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HUmeromea paznuunvle 603MONCHOCHIU UCNOJIb306AHUA IKOUCHEPOUO08: 1)
UHmMezpayUs ¢ CO8PEMEHHLIMU KOMNLIOMEPHLIMU MEXHOI0UAMU — 8 MONEKYAPHBIX CUCIeMax nepe-
KI0YeHUsA 2eH08; 2) 6 Kauecmee a0anmo2eHHbIX U UMMYHO-MOOYIUPYIOWUX cpeocme. XumMuiecKu u3o-
JUposannvle IKOUCMEPOUOIbL 60CMPEHOBAHBL 2TIAGHBIM 00PA3OM 8 HAYKOEMKUX ucciedosanusax. B ¢ap-
MaAueemuyecKoil nPOMbIUIEHHOCIU NEPCREKMUHbBL CloXdCcHble cocmagbl Rhaponticum carthamoides,
OuonozuYecKkas aKmueHOCHMy KOmopuvix Ha 3-4 nopaoka eévluie U30AUPOSAHHBIX IKOUcmepouoos (0,5-10
MKe/ke npomug 5-50 me/k2).
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1. BHAYEHHUE B ME/IUIIMHE

OnHUM M3 CaMbIX 3HAYUTEIBHBIX JOCTMKCHUH HAYKH MOCIEIHETO BPEMEHHU SIBIISICTCS pa3pa-
0O0TKa TEXHOJIOTHI UCIIOJIb30BaHUS IKIAMCTEPOHUIOB, CHHTE3UPYEMBIX PACTCHHUSMH, B YIPABICHUU
IpOIecCaMH POCTa M PAa3BUTHUS PA3IUYHBIX OpraHu3MoB. [locieaHee OTKphITHE, TOOABIISAS HOBOE
COJICPKMMOE K IIMPOKO WU3BECTHBIM aIalITOTCHHBIM U UMMYHO-MOAYJIUPYIOUMM 3 dekraMm dKau-
CTEpOUJ COAEpKAUIUX IPENapaToB B KJIACCUYECKON, HAPOAHOM M HETPAAUIIMOHHON MEIUIMHE
(http://www.sciteclibrary.com/rus/catalog/pages/1502.html), emie Oojiee MOoAHMMAET 3HAYUMOCTD U
AKTyaJIbHOCTH €T0 JUIS 3JI0POBbSI YEIOBEKA.

SIBNSASCH JMTaHIAMHU ISl BHYTPHKIICTOYHBIX U MEMOPaHHBIX PELENTOPOB, WX YIPABJISIONIMMHI
AIIEMEHTAMH, KIUCTEPOUIBI 00Iaaf0T CITIOCOOHOCTHIO N3MEHSATH TOMEOCTa3 OPraHN3Ma, BO3JICHCTBYS
Ha poct, nuddepeHmamo 1 3anporpaMMUPOBaHHYI0 CMEPTh KIIETOK [29], BBIpaOOTKy criermpuue-
CKHUX MPOAYKTOB HX MeTaboym3Ma. Poib SKIHCTEpOUIOB KaK JIMTAHIOB COCTOUT B TICPEKITFOUCHUN Me-
Ky JBYMSI COCTOSIHUSIMH TpPaHCKPHIIIIMOHHOTO MEXaHM3Ma T'€HOB [0 MPUHIMUITYY BKIFOUEHO-
BBIKITIOUCHO, W/IJTH B TPAHCMEMOPAHHOH Tiepeiadye CUTHAJIOB BHY TPHKIICTOYHBIM MUIIICHIM Yepe3 Kac-
KaJI BTOPUYHBIX MECCEHDKEPOB. B IpakTH4eCKON MEAMITMHE KIUCTEPOU]] COIACPIKAIINE COCTABBI HC-
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MOJIB3YIOTCS JUISl TIPEIyTPEXICHUS OONEe3HEeH M MOJIepKaHUsI HMMYHHOTO CTaryca y 30pOBOTO
YesoBeKa, 3aHMMAIOT Ba)KHOE MECTO B CIIOPTUBHOW, KOCMUYECKONW M BOCHHOM MeIHUIIMHE, IpuMe-
HSIOTCS IPU TPAHCIJIAHTALIMU YEJIOBEYECKUX OPTraHOB U KOXKH.

Mornekyibl 3k1UCTEpOUIIOB (pHc. 1), mpencTapisone codoil rpynmy JUNnOQUIbHBIX MOJIH-
THJIPOKCUIIMPOBAHHBIX CTEPOUJIOB, YUACTBYIOT B KHU3HEAEATEILHOCTH MPAKTHUECKH BCEX KJIACCOB
OpPraHU3MOB, BBINOJIHAS MHOXKECTBEHHbIE (pyHKIMHM. Bompoc o poiau ux B KMBOW HpUpOAE A0 CHX
IIOp OCTAETCS OTKPHITHIM. J{OMOATMHHO U3BECTHO JIMILb TO, YTO OJIMH U3 IVIABHBIX MPEICTaBUTENIEH
IKIUCTEPOUIoB, 20-hydroxyecdysone, SBIsieTCS UCTUHHBIM TOPMOHOM JIMHBKU JUISl YJI€HUCTOHOTHX
(HaceKOMBIX M pakoOOpa3HbIX). B OTHOIIEHNH MJICKOTIMTAIONINX, BKIIFOUas YeJI0BEKa, 3TH BEIIECTBA
BBITOJIHSIOT HEKOTOPYIO YHHMBEPCAJIBHYIO TOPMOHOINOJOOHYIO pOJjib, HO HE sBIsOTCS UMH. OHHU
CKOpee PEeryaupyroT 0ajaHCc TOPMOHOB M 3aHUMAIOT MECTO B MEpPapXUM OMOJIOrMYECKH aKTUBHBIX
BEILIECTB 00JIaCTh BBIIIE, YEM MTOCIICAHHUE.

x C18, 19, 21, 26, 27 = CH3
Rsr R1...R5 - saMecTUTENH B CTepoMBHOM AQpE

RE...R9 - aamecTTENW B DOKOBOW Lenu

(R=H, OH MNK KOHBHOTATEI)

Y RYG Pac. 1. CTpyRTypHas cXeMa 3KIHCTEPOHIOB

Puc. 2. UcTounuku 3kaucTepouaoB (mo http:// www.quasimodo.versailles.inra.fr/ecdyzone)

BOSHHKHYB O4YCHb JaBHO, €II€ HECKOJBLKO COT MUJIJIMOHOB JICT Ha3ad, SKAUCTCPOUABI IMTPUHAIIN
y4aCTucC B CJIOKHOM KOS3BOJJIIOLIMOHHOM IIYTH Pa3BUTHUA 3KOCHUCTEM MU aJallTalluH UX K Opr)KB.IOH.[GfI



cpene. IlpucyTcTBUe 3KIUCTEPOUIOB XapaKTEPHO, HApsLy C IIBETKOBBIMU PACTEHUSMH, JUISL TAKUX
JPEBHUX OPraHU3MOB, KaK MAaIlOPOTHUKH, IPUOBI, MXH, BOJOPOCIH, TOJIOCEMEHHbIE pacTeHHs (puc. 2).
Cunraercs, 4TO MOSBUBIIMECS B CPABHEHUU C PACTEHHUSMHU Ha 0oJjiee MO3/IHUX 3Tarax 3BOJIOLUMN Ha-
CEKOMBIE CTaJIM MCIIOIb30BaTh MX B Kau€CTBE FOPMOHANBHOTO (hakTopa pa3zButus. Tak Kak aeicTBHe
SKAUCTEPOUJIOB B KAUECTBE FOPMOHAJIBHBIX CYLTHOCTEW MPOSIBISETCS B UPE3BBIYAMHO HU3KHUX KOH-
nenrpammsix (10°...10° M), mpemonaraercs, 9to MOBBIIICHHBINA CHHTE3 HX Y APEBHHX MATOPOTHH-
KOB Y T'OJIOCEMEHHBIX PACTEHHUH NMepBOHAYaIbHO MPEACTABIIS 3aIIUTHBIA MEXaHU3M OT MO€aHus Ha-
CeKOMbIMH-(uTOoaramu.

B cBoe Bpems (60-e roasl XX-ro Beka.) OTKPBITUE MPUCYTCTBUS TPOMAHBIX KOJIMYECTB rOp-
MOHOB JINHBKU B pacTeHUsX (B MUJIJIMOHBI pa3 MpPEBbIIIAIOIIEH KOHIIEHTPALUIO UX B HACEKOMBIX)
ObL10 OoJbIION Hay4yHOU ceHcauuel. [Ipenmnonaranocs, 4To 3TO OTKPBITHE MTO3BOJIMT HAWTH 3KOJIO-
ruyecku Oe3onacHbli M BecbMa 3(PQPEKTUBHBIM METOA YINpaBlIEeHUs] YMCICHHOCTHIO HACEKOMBIX-
Bpeaureneil. OIHaKo, KaK BBISICHUIIOCH MPU JETAbHBIX UCCIEI0BAaHUAX, OOJIBIIMHCTBO HACEKOMBIX
HeBocnpuumumBhbl (http://www.sciteclibrary.ru/rus/catalog/pages/4723.html), unm HaAy4HIUCh AETOK-
cupoBath GUTOIKAMCTEPOUIBI [59], MOCTymaromue 4epe3 pOTOBOM aImapar | CTalld B3aMCH CHHTE-
3UPOBATh 3009KIUCTEPOUIbI COOCTBEHHOI'O MPOU3BOJCTBA (SKIU30HbI) — MO APYTUM MeTaboiauye-
CKHUM ITyTSIM, OTIIMYHBIX OT PACTEHUIA.

Tem He MeHee, 20-meTHUE MCCIEIOBaHUS B OOJIACTH KIIETOYHOM M MOJIEKYJSpPHOM OHooruy,
HKOJIOTMYECKOM T'€HETUKU U (PU3UO0TIOTMYECKUX HayK MPUBEIIH K €1lie 00Jiee 3HAUUTEIbHOMY OTKPBITHIO:

— YTO 3KIUCTEPOUbI SABISIOTCS €CTECTBEHHBIMH M a0OCOJIIOTHO O€30IacHBIMM JIMTAHJAMU B
MOJIEKYJISIPHBIX CHCTeMaX MEepPEeKIIIOUeHMs TeHOB [8, 24, 43, 53];

— YTO MEXAHU3MbI 3KJIU30H- (3KIUCTEPOU]]) UHIYLUPOBAHHBIX CUCTEM 3KCIIPECCHU T'€HOB, I0-
JOOHBIE B KJIETKAX HACEKOMBIX, IPUMEHUMBI U K MIIEKOITUTAIONIUM, BKITIOUas yenoBeka [2, 11, 41];

— YTO TaKHe CHUCTEMbl MOKHO MCKYCCTBEHHO KOHCTPYUPOBaTh, MOJU(DUIIMPOBATH U KIIOHUPO-
BaTh, CO3/1aBasi PEKOMOMHATHBIE OCJNKU-PEUENTOPbl U aKTHUBATOPbl TPAHCKPUIILIMKM HAa OCHOBE CTE-
POUAHBIX, THPOUAHBIX, PETUHOUIHBIX PELENTOPOB HACEKOMBIX U MIIEKOMMTAIOUINX, PETPO- U aJlb-
¢a-BupycoB, 6akTepuodaros u mokoBbIx OenkoB [1, 25, 36, 46, 47].

3HAaYUMOCTb MOCJIEIHETO OTKPBITHS YPE3BbIUAHO aKTyallbHA B IIOCTT€HOMHYIO 3Py MEIUIMHBI
U 0KHUIAI0TCs OOJIbIINEe 00BEMbl HHBECTUIIMOHHBIX BJIOXKEHUI B OCBOCHHUE METOJIOB MOJIEKYJISIPHON U
reHHoi teparmmu [26]. C 3aBepiieHreM pacimppoBKA T€HOMHON OMOIHMOTEKH YeoBeKa Mperoara-
€TCsl, 4TO C MOMOIIBIO TeHHBIX MEepeKIoyaTeneil MOXHO Oy/leT BBIKIIOUUTH KIETKH, MPOIyLHUpPYIO-
e yiepOHble Al OpraHu3Ma CTPYKTYPbl U OCTAHOBUTH PAa3BUTHE OOJIE3HH, HE TOAJAIOLIEECs Jie-
YeHHUI0 OOBIYHBIMU Mepamu [29, 54]. AHATIOTUYHO, MOYKHO OCYIIECTBIIATH BCTPAUBAHUE M TOUEYHOE
BKJIFOUCHHE OTCYTCTBYIOLIMX B KJIETKaX OpraHU3Ma-X03sSMHA I€HOB, OTBETCTBEHHBIX 3a BBIPAOOTKY
IEJICBBIX TEPAleBTUUECKUX areHTOB, a TAKXKE 3aIlyCTUTh B paboTy (akTOpbl pereHepauy MOBPEXk-
JICHHBIX TKaHel [38].

