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CUCTEMA KAPBOKCHUOCTEPA3 DROSOPHILA
MELANOGASTER B OHTOI'EHE3E

MeTomom cnenuuUecKOd T'MCTOXMMHUUECKON OKPACKU I'eJIeBhIX OJIOKOB IIOCJIE
ajeKTpodopesa ¢ mocaenyIoleii KOMIBIOTEPHOU AeHCUTOMETPUEI M3ydasiu Ka-
YeCTBEHHbIe U KOJINUECTBEHHBbIe NU3MeHeHUsA (PepMeHTOB IOAIOLKJIAcCA TUAPO-
na3 3¢upoB KapOOHOBHIX KHUCJIOT B OHTOTeHe3e Apo3oduibl. [Iokaszano MHOT000-
pasue runpoJias 5GUPOB KAapOOHOBBIX KMCJIOT Ha CTAAMAX SMOPHOHATIBHOTO U
MOCTAMOPUOHATIBHOTO PA3BUTHUSA IIJIOLOBOI MYIIKU. ¥ CTAHOBJIE€HA 3aBUCUMOCTH
MOJIEKYJIAPHBIX (DOPM PaA3JIMYHBIX 5CTePas M MHTEHCHUBHOCTU UX IIPOABJIEHUS
Ha dJeKTpodoperpaMmax OT (pa3bl OHTOTeHe3a.

Karouessie cioBa: ruaposassl 9pUpoB KapOOHOBBIX KUCJIOT, OHTOTE€HE3, IP030-
duia.

CoryiacHO wuMeEIOIMIMMCA B JHUTEpaType MTaHHBIM, THUAPOJa3bl 3(GUPOB
Kapb6oHOBEIX Kucjaor (K®P: 3.1.1) y KMBOTHBIX HOpeJCTaBJIEHBLI pPa3auU-
HbBIMU Tpynnamu GepmMeHTOB: Kapb6okcuascrtepasdamu (Kd: 3.1.1.1), pac-
menagoimmumMu 3Gupsl aaudaTUYecKUX CIOHUPTOB, apuiscrepasamu (Kd:
3.1.1.2), rugposusyromumu 3GUPHl apOMaTHUUYECKUX CIUPTOB, aIlleTUJIAC-
Tepazamu (K®: 3.1.1.6), ameTuaxoJmHACTEpAsaMU U XOJUHAICTEPaA3aMu
(KdP: 3.1.1.7 u 3.1.1.8), a TakKe JIpPYyrEMH CO CXOAHON QPYHKIHUe
dbepmenramu [1-5].

T'naBHaa GQYHKOUA 5TUX (QEPMEHTOB OIPEAENsIeTCca HEIOCPEJACTBEH-
HBIM YyuacTueM B MeTaboam3Me pasHOOOpasHBIX 3dPuUPoOB KapOOHOBBIX
KHCJOT B KJETKaX, KaK NHuI[eBapuTeJbHOH, KPOBEHOCHOI, HEpPBHOI,
BBIJIEJIUTENbHOM, IIOJOBOUM M JAPYTHUX CUCTEeM. ¥ HEKOTOPBHIX BHUAOB Hace-
KOMBIX OOHaApy’KeHBI 3CTepasbl, PACIIENJIAIONINE CJOMKHBIE 3(QUPHI Kap-
OOHOBBIX KWCJIOT, BXOHASAIINE B COCTAaB KOPMOBOU cpenwl [6]; ameruJ-
XOJIMHICTEPA3bl, PETYJUPYIOINEe YPOBEHb AalleTUJXOJUHA B MOCTCHUHAI-
TUYECKUX CTPYKTypaxX HEPBHOU TKAHM W KOHTDPOJUDPYIOI[HE ABUTATEb-
HYI0O aKTHUBHOCTb opraHuama [7, 8]; screpasbl IOBEHUJIHHOTO T'OPMOHA U
(epoMOHOB, OTBETCTBEHHBIE 3a MeTaMOp(dO3 U IOJOBBIE OTHOIIEHUS B
penponyKTuBHBIN mnepuox [9, 10]; KapOokcumscTepasdbl, PaCIIENJISIOIINE
WHCEKTUIIUABl U APYyrHue TOKCUUECKHEe BellecTBa CJI0KHOI(pUPHON mpu-
poxer [11, 12]. Or KaramuTuueckoil (GYyHKIMU 3TUX (DEPMEHTOB MOKET
3aBUCETh CTeMeHb IIPHUCIOCOOJEHHOCTH oOpraHmaMa K (aKTopaM OKpPY-
JKawiei cpeasl. K coskaleHuioo, poJb ruapogas 3(PUPOB KapOOHOBBIX
KHCJIOT B (OPMHUPOBAHUU OHTOTEHETUUYECKUX U (PUIOTeHEeTUUECKUX
aJanTUBHBIX peaxIuii JKUBOTHBIX OCTAéTCA MAaJ0 M3YUEHHOI.
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dcTepasbl MOTYT CYIEeCTBOBATh B BHAE MHOKECTBEHHBIX MOJIEKYJISIP-
HBIX (OPM, OTpPa’KAMIIUX KaK TeHOTUIIUUYECKYIO0, TaK U IapaTHUINYec-
KYyI0 M3MEHUYMBOCTh opranmamMoB. OIHAKO, eCJM TeHOTHUINUYECKAs N3MEeH-
YMBOCTH OIpeAeasdeTcA pasHooOpasmeM aJjjejiell KOHKPETHOTO JIOKyca,
TO IapaTUONYeCKas — TIJIaBHBIM O0O0pPasoM IIOCTTPAHCJISIIMOHHON MOIM-
dukanmeli KOHEUHBLIX Te€HONPOAYKTOB. HemaJloBaXHyI0 pPOJbL B 3TOM
MOIM(PUKAIMOHHOM IIPOIECCE HNrPAT TI'UIPOJUTHUYECKHE (PEepPMEeHTHI, B
YACTHOCTHU MPOTEMHA3bl, OCYIIECTBJISIONINE PEaKIUM OIPAHHYEHHOTO U
HEOTPAHMUYEHHOTO IIpoTeosusda. Takum o00pasoM, OTHeJNbHbIE OMOXUMU-
YyecKue TMPU3HAKU ABJSIOTCA pPEe3yJbTaTOM 3JKCIPECCUU COOTBETCTBYIO-
IMUX aJJeJbHBIX T€HOB W MOIUMPUIMPOBAHUA HUX IPOAYKTOB IIPU OIpe-
IeJIeHHBIX YCJIOBUAX BHEIIHed u BHyTpeHHeil cpexsr [5, 13].

