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TTo3aHue BUTEUTOTeHHBIE OOLIMTBI TPABSIHOM JISITYIIKW Rana temporaria IpeACcTaBisiioT
c000I1 MepCreKTUBHYIO MOAEIb ISl U3yYEHMST TTOBEACHUSI MEMOTUYECKMX XPOMOCOM,
TTOCKOJIbKY Ha CTaIWU TUTIOTEHBI ITPOMCXOIUT OOBENMHEHNE XPOMOCOM B Kapuocde-
py, Kotopasi y R. temporaria, Kak CYUTAIOT, UMEET DKCTPAXPOMOCOMHYIO Karcyisy, — B
OTJINUUE OT Xenopus laevis, KTaCCUYECKOTO MOJIEIbHOTO 00bEKTa KJIIETOUHOM OMOJIOruu
u 6uonorun pas3Butusa. OTHAKO MO CpaBHEHUIO ¢ Xenopus CTporasi Ce30HHOCTh pas-
MHOXeHUsI R. temporaria CylIeCTBEHHO OrpaHUYMBAET BO3MOXHOCTb UCIOJb30BaHUS
€€ OOLIMTOB B KaYeCTBE DKCIIEPUMEHTAIbHOM Mozesu. biarogapst anantauuu Kjiaccu-
YECKHX ITPOTOKOJIOB TOPMOHAIBHOM CTUMYJISILIMM OEeCXBOCTBIX aMpuOuii, BKIIOYast
Xenopus, HaM ynajaoch IMOJYYUTb OOUUTHI R. temporaria C TIOTHOCTBIO Pa3BUTOM Ka-
puochepoii BHe ce30Ha pa3MHOXeEHMSI (IeKaObpb—sIHBapb). BripakeHHbIE U3MEHEHUS
XPOMOCOMHOTO arapara OOLIMTOB Mbl HAOJIIOIaJIU TTPU IByKPATHOM BBEIEHUU XOPUO-
HHU4YeCcKoro roHagoTponuHa yejgoeka (XI'1) B noze 500 ME. B aToM citygae xpomoco-
MbI MPETEePIIeBaIOT BbIPAXXEHHOE YIUIOTHEHUE U arperauuio, 4Yto NpuBoauT K hopMu-
POBaHUIO XapaKTEpPHOTO XPOMOCOMHOT0 “KiIyoka” (Kapuocdepsnl), MOPHOIOrniecKre
MPU3HAKU KOTOPOTO COOTBETCTBYIOT TAKOBBIM B OOLIUTAX R. temporaria B Ha4ajie ecTe-
CTBEHHOIO ce30Ha pasMHoxkeHMs. [lpemmaraeMplii HaMyd MPOTOKOJ MCIOJIb30BaHUS
XTI'Y mist BHECE30HHOM CTUMYJISILIMU OoreHe3a y R. temporaria B najibHeIIIEM MOXET
OBbITh YTOUHEH IS MOJy4YeHUs 6ojiee CTaOMIbHBIX Pe3yIbTaTOB U MOBBILICHUST Kaye-
CTBa OOLIUTOB.

Knrouegvte croea: ooreHes, simpo OOLIMTA, 3aPOIBIIIEBbIi My3bIPEK, XPOMOCOMHBII ar-
napar, kapuocdepa, XOpuOHUYECKU I TOHAAOTPOIUH YesoBeKa, Rana temporaria
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BBEAEHUWE

TpaBsiHas nsarymika Rana temporaria siBisieTCsl BeCbMa IOMYJISIPHBIM OOBEKTOM OHO-
JIOTUYECKUX MCCIIeIOBaHUM, Ha KOTOPOM TIOJIydeH LIeJIblii T1acT JaHHBIX B 00JlacTu hu-
3UO0JIOTMM, OMOJIOTUM pa3BUTUS, IKoJoruu. HecMoTpst Ha JUIMTENBHYIO UCTOPUIO UC-
MOJIb30BaHUSI 3TOTO XKMBOTHOTO B HAYYHBIX LIEJISIX, MU3YYEHUE PA3JIUUYHBIX aClIEKTOB OMO-
goruu R. temporaria B MOJHOI Mepe COXpaHsIET CBOIO aKTyaJlbHOCTh M ceromHs. Tak,

Hcnonvsyemoie cokpauwenus: JIT-PI' — punmsuHr-gaxkrop JTOTEMHU3MPYIOLIETO TOpMOHa (JIIOIUOEepHH),
XI'Y — XOpMOHMYECKUI TOHAAOTPOIMH YeoBeka; GV — 3apoibIllieBhIii ITy3bIpeK (SIAPO OOLIMTa Ha CTaauu
NUTJIOTeHBbI Melio3a, germinal vesicle).
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TPaBAHBIX JIATYIICK ITPOAOJI2KAIOT aKTUBHO UCITOJIb30BATh KaK OOBEKT DKOJIOTMYECKUX [] N
2] u pusnonornueckux ucciaenoBanuii [3]. OgHako, He yMaJisisi 3HAUMMOCTH 3TOro BUA
6ecxBOCThIX amMGbUOUit WISt pelieHus 3a1a4 3KOJOTMYECKOro MOHUTOPUHTA U (DU3MOJI0-
TUU, CIeAyeT OTMETUTDb, UTO R. temporaria SBISIETCS TaKXe U KJIACCUYECKUM OOBbEKTOM
ounonoruu pa3Butus [4]. [Ipu aToM oouTsl R. femporaria, a TO9Hee, X SAApa HA CTaIUNA
MUIIJIOTeHBI Melio3a (3apoabliieBbie My3bIpbku, GV) MpencTaBiasioT co00ii YHUKAIbHYIO
OMOJIOTUUECKYIO CUCTEMY, CTPOEHHE KOTOPOii MO psiLy MPU3HAKOB MPU HAJIMYUM OOLIMX
yept ominyaercs oT GV apyroro MoiesibHOro 00beKTa — IIMOPLEBOM JIATYIIKYU Xenopus.