OKIM30H-UHAYIIMPOBAHHBIE CUCTEMBI MOTJIM Obl MCIIOJIB30BAThCS VIS UCCIIEIOBAHHS TPYIIIO-
BBIX ()YHKIMI I'€HOB KaK B €CTECTBEHHBIX, TAK U MCKYCCTBEHHBIX cucTeMax. [Ipy uHTerpanum takux
CHUCTEM C COBPEMEHHBIMU KOMIIBIOTEPHBIMU TEXHOJOTHSMHU IOSIBIIIETCSI BOBMOKHOCTD JIMAarHOCTUKU
CBOMCTB JIFOOOr0 BELIECTBA WM OMOJIOIMYECKOro 00BEKTa, pacrosaras Ype3Bbl4aiiHO MaJIbIMU KOJIHU-
YyecTBaMH MocieaHux — B npeaenax 1 Hr [3]. CuurbiBasi, HapuMep, Ja3epHBIM JTy4oM (IIyOpecIeHT-
HOE€ M3Iy4YEeHHE TAKUX CHCTEM KakK pe3yJbTaT AKCIPECCHM TPYIIbI CLEIUIEHHBIX T€HOB B OTBET Ha
BBEJ/ICHHE JICKAPCTBEHHOT'O Tperapara, U CPaBHUBAHUS C W3BECTHBIM MPOQUIEM, MOXKHO 3apaHee
MPEACKa3aTh €r0 MyTareHHOCTh WJIM IUTOTOKCUYHOCTS [13].

Kakumu Obl (paHTACTHUECKMMH HE Ka3aJIMCh HOBBIC HAINPABJICHUS MCIIOIB30BAHMS JKIHCTE-
pPOUIOB, TEM HE MEHEE, IKAU30H-UHYLIUPOBAHHBIE CUCTEMBbI HE TOJIKO CO3/IaHbl U 3allaTeHTOBAHBI,
HO U peayin3yloTcsi B KomMmepdeckux macmrabax (http:/www.invitrogen.com). Kpome toro, ams 3k-
JMCTEPOUIOB BaXKHBIMHU aCMEKTaMH KJIMHUYECKOTO IPUMEHEHHUS SBJISIFOTCS y4acTUE B MHOTOYHCIICH-
HBIX HET€HOMHBIX 3 dexrax. MexaHn3Mbl B3aUMOACHCTBUS SKAUCTEPOUIOB ¢ MEMOPAHHBIMH peLien-
TOPAMH B KQUECTBE CUTHAIBHBIX MOJIEKYJI, aKTUBU3UPYIOINX BTOPUYHBIE MECCEHKEPBI, TOJIBKO €111e
HAYMHAIOT U3y4arbes [9, 54], HO 3TOT (akT HE MPEMATCTBYET HIMPOKOMY HMPAKTHYECKOMY HCIOJIB30-
BAHMIO HKAUCTEPOM]] COAEPIKAIMX MPENapaToB IPU HAPYIICHUAX CEPACYHO-COCYTUCTON, LIEHTPAIIb-
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HOW HEpBHOM M PENPOSYKTUBHOM CUCTEMBI, 00ILIEro romeocrasa opranusma [12, 73].

[TosToMy ceroaHst UCTpeOOBaHbI TAKME UCTOYHUKH KAUCTEPOUIHBIX MOJIEKYJI WM CyOCTaHIMHA
Ha UX OCHOBE, KOTOpHIC OBl XapaKTEePU30BAJIMCh MUHHUMAIBHBIMU JJO3aMH, BBICOKOW aKTHBHOCTBIO,
HETOKCUYHOCTBIO, YCTOWYHMBOCTBIO K pacmaly, ObICTphIM BBIBOJIOM M3 OpraHM3Ma, Majloil CTOMMO-
CTBIO U MacIITabUpPyeMOCTbIO Mpou3BoacTBa [40, 41].

Cnpaeouno. [lompebumenbcKuli pblHOK 9KOUCTEPOUICOOEPIHCAUUX NPENAPAMO8 He 02PAHUYUBAETCS
MONbKO MEOUYUHOU, UM ABIAIOMCI Ce2MeHMbl PbIHKA, OPUEHMUPOBAHHbIE HA.!

1. 300posve uenogexa (anmuodenpeccanmol, UMMYHO- U CEKC-CIUMYIAMOPbL, CoCUSAMeENU Hcupd,

NpOMUBOULOKO8bIE, AHMUDOIEBbLE U PAHO3ANCUBTAIOWUE CPeOCmEa).

2. QusuuecKkyro KyIbmypy u cnopm (npogeccuoranrbHulil U 1I00UMenbCKUll, KYAbmypusm).

3. Hayxoemxue ompacau 6uomexHono2uu, 2eHemu4ecKkoll UHMCeHepuy 1 MUuKkpoouosocuu (Kyimypa
KNemoK U mKauel, npozpammupyembvie KII0UAMeNY U GbIKII0YAMENU 2eHa, CUCMeMbl KIOHUPOB8a-
HUs HACIeOCMBEHHOU UHDOPpMAYUU, NIAZMUOHBIE 8EKIMODA,).

Kocmemuuecxue u napgpromepnuvie uzoenus.

5. Hcnonvzosanue 6 xavecmee cneycpeocms (MuKcupvl beccmpauius, KOHYEeHmpamopuvl gusuie-
CKOU CUIbL U NCUXUYECKOU IHepeUll, AHMUSUNHOMUYECKUEe U NPOMUBOCHOMBOPHbLE CPedCmea,).

6. Ompacau, c8A3aHHbIE C NPOU3BOOCMBOM HCUBOMHOBOOYECKOU NPOOYKYUU (MACHOE U MOLOUHOE
CKOMOBOOCMB0, NYWHOE 36ePOB0OCMEO, WETKOBOOCHB0), KOHHbIU CHOPI.

7. Ilpomviunennoe pazgedenue npecHOB0OHbIX U MOPCKUX PAKOOOPA3HBIX (OMAPbl, JIAHSYCHIbL, Kpe-
eemKu, oagHu).

8. 3awumy ypooicas pacmeHueso04eckol npooyKyuu om HACeKOMblX-8pedumeneti (n10008oe cado-
B00CMB0, eCHAsL U AMOAPHASL SHIMOMONLO2USL).

9. Veenuuenue cuivl u npoOyKMUSHOCHU NYETUHOU CEMbU.

10. Ilpumenenue 6 kawecmsee aHMUNAPA3UMAPHLIX (AHMULETLMUHINHBIX) CDEOCS.

11. Hcnonv3osanue 6 xauecmee pe2yiamopos pocma U pazeumust CelbCKOXO3SAUCMEEHHbIX U 0eKopa-
TMUBHBIX KYIbMYP, YAPAGIEHUS. NPUSHAKOM, YCIMOUYUBOCMBIO U NPOOYKMUBHOCBIO MPAHCZEHHBIX
pacmenuil.

RN

2. BAYKHEHMIIUE DKJIMCTEPOUIBI

[TepBbIie uccnemoBaHMS MO KAU30HAM C LIEJIBIO BBIIEIUTH TOPMOHBI HACEKOMBIX OBLIM Haya-
Tbl B Hayasie 30-X T0J0B HEMEKUMHU yueHbIMU. B 1954 rony um ynanoces uzonupoBaTh 25 Mr cia-
6oouniieHHoro Bemectsa u3 500 Kr KyKoJOK TyTOBOro mienkonpsaa (Bombix mori) v Kpuctamiu-
30BaTh ero [4]. B 1963 roay ycraHoBieHa oOuias CTpyKTypa, KOTOpas IO3BOJIMIA OTHECTH -
ecdysone (PKOU30H) K cTepouaaMm (C MOJIEKYJIspHOU maccoit M=464). B 1965 romy mpowusornuia
pacmudpoBKka CTPOCHHUS] MOJIEKYJbl PEHTTEHOCTPYKTYPHBIM METOJOM, INleé B CpaBHEHUH C [+
ecdysterone orcytctByer OH-rpynna npu yraeponnom arome Cyg [21, 27]; (puc. 3). Camu no cede
3TH pabOTHI OBUIM M3BECTHBI JIMIIH Y3KOMY KPYTY CHEIHAIMCTOB U BO3MOXKHO, OCTaBAJIUCh OBI Ta-
KUMH eIIe JI0JIT0e BpeMsi, ecli Obl He cTeYeHHe 00CTOSTENbCTB, BhI3BaBIee OypHBIl pOCT HHTEpeca
¥ BJIOXKCHHE KPYITHBIX HHBECTHUIIMN B PaOOTHI, CBSI3aHHBIE CO CKPUHUHTOM MHUPOBOH (PIIOPHI U U3y-
YEHHEM CBOWCTB HOBBIX MOJIEKYII.

OTKpBITHE DKAW30HOB M3 PACTEHUHA OBLIO CIydalfHBIM (PaKTOM, KOT/Ia YEXOCIOBAKCKUN yue-
Helii Kapen Crnama Beiexan mia HayyHoi pa0otsl B CIIIA u KynsTUBHpPOBal TaM Ha (QUIBTPOBAIIb-
HOIl OyMare MpPUIIOYBEHHOTO HACEKOMOTo, KpacHokjomna Oeckpeuioro (Pyrrhocoris apterus L.).
3mech ero moJpKUAal CIOPIpU3 — MeTaMop(o3 HACEeKOMOro HapyIlajics, ¥ OH He MOT JOOUThCS
OKYKJIMBaHHS Ha MOCIeIHEH TMUMHOYHOHN cTaanu. CEeKpeT 3aKIIovalcs B MPOUCXOXKACHUU (PUIIbT-
poBanbHOM Oymaru. B ganHOM cityyae oHa Obljla M3TOTOBJICHA M3 MUXTHI Oalb3aMudeckou (Abies
balsamea). C npyrumu Oymaramu MeTamopdo3 mpoTekan HopMaibHO. B mporecce skcTpakuuu
ObLT BBIIETICH CTPYKTYPHBIH aHaJIOr IOBEHWJILHOTO TOPMOHA IOBAOMOH, M30MpaTeIbHO ACHCTBYIO-
IMKA UMEHHO Ha 3TOTO HaceKoMmoro. [Ipu TecTHpoBaHMU APYTHX, B3ATHIX HayTaj pacTeHUil, ObLIO0
YCTaHOBJICHO HAJIMYME B HUX MHOXECTBA COEIMHEHUHN C TOPMOHAIBHON aKTUBHOCTHIO HACEKOMBIX.



Metoxa 6uoTecTUpoBaHMA B JalibHEHIIeM ObUT Moau(uIMpoBaH B By-0noTect u B HacTosiee Bpe-
M$ IIMPOKO UCHOJIb3YETCs ISl IEPBUYHOTO CKPUHUHTA SKIUCTEPOUIOB U3 PACTUTEIbHON (hI0pHI B
COUYETaHUH C paIMOMMYHHBIM aHanu3oM (PHA).

[MomacTepom & Drmperep o, 20-THAD OKCHIEAES 0H Nommome B
(ponasterone & pond)  (ecdysterone, 20-hydroayecdysone, (polypodine H)
20E, p-ecdysone)

oH  OH

II|||O
I

Huorocrepon SEmCoH Hererprcrepon B
(itwokosterone) {o-ecdysone) (ititegristerone B)

AroracTepom O MyprcTepon A Hrerprcrepon A
{ajugasterone C) (mutisterone & mord) (integristerone A)

Puc. 3. IlpeacraBuresiu 3KAUCTEPOUI0B

Y4uuThIBasi 5KOHOMHYECKYIO M OMOJIOTHYECKYI0 BaKHOCTh (DPMTOIKIM30HOB, 32 MOCIECTHUE TPU
JECSATUIIETUS] ObUTH MPUJIOKEHBI 3HAUUTENIbHBIE YCHIIUS IO CKPUHUHTY MUPOBOM (PJIOPHI € LIENBIO BbI-
SIBIICHUSI BUIOB-CBEPXITPOAYIICHTOB, UACHTH(PHUKAIINN HanboJiee aKTUBHBIX COCTABOB U 10 M3YUYCHHIO
MPaKTUYECKUX BO3MOXKHOCTEH HCIOIB30BAHUS UX B PA3IMYHBIX 00IACTSIX OMOJIOTUU U METUIIUHBI.

