hampumep, BbIOpoc sxaucteponmoB Pycnogonum litorale mpotus mecsiturororo pakoodpasuoro Carcinus
Mmaenas BhI3bIBACT HAPYIICHHE TOPMOHATIBLHOTO PABHOBECHS M OTITyTHBaHUE MOcienHero [25].

YT0 ke KacaeTcs UeNOBEKa M IPYTHX MIICKOMUTAOIINX, TIPH COYCTAHNU OMPEACIICHHBIX YCIOBUN dKIHUCTEPOUIbI
MOTYT 00Ja7aTh TOPMOHO- HWIJIH BHUTAMHHOIOJOOHBIMH JCHCTBUSMH, HO HE SIBISIOTCS MPH 3TOM HCTHHHBIMA
9HJIOrCHHBIMH TOPMOHAJIBHBIMH CYIIHOCTSIMU [26-27]. B OGONBIIMHCTBE CIydaeB OHHU MEPENAalOTCS OT PACTCHHI, rie
OCYLICCTBIISACTCS UX OMOCHHTE3, HUXKECIICAYIOLINM 3BEHBSM MHIICBOI ETOYKH.

Byny4u BBeleHHBIM B OpraHHM3M YEJOBEKA U TEIUIOKPOBHBIX JKMBOTHBIX, 3KIUCTEPOMABI PACIPOCTPAHSIOTCS B
MOTOKE KPOBH O BHYTPCHHHM OpraHaM M BBI3BIBAIOT OBICTPOICHCTBYIOLINE, HACTYMAIOIIHE B TCUCHHE HECKOJIBKHX
MHHYT, @ TaKkKe UTUTENbHBIC, MPOAODKAIOIIMECS MHOXECTBO CYTOK, d(dekTbl. IIpy BHYTPHMBINICEYHOH HHBEKLIUH
JNMMMUHANWS HaunHaetcs depe3 4-10 MumH, yepe3 2 dYaca paguoakTHBHAs METKa JKAWCTCPOUIOB B KPOBHU HE
obHapyxuBaercs. [Ipy mepopaibHOM BBEJEHHH IPOLECC BCACHIBAHMS W3 KHIICYHHWKA B CPAaBHEHHU C BHYTPUBEHHBIM
sSBJIsIETCS OoJIee JuTeNbHBIM [28-29].

DKANCTEPOUIBI OTHOCATCS K HU3KOTOKCHYHBIM BeriectBaM, JI/Iso amst 20-hydroxyecdysone cocrasmsiet 6.4 r/kr
npu BHyTpuBeHHOM 1 9.0 r/kr mpu mepopanbHoM BBeaeHuu [30]. Tlomymepron ux pacmnaza B OpraHu3Me CpaBHUTEIHHO
HEBEITUK; Pa3inyis B UTHTEIBHOCTH CBSI3aHBI C J[03aMU HCIIOJb3yEeMbIX COCIHHEHUH, Crmoco0aMu WX BBEICHHUS,
WHTEHCHBHOCTBIO a0COPOIMH B KPOBb, BHIAMH TMOJOMBITHBIX XMBOTHBIX M T.J. Hampumep, s oBel MOJYNEPHOA
pacnaga 20-hydroxyecdysone pasen 0.2 4 npu BHyTpHuBeHHbIM BBeaeHuH, 0.4 4 — mpu mepopaisHoMm U 2.0 4 — mpH
BHYTPHMBIILICYHOM BBEACHHH. Y KpbIC MOayBbIBOA ObLT paBeH 0.13 4 (8 MuH) npu BHYTPUBEHHOM BBEIACHHU. Y MYKYHH
3TOT TIOKa3arellb B KpoBH mpH 03¢ 0.2 Mr/Kr B X07ie TIepopaiibHoro BBenenus coctasun 9 u mus 20-hydroxyecdysone u 4
vaca juist a-ecdysone. s ponasterone A [UIHTeIbHOCTD MOMypaciaja Mpy BHYTPHOPIOIIHON nHbeKIun cocTaBiia 0.8 1
[31].

IMokazano, uro 20-hydroxyecdysone mociie mprweMa He paspymiacTcsi MO BO3ICHCTBHEM KHCIOTHO-IIEIOYHOTO
CONCPXKUMOTO  INHUIIECBAPUTENBHOIO TpakTa M HE OKa3blBaeT OTPHIATENIBHOTO BO3NEHCTBHA HAa  acCOLMALUM
MHKpOOPraHu3MOB, oduraronmx B HeM [32-33)]. BoiaenurenbHbli My Th — 4epe3 MeYeHb H JKET4b B KHIICUHUK (Ka) 1 MO4Y.
Yepes cytku nocne npuema 20-hydroxyecdysone moutd momHOCTBIO SMHMHHHPYETCsl u3 opranmsma [29]. B maGoparopuu
JonuHroBoro KoHtpois (Onmmmnuiickuii Atnermyeckuit Llentp, I'penms) meromamMu ra3oBoit xpomarorpaduu ObLIO
o0Hapy)XeHO, 4TO NpH mpueme mepopaabHo 20 Mr mpemapara ecdysten ocrarouHoe koamdecTBo skaucreponpa 20-
hydroxyecdysone uepes 21 wac Obuto paBHo 0.19% ot ucxomuoro [34]. OmHOBpEMEHHO, Hapsiy C OCHOBHBIM,
UCTIONIb30BaHHBIM B OKCHEPUMEHTE SKAWUCTEPOMJIOM, B MOYE CIIOPTCMEHOB HJICHTH(HUIMPOBAHO IIOSBICHHE HOBBIX
MeTaboJIMTOB, B YACTHOCTH, MEHEe aKTUBHBIX 2-deoxyecdysterone u deoxyecdysone. [laHHblid hakT MOXKET ObITh OOBSICHEH
MUKpoOHanbpHO# Tpancdopmartreit 20-hydroxyecdysone mox meiicTBreM aHaIpOOHBIX OAKTEpHif, 3aCEISOIINX KUIIETHUK
yestoseka [30].

®uznonornyeckre 3PQPEKThl SKAUCTEPONIOB HA OPraHW3M YeNOBEKa M TEIUIOKPOBHBIX JKMBOTHBIX BECbMa
pazHooOpa3usl. OHUM PETYIHPYIOT MHHEPATBHBIHN, YIIIEBOMHBIH, THMUIHBINA U GerakoBbii 0oMeH [35-39]. CrocoGHOCTE HX
K HOpMaJlW3ali¥ YPOBHS caxapa B KPOBH MOXET OBITh IOJE3HOM MpH JIeUeHWH caxapHoro amabera [40-41].
OKIMCTEPOUIbI HOPMANU3YIOT TaKXKe ypOBHH xoiecrepuHa [35, 42]; cHMMAlOT BOCHAJCHWE I€YEHH, BBI3BAHHOE
TOKcH4ecKuM remarutoM [43]; oO0namaror CcmocoOHOCThIO ayOnmpoBath JeiicTBue BuTammua Dj,  mposiBisis
AHTHPaxXUTHIHBIH dddexT [26].

M3BeCTHO MpOSBICHUE UMH aHTUOKCHAAHTHBIX [44-45], mpoTHBOMHUKPOOHBIX [46-47], MPOTHBOBOCHIATUTEIBHBIX
[48] u panozaxupistomux coiicts [49-50]. Kpome Toro, oHM OKa3bIBalOT UMMYHO-MOAYsTOpHOE [51-52], agantuBHOE,
CTPECCONPOTEKTUBHOE M HOOTporHoe aciictBue [53-56], a Takke MPOTHBOCYIOPOXKHBIH 3(G(EKT MpU CIOHTAHHOU
srmenicuu [57].

VYCTaHOBIICHO CTUMYJIMPOBAaHUE KPOBETBOPHOM (YHKLHMH (IPHTPOIOI3), YCHICHHE pPEereHepaliid M BO3pacTaHUE
KOHIICHTPAIIMK SPUTPOILUTOB M reMornobuHa B KpoBW mpu ucnonb3oBanuu 20-hydroxyecdysone [58]. Habmromaercs
MOBBILICHHEC AKTUBHOCTH 3JIEMEHTOB 3aIlUTHOW CHCTEMBI KPOBH — JuMpouutoB u HedrpoduimoB [59], ycunenue
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¢byHkmuii paronurosa [51-52]. Auerarst u npoussoansie 20-hydroxyecdysone raxke ctumynupoBaiu 6uocunte3 JHK B
JTUMQOIIUTAX YEITOBEKA U KUBOTHBIX, AKTHBUPOBAHHBIX MOJUKIOHAIBHBIME MUTOreHamu [142]. TTokazaHo MpeBEHTHBHOE
U TEpaneBTHYCCKOE ICHCTBUE (QUTOIKIMCTEPOUAOB MPH HHIYLHMPYEMOH aHeMUH M JedkorneHuu [54], B redeHun
yrpoXKaroLero npepuiBaHus OepemeHHocTd [143], HapylueHHHl B IesTeNbHOCTH MOJO0BOH ¢yHkuuu [144], a Taxxke
KIMMAKTEPUYECKOTO CHHAPOMA, BBI3BAHHOTO BO3PACTHBIMH M3MEHEHHUSMH B PETYJISLIHK PEPOAYKTUBHOTO IKia [145].

DKIUCTEPOUIBI SBIAIOTCS IPUIMHON aHA00IMIecKoro AP deKTa, CTUMYIHPYs OMocHHTe3 OelKa B IeYeHH, IMOYKaxX
M MYCKYJbHBIX MbImax [36, 60-62, 146-147]. DTo CBOWCTBO MIMPOKO HCIOJB3YETCs JUIA KOPPEKIIMH MAacChl Tejla BO
BpeMsi TPEHHPOBOYHOTO MPOIECCa M IOCTIKCHHUsI BBICOKHX IIOKasareneil B mpodeccronansHom cmopre [63-66]. B
OTIMYME OT CHHTETHYECKHX CTEPOMIOB, BBICOKAs PACIIOIOKEHHOCTh K CHHTE3y IIPOTEHHA INIPH INpHeMe HEKOTOPBIX
9KAUCTEPON] AKTHBM3MPOBAHHBIX COCTABOB HE CONPOBOXKIAETCS OIACHBIMH IS JKM3HH HOOOYHBIMH S(deKTami.
[ToaTOMy OHH, KaXETCsl, SIBISIFOTCS JKENATCIbHBIMH M JOCTOWHBIMH 3aMCHUTEISIMU U TAKHX [MOMYISAPHBIX, HO
3aNpeIIeHHbIX M3-32 CBOEH TOKCHMYHOCTH CPEICTB TECTOCTEPOHOBOTO psida, kak methandrostenolon (dianabol, anabol,
reforfit, nerobol, pronabol u m.0.), ncnone3yeMbIx B CKOPOCTHBIX M CHIIOBBIX BHaxX cropra [56, 67-68].

[MoapoOHbIii 0630p ¢usHnoaoruvecknx >hGPeKToB IEHCTBHUS IKIUCTEPOUIOB mpuBeaeH B padore R. Lafont u L.
Dinan [30]. ABTopsI OTMEUAIOT, YTO HAPSAY ¢ OOJBILINM KOJIUYECTBOM OIMyOIHMKOBAHHOM 3a MOCIEIHUE TPU ACCATUIICTHS
HHOOPMALIMK HMMEIOTCS PEe3YNbTaThl IKCIECPUMEHTANBHBIX HCCICIOBAHMN, HE TMOATBEPKIAIOIINX B psie CIydacs
obuien3BecTHbIe (akThl. Tak, HaIpuMep, JaHHBIE [0 TPOTHBOOITYXOJICBOI aKTHBHOCTH HEOIHO3HAYHbI, OTMEUCH CIIy4ai,
xorma 20-hydroxyecdysone cTumymupoBall poCT OIyXOJH MOJOYHOM JKee3bl HPH MOIKOKHOM WHBEKIHH B TeYCHHE D
IHel, a o-ecdySOne BbI3bIBAJ OIYXOJEBOE MOpakeHHWE B jkabax WM MbImiax. SIMOHCKHE HCCICIOBATeIH HE BBIIBHIN
npoTuBOBOCHaIUTEIbHOTO 3ddekra 20-hydroxyecdysone B mo3e 5 MI/KT, M30IHPOBAHHOTO W3 KOpHEH OpasMiIbCKOTO
pacrenus Pfaffia iresinoides, mpumensiemoro B Teuenne 7 mueit [69-70].

Taxoke, DaHHBIE II0 aHAOOMMYECKOH AKTMBHOCTH SKIMCTEPOUAOB HEOJHO3HAYHBL. AHabonuueckuil 3¢dext
BBISBJIEH JIMIIb JJISi HEKOTOPBIX HHIMBHAyaJdbHBIX coeauHeHui, B uyactHocth 20-hydroxyecdysone, viticosterone E,
turkesterone, BeimenenHbIx u3 pacteHuit poma Rhaponticum. Tlpu stom mo3er 20-hydroxyecdysone, BbI3bIBaroIIne
MOJIOKHUTENBHBIN 3()(EKT, MOTYT Pa3IMyaThCs HA HECKOJIBKO MOPSIKOB — OT CBEPXMAabIX 103, paBHbIX 0.02 MKr/kr/neHn
[71] u 0.035 mr/kr [72] — 10 oYeHb GONMBLIMX KOHIEHTpaluid, paBHbIX 5-20 mr/kr [62, 147], unu ke MPOSBIATHCS C
He3HaYuTeNbHBIM 3 dekToM, cocraBmsirommM 112-116% otHocutenpHO KoHTpons [61]. AwnaGonmudeckuit sddexrt
COMOCTAaBUMBIX 103 JIKIUCTEPOMIOB M3 MHOTUMX JPYTMX HCTOYHHMKOB, B YAaCTHOCTH, W30JHUPOBAHHBIX H3 Serratula
coronata, ve 3apukcuposas [55, 73].

2. ®apMaKoJIoruIecKoe HCI0JIb30BaHHe

B odunuanbHOl Hay4HOW MEOULIMHE JKAMCTEPOM] COICpIKAlUe HaTypajbHbIE COCTAaBbI HCIIOJNB3YIOTCS HpPU
HapylIeHUsX paboThl CEepAEYHO-COCYJMCTOM, LEHTPaJbHOW HEPBHOH M PENPOAYKTUBHON CHCTEMBI, B KayecTBE
TOHU3UPYIOIIUX ¥ CTHUMYJIUPYIOUIMX CpPEICTB MPU YMCTBEHHOM W  (M3MYECKOM YTOMIIGHHH, ITOHW)KEHHOU
paboTOCOCOOHOCTH, UMIIOTEHIIMH, OcnabieHun QYHKUUA pa3HbIX opraHoB [53, 56, 74-75]. MoryT mpuMeHSTbCS AJIs
3KUBJICHHS PaH U s3B, JIeUeHWs] OkoroB [49, 76-77]; yaydiieHusl mojoBoit (GyHKIMH, CTUMYIMPOBAaHHS JUOWUIO H
yCTpaHeHus JUCKoM(popTa B CeKCyalbHOM sxu3nu [78-79, 148].

B crnopTHBHOH W BOCHHOH MEAMIMHE Npernaparbl Ha WX OCHOBE CIyXKaT Uil aJalTaldd ¥ TOBBILICHUS
paboTOCIIOCOOHOCTH 3/I0POBOTO YEJIOBEKA B YCJIOBHAX JHUMHTHPYIOLIMX (DAaKTOPOB, B T.4. NMPEOAOICHHS Ype3BBIYaiHBIX
(MBUIECKUX M TICHXHUYECKHUX HAarpy3ok [66-80]. Bae opuuaibHON METUITMHBI B HAUOOIBINEH CTEIIEHH PACIPOCTPAHEHO
NpopUIaKTHYECKOe  HCHONb30BaHME B KAauyecTBE  aJalNTOICHHBIX,  aHA0ONMYECKHX,  AaHTHACHPECCHBHBIX,
reMOPEOIOTHIECKHX, HOOTPOITHBIX M IIPOTHBOOITYXOJIEBBIX cpencts [55, 81-83].

He sBisiiCh MCTMHHBIMU 3HAOTCHHBIMU FOPMOHAJIBHBIMU CYLIHOCTSIMH, IPH COYETaHUH OIPEAEICHHBIX YCIIOBUI
SKAMCTEPOUIBI MOTYT 00JIa1aTh TOPMOHO- WJIM BUTAMUHONONOOHBIMHU JieiicTBHsIMU. dDapMalieBTHYeCKOe HUCI0Ib30BaHNE
NpernaparoB Ha OCHOBE 3KJIMCTEPOUJI COACPIKALIMX MATIOPOTHUKOB U IIBETKOBBIX PACTEHHH, I'PUOOB M HACEKOMBIX YXOAUT
KOPHSMH B TNIyOWHBI IIJIEMEHHBIX KYJIBTOBBIX OOpsIOB abOpHreHOB, Hacessiomux japeBHIol0 Pych, Cubups, Kurait n
Mowuronuto, Cesepryro Amepuxy, lOxnyro Awmepuky, Wuauro. Baxselimne uX NpencTaBUTENH, YCTAHOBICHHBIE
COBPEMEHHBIMH METOJIaMH MCCIIEAOBAHUH KaK CBEPXITPOLYLICHTH! (PUTOSKIANCTEPOUIOB, OBLUTH M3BECTHEI €llIe B TITyOOKOH
IpeBHOCTH. B mpencraBieHMM MHOTHX HApOIOB OHM OBUTM CBs3aHBI C CyeBepusaMd U JercHmamu [84]. HamGonee
W3BECTHBIC MX MPEICTABUTEIIH:

Polyporus umbellatus (Eichhase) — kuTaiickuii rpub-TpyTOBHK, CONEPKAT MHUKOIKAUCTEpOUIB Polyporusterone
A...G. 3BecTHbI ApeBHUE KUTAWCKHE UCTOYHUKK 00 MCIOJIb30BaHMM BH/A B KauyeCTBE "NeKapcTBa OT KPECThsH' ellle 3a
2000 ner mo wHameit 9pbl. COBpEeMEHHbBIE HCCICIOBAHUSI KUTAHCKMX YYEHBIX MOATBEPKIAIOT 3HAYUTEIbHYIO
[POTHBOPAKOBYIO akTuBHOCTE P. umbellatus, addexrnBHOCTS TOPMOXKEHHS UM PA3BUTHSI OIyXOJIEiL.

Bombyx mori L. — TyToBBIii mieaKonpsi1, TMYHHKA HACCKOMBIX 4-5-r0 Bo3pacTta comepikar 3003Kaucteponsist 20-
hydroxyecdysone u ecdysone, a takke coeaMHEHHsT BTOpUYHOTO 3HadeHnus — makisterone A, makisterone C, 2 deoxy-20-
hydroxyecdysone, 3-dehydroecdysone, 3-epi-ecdysone3-epi-ecdysone, 3-epi-2-deoxyecdysone, 3-epi-22-deoxy-20-
hydroxyecdysone, 3-epi-22-deoxy-20,26-dihydroxyecdysone, 3-epi-22-deoxy-163,20-dihydroxyecdysone.

Polypodium — manoportHuku, comepkat (uTo3IKIAMCTEpOouabl ponasterone, 20-hydroxyecdysone, pterosterone,
makisterone. Hcmonp3oBanuck B JpeBHeW Pycn B KadyecTBe Marm4ecKHX pPACTCHHU, O03apsIOMIMX HHTYHIHIO,
MPOTOHSIONIMX KOLIMapsl U 3yt cuiy. Cucrema KopHeBui manopoTHuka P. lepidopters, mpouspacraromiero B jiecax
HOxHON AMEpUKH, HCIIONb3yeTCs aHAIOTHYHBIM 00pa30M MepyaHCKHMH TUIeMEHaMH B PHTYaJIbHBIX 00psIax.

Pfaffia — cyma wmm Opaswibcknit sKkeHbIleHb, KopHeBuma comepskar 20-hydroxyecdysone. Wssecten vy
HapoznHocreii FOxuON AMeprku Kak “para todo”, win kak “"JIeKapcTBO OT BCEX BEIICH''; paCTeHHE 3HAMEHHUTO CBOUMH
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aJIaliTOTEHHBIMM M TOHW3UPYIOUIMMHM CBOMCTBaMH. BriepBble omucan eBporeiinamu B 1656 rogy u Obul Ha3BaH
“OpasuIbCKUM JKCHBIIICHEM, U3-3a MOA00HS ero JeHCTBIS aMePHKaHCKOMY U a3uaTcKoMy eHblieHto (Panax spp.).

Ipomoea — BBIOHOK MypIypHBIH, CHHTE3UPYET penKue pUTOIKIUCTepouaAbl muristerone, kaladasterone, a taxxe
calonysterone, makisterone. Mcmnosp3yloTcss SHAEMHYHBIC BUJIBI, TPOM3PACTAIOIINE HA IOJKHBIX CKIOHAX [mmanaiickux
rop. CymiecTByeT Ky/nbT PErHOHAIBHOTO HCIIONB30BaHMS CEMSTH HEKOTOPHIX BHJIOB abopureHamu CeBepHOIl AMEpHKH B
KaueCTBE ICUXO30MUMETHUECKHX CPEACTB, (usuonornueckuii 3QpEeKT KOTOphIX OO0YCIOBIEH COBMECTHBIM JIeHCTBHEM
IKAUCTEPOUJIOB U TAJUTIOIHOTEHHBIX AJIKAJIOHIOB.

Achyranthes bidentata u A. aspera — coloMOIBET COJIOMOIIBET JBY3yObIif M COJIOMOIIBET MIEPIIABBI, COMEpKaT
20-hydroxyecdysone, cyasterone, isocyasterone, sengosterone. Kwuraiickoe Ha3BaHWE T[EpBOTO BHIa O3HAYACT
"IpeBOCXOHOE JIEKAPCTBEHHOE CpeAcTBO. IIpHCYTCTByeT BO MHOTHX COXPAaHHBIIUXCS (POpMyiax Bpaded pasTUIHBIX
nMmneparopckux auHactuii Kuras, Slnonun, BreTHama — Kak TOHH3HpYIOIIEe, YCHINBAIOIIEe OMOIIOTHIECKOE HAYall0 |
3¢ GEKTUBHOCTD EHCTBUS APYTHX BpaueOHBIX KOMIIOHEHTOB. Bropoii Bua, A. aspera y adbopureHoB Vuauu modurtancs
KaK pacTeHue, IMPUHOCAIIEE YyIady M OTIYTMBAalollee SAOBUTHIX HACEKOMBIX, 3MeW. lcmonbp3oBajics B HapOAHOM
MeJHMIIMHE KaK OTXapKUBAaIoLIee, KapOoIOHIKaolee, OaKTepULUIHOE U JUYPETHIECKOE CPENICTBO, a TaKKe B KaueCTBE
CHaZ00bsl OT KaMHEH B MOdYKax, 3yOHOW Oonm M OECCOHHHUIIBI, BOMOOOS3HM, KHIICUHBIX PACCTPOMCTB M JUIS CHSTHUS
Ppa3npakuTeIbHOCTH.

Taxus baccata — THc eBpomeiickuii, cuHTesupyer ponasterone, 20-hydroxyecdysone, makisterone,
dachryhainansterone, taxisterone. OquH 13 TIABHBIX HCTOYHHKOB TIPOTHBOPAKOBBIX CPEICTB B COBPEMEHHON MEIHIIMHE.
Hawubonee M3BECTHBI KaK CBSIICHHBIC JEPEBbsSI APEBHUX KEIBTOB JAOXPUCTHAHCKON 3pbl. CHMBOIU3HPOBAIN BEUHYIO
JKU3Hb M3-3a UX BEYHO3EJIEHOCTH, MCKIIIOUMTEIBHOMN JKU3HECTIOCOOHOCTH M JIOJITOBEYHOCTH (IIPOIOIDKUTETBHOCTD KU3HH
OTAENbHBIX 0co0eit MoxkeT pocturarth 0ojee 2000 jer). MHOrHe THCOBBIE 3alOBEIHHMKH CBS3aHBI C XPUCTHAHCKHMHU
CBATHIHAMHE Ha bpuTtanckux ocrposax, [loneme, Benrpun, Yikpaune, Kaskase.