B GV no3nHux BUTEJIOTEeHHBIX OOLIMTOB R. temporaria IpoUCXOauT (opMUpPOBaHNE
Kapuocgepbl — 0co00ii Melio3-creinpUIecKoit CTPYKTYpPhl, KOTOpasi SIBJISICTCST Pe3YJib-
TaTOM arperaluy KOHACHCUPOBAHHBIX U TPAHCKPUIILIMOHHO MHAKTUBUPOBAHHBIX XpO-
MocoM (6uBajieHTOB) B orpaHn4yeHHoi obnactu GV [5]. Kapuocdepa onvcana y npen-
craBuTeneii 12 KjaccoB, MIpUHALIEXKAIIUX K 4 TUTIaM O0E€CTTIO3BOHOYHBIX Y TTO3BOHOYHBIX
KMBOTHBIX [6]. OHA MOXET UMETh WJIM He UMETh crielinduueckoii kancyinl (karyosphere
capsule), omHaKo BapuaHT Kapruocgepbl, B KOTOPOM XpPOMOCOMHBII MaTepuall OKpyXeH
BHEIIHEH 3KCTPaXpOMOCOMHOM Kamcyjao, TpaaUuLMOHHO CYMTAIOT XapaKTEPHBIM s
GV R. temporaria no naHHBIM CBETOBOI1 [7, 8] M 3IEKTPOHHOI MUKpOCKOIUH [9].

VY X. laevis, B oTiuume oT R. temporaria, XpOMOCOMBI BUTEJIJIOTEHHBIX OOLIUTOB He (hop-
MUPYIOT KOMIIaKTHOro “kiiyoka” (chromosomal knot), XoTs1 1 coOMpaloTcsi B OrpaHu-
yeHHoii1 obsactu GV. [1o-BUAMMOMY, OHM 3aKJIIOUEHBI TOJIBKO B KOHIJIOMEpaT aMILIN-
buMpoBaHHEIX sApHIIIeK (nucleolar cloud), HO He aCCOLIMUPOBAHBI C IKCTPAXPOMOCOM -
HBIM GUOpWUIIpHBIM MaTepuajioM [10], M3BeCTHBHIM KakK “BOJIOKHUCTHIN KOMIIOHEHT
Karicyibl Kapuocdepsr” [11]. Bormpoc o mpupone n GyHKIMIX KaIcy/ibl Kapuocdepsl, 1o
CYIIIECTBY, OCTaeTCsl OTKPBITBIM, a €€ CyllleCTBOBaHUE y R. femporaria KaKk cTaOWUJIbHO-
CTPYKTYpHOTO cKaddoaga MEHOTHYECKMX XPOMOCOM B TTOCJIEAHEE BpEMSI MTOABEPraeTcs
coMHeHMIo [12].

HanpHeiiee nzydyenue GV mo3gHux oouuTtoB R. temporaria ¢ UCIIOJb30BaHUEM CO-
BPEMCHHbIX MECTOANYCCKUX BO3MOXHOCTCﬁ, HECOMHECHHO, IMMO3BOJJIUT paClUMPUTh HAIlIU
MpencTaBlieHUs1 00 YHUBEPCATbHBIX M BUAOCTIEHIM(PUUECKUX 3aKOHOMEPHOCTSIX OpraHu-
3allMM MEHOTUYECKUX XPOMOCOM, B YACTHOCTH O B3aMMOJIEHCTBUM XpOMATUHA U DKCTPaxXpo-
MOCOMHBIX KOMITAPTMEHTOB B TIPOLIECCE POCTA U CO3PEBAHMSI KEHCKHUX TTOJIOBBIX KJIETOK.

BMecTe ¢ TeM MCMoJIb30BaHUE TPABSTHOM JISITYIIIKM B Ka4eCTBE MOIEIBHOTO OOBEKTa
TSI U3YyYEHUS SIIEPHONM KOMITApTMEHTAIN3alUM BUTEJUIOTEHHBIX OOLIUTOB, TO €CTh MO-
nyyeHue GV ¢ XpOMOCOMHBIM armapaToM HYXXHBIX CTaauii pa3BUTHS Kapuocdepsl, 6e3
TMPUMEHEHUS TOPMOHAJIBHOM CTUMYJISIIMU 3aTPYTHEHO OTPAaHUYEHHBIM IO BpEMEHU Tie-
PUOIOM Pa3MHOXEHUS 3TOTO BUAA.

CyuTalor, 4TO B OCEHHe-3uMHUi1 Tiepuon B GV TpaBsSHOM JATYIIIKA HAYMHAeT (hopMu-
poBaTthCs Karicyyia Kapuocdepbl, KOoTopasi TOCTUTaeT, Kak U caMa Kapuocdepa, CBOEro
MaKCUMaJIbHOTO Pa3BUTUS MO3AHEH BecHOU — nepen oBynsiuueit [8, 9]. MHbIMU croBa-
MU, OOLIUTHI C TTOJTHOCTBIO C(POPMUPOBAHHOI Kapuochepoil MOXXHO MOJIYYUTh TOJILKO B
TeuyeHHe HECKOJIbKMX Henenb (Ha ceBepe JIeHnHrpanckoit oonactu u B Cankr-Iletepoyp-
re oOBIYHO B anpejie—Hayvajie Masi B 3aBUCMMOCTHU OT MOTOAHbBIX ycsioBuit). [Tono6Has cu-
Tyalusi CYIIECTBEHHO OTrpaHWYMBAET BO3MOXHOCTU 3KCIIEPUMEHTAIBbHON paboThl C
TMO3IHUMU BUTEJUIOTEHHBIMU OOLIMTAMU U JIeJIaeT TPABSHYIO JISITYIIKY MaJlo TTOAXOsI e
TSI POJIM J1TaOOpaTOPHOIro OObEKTA.