Ponasterone (monactepoH) ObLI MEPBBIM (PUTOIKAUCTEPOUIOM, BBIZICTICHHBIM U OXapaKTepu-
30BaHHBIM B 1966 TOMy SMOHCKHUMH y4YEHBIMH M3 XBOWHOTO nepeBa Podocarpus nakaii [35]. B
JaNbHEUIEM OH ObLT OOHApPYKEH B POJACTBEHHBIX BUAax — Podocarpus macrophyllus, Podocarpus
reichei, ¢ xoHnenTpamnueit okoigo 100 mr/kr [22, 44], a Takxke B TUCOBBIX — Taxus canadasis, T.
chinensis, T. cuspidata (50-80 mr/kr). B xonue 70-x u B Hauasne 80-X roJJoB ObLIIO OTKPBITO MPUCYT-



CTBHE ponasterone B pakooOpasznbix [30, 33], a B 1995 roay B rpubax u3 ceMelcTBa CBUHYIIKOBBIX
— Paxillaceae, npu konueHTpanuu a0 50 mr/kr [49].

Ecdysterone (f~ecdysterone, 20-hydroxyecdysone, 20E; skoucmepon, 20-eu0poxkcuskouzomn) B
1966 rogy BHavasie ObUT M30JIMPOBAH U3 pakooOpasHoro Jasus calandei, B xonudectBe 2 Mr u3 |
TOHHBI, ¥ TIOATOMY OBUT Ha3BaH crustedysone [15]. 3areM HaliiecH B HACEKOMBIX: TyTOBOM IIIEJIKO-
npsige — Bombix mori u Antharea pernyi, B xonuaecte 200 mr u3 31 kr kykonok [19]. ITocne ycra-
HOBJICHUSI CTPYKTYPBI B TOM K€ TOY BBIJCIICH U3 XBOMHBIX U MANIOPOTHUKOB: CHAaYalla B KOJIUYECT-
Be 50 mr u3 1 kr Podocarpus elatus [20], a 3atem u3 kopHeBuin Polipodium vulgare, ¢ KoHLIEHTpa-
nueid qo 10 r/kr [18].

B nocnenytomiye roapl yCTaHOBICHO, UTO ecdysterone CONEPKUTCS B a0COIIOTHOM OOJIBIINH-
ctBe pacrenuil [10], BkiIrodas 31akoBble (KYKypy3y — Zea mays) W KPECTOLBETHBIC KyJIbTYpHI
(Arabidopsis thaliana). Paznuuue B KoHueHTpanuu gocturaet oT 100 mwmmmonoB no 1 Muumapaa
pa3 (ot 20-300 vr mo 20-30 r1/kr). ['NMaBHBIMH OTEYECTBEHHBIMH HMCTOYHHKAMH BBIJICICHUS
ecdysterone B IPOMBIIINIEHHBIX MaclITa0ax SIBJISIOTCS MHOTOJIETHUE PACTEHUSI PAllOHTUKYM cadio-
poBUAHBEI — Rhaponticum carthamoides (Willd.) Iljin u cepmyxa BeHieHocHass — Serratula
coronata L., "HTpOAYLIMPOBAaHHBIE B pa3IMYHbIX pernoHax Poccuu.

Muristerone A (MypuCTEPOH), CaMblii aKTUBHBIN, PEAKUN M UPE3BbIUAHO JOPOTOil 3KAUCTE-
poua U3 HbIHE U3BECTHBIX, OOHApYXeH B 1972 romy HEMEIIKUMH YYCHBIMU B CEMEHAX dHIEMUYHBIX
pacTenuii u3 poga [pomoea [5], npon3pacTarluX Ha F0KHBIX CKiIoOHaX ['Mmanaiickux rop. Jpomoea
— CaMbIi 3araJIOYHbIN, OKYTaHHBIA TalHHON UCTOYHHUK. C MOMEHTa OOHAPYKEHHS OIMyOJIMKOBAHO OKO-
70 1,5 Teicsiu paboT, CBSI3aHHBIX ¢ muristerone A, U TOJIBKO B CAMBIX MEPBBIX HECKOJIHKUX YITOMUHA-
€TCsl UICTOYHUK BbIACNICHUS [5, 6, 7]. CIOXKHOCTh 31€Ch 3aKJII0YAETCS B TOM, YTO HOMEHKJIATypa pojia
Ipomoea 4pe3BbIYANHO 3amyTaHa, MO STUMU HAMMEHOBAHUSMHU MOTYT TIOJPa3yMeBaThCsl COBEPIIICH-
HO pa3HbI€ pacTeHMsl, BO MHOTUX CiIy4asx sHAeMU4HbIe. JIumb yepe3 30 jgeT MCKaHWi MOSBUIIUCH
HETOATBEP)KJCHHbIE  HOBBIE  COOOWIEHHS 00  M3BJICUCHUU  muristerone W3  CEKBOWH
(http://www.sequoiasciences.com).

3. AHTEPHET-PECYPCbI

W3ydeHue sKIUCTEpOUIOB — HAMpaBiIeHHE OMOJIOTUH, OTKPHIBAIOIIEE IIMPOKUN TPOCTOP IS
(byHAaMEHTaJIbHBIX UCCIEA0BAaHUN U MPUKIAAHBIX pa3paborok. Hayka mo skaucTepouniaM MIMPOKO
npeacTanieHa B VIHTepHeTe, BKIIIOUAET UCCIIEI0BaHMS KaK IPOOIeM reHETUKH, KJIETOUHOM U Molie-
KyJISIpHOW OMOJIOTHH, (PU3UOIOTUN YEJIOBEKa, )KUBOTHBIX M PACTEHUH, TaK M KOMMEpUYECKUE Tpe-
JIOXKEHHUSI, HallpaBJICHHbIE HAa PELICHHE peajbHbIX 33aJau B 00JIaCTH XUMUHU, OMOTEXHOJIOTHH, (hapma-
KOJIOTMH, MEJIULIMHBI, SHTOMOJIOTHH U psJa 001acTell ceIbCKOTro X035HCTBa.

3.1. HayuHnble uccjie10BaHusA

3apybesxcnvle pecypcol. I10MCKOBBIA HAyYHBIN cepBep Scirus MO KIIOUEBOMY CIIOBY ecdyster-
oids BeIBOAUT Oosiee 2,5 THICAY JOKYMEHTOB, Kiaccu(UIUPYs pe3yabTaThl MOUCKa 1Mo 15 pazmenam.
Pesynbrarbl Hay4YHBIX HCCIEJOBAaHUM MOCIENHUX 35 JET CHCTEMaTH3MPOBAaHBI M MPEACTABICHHI B
BUJIC OMMCAHMI CTaTel U3 MedaTHBIX W3aaHuil (abstract) Ha TakuX KpYIHBIX cepBepax, Kak [ngenta
(ingenta.com), NCBI (ncbi.nlm.nih.gov), Synergy (blackwell-synergy.com), PubMed, Medline, Bio-
MedNet (bmn.com). Ha cepBep BioMedNet MOXHO BBIUTH 4epe3 poccHiickoe otaenenue BioMail
(molbiol.edu.ru/cgi-bin/biomail), Medline uepe3 PODU (intra.ru). Joctyn TpeOyeT HEOOIBIINX
MpOLEayp, OTPAaHUYEHHE KACAETCs JIUIIb MOJTHBIX TEKCTOBBIX BEpCHUil (IIJIaTHAs yCIIyTa).

Poccwuiickue aBTOpBI B 3apyOCKHBIX OHMOIMOTEKAaX MPEACTABICHBI CAMHUYHBIME ITyOJHKa-
musimu. [lomHble TekcThl psiga crareil mpuBeaeHbl Ha PubMedCentral (pubmedcentral.nih.gov),
CBOOOJTHBIN TOCTYTI K KYPHAIBHBIM CTAaThsIM OpraHu3oBaH Ha HighWire. CymecTByeT crienuaibHbINA
caiit (quasimodo.versailles.inra.fr/ecdyzone), OCBAIIEHHBIN SKIUCTEPOUIaM HACEKOMBIX — Ecdy-
Zone. JlocTyn K MaTeHTHBIM UCTOYHUKAM BO3MOxkeH uepe3 US Patent & Trademark Office.



Poccuiickue pecypcel. IlouckoBsie cuctemsl Yandex, Aport, Rambler o KIIO4YEBBIM CJIIOBaM
BBIBOJISIT OT HECKOJBKUX JO COTHU MCTOYHHUKOB. B mocnenHee BpemMsi HaMeTHIIach TEHICHIUS K 00-
Jiee MIMPOKOMY OXBaTy CETEBBIX MCTOYHHUKOB IO BBOJUMBIM 3ampocaM. M3 aeKTpOHHBIX KaTajJoros
poccuiickux OMOMMOTEK JTOCTAaTOYHO MHOTO Marepuaia cocpenoToueHo Ha cepsepe [[HCXE (Llen-
MPANbHASL HAYYHAS CeNbCKOXO03AUCMEeHHas bubauomexa, cnsxb.ru) — 1o pasaenam oOmei onomo-
UM, OMOXUMHH, (PU3HOTOTHH PACTEHUI, OMOTEXHOJIOTHUH, OOTaHUKE, BETEPUHAPHH.

Camas yno6Hasi, MomHas u ObicTpoOpabarbiBaeMas 6a3za JaHHBIX (B T. 4. TATEHTHAas) 10 He-
JaBHETO BpEeMEHM Obla cocperoToueHa Ha Mumezpym-Texno (integrum.com). Hegoctatok, Kak u 'y
JIPYTUX POCCUHCKUX PECYPCOB — B OTCYTCTBUU KPATKOTO OMMCAHUS MaTepuaia U KOMMepUecKas co-
CTaBIISIONIAsA JOCTyna. B pexxnMe morcka mpUCyTCTBYIOT TOJIBKO Ha3BaHMS MyONHMKAIHiA, YTO SBHO
HEI0CTAaTOYHO JUIsl ONpPEJENIeHNs BaXXHOCTU M 3HAYMMOCTH Marepuana. [locie cnenuanbHoro 3a-
npoca M pa3peuieHus aAMUHUCTPAIIUIN MOXKHO TIOJTYYUTh MPOOHBINA TOCTYII, MO3BOJISIONINN 03HAKO-
MUTCS C OTpaHUYEHHBIM 00beMoM uHpopManuu (1o 1 M6) GecraTHo.

B PODU (Poccuiickuti ¢ono ¢hynoamenmanvuoix ucciedosanuil; elibrary.ru) tema mpen-
CTaBJICHa BECbMa OTPAHUYEHHO, NIEKTPOHHAs OMOIMOTEKa NMPAKTUUYECKU HE COAEPKHUT CCBUIOK IO
PYCCKOSI3BIYHBIM HCTOYHHKAM, HET JOCTyIa K MOJIHBIM BepcusM JoKymeHToB. Ha cepsepe [[HME
(Llenmpanvras nayunas meouyunckas oubauomexa, scsml.rssi.ru) B peKuMe IMOUCKA HE YIAOCh
HAlTH UCTOYHUKOB TIO SKJIUCTEpOouaaM. ba3za maHHBIX SKAUCTEPOU] COAEPIKAIINX PACTEHUHN, TPOU3-
pactaromux Bo (iope EBpometickoro CeBepo-Boctoka Poccuu, mpuBenena Ha cepsepe MHcTHTyTa
ounonorunn Komu HI[ YpO PAH, roe onucana npuMepHO TPEThs YaCTh OT BUAOBOTO pa3zHooOpa3us
peruona (http://ib.komisc.ru/biochem/ecdysteroids).