Vitex — BHTEKC WM CBSIIEHHBIE JepeBbs; comepkar skaucreponasl 20-hydroxyecdysone, canescensterone,
calonysterone, scabrasterone, calonysterone, 24-epi-abutasterone u T.1. Hexotopble BH/IbI M3 3TOrO PO/ia UCIIONB30BAIIICH B
JIpeBHUX xpamax 3amagHoii Muamm Oonee uwem 2000 ner Hazan., OOnajaloT TOHM3UPYIONIMM, YCIOKaWBAIOLIUM,
HOPMAJIM3UPYIOIIMM TIOJIOBOE TIOBEICHUE JeHCTBHEM. M3BeCTHBI CIIOCOOHOCTBIO BOCCTAaHABIMBATH OajaHC IKEHCKUX
TIOJIOBBIX TOPMOHOB, PETYJIMPOBATh MEHCTPYAIBHBINA MK, CHUMAaTh TSDKECTh IPEAMEHCTPYAIbHOTO CHHAPOMA M TEUCHHUS
KJIMMAaKca.

Leuzea mmm Rhaponticum carthamoides — nersest cadmopoBumHas, cuHTesupyer Gonee 50 MHANBHIYaTbHBIX
(HUTOPKIUCTEPOUIOB, B T.4. TaKWe BBICOKOAKTHBHBIE COEIMHEHMs, Kak rapisterone D, dachryhainansterone, 24(28)-
dehydro-makisterone A, 22-benzoate-ecdysterone, 5-deoxy-kaladasterone, 20-hydroxyecdysone (ecdysterone), polypodine
B, ajugasterone C, makisterone A u C, integristerone, leuzeasterone, carthamosterone, coronatasterone u t.x. (prc. 4).

R. carthamoides smmsercst “nmereHmoil ApeBHEH BOCTOYHOM MEMHIUHBIL,” Yy KOPEHHBIX >kuTeneit CHOUpH u
MoHTOTHH UCTIONB30BAJICS B KAY€CTBE MCTOYHHKA TyXOBHOM, (pr3MUecKoil M MOIOBOH CHITBl. DTHOOOTAHUYIECKOE HAYAJIO
pactenuii poga Rhaponticum yxomut kKOpHAME B [TyOHHBI JPEBHEN BOCTOUHON MEIUIMHEI, TJI€ OHU HUCITOIB30BAIOCH O]
HasBanmem Lou lu u Lou cao [85]. dapmakonornueckoe MCMoONb30BaHKE TpenapatoB Ha ocHoBe R. carthamoides we
MPEPHIBAIIOCH CO BPEMEH JPEBHEH KUTANCKOM, THOSTCKOW M MOHTOJBCKOM MEIUIIMHBI 0 HAIIMX THEH. M3BeCTHO, 4TO B
IX Beke apaOckue KymIbl BBIBO3WJIM KOpHeBHINA pacteHMd u3 Kuras B crpansl bmwknero Bocroka. BripammBanne
pacTeHus B MPaKTUYCCKHX LENAX MPAKTHKOBAIOCH B alTEKAPCKUX cagax MHTpoxyktopoB X Beka [86]. ¥V pycckux
niepecenennes B XI-XI| Bexe Ha AnTae xoanino noBepbe 0 4ynoJeHCTBEHHOI CHIIe 3TOT0 pacTeHusl, KOTOpBIi Jeunt ot 14
HEJYTOB M BO3BpAIIaeT MOJIOIOCTH [82].

Mo nerenjie y MECTHBIX HAPOMHOCTEH 3a0alikalibsi, CUiIa TPABbl TAKOBA, YTO MOCTE €€ YIOTPEOICH S BOMH OJJHUM
JIMIIb IPUKOCHOBEHHEM PYKH MOXKET BBIPBaTh JepeBo ¢ KopHsMuU. Eciiu otBap Tpassl npumet 90-ieTHuil crapel, y Hero
BOCCTaHABJIMBACTCS TOJIOBAs CHUJIA M OH MOXKET JKCHUThCS Ha jeBylike 16 jer. 1o nerenze, TpaBy MOXXHO HalTH B THe3/1e
NITUIBI “XapaTaH-IIox’, MIPUHOCSIIYIO €€ C TOp, WM K€ HYKHO TOOBITh M30 PTa YOHTOTO OXOTHHKaMH OJICHSI-Mapaia
[87]. Hapoanast MyapocCTh Iacuia, 4To CHJIa PACTEHHS KOMUTCS B HEOKOCTEHENBIX porax-maHrax Mapaios. IloaTomy y
abOpHUIeHOB CYIECTBOBAJ 00bIYAil, 0 KOTOPOMY MOJIOOW IOHOIIA, Nepell TeM KaK )KEHHThCS, JOJDKEH BHavaje 100BITh
nanThl (pora) ropaoro mapaia (Cervus elaphus sibiricus).

OCHOBHBIMH HaNpaBlICHUSIMU KCMOb30BaHus R. carthamoides B coBpeMeHHOI BpadeOHON MPaKTHKE SBISIOTCS:
npuodpereHre (U3NUECKOM BBIHOCIMBOCTH, a(pomU3MUYecKoe Uil CTUMYJIMPOBAHUSI CEKCyalbHOW aKTHBHOCTH,
TOHU3MpYIOILEee, OOIIEYKPEIUISIONIee, PaHO3aKUBIISIONIEE, TPOTHBOOITYXO0JIEBOE, aHAOOINYECKOe, TeMOPEOJIOTHYECKOE,
npH 3a00JI€BaHUSAX HEPBHOMU M cepieuHo-cocyaucToii cuctemsr u T.1. (http://leuzea.ru).

Hawubosee n3BecTHasi CHCTEMa HUCIONIL30BAHMS JISKAPCTBEHHBIX CPEJICTB pa3paboTaHa B KUTAWCKON M THOSTCKOMN
meauimae. Cpean 2270 BUIOB KUTAMCKUX JIEKAPCTBEHHBIX cpeacTB [88], BKIOUArONMX MUHEPANbI, PAaCTEHUS, TPUOBI 1
JKHBOTHBIE TKaHH, MPE/ICTaBIICHBI BCE [JIaBHeHIme SKAUCTEPOHT cozieprKaiue BUJIBI
(http://ccat.sas.upenn.edu/~nsivin/index.html). CoBpeMeHHBI MOCTaBIUIMK KHTAHCKAX JIGKAPCTBCHHBIX TpPaB |
skerpakro (okomo 500 BumoB), kommanus Hunan kinghong Bio-resource, Ltd. (http://www.aerospace.com), BKiiro4aeT B
OCHOBHOM T€ K€ CaMbl¢ ITUPOKO U3BECTHBIC BH/IbI (TabI. 1).

B Hacrosiiee Bpemsi cpenu 172 3KAMCTEPOU ] COACPIKAIIUX MpPENapaToB pasanyHBIX (GopM, mpemiaraeMbix Ha
MHPOBOM KOMMEPYECKOM pBIHKE, OKolo 36% moneBoro ydyacTusi 3aHMMaroT mpemaparsl u3 R. carthamoides [30, 89].
OtHOcHTenbHAsI 0N IPYTHX BUIOB B CTPYKTYpe UCTOYHUKOB cocTaiser: Pfaffia — 28 %, Cyanotis — 14%, Polypodium
— 4%, Achyranthes u Ajuga — o 1% (puc. 5). [Ipenapatsl 6e3 yka3aHus BUIOB-UCTOUHHKOB BBITYCKAIOTCS 3 XUMUYCCKH
M30JIAPOBAHHBIX SKIUCTEPOHIOB (22%, B T.u. 6% B BHIEC CMECH Pa3HBIX UCTOYHHUKOB), MONYYEHHBIX TIIaBHBIM 06pa3oM,
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no wmerogam OuorexHonmoruu u3 Polypodium, Serratula u Ajuga (kymbTypbl KIE€TOK, TKaHed W TEHETHYCCKU
MOTU(UIIMPOBAHHBIX KOPHE).

Parmterepon B Parmerepor D Jectepon
(rapisterone H) (rapisterotie I (lesterone)

S-Hezokcw -5C0-KanagacTepol  [£]-24025) -1 ermap oamapacTepos B M arzicTepom &
(S-demaoy -50l-kaladasterone)  [Z]-24028)-dehyrdroamarasterone B (makisterone &7

FapramocTepon Parmterepon MarzteTepom C
[cartharnsterone) (tapisterotie) (makisterone )

Puc. 4. duroskaucreponnst Leuzea — Rhaponticum carthamoides (Willd.) Iljin

B OCHOBE (hapMaKOTEpaIieBTUIECKOTO
JICUCTBHS IKTUCTEPOU]] COACPIKAIIIX COCTABOB JIEKAT He T )
3¢ PeKTHI CTHMYJISAITIH CHEeIU(pHIECKOTO u UGEHMUPULLIPOEIHO |
Hecnenuduaeckoro MMMYHUTETA, YCUIICHHUS Ajuga

PE3UCTCHTHOCTU W MOBBIIICHUA TPAHUL] afalTaliunu

Achyramhes
OpraHu3Ma K pa3IM4yHOrO poja  MHGEKIHUsM, 1
usmgecKoit u TICHXMYECKOi Harpys3Ke, Polypodium |
WHTOKCUKALIUH; YIYYIICHHS MEePEHOCHMOCTH >Kaphl, Cyanotis
XO0JIOJIa, KUCJIOpONa, HEOCTaTKa CONHEYHOTO CBETa. ——
OOIIe TOHM3UPY I addexr pasBuBaeTcs Rhaponticum
MOCTENICHHO W BBIPAXaeTcss B YCHJICHHH (Leuzea)
CTPECCOYCTOMYMBOCTH  OPraHHU3Ma, AKTHBAIIUH 0 20 40 60 80

MeTa0oNMu3Ma, DHIOKPHHHOH W BEreTaTUBHOMN
peryisily, CONPOBOXKIAACh YCUICHUEM allleTUTa U
CEKpeIMU JKeJe3 IKEIyIOYHO-KHIIEYHOTO TPAaKTa,
MOBBIIIEHUEM TOHYCA MOJIBIX OpraHoB. ITomuMo 3THX
3¢ (eKToB, OTMEYAETCS BOCCTAHOBIICHHE CHIKEHHOTO
COCYIMCTOTO TOHYCA, HE3HAYNTENbHOE MOBBIIICHHE apTEPHAIBHOTO AABICHUS U YITydIIIEHHe PUTMHUYHOCTH pabOThI CepaIa,
HE SPKO BBIPAKCHHBIH IICHXOCTUMYIUPYIOMIHNH 3P PEKT.

Hcxonst w3 KOMIUIEKCHBIX MCCIIENOBaHUM SIpociaBckoif TocCylapCTBEHHOM MeTUIMHCKON akagemuu, B.A.
© Bymaeposckue coobuwenus. 2006. T.8. Ne2. E-mail: butlerov@mail.ru 13

Konu4ecreo npenapatog, wr

Puc. 5. MupoBoii pbIHOK SKIUCTEPOU]T COEPIKALINX MPENApaToB
W3 pacTeHuit MupoBoii duopsr; mo [30, 89].




063()]) Tumogees H.II.
Japmorpaii ¢ coaBropamu [77], yKa3pIBalOT Ha CJEAYIOIHME 3aKOHOMEPHOCTH (apMaKOJOIHYECKOTO EeHCTBUS
¢buTosKIUCTEPOHI0B (IOTYUCHHBIX PEUMYIIIECTBEHHO U3 pacTeHuii cem. Caryophyllaceae):

® SKIHCTEPOUIBI 00IaAaI0T AHTHOKCHIAHTHBIM JCHCTBHEM, HHTUOUPYIOT MEPEKHUCHOE OKUCICHHUE JIUMUIOB;

® YBENMYMBAIOT AKTUBHOCTh W TMOBEPXHOCTHBIM 3apsill, MHKPOBS3KOCTH MEMOpaH 3PHUTPOLMTOB H HX
PE3HCTEHTHOCTh K OCMOTHYECKOMY, TEMIIEPATYPHOMY ¥ KUCIOTHOMY THAPOIH3Y;

e 00aJalOT MPOTEKTOPHBIM JCHCTBHEM B OTHOLICHHH Y®-HHIYyIHPYEeMOTO M IEPEKHCHOIO IeMOJi3a
SPUTPOLIUTOB;

® TIOBBIIIAIOT (PAarOIMTAPHYIO aKTUBHOCTH HEUTPO(UIIOB B KPOBH, YBEIMYMBAIOT KOHLECHTPALMIO OEJKa U raMma-
DIOOYIMHOB, YMEHBIIAIOT HCXOAHO MOBBIIIEHHOE KOJIMYECTBO XOIECTEPHHA,;

® YBEIIMUMBAIOT COJEPXKAHHE IIIMKOI'€Ha B MEYEHH, aKTUBH3UPYIOT OCJIOKCHHTE3MPYIOIINE MPOLECCH], 001alatoT
renaToNPOTEKTOPHBIM JICHCTBHEM;

® OKa3bIBAIOT MOIIHOE PAHO3XKHUBIAIONICE JCHCTBAC TIPH XUMHYECKHX, TEPMUYCCKHUX, KPHOTCHHBIX,
MEXaHUYECKHUX MOBPEKACHUSIX TKAHEH, SIBISACH CTUMYIISITOPOM PEreHEpaIlnH;

® CIIOCOOHBI CTUMYJIMPOBATh pasiMyHble (OPMbI UMMYHHTETA — €CTECTBEHHYIO, IPOTHBOMUKPOOHYIO U aHTHU-
TOKCHYECKYIO PE3UCTEHTHOCTB;

® TIOBBILIAIOT PA0OTOCIOCOOHOCT U 0OECIICYHBAIOT MPO(YUIAKTUKY YTOMIICHUS B OTATOIICHHBIX YCIOBHSAX;

¢ 00Ja1al0T AaHTUCTPECCOBOM, aJalITOTeHHONW M aKTONPOTEKTOPHOH aKTHBHOCTBIO;

® OKa3bIBAIOT HOOTPOIIHOE, B YaCTHOCTH MICUXO3HEPTU3HNpPYIOLIee NeHCTBHE;

® HE YTHETAIOT KU3HEICATEIbHOCTh MUKPOOPTaHU3MOB iN Vitro;

® He MMEHSIOT GopMyIy nepudepudeckoir kposu u COJ;

® BO BCEX MCCIEIOBAHHMAX OTMEUYaeTcs HelIHMHeHHas, Kak INpaBWiIo, Hapaboauyeckas 3aBHCUMOCTh I'padukoB
“koHUeHTpauus-3QPert”.

SInonckue uccienoarenu [90, 91] obpamaroT BHEMaHHE Ha Takue 3PGEKTHI SKIUCTEPOU]] COMCPHKAIIMX PACTCHUH
pona Pfaffia, kak:

® TOHU3HPYIOLICE;

® AHTHJCTIPECCHUBHOE MPU TMCHXOJOTHYCCKON HEYCTOWYMBOCTH, PAa3IUYHBIX (GOOHIX U BO3OYKICHHBIX COCTO-
SIHUSX;

® IMMYHOPE3HCTEHTHOE MPH NMPODUIAKTHKE OOJIe3HeH, HHIYIUPOBAHHBIX arpeccrueil OaKkTepuii, BUPYCOB H T'PH-
00B;

® CHATHE Pa3INYHBIX (GOPM ajuIepruueckux peaklyi, JepMaTHTOB, aCTMAaTHUECKUX COCTOSHHUIA;

e o0eryeHre ayTOMMMYHHBIX COCTOSIHUH (T€MOJIUTHYECKast aHEMHEST; PEBMATOUAHBINH apTPHT, PAKOBBIE OIyXOJIN);

e JIcYEeHHE SI3B U KOJIUTOB,;

o yBenmuyeHne (PU3NUCCKOM CHITBI;

® BO3pacTaHUE CEKCYalbHON aKTHBHOCTH, YIyUIICHHE PEPOIYKTHBHOTO MOTCHIHAA;

e o0JieryeHre TeYeH s Mpolecca CHHAPOMa MEHOIAy3bl.

P.A. Ceiidynana [66], ocHoBbiBasick Ha 20-meTHeM OMBITE HWCHONB30BaHUs mpemapartoB R. carthamoides B
CIIOPTUBHOU (papMAKOJIOTHH, TIPUBOAUT CICAYIOLINE 3aKOHOMEPHOCTH aIATOTCHHOTO MX JCHCTBHS:

® TOHU3MPYIOT LCHTPAJIbHYI0 HEPBHYIO CHCTEMY, YIYYIIAlOT IIPOIECCHl OOy4YeHHs, NaMsATH, YCIOBHOped-
JICKTOPHYIO JIeITeIBHOCTh, CHHANITHYCCKYIO Iepeady MMITYIECOB B CHMIIATUYECKUX W TMapacHMIIaTHYECKUX BOJIOKHAX
nepupepruIeckoil HEpBHOW CUCTEMBI,

® YIYYIIAIOT PEOJIOTHYECKHE CBOMCTBA U MUKPOLUPKYIISAIMIO KPOBH B COCYIaX I'OJIOBHOTO MO3ra U pabOTarOLINX
MBIIIIII;

® HOPMAJIU3YIOT JIeITeIbHOCTD SHIOKPHHHOM CHCTEMBI OPraHU3Ma,;

® KOHTPOJIUPYIOT MPOIIECC 00Pa30BaHKs U PACXOa SHEPTHU B UCIOMHUTEIBHBIX KIETKaX (MBIIII], TCYCHH, MOUCK,
MO3ra U IPyTUX OPraHoB);

® BOCCTAHABIMBAIOT T'YMOPAJbHBIAH M KICTOYHBIA HMMYHUTET, HApPYIICHHBII B XOAC TPEHHPOBOYHOIO H
COPEBHOBATEIILHOTO MPOLIECCa;

® TIPOSIBJIAIOT aHTHOKCHUAAHTHOE NEHCTBHE, MPEIOTBPAIIAIOT THIIOKCHIO M TOKCHYeCKHe 3((eKThl CBOOOTHO-
PaJUKAIBHOTO OKHCIICHUS] HeHACHIIICHHBIX )KUPHBIX KHACIIOT, aKTHBU3UPYEMBIX TIPH HCTOMIAIOIICH (DH3NIECKON HATpy3Ke;

e oOmagaror aHabonmm3upyrmMuMH d(pdexTamu, HEOOXOAUMOCTh B KOTOPBIX BO3HHKACT MPH WHTCHCHBHOU
¢busnueckoii pabore (TpeHUPOBKE) BO H30CKAHUE TTAJCHIS MACCHI TENA U IECTPYKIHU OEIKOB Y CIOPTCMEHOB;

e He 00J1a1aI0T TOKCHYHOCTBIO M HE SIBJISIOTCS IOMMHTOBBIMH COSIMHEHHUAMH.

3. AKTHBHOCTb IKIHCTEPONIOB B 0H0TEeCTax

B 70-80-x romax ObLIM IpOBENCHBEI MHOTOUYHCIICHHEIC HCCICAOBAHUS MO BBIIBICHHUIO OHONOTMYECKOH aKTHBHOCTU
9KJUCTEPOUJOB B OHOTECTaX C HMCIOIB30BAHHEM METONOB BO3JCHCTBHS HA JIMUMHKU HACEKOMBIX (IIPOIUTKA KOPMOBOTO
palroHa XMMHYECKH OUYMIICHHBIMH COCIWHEHUSIMH, MOTPY)KCHHE B BOIHBIC U CIUPTOBBIC IKCTPAKThl, UHbEKIUH). B
7abOpaTOpHBIX YCIOBHAX H00aBiICHHE (HUTOIKIUCTEPOUIOB B HCKYCCTBCHHYIO IUTATEIBHYIO CPELy IPUBOAMIO K
HEOOpaTHMBIM M3MCHEHUSIM B Pa3BUTHH: THOSIH OTPOAMBIIHMXCS TYCEHHII, HAPYIICHHSM IIPOLECCOB JIMHBKH U aHOMAIIHSIM,
CHIDKAOIIHX JKU3HECIIOCOOHOCTh 0CO0CH — MHIYHPOBAHUIO CBEPXHOPMAIBHOTO KOJIMYCSCTBA JIMHEK, [PEKIACBPEMCHHOMY
OKYKJTHBAHHIO, MTOSIBJICHUIO TYCCHHIT C HECKOJIBKAMH TOJIOBHBIME Karicyiaamu [92-93].

O/HaKO JaHHBIA METOJ JAJICK OT COBEPLICHCTBA, TaK Kak TPeOyeT JOCTaTOYHO JOJITOr0 BPEMEHH /ISl IIPOSIBICHHS
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peakiuii Meramopdo3a, KpoMe TOTo, TPU 3TOM HE BCErIa yIaeTcst 00eCIeunTh COXPAHHOCTh XUMHUSCKU H30JHUPOBAHHBIX
SKAUCTCPOUAOB, HU3BMECIBLUCHHBIX JIMCTBEB W OKCTPAKTOB B MNHUTATCJIBHOM KOpME OT Fy6l/ITeJ'II)HOFO BO3ﬂeﬁCTBHﬂ
MHKpoQIopsl. B Hacrosimiee Bpems pacmpOCTPaHEHHBIM JKCIPECC-METOAOM OLCHKH OHOJOTMYECKOW aKTUBHOCTH
9KIUCTEPOMIOB U MX CHHTETHYECKHX AHAJIOTOB SBJSIETCS OWMOTECTHPOBAHHE C KJICTKAMH HACCKOMBIX, COICPIKALIUX
€CTECTBEHHBIC IKITUCTEPOHIHBIC perenTopsl (B -0noTecT), B codeTannu ¢ palioMMyHHBIM aHaiu3oM (PHUA).

B Oumorecrax MOI'YT HCHOJIB30BATHCS PA3IMYHBIE M30(OPMBI SKIUCTEPOMAHBIX PELENTOPOB, BBHIICICHHBIX M3
crenyronmx BumoB HacekoMbix (ECR): Drosophila melanogaster (DmECR); Plodia interpunctella (PiEcR); Bombyx mori
(BmECcR); Manduca sexta (MsEcR); Chironomus tentas (CtEcR), Heliotes virescens (HVECR); Choristoneura fumifurani
(CfECR); Aedes aegypti (AaECR) u T.1. MeToa MO3BOMSET TAaKKe OIECHUTh OTHOCHTEIBHYIO aKTHBHOCTH COCTaBOB,
OKa3bIBAIOIINX JKINCTEPOHA-TIONO0HOE MM IKIUCTEPONI-UHIHOHpYOlee AeiiCTBUE (JIMraHIbI-arOHUCTBl U JIMTaHAIbI-
AHTArOHUCTHI).

B 3aBucumoctu or crenupuky 00bEKTa, MOJIOKEHHOTO B OCHOBY OMOTECTHPOBAHHMS, MOXET IPOSBISATHCS
MpEUMyHICCTBO PA3JIMYHBIX SKIAUCTCPONUJIOB C TEMU WM MHBIMU PEUCITOPAMU. HOSTOMy 1A YTOUHCHHA TOJTYUYCHHBIX
PE3YJIBTaTOB HCIONB3YIOTCS MapauielibHbIe OHOTECTHI CO BKYCOBBIMH XEMOPEIENTOPAMH YJICHHCTOHOTHX, B YaCTHOCTH
kpaba Carcinus maenas. ®PHU3MONOTMYECKH AKTUBHBIM y HACEKOMBIX sBisiercs skauctepouna 20-hydroxyecdysone;
aKTHBHOCTH €ro B 6rorecrax pasua 10° M. JIpyrue 3009KIHCTEPOMIBI, IUPKYIHPYIOLIHE B FeMOMIM(E WICHUCTOHOTHX,
manoaxtieasl (10%-10° M). Camas BbicOKast GHONOrMYEcKas aKTHBHOCTH Y (PHTOSKIHCTEPOMIOB ponasterone A u
muristerone, cocrasisromas 10°-10° M. Cpenu MpomyKTOB KOHBEPCHH OCHOBHBIX (PHTOIKIUCTEPOUIOB HAMOOINBIICH
AKTUBHOCTBIO OOJNAIAIOT CTPYKTYPBI, HEXapaKTepHBIE JUII XUMHYECKOI TpaHC(opMalny, HO CHHTE3UPYeMbIe B 3€JICHBIX
YacTAX pacTeHuil B Xoze peakimii hotorpanchopmanmu 20-hydroxyecdysone, B wactHoctn 14 a-hydroperoxy-20E, 14 a-
deoxy-20E (10°® M) u guvepsr [94]. [liMeps! BO3MOKHBI M B OTHOLICHHH ponasterone A, ajugasterone C [3].