Kak moxasamo Ha OMOJOTMUYECKHX O0BEKTaX pPa3HBIX CHCTeMaTHUec-
Kux rpynn [14-21], annenbHas HaeTepMUHAUIWMA U AaKTUBHOCTH pALa
¢depMEHTOB IIPETEPIIEBAIOT CYIIECTBEHHBIE WN3MEHEHUA B XOJe UHIUBU-
IVaJIbHOTO Pa3BUTHUA OpPraHma3MoB. Ilpm sToM HabOJMIOZaeMble WM3MEHEHUSA
MOTYT OTpaaTh mnpolecc aud@epeHIINANNN KJETOK W TKaHeld, a TakKKe
amalnTanoOHHYI0 CIOCOOHOCTHL o0co0eil Ipu mepexole OT ONHOM CcTaguu
oHTOTeHe3a K napyroii. Hambosiee mHTEepecHLIMU, Ha HAII B3TJAN, SIBJII-
I0TCSI BO3PACTHBIE TEPeCcTPONKU (PYHKIMOHWUPOBAHUA THUIAPOJUTUUYECKUX
q)epMeHTOB Y HaCeKOMBIX C IIOJTHBIM THIIOM IIp€BpallleHrud, B YaCTHOCTHU
y miaopmoBoit myxu D. melanogaster [22]. Wcnoab3ysa 5TOT BUL B Kaue-
CTBe MOJEJbHOTO 00BbeKTa, Mbl HCCJIeIOBAaJN MHOTrooOpasme (OpM THIPO-
a3 3(pupoB KapOOHOBHIX KMCJIOT HA BCeX dTallaX Pa3BUTHUA HaCEeKOMOTO.
B samaum wmccnemoBaHmMA BxoAmyo: 1) omTmMHMBaNuA YCJIOBUHM dKCTparu-
poBaHMA U3 TKaHeH pa3JIMUYHBLIX MOJEKYJIAPHBIX (GopM ruaposiasd sdu-
POoB KapOOHOBBIX KMHCJIOT; 2) KOMIIbIOTEepPHAaA OIeHKAa WHTEHCUBHOCTU
MPOABJEHUs HaA dJeKTpodoperpaMmMax OTIeJbHBIX JCTepas B OHTOTeHEe-
3e; 3) M3yUeHHE HEKOTOPHIX (GUBUKO-XMMHUUECKHX CBOMCTB WHCCIeaye-
MBIX (DEPMEHTOB, BKJIIOUAA CYOCTPATHYIO CHenu(PUUHOCTh, IIPOYHOCTH
CBA3BIBAHUA C MeMOPAHHBIMM CTPYKTypaMu B pa3Hble BO3pacTHBIE Iie-
PHUOABI, OTHOCUTEJBHYIO 3JIEKTPOGOPETUUYECKYI0 MHOJBUKHOCTD.

MaTepuanbl H MeToabl HCC/IedO0OBaHHUuA

O0BbeKTOM wHcCCIeNOBaHUA CAy:KUIa JuHuUA Normal apos3oduabl Uep-
HOOproxoit (Drosophila melanogaster Meigen). Wcnonp3dyemas JaumHUSA
mpencTaBiadeT co00W AWUKUNA TUN MYXU, KOTOPBIM XapaKTepuayeTcs IIPo-
ABJIEHMEM [OOMHHAHTHBIX BHEIIHHX IIPU3HAKOB (KPaCHO-KOPUUYHEBBLIE
rjaasa, cepoe Tejo, IOJUHHBIE KPBIJIbA W T. O.) U B TeUeHHWEe MHOTUX
TMOKOJIEHNII TpaKTUYeCKW He [NaéT MO0 HUM pAacCIienJeHusd.

Myx BrIpamuBajam Ha IIPOCTOH UYETHLIPEXKOMIIOHEHTHOU NIUTATeIbHOM
cpeme [23] mpu Temmeparype 25°C. Ilpum »THX YCIOBHAX XU3HEHHBIA
IMUKJ MyX OT CTaiuu AHWIa OO0 CTaAWM MMAaro OCyIlecTBJAJNCS 3a 12 cy-
TOK.