['maBHBIE HemOCTAaTKU poccuiickux WHTepHeT-pecypcoB — HH3Kasg CKOPOCTh 00paboTKu 3a-
poca, OTCYTCTBHE KPaTKOro OMKCAaHUs MaTepuaia, BceoOmiasi KoMMepLuain3anus J0cTyna K moJ-
HBIM BEpCHUSIM JOKYMEHTOB (eciu TakoBble uMeroTcs). st 3apyOexHBIX pecypcoB XapaKTEpHO
rio0anpHOE ceTeBoe 00BhETMHEHNE HCTOYHUKOB OT BEAYIINX opranmn3anuii. CepBepa XapakTepusy-
IOTCSL BBICOKOM CKOPOCTBIO 00paboTK MH(MOpMAaLUK, ONTUMHU3AIUEN alMapaTHOTO U MPOTrpaMMHO-
ro o0ciyxuBanusi. CKOpOCTh MOTYYECHHUS JAHHBIX MHOTOKPATHO (IIOPOM B IECATKHU pa3) MpPEBbIIIACT
TaKOBYIO U3 POCCUMCKHX HMCTOYHUKOB. [IpoOiieMbl MOXHO cBecTH K opMaM Mpe/CTaBICHUs rpa-
(dUYeCcKNX U TaOJIMYHBIX JaHHBIX, KOTOPHIE HE ONTUMHU3UPOBAHBI IJISl TOCTYIIA TI0 MEAJICHHBIM JIH-
HUsM cBsi3u. Ha cambix ObicTpo3arpyxkaembix 0a3ax JaHHBIX MPEICTaBICHbI TOJIBKO TEKCTOBBIE CO-
CTaBISIONINE MyOMUKAIMiA, a rpaduuecKe AEMEHThI CKaunBaIOTCS B aJbTEPHATUBHOM PEKUME.

3.2. KomMmepueckue npeaioKeHust

[Tpu moucKe MO KITFOYEBHIM CJIOBAM MAaCIITAOHOCTHIO OXBaTa BBIACISETCS METAITOMCKOBAsI CHC-
teMa AltaVista — KaXplid 3a1IpOC BBIIAET JI0 TIOIYTHICSUN CCHUIOK. B OCHOBHOI Macce 3TO CBEICHUS
no WEB-cTpanuiiam oTienbHBIX aBTOPOB M HAYYHBIX opraHu3anuid. On-line pbIHOK IIUPOKO MPE-
CTaBJICH WHAWBUIYAJIbHBIMU BBICOKOOUYMIIEHHBIMU JKAUCTepougamu (Tabn. 1), U3BICUECHHBIMH W3
pacTUTENbHBIX UCTOUHUKOB (Kopriopatu Aldrich-Sigma, Latoxan, Invitrogen, poccutickas KOMnaHus.
Northen Biochemical Company u m.0.). Ocoboe MecTo 3aHHMaroT KOMMepYecKue (hUpMbI, TIpe/ia-
TaloIUe Psl IKAUCTEPOU]] COACPKAIIUX TPENaparoB W3 HATYpalbHBIX HCTOYHUKOB ((upmbl Gero
Vita, LifeScience Technologies, Natural Elixir, Cytodyne Technologies; poccutickasa Mirra u T.11.).

CymiectByer Oosiee JecsiTka KOMITaHWM, Ipeiaraionmx Onomo0aBKU M3 MOPOLIKOOOPa3HOTo
(TabeTUpOBaHHOTO) ecdysterone IS CHATHSI CTpecca M TICUXOJOTUYECKON yCTAJIOCTH, TIOBBIIIICHHS
(bu3nvecKkoil BBIHOCIUBOCTH, HApAIIMBAaHUS MBI U YCOBEPIICHCTBOBAHUS Tena (OOMMOWIIAMHI,
¢dutHecc). MHTEpecHasi 3aKOHOMEPHOCTh: B OCHOBE OOJIIITMHCTBA KJIOHOB OMOMpEINaparoB, pasiiu-
YAOIIUXCS JIMIIb HEOONbIIMMU HM3MEHEHUsIMH B ¢opMmylie, N0 HETaBHETO BpeMeHH Jexan 20-
hydroxyecdysone, n3BnedeHHbll U3 KopHer Rhaponticum carthamoides (Willd.) Iljin. Tlocrapnsuics
oH ee ¢ koHna 80-x rogoB u3 Poccuu, BHavase moa Ha3BaHUEM sKkoucmeH (ecdysten, ecdystenum), a
B TIOCJICZIHEE BPEMS BLICOKOOUHUIIICHHBIE ()OPMBI TIPEIIararoTCs Mo Ha3BaHUAMU ecdypure u ecdybol.

B xoHie 90-x rofioB Ha MUKe PEeKJIaAMHOM KOMITAHWW Ha 3arajie ObLJIO BBIMYIICHO MHOXXECTBO
Pa3HOBHIHOCTEH MUIIEBBIX J00aBOK Ha ocHOBE ecdysterone (Russ Olimpic, Triboxin, Cytodyn ZM,


http://ib.komisc.ru/biochem/ecdysteroids

FirmEase u m.0.). Korga Bo3HHK Je(DUIIUT PaCTUTEILHOTO CHIpbs Rhaponticum carthamoides, B3a-
MEH CTaJl UCHONIb30BaTbesi 20-hydroxyecdysone, N3BJICUCHHBIH U3 JPYTHX SKIUCTEPOU COICPIKA-
mwmx pacrenuit (Pfaffia paniculata, Polypodium vulgare u P. decumanum u m.o.). C 3TOTO %€ MO-
MEHTa MPOU3OIIEI CIajl MACCOBOTO CIpOCa Ha Mperaparbl Ha OCHOBE XMMUYCCKH YHUCTHIX IKIUCTE-
pounos. [TorpeduTeny cTaau >kanoBaTbesi HAa HETIOCTOSHCTBO MX OMOJIOTHYECKON akTUBHOCTH. [los-
BUJINCH psifl KpuTtudyeckux crareit, Hampumep “The Truth about Ecdysteroids” (“IlpaBma 06 sxau-
cTeponiax’’), TIE YTBEPKAACTCS, YTO CHHTETHUECKUE SKIUCTEPOUIBI HUKAKOTO (PU3HOIOTHIECKOTO
a¢dekTa He 0Ka3bIBAIOT, aKTUBHOCTh BO MHOTHX CIIydasX KaXymasicsi 1 00yCJIOBJIEHA TICUXOJIOTH-
YECKUM BO3ICHCTBUEM PEKIIAMBI.

Tabnuua 1
JKOAMCTEPOMAOEI B KATANONE KOMMNAHWMK “BIOCHEMICALS NET™

20-Hydroxyecdysone Prod.# H-1094

b-Ecdysone, CopHaqOz, CAS [E289-74-7], MW, 480.5;
Purity: =35%, White to Off-White Powder, Soluble in \Water

10 mg  $30.00 50 my  $320.00 Bulk Inguire
Most widely occurring ecdysteroid in both plant and animal species,

Muristerone A Prod.# M-1060

Co7Haq Dz, CAS [3BTFFE-30-2], MW, 496.6;
Purity: =95%, White Solid

0.5 mg $70.00 1mg $120.00 Bulk Inguire

Muristerone A regulates the metamorphosis of Orosophila melanogaster and s
used to induce expression of the gene of interest from any of the
ecdysone-inducible systerm expression vectors,

Ponasterone A Prod.# P-1083

2E-Denxyecdysterone, 25-Deoxy-20-hydroxyecdysone, 2h,3b, 143, 20R, 22R-
Pentahy droxy-5b-chalest-7-en-6-one, C27H4406, CAS [13408-55-5], MY, 454,65,
Purity: =999, White Solid, Soluble in Methanol, Ethanal, Acetic Acid, DMS0

1 myg $35.00 Smg $140.00 100 myg  Inguire

Insect steroid hormone involved in reguiating metamorphosis,
Suitable as an Inducer of ecdysone-inducible mammalian expression systernm,

STORAGE & HAMDLING: -20°C. Store in Tightly Sealed “ial,

4. ACTOYHHUKHU ITOJYYEHUA SKIUCTEPOUI0B

4.1. PacTuresibHbIE 00bEKTHI

B 11e510M pHCYTCTBUE SKIUCTEPOUIOB OOHAPYKEHO HE TOJILKO B BBICIIUX I[BETKOBBIX pacTe-
HUSX, HO ¥ TOJIOCEMEHHBIX, MaOPOTHUKAX, TPHOax, BOAOPOCISIX U MXaX, a TAK)KE HACEKOMBIX, pa-
K0OOpa3HbIX U HeMaToaX. [locieTHUMU UCCIIeIOBaHUSMH YCTaHOBJICHO, YTO NPAKTHYECKU BCE Ha-
3€eMHBIE€ U BOJIHBIE BBICILIME PACTEHUSI UMEIOT I'eHbl CUHTe3a sKkauctepounos [ 10, 50, 63].



Ceronnst u3BecTHO cTpoeHue okoisio 300 momnekyn sxaucteponaoB. Haubompiee pasnooOpaszue
[0 COCTaBy HAOIIONAETCS CPEAM MOKPBITOCEMEHHBIX. Y HACEKOMBIX OOHApyXeHO oKkojio 50 cTpyk-
TypHBbIX aHajoroB [48]. I3 Bcero MHOrooOpasust 3KAUCTEPOUTHBIX MOJIEKYJI B OpraHu3Max MJIEKOIH-
TAIOIMX Hauboyee aKTUBHBI TpU — ponasterone A, muristerone A n ecdysterone. CTpyKTypHbIE
(GOpMyIIBI MX pPa3IUYAIOTCS TOJBKO KOJIMYECTBOM U PACHONIOKEHHEM THAPOKCHIBbHBIX OH-rpymnm.
[lepBble 1Ba 3KaKMICTEpONAA HE XapaKTEpHBI JUIS BBICIINX I[BETKOBBIX pacTeHHH. Ponasterone BCTpe-
YaeTcs y OTAETBHBIX IMPEICTAaBUTENEH MaropOTHUKOOOPA3HBIX (B T.4. MAIOPOTHHK-OPIISK), TPHOOB
cemeiictBa Paxillaceae (CBUHYIIKA TOJICTas1), @ TAK)KE BBIJEJICH U3 PEITMKTOBBIX PACTCHUI ceMelcTBa
MoJIOKaproBbIX — Podocarpaceae m TucoBwiX — Taxaceae (puc. 4). Muristerone A XapakTepeH ajs p.
Ipomoea (BbloHOK MypitypHbIil) cem. Conovolvulaceae (puc. 5). Ecdysterone, x0T 1 HECKOJIBKO Me-
HEe aKTUBEH, HO PaCIpOCTPaHEH MacCOBO CPEAM LIBETKOBBIX PaCTCHUH.

2 Podocarpus elatus

Podocarpus nakaii

Dacridium Taxus baccata

Puc. 4. UcTouHuku noaydenus ponasterone A (xsosi Podocarpaceae v Taxaceae)

[Tyt 6uocuHTE3a Yy pacTeHUl M HACEKOMBIX, BO3MOKHO U y rpuOOB, pa3nudnbl. [Ipenmect-
BEHHUKAaMHU SKJIMCTEPOUIOB BHICTYIAIOT — aIleTaT, MEBAIOHAT, XOJIECTEPUH, KETOJI, KEeTOINOI, ecd)-
sone, ponasterone, 2,22-deoxyecdysone, 22,25-deoxyecdysone [39, 63]. buocunTe3 MOXeT OBITh
paccMOTpeH Kak 00pa3oBaHWE HAa MEPBHUHBIX CTAAUSIX a-ecdysone W ponasterone A. Ecdysterone
(f-ecdysone) — KaK pe3yibTaT OKHUCICHUS STHX MOJEKYJ, KOTOPBIH Jajee MOKET TpaHc(hopMupo-
BaThCSI JIO JAPYTHX CTPYKTyp [56]. B pesynbrare depMeHTaTUBHBIX MpeoOpa30BaHUM MOITYyJarOTCs
IIUC- U TPaHC-U30MEPhI COUNIeHEHHH Komer A u B, smuMmepsl (coeanHenus ¢ o, 3 koHpurypanuen
OH rpynn). B pacreHusix sKAMCTEpOUIbI NMPUCYTCTBYIOT B BUJAE XOPOIIO PAaCTBOPHMBIX B BOJE
KOHBIOTATOB: ¢ HEOPTaHMUECKUMHU KHCIOTaMu — cyJibdatsl, hocdarel; opranHndeckumMu (KapOooHo-
BBIMH, )XKHUPHBIMHA U (PCHOIHHBIMHU) KHCIOTAMH — aIleTaThl, O€H30aThl, KyMaparhl; caxapamu — TIIE0-
KO3U/[IbL, TAJITAKTO3UbI, KCUIIO3H/IbI; C allETOHOM H T.1I.