Pacrenuss MoryT OBITH HMCTOYHMKOM JpPYTHX CTEPOMIHBIX COSOWHEHWH, KOTOpbIE, IPUCYTCTBYS B OCTaTOYHBIX
KOJIMYECTBAX COBMECTHO € MCCIIEIyeMBIM BEIIECTBOM, MOIIIM OBl B3aUMOJICHCTBOBATh C SKAUCTEPOMAHBIMH PELIEIITOPaMH Kak
ArOHUCTHI WJIW AHTArOHUCTBI, U TEM CaMbIM HPOABJIATH CKPLITYIO AKTUBHOCTH B 6I/IOTCCTaX. KpOMe OKANUCTEPOUIOB, UMCIOTCA
elie JIBe TPYIIBI PACTHTENBHBIX CTEPOHIOB, KOTOPHIE MOTYT OBITh KIACCHMHIMPOBAHBI COOOPA3HO UX OHOIOTHYECKOMY
neitcteuro [11]:

— OpacCHHOCTEPOU/IBI, OKa3bIBAIOIIKE (PU3HOIOrNYECKOE BIMSHHUE HA POCT U PA3BUTHE PACTCHH;

— crneuuuyHbIe CYOCTaHIMHM 3allUTHOTO CBOWCTBA (pEMIENeHThl, aHTH()UIAHTBHI, SMbI), AKTHBHBIC MPOTHUB
TPABOSITHBIX KMBOTHBIX M MApasUTHYCCKUX TPUOOB. KyKypOHTAlWHBI, KapACHOIUABI, Oy(haaueHOIHUABI, CalOreHUHB,
BUTAHOJM/BI U CTCPOHIHBIC aTKAIOU/IBI.

[IpHucyTCTBHE aJJICTOXEMHYECKHX BEIISCTB B PACTCHHUSX, CTPYKTYpPHO CBSI3aHHBIX C TOPMOHAMH TO3BOHOYHBIX
(scTpOTeHBI, aHAPOTEHB], TIPOTECTEPOHBI U T.J.), CTPOTo He mokazano. L. Dinan u mp. [11] monararot, uro Goree paHHWE
cooOImennss 00 MX HAIMYMM M MECTOHAXOKACHHM HA OCHOBE LBETHBIX PEaKIMi M HHU3KOI((EKTUBHBIX XPOMATo-
rpaMIecKuX METONOB SBIAIOTCS HEOYEBHIHBIMH. B Ipyrux ciydasx, korga 3aMKCHpOBaHa aHAJOTHYHAs SCTPOreHaM
AKTUBHOCTH, 3(P(EeKThl 3TH MOTYT ObITh OOYCJIOBICHBI MPOMEXYTOUYHBIMHU MPOAYKTaMHU OOMEHA BEIIECTB B OMOCHHTE3e
CTEpPOHJIOB.

HaunGosee Onu3ku K 3KIUCTEpOHUAaM OpacCHHOCTEpOHIbI, 0ba kimacca UMEIOT Cyr...Cy CTpyKTYpy. Beero us
pacTUTENILHBIX OOBEKTOB M30JMPOBaHO OKoyo 40 MHIMBHAYaJIbHBIX OpPacCMHOCTEPOMIOB, BKJIIOYAsl MAllOPOTHHUKU. B
OMBITAX C BBICOKOOYMIICHHBIMH COCTaBaMH, KOTJIA HCKIIOYANach BO3MOXHOCTb JACHCTBHS OCTaTOYHBIX KOJHUYECTB
(epMeHTOB U JPYTMX METa0OJHUTOB, BIMSHHAE OPAacCCHHOCTEPOHMIOB HA JKIMCTEPOUJ OT3BIBUMBBIC CHCTEMBI HE OBLIO
obHapyxeno [14]. Taxke, 3KIUCTEpPOHMAbI HE OONafalyd HUKAKOW aKTUBHOCTHIO B OHOTECTaXx ¢ OpacCHHOCTEPOUN
YyBCTBUTEIBHBIMH PACTCHHAMH. ABTOPHI JIENAlOT 3aKJIIOYECHHE, YTO CTECTBEHHBIC OPACCHHOCTEPOHMIBI HE NEHCTBYIOT
KaK aroHMWCThl WJIM AQHTarOHHCTHI SKAUCTEPOMIOB B Bj OnoTecTe, COOTBETCTBEHHO €CTECTBEHHBIC JKIHCTEPOUABI HE
00J1aJ1al0T aKTUBHOCTBIO OPaCCHHOCTEPOUI0B. MHOTOUHCIICHHBIE CHHTETHYECKIE aHAJIOTH TAK)Ke HE OKA3bIBAIM BIMSAHUSA
Ha pe3ylbTaThl TECTHPOBAHMWS, 32 HMCKJIFOYEHHEM OJIHOTO cOcCTaBa, akTHBHOCTh Kotoporo B 2000 pa3 Obiia Huxe
ecdysterone.

B pa6ore L. Dinan u ap. [95] npuBomstcs pesynsrarel By, 6uotecta ¢ 4500 Bumos pacrtenwuii. [TokazaHo, uTo
ABHBIC HCECTCPOUIHBLIC AroHUCTBI C 3KHI/ICT6pOI/I[{HOI7[ aKTUBHOCTBIO B OHMOTECTax C KJIECTKAMH HACEKOMBIX HE 6])[.]'1[/1
I/II[eHTI/I(bI/I]_[l/IpoBaHI)I. .HI/IFaH[l]:I‘aHTaFOHI/ICT])I Cpean SKAUCTCPOUIOB TAKKC HEC BBIABJICHBI, KPOME KakK CJ1a00aKTUBHOTO
24-hydroxycarthamosterone (2.0x10° M). HauGonee CHOCOGHBI B3aMMONEHCTBOBATH B KAUECTBE AHTATOHHUCTOB
KyKypOUTAIMHBI, HO CPAaBHUTENIbHAS aKTHBHOCTh UX HEBBICOKAs U 3aBUCHUT OT CTPYKTYPHBIX OCOOCHHOCTEH CTpPOCHHSI.
Camble BaxkHbIe coefuuenust — cucurbitacine B u D (puc. 6), uMenu akTUBHOCTb 7x107 M, urto B 2400 pa3 MeHbIIe
KOHTPOJILHOTO dKIUCTEporaa ponasterone A.

AKTHBHOCTb BUTAHOJIH/IOB I JTHMOHOHIOB He3HAUMTE bHAS HIIK OYeHb C1abas (cootBercTBenHo 2.5x10° M — st
2,3-dihydro-3-hydroxywithacnistine; 10™...10° M — mns prieurianin « rohitukin). JIpyrue BTopHuHBIE MeTaGOTHTHI
(amkanoumsl, OpacCHMHOCTEPOHIBI, KAPACHONHMABI, XPOMEHbBI, [IMKOAIKAIOWIBI, JHMTHAHBL, (EHUIIPOIAHBI,
TPUTEPIICHOU/bI) OBUIH HEAKTHBHBIMH WM LHUTOTOKCHYHBIMH. Cpemy HHMX YOaloCch OOHAPYKHTh JIMIIb HECKOJIBKO
(EHUITPONIAaHOB M aJKAIOMIOB €O CIa00il AHTarOHHCTUYECKOH AaKTHBHOCTBIO, HE CPaBHHUMOH € aKTHBHOCTBIO
3KIUCTEPOHIOB.

HpOHyKTLI HUCKYCCTBCHHOI'0 XMMHUYCCKOI'0O CHMHTE3a B IMOAABJIAIOIICM 6OJ'H)IHI/IHCTBe CJIy4JacB SABJIAIOTCA HCAKTUB-
HBIMH, CaMbIi 3HAYNTEIBHBIN KIIACC JIMTAHI0B, HACHTH(UIIMPOBAHHBIX Ha CETOMHSIIIHMI IeHb, 3T0 bisacylhydrazines [3].
[TepBble HCKYCCTBEHHO CHHTE3MPOBAaHHBIC HECTEPOUIHBIE arOHUCTHI DKIUCTEPOUIOB CPEeAHM HUX ObUTH onucaHbl B 1988
rogy kommanueii Rohm & Haas, cneumanusupyroleiicss Ha pa3paboTKe HHCEKTHLUIOB. KoMMepueckn AOCTYMHBIMH
seisitores RH-5849 [1,2-dibenzoyl, 1-tert-butyl hydrazide] u RH-5992 [tebufenozide, 3,5-dimethylbenzoic acid 1-1 (1,1-
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dimethylethyl)-2 (4-ethylbenzoyl) hydrazide] (puc. 7). Dtu cocraBel XOTS W aKTHBHU3UpOBanu B Ouorecrax ECR-
peuentopsr Manduca sexta u Drosophila melanogaster B xonuentpammsix 107 M, HO Bce ke OHH HEIOCTATOYHO
3¢ (GeKTHBHBI, YTOOBI 3aMEHUTH SKIUCTEPOUIEI. B albTepHATHBHBIX OMOTECTaxX CO BKYCOBBIMH CCHCHILIAMH WICHHCTO-
HOTHMX aKTUBHOCTb MX 0Ka3ajach HYJEBOIL.

24-hydroxycarthamosterone cucurbitacin B (R = Ac) 2,3-dihydro-38-hydroxy-
cucurbitacin D (R = H) withacnistine

Puc. 6. IIpuponssie anTaroHucTsl sxaucTeponos (o Dinan, 2003).

OH O OH O

O¥E O Obh]

—& ——
| |

RH-5849 RH-5952 [tebufenozide)

Puc. 7. HeCTepOI/IlIHLIG AroHUCTBI SKAUCTEPOUI0B HCKYCCTBEHHOI'O CUHTE3A.

Ta6u1. 2. CpaBHUTENBHAS AKTUBHOCTD 9KIUCTEPOHIOB U3 PA3THIHBIX HCTOYHHUKOB B By, Gnotecte Ha aroHUCTHL.

ECs, DmECR! JIureparypHbl€ CCBUIKH
CoenuHenus VICTOYHUKH MOITyYeHHUs.
M K® [15] [96] [14] [13] [3] [97F
Ipupoonvle sxoucmepoudsl
Ponasterone A — KOHTPOJIb MAroOPOTHUKH, TPUOBI, XBOMHHbIE 3.1x10™° 1 + +
- MAIIOPOTHUKH, TPUOBI, XBOIHBIE 0.7x10° 2 +
Muristerone A* pacrenus (Ipomoea) 2.3x10° 7 +
—wr_ pacrenns (Ipomoea) 2.2x108 71 +
Polypodine B pacTteHust 1.0x10° 3 +
Dachryhainansterone pacTeHus 5.2x107° 17 +
Ecdysterone (20E,)* HACEKOMEIE, PACTEHUS 7.5x107° 24 +
Makisterone A pacTeHus 1.3x10°® 42 +
Ajugasterone C Rhaponticum carthamoides 3.0x10°8 97 +
- Serratula coronata 6.2x10°® 200 +
Stachysterone B pacTeHus 8.2x108 264 +
Taxisterone pacTeHus 9.5x10°8 306 +
Kaladasterone pacreHust 3.4x107 1097 +
Ecdysone (a-ecdysone)? HACEKOMEIE, PACTEHUS 1.1x10°® 3546 +
Turkesterone pacTeHus 1.3x10° 4193 +
Podecdysone B pacTeHus 1.2x10° 38710 +
Polyporusterone B TrPUOBI-TPYTOBUKH 2.1x10° 7
Atrotosterone A TpHOBI 2.5x108 81 +
Atrotosterone B TpUGEH! 6.5x10° 20 968 +
Atrotosterone C rpuGHI 3.0x10°® 9677 +
Paxillosterone TpHOBI 4.2x107 1355 +
Malacosterone pUGH! 9.0x10° 29 030 +
25-OH-atrotosterone A TpHOBI 1.0x10° 32258 +
25-OH-atrotosterone B rpuOBI 1.0x10° 32258 +
Ipouseoouwie ecdysterone
140.-deoxy-20E (ororparchopmanus 2.2x10°® 71 +
14B-deoxy-20E dotorpanchopmartus 8.3x107 2677 +
14a-hydroperoxy-20E dotorpanchopmartus 1.6x10°® 52 +
14-B-20E (ororpanchopmarnms 1.7x10"* 546 387 +
Dimer 20E (7-7’-bis-14-d-8(14)-en- (ororpanchopmanus 2.1x107 677 +
2 deoxy-20E pacTeHusl, XuM. TpaHcHOpMaLus 6.6x107 2125 +
3-a-20E pacTeHws, XUM. TpaHchopMarius 1.6x107 516 +
5-a-deoxy-20E pacTeHust, XuM. TpaHcHOpMaLus 3.3x10° 10 645 +
20E 2B-D-alucopyranoside pacTeHust, XMM. TpaHchopmarius 2.0x10° 64 516 +
20E 3B-D-aglucopyranoside PACTEHUs, XUM. TPaHCHOpMaILHst 1.3x10° 41935 +
20E 22B-D-alucopyranoside pacTeHust, XMM. TpaHchopMarius 4.7x10° 151 613 +
20E 25B-D-alucopyranoside pacTeHws, XUM. TpaHchopMmarius 8.5x10° 27 419 +
25-deoxyecdysone pacTeHus, XMM. TpaHchopmariys 1.0x10°® 32 +
22-dehydro-20E pacTenus, XuM. TpanchopMarus 1.7x107 546 +
22-acetate-20E PACTEHUs, XUM. TPaHChOpMAILHs 2.0x107 645 +
Jluzanowvl HecmepouoHvie
RH 5849 (1,2-dibenzoyl-1-tert- XUMUYECKHit CHHTE3 1.1x107 355 +
RH 5992 (tebufenozide) XUMUYECKUIA CHHTE3 2.0x10°® 6 450 +

Hpumeuanus: *EcR-peuenrrop Drosophila melanogaster; EcR-penerrrop Plodia interpunctella; *kosd¢umment akrisHocTH (KoNMHUECTBO, Tpebyemoe s
3aMelleHHs SKaucTepora ponasterone A); 4 uTorokenuHocTs, paras 10° M [14].
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Pesynbrarer 6uotectoB Oosiee 300 HMHAMBUAYaATbHBIX COCIMHEHHUH W3 300- M PACTHUTEIBHBIX HCTOYHHUKOB
IMMO3BOJIMJIM CO31aTh €AUHYIO 633}/ JaHHBIX SKJUCTCPOUIOB, MPUCYTCTBYIOIINX B )KMBbIX CUCTEMAX. B SJIOM aKTUBHOCTbH
SKIMCTEPOMIOB pasauuaeTcss Ha 6 mopsukoB u mpoctupaercs ot 1070 1o 10* M (puc. 8, 9). Bouo HaiineHo, uTo
HauOOJIbIIEH aKTUBHOCTBIO 06J'Ia[[a}0T UHAWBUAYAJbHBIC 3KIUCTCPOUAbI 9BOJIIOLIMOHHO OTAAJICHHBIX rpynn: pOﬂaSterOﬂe
A - u3 paK006pa3HL1x, MannoOpoOTHHUKOB M T'OJIOCCMCHHBIX paCTeHI/Iﬁ; PEAKUX U DKOJOTMYCCKU H30JIMPOBAHHBIX BUOB:
rapisterone D, mpoussonubie kaladasterone u makisterone A, polypodyne B — u3 sumemuka neBseu cadoposuanoi (R.
carthamoides); muristerone — u3 ropHsIX pactenuii poxa Ipomoea (taom. 2).

Kospdummentsr  OnoTOTHYecKoil aKTHBHOCTH WHAWBUAYANBHBIX  (DUTOSKIUCTCPOUAOB, COACPXKALIMXCS B
xapakTepHbIx s (utopsl Poccnu Bumax pacrenmit u3 poma Lychnis, Serratula, Silene u Rhaponticum, pacnipenensrores B
CIIEIYIOIIeM YOBIBAIOILIEM MOPSAKE, UCXOMs U3 TPeOyeMOro MOJISIPHOTO KOJIMYECTBa JUIsl 3aMelleHHs Hauboyee akTUBHOTO
skmucTeporaa ponasterone A (1 — koHTpoIb):

2 — kaladasterone, 5-deoxy-5a; 3 — rapisterone D u polypodine B; 13 — makisterone A, 24(28)-dehydro; 14 —
ecdysterone, 22-benzoate; 17 — dachryhainansterone; 24 — 20-hydroxyecdysone (ecdysterone, 20E); 42 — makisterone A;
97 — ajugasterone C; 323 — viticosterone E (ecdysterone, 25-acetate); 355 — inokosterone; 419 — coronatasterone
(ecdysterone, 3-epi); 580 — integristerone A; 645 — makisterone C; 968 — turkesterone; 2 125 — 20-hydroxyecdysone, 2
deoxy; 3 546 — ecdysone; 19 355 — ecdysone, 3-dehydro; 48 387 — poststerone; 132 258 — silenoside A; 148 387 —
silenosterone. Heakrususr: silenoside B, D, E, F, G, H; ecdysone-3-epi; ecdysone-22-phosphate; 20-hydroxyecdysone-22-
palmitate u ap. (mo [3] ¢ n3mMeHeHUAM™).

1. Penasterone A []1
2. Makisterone A, 14-deoxy-|| (5
3. Kaladasterone, S5-deoxy-*[] 2
4. Rapisterone D[ |3
5 Polypodine Bl 2 :
6. Muristerone A 7
7. Polyporusterone B T
e e
9 Makisterone A, 24(28)-dehydro m: L !
10. Ecdysterone, 22-benzoate
11. Ponasterone A, 25-F
12, Ecdysterone, 25-F [
13. Ecdysterone
14. Stachysterone C, iso-
15 Polypodine B, 25-deocxy™
16, Ecdysone, 5-deoxy-
17. Kaladasterone
18. Abutasterone

19. Cyasterone

20. Cyasterone, nor-

21. Makisterone A [
22. Stachysterone C|
23. Taxisterone™

24, Canescensterone®

25 Ecdysterone, 14a-hydroperoxy

28. Ecdysterone, 14a-deoxy

27. Dachryhainansterone, 24-25-didehydro .
28 Atrotosterone A [T T T T ) 8

29. Dachryhainansterone, 25-26-didehydro ' : ' ' ' : ' '
30. Ajugasterone C

Hoadrchuument samewiennn Ponasterone A

Puc. 8. ba3a 1aHHBIX GHONIOTHYECKON AKTHBHOCTH OCHOBHBIX KIUCTEPOUIOB!
Coenunenns ¢ yObiBarowieii akTuBHOCTBIO 0T 1 (ponasterone A — kouTpoib) 10 100-kpaTHOii.
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31. Ecoyserone, 2-dehyoro [N 145, |

12 Ponaserone A, dimer :] ‘Md

32 Polypodie B, 25F P

34 Ponaserone A, S-hydrozy, 25-26-dideliydro-
15 Cyasterone 24(25)-dehvdropre-

38, Capliasanne”

37, Smchymone B

38 Sengoskrons

30 Lfticosrerone E

4. Inokoskerone 3
F Y L
42 Coronaioserone ' ' ) '

43, Sengosterone, 204007

4. Ecdysterone, 33
45 Ajrgalaciong

46 Integriseone A

47. Matimerone A e 645
48. Ecdsona* | 545
49, Ecdyserne, 22-acelae ] 648

50, Ecdysterone, dimear |§77
51, Makiserone A, 2-epi- 1710
52 Rapisterone B } 742 068
51 Turkestamne' ' ' - ' ' ' ' I

f T i i 1 i f f ]
0 100 200 30 400 500 600 TO0 800 000 1000

KoachuuweHT 3aMeieHdna Ponasemnne A

Puc. 9. ba3a naHHBIX GHOIOrUYECKON AKTUBHOCTH 9KUCTEPOUIOB (IIPOIOIKEHHE):
Coemunenms ¢ yosiBatomieii aktuBHOCTHIO 0T 100 10 1000-kpaTHOi K KOHTPOIIO (*...BO3MOYKHA U HIDKE) .

4. UccnenoBaHusi B 00J1aCTH KOMIBIOTEPHOTO MOEIHPOBAHNS AKTHBHOCTH YKIUCTEPOH/IOB
4.1. ba3bl JaHHBIX CTPYKTYPHOTO Pa3HOOOPa3Usi IKIUCTEPOUI0OB

Coueranne pe3ynsraroB OHOTECTUPOBAHHWS AKIMCTEPOHMIOB C COBPEMEHHBIMH METONAMH KOMITBIOTEPHOTO
00BEMHOTO MOJICITUPOBAHMS ITO3BOJISIET TI03HABATH MOJIEKYJISIPHBIE MEXaHM3MBI ITPOSIBIICHUSI OMOJIOTMYECKOW aKTHBHOCTH U
TEOPETUYECKN OOBSCHATH KIIFOYEBBIE MOMEHTBHI B3aUMOACHCTBHS OSKAMCTEPOMJA-IUTAHIA M €ro peLentopa B CBS3KE
“cTpykTypa-akTUBHOCTH . HeoOXomMMocTh MOCTPOSHMSI HCKYCCTBEHHBIX ~MOJENEH, ONMCHIBAIOIIMX B3aUMOCBS3b
AKTUBHOCTH CO CTPYKTYPHBIMH OCOOEHHOCTSIMH IIPOCTPAHCTBEHHOTO MX CTPOEHMS, BBI3BaHA MPEXK/E BCETO MPaKTHUECKOM
MOTPEOHOCTHIO.

Hecmotpst Ha 40 neT MHTEHCHBHBIX HCCJIEAOBAHMI, NMPOCTBIM METONOM Iiepedopa cpeau IPOAYKTOB HOBOTO
XMMHYECKOTO CHHTE3a 10 HACTOSIIEr0 BPEMEHM He ObUIO MACHTH()HIMPOBAHO HU ONHOTO COEIMHEHUs, CIIOCOOHOIo B
MOJIHOW Mepe 3aMEHHUTh eCTECTBEHHBIE JKIUCTEpOWIbl. [IpHpOIHBIE XK€ CHIPhEBBIE HMCTOUYHHKH BBICOKOAKTHBHBIX
COC/IMHEHUH TPYIHOAOCTYITHBI, YHCJIO WX OTPAHWYEHO, TEXHOJIOTHS W3BIICUCHUS CIOKHA, a ce0ECTOMMOCTH CIUIIKOM
BeicOKa [3, 5]. I[maBHasi 1enb TaKMX HCCIICMOBAHHWMA, 0Aa3MPYIOIIMXCSA HA WCHOIB30BAHHKA MOIIHOTO MPOTPAMMHOTO
oOecrieueHnsT W PECYpcoB  3JIEKTPOHHO-BBIYMCIUTENBHBIX CHCTEM — MPEICKa3aTb MOJEKYISIPHOE CTpPOCHHE
HCKYCCTBEHHBIX JIMTaHIOB, KOTOpBIE, 00ya/iasi BHICOKOW AaKTUBHOCTBIO, OBbUIM OBl JIOCTYIHBI METOJOM XHMHYECKOTO
CHHTE3a.

[Tonck onTuManbHOM KOH(GUTYpanuy 1 KOHGOPMAIMOHHOTO COCTOSIHUS MOJICNBHBIX CTPYKTYP SKIHUCTEPOHIOB, HA
OCHOBE TIPOTPaMMHOTO aHaIM3a (U3MYECKUX HX XapaKTEpPHCTHK, MPEICTABIAET MEpBOE HAMpaBlICHHE B 00IacTH
HCKYCCTBEHHOTO MOJICTUPOBAHNS OMOJOTHYECKOH aKTMBHOCTH M TIO3BOJIAET IIPOM3BOIUTH MPEICKAa3aHHs IJIsi HOBBIX
HPOLYKTOB HCKYCCTBEHHOTO CHHTe3a (aroHHCTOB W AHTArOHKCTOB), MOJIYYCHHBIX IMYTEM I[IEPECTPOMKHA OOKOBBIX
panukanoB nuraHnoB. HamOonee 3HauMMble W3 HHMX JOCTYNHBI JUISI MPOBEPKH B OHOTECTaX C €CTECTBEHHBIMHU
peuenTopamu.