Db bheKTUBHBIM CITOCOOOM pellIeHUsT 3TOU MPOOIeMBbl SIBJISIETCS UCKYCCTBEHHAs! CTH-
MYJISILMSI OOT€HEe3a C MOMOIIIBIO BBEIEHUSI TOHAIOTPOITHBIX TOPMOHOB. [lepBbie mpoTo-
KOJIbl CTUMYJISILIMU OBYJISINMU y amMGpUuOUii pa3HbIX BUIOB ObUIM OIyOJMKOBAHBI YK€ B
KJIACCUYECKUX PYKOBOICTBaX 1o 6uojioruu pa3putus [4]. OnHako UCIOJb30BaHUE CUH-
TEeTUYECKUX aHAJOrOB TOHAIOTPOITHBIX TOPMOHOB WM PUJIM3UHT-(hAKTOPOB B 3TUX HC-
XOIHBIX TPOTOKOJIAX MPEAYCMOTPEHO TOJBKO JIJIsI TETUIOBOAHBIX 0€CXBOCThHIX aM(bUOMil, B
TEePBYIO ouepeab ahpUKAHCKON ITTOPLEBO JISITYIIKA Xenopus, Nj1si KOTOPOiA TIPOTOKOJIbI
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TOPMOHAJILHOM CTUMYJISILIUM OOTeHe3a JaBHO alpoOMpOBaHbl U CTaHAAPTU3UPOBAHBI
[13]. K HacTos1ieMy BpeMeHHU OITyOJIMKOBAHO OOJIbIITIOE YUCIO paboT MO TOPMOHAJIBHOMI
CTUMYJISILIAM JUISI TIOJTyYEHUS TIOJIOBBIX TIPOAYKTOB y aM(UOUI TPOMUUYECKUX U YMEpEeH-
HBIX IKUPOT [ 14—16], omHAKO HAM He yaaJ0Ch OOHAPYKUTh COBPEMEHHBIX pabOoT, B KOTO-
PbIX Obl ObLIA UCITOJIb30BaHA TOPMOHAJIbHASI CTUMYJISILIMSI UMEHHO caMOK R. femporaria.

Huist ctTuMyisiliuM caMok R. temporaria NCXOMHbBIE TIPOTOKOJIBI MPeTycCMaTPpUBaIN BBE-
JIEHYE XKMBOTHBIM TOMOTI'€HU3MPOBAaHHBIX THIIOMU30B 0cobeii Toro ke Buna [4]. B HacTo-
si1ee BpeMs, TIPU HAJTMYUU TOCTYIMTHBIX CUHTETUYECKUX TOPMOHAJIbHBIX TIpeTnapaToB, To-
NOOHBIN TTOAXOA HEMTPUEMJIEM IO STUYECKUM COOOpaXKeHUsIM, TTOCKOJIbKY TIpe/rioiaraet
yMepIlBIeHHE OOJBIIOro KojudecTBa ocobeil. KpoMme Toro, Kak KjlacCuueckue, Tak U
COBpPEMEHHBIE TIPOTOKOJIbI OPUEHTUPOBAHBI Ha TMOJyYeHUEe 3pebIX SIMIEKIIETOK, 3aBep-
IIMBIINX MEHOTUYECKOE JieJICHUE Y TOTOBBIX K OIUIOJIOTBOPEHUIO, a TaKKe TpernapaToB
XPOMOCOM — JIAaMITOBBIX IIETOK U3 00Jiee MOJIOABIX OOLIMTOB. JlaHHBIE O cpoKax hopMU-
poBaHUs Kapuocdepbl B ooliuTax R. temporaria mocie Hayajaa TopMOHATbHON CTUMYJISI-
1LIMM U B LIEJIOM O BJIMSIHUU TOPMOHAJIBHOW CTUMYJISILIMUA HAa CTPYKTYPHYIO OpraHU3airio
GV B n1utepaType OTCYyTCTBYIOT.

B cBsI3Uu ¢ 9TUM 11e7IbI0 HACTOSIIEN PabOThI cTajla afanTaiys UCIIOJIb3yeMOoro s Xe-
nopus TIPOTOKOJIa TOPMOHAJIBHOUM CTUMYJISILIMU OBYJISIIUM C TIOMOIIIbIO CUHTETUYECKUX
aHaJIOTOB XOPMOHMWYECKOro TOHanoTponrHa yeiaoBeka (XI'Y) mis moaydeHus: BHE ce30Ha
€CTEeCTBEHHOTIO pa3MHOXeHUs R. temporaria oouuuToB, GV KOTOPHIX coAepKaT IMO3IHI0I0
Kapuocdepy, a TakKe aHaJIu3 BIMSHUS 9K30oreHHoro XI'Y Ha cocTostHrMEe XpOMOCOMHOTO
arrapara OOLIMTOB.

METOAbBI UCCIIEJOBAHUA

[TonoBo3penbIX caMOK TpaBsiHOW JATYIIKU Rana temporaria L. oTOupanu u3 ecrte-
CTBEHHOI cpeibl 06uTaHus B oKpecTHOCTsIX CaHKT-IIeTepOypra B oKTSI0pe, 1o Havyaja
nepuona THoepHaILy, ¥ COAePXKalu B XouoauiabHuKe npu 4°C. JIBaKabl B HEIEIIO JISTY-
IIEK MPOMBIBAIN XOJOAHOMN BOOOMA.