C,7 axaucTepoubl CBOMCTBEHHBI AJI BBICIIUX INPEACTABUTEIEN PAaCTUTEIBLHOIO MHpa, IS
rpubOB U roJIOCEMEHHBIX XapakTepHbl Cog aHANOTH, a 7S MAallOPOTHUKOB — COETMHEHUS CO CTPYK-
Typoil Cy9. OueHb peaxo, Ho Berpeuarores Csg axkaucTepouisl. B kauecTBe npoayKToB pacmajga oc-
HOBHBIX 3KAUCTEPOUTOB (Cy7...Cp9) MoryT ObITH BTOpUYHBIE C3i...Co4 CTPYKTYpHBIC aHAJIOTH.
Hauboinee pacnpocTpaHeHHBIM SKAUCTEPOUIOM SBIISICTCS ecdysterone, B Ka4yeCTBE JONOIHUTEIBHO-
r0 Ma)XOPHOTO KOMIIOHEHTa B I[BETKOBBIX PACTEHUAX HAXOMAT polypodine B (momumnoauH B) u



ecdysone; y UYICHUCTOHOTUX — ecdysone; B TAaNOPOTHUKAX M TOJOCEMEHHBIX — ponasterone A,
pterosterone (nmepocmepoH) W taxisterone (Makcucmepon).

Polyporous umbellatus Tapinella (Paxillus) panuoides

Puc. 6. Fpl/lﬁbl — HCTOYHUKHA MUKOIKIUCTEPONA0OB

Kpome OCHOBHBIX, BCe HCCIeayeMble OOBEKTHI COMAEPIKAT B CIEAOBBIX KOJIWYECTBAX JIPYTUE
CTPYKTYpHBIE aHAJIOTH M HUX MPOM3BOAHBIE (TaK Ha3bIBa€Mble MHUHOPHBIE 3KAUCTEPOUIbI), YUCIO
KOTOPBIX MOKET Aocturathk 10 30-40 u Gonee eaunui. HekoTopbie SHAEMHYHBIC U PEAKHUE, a TAKKE
Ipou3pacTamollue B CrenupUIecKuX 3KOJIO0ro-reorpauyeckux yCIOBUSAX BUABI COJAEPXKAT SKIU-
CTEPOU/Ibl HEOOBIYHOTO MJIM aHOMAJIBHOTO CTPOCHWSI, HeXapaKTepHbIE Il OONBIIUHCTBA MCCIIEI0-
BaHHBIX 00BEKTOB. B 90-¢ rompl w3 kuraiickoro rpuba-tpytoBuka (Polyporous umbellatus,
Eichhase) BBISIBICHBI DKIUCTEPOUIBI C HOBBIMHU CTPYKTypaMu (polyporusterone A...G), B KOIHYECT-
Be 0,1-3,0 mr/kr [23, 37]. U3 rpuboB Tapinella panuoides n Paxillus atrotomentosus (CBUHYIIIKa



TOJICTas1) B ATOT K€ MEPHOJ] MOTYUYEHbI HOBBIN THUIl H)PrOCTAaHOBBIX SKAUCTEPOUIOB (paxillosterone,
atrotosterone, malakosterone) u ux npousBoansie [50, 51]; (puc. 6).

Hu B 0HOM W3 MJICKONUTAIOIIMX BHJIOB 3KIUCTEPOUIBI HE OOHApyKeHBI. MICKyCCTBEHHBIN
XUMHUYECKHIM CUHTE3 BO3MOKEH TOJIBKO B OTHOLICHHH BTOPUYHBIX, OMOJOTHYECKH HEAKTUBHBIX WIIH
MaJIOAKTUBHBIX MPOIyKTOB, ITyTEM XUMHYECKOH TpaHc(hopMammu OCHOBHBIX dKAMCTeponu10B. Yare
BCErO ISl 3TUX IIeNiel UCTIONB3YIOT ecdysterone. COBCeM HEABHO OTKPHITA BO3MOKHOCTH UCKYCCT-
BEHHON (OTOXMMHUYECKOW TpaHcopManuu, Mpu 3TOM OOpa3ylOTCs CTPYKTYpbI, HEXapaKTEepHBIC
JUTSL XUMUYECKOU TpaHchopmaluu, B 4acTHOCTH qumepsl [17].

Hcxons u3 MpOUCXOKICHUS, UCTOYHUKH TIOMYYCHUS YKAUCTCPOUIOB MMPUHATO TIOPA3ACIATH
Ha (UTO-, 300- U MUKOIKIAUCTEPOUIBI (T.€ pacTEHUs, HACEKOMBIE C paKoOOpa3HBIMH M HEMATOIaMU,
rpuOBI). 3003KAMCTEPOUIBI, B BUAY UPE3BHIUAHHO HU3KUX YPOBHEH CONEPIKAHUS B YWICHHUCTOHOTHX,
HE MOTYT CIIYHUTh UCTOYHHKAMHU MPOMBIIIJICHHOTO BblAeNeHus. [[eHHOCTh TOro Wiu MHOro BHAA
pacTeHus WM Tprda onpenenseTcsi ero YHUKaIbHOCTBIO, CKIIaIbIBAIONICHCS U3 TAKUX MTOKa3aTelNeH,
Kak: OMOJOruYeckasl akTUBHOCTD, 1[€IeBOE MpeIHa3HAuUCHUE, KOHIIEHTpalus B OroMacce, A0CTYII-
HOCTh, SKOHOMHUYECKas 11eJIeCO00Pa3HOCTb.

BaxknelmmMyu MCTOYHMKAMH BbIIETICHHUS B MPOMBIIUIEHHBIX MacHITa0ax SBJSIOTCS PacTh-
TEJIbHBIE MCTOYHUKH, KOTOpPBIE MO CIIOCOOHOCTH K OMOCHHTE3Y IKAMCTEPOHIOB YCIOBHO MOKHO
KJIaCCU(UITMPOBATH HA CIAEAYIOLIUE TPYIIIIbI:

1. 1-30 r/kr (0,1-3,0 %) — BUIBI-CBEPKOHIICHTPATOPHI;

2.0,1-1 r/xr (0,01-0,1 %) — BUIBI C BBICOKUM COJIEPKAHUEM;

3. 10-100 mr/kr (0,001-0,01 %) — pacTeHus: C yMEpeHHBIM COACPKaHUEM;

4. 0,5-10 mr/kr (0,00005-0,001 %) — pacTeHus: ¢ HU3KUM COJIEPKaHUEM;

5.0,1-0,5 MI/Kr ¥ HIXKE — BUJIBI CO CIICTOBBIMHU KOHIICHTPAIIHSIMH.

B menom paznuuus B ypOBHSX KOHIEHTPALMU SKIUCTEPOUAOB B PACTCHUSX NOCTUTAIOT OT-
poMHBIX BenmmduH — 8-9 mopsakoB (ot 20-300 aHr/xr g0 20-30 r/kr). OOBIYHOE CcOEepKaHUE COCTaB-
JSIET OYeHb Majyl0 BEIMYMHY — THICSIUHBIE U COTBbIE TOJIM MPOIEHTa OT cyXxoro Beca. Ho BcTpeya-
IOTCSL PACTCHHMSI, Y KOTOPBIX OTJENIbHBIC OPTaHbl B Y3KOM BO3PACTHOM W BETETAIIHOHHOM JHAINa30He
MOTYT KOHIIEHTPHUPOBATh 3HAYUTEJbHBIE KOJUYECTBAa SKIUCTEPOUAOB. B cpeanem oauH BHI-
CBEPXKOHIIEHTPATOP MPHUXOAUTCS HAa HECKOJBKO THICSY IPYruX BUIOB. K 4mcIy BaKHEHMIINX KIU-
CTEPOUJI COJEPIKAIIMX PACTEHH, SIBIISIOIIMXCS BUAAMHU-CBEPXKOHLIEHTPATOPAMU U CITYXKAIUMH IPO-
MBIIUICHHBIMA WCTOYHUKAMH TIONyYSHUsI IKAUCTEPOUIOB, OTHOCATCS Rhaponticum carthamoides
(Willd.) Iljin (puc. 7) u Serratula coronata L. (puc. 8). Ha 3Tu BubI Bo3iararoTcsi OOJIbIIIE HAICHKIbI B
pa3paboTKe HOBBIX KJIACCOB (hapMIIpEnapaToB M OMOJOTMYECKH aKTHBHBIX JJOOABOK K MHIIE, a TAKXKe
AKOJIOTUYECKH O€301MaCHBIX CPEACTB OOPHOBI C HACEKOMBIMU-BPEIUTEIISIMHU.

Cpenu MOKPHITOCEMEHHBIX PACTCHHI MMEETCS] He3HAYMTEIbHOE YHCIO APYTUX BHUJOB C IO-
BBIIIEHHBIM COZIEP)KaHUEM SKJIUMCTEPOUIOB B OTIEIBbHBIX OpraHax, IJIaBHBIM 00pazoMm ecdysterone,
MPEICTABIAIONINE HHTEPEC ISl HAYYHBIX M3bICKaHWH. JleTanbHbie MCCeI0BaHus, IPOBEICHHBIC BO
dnope EBpomneiickoro CeBepo-BocToka [52], moka3bIBaloT, 4TO B IIEJIOM paclpeeieHue dKINCTe-
pPOUJ COAEpKAIUX PACTEHUI MO TAKCOHAM COOTBETCTBYET aHAJIOTHYHOMY PACIIPENCICHUIO B APY-
rux peruoHax. OOHapy»XEHO MPUCYTCTBUE MX B MOJABIISIIONIEM YHCIE BUAOB, HO juilb 4 % o0na-
JTAJTA TIOJIOKUTEIBHBIM OTBETOM B OMOTECTE HA PAIMOMMMYHHYIO aKTUBHOCTb, KyJ1a OTHOCSATCSI BH-
JIbI C BBICOKMM M YMEPEHHBIM COJIEp:KaHueM OTHU JaHHbIE COrIacyloTcs ¢ paboTamMu IpyTuX HUccie-
JOBaTeNeH, MOKa3bIBAIOIINX, YTO 3HAUUMBIC KOHIICHTPAIIMH SKIUCTEPOUIOB XapaKTePHBI 1Tt 5-6 %
pactenuii [48].

Bunst BropuuHoro 3HaueHus Bo ¢uiope Poccun: HeKoTOpble pa3HOBUIHOCTHU Silene — cMOJIeB-
ku 1 Lychnis — 30pbku; Coronaria flos-cuculi L. — ropuniBeT KykymkuH; Helleborus purpurascens —
MOPO3HUK KpacHoBaTeiii U Helleborus caucasicus — MOpO3HUK KaBKa3ckui; Paris guadrifolia L. —
BOPOHHUI T71a3 OOBIKHOBEHHBIN; Ajuga reptans — >KUByUKa Non3ydast; Sagina procumbens L. — MIlIaHKa
nexadast, Potamogeton natans — paect mnaBaroimii u Potamogeton perfoliatus — pAecT NMPOH3EH-
HONUCTHBIN; Pulmonaria officinalis — menyHuia aexapcTBeHHas, Butomus umbellatus — cycax 30H-
TUYHBINA; Androsace filiforms — TPOIOMHHUK HUTEBUIHBINA U T.1. [52].



Puc. 8. Serratula coronata L. — uctounuk ecdysterone (20-hydroxyecdysone, 20E)

K coxanenuro, Bce 3TH pacTeHHUs] 0OJIAQNAIOT PSIOM OTPHIATEIBHBIX MOMEHTOB, HE II03BO-
JSIFOIIMX MCIOIB30BaTh UX B MPOMBIIIJICHHBIX MaciuTabax. [1aBHbIN ciepxkuBaromuii pakrop — oHU
TPYAHOMOCTYITHBI, BCTPEYAIOTCS PACCESHHO WM OJAMHOYHO, TOJIBKO B JUKOPACTYIIEM BHIE M HE H3-
BECTHBI B KYJIbType. JI0OBOJIBHO YacTO 3TO MEJIKOPOCIbIE, OA3YYHe, pO3ETOUHbIE, JIECHBIE, TYTOBbIE
WIN BOJIHBIC PAaCTEHUS; SJOBUTHIC WM CIIA0OTOKCHYHBIE. MecTa X MpOou3pacTaHus MPUYPOUICHBI K
HPUMIOWMEHHBIM 3apOCIISIM JIyTOBBIX KYyCTApPHUKOB, JIECHBIM OITyIIKaM M BBIpyOKaM, 3a007104€HHBIM
TOp(STHUKAM, ITyCTBIPSAM, 000UYMHAM JOPOT U KaHaBaM, OeperaM 03ep, PeK W peueKk MU JKe MOIHO-
XKHSIM CKaJl HA BBICOKOTOPHBIX yuyacTkax. JKM3HEHHas CTpaTerusi 3TUX PacTeHUH CTPOUTCS Ha CO-
BMECTHOM TIPOU3PACTAHUH C IPYTHMMHU BUIAMH MO TIOJIOTOM JIECHBIX HACAX/ICHUI, B COCTaBE JIYTOB
WIN Ka4yeCTBE COPHIKOB B KyJbTYpHBIX MoceBax. MHTpoayKius B aDCOTOTHOM OOJBIIMHCTBE CIIy-
YaeB He MPOBOIMIACH WU MPECTABIAET CEPbE3HbIEC TPYIHOCTH.