Jns moCTpoeHWsT ONTHUMHU3MPOBAHHBIX MOJETEH JIMTraH/a, BBISBICHHS CBS3M MEXAY €ro AakTHBHOCTBIO H
MOJICKYJIIPHOW CTPYKTYpOH, HEOOXOMMMbI CBEACHHS O Pa3HOOOpasMH CTPOCHHUS M CPABHUTEIBHOW aKTUBHOCTHU BCEX
JOCTYITHBIX (PUTO-, 300- U MUKOOKIUCTEPOUIOB, NX ONMKAMIINX CTPYKTYpPHBIX aHayoro. Takue paboThl ObUIM NPOBEICHBI
B TEUCHHUE TOCIIEIHUX JIBYX JCCATUICTHH.

Bbu10 ycTaHOBIIEHO, YTO SKANCTEPOH B! CYMIECTBYIOT B BHIE Ci19-Cap cTpyKTYyp. Cu7 3KIMCTEPOUABI CBOHCTBEHHBI
JUISl BBICIIMX IIPECTABUTENIEH PacTUTEIBHOTO MHUPA, Ul TPHOOB M TOJIOCEMEHHBIX XapakTepHbl Cpg aHANOTH, a JuIs
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MAOpPOTHUKOB — COEAMHEHHsS co CTpYKTypol Cyg. OueHb penko, HO Berpewatorcss Cgp sKmucTeponnasl. B kadecTse
IPOAYKTOB paclajia OCHOBHBIX 3KAUCTEPOHNOB (Cp7...Cyg) MoryT ObiTh BropuuHble Cp...Cps (Cig) CTpyKTypHBIE
aHaJIoT .

B pesynbrare (hepMeHTaTUBHBIX peoOpa3oBaHuil B OMOCHCTEMax AKAMCTEPOHIBI IPUCYTCTBYIOT B BUJIE TPAaHC- U
LMC-U30MEPOB, COWICHEHHH Kojel A u B, smmmepoB ¢ paznnunoil xoH(purypanueir OH-Tpymml, BogopacTBOPHMBIX U
JKAPOPACTBOPUMBIX KOHBIOTATOB C OPraHMYECKAMH M HEOPraHMYECKMMH KHCJIOTaMH, caxapamu u T.0. (puc. 10).
CyIecTByIOT Takke OTKIOHEHHS OT CTaHIAPTHBIX CTPYKTYp B (OpME CTEPEOM30MEPOB, JOTOIHHUTEIBHBIX IBOMHBIX
CBSI3€H, IICEBIIO-MOJICKYJISIPHBIX OTPUIATENBHBIX HOHOB, OKCH-TPYNIN M THAPOKCHIBHBIX TPYNIHPOBOK B Pa3IMIHBIX
TIOJIOKEHHUSIX CTEPOUIHOTO sizpa u 60koBbIx memneii [10, 98-100]. Tlpu u3ydeHnn KPUCTAINIHIECKUX CTPYKTYP OCHOBHBIX
SKANCTEPOHUJIOB BBIIBICHO, YTO NPOCTPAHCTBEHHAs] MX MOJIENb 3aBHUCUT OT XapaKTepa B3aWMOAEHCTBHUS C MOJCKyJIaMu
pactBopuTelis — 00paszyroTcs 2 win 3 MoAu(UKaIUK, 00JaIa0NINe PA3INIHON KOH(POPMAITMOHHOW CBOOOION BpalllCHHS
6oxoBeIx 1emneii [98, 101].

OTH HCCNeIOBaHMS TPUBEIM K BaXKHBIM 3aKJIIOUEHHUSIM O CTPYKTYPHBIX OCOOEHHOCTSIX CTPOEHUSI, OKa3bIBAIOIMX
BIIMSIHWE Ha OHMOJIOTMUECKYIO aKTHBHOCTh. Ha MX OCHOBe OBUIM CENaHbl BHIBOABI OTHOCHTEIBHO B3aHMMOCBSI3H MEXIY
COOTHOUIEHHEM AaKTHBHOCTM M MPOCTPAHCTBEHHBIX XapaKTEPHCTHK MOJICKYJ SKAUCTEPOWJIOB, B3STHIX 32 OCHOBY IIPH
MOCTPOCHHUH TIEPBBIX KOMITHIOTEPHBIX MOJENEH: CyliecTBeHHbIM sBisiercss A/B yuc-komblieBoe couneHenus, 6-0X0-7-ene
IPYNNUPOBKA, MOJHAsA OokoBas Lemb crepuHa, Hammume 14-a-OH-rpymmsr (puc. 10). Kpome toro, Cp, Csp, um CyR-
THAPOKCHIIBHBIC TPYIIIBI YCUITHBAIOT OHOIOTHYECKYH0 aKTHBHOCTB, a Cos THApOKCHI yMeHbIaeT ee [102].

B manpreimmx pa3paboTkax ObUIM YYTCHBI JOHOPHO-aKIIENTOPHBIE CBSI3M T'MAPOKCHIIBHBIX TPYII, PACCMOTPEHBI
obmacTr B3auMozieicTBHs Juranaa ¢ perentopoM (Cp, Cip-atombl, Cpp-60KOBas II€TB). YCTAHOBIICHO, YTO 3aKpeIIeHHE
SKAMCTEPONIa Ha POACTBCHHOM DPELENTOPE SBISIETCS PE3YNBTUPYIOLUIMM BKIIAJIOM MHOKECTBEHHBIX B3aUMOICHCTBHI
rerepoatoMoB C,, Cs, Cyg, Cyp, OGombiioro aunons npu Cg, ruapodoOHoit 6okoBoii nenu npu Cy. Kpome Toro,
OIIPEAEIICHO, YTO MPOSIBICHUE AKTHBHOCTH OYEHb UYBCTBUTEIBHO K MHHHMMAJIbHBIM KOH(OPMALMOHHBIM H3MEHCHUSAM
JUIOeH yrepoaHbix atoMoB Cyg 1 Copy.

a-hydroxyl side-chain wi-methyl  hydroxyl
lisopentanyl)AMP? cleavage p-ethyl oxidation
phosphoryl f-hydroxyl (aldehyda
acyl . & carboxyl)
glucosyl hyd : 2103 22 28
alyl Q-Nyaroxy = .
ayeoly 0 Zooecdysteroids
ﬁ;-.hwrri.“?“ ' hydraxyl
osphoryl -
g;:&tcﬁw \ c-methyl  geosyl
P Pehydroxyl 5/6-membered
unsaturation 3-OHbutanoyl lactone ring
a/i-hydroxyl s:.lrpiwnr',rl
acetox glycosy
P ¥ unsaturation oND acetonide |  benzonyl  afb-hydroxyl
phosphoryl  a-hydroxyl a-hydroxyl acetoxy  a/b-methyl
oxX0 methenyl
arhydroxyl P-(hydroxy)ethyl
. glucosyl
Phytoecdysteroids benzoyl pyrrole-2-carboxoyl
hydroxyl ol§-OH

gida-chain unsaturation OXD
cleavage / f-COH
, e-hydroxyl _hydmaw‘l

fo, glycosyl

cinnamoyl unsaturation hydroxyl "
acetoxy
off-hydroxy bt hydroxyi
unsaturation rrllath:;x\:
phosphonyi? , B-hydroxyl gai'r‘:’z’nl-’l
acatonid hwdraxvl bl
m’B—hyir?f__w_.rl__' a-hiydroxy 4-OHpentanoyl
oxQ
m:& \ unsaturation a-hydroxyl a-hydroxyl
thiyl
benzoyl unsaturation 0X0 B-methy
crotanyl H aemathyl
coumaryl o/p-OH  Dydroxyl

Puc. 10. CrpykrypHoe pa3HoOOpasue CTpOeHus 300- U (PUTOIKAUCTEPOrIOB [3].

4.2. Pe3ynbTaThl SKCIIEPUMEHTOB 110 MOIEJIMPOBAHUIO AKTHBHOCTH JINTAH/I0B

Iepseie mporpammusie Metonsl COMFA-anamusa (comparative molecular field analysi), Gasupyrommecs Ha
CBEACHUAX O KPUCTAIIMICCKOM CTPOCHHHN DKIUCTECPONIOB-JIMTIaHIOB, OBUTH JAOBOJIbHO HECOBEPIIEHHBIMH, IPEACKa3bIBAs
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CBEPXBBICOKYIO aKTHBHOCTh CJA0OAKTHBHBIM WIM HWHEPTHBIM coeauHenusM (ta6n. 3). Hampumep, akTHBHOCTB
sxuctepora podecdysone B okaswiBaeTcs yBemuuenHoit Ha 6 mopsykos (¢ 10° M o 10™ M), castasterone — ua 3
nopsaka (¢ 10° M o 10° M), 25-hydroxy-dachryhainansterone — va 4 mopsaka (¢ 107 M o 10™ M), a neaxtusHOMY
calonysterone mpenckassiBaercst aktiBHOCTs 10° M. OIHOBPEMEHHO STH MONEIM CHWKATH DEATbHYI0 AKTHBHOCTH
BaXHEUIIHMX (UTOIKIUCTEpOoUIOB ponasterone A u 20-hydroxyecdysone npumepHo Ha MOPSAOK.

Ta6.a. 3. Pe3ynbsrarsl MOIETUPOBAHHS aKTUBHOCTH SKANCTEPOHIOB H HX aHAIOrOB Ha 0cHoBe MeTonoB COMFA-anamusa; mo [25, 104].

-log (ECs) MostekyisipHast akTHBHOCTb, M

SKaHCTepOHL 1 moznens 2 Mozelb 1 monens 2 Mozelb

Bu-Guoreet oopEa CoMFA By~ Guorect CoMFA CoMFA
Ponasterone A 9.51 8.63 8.92 3.1x10% 2.3x107 1.2x10°
5-deoxy-kaladasterone 9.28 9.52 8.84 5.2x10% 3.0x10%° 1.4x10°
Dachryhainansterone 8.28 8.75 10.25 52x10° 1.8x10° 5.6x10™
20-hydroxyecdysone (ecdysterone) 8.12 7.46 6.96 75x10° 3.5x108 1.1x107
Muristerone A 7.66 7.67 7.69 2.2x10°® 2.1x108 2.0x108
Kaladasterone 6.47 8.92 8.59 3.4x107 1.2x107° 2.6x107°
25-hydroxy-dachryhainansterone 6.59 8.52 10.23 2.6x107 3.0x10°° 5.9x10™
Ecdysone 5.96 6.06 5.03 11x10° 8.7x107 9.4x10°®
Podecdysone B 4.92 10.34 10.96 1.2x10° 4.6x10%" 1.1x10%
Ketodiol <5.2 5.53 6.47 6.3x10° 3.0x10°® 3.4x107
Ecdysone-2,3-acetonide <45 7.60 6.59 3.2x10° 2.5x10°% 2.6x107
20-hydroxyecdysone-2,3,22-triacetate <48 6.02 6.74 1.6 x10° 9.6x107 1.8x107
2B.3B.6a-trihydroxy-5B8-cholestane <4.6 4.90 7.76 40x10° 1.3x10° 1.7x107
2B.3B,6B-trihydroxy-5B-cholestane <4.6 5.57 8.14 40x10° 2.7x10°¢ 7.2x10°
2,14,22,25-tetradeoxy-5a.-ecdysone <4.6 5.82 6.95 40x10° 1.5x10° 1.1x107
5a-ketodiol <4.6 4.22 5.66 40x10° 6.0x10° 5.2x10°®
Castasterone <3 467 5.39 1.0x10% 2.1x10° 4.1x10°
24-epi-castasterone <4 5.53 6.78 1.0x 10* 3.0x10°® 1.7x107
Bombycosterol <4.6 4.69 6.06 40x10° 2.0x10° 8.7x107
Calonysterone HEaKTUBEH 7.37 1.77 HEAKTHBEH 4.3x10°8 1.7x10°®
Iso-homobrassinolide <5 7.09 5.52 1.0x10° 8.1x108 3.0x10°®
28-homobrassinolide <4 5.99 6.00 1.0 x 10* 1.0x10° 1.0x10°

B Hacrosiiiee Bpemst pa3paboTaHbl aITOPUTMBI MOIITHOTO MAIIMHHOTO porpaMMHoro obecrneuenus 4D-QSAR (4-
dimensional quantitative structure-activity relationship), koropbie MO3BOJISIFOT MPOBOANUTH KOMILICKCHBIA MOJICKYIISIPHBIN
aHaM3 IMapaMeTpoB (hapMakOPOPHBIX 3ICMEHTOB JIUTAHAOB, XapaKTCPUCTUK B3aUMOJACHCTBHS WX C MOJCIBHBIM
perentopom u GopMYITUPOBATH BBIBOJBI OTHOCUTEIBHO OKHIaeMoro nposieienus aktusaoctu [103]. 4D-QSAR-mosenu
MOTYT MPHUHATH BO BHUMAHWE MHOTOKPATHBIE KOH()OPMAI[MOHHBIC M3MEHEHUSI MOJICKYJIbI M3y4aeMOro KIMCTEPOUIa BO
BpEMsI B3aUMOJICHCTBUSI €0 C PEIEHTOPOM.

Ycosepmennsie anroputmbl 4D-QSAR-ananmsza moryT yuntsBars 10 10 Thicsy KOH(MOpMANUi I HCCIEAyeMOi
MOJTeKyJIbl, co capurom rrara Bpemenu ot 10 ps g0 300 K [3]. Cpasuenue mayumux 4D-QSAR mozerneit ¢ ocaeHIMA
merogamn COMFA-ananu3a nokassiBaeT, 4yTo 00a alropurMa HUMEIOT 0oJiee BBHICOKHE BEIMYHHBI OMPABIBIBAEMOCTH
npenckaszannit Ha (GoHe paHHMX pa3paboTok (Tabm. 4). Pe3yasraThl ONTHMHU3HPOBAHHBIX AITOPHUTMOB KOMITBIOTEPHOTO
MOJICIIMPOBaHKsI BO MHOTHX CITy4asiX OJNM3KU K pe3ynbraTtaM OHOTECTHPOBAHMUS, PACXOXKACHHE B aKTUBHOCTH OOBIYHO HE
npesbimaer 1-2 nopsinka. OQHAKO HY)KHO NPU3HATh, YTO HA CETOAHSINHHUN JIeHb MCKYCCTBEHHBIC MOJENN BCE elle
HECOBEpILEHHBIE, YTOOB! YUHUTHIBATH BCE TOHKOCTH CTPYKTYPHOTO Pa3HOOOpa3Hsi CTPOSHHUST MOJIEKYJT SKHUCTEPOUJIOB.

Ta6u. 4. CooTBeTCTBHE MPOTHO3a AKTUBHOCTH YKIMCTEPOUIOB B ONTHMH3HPOBAHHBIX
KOMITBIOTEPHBIX MOJIEX HabmonaeMbiM B Ouorectax [105].

AXTHUBHOCTH Mopenu CoMFA, Monenu 4D-QSAR,
Samerepon B OmoTecTe -log (ECsp) -log (ECsp)
cpenHee o CpelHee 1o
M -log (ECso) N1 N7 6 Mozmensam N1 N7 6 Moxenam
Polyporusterone B 2.1x10° 8.68 7.51 6.32 7.91 6.26 7.69 7.22
20-hydroxyecdysone 22-benzoate 4.3x10°° 8.37 6.12 6.59 6.32 6.28 5.93 6.02
14-perohydroxy-20-hydroxyecdysone 1.6x10°® 7.80 7.60 6.57 6.48 6.27 6.42 6.13
Leuzeasterone 1.7x10°® 7.77 7.02 5.42 7.11 6.59 7.25 7.04
3-epi-20-hydroxyecdysone 1.3x107 6.89 7.26 6.78 6.60 6.88 6.78 6.92
Makisterone C 2.0x107 6.70 7.33 7.49 6.62 5.64 6.67 7.23
Carthamosterone 4.4x107 6.36 7.79 6.57 6.41 7.53 7.44 7.44
Punisterone (Rapontisterone) 8.3x107 6.08 7.25 6.86 7.15 6.76 6.86 7.26
24-methylecdysone 1.1x10° 5.68 6.19 6.52 7.09 6.93 6.12 7.79
24-epi-abutasterone 1.2x10°¢ 5.92 6.75 7.05 7.51 7.44 7.11 7.08
24-hydroxycyasterone 2.0x10°® 5.70 7.39 7.44 7.63 7.94 7.75 7.44
20-hydroxyecdysone 22-acetate 4.0x10°¢ 5.40 6.44 7.01 6.23 5.68 4.75 5.94
(50.-H)-dihydrorubrosterone 5.6x10° 5.25 4.56 3.85 4.33 4.66 4.05 3.82
(50-H)2-deoxy-21-hydroxyecdysone 1.0x10* 4.00 5.81 4.24 5.0 5.4 5.3 6.3
Rubrosterone 1.0x10* 4.00 4.97 4.67 4.82 6.21 4.26 5.58
14-epi-20-hydroxyecdysone 1.7x10* 3.77 5.60 6.10 5.52 5.12 6.36 3.41

5. HcciienoBanus B 00JaCTH KOHCTPYHPOBAHHS PElleNTOPOB
5.1. Ocob0eHHOCTH JUTAHI-PENeNNTOPHOTO0 B3aUMOAEHCTBHS IKIUCTEPOUIOB

MOJ'IeKyJ'IHpHBIC MCXaHU3MbI IPOSABJICHHUA AKTUBHOCTU SKIAUCTCPOUIOB CJIOXKHBI. I[J'IH aKTHBAallUM HX (1)yHKIII/Iﬁ
HGO6X0,I[I/IMO TMIPOXOXKXIACHUE MMU pAda IOCICA0BATEIIbHBIX CTaﬂI/Iﬁ B KaQUCCTBE JIMTAaHAOB UISI BHYTPUKJICTOYHBIX WA
MeMOpaHHbIX perentopoB (puc. 11). Poib 3KIMCTEPOWIOB KaK JIMIAHIOB COCTOMT B TMEPEKITIOUYCHUH MEXKIY JBYMsI
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COCTOSIHHSIMH TPAHCKPHUITIIHOHHOTO MEXaHM3Ma TeHOB MO TPHHIIMIY BKIIFOYSHO-BBIKIFOUEHO, U/HIH B TpaHCMEMOpaHHON
nepefade CUrHAJIOB BHYTPHUKJIETOYHBIM MHIICHSM 4epe3 KacKaJl BTOPUYHBIX MECCEHIKEPOB. Takke BO3MOXHBI MPSIMBbIE,
0e3 y4acTHs JIMTaH/IOB, OEJIOK-OEIKOBBIE B3aMMOIEHCTBUSI K30TCHHBIX WIIM SHJIOTEHHBIX ITENTHIOB C Pa3IMYHBIMHU
KJlaccaMM penenTtopoB. Bece Tpu MexaHn3Ma CHOCOOHBI CMOAYJIMPOBATh ONpPEeNIeHHBIN curHai, paboras 060co0iIeHHO
W OJIHOBPEMEHHO JpyT ¢ apyrom [106].

+

* *x

Lipophilic ligands Peptide

Lymphokines
Growth factors

Ser-Tyr
kinases

Cytoplasm

nucleus }
A 4

Ligands

1 2

Puc. 11. AkTuBanus siepHbIX H MEMOPaHHBIX PELENTOPOB Yepes IunoduibHble urans! (1), Bropudnsie Mmerabonuts (2)
witn Oenok-6enmkoBbie B3anmonenictus (3); mo [106-107] ¢ m3meHeHHAMH.

HawnGosee m3ydeHbl MOJICKYIISIPHBIE MEXaHM3MbI aKTUBALIUH SIIEPHBIX PELENTOPOB, OMOIOTrHUEeCKast ESITEIbHOCTD
KOTOpBIX 3allyllleHa dYepe3 HEMOCPEACTBEHHOE B3aMMOJICHCTBUE C JIMIOQWIGHBIMU JIMraHgamu. lIpoHMKas dyepes
IUIA3MaTHYECKyI0 MeMOpaHy BHYTPb KJICTKH, SKIHCTEPOHIBI 00pa3ylOT C COOTBETCTBYIOIMMH O€JIKaMH-pelenTOpaMu
CIIO)KHBIC KOMIUIEKCHI, CIIOCOOHBIC JOCTHIaTh PETYISTOPHBIX YYacTKOB XpOMaTHHa B sApe W HHHIHHAPOBATh
TPAHCKPUIILMIO YyBCTBUTENBHBIX T'eHOB. B 3TOM mpolecce BaKHO, YTO HA IEPBOM dTare Ul NPOCTPAHCTBEHHOM
CTaOWIIN3aLMK CTEPOUIHOTO PELeNTOpa MOCie MPUCOSAMHEHNS JINTaHIa-3KIUCTEPONIa HEOOXOIMMBI OSIIKH-TIOMOIITHUKH
(lmamepoHsr), a TAKKe HEKOTOPHIE MOHBI METAJIOB-MUKPODJIEMEHTOB; Ha BTOPOM — 00pa30BaHKE reTepOKOMILICKCa C
peuenTopamMu Npon3BOAHLIX BUTaMUHA A, a Ha 3aKJIFOYUTCIbHOM — HaJIMYUC MyJ'H)TI/I6e.HKOBI)IX KOMIIJICKCOB, KO(baKTOpOB
TPaHCKPUIILUU.

Penierrropsr sxmucteporioB (ECR) oTHOcsTCS K GOMBINOi rpyme cymnepceMelcTBa SAepHBIX CTEPOHI-, THPECOHUI-,
peruHonanbIx perentopo (ECR, RAR, VDR, TR, PPAR), npoHcxoAsIux 3BOMOIHOHHO, KaK MPEIOaraT, OT OJHOIO
obutero mpeaka [108]. [lns kaxaoro M3 peLICNTOPOB HMEKOTCS CBOM ONMKAaWIIME AHAIOTH Yy 4YeNOBeKa W JAPYruX
MJICKOTIUTAIOIINX. B KadecTBe MX JIMIaH/AOB, PETYISITOPOB TPAHCKPHUIILMH, BBICTYHAIOT SKAWUCTEPOHJIBI, PETHHOMJIBI
(mponsBopHbie BuTamuHa A), BUTaMuH 3, THPEOUIHBIC TOPMOHBI, HEHACHIIIICHHBIC JKUPHBIE KUCIOTHI (JMKO3aHOMIBI) U T.1.