JJ1st CTUMYJISILIMKA CO3PEBAHMSI OOLIMTOB MCITOJb30Bald XOPUOHUYECKUII TOHAIOTPO-
MUH 4yejoBeka (XopynoH, MHTepBeT), KOTOPhIit pacTBopsuiv B 1 Mi1 0.65%-Horo pacTBo-
pa NaCl u omHOKpaTHO WM IBYKpaTHO BBOMWIM B OOKOBOM JTMMMATUUECKUIA TTOIKOK-
HBII MelloK. B ciyyae nByKpaTHOTO BBEACHMSI TOPMOHA MHTEPBAJT MEXITY MHBEKIIUSIMU
cocTtabisul 24 4. KOHTpobHBIM XXUBOTHBIM BBOAUIM 0.65%-Hb1ii pacTBop NaCl B TOM ke
o0beMe U ¢ Toit ke TepuoanyHocThio. [Tocae Havana 3KCepuMeHTa JIATYIIEeK CoaepkKa-
JIM B OTIEJbHBIX aKBapruyMax IMpPU KOMHATHOI TeMIlepaType B YCIOBUSIX €CTECTBEHHOIO
OCBellleHUsI. XapaKTEepHbIM BHEIIHUM TPU3HAKOM >KMBOTHBIX, MOJYYaBIIMX TOPMOH,
BHE 3aBUCHMOCTH OT CXEMbI CTUMYJISILIUU SIBJISLTOCh MU3BMEHEHNE OKPAaCKU Tejla, KOTOPOoe
HabJTI0IaIoCh yXe uepes 24 4 rmocjie nepBoii MHBEKIIUY M yCHJIMBAJIOCH B CITydae TMOBTOP-
HOro BBeIeHMsI ropMoHa (puc. 1).

ZKMBOTHBIX BBIBOIMJIN M3 BKCTIEpUMEHTA uepes3 48 4 Tiociie TIepBOid MU BTOPOM UHB-
eKIIMU TTyTeM JeKaNmUTaIllui ¢ HeMEIIEHHBIM TTOCIeAYIONINM pa3pyllieHueM CITMHHOTO
Mo3ra ¢ 00513aTeIbHBIM KOHTPOJIEM OTCYTCTBMST CITMHHOMO3TOBBIX PeIIEKCOB.

AnyHuUKY 1 oolUTHI M3oaupoBanu B cpene OR2 [17], comepxaeit 82.5 MM NaCl,
2.5 MM KCl, 1.0 MM CaCl,, 1.0 MM MgCl,, 1.0 MM Na,HPO,, 5.0 MM HEPES, pH ~ 7.8.
Anpa oouuntos (GV) nsonuposanu B pactsope “5: 1+ PO, [18], conepxaiuem 83.0 MM
KCl, 17.0 MM NacCl, 6.5 MM Na,HPO,, 3.5 MM KH,PO,, 1.0 MM MgCl,, 1.0 MM DTT,
pH 7.2. Busyanuzanuo xpoMaTuHa (Kapuocdepbl) MpOBOAUIM HA CBEXENMPUTOTOBICH-
HBIX He(PMKCUPOBAaHHBIX Npenaparax u3oauposaHHbix GV B pactBope “5: 1 + PO,” ¢
nob6asiaeHueM DAPI B koHneHTpaunu 0.5—1.0 MKr/mMiI1 ¢ TTOMOIIBIO 3MU(IyOPECLIEHTHOTO
mukpockorna Axio Scope.Al (Carl Zeiss), ocHalieHHOTo MM poBoii poTokamepoii Axio-
Cam ICm. [Inst Kaxka0ro XMBOTHOTO ObLJIO TMTPOaHAIM3MPOBAaHO He MeHee 10 0oLuTOB.
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Puc. 1. U3meHeHue okpacku tesia Rana temporaria nocne BBeneHust XI'. Crega: AsTyIIKM 10 Havaia SKCIepy-
MEHTa, cnpasa: Nepell BhIBEIEHUEM U3 DKCIIEPUMEHTA. (2) — KOHTPOJIbHAs 0COOb, 10 U TOCIIE AByKPATHOTO BBE-
nenust 0.65%-noro NaCl; (b) — oco6b 10 u niocite aBykparHoro BeeneHust 200 ME XI'Y; (¢) — 0co6b 10 1 rociie

nBykpaTtHoro BBeaeHust S00 ME XT'Y.
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Puc. 2. CBexxenpuroToBieHHble He(PUKCHPOBaHHBIE TTPENapaThl XpOMOCOM OOILIMTOB Rana temporaria. (a) — mo-
cie AByKpaTHoro BeneHus yisarymkaM 0.65%-noro NaCl; (b) — nociie ogHokpatHoro Benenus 400 ME XI'Y;
(c) — mocne nBykpatHoro BBenenust 200 ME XI'Y; (d—f) — mocie nBykpaTtHoro BBeneHust 500 ME XT'Y. Ka-
puocdepa (KIyooK XpOMOCOM Cpear aMIUTM(PUIIMPOBaHHbBIX SAPHIIIEK) yKa3aHa cTpeinkamu. Okpacka DAPI.