4.2. Metoabl OMOTEXHOJIOT AU

B Buy CII0’)KHOCTH BBIJICNICHUSI U OYMCTKHU SKIUCTEPOUIOB U3 PACTUTEILHONM OMOMACCHI, BBICO-
KOl ce0eCTOMMOCTH KOHEUYHBIX NPOIYKTOB pa3pabOTaHbl TEXHOJIOTMH MOJIYYEHHs SKIUCTEPOUIOB
OMOTEXHOJOIMYECKUMH METOJIaMU (KYJIBTYpPbI KJIETOK, TKaHEeH, TpaHCPOPMUPOBAHHBIX KOopHEN). Tak
KaK T'eHbl OMOCHHTE3a IKAUCTEPOUIOB IPUCYTCTBYIOT BO BCEX OpraHaxX PacTeHUM, KaJUIyCHbBIE KyJlb-
TYpPBl, PA3MHOXAIOIIHECS] HA UCKYCCTBEHHON MUTATENILHOM Cpefie, MOTYT OBITh MOJYYEHBl U3 000
OBICTPOpACTYIIEH TKAaHU — CEMSIOJICH, THITOKOTHIIS, JIUCThEB, 1modera, modek, KopHeld. B kymbType
KJIETOK MOXKET CUHTE3UpOBAThCA ecdysterone N HEKOTOPbIE APYrHe KOMIIOHEHTHI BTOPUYHOTO 3Haue-
HUS Yy polioB Ajuga, Serratula, Rhaponticum, Pteridium, Polypodium. Onnako Han0ojee aKTHBHBIE
SKAUCTEPOU Bl — muristerone U ponasterone, B ICKYCCTBEHHBIX YCIOBHSX HE CUHTE3UPYIOTCS.

[TepBbie pabOTHI ¢ KAUTYCHBIMH U CYCIIEH3MOHHBIMU KYJIbTypamu Rhaponticum carthamoides B
Poccun Obumn Hauatel okosio 10 et Hazan [64]. CuHTE3 SKIMCTEPOUIOB B KAJUTyCHBIX KYJbTypax
ObUIO MCYe3arolle MalbIM. Y JPYIMX BUJIOB MEPEXO] K KyJIbTUBUPOBAHUIO PACTUTENBHBIX KIIETOK
TaK)Ke COMPOBOXKIAIICS PE3KUM CHIDKEHHEM OMOCHHTETHUYECKOro MoTeHIuaa. B 1ienom conepikanue
SKAMCTEPOUJIOB B KyJIbType KIETOK Ha MOPSAOK HUXKe, 4yeM B mpupoze. Ilpu mponomxutensHOM
KyJIbTUBUPOBAHUH CHMXKAETCS OOIee COAEpKaHUE U N3MEHSETCS 10JIEBOE COOTHOLIEHUE MEXAY WH-
JUBHUIyaJIbHBIMU COeIMHEHUSAMU. Kpome TOro, CHHTE3UpYIOTCS HEHJIEHTU(DUIIUPOBAHHbIE SKIKCTE-
pounsl. Conepxanue ecdysterone B KyJbType KJIETOK [0 pa3HbIM BHJAM cOCTaBisieT: Rhaponticum
carthamoides — 0,001-0,01; Serratula coronata — 0,02-0,09; Ajuga reptans — 0,015-0,1 [57]. bonee
yCIIEIIHbIE Pe3yJbTaThl MOJTy4YeHbl B SIMOHUM € KyJIbTYpaMH KIETOK W3 3apocTKoB Polypodium
vulgare, npousBomsumu 110 0,7 % ecdysterone [39].

TexHonOorus KyJIbTYpbl TKaHEH U3 IPOPOCTKOB Rhaponticum carthamoides ipegycMaTpuBaeT
MIOMEILEHUE ACENITUYECKU BBIPE3aHHBIX IKCIUIAHTOB B MHUTATEIbHYIO Cpeay, 1€ NpU IPOAOIKU-
TEJIbHOM KYJBTUBHUPOBAHUU JOCTUTACTCs MOJTYYEHUE aKTUBHO Pa3MHOXKAIOIUXCS OAHOPOIHBIX Ma-
PEHXMMHBIX 1 MEPUCTEMHBIX TKaHEW, HE pereHepupyolmecs B oprausl pactenuii [67]. Ctpykrypa
KaJUTyCHOM TKaHHW, CKOPOCTh €€ pOCTa 3aBUCAT OT KOMOMHMPOBaHUS (DAKTOPOB NMUTAHHUSA U OCBE-
IIEHHOCTH. B 1enom OMOCHHTE3 SKIUCTEPOUAOB B CYCIEH3HMOHHBIX KYJIbTYpPaX HECKOJBKO BBIIIE,
4YeM B KyJIbTYype KJIETOK, HO YPOBEHb HECTAOMJIEH U HapacTaHUE KOHLEHTPALUHU ecdysterone mpouc-
XOJUT OUYCHb MEJJICHHO [63].

HaunOonee nepcnekTUBHBIM METOJOM OMOTEXHOJIOTHM SIBISETCS KyJIbTypa TpaHC(HOPMHUPO-
BaHHBIX KopHeil (hairy roots). Ilpm HHOKYIMpOBAaHMM CTEPWIIBHBIX IPOPOCTKOB ILITAMMaMHU
Agrobacterium rhizogenes npoucxoaut WHGEKIHUSA U arpoOakTepuaibHas TpaHchopMalus KOpHe-
BOIl cUCTeMBI B BUjie O0poauaTeix KOpHe. Y Rhaponticum carthamoides daepe3 MecslIl MocJe 3apa-
XKeHUs HaOmronaeTcss oOpa3oBaHUE KOPHEH MM OIyXOJIeH, U3 KOTOPhIX HAYMHAETCsl CIIOHTaHHas
pereHepanys MOAM(PUIIMPOBAHHBIX pacTeHui. 3a 4 HeJenu Macca OOPOUATHIX KOPHEH yBeIMYnBa-
ercs B 4-6 pa3. CocraB 3KaucTeponioB, B cymme cocrasistomas 0,02-0,03 %, paznuyeH B cpaBHe-
HUM C KOPHEBUIIIAMHU MPUPOIHBIX pacTeHU [65]. TexHnomorus 60poayaThiX KOpHEH MO3BOJISET J10-
BecTu Ouocunres ecdysterone y Ajuga reptans no 0,12 %, Serratula tinctoria —0,1-0,2 % [63].

Metoa mosydeHus: SKAUCTEPOHIIOB Yepe3 KyJbTypy OOpoa4aThIX KOpHEH MMeeT Kak Ipe-
UMYLIECTBA, TaK U 3HAYUTEJIbHbIE HENOCTAaTKU. [IperMyIecTBO TEXHOJIOTHH B CPaBHEHHUM C TOJIe-
BOM KyJIbTYpOil IPOSBISETCSA B BUJIE HETIPEPHIBHOTO HCTOYHUKA BOCIIPOM3BOJICTBA, OBICTPOTO pocTa
U 4aCTOThI pereHepanuu oco0ei; He TpeOyIOTCs BHEIIHIE TOPMOHBI POCTa, KAaK B CIIy4ae C KyJbTY-
pOM KJIETOK M TKaHel. VICTOYHMKOM IUTaHUsA SABISETCA caxapo3a. TexHOJIOorus OCyllecTBUMa Ha
MHOI'MX KyJbTypax, MOAU(DUIMPOBAHHBIE KOPHU XapaKTEPU3YIOTCS BBICOKOW CKOPOCTBIO pocTa U
TeHETUYECKOM CTaOUIBLHOCTBIO, BHICOKUMHU YPOBHSMHU BTOPHYHBIX METaOOJIUTOB, COMOCTAaBUMBIX C
HETOBPEXKACHHBIM pacTeHueM. Kpome puToIKIuCTEpOnA0B, BTOPUYHBIMUA METAa00IUTaMH O0pOJ-
YaTbIX KOPHEW SIBIISIOTCS aJKAJIOH/IbI, TOJIMAIIETUIICHOBBIE COCIMHEHUS, TIIMKO3UIbI, TOTU(EHOIIBI,
TaHHUHBI, (PTABOHOUIBI, CATIOHUHBI U T.].

OpHako KOMMEpUYECKOe NMPUMEHEHHE TaKUX CUCTEM OTPaHUYECHO 3HAUYMTENIbHBIMU HEJIOCTaT-
KaMH, KOTOpbIE TOJAPOOHO PAaCCMOTPEHBI B criermaibHoM 0030pe [14]. ['maBHBIC orpaHUYEeHHS — He-
00X0MMOCTh B CIELUANBHO Pa3pabOTaHHBIX MOJENAX OMOPEAKTOPOB C aBTOMATH3MPOBAHHBIMU
MOJICJIIMU  YTIPABJICHUs], MO3BOJISAIOIIMX CBOOOJHOE BEPTHKAIBHOE Pa3BUTUE KYJbTYp; TpeOyercs



TIIATEIBHBIA TOJ00P ONTUMAIBHOW MUTATENBHON Cpelbl, TeMIIEpaTyphl U OCBEIICHUs. BakHeil-
M TTapaMeTp — ONTUMalbHast MOP(ONIOTHUS KOPHEH, OT KOTOPOTO 3aBUCHUT IJIOTHOCTh U a’paius
0Cco0CH, TPYIHO pealin3yeTcs, TaK Kak CYIIECTBYIOIIee O0JIBIIOE YHUCIO pa3HOOOpa3HBIX MOP(OII0-
THl CBA3aHO C PAa3IMYHBIMU IITAMMaMU IJa3MuJl. BO3ZHUKAIOT TPyJHOCTH ¢ 0OECTieueHneM paBHO-
MEPHOH a’paruy ¥ MePeMEITUBAHUS, TTOCIEACTBUSIMHI KOTOPBIX SBIISICTCS PA3BUTHE 3aCTOWHBIX 30H
u OpoXeHHe, OMEPTBIICHNE TKaHEeH U MoTeps KU3HECTIOCOOHOCTH ocobeli. HakomneHne KOHEYHOTO
MPOAYKTa TOPMO3HUTCS HACBIICHUEM €r0 KOHIICHTpamuH. TpeldyeTcst mocTossHHAs (QUibTpanus u
OOHOBJIEHHE KUAKOW cpeabl. Bo3HukaoT TpyaHocTH B cOope U 00paboTke ypoxas, HEOOXOau-
MOCTh YaCTHYHOTO YIAJICHUSI KOPHEH B pe3epByape u T.I1.

B nenom MeToap OMOTEXHOIOTHH HE TOYYUITU IIUPOKON pean3aluy MPpH MOTYYSHUH dKIU-
cTeponioB. VI3MEHEHHBIH XUMHUYECKUH COCTaB BTOPHYHBIX METAOOIHMTOB, MOJYYCHHBIX METOIaMU
OMOTEXHOJIOTHH, BEIET K MOTepe OMOIIOrMYECKOl aKTUBHOCTH, CBOMCTBEHHOW MPUPOAHBIM pacTe-
HUsAM. [To3TOMY Takue CHCTEMBI UCTIOIB3YIOTCS TOIBKO IS TONYyYCHUS XUMHYSCKH YHUCTBIX KJIH-
creponioB. Kpome Toro, kak rmokaspiBaeT MUPOBOM OIBIT, MAJI0 UMETh SKIUCTEPOU, HEOOXOAUMO
00eCreYnTh €ro BBICOKYIO aKTUBHOCTH, MPHYEM B MHUHUMAIBHBIX KOHIICHTpAIUSAX, KaK y
muristerone A u ponasterone A. B IpOTUBHOM Clly4ae XUMHUYECKH YHCTHIC BEIECTBA HE HAXOMAT
MaccoBoro cOwita. [TokazareneH B 3ToMm 1urane npumep Kutas, OyKBaJIbHO 32 HECKOJBKO JIET CY-
MEBIIMM HalaJuTh BBINYCK ecdysterone W3 TEHETHYECKU MOIU(DUIMPOBAHHBIX KOpHEH
Rhaponticum carthamoides, THICSMEKPAaTHO MPEBBIMIAIONIAM MPOU3BOJCTBO ero B Poccun (Canfo
Chemicals CO, Ltd; http://www.alibaba.com). B pe3ynbrare co3ganoch nepenpou3BOJCTBO Bellle-
CTBA, IICHBI HA MUPOBOM PBIHKE PE3KO YIIaJIH, TEXHOJIOTHSI CTajla HEBBITOIHOM.