OmBITHBIM MAaTepuasl, COOTBETCTBYIOINMUII KaAOW cTaiuu pPasBUTHUA,
MOJyYaJan OT OIHOI IOMYyJAIINMN, 0co0eil KOTOpOil CKpeluBaJIu HHOpen-
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HO. C 1esbI0 TOJYYEHUA OJHOBO3PACTHOTO CUHXPOHUBUPOBAHHOTO IIO-
TOMCTBA MOJIOABIX ITOJIOBO3PENbIX MyX (25 camox um 25 caMmIlOB) BBIZEp-
JKMBAJX HA CBEXXEIPUTOTOBJIEHHOM KOpMe B TeueHue 3—4 YacoB, MOCJe
Yyero IepeBOAUJMN Ha HOBYIO IHTATEJILHYIO Cpemy TOTO JKe cocTaBa.
MarepuajsoMm mOJs wucciaegoBaHuUs (epMeHTOB cay:Kkuam 18—20-uacoBbie
9MOPUOHLI, 3-CYTOUHBIE JUUMHKH M KYKOJKH, a TaKiKe HMarumHaJbHLIE
dopMBI, mOCTHUTIIHNE IIOJIOBOTO co3peBaHuA (3-#1 meHDb IIOCJe BBLIETa U3
nynapuyma). C 1espio yduéTa IIOJOBBIX pasJnuYMili B m30()opMax scTepas
CaMIIOB M CaMOK pasleAJu W aHaAJU3UPOBAJU OTIEeJbHO. B3BelleHHBIH
¢ TouHOCThI0O Mo 1 mr marepmaa (maccoumr 25, 50 m 100 mMr) romoreHu-
supoBanu B TeueHme 2 mMuH B 0,1 M raunua-NaOH 6ydepe (pH 9,0)
u B TOM Xe Oydepe c¢ mobaBkoil TpurtoHa X-100 B KOHeUHON KOHIIEH-
Tpanuu 1% . B paAme sKCIepUMEHTOB B KadyecTBE HKCTPAreHTOB UCIIOJIb-
soBasu 0,01 M ykcycHo-anaumHOBBIN Oydep (pH 4,5) mw 0,1 M ¢ocdar-
docharusiit 6ydep (pH 7,4) ormensno aumbo ¢ mobaBKOIl [-MepKamTO3-
TaHoJIa B KOHeUHOH KOHIIEHTpAIluu 2,5%. CooTHoIlleHuE
OMOJIOTHUYECKOTO MaTepuaja M JKCTpareHTa BO BCeX BapHaHTaX OIIBITOB
cocraBaamo 1:6. YcTaHOBJIEHO, UYTO SKCTPaAKIUS IMEJOUHBIM OydepoMm
(pH 9,0) ¢ 1%-wpim TpurtoHoM X-100 saBiasfeTcd OUTHUMAJbHON s
BBIABJIEHUS MHOKECTBEHHBIX MOJEKYJIAPHBIX (OPM HIyYaeMbIX THAPO-
Ja3 3(puUpPoB KapOOHOBBIX KHUCJIOT APO30(IUJIEI.

CBeKempuroToBJIeHHBIE TOMOTEHATHl IEeHTPUDYTUPOBAJU B TeUeHUe
15 Mua mpu 10000 g ma xomome (4°C). IlosydyeHHBIE SKCTPAKTHI IIe-
peHoCUJ B SUMEHIOP(PBI, a OCAAKU PECyCIeHIMWPOBAJIU B TOM JKe TIJIH-
nua-NaOH Oydepe ¢ TputoHOM u 06€3 TPUTOHA U TOBTOPHO IEHTPUDY-
TUPOBAJM IIPU TeX ’Ke YCIOBUAX.

KoMmoHeHTBI BceX MOJIyUEHHBIX SKCTPAKTOB OJHOBPEMEHHO IO Bepra-
U 3JEeKTPpodOopeTUUYeCcKOMY pasiejeHWI0 B CHCTEeMe BepPTHUKAaJbHO-IIJIac-
TuHYyaToro imenounoro (pH 8,3) 10% rens (pasmepsr: 140 x 120 X 1 mm).
IIpoOnl B 1mienu regeBoro 6Joka BHOcHUIU B 00béMe 10 MKJI ¢ JoOaBKOIi
5 mra 0,01% pacrBopa OGpomMdeHOJIOBOTO cuHEro, comep:xamiero 60% ca-
xXapossl. B ombITe ¢ OTHENBbHO B3ATHIMH O-HadTuaameraToM u P-madruia-
meratoMm (puc. 1, A u B) 00béM amanusupyeMbIX IIpob B pacuéTe Ha OIHY
meJb yBeJauuywBaaum B 2 pasa. IdJeKTpodopes3 MPOBOAUIN B TEUEHHUE Iep-
Beix 10 mumr npu cuae Toka 10 mMA; B TeueHume ciaepymomux 20 MuH —
npu 20 MA; mamee, B TeueHHe 3 YaCOB CHUJY TOKa IMOAJEP:KUBAJIU Ha ypPOB-
He 40 MA B pacuére Ha aBa rejieBbIX 0jJ0Ka. IIOCKOIBKY B KUIIEUHUKE
JUYNHOK BCerja COIEepKUTCA OO0JIbIIOe KOJUUECTBO IIHUINEBOH MacChl, B
KauecTBe KOHTPOJIA Ha BO3MOJKHOE IPHUCYTCTBHUE B Hell acTepas3 Oblia
B3ATa mpoba JKCTpaKTa MUTATEeJILHOM cpeabl, paspaboTaHHON JUUYMHKAMU
B TeUeHUWe TPEX CYTOK. OTOT SKCTPAKT MCCJAEeNOBAJM IO TOI JKe cXeMe, UTO
W 9KCTPaAKTHI TKaHell nposoduibl. VcciaemoBaHWA IOKAal3asl, UTO HSKCTPAKT
mepepaboTaHHOII THTaTEJNBHOM Cpenbl, coAepsKalmieil cHoemupuUUIEcKyio
MuKpobuoTy [24], He COmEPKUT Hake CJIEAOBBIX KOJHUUYECTB THAPOJA3
2¢upPoB KapOOHOBBHIX KHUCJOT (IepBble ABa TpeKa doperpamMm, MpUBEHeH-
BHBIX Ha puc. 1: B-E, He comepskaT oKpalleHHBIX I10J0c). B c¢BA3M ¢ aTUM
MOJKHO CUHTaTh, UTO HaOJMOZaeMble Ha 3JeKTpodoperpamMMmax OKpallleHHbIe
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30HBI TIPEJCTABJIAIOT COO0M MHOKECTBEHHBLIE MOJIEKYJISAPHBIE (POPMBI (ep-
MEHTOB, NPUHAJEKAIUX TKAHAM IPO30QUJIBI.