PE3VJIBTATBI MCCJIIEAOBAHHWA

JAvHamMyKa U3MEHEHUSI XPOMOCOMHOTO arlapara BUTEJTOTEHHBIX OOLUUTOB R. tempora-
ria, TeCHO CBSI3aHHAsI C CE30HHOCTBIO Pa3MHOXEHUsI 3TOro BUIa 6ecXBOCThIX aMbuoduii [7],
JIEeTaJIbHO ONMCaHa W MPOWIIIOCTPUPOBaHA B Kiaccudeckoit padore Hropeu [19]. Hirs
OOIIMTOB, MU3BJICUEHHBIX Y CAMOK OCEHbIO, XapaKTepHbl HaYaJIbHbIE 3Tallbl (hopMUpOBa-
Hus Kapuocdepbl, KOrAa XpOMOCOMbI YXe TeMOHCTPUPYIOT OTYETIMBYIO TEHACHIIMIO K
arperaluy U JOKaJIM3YIOTCS B OTHOCUTEIBHO orpaHndeHHou obdmactu GV, ogHako mpo-
lIeCChbl MX KOHJEHCAlMH elle ¢Jlabo BbIpakeHbl U Kapuocdepa IpeAacTaBisieT coOoit
BechbMa phIXJblii Kiyook [20]. [TomoOGHY0 KapTUHY Mbl HaOJI01aJIM B OOLIUTaX KOHTPOJIb-
HBIX KMBOTHBIX (pUC. 2a), Ilie MPUCYTCTBOBAIM PHIXJIO PACIIOJIOXEHHBIE XPOMOCOMBI C
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YETKO pacrno3HaBaeMbIMU OMBaJeHTaMMU, HA KOTOPBIX XOPOIIIO BbIPAaK€HbI XPOMOMEPHI.
Takue xe Mopdoiaoruueckre Mpu3Haku XapakTepu30Balu COCTOSIHUE XPOMOCOMHOTO
anmapara (kapuocdepsl) B GV R. temporaria Kak ipu onHOKpatHOM BBeaeHUU XTI B no-
3e 400 ME (puc. 2b), Tak u nipu aBykpatrHoMm BBeneHun XI'U B mo3e 200 ME (puc. 2c).
OueBuaHO, uTto uctoiab3oBaHue XI'U B maHHOI TO3UPOBKE SIBISIETCSI HENOCTATOUHBIM
TSI CTUMYJISILMA CO3PEBaHMS OOLIMTOB, XOTS M MPUBOAUT K U3MEHEHUIO OKPAacKU TeJia
>KMBOTHBIX (puc. 1b).

Mnas kaptuHa 6bUIa XapakKTepHa ST OOILIUTOB ITpy AByKpaTHOM BBeneHUM XI'Y B mose
500 ME. B aTtom ciydae Habonaaiu BeIpaXkeHHOE YIUIOTHEHME 1 arperaiuio XpoMocoM
(puc. 2d), yTo npuBOAMIO K (hOPMUPOBAHUIO KOMITAKTHOTO XPOMOCOMHOTO “KJIyOKa”,
xapakTepHoro misg craguu VI mo xknaccudukamum Jdiopen [19]; Takoe cocTossHUE Ka-
puocheps! xapakrepusyetr GV R. temporaria B Hayasie ce30Ha Ux pasMHoxXeHus1. Ha naHHoii
CTaauy Pa3BUTHS BUTEIJIOTEHHBIX OOLIMTOB YK€ HE BBISIBIISIIOTCSI XPOMOMEDPBI, OMBaJICHTHI
MPEICTaBIeHbl KOHISHCUPOBAaHHBIMHU “TIOCT-JIAMIIOBBIMM IleTKaMmu” (post-lampbrushes),
YTPaTUBIIMMU JIaTepaJibHbIE TeTIU. ¥ HEKOTOPBIX 0COOEi B 3TOM IKCIIEPUMEHTATBHOM
rpyIine HaGioaanu eile 6ojiee BhIPaKEHHYIO arperaiyio XpoOMOCOM, HEXEJIM OIMCaHO
Jropbu mist ctaguu VI (puc. 2e), Korga CTaHOBUTCS CJIOKHO BU3YaIM3UPOBATh OTIEb-
Hble OMBaJIEHTHI B cOCTaBe arperata xpomocoM. KcraTtu, B ucropuueckoii pabore Barne-
pa [7] Takast kKapTuHa TIpefcTaBieHa, B To BpeMs Kak Hopwu [19] cuuran, uto cragus VI
3aBeplliaeT Nepuo pocta oouura R. temporaria.

B T0 ke BpeMsl y OTIebHBIX 0co0eil R. femporaria, CTUMYJSIIIAIO KOTOPBIX MPOBOIVIIA
C HCIIOJIb30BAaHMEM TOM ke cxeMbl (mByKpaTtHoe BBeneHue 500 ME XI'Y), mpoieccsr ar-
peraluvy XpoMOCOM ObIJIM BbIpaxkeHbl B MEHbIIIEH CTeNEeHW M KapTUH paclpeneaeHust
XpPOMOCOM, XapakTepHbIx 1 ctaguu VI no Hiopbu, He HaGmonanu (puc. 2f). B atom
cJlyyae BO BCEX OOLIMTaX XpOMOMEPHhI OMBaJICHTOB ObLIM XOPOIILIO Pa3InYUMbl, HEKOTOPOE
YTOJIIIEHNE XpOMOCOM Habmonanu Toabko B 30% GV. B 70% oouutoB, MOJYyYeHHBIX OT
TakuUX 0cobeil, COCTOSTHME XPOMOCOM COOTBEeTCTBOBajio cTaauu IV mo Hiopwsu, 30% —
cranuu V. OmHaKo naxe B 3TUX CIIydasix TSl BCeX MPOoaHaTU3UPOBAHHBIX OOLIMTOB OBIJIO
XapakKTepHO 0oJiee yMopsiIoOUeHHOE U KOMIAKTHOE PACIIONIOKEHUE XPOMOCOM, HEXeIu
HaO/I01aeMO€ Y KOHTPOJIbHBIX OCO0ei UK MPY MCIIOJIb30BaHUM HER(P(PEKTUBHBIX CXeM
crumynsinuu. [o-BUAMMOMY, TaKMe KapTUHBI MOXHO paclieHUBaTh KakK MepBble TpU3Ha-
KU MPOIIECCOB arperaivy U KOMIIAKTU3alU XpPOMOCOM, YTO B JaJbHEMNIIeM MPUBEIET K
dbopMHUpoBaHUIO KOMITAKTHO# Kaprocdepsl. B meoMm KapTuHy, HabIogaeMyio B simpax
OOIIMTOB OTAEBHBIX 0c00eit R. temporaria Ipy TOTOOHOM cXeMe CTUMYJISIIIAM U He YKJIa-
NIBIBAIOIIYIOCS B KJTACCMYECKYIO Kilaccudukaiuio Jopbu, MOKHO 0XapaKTepu30BaTh Kak
“KJIIyOOK TOHKUX HUTEI”.