5. AKTUBHOCTDb

5.1. XuMn4yecKku U30J1MpPOBaAHHbIE IKIUCTEPOUIbI

AKTUBHOCTb M30JIMPOBAHHBIX IKAWUCTEPOUIOB OMpENENeTcs MyTeM OMOTECTUPOBAHUS C KIIETKa-
MU HAaCEKOMBIX, COJICPIKAIIMX €CTECTBEHHBIE YKAUCTEPOUIHbIC perentopsl. Hanbonee akTMBHBI U Ha-
TN IIUPOKOE MPaKTHUYECKOoe MPUMEHEHNE ponasterone A, muristerone A u ecdysterone. B 3aBucumo-
CTH OT crieliu(PUKH 00BEKTA, TOJIOKEHHOTO B OCHOBY OMOTECTHPOBAHUS, MOXKET MPOSBIIATHCS PEUMY-
IIECTBO UX C TEMU WM MHBIMU PELENTOpaMH, HO B LIEJIOM MEpPBOHAYAJIbHAsI aKTUBHOCTh MPUMEPHO
OJIMHAKOBA U COCTaBJIAECT 107 (10'8-10'10) M [16]. UmetoTcst U ApyTHE SKIUCTEPOUIBI C 5, 6, 7 UITH Jaxe
8 OH-rpymnmamu, HO BCe OHM CPaBHHUTEIHHO MEHEE aKTUBHBI B M30JIMpOBaHHOM Buje. B pabote [53]
HOJTy4eH CIIeyIOLIMi yOBIBAIOIIUMA psii aKTUBHOCTH: muristerone A, ponasterone A, polypodine B, 20E,
22-acetat 20F, 2-deohy-20F.

AKTHUBHOCTB IKIUCTEPOUJIOB B PEATbHOM OpPTaHU3ME IO CPAaBHEHHUIO C pe3ybTaTaMHu OHMOTEC-
TUPOBaHMA HA KJIETOUHBIX KyJbTypax 3HAUMUTENIbHO pa3IMyaeTcsi, J03bl SBJSIOTCS TKaHe-
cietupUUHBIMUA. B 3KAM30H-UHIYIIMPOBAHHBIX cucTeMax 3(PQeKTUBHBIC 03Bl muristerone A u po-
nasterone A B Ka4eCTBE OJMHOYHBIX JIMTAHJOB HA TPAHCT€HHBIX MBIIIAX PABHbI 10°...107 M (puc.
9a). Hecmotpst Ha penkocth U goporosusHy ($120-135 3a 1 mr), npeamnodreHre B HAyYHBIX SKCICPH-
MEHTaxX 4acTo oTnaercs muristerone. IlpobaeMbl py WCHOIB30BAHUU ponasterone 3aKIOYaloTCs B
HEYCTONYMBOCTH BO BPEMEHM — 4Yepe3 3 yaca pelenTOpHbIA KOMIUIEKC C €r0 y4acTUEM PacIagaeTcs
Ha 50 % B OyQepHOM pacTBOpe, B TO BpeMsl Kak ¢ muristerone Toiabko Ha 5 % [31].

Uro ke xacaetcs ecdysterone, €Clii B OMOTECTax ¢ KIETKAMU HACEKOMBIX OMOAKTHUBHOCTH €0
JIOBOJILHO BEICOKA U COCTAaBJISIET OKOJIO 108 M [53], TO B 3KAU30H-UHAYIIUPOBAHHBIX CUCTEMAX aK-
TUBHOCTh CHIKEHA Ha 2-3 mopsaka. AKTHBHOCThH JAPYTUX SKIUCTEPOUAOB — polypodine B, ecdys-
terone, inokosterone, makisterone eme HWKke, a y «a-ecdysone, 2-deoxyecdysone, 2-
deoxyecdysterone, 22-acetat-ecdysterone orcyTcTBYeT [41].

B kiieTkax MJIEKOMUTAIOMIUX HU OJMH U3 WICHOB CyNEPCEMENCTBA CTEPOUTHBIX PEIETTOPOB,
kpome kak EcR, He cmocoOeH k B3auMOJIEHCTBUIO ¢ M30JIMPOBAHHBIMU HKIUCTEPOUIaMHU B KAUECTBE
murannos [11, 32]. DToT dakT sBiIsIeTCs BeChbMa MOJIOKHTEIBHBIM, TaK KaK TIO3BOJISIET U30€KaTh OT-



pHUIATENBHBIX MOOOYHBIX M HETIPEIBUACHHBIX 3((PEKTOB MPH MCIIOJIE30BAaHIH SKIUCTEPOUIOB B Ka-
YECTBE ICHHBIX NEPEKIII0YATENCH B OKAU30H-UHAYLIUPOBAHHBIX CUCTEMAaX.
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Puc. 9. AKTUBHOCTH H30JIMPOBAHHBIX IKAMCTEPOUI0B (10 [41] ¢ UI3MeHEeHUSIMHU):

A — B kavyecTBe OJMHOYHOrO Juranjaa ¢ DmEcR;
B — cunepruueckmii 3¢ dexr 2-x murangos ¢ ECR/RXR.

Pe3ynbTaThl SKCIIEPUMEHTOB 110 HHTHOMPOBAHUIO WIIM CTUMYJIMPOBAHUIO CUHTE3a Oelka, aHa-
601MYeCcKOl aKTUBHOCTHU SKJUCTEPOUIOB OTHOCSTCSA: a) K BEIeCTBAM HEIOCTaTOYHO BBICOKOH CTe-
neHu o4ucTku (95 % u Huke); 0) M30JMPOBAHHBIX U3 PACTEHUSA-POAYLEHTa Rhaponticum car-
thamoides, B) uepe3 HEBbISICHEHHbIE MEXaHU3Mbl AaKTUBAIIMM Yepe3 BTOPHUUHBIE IOCPETHUKH [42, 68,
69, 74]. B MHOTrOUMCJIEHHBIX SKCIEPUMEHTaX B 00JacTH KJIETOYHON M MOJIEKYJISpPHON OHMOJIOTHH,
npu pabore ¢ MHAMBUAYAIbHBIMU COEIMHEHHUSIMU BBICOKOM crerneHu ouucTku (99 %), a Taxxke ¢
JIPYyTUMHU UCTOYHUKAMH BBIICTICHUS, HaTIpuUMep ¢ Serratula coronata [66], anabonmnuecknit ekt
ecdysterone, muristerone u ponasterone 6€3 y4acTusi IOCPeTHUKOB He 3aUKCUPOBAH.

JUis  akTMBHM3alMM  TPAHCKPUIIIMKA TEHOB TPUMEHSIOTCS THUOPWAHBIE  AKAMCTEPO-
un/perunonsiabie perentops! (EcR/RXR) n ux Moangukanum ¢ 1pyruMu saepHbIMU peLienTOpaMH,
rae npucytcTBiue RxR-mapTHepa HeoOXoaMMO I CTAOMIIM3alUU TETEPOTUMEPHOTO KOMILIEKCa U
3aKpeIUICHUs] K 3JIEMEHTaM OTBETa, NPEIIECTBYIOLIEr0 aKTHUBH3AllMM MEXaHW3MOB I'€HHOHM 3Kc-



npeccun. B peanbHOM opraHuzMe MOTYT OBITH B3aMMO/ICHCTBOBAHBI HE TOJILKO arOHUCTHI SKIUCTE-
POUOB, HO U JIMTaH/Ibl BTOPOTO MapTHEPA IeTepOIUMMEPHOr0 KOMILIEKca (PETHHOMIHOTO PeLenTo-
pa), 4YTO 3HAYUTEIBHO PACIIUPSIET AMANA30H UX OMOJIOrMYecKor akTUBHOCTHU (puc. 96). Kpome to-
ro, sddexTHBHBIE 10351 cHIKaoTCs 10 107-107"° M, eci mpoMCXONT HeTeBOe TOKANLHOE BO3-
JIENCTBUE HAa OpraH-MUIIEHb [2].

BeiieckazanHoe CIipaBeUIMBO TOJIBKO MO OTHOIIEHUIO K BBICOKOOUYMIIEHHBIM (cBbIiIe 98-99 %),
M30JIMPOBAHHBIX OT IEPBUYHBIX HCTOYHUKOB COCTaBaM. MICKyCCTBEHHO CO3aHHbBIE CHCTEMBI HA MX OC-
HOBE YpEe3BbIYAHO JOPOTH M MCHOJIB3YIOTCS OOJIBILEH YacThio B HAy4HBIX MccienoBaHusax. [Ipu mac-
COBOM HCTIOJIb30BaHUM SKIAUCTEPOUIOB B (PapMarieBTUIECKON MPOMBIIUICHHOCTH TEPCIIEKTUBHO MC-
NOJIb30BaHWE HEOYMIIEHHBIX WIM CIa0OOYMIIEHHBIX PpPACTUTEIbHBIX COCTaBOB U3  BUJIOB-
CBEpXIIPOIYIIEHTOB, HE 00IAJalONIMX TOKCHYHOCTBIO M HE TPEOYIOMNX BBICOKO3aTPATHBIX TEXHOJIO-
THii IepepaboTKy.

5.2. Heouniennsie coctaBbl Rhaponticum carthamoides

Xumuuecku u3onupoBaHHas ¢pakuus skaucreponnos (91 %, B 1. 4. BkItouaromas 75 %
20-hydroxyecdysone), BbiieNIeHHas U3 HaJ3eMHON yactu Serratula coronata, B OMOTECTE Ha peak-
IIUI0 CTIOHTaHHOTO E-po3eTkooOpa3oBaHus o0nagana CI0XHOW M HEOJHO3HAYHON MOAYJSIIMOH-
HOW aKTHBHOCTBHIO “‘NM03a-3QpeKkT” (Ha3BaHHOH ABYX(a3HBIM JCHCTBHEM), B JUaNa30HE KOHIICH-
Tpauuu 10%...10" M [75]. O¢ddexTBHAT HMMMYHO-MOAYJSATOpPHAs AKTUBHOCTh CD*"-
PO3ETKOOOPA30BaHMSI C YEIOBEYECKUMHU T-muMdoruTaMu JocTUranack npu KoHeHTpauuu 1 pM
(10° M); ¢ mHIEKCOM CTHMYIISLHUH, paBHbIM 1,132 [45].

EctecTBeHHbIE SKIUCTEPOUI COJEpXKAIIUe CyOCTaHIIMKA MOTYT 00JIaiaTh 3HAUYUTENLHO Ooee
BBICOKOH aKTHBHOCTBIO, YeM XMUMHUYECKH H30JMpoBaHHbIe coeauHeHus (puc. 10). KynpTuBupona-
HUE MOMYJISIUUN JTUM(POLUTOB in Vitro B IPUCYTCTBUU 3KCTpakTa Rhaponticum carthamoides crio-
COGHO BBI3BaTh MPONH(EPALHIO KIETOK cele3eHKH B KoHnentpamun 107°...10"* M (B pacuere Ha
ecdysterone). Ha ¢pone Hecnierududeckn aktuBuzupyrommx areHroB ConA (T-murtoren) u LPS (B-
MUTOTEH) Mposiidepanusi CTUMYJIUPYETCs BIUIOTh JI0 10™° M [60].

B Hacrosiiee Bpemsi BeayTcs pa3paboTKH HOBOTO Kilacca SKIUCTEPOH] CoaepKamux gapm-
IpenapaToB, XapaKTEPU3YIOMIMXCS TPEXKIE BCETO CBEPXHU3KUMH J103aMH JICHCTBYIOLINX BEIIECTB
(http://www kstu.ru/jchemé&cs/russian/n5/1vr29/29.htm). HoBble npenapaTsl BhIpabaThIBAIOT U3 HAJ-
3eMHOM yactu Rhaponticum carthamoides, BbIpaniuBaeMoro mo oco00i TEXHOJOTHUU B YCIOBUSX
arpononynsauuii [71, 72]; (http://homepages.atnet.ru/timfbio/randser.htm). JlekapcTBeHHOE ChIpbe,
yHoTpeOiieMoe MPH MX W3TOTOBJICHHWH, MO3BOJSIET MHOTOKPAaTHO CHHU3UTHh HCIIOJIB3yEMbIE B Ha-
cTosIee BpeMst 1035l — Ha 3-4 mopsiaka B pacuere Ha 20-hydroxyecdysone.
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Puc. 10. CtumysmpoBanne nposiudepanum KJIeTOK IKCTPaKToM Rhaponticum carthamoides:
cJieBa — CIOHTaHHAs, CTIPaBa — MHAyUHPoBaHHasl (10 [60] ¢ u3MeHeHNsIMHU)
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Hanpuwmep, s dexruBusie 10361 papmnpenapara “buonndysun’ cocrasiustor 0,5-10,0 MKr/kr
6uomaccel 1o ecdysterone, unu 1072..2:10"° M [61, 73]. D10 He owmbKa 1 He OeUaTKa, IOTOMY
YTO CpPEeIHsIs CYyTOUHAs 1032 XUMUYECKU YuCTOTO 20-hydroxyecdysone u mpemnapaToB Ha €ro OCHOBE
paBHa 5-50 mr/kr Beca Tena [28, 34, 55, 58, 62, 66, 68, 74].