O BO3BMOKHOM HecHenu(PUUECKOM BJCTEPA3HOM [AeHCTBUU HPOTEOJM-
TUUYEeCKUX (PepMEHTOB, BEPOSTHO IIPHUCYTCTBYIOIIMX B 3JKCTPAKTaX TKa-
Hell OpPo30(UJbl, CYAUJIM [0 MHTEHCHUBHOCTU PACIIENJEeHUS WCIIOJNb3ye-
MBEIX cybOctpaToB xumorpuncuuom ("Reanal”, Benrpmus), TpPHUICHHOM
("Spofa”, Yexmus) u mamamuom (" Merck”, Tepmanusa). Ykasamuble ¢ep-
MEHTHhl BHOCHJIM B IIEJU TeJjieBBIX OJOKOB B KojamuectBe 20 MKr, mpen-
BapuTeJbHO pacTBopsasgd umx B 0,01 M yxcycHo-amanmuHoBoM Oydepe pH
4,5. OKCHepMMEHTAJHHO YCTAHOBJEHO, UYTO W3 TPEX TEePeUYUCJeHHBIX
BBIIIIE TPOTEMHA3, 00JaJalIIUX 3CTepasHoil aKTUBHOCTHIO, TOJBKO XWU-
MOTPUIICMH MPOABJAJ HEBHICOKYI0 AaKTHUBHOCTH WCKJIOYUTEJIbHO IO OT-
HOLIEHNI0 K [-HadTuiaameraty, OJHAKO 30HA PAaCIOJOKEHUs 3TOro dep-
MeHTa B TeJjie IocJie 3JieKTpodopesa He COBIaJaja HU C OJHON W3 30H
B-cnemudpuunpix acrepasd gposoduabr (puc. 1).

ITocie »saeKTpodOPETUUECKOr0 pas3mesieHUs TeJu OTMBIBAJIU OT IIe-
JIOUHOTO pabouero Oydepa AUCTUIIUPOBAHHOM BOMONM ¥ BBIAEPIKUBAIU
10-15 mua B 0,1 M dochar-dpocharaom 6ydpepe pH 7,4. HeiiTpaauso-
BaHHBIe TAKWMM 00pazoM TrejieBble OJIOKM IIOMeEINaJd B MHKYOAIlMOHHBIE
cpeAbl, comepsKaliue OTAeJbHBIe cybcTpaTel: O-HadTuiamerar, P-madTu-
Jamerat u o-Ha@ruanponmouHat (mo 50 mr ma 50 ma gocdarHOTO Oyde-
pa), aubo cmecu o-madrunamerara c p-madbrunamerarom (mo 25 wmr
Kammoro Ha 50 ma ¢ocdarHoro O6ydepa). B oTaerbHOM 5SKCIepUMEHTE
[IOKa3aHO, YTO WCIOJb30BaHME CMecH O- u [-HadTmiameraToB B yKasaH-
HBIX KOHI[EHTPAIlMsIX He BBI3LIBAET 3aMETHBIX KM3MEHEHWUN B MPOsBIIe-
HUU TOJIOC Ha 3JeKTpodoperpaMmmax.

HaBecku cyOcTpaToB mepen BHeceHueM B Oydep pacTBOpAJU B
100 mxa gumermiadopmamuga. Beaen 3a cybeTparaMu B cpeny HMHKyOa-
nuu BHocHJIM NpouHblii cuHuii RR B KoamuectBe 50 Mr B pacuére Ha
50 ma wmcmoan3yemoro Oydepa mam Ha OLUH TejieBbIil O0J0K. IIpoObl MH-
Kybuposaau mnpu Ttemmeparype 25°C B Teuenmme 20 mmuH maum 1 udaca,
IIOCJIE Yero JKUAKOCTb MeKAaHTHUPOBAJM, a TeJU MHOTOKPATHO IIPOMBIBAJIM
IUCTUJIINPOBAHHON Bomo#. C Iesbi0 yCUJIEeHUA OKPACKMU 30H Tejd CO
CJIeIOBBIM WJU HU3KUM COJEp:KaHWeM HEeKOTOPHIX (OpPM scTepas, Bpe-
MsA WHKyOanmuu B OTAEJBHBIX ONBITAX yBejquuumBaau a0 12 ugacoB. B pe-
3yJbTaTe peaKIMu OJHOBPEMEHHOTO a3ocoueTaHus HadToja ¢ TPOUHBIM
cuauM RR B Mecrax Jiokanmsanuu scTepa3d obpasdyeTcss UYpe3BBIUANHO
CTOUKUI a30KpacuTelb, KOTOPBLIH TYT Ke BBIIaZaeT B OCaJOK, IIPOKpa-
muBasg 30HBLI Trejid B ompenejaéHHbIH mBerT. OKpacKa 3aBUCUT B OCHOB-
HOM OT IOJIOKEHHUS T'UAPOKCHUJIBHON rpynmnsl Hadroma — o wmiau . B
IMepBOM CJyYae YYacTKU TeJd OKpPAaIImBAlOTCA B KOPWUUYHEBBIH (uau
YEpHBIHA) IIBET, BO BTOPOM — B OypOnypHBIH. Ilocie rHCTOXMMUYECKOTO
BBIABJIEHUSA MOJIEKYJISAPHBIX (GopM scTepas, rejeBbie OJOKM CKAHUPOBAIHU
¥ aHAJIW3HUPOBAJM C IIOMOINLI0 KOMIBIOTEPHON mporpammbl ~AmxallC”
(ITomsxapckmit M. A., Pwmibanxka II. I'., 2004 r.). O6 sKcumpecCHBHOCTH
acTepas CyQUJHW II0 YPOBHIO ONTHUYECKOM IIJOTHOCTU OKPAIIEHHBIX 30H
rejid TOCJ€e BBIUMTAHUA (POHOBOTO TMOKAal3aTesJsi KOHTPOJHLHOTO YydYacTKa
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COOTBETCTBYIOIIEr0 TejieBOr0 6JIOKA, HaXOAAI[ETOCS BHe IIOJIA Dpasjee-
HUA (EepMEeHTOB.