OBCYXIEHMUE PE3VJILTATOB

Wcnonb3oBaHWe TOHATOTPOITHBIX TOPMOHOB JUISI CTUMYJISIIIUM CO3pEBaHUS siiilie-
KJIETOK Yy 0ecXBOCTbhIX aM(duOUii MMeeT yXe IMOUYTU CTOJEeTHIoI uctopuio. B 1933 1.
bennep6bu [21] BnepBbie COOOLIUT O TOM, YTO UHBEKLIMSI KUCJIOTO WM 11IEJIOYHOTO IKC-
TpakTa nepeaHeil 1oau runodursa Oblka caMKaM JISITYIIKU X. [aevis BHI3bIBACT OTKJIAAKY
SMIIEKIIeTOK Yepes 18 u. B mocnenyommx nccirenoBaHusx 3TOT 3(pGeKT TOHATOTPOITMHOB
MJIEKOTIUTAIONIMX HA PEeNPOAYKTUBHBIE (PYHKIIMU O6€CXBOCThIX aMduOUii ObLT OATBEP-
KIEeH, a TaKKe OB TOTIOJTHUTEILHO OXapaKTepu30BaHbl BUTOCIICII(bUIECKIE 0COOEH-
HOCTH TOHAIOTPOIIMHOB B Pa3IMYHBIX ITapax JOHOp—peluunueHT [22]. B HacTosiee Bpe-
M1 JUTST pelieHUsT MPUKIaAHbIX 3a/1ay, CBSI3aHHBIX C BOCIIPOU3BOJCTBOM PEIKUX BUIOB
aMuOMii, UCIIOIb3YIOTCSI CUHTETUYECKME aHAJIOTUM PUJIU3UHI-(aKTopa JIIOTEMHU3UPY-
fo1iero ropmMoHa u XI', omHako 3¢¢heKTUBHBIE 103bI TOPMOHAJIBHBIX TTPETapaToB, KaK Mpa-
BWIO, TTIOAOMPAIOTCS METOAOM MTPOO 1 OIIMOOK 1 MOTYT CYIIIECTBEHHO pPa3jinyaThCs y pa3-
HBIX BUIOB [23].
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[ist ctumysisiiiuy ooreHesa R. femporaria mbl ucnioib3oBaiu XI'Y. CienyetT OTMETUTD,
YTO B HacTosllee BpeMsi OoJiee IIMPOKOE UCITOJb30BaHUE ISl CTUMYJISILIAM pa3MHOXe-
Hus amdubuii monydyus cypdaroH, KOTOpblit 00JagaeT psiaioM MPEeuMyIiecTB (OTCyT-
CTBUE BBIPAXXEHHOU BUAOCTELIMGUIHOCTU, OE30MTaCHOCTh, HEBBICOKASI CTOUMOCTb), OJl-
HAKO CMHTETHYECKHE TOHAJOTPOIUHBI TaKXXe MTPUMEHSIIOTCSI B TPOTOKOJIaX TOPMOHAJb-
HOIt cTumynsauuu amMduouii [16], MO HEKOTOPBHIM MaHHBIM MPEUMYIIECTBEHHO ISt
JnabopaTopHBIX uccaenoBanuii [23]. HaMm He ymaigoch HaliTH B JIMTEpaType MPOTOKOJIOB
ctuMynsiuu R. temporaria ¢ UCTIOJIb30BaHUEM CUHTeTHYecKuX npenaparoB XI'Y, moaro-
MY MbI B35UJIM 32 OCHOBY KJIaCCUYECKUIA TTPOTOKOJ, pa3paboTraHHblil miist Xenopus [4, 24],
KOTODHIi mpexycMaTpuBaeT ogHokpaTtHoe BBeneHre XI'd B gose ot 100 mo 600 ME B 3a-
BHUCHUMOCTHU OT pasMepa Jisaryiku. [locie omHokpatHoro BBeneHus 400 ME XI' mMbl He
HaOI01aTu U3MEHEHUIA COCTOSTHUSI XPOMOCOM OOLIUTOB MO CPABHEHUIO C KOHTPOJIbHbI-
MU XXHUBOTHBIMHM, TO €CTh CTAHIAPTHAS CXeMa CTUMYJISILIUU Xenopus oKazajaach Headdek-
TUBHOM B cy4ae R. temporaria. HanGonee BEpoOsSITHO, YTO 3TO 00YCJIOBJIEHO 3KOJI0TO-(hu-
3UOJIOTUYECKUMU OCOOEHHOCTSIMU TPABSIHOM JISITYIIIKU, B TIEPBYIO OYepeb YeTKO BbIpa-
JKEHHOI Ce30HHOCTBIO PA3MHOXEHUS Y HATMYUEM JUTUTEIbHOTO Mepruoaa TMOepHalu .