3“":'5 ﬁl]% ?-d:A

LT-rr

¥enopHsre 0bo3HAMEHHA: Jozsx 20E:
7,30 - memt c HAWana OIBITA, —+— KoHTponE
E& - BarTeprnpaenas aRTHEROCTE, —i— 0712
A - P EATOITHTARHAT ARTHEHO CTE, —a— 10713
OF - abnmpdt Gemox; 21013

I'T - raras-rmobyEee.

Puc. 11. UmmyHo-mMoayasaTopHbiii 3¢pdekT npenapara “buonndyzun"
(kypc — 7-kpaTHoOe BBeAeHue; mo [61])
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Puc. 12. Anadoanveckuii 3PpPekT MaabIX 103 IKAUCTEPOUI0B:

A — 1-kpaTHoe BHYTPpUMBbILIEYHOE BBeAeHue (mo [61])
B — npou3BoACTBEeHHbIE HCTILITAHUSA B TeueHue 3-x Mecsiues (mo [70])



OcoOeHHOCTh MEXaHM3Ma JEMCTBUS HOBBIX (papMIpenapaTroB — CTUMYJIUPYIOIIas aKTUBHOCTh
MaJlbIX U MHTUOMpyloliee aecTBHe OONBbIIMX /103 Ha Mpoir¢epaTUBHbIC MPOLECCHl B OpraHU3ME.
Jlasxe OHOKpaTHOE BBEICHHE MX CIIOCOOHO BBI3BATH CYIIECTBEHHBIM aHAOOIWYECKMH U HMMYHO-
CTUMYJHpYIOUMHA 3PQEeKT Ha KIETOUHOM M ryMopaibHOM ypoBHe [61]. Ilpu 7-u nHeBHOM Kypce
NPUMEHEHUs] JOCTUraeTCsl 3HAUUTENbHBI UIMMYHO-CTUMYJIUPYIOINNA 3PPEKT mocaeneicTBys, KoTo-
pbIil coxpaHsieTcsi Ha BBICOKOM ypoBHe B TeueHue 30 aneil (puc. 11). HemanoBaxkeHn u T0oT akt, 4To
HEOUYHMIIIEHHBIE AKANCTEPOH]] COJEPKAIINE COCTABBI TMTOKA3bIBAIOT CTOMKHIA MPOWU3BOJICTBEHHBIN (-
(eKT gaxce Ipu MacCOBOM MPOU3BOJICTBEHHOM HCIIONIb30BaHUH (pHcC. 12).

1. Ilpenapam buoungy3un npenHazHadeH A BHYTPUMBIIIEUHOTO U BHYTPHUBEHHOT'O BBEICHHUS.
[Ipumensercss A MOBBIMIEHUST OOl PE3NCTEeHTHOCTH OPTaHW3Ma B MEPHOJ] MATOJIOTHIECKHX CO-
CTOSIHUH pa3IMdHON STHOJIOTHH, YCUJICHUS MOJIOBON aKTUBHOCTH, JICUCHHUSI PECITUPATOPHBIX 3a00I1e-
BaHUl. buoun@ysun o0NagaeT NOCTATOYHO BBHICOKOH CTENEHBIO MMMYHOJIOTHMYECKOW aKTUBHOCTH,
BBI3BIBas yBEIMYECHNE B CHIBOPOTKE KPOBU ramma-riiooyimmaoB Ha 30 % u Ha 20 % moBeimas ¢aro-
IUTAPHYIO AKTUBHOCTH JIEHKOITUTOB.

CyTtounsle 10361 Buoungysuna no 20-ruapokCHIKaN30Hy coctapisior: 0,1-0,5 mkr/kr (107%..2:107™"
M). JI/1so B omibITaX Ha OCTPYIO TOKCHIHOCTh paBHSIACH 9,5 T/KT 10 mpemnapary, 94To CBUACTEILCTBY-
€T 0 TIOJTHOM 0e30IacHOCTH Ipemnapara.

2. Ilpenapam BLIJI-@HTO npenna3zHaueH A Je4eOHO-NPO(QUIAKTHIECKOTO UCTIONB30BAHUS B BETE-
PUHAPHOM IIPAKTUKE, IPUMEHSETCS IIPH 3a00JI€BAHUSX KETyAOYHO-KUIIEIHOTO TPAKTA Y PA3TUUHBIX
BUJIOB TOMAITHUX M OOIIECTBEHHBIX KUBOTHBIX. O0sazjaeT BHICOKOI aHTarOHUCTUYECKOW aKTUBHO-
CTBIO K KUIICYHOW Manodke, CTPENTOKOKKAM, MPOTEI0, CTA(QUIOKOKKAM M BO30YAMTENISIM AU3EHTE-
pun. {7151 Hero xapakTepHa BBICOKAs! CTEHEHb LEIUTIOJIO30JIMTHYECKON aKTHBHOCTH, YTO JIEJIAeT He-
BO3MOKHBIM pa3BUTHE NMAaTOTEHHON M YCJIOBHO-NMATOT€HHOM Mukpoduopsl. Hapsiny ¢ anTHOakTepu-
IbHBIMH CBOWCTBaMH, Mpenapar oOlafaeT Takke aHaOOMMYECKMM M UMMYHO-CTUMYJIHPYIOLIMM
s dexTom.

BIJJI-@UTO He oka3bIBaeT HETATHUBHOTO BIUSHUS Ha Ka4eCTBO IMOJy4YaeMOW MPOAYKINH, HE BBI3bI-
BACT y XMBOTHBIX OCIOXHEHHUI. C yCcrexoM 3aMeHseT LeNblii KOMIUIEKC aHTUMUKPOOHBIX JICKapCT-
BEHHBIX CPEACTB: aHTUOMOTUKOB, CyJb(haHUIAMUAOB, HUTPOPYPaHOB, SABIAACH IPU 3TOM IKOJIOTH-
YECKHU YUCTBIM NPOIyKTOM. IIpoTHBOMIOKa3aHMI K IPUMEHEHHUIO HE YCTAHOBJICHO.

3AK/IFOYEHUE

W3ydeHue SKAMCTEPOMJIOB — HAINpaBlieHHME OMOJIOTHMH, OTKPBIBAIOLIEE MIUPOKUIl IpOCTOp
(dyHIaMeHTalIbHBIM HayYHBIM U MIPUKIAIHBIM pa3zpadboTkaM. [lo3HaHMe poau 1 MEXaHU3MOB OHOJIO-
IMYECKOW aKTUBHOCTH 3KAUCTEPOUIOB OTKPHIBAET ITyTh K pEalbHOMY OCYILECTBICHHIO CaMbIX (haH-
TaCTUYECKUX IPOEKTOB YEJIOBEUECTBA — HAYYUTHCS YNPABIATH KU3HEIEATEIBHOCTBIO PA3IUYHBIX
OpraHU3MOB, LEJICHANPABICHHO MaHUIYJIUPYS COCTOSTHUEM AKTUBHOCTU OIIPEACIIEHHBIX T'€HOB II0
NPUHIHITY BKIIOYEHO-BHIKIIIOYEHO. B MpakTHYecKoM IutaHe 3TO MOTJIO ObI TOMOYb M30aBUTHCS OT
psiia HeM3JIeUMMBbIX OoJIe3HEH M MEepeUTH OT XUMHUYECKOro K SKOJIOTHYECKH YUCTOMY, OMOJIoruye-
CKOMY CHMHTE€3Y MHOT'MX Ba)KHBIX BEIIECTB.

Hayka no sxaucreponiaM MIKUPOKO NpeacTaBieHa B IHTepHeTe, BKIIOYaeT UCCIEN0OBAHNS KaK
po0sieM TeHETUKH, KIETOYHOW U MOJIEKYJIIpHOW Ononoruu, (U3HOJIOIMU YeIOBEKa, KUBOTHBIX U
pacTeHMii, Tak U KOMMEpUYECKUE MPEUIOKEHNs, HallpaBJICHHbIE Ha PELIeHNEe peasbHBIX 3a]ad B 00-
JacTH XUMUH, OMOTEXHOJOTHH, (DapMaKOJIOTHH, MEIUIIMHBI, SHTOMOJIOTHH U psiia olmacTei cemb-
CKOTo X03sificTBa. DKIUCTEpOUIaMy 3aHUMAIOTCS KpyTHeimue naboparopun Mupa. Pasnuunele ro-
CyJapCTBa B KAYECTBE MX MCTOYHMKA MPEJIararoT MECTHBIE BUABI PACTEHUM M3 NAIIOPOTHUKOBBIX,
BBIOHKOBBIX, XBOMHBIX, TUCOBBIX U aMapaHTOBBIX.



Jnst Poccum 5KOHOMHYECKH OTPaBIaHO KyJIbTUBUPOBAHUE PACTCHHU U3 pOJOB Rhaponticum
u Serratula, SIBASIONIMXCS BUJAMU-CBEPXKOHIICHTpaTOopamMu. basucHas koHUeHTpauus ecdysterone
y JIEB3€H WJIN parioHTUKyMa caduiopoBuaHoro (Rhaponticum carthamoides (Willd.) 1ljin) coctass-
et 0,12-0,57 %, y cepriyxu BeHlUeHOCHOU (Serratula coronata L.) — 0,31-1,15 %. Jlnsg nepBoro u3
HUX pa3paboTaHa MPOMBINIICHHAS TCXHOJIOTHS BO3JICIBIBAHUS U OTKPHITA BO3MOXHOCThH CO3JIaHUS
HOBOT'O KJIacca BHICOKOAKTUBHBIX (papMIIpenapaToB U3 HAA3EMHBIX OpraHoB. Bropoit Bua npoxoaut
WHTPOAYKIIMOHHOE U3YUCHHE B Pa3IMYHbIX peruonax Poccun.

[Ipu MaccoBOM HCHOIB30BAaHUU JKIAUCTEPOUIIOB B (hapMalleBTHUECKON MPOMBINIIICHHOCTH
MIEPCIIEKTHBHO HCIOJIb30BAHNE HEOUUIIICHHBIX MU CIIA000YHINECHHBIX PACTUTEIHHBIX COCTABOB U3
BUJIOB-CBEPXIIPOIYIICHTOB, HE 00JMaar0MINX TOKCUYHOCTHIO U HE TPEOYIOMIMX BBICOKO3aTPATHBIX
TEXHOJIOTHI TepepaboTku. DPdexkTrBHAs OMOIOTHYECKasi aKTUBHOCTh SKCTPAKTOB Rhaponticum
carthamoides, BBIpAIIUBa€MOT0 MO 0COOOW TEXHOJOTUU B YCJIOBUSX arpOMOIYJISIIIHMA, COCTABISET
10""...10™"° M. Do mpumepHo Ha 3-4 mOpsiKA BBILIE, YeM AKTHBHOCTH BHICOKOOUHIICHHBIX HHIH-
BUYalbHBIX 3KAUCTEPOUIOB. Y CTOHUYMBBIC PE3yIbTaThl COMOCTABUMBIX J03 MOMYUYEHbI B IKCIEPHU-
MEHTaxX 0 OMOTeCTaM, OMbITaX ¢ Ja0OPATOPHBIMU JKHBOTHBIMU U B YCJIOBUSX IIUPOKOMACIITAOHBIX
MPOU3BOJICTBEHHBIX ycioBUNA. KitoueByro posib B HEOOBIYHO BBICOKOM aKTHBHOCTU Rhaponticum
carthamoides cnemyeTr MCKaTh B CIO)XKHOM XHMHYECKOM COCTAaBE PACTEHUs, 00YCIIaBIMBAIOIIETO
KOMIUIEKCHYIO ~ OMOJIOTHUECKYI0 aKTHBHOCTh OKIUCTEPOUAOB C JPYTUMHU MeTabonutaMu
(http://www.sciteclibrary.ru/rus/catalog/pages/4723.html).
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