B paGore wucmosabzoBaniu peakTuBbl (Gupm Reanal”, "Chemapol”™ u
"Ferak”, a Takxe ycTaHOBKY AJs siaexkTpodopesa mapxu VE-4" mpous-
BogmcTBa OO0 "Helicon” (Poccus).

A. TlepBuuHnas skctpakuus. Cyoctpar: a-Hadrunauerar.  b. IepBuunHas skctpakuus. Cyocrpar: B-HadTunanerar.
1 2 34 5 6 78 9 101112 13 14 15 Rf 1 2 3 4 5 6 7 8 91011 1213 14 15 Rf
»--M“'—- 3 e 0,047

» i 0.047
2 0.140
0210

0,140
0210

0,280 €—— 0,280 €—
0,444 0.444
0,560 €—— 0.560 €—
0,675 €—— 0.675 €—
+ +
B. IlepBuunas sxcrpakuus. CyocTpathl: o- HapTinaue-  I'. Bropuunas sxcrpakums. CyOctparsl: a-HadTuaanerar +
Tar + B-HadTunanerar. B-Hadrunauerar.
12 3 4 5 6 7 8 910 1112 13 14 15 Rf 12 3 4 5 6 7 8 9 1011 1213 1415 Rf
—-»—---—r“- ot s A Ad A 4 et O DL g ot e Sl s . ot
: ' o | sl heahasieind o
810 | e — gt 0.140
el L] | - 0210
- i‘ 0280(—’— m“ 0280
o A : 0.444
0.675 i
+ +
J. TepBuuHas skcTpakuus. Cyberpar: a-HadTuanpo- E. Bropuunas skcrpakuus. CyocTpar: o-HadTHInpo-
MHOHAT. MUOHAT.
1 2 34 56 7 8 91011 12 13 1415 Rf 1 2 34 5 6 7 8 91011 12 13 14 15 Rf
0.047 - '—,__'-:_;—— 0.047
0.140 — - 0.140
2 0210
0210 - .
Ope0<— - 0280 —
|
0444 . 0.444
had 0560
0.560

Puc. 1. CuexTpsl runposias 3)upoB KapOOHOBBIX KUCJIOT B OHTOreHe3e Drosophila

melanogaster:

Tpexu ma Qoperpammax A m B: sKCTpakThl JIUUYNMHOK, KYKOJOK M MMAaro, COOTBET-
CTBEHHO IIPUTOTOBJIEHHEIE Ha Oy(depHBIX pactBopax ¢ pH 4,5 (1, 4, 7), 7,4 (2, 5, 8), 9,0
(3, 6, 9), a rakxke B mpucyrcrsumu 2,5% [-mepranrosranona (10-14); 15 — xumor-
pumcuH; uHKyOanua 12 ugacos, 25°C. Tpexku Ha Qoperpammax B—E: 1 — nwurareisb-
Had cpega; 2 — muraTeabHas cpega + tputoH 1% ; 3 — aitna; 4 — sgiina + TPUTOH
1%; 5 — nuuuHKKM; 6 — JAUYUHKK + TpUTOH 1% ; 7 — KYKOJKH; 8 — KYKOJKU
+ tpurtor 1%; 9 — wumaro; 10 — wmmaro + Tputon 1%; 11 — wummaro camiel +
TputoH 1% ; 12 — ummaro camku + TputodH 1% ; 13 — xumorpumncur; 14 — TpwuI-
cuH; 15 — manawn; maKy6amusa 1 gac, 25°C. TopusoHTANBHBIE CTPEJKU — [-CHemu-
(uuHble sCcTEepashbl; BEPTUKAJIBbHBIE CTPEJKN — HalpaBJeHWe ABUKeHUA (HepMeHTOB
B TejieBOM 0JIOKe BO BpeMs 3JjeKTpodopesa.
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PesyabTaThl HCCAeAOBaHHA H OOCYKAEHHE

IIpenBapuTenbHO IPOBEIEHHBIE MCCIEIOBAHUA IMOKas3ajd, UTO IIOHaB-
Jsmwlnee OOJBITUHCTBO BJIeKTPO(OPETUUECKH BBIABJIEHHBIX MOJEKYJIAP-
HBIX (opM scTepas apo30PUJIBI 00JiaJaeT CIOCOOHOCTHIO pACIIENJIATH
OTIEJBHO B3ATHIE O- U P-HadTosMOBbe 3GUPHI YKCYCHOM M MIPOIMOHOBOMI
Kucaor (puc. 1, A, B, ). HecmoTpa Ha TO, UTO AaHHBIE COEAUHEHUSI
IOBOJIBHO OJM3KW 10 XWMHUUYECKOH IPHUPOJEe, WMCIOJbh30BaHHE MX B pas-
HBIX COYETAHMAX M COOTHOIIEHMWAX IIO3BOJIAET BBIABUTHL ABHOE IIPEAIIOY-
TeHUe ONHUX 9cTepad K (-HadTOJOBBIM s(dupam, a APyrux — K [B-Had-
TosoBBIM. IIpu OLHOBpEMEHHOM WCIOJb30BaHUU O- U [-Hadruaamera-
TOB y OZHUX wuso®opM GQepMeHTOB IIPOABJIAETCA CIeqUPUUHOCTL K
o-HaTHUIAleTaTy, a y ApPyrux wusopopm — K P-mapruaamerary. Bo
MHOTUX [OPYTHX CJAyYadAX ONWUH M TOT Ke (PepMeHT MOKEeT PacCIIelJsaThb
oba Tuma cyobCcTpaToB, OJHAKO CTeleHb CIeNuPUUHOCTU (epMeHTa K O-
u B-cyOcTparamM MOKeT OBITH He OAMHAKOBON U M3MEHSATHCSI B 3aBUCHU-
MOCTH OT CTaAW# WHAIWBUIYAJHLHOTO PA3BUTUSA MYXU U APYTUX IPUUUH.