Croma e OTHOCSTCS PELenTOPE], IOKaJIin30BaHHbIC B IeHTpanbHOl HepBHOU cucteme — NURR-1 u NGFI; neuenn
u kumeynnke — LXR; medenn, moukax u kumeunuke — FAR (dbapHesnn-akTHBHpOBaHHBIM pelenTop) U APyTHE, s
KOTOPBIX JIUTaHbI eie He uaeHtudurmposansl [107, 109-110]. CTtpykTypHO rOMOJOTHYHAS TPYIINA COCTOUT OoJiee ueM
n3 100 unenoB. U3 storo nepeuns nuinb ECR xapakrepeH it 6ecrio3BOHOYHBIX — HACEKOMbBIX, PAKOOOpa3HbIX, HEMATO,
KoNp4aThix uepBed [1]; ocrambHBIE CHCTEMBbI AKTHBH3WPOBAHBI B MIICKOMHUTAOINMX. BikaimuM anamorom ECR B
opranmsme miexonutatonmx seisgercs LXR (LXRa, RLD1, LXRB, UR, NER, RIP15, OR1), nurangamMud KOTOpPOTO
CITy»aT OKCHCTEPOIIhI, mpou3BoaHbie xonectepuna (22 (R) - u 24 (S)-hydroxycholesterol; 24 (S), 25-epoxycholesterol; 7-
hydroxycholesterol).
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063()]) Tumogees H.II.
Peuenitopsl  MMerOT 0OIIy0 MOIyIbHYIO CTpykTypy (puc. 12A), BKIIOYAMONIME HECKONBKO TIaBHBIX,
(YHKIMOHANBPHO HE3aBUCHUMBIX IPYT OT apyra obmacteil: moMeH E, OTBETCTBEHHBIN 3a MPUCOCIMHEHHE JHTaHAA K
peuenropy (LBD — ligand binding domain); momen C, cBsi3aHHBII ¢ ONPEIEICHHON TOCIIE0BATEIbHOCTHI0 AMUHOKHCIIOT
B I[eTIeBBIX TeHax (anemeHTamu otBeta RE) u perynupyrommuit Tpanckpunuo (DBD — DNA binding domain); nomen D,
SIBJISFOIIUICS  CBOCOOPA3HBIM IIAPHUPOM, BOKPYT KOTOPOTO MOXKET MPOHCXOMUTh MPOCTPAHCTBEHHOE H3MCHCHHUE
B3anMHOTO TIonokernst fomeHoB LBD u DBD. [lomen DBD Bxirouaet ygactok B cebst U3 9 MHUCTEHHOB, 8 U3 KOTOPBIX
CIIOCOOHBI CBSI3BIBATH HMOHBI METAUIOB, 00pasys 2 TaK Has3bIBAEMBIX IIMHKOBBIX ‘“‘manbia’-BeicTyma (puc. 12B),
CTaOUIM3HUPYIOIIUE TPOCTPAHCTBEHHYIO CTPYKTYPY PELENTOPa M yYaCTBYIOIIUE B 00pa30BaHUU OCIKOBBIX KOMILIEKCOB.

EcR Ligand hinding
Dimerization
amning acids ——
1 163 229 327 546 577
N-C a8 | ¢ [D] E | F)-C
(- L)
AF-1 Inm AF-2
DHA hinding
UDR Helix 1 Helix 2
AB|a—C— |,, e R
TFIS RxA AF-2
[
(N 7 2 [ 1}
1 20 an 115 163 320 a0 409 423
OMA-Eiinding | |= Ligand-Einding |
A B

Puc. 12. MozyssHOe CTpOEHHE SIEPHBIX pelenTopos, 1o [109] ¢ n3meHeHusMu:
A — QyHKIMOHANBHBIE 001acTH; b — y4acToK, CBA3bIBAIOIMIT HOHBI METAILIOB.

LBD-nomen siBisiercsi MHOTO(YHKIMOHAIBHOW 00JIaCThIO, KOTOpasl, KpOMe 3aKpeIUIeHHs JIMTaHlla, OTBeYaeT 3a
B3auMoyelicTBue ¢ Oenkamu TemoBoro mioka (hSp), reTepomuMepH3alMio CO BTOPBIM MApTHEPOM-PEIEITOPOM H
3aMpeiieHre TPAHCKPUIIIMKA B OTCYTCTBHE “pOMHOro” jMraHjga. Perentopsl comepar TakKe 30HBI, CITyKalllue JUis
NPUCOCANHEHHS JIOTIOIHUTENBHBIX (DAaKTOPOB, HEOOXOMMMBIX Ui aKTHBALMHM TpaHCKpumuuu: ydactok AF-1 (momen
A/B), KOTOpBIi BHOCHT BKJaJ B HE3aBUCHMYIO OT JIMTAHJa AaKTUBALMIO perentopa, u ydacTtok AF-2 (momen F),
pachoNIoKeHHBIH B IMTaH] 3aBUCUMO#T 00acTn peuenTopa [111].

CyecTByeT TOMOJIOTHSI B CTPOCHHH JOMEHOB SJICPHBIX PELENTOPOB — BCE OHM MMEKOT OOLIMPHBIC YYacTKH
HYKJICOTHIHOU ITOCJIEIOBATEIIbHOCTH, BO MHOTHX JETasIX COBIAAIOIIME APYr C IPyroM. Pasnuums B peakMOHHOH
CII0COOHOCTH 00YCIIOBIICHB KOMOMHANMEH HEOONBIIOro YHCa HEUICHTHYHBIX aMUHOKHCIIOTHBIX OcTaTkoB. Hampumep,
DBD-moMeH y Bcex WICHOB cyrepcemeiictBa coctout u3 66-68 (60-70) ocTaTkoB aMHHOKHCIOT, W3 KOTODPBIX
uaBapranTHbl Tonbko 20, Brmrouas 9 rucrennoB [109]: Cys-X-X-Cys-X-X-Asp*-X-Ala*-X-Gly*-X-Tyr*-X-X-X-X-
Cys-X-X-Cys-Lys*-X-Phe-Ph e-X-Arg*-X-X-X-X-X-X-X-X-X-(X-X-) Cys-X-X-X-X-X-(X-X-X-) Cys-X-X-X-Lys-X-
X-Ar g-X-X-Cys-X-X-Cys-Arg*-X-X-Lys*-Cys-X-X-X-Gly*-Met (rme X — miobas; * — u3penka BapHalMOHHAS, B
CKOOKax — HeoOs3aTeNIbHast AMHHOKHCIIOTA).

VY GOJBUIMHCTBA TUIIOB SIEPHBIX PELENTOPOB MICKOMUTAIOIINX UMEIOTCS OATHITBI U H30(OPMBI, 00YCIIOBIICHHbIE
BUIOBON TpHHAISKHOCTBIO (0, B, v). CymiecTByOT Takxke H30(GOPMBI 3KIUCTEPOUIHOTO PELENTOpa Y Pa3IUUHBIX
KJ1accoB (HACEKOMBIX, PAKOOOPAa3HbBIX) U OTPSIIOB (YeIIyeKpbUIbie, TBYKPBUIbIE | T.1.) WICHHCTOHOTUX. [1o 3TOM npuunHe
YYBCTBUTEIBHOCTh K OTHOMY M TOMY K€ JIMTaHIY Y Pa3IHYHBIX BHIOB Pa3IH4HAs.

OyHKIMOHNPOBAaHKNE PELENTOPOB HEMOCPEACTBEHHO CBA3aHO C KOH(opMaliel MOJUIENTHIHON LEeNH, KOTopas
OIIpeNieNICHHBIM 00pa3oM yJIOoKeHa B IpocTpaHcTBe. He Oyaydu cBsi3aH C JIMTaHIOM, OHOIIOJIMMEP-PELIENTOP He CIIOCOOCH
K OTBETY, TaK KaK HE MOXXET IIPHHSATH CICHU(PHIECKYIO, HEOOXOOUMYIO JUIsl TIPOSIBJICHHS aKTHBHOCTH MPOCTPAHCTBEHHYIO
cTpykTypy. Ilox pmeiicTBHeM NMraHaa MPOUCXOAMT W3MEHEHHE CTPYKTYphl pelentopa, KOH(PpOPMAIMOHHBEIH IEpeXox,
00yCIIOBJICHHBIH ITOBOPOTOM MaKPOMOJICKYJIbI OKOJIO XMMHYECKHX CBsI3€H B LleNU. AKTHBHOCTB JIMTAHAA ONPENesseTcs
XapaKTepOM ero B3aUMOJCHCTBHS C PELENITOPOM. B3anMoIelicTBHE MOXKET MPUBECTU K JOCTHKEHHIO KOH()OPMAIIMOHHON
CTPYKTYpBI, 3aCTaBILIOIIYI0 PELENTOp CTarTh NEECMOCOOHBIM (JIMTraHA-arOHWCT), WM JKe Oe3IeHCTBYIOIINM (IuraHa-
AHTAroHMcT). JIMraHI-arOHKCT MOXET HE TOJBKO Pa3pelldTh IEATeIBHOCTh, HO W 3ampeTuTth ee (pempeccuposars). B
MPUCYTCTBHUH JINT@H/Ia-aHTarOHHUCTA PELENITOP HE MOXKET aKTHBU3UPOBATH 11eJIeBbIe (DYHKIINH.

V3HaBaHue crienupUUecKoro maptHepa (JIMraHia) peuenTopoM SBISETCS HauyalbHBIM 3TAllOM B Yepejie CIIOMKHBIX
MIPOIIECCOB, HEOOXOAMMBIX JUISl IMPOSIBICHHUSI OMOJOTMYECKOH aKTHBHOCTH M OCHOBaH Ha TOYEYHOM B3aHMMOJCHCTBHHU
HECKOJIBKHX d1eMeHTOB LBD-10oMeHa ¢ sxancTeponiHoit MoJeKys0ii. DKIUCTEpOna TOIDKEH HOIXOANTh K 00s3aTebHON
Mo JIMraHxy ruapooOHON BrajnHe, TaK HA3blBAaEMOMY “‘KapMaHy , KaK KIIOY K 3aMKy. ToJbKO B 3TOM ciiydae
0o0pa3yroTcst CcTaOWIBHBIE M HE paclafalonlfecss BO BpeMEHH CTPYKTypbl. CymectByeT OOJNBIIOE KOITHYECTBO
9KJMCTEPOUIHBIX JIMTAHIOB, Pa3JIMYAOIIUXCs HEOOJIbIIMMH M3MEHEHHSMH B CTPYKTYpHOM CTpoeHUH. OIHaKo, MMest
JaXke HE3HAYUTEJIBHOE Pa3inydie, MHOTHE U3 HUX HEYCTOHYMBBEI B KOMIUIEKCE C PELENTOPOM U JUCCOLUPYIOT 0OpaTHO.
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[TosTOMy B TakuX Citydasix TPeOyrOTCS! BBICOKHE KOHIIEHTPALIUH JIUTaHI0B JUIsl TIOJTHOTO HACBIIIEHHS PELenTopa.

DapMaKoIIOTHYESCKH aKTUBHAS 1033 SKIUCTEPOU/IA, JOCTATOYHAS IS MIPOSIBIICHUsI OMOIOTruuecKoro 3ddexra, Oymer
3aBHCETh, KPOME KaK OT MHANBHUIYAJIbHBIX €r0 XapaKTepHCTHK, TAKKE U OT MHOXKECTBA JIPYI'HX COIMYTCTBYIOMINX (haKTOpPOB.
C OoHMM M TEM JKE CJIOXHBIM OHMOIOJMMEPOM MOTYT OJHOBPEMEHHO B3aMMOJIEHCTBOBATh HECKOJIBKO Pa3HBIX JIMT'AHJIOB.
B3anMHOe BiMSHME JIMTAHAOB SIBISIETCS KOOIEPAaTHBHBIM, T.€. OTBET HA JEHCTBHE OJHOTO JIMTAHJa YCHJIMBAETCS IpH
3aKpeIUICHUH Jpyroro. B ciydae ¢ AMMEpHBIM pELENTOPOM JOMOJMHHUTEIBHBIA JIMTaH[A SBISIETCS CHHEPIrHYSCKUM
AKTHBU3HPYIOIIMM (HaKTOPOM, KOTOPBIH, BBI3BIBAS YACTHYHOE HM3MEHEHHE IIPOCTPAHCTBEHHOH CTPYKTYpPBI pELENTopa,
JieNnaeT BO3MOXKHBIM YCTaHOBIICHHE IPOYHON CBSI3U OCHOBHOTO JIMTAH/Ia-9KIHCTEPOHIA.

[Tocne 3akperuieHus JUraHaa, caMH 1o cebe, B KauecTBE MOHO- M I'€TepOJMMEPOB, WIEHBI paccMaTpUBAeMOM
rpymmsl cynepcemeiictea simepubix perenropo (ECR, RAR, VDR, TR, PPAR, NURR-1, FAR, LXR u ap.) HeakTUBHBI
WJIM MaJloakTUBHBI. Ha BropoM aTane 11t akTMBH3aluK Jr000ro U3 HUX TpedyeTcs reTepoIuMepu3alis ¢ perentopom 9-
Yuc-peTHHOEBOM KHCIIOTHI, Beayllee K oOpasoBanuio komiiekca ECR/RXR. B 3ToM OHM OTIMYHBI OT aHAPOTeH-,
MPOTECTEPOH-, 3CTPOTEeH-, TIIOKOKOPTHKOUIHBIX perentopoB (AR, PR, ER, GR), ctocOGHBIX aKTUBH3UPOBATHCS B (hopMe
TOMOJIIMEPOB, T.€. 0e3 yJacTus perenTopa-napTHepa U UxX JIMTaHI0B.

VYV Hacekombix romonoroM RXR sBnsiercs GenkoBas mosexyma USP (ultraspiracle protein), mpu rereponu-
Mepuzaluu obpasyercs kommiekc ECR/USP. Jluranmom USP, kak mnpeamonararot, ciyxar (OCHONUMUIBI I
IOBEHIWIIbHBI TOpMOH. COOTBETCTBHE MOCIECIOBATEIFHOCTH aMHUHOKHCIOT B menTuaHod mermn Mmexay USP u RXR
unentuyno Ha 80 % B JIHK-o6s3arenshoit (DBD) n wa 49 % B nurang-o6szarensroit (LBD) o6macta [111-112];
KOH(OPMAIIMOHHOE PacXOKICHHUE MTOKAa3aHo IS ABYX IeTens npoctpancTse. [lostomy USP u RXR crmocoOHbBI B3aUMHO
3aMEHATh Jpyr-Apyra Inpu (opMHpOBaHMM TreTepomuMepa ¢ peLenTopaMH IPOM3BOJAHBIX BUTaMuHa A u [,
HEHACBIIICHHBIX JXUPHBIX KUCIIOT, TOPMOHA LIMTOBHIHOW JKeNe3bl, a TaKkKe MHBIMH pELeNnTopaMu M CTHMYJIHPOBATh
3aKpeIUICHHE 3THX PELENTOPOB K IIeIEeBBIM OT3BIBUMBBIM JIEMEHTaM IIPH 3aIlyCKe MEXaHW3MOB '€HHON TPaHCKPHUIILIUH.

S-cisretinol 7= 9.cisretinaldehyde ~ ——s  9-cis RA

)

~—#= all-trans retinol : all-trans retinaldehyde —#= all-trans RA

{ |

11-cis retingl ===  1[-cis retinaldehyde

Puc. 13. Cxema GHOXUMHUYECKOI TpaHchopmanus peTuHoda; mo [113].

f~KapoTtut
CHs .

!
(CH-—CH-C~ CH,)-CH +CH-(CH f]:—CH CH);

CHs

0¥ ~0H
PertuHOn (BMTAKMMH A)

{(NONHLIA TPAHC-U20MEeD) O.upc-petMHon  9-UMC-peTMHOEEAA KUCOTa

Puc. 14. KapoTuH — NpUpOAHbIA HCTOYHUK 9-IIUC-PETHHOEBOM KHCIOTBL.

B opranmsme duenoBeka JHMraHgsl peTHHOHMIHOTO penentopa RXR cuHTE3mpyrorcs B Xome OHOXMMHYECKOM
TpaHcpOpMaLIMK PETHHOIA, KOTOPBII MPU yY4aCTHH COOTBETCTBYIOIIUX (epMEHTOB BHavaie okucisiercs 1o 9-yuc u 11-
yuc m3omepoB (puc. 13), a 3arem 10 permHaneil — anpaeruaHbix Gopm ButamuHa A [113]. OCHOBHBIM TIPUPOTHBIM
HCTOYHUKOM PETHHOHIOB SIBISETCS KapOTHH pactenuii (puc. 14): mpu pacrmane B-kapoTWHa B KHIIECYHHKE W TICUCHH
o0pasyroTcss 2 MOJeKyisl BUTamMuHa A (peTHHONA, MOJHOTO mpanc-u3omepa). ll-yuc-peTMHANs BXOIHT B COCTaB
3PUTCIIBHOTO MNHUIMEHTa PpOAOIICMHA W HNPUHUMACT YYaCTUC B (1)I/ISI/IOJ'IOFI/I'-ICCKI/IX nmpoyeccax, CBiA3aHHBIX CO
CBeTOOLylIeHHeM. 9-yuc-peTHHANBACTUA TPU  YYaCTUH UHMHK-COZEpKaluX (EPMEHTHBIX OCJIKOB HEeoOpaTHMo
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tpauchopmupyercs B nurang RXR — 9-yuc-perunoesyro kucnory (9-cis RA), kucnotHyto ¢opmy Butamuna A [114].
Kpome miaBHOTO Jinrania — 9-yuc-peTHHOEBOM KUCIIOTHI, aKTHBU3UPOBaTh RXR-perentop cnocoOHbI TakkKe HEKOTOPhIC
MPOU3BOJIHBIC XJIOPOGUILIA, B YACTHOCTH (puTaHOBas kucnora [106].

Ousnonornyeckn OesnelcTByromas (opMa 3KIUCTEpPOUAHOrO perentopa ECR cymecTByer kak OIMroMepHBIi
KOMILIEKC ¢ OelKkaMM TEIUIOBOrO II0Ka B muTomiasMe kinetku (puc. 11.1). B TakoM COCTOSHHM MOJMIENTHAHAS IIETTh
peuenTopa CBepHyTa, IESITENLHOCTh €ro pernpeccupoBaHa. llocie 3akperyieHus POACTBEHHOrO JIMraHaa pPEeLenTop
JIICCOILUPYET OT HHTrUOMpymomiero komiuiekca. Kopempeccopbl BbICBOOOKAAIOTCS M JIMraHA-00s3aTelbHAs 0051acTh
NpUHUMaeT KOH(OPMAIHMIO, CHOCOOHYIO K B3aUMOJCHCTBHIO CO BTOPHIM PEIENTOPOM, TMOCHIE Yero MPOUCXOIAUT
MPOCTPAHCTBEHHAs! CTAOMIIN3AIMS CTPYKTYPBI TETePOMEpa.

Ha kaxxgom pererrrope ECR/RXR-1uMepa HaXomsITesi CBOM aKTHBHBIE IIEHTPBI, TIOTEHITHAIBHO CITIOCOOHBIE CBS3bI-
BaTh MHAMBHIyadbHO nurana-1 u murang-2 (puc. 15). Jlnsa sddexTuBHON TpaHCAYKINKM CHTHATA HEOOXOANMO, YTOOBI B
cHCTeME OTHOBPEMEHHO MpHUCYTCTBOBaIM 00a nuranaa. Penentop RXR mocne 3akperuienust popHoro iurasaa — 9-mpuc-
PETHHOEBON KHCJIOTHI BBI3BIBACT JHCCOIMAINIO MHTHOHTOPOB M KOPEIPECCOPOB OT ero maptHepa (pementopa ECR) u
BKJIIOYAeT HaBeJeHHOE KoH(opMaloHHoe n3mMeHenre. KooneparnBHoe cBs3bIBaHHE JIMTAHJIOB C PELIENITOPAMH BBI3bIBACT
CPOJCTBO BCEX CYObEAMHMII K HPUHATHIO TAaKOro Hawbonee ONIAaronpUsTHOTO MPOCTPAHCTBEHHOTO ITOJIOXKEHMS, YTO
MIPOMCXOANT PE3KUH Nepexo] TeTepOKOMIUIeKca OT Oe3fedCTByIOel K akTHBHOW (opMe npH MHUHHMMAalbHBIX
KOHIICHTpAIMAX JHraHga. Yem BBINIC YHCIO YYaCTBYIOIIMX B mpolecce ()aKTOPOB AaKTUBU3AIMH, TEeM ObICTpee
MPOMCXOUT TIEPEXO OT OTCYTCTBHS PEAKIMU K MAaKCMMAJbHO BO3MOXXHOMY e¢ 3HaueHHi0. Kak pe3ynbrar, BO3MOXKHO
CHIKEHHE (hapMaKOIOTHUECKOM 03Bl IKUCTEPOU 1A Ha HECKOJIBKO TTOPSIKOB.

Puc. 15. T'ereponumepnsiii kommieke ECR/RXR.

AEToHOMHAA paboTa peusnTopa

Puc. 16. AxTuBanms neaeBoro rena depes aumep ECR/USP; no [116].

Awmanormuno, cmaboe 3akperutenne 20-hydroxyecdysone, ¢dwusuonornueckn axktuBHOro Jjmradma ECR y
HACEKOMBbIX, JApaMaTuiHO cTuMynupyetcs gononHennem USP, ananora RXR, npuBosinero kK CpoJCcTBy € peLenTopoM B
JIMara3oHe HaHOMOJISIPHOM KOHIIeHTparmH (puc. 16).

KoceenHoe BimsiHue Ha akTHBaimio ECR MoryT okaszars 1 Jpyrue cTepouHble penentopsl, B yactHoctn DXR-38
yepe3 koomepanuio ¢ USP [115]. B mMiekonuraromumx B aKTHBAIUK SKIUCTEPOUIOB MOKET HUMETh 3HAYEHUE KOOTEPAIIns
RXR u NGFI-B, sBustomuxcs ananoramu USP u DXR-38. [IpucyrcrBue AOMONHHUTENBHON CYyOBbEIMHULIEI U3MEHSET
KOH(OPMAIIHIO IUMEpa U CTUMYJIMPYET 00pa3oBaHNE YCTOWYNBOW POCTPAHCTBEHHON CTPYKTYPHI, HE PacliaatoIIyrocs B
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JIOCTH)KEHHS U ITPOBJIEMBI B OBJIACTHU U3YYEHNA, UCIIOJIb30BAHHA U IPOTHO3UPOBAHHA BUOJIOTHYECKOM... 7-35
TEYeHUE JJIMTENILHOIO BpPEMEHH. XOTsl IMPUCYTCTBUE BTOPOIO JIMraHga jis (yHKIMOHAIBHOHM aesTenapHocTH ECR-
peuienTopa Heo0A3aTeIbHO, OJJHOBPEMEHHOE 3aKPEIUICHHE JIBYX JIMTAHJI0B MOXKET NMPHUBECTH K CHHEPTUYHO-(aHTOMHOU
aKTUBALUU JEATEIbHOCTH LIEJIEBOrO I'€Ha.

5.2. llepcneKTHBBI KOHCTPYMPOBAHUS YCOBEPIIEHCTBOBAHHBIX PELIENITOPOB

Btopoe HampapneHne B 00IAacTH KOMIIBIOTEPHOTO MOAEGNMPOBAHUS aKTHBHOCTH 3KAHUCTEPOMIOB Pa3BUBACTCS B
00MacTH MOJIEKYJIIPHOTO YCOBEPLICHCTBOBAHMS KOHCTPYKLMH OTHETBHBIX Y3JI0B, YYaCTKOB M 3JIEMEHTOB PELENTOPOB,
B3aMMOJICHCTBYIOIINX C JIMTAHIAMH M 00ECIIeUMBAIONINX HA/IEKHYI0, OE30TKa3HYI0 U 0e30MacHyI0 MX padoTy B peaIbHOM
opram3Me. DTO MOWCK ONTHMAIBHOW MPOCTPAHCTBEHHOM OpheHTanuu (ImyTeM mepebopa aMHHOKHCIOTHBIX OCTAaTKOB B
AKTUBHBIX ICHTPaX OEJIKOBBIX MOJ'IeKyJ'I), o6ecnequI/Ie opraHo- u TKaHeCHe]_Il/l(bI/I‘IHOCTI/I, CHHTEC3 Fl/I6pl/I[lHI)IX 1 MYTAHTHBIX
PEIIENTOPOB, BBEACHHE JOMOMHUTENBHBIX MOIYJIeH akTuBaImi ((HakKTOpOB SKCIPECCHUH TSHOB).

BaxHocTs paboT 1O KOHCTPYMPOBAHUIO ONTUMHM3MPOBAHHBIX MOJIENICH pELENTOpPOB COCTOMT B TOM, 4TO
CYIIECTBYET HEOOXOMMOCTh YCOBEPIICHCTBOBAHHS CYIIECTBYIOIINX SKIMCTEPOUI-MHAYIIPOBAHHBIX CHUCTEM, KOTOpBIC
OBl TIOKa3bIBAIK YIYYIICHHYIO JCATEIBHOCTh MO JAOCTYMHBIM JUIi MAacCOBOTO HCHOJIb30BAHUS JIMTAaHIaM. MHOXECTBO
HCCIIEIOBAHUI B 00JIACTH KIICTOYHOM M MOJIEKYJIAPHOI OHOJOTHH HalpapJeHbl HA KOHCTPYHPOBaHHE BUIOM3MEHEHHBIX U
GoJiee COBEPINEHHBIX PEIETTTOPOB, TTO3BOISIONINX dPPEKTUBHOE B3aMMOICHCTBHE aKTHBHOTO IIEHTpa ¢ cydcTparom [97,
109, 117-118]. HamnpasneHus ucciaeI0BaHIHA MOXKHO BBIIEIUTH B CIAEAYIOMIHNE 5 OIIOKOB!