B nutepaTtype MMeEIoTCsl JaHHBIE O TOM, YTO JJIsI CTUMYJISILUU Xenopus B IIOHE—UIOJIE,
KOrJa IIIMOPIEBbIe JISITYIIIKYA B MPUPOJEe HE pa3MHOXAIOTCS, TPEOYIOTCSI OOJIbIINE TO3bI
ropmMoHOB [24]. Kpome Toro, 3HauMMbIM (DaKTOPOM, ONpPEaeISIONIMM OCOOEHHOCTH UC-
KYCCTBEHHOI CTUMYJISILIMM OOTeHe3a R. femporaria, MOTYT ObITh TEMIIEPATYPHBIE YCIOBUS
conepkaHust 3TuX aMmpuouii. Jlo Hayajaa 3KCIEepUMEHTA JISATYIIEK comepxaiu npu 4°C,
nocie BeeaeHus XI'Y — nmpu KoMHaTHOIT TeMIiepaType, Toraa Kak peKoMeHayeMasl TeM-
neparypa Boabl 1jisd Xenopus coctapisietT 22—25°C [13]. MoxkHo 11oj1arath, 4To 3TH (ak-
TOPbI B OIpPENEJeHHON CTEeNeHU OMNMpeaeIsiloT HEOOXOAUMOCTh yBeauYeHuUsT Oo3bl XI'Y
pu cTuMyJisiiuu R. temporaria.

Heob6xonuMocTs 106aBieHUsI B CXeMY CTUMYJISILUU R. femporaria MOBTOPHOIO BBEIE-
Hust XI'Y ObL1a B oTipeneIeHHOM CTeIeHU OXUIaeMOl, YYUThIBasl ITepeYUCICHHbIE BhIIIE
9KOJIOT0-(U3NOJOTNYECKME OCOOEHHOCTU TPABSHOM JISITYIIKU U MIPOBEICHUE IKCIIEPU-
MEHTOB BHE Ce30Ha pa3MHOXEHUs. B CBSI3M ¢ 3TUM clieayeT Takke OTMETUTh, uTo X'
JIOBOJILHO YacTO He BhI3bIBacT addekra y ambuouii [25, 26] u TpeOyeT JOMOJTHUTETBHBIX
(MpaliMUPYIOIINX) UHBEKIUI TOPMOHAJIBHBIX TIperapaToB, KaK MoKa3aHO, Harmpumep,
IUISI CaMOK BallOMMHICKOM XaObl Anaxyrus baxteri — penkoro Buaa ampuobuii, oburtaio-
IIErO JIMIIbL B HEBOJIE U B Mpeaesiax onHOro HauuoHanbHoro napka CIIA. OTu XuBOT-
Hble He pearupoBaiu Ha XY 6e3 nmpeaBapuTeIbHOTO BBEICHUS TIpaiiMUpyIolleii cMecu
JIT-PT" u XTY [27].

Bripaxxennsie a¢dpdextst XI'Y Ha cocTossHHE XpOMOCOMHOTO arrnapara OOLIMTOB
R. temporaria mpl HaGmoganu npu aBykpatHoMm BBeneHuu XI'Y B moze 500 ME. [lns
OLICHKM CTETIeHU arperaly XpoOMOCOM Mbl MCTIOJIb30BAIM TaKMe KPUTEPUHU, KaK TOJIIIMHA
XPOMOCOM, HaJIMYME BUAMMBIX XPOMOMEPOB, HAJIMYME UASHTUDUIIMPYEMbIX OMBaJIeH-
TOB, a TakXXe KOMIMAKTHOCTH JIOKaIM3alMu xpomocoM. [lIpy ucrnonb3oBaHUU NaHHOM
CXeMbl CTUMYJISILIMY HaOJIIoAaIM YMEHbIIIEHUE TUIOIIAAU, 3aHUMaeMOil XpOMOCOMaMHU,
YTOJIIIIEHUE XPOMOCOM U MCYE3HOBEHHE XPOMOMEPOB. B HEKOTOPHBIX ciiyyasix ObLIO He-
BO3MOXHO BU3yaJM3MPOBaTh OTIAEIbHbIE OMBAJICHThI, KOTOPHIE arperMpoBaiu B ILJIOT-
HbII KJTy60oK. OTMETUM, YTO B TTOAOOHBIX CIIydasiX CTEIeHb arperaliii XpoMocoM ObLia
BBIIIIE, HEXeu B cydae ctanuu VI pazButus Kaprocdepbl, KoTopas Oblia onrcaHa Jio-
pou [19] myist oounToB R. femporaria HEMOCPENCTBEHHO Tepel OTKJIaAKOU UKPbI. Takum
obOpa3oM, y HEKOTOPBIX 0cobeit nByKpaTHoe BBeaeHre X1 mpuBoauio K “runeparpera-
mun” xpomocoM. HampoTus, mpu MCIIOJb30BaHUU 3TOI Xe CXeMbl CTUMYJISIIIUU Y OT-
JIEeAbHBIX 0COOEH MPU3HAKM arperaluMy XpoOMOCOM B OOLIMTaxX OBLIM BbIpaxKeHbI ciiadee,
YTO MOXET OOBSICHITBCS MHAMBUAYAJTbHBIMU OCOOEHHOCTSIMU PEaKIUU XXMBOTHBIX Ha
ropMoH. MeHbe 10361 TopMoHOB (200 ME) naske mpu IByKpaTHOM BBelI€eHMM HE OKa-
3bIBAJIM BJIUSTHUSI HA COCTOSTHUE Kapruocdephl.
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Takum o6pazoM, XI'H MOXKET UCTIOIB30BATHCS IJISI CTUMYJISILIMY CO3PEBaHUST OOLIMTOB
R. temporaria in vivo, B YaCTHOCTH JUJISI TOJYYEHUSI OOLIMTOB C MOJIHOCThIO CDOPMUPOBaAH-
HoW1 Kapuocdepoii. Tem He MeHee, IpeaIaraeMblii HaM1 IIPOTOKOJI TpeOyeT AajabHeiie-
TO YTOYHEHUS ISl TIOJydeHuUs 6oJiee CTaOMILHBIX PE3yIbTaTOB U MOBBILICHUST KaYeCTBa
00LIMTOB. B yacTHOCTU, MEPCIMEKTUBHBIM HAMPABICHUEM HaM MPEACTABISETCS BKIIOUE-
HHUE B CXEMY CTUMYJISILIMU MIPOTeCTEPOHA, KOTOPBI TPAAULIMOHHO UCIIONb3YeTCs AJIsl CO-
3peBaHUsI OOLIMTOB amubuii in vitro [4]. B nuteparype Takke UMEIOTCS JaHHBIE 00 3 -
(EKTUBHOCTHU BKJIIOUEHUSI ITPOTECTEPOHA B TIPOTOKOJBI CTUMYJISIIIUY O€CXBOCTBIX aM(pU-
ouii. XoTs caMm Mo cebGe MpOorecTepoH HE BHIZBIBACT OBYJSILIMIO JaXe MPU MOBTOPHBIX
BBEIIEHUSIX, OH CYIIECTBEHHO MOBBIMIAET 3(PHEKTUBHOCTh CTUMYJSILIMUA OBYJISILIUU Y
Anaxyrus fowleri mpu coBMecTHOM ncnoiab3oBanuu ¢ JII-PI [28].