YuureiBad s(hGeKT YacTUUYHOTO IepPeKpPBhIBAHUS CYOCTPATHON CIeIu-
buuHOCTH y OTHEJIBHBIX 3CTepa3, OIPENesaan KOJUYECTBO MOJIEKYJAP-
HBIX (OopM ¥ BBEIPAXKEHHOCTH OKPACKHM HUX IIOJOC IIPU HAJIUYUU B UH-
KyOAaIMOHHBIX CPEeJaxX OTAEJbHO B3ATBIX O- MU [-cy0CcTpaToB, a TaKKe
IpU COBMECTHOM HUX IIpMMeHeHMH. TaKoUd MOAXOJ MOaJ BO3MOKHOCTD
OPOCJIEAUTh 3a U3MEeHeHUuAMHU KojgudyecTBa (GopM u (QYHKIMOHAIBHOIO
COCTOAHUA 3TUX (PepMEeHTOB B XOJe UHAUBUAYAJIBHOI'O Pa3BUTUA [IPO30-
(puUIIBI.

Kak Bugmo m3 puc. 1, A-E, sxcTpakunusa TKaHeil aposoduanl 6yde-
pom, comep:kamuM TPUTOH X-100, OPUBOAUT K YBEeIWUYEHUIO UMCJIA
BBISIBJIEHHBIX MOJIEKVJIAPHBIX (opM scTepas, 00JamaioInx aKTHUBHOCTBHIO
B TOPUCYTCTBUU O-HAQTOJOBBHIX 3(PUPOB YKCYCHON U INPOIMMUOHOBON KHUC-
gor (Rf = 0,047, 0,140 u 0,210). 910 0CcOGEHHO XapaKTEPHO IJA K-
CTPAKTOB 5MODPHOHOB, JUYMHOK, KYKOJIOK ¥ CaMIIOB MMaro: MX 3CTepPashl
Hanbojee aKTHUBHO THUAPOJUIYIOT O-HadTuanponuonar. OKaszaioch, UYTO
HE3aBUCHMO OT O0BEeKTa WHCCJENOBAHUA IOCJe BJKCTpaknuu Oydepom,
comep:xkamuMm TputoH X-100, 3aMeTHO CHHKAaeTCA HNHTEHCHUBHOCTH OK-
packm moJjochkl ascrepadbl ¢ Rf = 0,280, npeamouwmraromieii B-cyGerpar.
MOKHO MPEAIoJOMKUTb, UTO CHUXKEHUE [-5CTepasHOd aKTUBHOCTH B
9TUX 9HKCIEPUMEeHTaxX BBI3BAHO CJA0OBIM WHTUOUPYIOIIUM JAeificTBHUEeM
Tputona X-100 ma coorBercTByMoInmue (epmeHThl. Kak Buagno u3 pwuc. 1,
I' m E, moBTopHas »sKCTpakIuA TKaHel He NPUBOAUT K W3BJICYEHUIO
KayeCTBEHHO HOBBIX MOJIEKYJSPHBIX (OPM 3cTepas IO CPaABHEHUIO C
MepBUYHON sKcTpakmnueiri. OgHAKO 3(Pp(PEeKTUBHOCTL ITOBTOPHOTO 3JKCTpAa-
TUPOBAHUA Ha KOJUUYECTBEHHBIN BBIXOJ (epMeHTOB B pasHBIe (assl
Pa3BUTUSA MYXHU CBUJIETEJLCTBYeT O nuddepeHIMaJbHON NPOUYHOCTU CB-
3bIBAHUS MEMOpPaHHBIMU CTPYKTypaMH TeX WHJIU WHBIX MOJEeKYJIPHBIX
dopM (epMEeHTOB B B3aBUCHMOCTH OT BO3pacTa M I0Jia HCCJIEAYEMbBIX
myx. Tak, HampuMmep, OKasajloChb, YTO Y CAMIIOB IIPW IIOBTOPHOI 3KCTpPaK-
IUU IeJOUYHBIM OydepoM, He COAep:KaIllUM TPUTOH, U3BJIEKAaeTCsS IIPU-
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MEPHO CTOJBKO K€ TKAaHEeBOH scTepasdbl, cmenuduUHON K O-HadTHUIAIE-
TaTy, CKOJBKO U IPU NEePBUYHOHN dKCTpaknuu. IloBTOpHAA SKCTpaKIUA
o-cuenu@UUHON 3cTepasbl M3 TKaHEW B3POCJBIX CAMOK, a TaKyKe KYKO-
JIOK, JAaeT BBLIXOJ JIUIIL CJIESOBLIX KOJHYECTB MCCIeAyeMoro (epmeHra,
YTO MOXKET OBITH pPe3yJIbTaTOM 00Jiee IIPOYHOI'O0 CBA3BIBAHHUSA €ro C MeM-
OpaHaMM y OSTHUX OOBEKTOB.

PesysnbTaThl MPOBENEHHBIX WCCJAEJOBAHWM I[03BOJAIOT YTBEPIKIATH,
uyT0 KapboKcHMdCcTepashl MJIOLOBOM MYIIKH IIpeJCTaBJI€HBbI UYEeTHIPbMS OC-
HOBHBIMH MOJIEKYJAPHBIMU (OpMaMu, XOPOIIO OTJIUUYAIIUMUCT II0
371eKTPOPOPETUUECKON MOABUIKHOCTH U IPOSBJICHUIO 3CTEPA3HON AKTHUB-
HocTu. CTemeHb BBIPAKEHHOCTH Ha dJieKTpodoperpaMMax II0JOC OTHeJb-
HBIX 3CTepas CUJBHO 3aBUCUT OT CTAAUU DPA3BUTUA HACEKOMOTO U BO3-
pacTaeT B TpoIlecce Pa3BUTUA MYX, JOCTUTras MaKCUMAaJbLHOTO IIPOSBJE-
HUA y umMmaro (0ocobeHHO y CcaMIOB).