1. CoBpemeHHBIE METOABI CalT-HATPABJICHHOTO MyTareHesa IMO3BOJIIIOT CO3AaBaTh (PyHKIIMOHATIBHO paboTaromiye
XHMEpHbIE KOHCTPYKIMH [MMEpPOB IIyTeM OOMEHa COOTBETCTBYIOLIMX oOOnacTell MEXIy pa3HbIMH peLenTopaMu.
OCHOBBIBAsACh Ha MOJIYJIBHOI CTPYKType YICHOB CyIEepCEMENCTBAa CTEPOMAHBIX COCTUHEHHH, TEOPETHYECKH BO3MOXKHO
pa3pa60TKa peuenTopoOs, CHOCO6H])IX CBA3BIBATH JIMI'aH/Ibl, CTPOCHUE KOTOPLIX 3HAYUTCIIBHO OTIMYACTCA OT HM3BECTHBLIX
NPUPOIHBIX OKAUCTEPOUIOB. Kpome TOro, BO3MOXKHBI CIIOKHBIE KOHCTPYKIIMM THOPHIHBIX OEJNKOBBIX MOJIEKYI C
pelenTopaMy, He 3aTParMBarOLINX JOMEHHBIC YYaCTKHU MOCTEIHUX. PelienTopbl B TAKUX KOMILIEKCAX MOTYT ObITh B3aHMHO
CBSI3aHBI JPYT € ApyroM Oe3 NOTepH aKTUBHOCTH (DYHKIIUH OTJEIbHBIX OJIOKOB.

2. 3HaHHE CTPYKTYpBl M POJH OTHENbHBIX, (DYHKIHOHAIBHO CAMOCTOSTENbHBIX JOMEHHBIX YYacTKOB Oeika-
penenTopa MO3BOJACT 3aMEHHUTH OIPENeICHHbIC IENTUIHbIC LIeNH, YYacTBYIOLIMEe B Y3HABAaHWH JIMTAHIA, HA IPYIOH,
Oonee COBEpIICHHBIH. B 4acTHOCTH, M3MEHEHHE aKTHBHOCTH PELENTOpa MOXET OBITh JOCTHTHYTO HepecTpOHKOn
nurang-oos3atensHoi obomactn (LBD). MyTaHTHBIE penenTopsl MOTYT OBITH IMPOW3BEACHBI 3aMEHOW OXHOM WM
HECKOJIbKMX aMUHOKHUCIIOT Ha APYTHe, HJIM )K€ CTHPAHUEeM YacTH U3 HUX B KapOokcunbHOH (C-KoHIIEBOIT) obnacTu Gernka-
pererrropa (mpubnusurensho ot 1 10 120 aMuHOKKCIIOT).

Kak cnencrBue, ToueyHbIe U3MEHEHHS B IIEPBUYHON CTPYKTYpe OENKOBOI MOJIEKYJIBI pelenTopa MOIyT IPUBECTH
K HalpaBlICHHBIM HW3MEHEHHMSM B €€ IPOCTPAHCTBEHHOW KOHQUIYpalMu M CIIOCOOCTBOBAaTh (HOPMUPOBAHUIO
ONTUMAJILHON CTPYKTYpbI, HEOOXOIMMOM JUIsl JIYYIIEro B3aUMOJCHCTBHS C JIMFAHJIOM. B pe3ynbrare akTHBHBIA LIEHTP
perientopa mpuoOpeTaeT COCOOHOCTh K 0oJice CTAOMIBHOMY B3aMMOICHCTBHIO C SKIMCTEPOHIOM-JIUTAHIOM, CBS3b C
KOTOPBIM HE PacriaiaeTcsl B TEUCHUE JUTNTEIHHOTO BPEMEHH.

3. YcuieHue aKkTHMBHOCTH MOJICKYJISIPDHBIX KOHCTPYKLUH SKIMCTEPOUIHBIX CHUCTEM MOXKET OBITH JIOCTHUTHYTO
BBEJICHUEM JIOTIONIHUTENBHBIX obnacreit Tpancakrusanuu (VP-16, TAF-1, TAF-2, TAU-1, TAU-2 u .n.). [oaxomsiue
00JaCTH aKTHBAlMK TOXOWUPAIOTCS W3 HM3BECTHBIX IPHPOJHBIX HCTOYHHMKOB. Hampumep, u3 N-KOHIEBO#H oOiacTu
MENTHIHON IIEIH YWICHOB CYNepCeMeCTBa SKIUCTEPOU-, PETHHOUI-, THPEOUI-, INKO3aHOUAHBIX PELIEITOPOB; YUaCTKOB
aKTHUBAIMK (DAKTOPOB TPAaHCKPHUIIIUM, Hampumep, Bupyca repreca (VP16), mpoxokeit (GAL4), crpeccoBbix GenkoB
pactenunii (HSF), GpakTopoB KIETOYHOTO POCTa U T.1I.

4. Y4acToK MpOMOTOpa, BOCIHPHHUMAIOIIETO 3JIEMEHT PELENTOpa, MOXKET ObITh BHUIOWU3MEHEH IyTeM BBEICHUS
OJIHOTO WITH HECKOJIBKHX CTPeccOBbIX 3nmeMeHToB (HSE-mocnenoBarenbHOCTEH aMHHOKHCIIOT), HITH YK€ [IEJICBOH 3aMEHOM
OTACIBHBIX HX MO}Iyﬂeﬁ Ha 60ﬂee COBCPUICHHBIC. BbenkoBrie OJIEMCHTBI-KOHCTPYKIMH, BOCHPHUHUMAIOIINEC [[eﬁCTBHe
CTPECCOBBIX (PaKTOPOB, IMPOKO PACIPOCTPAHEHBI B MPUPOJE, B YACTHOCTU PACTCHUSX, U MOTYT OBbITh aKTHBHUPOBAHBI
JICHCTBHEM BBICOKOH, HHM3KOH TeMIEpaTypbl WIIM e HEKOTOPBHIMH IPYTMMH (haKTOpaMH BHEIIHETr0 HJIH BHYTPEHHETO
BO31eHCTBYSA. [IpuMepbl MHBIX MOIXOAAIIMX (HAKTOPOB FKCIPECCUH TEHOB BKIIIOYAKOT Pa3IMYHBIC HMMYHO-MOIY/ISATOPBI U
CTUMYJIATOPBl (UUTOKUHBL, (AKTOPBI POCTA KIETKH, KPOBETBOPCHHS, HHTEPICHKHUHBI, HHTEP()EPOHBI, aHTUTCHBI,
HOJIHUICHTHIHBIC TOPMOHBI U T.IL.).

5. Cuuraercs NEpPCHEKTHBHBIM, 4YTOOBI HMCKYCCTBEHHbIE KOHCTPYKIMH PELENTOPOB M MX KOMIUICKCHI
OJHOBPEMEHHO BKJIIOYANIM B ce0s, Hapsay ¢ NPHEMJIEMbIMH HOCHTEISIMH PELENTOpa, TakkKe BEKTOPBI SKCIIPECCHH U
aurangsl. [lepedeHs Takux apManeBTHYECKN aKTUBHBIX COCTaBOB, HE MMEIOIIUX HPSMBIX HEOIaronpusaTHLIX 3QdexToB
U HEXeJNaTeJbHbIX MOCJIeICTBMH M KOTOpPBIE MOTYT HCIIONB30BaThCsid B KOMOMHAIMU C SKAWUCTEPOHIAMH, BKIIIOYAIOT
aAMUHOKHCIIOTBI, OPraHWYECKHEe KUCIIOTHI, ()epMEHTHbIE OENKH, HOHBI METAJLIOB, BATAMUHBI, Pa3JIMYHBIC COJIH, BELIECTBa
TOPMOHAJILHOTO, CTUMYJIMPYOILETO MJIM HHIMOUPYIOIIETro XapakTepa.

6. AKTHBHOCTB KJIMCTEPONIOB B MeUIHHE
6.1. Pa3u4usi B AKTUBHOCTH IKIMCTEPOU/ COAEPKALINX COCTABOB

MaccoBble SKIUCTEPOU COMEpIKaIIe pacTeHus Bo ¢uope Poccuu cocpenoToueHbl B CEMENCTBE TBO3TUYHBIX
(Caryophyllaceae) — pomsr Lychnis, Silene, Sagina, Petrocoptis [12]. YacTs BUmOB pacTeHuit W3 3THX POJIOB COACPKHUT 0
1-2 % skmucteponsios B Guomacce [119-120] u 10 HemaBHETO BPEMEHH pAacCMATPUBAIKCH KaK HanOOIee MepCreKTHBHBII
WCTOYHUK JIJISl TIOJYYEHHs] HOBBIX SKANUCTEPOH]] COJAEepKaAIIUX NpernapaToB. OIHAKO MPU MCCIIEI0BAHIH OMOJIOTMYeCKO
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AKTHBHOCTH B OHMOTECTaX BBISBJICHO, YTO OHA TPOSIBISACTCS Y HE3HAYMTEIBHOW YACTH; TIABHBIM 00pa3oM, HA ypOBHE
cnabbIX aKTHBHOCTEH dKeTpakToB [121].

MOXHO TpeAronarars, 4YT0 OMHOH U3 MPUYHH TAKOTO TOJOKECHHS CIY)KHUT MPHUCYTCTBHE B PACTCHUAX OONBIIOTO
yucna Cchna0OaKTHBHBIX WM HEAaKTHBHBIX (utodkauctepounoB. Ecmu, k npumepy, Rhaponticum carthamoides
CHHTE3UPYET MHOXKECTBO BBICOKOAKTHBHBIX COCIMHECHHM, COTOCTABUMBIX C aKTHBHOCTBIO IKIUCTEpOrIa ponasterone A —
rapisterone D, polypodine B, dachryhainansterone, npoussoonsie kaladasterone, makisterone A, To B pacTeHusx poma
Silene mocrarouHo MHOTO HEaKTHBHBIX cocTaBoB — Silenoside A; silenosterone. silenoside B, D, E, F, G, H. Bo3amoxHoO,
YTO MO CXOKEeW IPUYHHE, CBA3AHHOM ¢ yTepeil OOJBIIMHCTBA MUHOPHBIX KOMIIOHEHTOB B XOJI€ XMMHKO-TEXHOJIOTHUSCKHX
pabot mo m3omsiuuu 1-2-X MakOpHBIX IKIMCTEPOHMIOB, IKCTpakThl R. carthamoides, comepkamme BCIO HX CyMMy, B
CPaBHEHHMHM C BBICOKOOUMIICHHBIMHM IpernaparaMd oONagaloT 3HAYUTENbHO OoJiee BBICOKOH AaKTHBHOCTBIO IIPU
MHUHHUMAJIBHBIX J03aX.

Amnabonuyeckuii 3Q(HeKT MabIX 103 HEOUHIIIEHHBIX SKCTpakToB R. carthamoides Ha 6ecriopomHbIx GeTbIX MbIIIax
ycranosieH kak 0.035 mr/kr mo 20-hydroxyecdysone. Veemuuennas no 0.387 mr/kr mosa B mepseie 10 muei mocne
BHYTPHMBIIIICYHOTO BBEJCHHS TOPMO3MIIA MpOsiBIIcHHE aHabonnueckoro sddekra [72]. MuHuMabHas 1032 XUMHYCCKA
M30JMPOBaHHOI cybcraniuu (npenapara ecdysten), Heobxoaumas [Jisl IPOsIBICHHS aHabomYeckoro s¢dekra, paBHa 5-
10 wmr/kr [147]. VBemuuenue no3el 10 20 Mr/Kr OPUBOAMT K HHrHOMpoBaHHIO OwocuHTe3a Oenka u PHK B
HOIDKENYJIOYHOM JKee3e Mbllleid, npuyeM MeHee ouumieHHbie 10 % u 2 % 3KCTpakThl CHJIBHEE TOPMO3SAT HAdyaio
nporecca OMOCHHTE3a BO BpeMeHH [22].

B smureparype omyOIMKOBaHBI CPABHUTEIIBHBIC PE3YJIBTATI IKCIIEPUMEHTOB C SKIUCTEPOHIaMH, H30JIHUPOBAHHBIMH
U3 JApyruX BUAOB PacTeHuil. AJantoreHHoe aedcrue skaucreponnos Serratula coronata L. 91 % umctoTsl u3y4anu B
Wucruryte 6momornn Komu HIT YpO PAH [55]. Tlo pesymsratam HCCIIeIOBaHWM CI€NaH BBIBOJA, YTO MO BETHYHMHE
ToHHM3UpyroIero 3ddekra skmucTeporaHas (pakmus S. coronata (mpemapar ecdysten-S, comepkammit 75 % 20-
hydroxyecdysone) Bo mMHorom cxoxa ¢ 3kaucTepouaHOM (pakiwmeii R. carthamoides, Ho 10361 ObLIM YBETUUECHHBIMU.
HekoTopbie 3(hekTh, B 4aCTHOCTH aHAOOIMYESCKHUI, KOTOPBIN Harboee sipKo BeipakeH miis R. carthamoides [62, 122], y
S. coronata B COMOCTaBUMBIX J/103aX OTCYTCTBOBAIM. AHaOonnueckuii 3pQekT oTCyTCTBOBaJ W B JPYrod cepuu
skcnepuMeHToB ¢ 96.5 % skaucrepomnmHoit ¢pakuumeir S. coronata (mpemapar ecdysone, comepxammit 80.5 % 20-
hydroxyecdysone) [73].

M.B. IlnotHukoB ¢ coaBropamu [123] mpoBenu CpaBHEHHE I'€MOPEOJIOTHYECKONH AKTHBHOCTH IKCTPAKTOB W3
HaI3eMHON YacTH JBYX SKIMCTEPOW Comepkammx BHOOB pactenmii — Lychnis chalcedonica L. u R. carthamoides
(Willd.) lljin — B MomenmbHBIX OIBITaX Ha KPBICAX C TMPEABAPUTENHHO WHIYIHMPOBAHHBIM HH()APKTOM MHOKap/a.
DKCTPakThl COMEPsKalN MPUMEPHO onrHaKkoByro koureHrparmo 20-hydroxyecdysone (0.74 u 0.71 % coOTBETCTBEHHO).
Kypc nepopansHOro BBeneHHs ATMICS 5 IHEi, pa3oBble 10361 cocTaBmsiin 150 mr/kr. B akcriepumenTe ObUIH HOIYYCHBI
COIIOCTABHMBIE ITOKA3aTEIN YMEHBIICHHS BI3KOCTH IUIa3Mbl KPOBH, HO Pa3HHMIIA B ITOKA3aTEISIX CHIDKEHHS KOHLICHTPALH
(ubpHHOTEHA W CKOPOCTH Ae(OPMHUPYEMOCTH 3PHUTPOITMUTOB ObLIa 3HAYMUTENbHO Jyumiei y R. carthamoides, uem y L.
chalcedonica.

CpaBHuTENbHAS OHONOTHYECKAs aKTUBHOCTH SKIUCTEPOH] COAEPXKAIIUX pacTeHuil poaa Serratula u Rhaponticum
usyuanace ['anuessim 1ILT. [86] B GuoTecTax Mo HHAYNHUPOBAHUIO OKYKJIMBAHHS JTHINHOK HacekoMbix Musca domestica
L. u Califora erythroserhala Mg. Cougetus, n1ucTbsi U KOpHU pactenuit poma Rhaponticum (R. karatavicum, R. nitidum,
R. integrifolium) mposiBIsUTH BBICOKYIO CPaBHHMYIO aKTHBHOCTb Ha BCEM MPOTSXKEHHH CPOKOB Beretauuu. Y pacTeHUit
pona Serratula (S. algida I. u S. lyratofolia S.), HecMoTps Ha IPHUCYTCTBHE SKAUCTEPOUIOB BO BCEX OpPraHax, aKTHBHBIMH
OBLIM TOJIBKO HaJ[3¢MHBIC YaCTH, KOPHH NPOSBILUIM HYJIEBYIO WM KpallHe HE3HAYUTEIbHYI0 aKTUBHOCTD, CONIOCTABUMYIO
C KOHTPOJIEM.

XuMuueckn M30IupoBanHas (pakiws sxaucteporaos (91 %, B T. u. Brmouaromas 75 % 20-hydroxyecdysone),
BBIZICJICHHAs W3 Haa3eMHOM dactu Serratula coronata, B Guorecte Ha peakiMio CIIOHTAHHOTO E-po3eTkooOpazoBaHmMst
obnagana CIOKHOW ¥ HEOJHO3HAYHOW MOIY/SIMOHHON aKTHBHOCTBIO ‘“‘mo3a-dddexr” (Ha3BaHHON BYX(hasHBIM
neiicTBueM), B auanasone kommentpammii  10™...10™2 M [124]. DddexTHBHAS MMMYHO-MOLYIATOPHAS AKTHBHOCT
CD?*-po3eTko06pasoBanus ¢ genoBedecKuMH T-TuMQOMUTAMH IOCTHTamach mpu koHmentparmmu 1 pM (10° M); ¢
HHJICKCOM CTUMYIISINH, paBHbiM 1.132 [59].

KoMIiekcHbIe SKIMCTEPOU coziepKaniie CyOCTaHIIMM 00J1aJaloT 3HaYUTEIbHO Oojiee BBICOKOH aKTHBHOCTBIO,
YeM XHMHYECKH H30JNUpOBaHHbIe coemuuenHust (puc. 17). KympruBupoBaHue mnoOmynsuuii JuUMQOIMTOB in Vitro B
mpucyTcTBUH 3KcTpakTa Rhaponticum carthamoides 6bu1o crocoOHO BbI3BaTh MpoNHQepalnio KIETOK CElIe3eHKH B
xornentpamn 107%...10™ M (8 pacuere ma 20-hydroxyecdysone). Ha ¢ome Hecnemmpuuecks aKTHBH3HDYIOIIHX
arentoB COnA (T-muroren) u LPS (B-muroren) nponudepamust crumymmpyercs Bruiots 1o 10%° M [125].

[To maHHBIM JBYXITAaHOTO (HapMaKOJIOTHYSCKOr0 CKPUHMHIA, MCXOIS M3 COIPOTUBISIEMOCTH K IOBPEKIAIOIINM
BO3/ICHCTBISAM Ha (oHE KOHTPOILS, pemaparst R. carthamoides, Bxirrouaromme cymmy JeiCTBYIOIINX BEMIECTB (HACTOMKI
M OKCTPAKTHl M3 KOPHEBHWIN) 10 3()(HEKTHBHOCTH MpeBOCXomwin mpemapar ecdysten, comepikaiinii M30JIUPOBAHHBIE U
BBICOKOOUHIIICHHBIE JeHCTBYyoIIMe Hayata pacteHns [126]. KoadduumeHTs ux ananToreHHO# aKTHBHOCTH COCTaBHIIN
coorBerctBeHHO: 0.92 1 0.52 — no conporusnsemocTr K paguanbubiM neperpyskam; 0.59 u 0.32 — k runoxcuu; 0.40 u
0.24 — x 24-yacoBomy crpeccy; 0.42 u 0.21 — x ropmonanbHoi aucoyHkumy; 0.34 n 0.30 — K TOKCHYHOCTH 3TaHOIIA;
0.12 u 0.05 — x octpoii runorepmun (Tadim. 5).

B skcrepumenrax A.C. CaparukoBa ¢ coaBropamu [53], mpoBeneHHBIX B TOMCKOM MEIMIIMHCKOM HHCTHTYTE,
OBLIO BBIABICHO, YTO 3G (PEeKTHBHOCTh cTuMmynupyromero BausHus 20 % skcrpakra R. carthamoides wa yMcTBeHHYIO
JICATEIBHOCT YENOBEKA 3aBUCHUT OT BEIMYMHBI HPHUHHUMAaeMON 103bl. B mo3e 10 kamenb/CyTKM 4Mciio OMIKMOOK B
KOPPEKTYpHOM TECTE Y HCIBITHIBAEMBIX JIUI] Ha (DOHE KOHTPOJISl yMEHbIIMIOCH Ha 64.6 %; npu yBennueHun 10351 10 20 n
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40 xanens 3G (HEKTUBHOCTD paCIO3HABAHKS CUMBOJIOB CHA3HMJIACHh COOTBETCTBEHHO 110 42.4 u 34.4 %.

3nass konnentpamuto 20-hydroxyecdysone B ouMIeHHBIX M HEOUYHIIEHHBIX Tmpemaparax R. carthamoides,
NPOU3BOMUMBIX PA3MMYHBIMH MpeAnpustHaMu u ¢upmamu Poccum, Y3bekucrana u CILIA, MOXHO paccuuTarh
CPaBHUTEIIbHYIO OHOJIOTMYECKYHO aKTHBHOCTB. Pa3oBas 103a mpuema >kumkoro skctpakta cocrasisier 20-30 kamens
[127], unu 0.5 M () anst B3pocioro yenoBeka Maccoit 50-70 kr. MakcuManbHbIe CYTOYHBIC 03B )KUIKOTO IKCTPAKTA C
BBICOKOH 3()(heKTUBHOCTHIO, MCIOJIB30BAHHBIC B YCIOBUSIX BOCHHO-MOPCKOIO ITOJBOJHOTO IUIaBaHUs, HE IpeBbIIany 4
r/nens Ha uenoseka [80]. Cpennsst kourentparnus 20-hydroxyecdysone B sxumkux mpemnaparax npumepto pasaa 0.05 %,
wn 0.5 mr/vot [128].
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Puc. 17. CrumynupoBasue nponudepanun Kietok skcrpakrom Rhaponticum carthamoides:
clieBa — CIIOHTaHHasl, ClipaBa — HHAyLUpoBanHast; 110 [125] ¢ n3ameHeHHAMHL.

Taou. 5. CpaBHUTENIbHAS XapaKTEPUCTHUKA aalITOTEHHON aKTUBHOCTH SKIUCTEPOU]] COEPIKAILIUX
npemnaparos u3 Rhaponticum carthamoides; o [126] ¢ u3meneHusME.

Koshdurment akruBHOCTH™
9KkcTpakT kopHeBuur** (0.04 % 20E) Ecdysten** (86% 20E)

®akTOphl BO3AECHCTBUSA

1. PajmainibHbIe TIEPErPY3KH 0.92 0.52
2. T'unokcust 0.59 0.32
3. 24-yacoBoil IMMOOMIIN3ALIMOHHEINA CTPECC 0.40 0.24
4. T'opMoHabHas AUCHYHKIUSL 0.42 0.21
5. THTOKCUKALIUS DTAHOJIOM 0.34 0.30
6. MbliieuHbie HArpy3Ku 0.15 0.16
7. Octpasi THIIOTEPMHUS 0.12 0.05
8. Ocrpas runeprepmus 0.06 0.07
9. MbliieuHble HArPY3KHU ITPU THIIOKCUU 0.02 -0.04
10. JToaHOBasi HHTOKCHKALIHSI -0.41 -0.44

IHpumeuanus: *... CONPOTUBIAEMOCTD K MOBPEKIAIOIINM NeHCTBHAM Ha GoHe KOHTpoIust; **...kouuenTparms 20E.

B nanHOM mpumepe MuHHMAaNbHas pacueTHas nosa 20-hydroxyecdysone cocrasur 5 mkr/kr (250 mkr Ha 50 kr
Macchl Teja), a OUOJIOTHYECKas aKTHBHOCTh — 10 M. MakcuManbHas no3a pasHa 40 MKI/KT HJIH OKOJIO 100 M. st
CpaBHEHHS, PEKOMEHIOBAHHBIE PA30BBIC JIO3bI TAOIETHPOBAHHOTO Tpemapara ecdysten w3 3Toro ske BHIAa pacTEHHs
cocrasmsror 5-10 mr [127] wm 4300-8600 mxr (10 M) mo 20-hydroxyecdysone ma uenoBeka. ddeKTHBHAS BbICIIAs
cyTouHast 03a xummaeckn uncroro 20-hydroxyecdysone um mpemaparoB Ha ero ocHoBe Bbimre Ha mopsaok (107 M) u
pasua 50-100 mr/kr [129, 147].