COBJIIOJEHUE 5TUYECKUX CTAHIAPTOB

Bce mpuMeHUMBbIe MeXIyHAapOOHbIE, HAllMOHAJIbHBIE W/WIW WHCTUTYLHOHAJIbHbBIC
MIPUHIIATIBL YXOIa W MCIIOIb30BaHMUsI XKUBOTHBIX OBUIH COOJTIOAEHBI. Bee mmpolenypsl, Bb-
[MOJTHEHHBIE B HMCCIIEIOBAHMSIX C YyYaCTHEM >KMBOTHBIX, COOTBETCTBOBAIN 3TUYECKUM
cTaHIapTaM, YTBEPXKICHHBIM ITPaBOBBIMM akTamu Poccuiickoit @enepaiivu, MPUHIIM-
maMm basenbcKoii mekinapainuu, peKoOMeHIalsIM 110 3THKE MCIOJIb30BAHUS JKUBOTHBIX B
HCCIIeI0BAHUSIX, BBITTOTHSAEMBIX TTpy noaaep:kke PH®, u nosuunn KoMmuteTa 1o aTuke
npu pabdore ¢ kuBoTHbIMU MHcTUTyTa tmronoruu PAH (yuuensust F18-00380). B uc-
CJIeIOBaHUY HE MCIIOJIb30BAIM NCUE3AI0IINE WIIH OXPaHSIEMBIE BUIBI, BCE 00pas3Ibl ObUIU
coOpaHbI 3a IpeaeaMy OXpaHseMbIX IPUPOIHBIX TeppuTopuii. Hacrosimas crates He
COIEPXKUT KAKMX-IM00 UCCIEIOBAHMIA C y4aCTUEM JIIOIEH B Ka4eCTBE OOBEKTOB UCC/IEI0-
BaHUIA.

MCTOYHUKHU ®PUUHAHCHUPOBAHU S
PabGota BheITIONTHEHA NTpU TToanepxkKe Poccuiickoro HaydyHoro oHaa (mpoekT Ne 22-24-00380).

KOH®DIUKT UHTEPECOB

ABTOPBI IEKJIAPUPYIOT OTCYTCTBUE SIBHBIX U TOTEHLIMAIbHBIX KOH(MIMKTOB UHTEPECOB, CBSI3aH-
HBIX C MyOIMKalueil TaHHOM CTaThH.

BKJIAJ ABTOPOB

Hnes padotsl (/1.C.B), miaHupoBaHue 3KCIIEpUMEHTa, IMOJydeHue, aHAIM3 MHTepHpeTalus
naHHbIx it pabotsl (M.0.B.), Hanucanue manyckpunrta (M1.0.B.), penaktupoBaHue CTaTbU, CO-
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Influence of Hormonal Stimulation on the Oocyte Chromosome Apparatus
of the Common Frog

1. O. Bogolyubova® ?, and D. S. Bogolyubov® *
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Late vitellogenic oocytes of the common frog, Rana temporaria, represent a promising
model for studying the behavior of meiotic chromosomes, since at the diplotene stage,
they unite into a karyosphere, which in R. temporaria is believed to have an extrachro-
mosomal capsule — unlike in Xenopus laevis, a classic model object of cell biology and
developmental biology. However, in comparison with Xenopus, the strict breeding sea-
sonality of R. temporaria significantly limits the possibility of using its oocytes as an ex-
perimental model. By adapting classical hormonal stimulation protocols proposed for
anurans including Xenopus, we were able to obtain R. temporaria oocytes with a fully de-
veloped karyosphere outside the breeding season, namely in December—January. We
observed pronounced changes in the chromosomal apparatus of oocytes with a double
injection of human chorionic gonadotropin (hCG) at a dose of 500 IU. In this case,
chromosomes undergo compaction and aggregation, leading to the formation of a char-
acteristic chromosomal “knot” (karyosphere), the morphological features of which cor-
responded to those in R. temporaria oocytes at the beginning of the natural breeding sea-
son. Based on the proposed protocol for the use of hCG for out-of-season stimulation of
oogenesis in R. femporaria, it can be further refined to obtain more stable results and im-
prove the quality of oocytes.

Keywords: oogenesis, oocyte nucleus, germinal vesicle, chromosomal apparatus, karyo-
sphere, human chorionic gonadotropin, Rana temporaria
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