W3 mpexacraBieHHBIX Ha puc. 2, a TaksKe B Taba. 1 mamHBIX BHUIHO,
uyrT0 HauOOJBIIAA ONTHYECKAs IJOTHOCTH IIOJOC OTIEeJbHBLIX (opm wuc-
ciaenyeMblX (pepMeHTOB HabJmaeTcs y HMaruHaJbHBIX (GopM aposodu-
apl. Cynsi mO OITHYECKOM IIJIOTHOCTH HaOJMOmaeMbIX (GpaKiuii, YpOBEeHb
KaTalUTUYEeCKON BBLIPAKEHHOCTH MOJEKYyaIapHbIX ¢opm (la um 10)
B-cmenupuuHoit screpassl B3pocaod Myxum B 6—9 pas mpeBOCXOIUT Ta-
KOBOM y JMUYMHOK ¥ KyKOJOK. Hapacramme aKTHUBHOCTH B TIE€PHUOJ OT
cTaguy JWUYMHKKU [0 CTAaAWM UMaro XapaKTepHO TakiKe u [Iasa (opm
acTepas, MpeAmouuTamIuX O-HadpTuiaamerar. Ilpum sToM omTHMUecKas
IJIOTHOCTh HEKOTOPBHIX II0JIOC Ha sJjeKTpodoperpamMmax B cjaydyae HMaro
3HauuTeabHO BbImie (B 3,7—4,3 pasa), ueM B OIbBITaX C KYKOJKaAMH U
AUYUHKaMu. B o00Imumx ueprax 3Ta 3aKOHOMEDPHOCTH COXpPaHAETCA IIpHU
WCcCJIeJOBAaHUM BCTepas3 BTOPUUYHBIX SHKCTPAKTOB TKaHENl pas3HOBO3PAacT-
HBIX OOBEKTOB — OMOPHMOHOB, JUYMHOK, KYKOJOK H uMaro. B srom
cayuae HamboJsiee MOKA3aTENbHBIMUA OKAa3bIBAIOTCI OHTOTEHETUYECKHEe W3-
MeHeHUs (DYHKIMOHAJIBbHON AaKTUBHOCTH 95CTEpPas, IMIPEAIOUYNTAIINX
B-cy6erpar (puc. 1, T' uw E). K Tomy e st (epMeHTHI IPOSABIIIOT
APKO BBIPAXKEHHBIN IIO0JOBOM auMophU3M: NPU HCIOJHB30BAHUU CMECH
cy0cTpaToB y 3-CYTOUHBIX CAMIIOB IIOJIOCH P-crenuuuHON scTepassl Ha
anexTpodoperpamMmmax 06ojiee MHTEHCHUBHO OKpAIlleHbI, YeM B cJydae ca-
MOK TOTO Ke Bo3pacTa.

Habaomaemble B oHTOreHese u3MeHeHus (puc. 2 um Tabua. 1) cBuze-
TeILCTBYIOT O TOM, UYTO WH3ydaeMble THUIAPOJIAa3bl 3(PUPOB KapOOHOBBIX
KHCJIOT IIPEeJCTABJISIOT CO0OM TIpyIIy BecbMa BaKHBIX [IJA IIPOIECCOB
pasBuTua (PEepMEeHTOB, KadveCTBEHHBLIe U KOJHUUYECTBEHHLIE IIOKasaTeu
KOTOPBIX OTPAXKalT YPOBEHb OHKCIPECCHUH COOTBETCTBYMOINUX TI'€HOB Ha
pasHBIX CTagMAX Pa3BUTUA IPO30(UJILI.

Hapsaay c riaBHbIMH (opMaMu B 9KCTPaKTaxX TKaHell sMOPHUOHOB, JIH-
YMHOK, KYKOJIOK M MMaro OOLIYHO MNPUCYTCTBYET HeOOJIbIIIOe YHCJIO ObIC-
TponoaBmKHBEIX (Rf=0,560 u 0,765) um cmabo mpoaBISOIIUXCA (Ppakx-
nuii acrepas (puc. 1). Kak mpaBmiao, OHM JIyullle BBISIBASIOTCA TO THUI-
posiusy O-HAQTUJNPONMOHATA, W WX MOMKHO paccMaTpuUBaTh KaK (OPMHEI,
COIIYTCTBYIOIIME OCHOBHBIM MAa’XOPHBIM KOMIOHeHTaM. Kpome Toro, o6-
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pamtaer Ha ceba BHUMaHuWe pasMmbiTad jgugupyoomas 3oHa (Rf=0,444),
mpeAcTaBjIeHHAsA IJIOX0 (POKYCUPYIOIUMUCST OEJTKOBBIMHU KOMIIOHEHTAMU,
00JIaJaoIIUMKU JOBOJHHO BBLICOKOI O-3CTEPA3HON aKTHUBHOCTBIO. JTa 35C-
TepasHasd (PPaKIud OPAKTUUYECKU IIOJHOCTBHIO JJIOUPYeTCd IPU MMepPBUYU-
HOM SKCTPaAKIMM M MOJKET paccMaTpuBaThCid KaK pe3yabTaT MoAU(pUKA-
nuu ocHOBHOII ¢opmbl acrepasbl (Rf=0,047), ob6iagaroiieii BBICOKOI
crenuUUHOCTBIO K O-cyocTparaM. KojamuecTBO €€ MOKeT OBITh YBeJU-
YeHO IyTEM BBeJeHWsA B rOMOTeHAT TaKWX BOCCTaHOBUTeJell, Kak [-mep-
KallTO9TaHOJI, HUTHUOTPEUTOJ, TJIYTaTHUOH BOCCTAHOBJEHHBIA U YTHETEHO C
MMOMOIIIbI0 OKMCJIEHHOTO TJyTaTHOHA. BO3MOXKHO, 3TOT ()epMEHT SABJIAETCS
MOHOMEDHBIM [erpajaHTOM (-3CTepasd APO30(GUJIbLI, MPEACTABISIONIUX CO-
0oif OeJaKM C YEeTBEPTUUHON CTPYKTYypoii. BhIickasamHoOe IIPEAIIOIOKeHU’e
MOJKET OKa3aThCA BIIOJIHE OIPaBJaHHBIM, €CJU YUYeCTb, UTO HEKOTOpbIe (a
BO3MOJKHO W BCe€) THUAPOJIA3bl MaHHOUW TpPynnbl (MOJOGHO aIeTUIXOJUHI-
cTepase BBICIINX OPTraHMW3MOB) MCXOJHO MPEACTABJIAIOT CO00Ii OJUTOMEDHI,
COCTOAINIME U3 HECKOJbKUX CYOBeIWHUI], 00JamaiolluX CaMOCTOSITeIbHOU
acTepasHOM aKTUBHOCTHIO [4].