Takum 06pazoM, HapsiIy ¢ GOIBIIAM KOJHYECTBOM IKCIIEPUMEHTAIBHO YCTAHOBICHHBIX (DaKTOB OHOIIOTHIECKON H
(bHSHOHOFH‘IeCKOﬁ AKTUBHOCTHU SKAUCTEPOUIOB, OTMEUACTCA 60.]1])]_[106 pas3jimurue B 103aX U HAIPaBJICHHOCTH ﬂeﬁCTBHﬁ
WHAWBUAYAJIbHBIX COCHHHCHHﬁ, OYCBUAHO, MPOUCXOAAIIUX NYTEM HCBBIACHCHHBIX MEXaHU3MOB aKTHBAIlUKU 4YEPE3
Ko(aKTOpbl, BTOPUYHBIEC TOCPEAHUKU 1 MeTaOoNnTHI. [10 Beeil BEpOSTHOCTH, aKTHBAIHS SKANCTEPOUTHBIX PELENTOPOB C
UX JIMraHJaMd TPOHCXOIMT Yepe3 IMOCIIEN0BATENIbHYI0 IIEMb COOBITHHN, T BaXKHYIO pPOJIb WIPAIOT KOMILIEKCHI
OKANCTEPOUIIOB C BOJOPACTBOPUMBIMHU OEIKaMH, KapOTHHOMIAMH, (IABOHOWIAMH, HEHACHINIEHHLIMH S KHPHBIMU
KHCIIOTaMH, MUKPORJIEMEHTAMH 1 JPYTUMH (PU3HOIOTHYECKH aKTHBHBIMH BEIIIECTBAMHU.

6.2. KodakTopbl aKTHBHOCTH

B peanpHBIX cHCTEMax € KIETKaMH MIICKONMTAIOIIMX, B OTIWYHE OT OHOTECTOB (OMBITOB C HCKYCCTBEHHBIMHU
OpOOUPOYHBIME CHCTEMaMH iN Vitro), BO3HUKAIOT BAYKHBIC OTPAHUYCHHUS B TPOSIBIICHHN aKTHBHOCTHU SKAUCTEpouoB [117,
130]:

1. Perunounuslii petuentop RXR siBisieTcss HEOXOTHBIM TAPTHEPOM JUMEPHU3AINH C IKIUCTEPOUIHBIM PELEITOPOM
ECR, 1 HeoOXoqMBI O4E€Hb BEICOKHE KOHIIEHTPALUH AKANCTEPOHIOB JUTS BO30YKACHHS SKAN30H-
UHJYIIUPOBAaHHBIX CHCTEM.

2. Jlnana3oH aKTHBHbIX JIUTAHIOB MO CYIIECTBY OrPAaHUYCH UCKITIOUUTEIBHO IKIUCTEPOHIOM muristerone A.

R. Lafont u L. Dinan [30] npuBoasT Ciemyromine HeQOCTATKA UCKYCCTBEHHBIX PETY/IATOPHBIX CHCTEM DKCIPECCHH
TEHOB B CHUCTEMaX C KJIETKAMH MJICKOIUTAIOMIMX: OOJBIIMHCTBO XMMHYECKH OYHIICHHBIX OT BTOPHYHBIX METabOIUTOB
SKAUCTEPOUIIBI, 338 PEOKMM HCKIIOUYCHHEM, HE MPOSABISIOT aKTUBHOCTH; HCIIOJb3yeMble 03Bl OYEHb BBHICOKH, a
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063()]) Tumogees H.II.
MaKCHUMaJIbHbIE YPOBHHU 3KCIPECCUU HE3HAYUTEIbHBI; CKOPOCTh KaTaboinn3Ma B OpraHn3Me BhICOKasl.

I_[eﬂblﬁ pAa SKCHEPUMCHTAJIBLHO IIOJYYCHHBIX B IMOCICAHEC BPEMA HJAaHHBIX ITO3BOJACT IMpCaArojararb, 4TO
KJIFOYEBYIO POJIb B CITIOCOOHOCTH CTHMYJIMPOBATh 3aKPEIUVICHUE JIMTAaH/Ia Ha PELenTope U MOCIEIYIONIY0 TPaHCKPHIIILIHIO
UTPAIOT JAOMOJHUTENbHBIE (PakTopbl. OCOOCHHYIO 3HAYMMOCTh aKTHBALUs QYHKLIUHA TPAHCKPUIIIMOHHOTO PEryTHPOBAHHS
4yepe3 Ko(paKkTopsl MPHOOPETACT ISl YCIOBHMA, MPUONMKEHHBIX K €CTECTBEHHBIM. [IpH 3TOM Ha Ka)KIOM JTare JHraH.-
PELenTOPHOTO B3auMOICHCTBUS TPEOYFOTCS CBOH CIICLU(HIECKHE YCIOBHUS U (DaKTOPHL.

1. JleATenbHOCTD HOMUIISITHHON IENH SISPHOTO PELeNTOpa BHE CBA3H €T C JIMTAHIO0M CBEPHYTa B KOMILIEKCE C
Genkamu TerutoBoro mmoka Hsp40, Hsp56, Hsp70, Hsp90 u t.a. [131]. dyHkims cBsi3aHHBIX ¢ perentopamu hsp-6enkos
(lmamepoHOB) COCTOHMT B CTUMYIMPOBAHUH PEIPECCHU IKIMCTEPOUIHBIX PELENTOPOB, 3alperias UM IUMEPU30BAThCS H
B3aMMOZCICTBOBATh C IPYTMMHU KOPETYIATOPHBIMH O€lKaMH B OTCYTCTBHH 3aKpeIUIeHHsS POACTBEHHOIO JIMTaHIa WM
JpYroro CTUMYJHUpYyolero curaana. Ilocne 3akperuieHns y3HaBaeMOro JHMraHzaa clieqyiomas (yHKIHs LIalepoHOB —
CHoCcOOCTBOBaTh HYKJICOTHIHOW IENU PelenTopa pa3BepHYThCS B IPOCTPAHCTBE U CONPOBOJMTH €€ M3 LIUTOILIa3Mbl B
KJIeTouHoe saApo. s ocymiecTBicHus (DYHKIMOHAJIBHON — MEATEIBHOCTH CaMHU INATICPOHBI TAKXKE HYKTAIOTCI B
JOTOJIHUTCIIbHBIX COCTaBaxX-IIOMOIIIHMUKAX, B KaYC€CTBC KOTOPLIX BBICTYIIAIOT UMMYHOKOMIIECTCHTHBIC 6eJ'IKI/l. HSp40 u
Hsp70 yacTo MOTyT CBSI3BIBATBCS C OPYr C APYrOM M JACHCTBOBATH KOOPIMHHUPOBAHHBIM CIOCOOOM, CTaOMIH3UPYS
KOH(OPMAIIMOHHOE M3MEHEHUE PELENITOpa Yepe3 JUraHa-o0s3aTenpHyo oomacts [132].

2. YCTaHOBIICHO CYyLISCTBOBAaHHWE COCIMHCHHI, HAa3BaHHBIX KOPETYIATOpaMH MM (DAKTOPaMH-TIOCPEIHUKAMH
tpauckpunmuu (GTF — general transcription factors; TIF — transcription intermediary factors; TAF — transcription
associated factors u T. 1.), OTBETCTBEHHBIX 33 AKTHBALMIO TPAHCKPHIILIMU SACPHBIX PELENTOPOB MOCIE 3aKPEILICHUS
auranga. Croma OTHOCSATCS SBOJNIOLMOHHO MHTETPUPOBAHHBIE C OIPEIeIeHHBIME perentopamu cemeiictea 6enxos: SRC
(steroid receptor coactivator), RIP (receptor interacting protein), CBP (coactivator binding protein), RAP (receptor
associated proteins), NCoA (nuclear coactivator), NcoR (nuclear corepressor, romomoruuen SMRT) u t.a. [107, 133-
134].

W3BECTHO MHOXECTBO Pa3iMYHBIX KOAKTHMBATOPOB TPAHCKPHUIILIMK U MEHEE BCETO MCCIEAOBAHBI KOPEIPECCOPHI.
CoBceM HEMaBHO YIaloCh BBIABUTH HOBBIM T Oenka-penpeccopa (alien mediated repression), ¢yHkuHOHANEHO
MIPEAPAcHONOKEHHOTo K B3auMozeiicTBuio ¢ ECR-penentopom. 10T Genok MUPOKO pacrpoCTpaHEH CPEAr HACEKOMBIX,
pacTeHuii, denoBeka W Apyrux miekonutaroimmx (90-95 % WACHTHYHOCTH aMHHOKUCIOTHOTO COCTaBa) U SIBIISETCS
OTBETCTBEHHBIM 32 HHAKTHBALIUIO YKIUCTEPOHIHOTO perentopa [135].

CymiecTByIoT BHAOCHEeHH(bUYHbIC BAPUAHTHl HHTETPALUK KOPETYILITOPOB B MyNIbTHOENKOBbIE KOMILTekchl (SRC-
1/NcoA-1; TIF-2/RIP-1/NcoA-2 u 1.1.). LleneBoe BeIpakeHHE TeHa B OTCYTCTBHMH JIMTaHIa AKTHBHO TIOIABJICHO Yepes
00pa3oBaHKe PENPECCHBHBIX KOHCTPYKUHH, 3apelaronmx GOpMHUPOBaHHE aKTHBHBIX LICHTPOB Ha SICPHBIX peLenTopax
[136]. B mpucyTcTBHM NMTaHIa, KOTIAa PEPEeCCOpsl He CTOCOOHBI CBSI3aTh CIOKHBIN perenitop ECR/RXR, kopemnpeccopsr
BbIcBOOOXKJatoTcst u LBD-061acTh mpuHMMaeT yHUKalbHYH KOH(GOPMAIMIO, IO3BOJISIONIYIO B3aWMOJEHCTBOBATh
HOBEPXHOCTh PELENTOpa ¢ MYJIBTHOCIKOBBIMM KOMIUIEKCAMH aKTHBaropoB. CTpyKTypa XpoOMaTHHa CTaHOBHTCS
[[OCTyHHOﬁ JUIA 3allyCKa MEXaHM3MOB TPAHCKPUIIOHUKU U MPUBOAUT K SKCHPECCHUN YYBCTBUTCIIBHBIX T'CHOB. .HI/IF&H}II)I Xe
AQHTaroOHUCTA, XOTS ¥ MOTYT BbI3BaTh JMMEPHU3AIINIO PEleNTOpa, CTUMYIIUPYIOT Takyto TpaHcdopmarmio LBD, xotopast ne
TMMO3BOJISICT CBA3BIBATH KOAKTUBATOPHI.

3. Tlpemnonmaraercs, 9T0 (YHKUHOHANBHBIC YYaCTKH, CIY)XAl[he Uil NPUBICYCHHS JOMOJIHUTEIbHBIX
akTuBu3upyomux ¢akropoB AF-1 n AF-2, OTBETCTBEHHBI 3a OTCTBIKOBHIBAHHE KOPEIPECCOPOB OT pELENTOopa.
MexaHu3Mbl, PETYJIUPYIOIIUEe WX JACSITENIbHOCTh, HA CETONHAIIHMNA JeHb IUI0XO moHuMaeMbl. CyliecTByer
AQHTarOHWCTUYECKasT M CHHEPrHYecKas JeATENbHOCTh HECKOIBKHX KOAKTHBAaTOPOB 3a 3aKpeIUICHHEe Ha JMepe.
MHOTroTO4eYHOE KOOMEpaTHBHOE B3aMMOACHCTBHE MEXIY HUMH NPUBOJHT K OOpa30BaHUIO YCTOWYMBBIX KOMIUICKCOB,
nanpumep TIF-2 u SRC-1. Oanu xoperynsropsl B3aumopeiictByior ¢ AF-1, npyrue AF-2 ydacTkoMm; K TpHMEDY,
CBP/p160 u CBP/p300 seustorcs AF-2 kommrerparopamu, a CBP/pl60/PCAF (GyHKIHOHHUPYIOT COBMECTHO Kak
(epMeHTHI alleTHIIMPOBAHUS XPOMATHHA.

Takum o00pa3oM, NpHUBEIEHHOE W3JIOXKEHHE MOKA3bIBACT, CKOJb CIIOKHBIM SIBISIETCS M3JIOKEHHBIN IpoIiecc.
KiroueBeIMH MOMEHTaAMH AJIA TPOABIICHUSA 6I/IOHOFI/I‘IGCKOI‘/II AKTUBHOCTU SBJISIIOTCS. BSaHMOﬂeﬁCTBHe Jiuragjga ¢
peuenTopoM, o00pa3oBaHUE TIeTEPOJMMEPHOrO KOMIUIEKCA M YYacTHe pa3lIM4YHbIX KO(aKTOpoB B TMpolecce.
Perynupyroniyue JuraHabl Ui MHOTHX KOPEIPECCOPOB M KOAKTHBATOPOB €Ille HE HACHTUGHIHMPOBaHBI. JlMranaamu
JOTIOJTHUTENBHBIX OSTKOB-PELEIITOPOB MOTYT SIBISATHCS CaMble Pa3iMYHBIC BEIICCTBA M HE BCErIa PEry/asTOpHAs UX Pojb
MOXKeT ObITh ompeneieHa. OHH MOTYT OKa3aThCsl B HpeeiaX KICTKH-MHIICHH Pa3iUYHBIMU COCOOaMH: aKTHBHBIH
JMTaHJ WIA TOPMOH CHHTE3UPYIOTCA B KIACCHYECKOM JHIOKPHHHOM OpraHe M TPAHCIOPTUPYIOTCS B KIETKY; MOTYT
SBIATHCS METAa0OJHMTAMH, CHHTE3UPYEMBIMH B TpEAENax IENeBO KICTKH WIM 3K30T€HHO M JOCTaBIICHBI K MECTY
JICHCTBUS C y4aCTHEM MIPUEMIIEMBIX HOCUTENEH.

6.3. B3anmopeiicTBUS €O CTPECCOBBIMU OeJIKaAMH

Hcroku BbICOKOW OWOJNIOTMYECKOH aKTHMBHOCTHM Y BaXKHEHIIMX OKIMCTEPOUJI COAEPXKALIMX PpaCTEHUH
(Rhaponticum, Taxus, Ipomoea) crnemyer ucKarh B CHEHU(GUYHOCTH BTOPUYHOTO OOMEHA BELICCTB, CBA3AHHOH C
9BOJIIOLMOHHON aJalTHPOBAHHOCTBIO K CYpPOBBIM YCIIOBHSIM JKM3HEOOMTaHHS B TOpHbIX cuctemax Cubupm, Cpenueit
Azun, Monromuu, Knrtas nu VUanun. PenmukTsl mieldcToneHoBOro (IIOpUCTHYECKOr0 KOMIUIEKCA CTalll 0OnajaTesisiMu
ocoboit Gopmel Metabomusma [137], mpu KOTOpOH yCTOWYHBOCTBL K SKCTPEMAJBHBIM YCIOBHSM KH3HH (aHOMAIBbHO
HU3KHM M BBICOKHM TEMIIepaTypaM, HMIMPOKHM KOJEOAHMSIM OCBEICHHOCTH, KHCIOTHOCTH TOYBBI, A€(UIMTY BIarH,
U30BITKy HOHOB METAJUIOB M T.JI.) OOSCIEYMBACTCS IPOLYLHHPOBAHUEM SKIMCTEPOUIOB, BOOOPACTBOPUMBIX CTPECCOBBIX
0€JKOB M IPYTHX COITYyTCTBYIOLIUX BEIIECTB.
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V3BecTHO, YTO TKaHW M OpPraHbl PacTEeHHH, MOABEPTHYTHIX CTPECCY, HANPUMEP SKCHO3UIMU IPU aHOMAIBHO
BBICOKHX HJIM HH3KHX TEMIIEpaTypax, CTUMYJIUPYIOT CHHTE3 aKTHBHBIX CTPECCOBBIX (akTopoB Tpanckpumimu HSF (heat
stress  transcription factors). HSF wuHIyUMpyROT 9SKCIIPECCHIO TE€HOB CTpecca 4epe3 aMHHOKHCIOTHbBIC
MOCJIEIOBATENIbHOCTH IIOKOBBIX 31eMeHToB (HSE) Ha mpomortopHbiX yvacTtkax [118]. ®dakrtop, HasBanueid HSF-1,
OTBETCTBEHCH 3a PEryIHUPOBAHIE CUHTE3a CEMEUCTBA CTPECCOBBIX OenkoB (NSP-0emKkoB), pa3nuyarouXcs MEXIy co0on
MOCIICIOBATeIbHOCTRI0 AMUHOKHCIIOT W MOJEKYISIpHOH Maccoil. MHOrme H3 HHX SBISIOTCS MOJICKYJSPHBIMH
mrarteponamu (Hspl0, Hsp27, Hsp56, Hsp60, Hsp70, Hsp90, Hspl04, Hsp110) wam cTpyKTypamu, OTBETCTBEHHBIMH 32
pemapanuio MOBpEKIeHHBIX MoJIeKyi (ubiquitin).

Yacts 51X HSF-6ekoB MOTYT OBITH aKTHBHBIMHU U B OTCYTCTBUE cTpecca (puc. 11.3) u cocoOHbI HHUITMHPOBATE
9KCIPECCUIO T'€HOB B KJIETKaX MIICKONUTAIONMX IIPU HAJIMYMU COOTBETCTBYIOIIMX YycioBud. [Ipumep Takoil nemw,
aKTMBU3UPOBaHHOW € ywyacTMeM ectecTBeHHoro HSF, mocrynaromiero u3BHE, MM BbIpa0aThlBaeMOro SHJOIEHHO B
OpraHu3Me MJICKOIHMTAIOIINX, HACEeKOMBIX W IITHII, TOKa3aH Ha puc. 18. dakrop TpPaHCKPUILUU COCTOUT W3 JABYX
CcyObeaMHUI — SKAUCTEpOUIHOTO perientopa DMECR u pernHonanoro peuentopa RXR. Cucrema akTHBHA B MPUCYTCT-
BUH JIMTAHJa MUriSterone uim apyrux aHajaoros pUTOIKIUCTEPOUIOB.
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Puc. 18. AkTuBaLus SKIUCTEPOUIHBIX PELENTOPOB cTpecc-besnkamu; o [118] ¢ u3meHeHusmu.

6.4. D deKTnI ¢ TPaHCMEMOPAHHBIMHU peleNnTOPaAMHU

Mmuorue OpUMEPLI HIMPOKO M3BECTHBIX paSHOO6pa3HBIX (I)I/I3I/IOJ'IOFI/I‘-I€CKI/IX 3(1)(1)CKTOB, MMPOU3BOAUMBIX OKAUCTEC-
POHIT CONEPKAIMMH CYOCTAHITHSIMHE, OTIOCPEI0BAHbBI Yepe3 CHCTEMY BTOPHYHBIX MecceHkepoB [138]. B atux ciydasx
SKAUCTEPONIBI YA€ BCETO BIMAIOT Ha KJIETOYHBIN MeTa6OHI/ISM, HE MPOHUKAast BHYTPb KJICTKU. OHU PasHOCATCA C TOKOM
KPOBH KO BCEM TKaHAM H BSaPIMOI[GP‘ICTByIOT C M€M6paHHBIMI/I peuenTopaMu TEX KIIETOK, KOTOPBIC YYBCTBUTCIBHBI K
JMaHHbIM MosiekyimaMm (puc. 11.2). Jluranm npemHasHaveH, 9TOObI aKTHBUPOBATH BTOPHYHBINA MECCEHKED, 3alperias Win
CTHUMYJHPYS AEATEIFHOCTh MEMOPaHHOTO Oeslka KaK HAalpsIMYI0, TaK ¥ KOHKYPHPYS 3a PEenTop ¢ APYTHMH arOHUCTaMH.

CasI3pIBaHue JMraaa ¢ MeM6paHHBIM OeIKOM TIIPpUBOOUT K KOH(I)OpMaL[I/IOHHBIM HN3MCHCHUSAM, 3aKaHYHUBAIOIIUXCS
q)HSI/IOJIOFI/I‘-IeCKI/IMI/I U3MCHCHUSMU B KIICTKEC. AKTHBI/IpOBaHHbIﬁ TEM WJIHN UHBIM CHOCO60M peuenTop nepeaacT CUrHajl K
BHYTPUKJICTOUHBIM MHIICHSM. TakuM 00pa3oM, NPOMCXOAMT TpaHCMeMOpaHHas Mepeiaya CHTHaJOB IPU YYacTUH
MHTErPUPOBAHHBIX B MEMOpaHy PELEeNnTOpPOB — CHTHAJ MOAYIMPYET €ro KaTaTUTHYECKYH0 aKTUBHOCTb WJIHM MPOBOAM-
MOCTb MOHHOI'O KaHaJjia. Pe3yJ'II>TaTOM ABJIAICTCA U3MCHCHHUC (bepMeHTaTPIBHOfI AKTUBHOCTH, MeTa00IMYECKOrO mnmpounecca
501040 HHTOHHa3MaTPI‘-I€CKOﬁ KOHOCHTpAIlUU MOHA, BEAYIEC K BOSBHUKHOBCHUIO KJICTOYHOI'O OTBETA.

BTOpH‘IHLIfI MECCCH/KED, HOﬂBHHIOIHHﬁCH BHYTPHU KIICTKHM B OTBET Ha BHCKJICTOYHYIO ANIUIMKAIIUIO JIMraHda u
0660HC‘IHB&IOH.[I/II>1 nepeaadyy curHaja OT PEHENTOPOB K BHYTPHUKIIETOYHBIM MHUINEHSAM, COCTOMUT, KaK IIPpaBUJIO, U3
HECKOIBKHX OEIKOBBIX KOMITIOHECHTOB, COBOKYITHOCTH KOTOPBIX COCTaBJIIET KacCKald II€peaadynd CurHala. TTomumo
OEJIKOBBIX TIOCPEAHUKOB, B NEPEAaTy CUI'HaJla BO MHOTHUX CJIy4dasaX BOBJICKAKOTCA OTHOCHUTEIIBHO HeOOIbIINE MOJIEKYIIBI,
CUHTE3UPYEMBIC B KJIETKE UK JOCTABISIEMBIE U3BHE YE€PE3 TC UM WHBIC HOCUTECIIN. HC}ITCHBHOCTB MHOTHX PEUECITOPOB
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MOJYJIMPYETCSl Pa3IMuHbIMK CPEICTBAMH, CTUMYJIHPYIOIIMMH Pa3HOOOpas3Hble IyTH TPAHCAYKIMU curHana. Hampumep,
FAR (farnesyl activated receptors) — saepHbIit perienTop, akKTHBU3HPOBAHHBINA TUTAHIOM — (apHe3ua nupodocharom,
y4acTBYeT B Mepeavye CUTHAJIOB KaK Yepe3 IMPOMEKyTOUHbIC 3BEHbsI METa00IM3Ma, TaK U B MPSIMOM TPAHCKPHUIILUH TTOCIE
reTepoaruMepH3alii ¢ IPYyTHMH siiepHbIME perientopamu [109], B T.u. ECR.

I'pynmsl MeMOpaHHBIX PELENTOPOB BeChbMa MHOTOYHCICHHBI (BKmouaoT Oonee vem 70 tumo). Haumbonee
3HAYAMBIMH CPEIN HHX SBISAIOTCSA TpaHcMmeMmOpanubie Oenku (TM). Kiaccupukanmss ux crpoutcs kak 1TM-14TM,
Brimoarorme  1-14  tpancmemOpanubix obmactedt [139]. TM-perentoprble GelKH — MOHOMEPHBIE WHTETPATBHbIE
MeMOpaHHbBIC OCJKM, MOJNUIICITHIHAS Lelb KOTOPBIX OJNWH, JBAa pa3a WM MHOTOKPAaTHO IEPeceKaeT KICTOYHYIO
MeMOpaHy. Y9acTOK perenTtopa, B3aMMOICHCTBYIONINIA C MEPBUYHBIM CHTHAJIOM, JIOKAJIM30BaH HA BHEIIHEH CTOpOHE
MeMOpaHbl, BHyTPEHHUH y4aCTOK KOHTAKTUPYeET C 3P (HEeKTOPHBIM OEIKOM, OTBETCTBEHHBIM 3a Iepenavy curaana. OquH u
TOT JKe JUraHy (Hampumep, SKIUCTEPOHI) MOXET HWHUIMUPOBATh Mepenady CUTHaua 4epe3 HEeCKOJIBKO M JaXKe ACCATKU
TM-penenTtopos ogHOBpEMEHHO. YacTh penenTopoB AEHCTBYIOT OHOBPEMEHHO Kak TM-penenTopsl U MOHHBIE KaHAJIbI,
U3MEHSIS] KATHOHHYIO WJIH aHHOHHYIO IPOBOJJMMOCTh METAJLIOB.

HaunGosee MHOTOYHCIICHHBIM SIBIISIETCS cynepcemMeiicTBo 7 TM-penentopos (10 2000 y4acTHHKOB B 4€IOBEUESCKOM
opranusme). M3sectapie 7TM-0enku cocTaBiIeHbl U3 POAOICHH-TONOOHBIX CBETOUYBCTBUTEIBHBIX PELICITOPOB, OHAKO
WJICHTUYHOCTH TTOCIIEIOBATEIIbHOCTH MEXK/Ty HUIMH OY€Hb HU3Ka. DTH PELENITOPEI BOBJICUYEHBI B YIIPAaBJICHUE TOMEOCTa30M
OpraHu3Ma MyTeM Iepefadd XMMHYECKUX CHTHATOB MEXAY KICTKaMH 4epe3 pa3iIMYHble PerylsTOpHbIC cHCTeMbl. J[o
HACTOAIIIETO BPEMEHH JIUIIb HECKOJIBKO COTeH /TM ObUIM MACHTU(GUIMPOBAHBI, H MPOOJieMa COCTOUT B TOM, YTO OYCHb
TPYIHO XapaKTePU30BaTh OAWHOYHBIC PELENITOPBI M HANTH X JIMTaH/IBI.

Yepes 7TM-peuentopbl MPOUCXOIAT MHOTME HPOLECCHl PEryIHPOBAHHMS T'OMEOCTa3a, IPOTHBOBOCIAIUTEIBHBIX
s dekroB, cHaTHSI 60MH U T.0. AKTUBHOCTh X MOXET MPOSIBISITHCS B Ka4ECTBE aHTHIMCTAMUHHBIX (IPOTHB aUICPrHd U
SI3BBI JKEITY/IKa) M IPOTHBOACTMATHYCCKHX CPE/CTB, OeTa-OI0KaTopoB (OT CepaedHO-COCYIHUCTRIX OOe3Heit), aHTarOHICTOB
AHTHOTeH3UHA (TIPU TMIIEPTOHHH), OMHATOB (MPOTHBOOOINEBBIC cpecTBa). JIuranpl, AelicTByorne yepe3 7 TM-petenTopsl,
BKJIIOYAIOT IIMPOKOE Pa3HOOOpa3ue XMMHYECKUX COCIUHEHUI: MOHBI KaJbLUs M Kallks, aMHUHOKUCIIOTHI, MOHOAMHHBI
(cepoToHMH, THCTaMHH, JOMAMHH, aJPCHANIMH, HOPAAPCHAIMH, AIETHUIXOJWH, KATeXOMaMHH H T.J.); JIHIHIBI
(mpocraranauHbl, TpoMOOKcaHsl M T.J.); mypuHbl (ameHo3un, ATP); Heliponentunapl (TaXWKUHUH, HeiiporenTua Y,
SHKe(aTHH, XONCHUCTOKUHUH U T.1.); TENTH/IHBIC TOPMOHBI (AHTHOTCH3MH, OPaANKHHKH, TIIFOKArOH, KaJlbLUTOHHH, TOPMOH
MapallUTOBUAHOM JKeNe3bl); HHTEPIIEHKUHBI, ITUKOIPOTCHHOBBIC TOPMOHBI, IPOTEA3bI U T.]I.

Takum oOpazoM, GoJbpmIoe pazHOoOOpa3ue UCIONB3yEMBIX B MeAWIUHE (apM- U OHOIpenapaTroB, ACHCTBYIOIINX
4yepe3 MeMOpaHHBIE pPELENnTOpbl, MO3BONSACT IMPEAIONArarb, 4Yro MPOSBICHHE YacTH pPa3HOCTOPOHHUX (opM
OMOJIOTHYECKOH AaKTHBHOCTH JKIUCTEPOHM] COICPXKAIINX CYOCTaHLMH Takke OOYCIIOBICHO B3amMmoneucTsueM ¢ TM-
peuenTtopamu. dusHonormyeckue AEHCTBHA M IIEPEYCHb TEPANEBTHYECKHX IOKa3aHMH 10  HCHOJIB30BAHHIO
SKAUCTEPOUIIOB B MEIUIIMHCKOW NMPAKTHKE BO MHOTOM CXOXKH C JICHCTBHEM JIMT'AH/IOB TPAaHCMEMOPAHHBIX PELEITOPOB U
BKJIIOYAIOT PETYJIALHI0 MUHEPAIbHOTO, YIIIEBOLHOTO, TUIUIHOIO U OEJIKOBOTO 0OMEHa; NMPOSBICHHE aHTHOKCHIAHTHBIX,
UMMYHO-MOJTYJIITOPHBIX CBOMCTB U T.1I.

[peamonaraercsi, 4TO BO B3aMMONCHUCTBHSIX C TPaHCMEMOPaHHBIMH pEIENTOpaMH (TPAHCAYKIMS CHUTHAIA
BHYTPHUKJICTOYHBIM MHUIICHSAM) Ba)KHAsS pPOJb MPHHAICKUT BTOPUYHBIM TOCPEIHHUKAM OSKIAUCTEPOUI COMCPIKAIINX
COCTAaBOB — 3TO INENTHUIBI, JHIHIbI, aMUHOKHCIOTHI, coequHeHus docdopa, kampums, kamus [140], a tarke Apyrux
MakKpo- M MHKPOIJIEMEHTOB. B 4acTHOCTH, B OTHOLICHHH SKIUCTEPOH] COACPXKAIIEro pacTeHus S. coronata Obuio
MOKA3aHO, YTO MPOSIBIICHUE aHTHOKCUIAHTHOW aKTUBHOCTH OMOJIOTHYECKH aKTHBHOTO KOMILIEKca, coaepxkaiuero 5 % 20-
hydroxyecdysone, B 3HauuTENbHOMN CTETIeHH 00YCIOBICHO IPUCYTCTBHEM aMHHOKHCIOTHI aprUHIHA. Biian mocineaHero
B CHIDKCHHE MAKCHMAaJbHOM MHTEHCHBHOCTH XCMIUTIOMHHECUCHIINH, WHIYIUPOBaHHON mepekuchio Bomopoma (H,0,),
cocraBmio 72.6 %; Fe?* — 76.7% [140].

Kpome ToOro, WM3BEeCTHO, 4YTO NPHUCYTCTBHE IIMPOKOTO CIEKTPa OKIMCTEPOMIHBIX MOJEKYd B PpacTCHHAX
COIIPOBOXKAAETCSl KOHBIOTAIMEH HMX € APYTHMMH, XOpOILIO PAacTBOPHMBIMU B BOAE NPOLYKTaMH BTOPHYHOrO OOMEHa
BelecTB: Heopranuyeckumu (cynbdatsl, Gocdarsl) U OpraHMIECKUMH KUCIOTaMu (areTarsl, OEH30aThl, [IHHHAMATHI),
caxapamu (TJTFOKO3H/IbI, TaTaKTO3M/IbI, KCHIO3UBI), ¢ arietoHoM u T.1. [7, 10]. H.IT. Tumodees u A.B. Kokmapos [141]
YKa3bIBAIOT, YTO MPH UCCIIECIOBAHUN KOPPEISLIMOHHBIX CBS3€H MPUCYTCTBUS SKIUCTEPOUIOB B PACTUTEILHBIX TKAHSIX C
COIYTCTBYIOIIMMU COeAnHEeHHsAME cBepxkoHLeHTpanus 20-hydroxyecdysone B pacturenpHbix TKaHsx R. carthamoides (8
10 ThIC. pa3) conpoBOXKAANACH YBETMUYCHHBIM conepxanueM Oenka (34%) u coiporo xwupa (4.3-5.1%).

Takum 00pazoM, NpH HCIOJIB30BAHUM HEOYMIIEHHBIX 3KCTPAKTOB M3 JKIUCTEPOWI COZEPXKALIMX PAacTeHHH B
JKHBBIX CHCTEMaX MOXXHO OXXHIAThb CYMMHPOBAaHHsS HETEHOMHOTO M T'€HOMHOTO 3((eKra NeHCTBUS SKAMCTEPOHIOB C
JOPYTUMH BELIECTBAMHU IIEPBUYHOIO M BTOPHYHOTO CHHTE3a, YTO JIeIaeT YCIEIHbIM UCIIOIB30BaHUE UX TIPH OTKJIOHEHHSX
B paboTe peryJsTOPHBIX CUCTEM M OOLIEr0 TOMeocTa3a OpraHu3Ma.

3akioueHune

DKAUCTEPOUBI TPEACTABIAIOT CaMO€ PACIPOCTPAHEHHOE MW MHOTOYHCIEHHOE CEMEHCTBO CTEPOMIHBIX
COoeqMHEHUI B OHocdepe; OHU yYacCTBYIOT B KH3HEICITCIBHOCTH MPAKTHYCCKH BCEX KJIACCOB OPraHM3MOB, BBIMOJIHSIS
MHOXECTBEHHBIC (YHKIMH. HU OMHUM W3 BHJIOB MJIICKOIHMTAIONINX 3KAUCTCPOUIBI HE CHHTE3UPYIOTCS, B OOJBIIMHCTBE
CIIy4acB OHH MEPEHAIOTCA OT PACTCHH, TNIE OCYMICCTBISACTCS X OMOCHHTE3, HIDKCCICHYIOIIUM 3BCHBSIM MHIICBON
LETTOYKH.

Omnonornueckue 3HGEKTH IKIUCTEPOMIOB HAa OPraHW3M YENOBEKA W TEIUIOKPOBHBIX JKHMBOTHBIX BEChMa
pasHooOpasnsl. 1lnpokoe pacmpocTpaHeHHe SKAUCTEPONIOB B IIPHPOE 3aKOHOMEPHO TIPUBOIWT K BOIIPOCY OTHOCHTEIHHO
YPOBHEH M MEXaHM3MOB TIPOSBIICHUSI UMH OHMOJIOTHIECKO akTHBHOCTH. Pa3paboTka TEOpeTHYECKUX OCHOB MOJICKYIISIPHBIX
0COOEHHOCTEH TPOSBICHUS aKTUBHOCTH SKIMCTCPOMIOB — OFHO W3 IVIABHBIX HANpPaBICHUH OMOMEIMIIMHCKON HAayKH,

30 http://butlerov.com © Butlerov Communications. 2006. VVol.8. No.2. 7.




JOCTHIKEHHA U [TPOBJIEMBI B OBJIACTH U3YYEHHA, HCIIOTIb30BAHUA 1 [TPOTHO3HPOBAHHA BHOJIOTHYECKOM... 7-35
KOTOpPO€ B COUYCTAHMU C COBPEMCHHBIMU METOAAMHU 6I/IOTeCTI/lpOBaHHH U KOMIIBIOTEPHOI'O O61)6MHOFO MOACJIMPOBaHUSA
MBITACTCS] OOBSCHHUTH KIIFOUCBBIC MOMEHTBI B3aUMOJICHCTRHSI SKANCTEPOHIa-TIUTaHIa U €r0 PELEHTopa B CBI3KE “CTPyKTypa-
AKTUBHOCTH , TIPECKa3aTh ONTUMAJIbHYIO0 KOH(UTYpaIMio ¥ KOH(POPMAIIMOHHOE COCTOSIHHE MJICAJIbHOTO COEAMHEHMS — C
LETbI0  OCYIIECTBUTh HWCKYCCTBEHHBI XMMHYECKHH CHHTE3 IIPOAYKTOB, CIIOCOOHBIX K TIPOSIBICHUIO BBICOKOH
OMOIOTMYECKOH aKTUBHOCTH B KMBBIX CHCTEMaX.

B HacTosiiiee BpeMst pacripoCTpaHEHHBIM SKCIIPECC-METOIOM ONPEACIICHUS] OHOIOTHYeCKON aKTHBHOCTH SBIISICTCS
OMOTECTHPOBAaHUE C KICTKAMH HACCKOMBIX, CONCPIKAIIMX CCTECTBEHHBIC JKIAUCTepOoHAHbIe peuentopsl (Bj-6uorect).
Pesynsrarer 6uotectoB Gomee 300 MHAMBHUIYaTbHBIX COSNUHEHUN W3 300- M MCTOYHHKOB TO3BOJIMIIA CO3AATh SAWHYIO
0a3y DaHHBIX CTPYKTYPHOIO Pa3HOOOpasus SKAUCTEPOUIOB, IPUCYTCTBYIOIINX B XKUBBIX CHCTEMaX. YCTaHOBIICHO, YTO
SKAUCTEPOIBI CYIIeCTBYIOT B BHIe C17-C3p MOJIEKY, CPean KOTOPBIX Yalle BCEro PaclpOoCTPaHEHBl H BHICOKOAKTHUBHBI
C27-Cyg cTpykTypbl. Hanbombieii akTHBHOCTBEO 00J1aIal0T MHIMBHYaTbHBIC SKIUCTSPOUIBI SBOIIOIHOHHO OTAAJICHHBIX
rpymi: ponasterone A, muristerone, rapisterone D, a takxe npoussoansie kaladasterone u makisterone A, polypodyne B.
3009KAUCTEPOHIBI, IUPKYITUPYIOIIHE B reMouM(e HaCEKOMBIX, MaJIOaKTUBHEI, 3a uckiroueHreM 20-hydroxyecdysone.

binskue mo XMMH4eckoil CTpyKType OpacCHHOCTEPOHIbI, BUTAHOIHIBI, TUMOHOUABI, KyKYpOUTAIIMHEL, a TaKXke
aNKajouabl, OpacCHHOCTEpOWABI, KapACHONWABI, XPOMEHBI, TJIUKOAJIKAJIOWABI, JIMTHAHbI, (EHWINPONAaHbl U
TPUTEPICHOUABI HE JAEHCTBYIOT KaK aroHMCTHl WM aHTaroHUCTBI JKAWUCTEponaoB B Bj Ouorecre. I[Ipomykrs
MCKYCCTBEHHOTO XHMMHYECKOTO CHHTE3a TakKe HEaKTUBHBI, KpPOME KaK HECKOJbKHX COCIMHEHHI M3 Kiacca
bisacylhydrazines, o6namaromux ciaboii akTHBHOCTBIO B OHOTECTaX.

[Torck onTUMaNbHONH KOH(Urypamuyu M KOH(POPMALMOHHOTO COCTOSHHUS MOJICIBHBIX SKIMCTEPOMIOB, Ha OCHOBE
IPOTrPaMMHOIO aHajn3a (GU3NYECKUX UX XapaKTEPHUCTHK, NMPEACTABISET NEPBOE HAIpaBIeHUE B OOJACTH MCKYCCTBEHHOIO
MOJIETIPOBAHMS OHOJOTHYECKOH aKTUBHOCTH H IIO3BOJSIET IIPOM3BOIAMTH IIPENCKA3aHWs JUIL HOBBIX IIPOAYKTOB
HCKYCCTBEHHOIO CHHTE3a (ArOHHCTOB M AHTArOHHCTOB), IIONYYCHHBIX MIyTEM IEPECTPONUKH OOKOBBIX PaJHKAIOB JUTAHIOB.
HaunOonee 3HauMMble W3 HHUX JOCTYIHBI JJIsi NPOBEPKM B OHMOTECTax C ECTECTBEHHBIMU perentopamu. I[loatomy
KOMITBEOTEPHBIE MOJIENIM UMEIOT 3HAYMUTENbHBIA MMOTEHIMAI Ul 0TOOpa Cpey COCTABOB HOBOTO XMMHYECKOTO CHHTE3a C
(hapMaKoJIOruueckoi, MHCEKTHLIUTHON MM IPOTUBONAPa3UTAPHON aKTHBHOCTBIO.

[epBrie nporpammusie Metoasl COMFA-ananm3a, 6a3upyromyecs Ha CBEJCHUSIX O KPUCTAUTMYECKOM CTPOEHHH
JWTaHaoB, OBUIM JIOBOJBHO HECOBEPLIEHHBIMHU, IIPEICKA3bIBasi CBEPXBBICOKYIO aKTHBHOCTH CIIa00aKTUBHBIM WIIN
WHEPTHBIM COEJMHEHMSM. TeM He MeHee, OHH, IIPU COYETAaHWU MX C METOAaMH OMOTECTHPOBAHUS, IPUBEIN K BaXKHBIM
BBIBOIaM OTHOCHUTEIIFHO B3aHMOCBSI3H MEXITY COOTHOLICHHSMH aKTHBHOCTH U NPOCTPAHCTBEHHBIMH XapaKTEPUCTUKAMH
MOJICKYJ SKIAUCTEPOHIOB.

Mopnenu 4D-QSAR-aHanu3a MOTYT YYMTBIBATH MHOTOKpaTHble KOH()OPMAIMOHHBIC HW3MEHEHUS MOJIEKYJIbI
M3y4aeMoro JIMraHna BO BpeMsi B3aUMOJCWCTBUsi ero c¢ peuentopoM. Cpasuenue nyunmx 4D-QSAR mozeneit ¢
no3auumu  Metonamu COMFA-aHanu3a mnokaspiBaeT, 4To 00a airopurMa HMEIOT 0oJiee BBICOKHE BEJIMYHHBI
OIpaBAbIBACMOCTH Hpe[lCKaSaHI/Iﬂ IO CpaBHCHUIO C paHHUMHU BEPCHUSAMMU. Pe3yJ'H)TaTI)I OINNTUMU3UPOBAHHBIX AJTOPUTMOB
KOMIIBIOTECPHOIO0 MOJCIUPOBAHUA BO MHOTHX Cllydasax 6J'II/I3KI/I K pe3yabTaraM 6I/IOTCCTI/IpOBaHI/I§I, PacxoxICHUC B
AKTHBHOCTH OOBIYHO He mpeBbiiiaeT 1-2 nopsaka. OqHako HY)KHO MPU3HATh, YTO HA CETOAHSIIHUN JICHb HCKYCCTBEHHbIE
MOJIENIN BCE €llle HECOBEPUIEHHBIC, YTOOBI YUHUTHIBATh BCE TOHKOCTH CTPYKTYpPHOTO pa3sHOOOpasusi CTPOEHHS MOJIEKYJ
SKANCTEPOHIOB.

Bropoe HampapieHue B 00JacTH KOMITBIOTEPHOTO MOJIEIMPOBAHMS aKTUBHOCTH KIUCTEPOUIOB pa3BHBACTCS B
00JIaCTH MOJIEKYJIIPHOTO YCOBEPIICHCTBOBAHUS KOHCTPYKLHMH DEIENTOPOB, KOTOpbIe OBl MOKAa3bIBAIM YIYyYLICHHYIO
JeATEIBHOCTD 110 JOCTYIHBIM Ul MAaCCOBOTO HCIOJIB30BAHUS JIMTAHAAaM. JTO HOMCK ONTUMAIBHOH MPOCTPAHCTBEHHOM
opueHtanuu (myTeM nepebopa aMUHOKHCIOTHBIX OCTaTKOB B AKTHBHBIX LCHTPAaX OEIKOBBIX MOJEKYJI), obecredeHue
OPraHo- U TKaHEeCIeUU(PUYHOCTH, CUHTE3 THOPUAHBIX U MYTaHTHBIX PELIENITOPOB, BBEACHUE JAOMOJIHUTEIBHBIX MOIYIeH
akTuBaIMH ((haKTOPOB IKCIPECCHU TEHOB).

B peanpHBIX cHCTEMax C KJICTKAMH MIICKOIHTAIOIIMX, B OTIHYHE OT OHOTECTOB (OMBITOB C HCKYCCTBEHHBIMH
OpOOUPOYHBIMU CHCTEMaMHu iN Vitr0), BO3HHKAIOT BaKHBIC OTPAHWUYCHHUSI B MPOSBICHHU aKTHBHOCTH 3KIHCTEPOUIOB.
BoJBIIMHCTBO XUMHUYECKU OYUIECHHBIX OT BTOPUYHBIX MeTa6OHI/ITOB OKAUCTEPOUIBI, 3a PCAKUM HCKIIOYCHUEM, HC
IMPOSABJIAIOT AKTUBHOCTH, HCIOJIB3YEMBIC N103bl OY€Hb BBICOKH, & MAKCUMAJIbHBIC YPOBHU SKCIIPECCCHUU HE3HAYUTCIILHBI.

HeoOxonum psig yciioBui, 4ToObI aKTUBU3UPOBATh UX (DYHKIMU B opraHusMe. [IposiBieHre akTHBHOCTH B YKHBBIX
cHCTeMaXx 3aBHCHUT HE CTOJIBKO OT MX IIPUCYTCTBUS B (papMIpenaparax WM MUIIEBBIX J00ABKaX, CKOJBKO OT B3aMMHOTO
COYETaHHs C APYTUMH CONYTCTBYIOLIMMH (PaKTOpaMH, MPOXOKACHHS UMH Psla MOCIEIOBATENbHBIX CTaIUl B KauyecTBe
JIMTaHIIOB JUIS BHYTPUKJICTOYHBIX HJIM MEMOPAaHHBIX PELETITOPOB.

B ciyuae ¢ simepHBIME pelleTOpaMH Ha Ha4albHOM JTalle BaXKHBIM SIBIISICTCS] B3AUMOJICHCTBUE CO CTPECCOBBIMU
Oenkamu, 00Opa3oBaHHE TETEPOIUMEPHOTO KOMIUIEKCA C PEleNTOpaMH MPOM3BOJHBIX BUTaMUHA A — 9-yuc-pemunoegoii
kucnomor (RXR-rexinoids), yuacrtie B mporiecce HOHOB METAUIOB-MHKPOIJICMEHTOB; a Ha 3aKIFOYUTEIbHOM — HAHYHE
MYJIBTHOCIKOBBIX KOMIUIEKCOB, KO(AKTOPOB TpPAHCKpUILMH. KIiFoueByro poib B CIIOCOOHOCTH CTHMYJIHPOBAThH
3aKpeIUIeHHe JIMTaH/Ia-dKIUCTEPOUia M 3aIlyCKaTh TPAaHCKPHIILHIO WIPAalOT OENIKOBbIE BEIIECTBA — KOAKTUBATOPHI W
KOpENpeccophl, a Takke CTPeccoBble (AKTOphl, BCTYMAIOMIME B MpsMble OEJOK-OENKOBBIE B3aUMOJICHCTBUS C
Pa3JINMYHBIMHU PELICTITOPAMU.

[Ipr nCONB30BaHMM HEOUHUIIEHHBIX 3KCTPAKTOB JKIUCTEPOU COICpP)KAIIMX PACTeHWH B MEIUIMHE MOXKHO
0XXHaTh CyMMHPOBaHHSI HETEHOMHOTO W TeHOMHOTO 3ddekTa NeicTBIS (PUTOIKIUCTEPOUIIOB C APYTUMHU BEIECTBAMHU
MEPBUYHOTO ¥ BTOPMYHOTO CHHTE3d, YTO IIO3BOJISIET KOHCTPYHPOBAaTh HOBBIE ()OPMBI IIPENaparoB W3 IIEIBHOTO
JIEKapCTBEHHOTO CBIPBS, XapaKTEPU3YIOLIUXCS BBHICOKOM aNalNTOTCeHHOW W (hapMaKoJIOTHYECKOH aKTHBHOCTBIO IPH
MHHHMAJIBHBIX J103aX.
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