Tao6aumna 1
KoauuecTBeHHEIE N3MEHEHHSI YKCIPECCHH OCHOBHBIX (hopM ruaposas 3(hupos
KapOOHOBHIX KHCJIOT B OHTOreHe3e Drosophila melanogaster

Craiuu pa3BUTHUS
MonekynisipHble
(opmsl sctepas JIuumnka Kyxonka Wmaro (camiipi)
la 0,344+ 0,010 0,275 + 0,002 2,376 + 0,048
16 0,556 + 0,027 0,351+ 0,004 3,220+ 0,112
2 0,838 + 0,038 0,510+ 0,020 0,807 £ 0,064
3 0,447 £ 0,020 0,520 + 0,020 1,900 + 0,076
IIpumeuanue: la u 16 — moseryasapHble GopMbl B-cneruduuHoil screpassl; 2 u

3 — oc-cneumpwmme 9CTepasbl; JaHHble OTpaKarT CpegHre SHaYeHU A OIITUYECKOH IJIOT-

HOCcTH (pepMeHTHBIX (ppaknuii — ADo m ux cTaHgapTHBIE OMINOKH — m mpu n = 8.

BoiBoAasbl

1. Tunposassl 3(pupoB KapOOHOBBIX KHUCJIOT y APO30(MUJIBI IIPeACTaB-
JIeHbl HECKOJBKMMM rpynmnamMu (epMeHTOB, Pa3jiudaionuMucs
3J1eKTPOPOPETUUECKON IOABUIKHOCTHI0O M U30MPATENbHBIM TIPOAB-
JIeHMeM AaKTUBHOCTH B OTHOIIEHHH O- U [-Ha@TOJOBBIX 3(UPOB
HUB3IMINX KapOOHOBBIX KUCJIOT.

2. Haubojiee IOJHO CIEKTP HM3y4yaeMBIX O- U [-scTepas IpeacTaBJeH
B IIIEJIOYHBIX TPUTOH-COAEPIKAIMX OKCTpPAKTaX TKaHell »MOpuo-
HOB, JIMUWHOK, KYKOJOK M HMaro, OJHAaKO [-scTepasHas aKTUB-
HOCTH OJHOI U3 TJAaBHBIX 3CTepas II0cjJe HKCTPAKIUU B IPUCYT-
crBuu TpuToHa X-100 okazasack MeHee BBIPDAKEHHOI.
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3. MakcuManabHBIN BBIXOJ B PACTBOP OOJBITMHCTBA THUAPOJA3 3(PUPOB
KapOOHOBBIX KHCJOT Habuiomaercd B IIPOIlecce UX IIEePBUYHON
9KCTPaAKIUM, UYTO YKAa3bIBaeT Ha XOPOIIYI0 PaCTBOPUMOCTH 3THUX
depMeHTOB B BOAHOII cpene W caabylo acCOUUPOBAHOCTbL HUX C
MeMOpaHaMH.

4. B mpoiecce OHTOT€HETHUUECKOTO Pa3BUTUA Y Apo30GuJjbl HabII0a-
I0TCSI KaueCTBeHHBbIe ¥ KOJIMYECTBEHHBIE W3MEHEHUA CO CTOPOHBI
rugposia3 3pupPoB KapOOHOBBIX KUCJOT, YTO, IO-BUAWMOMY, OTpaKa-
et puddepeHNUATPHYI0O AKTUBHOCTH T€HOB M MOAUDUKATUIO UX
IIPONYKTOB B OHTOTeHe3e HAaCEKOMOTO.
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CUCTEMA KAPBOKCHUECTEPAS DROSOPHILA MELANOGASTER
B OHTOI'EHESI

Pe3siome
Meromom crenugiuHoro ricroxiMmiuHoro 3abapBiieHHS rejieBUX OJIOKIB IIicasa eleKT-

podopesy 3 HACTYIHOIO KOMII IOTEPHOI JEHCUTOMETPicI0 BUBYAJIM KiAbKicHI Ta akicHi
3MiHU (pepMeHTiB migmigKJaIacy rigpoJsas edgipiB KapOOHOBUX KUCJIOT B OHTOTEHE31 1po3o-
dinu. BuaBieHo MoJeKyJIApHUNM mosiMopdisM ecTepas Ha CcTamiaAX eMOpiOHAIBLHOrO Ta
IOCTEMOPiOHAIBLHOTO PO3BUTKY IJIOJOBOI MYIIKK. BCTaHOBIEHO 3a/IEKHICTH MOJIEKYJIAD-
HUX (POpM pPiBHOMAHITHMX ecTepasd Ta iHTEHCMBHOCTI iX IIPOABY Ha eJieKTpodoperpam-
Max Bif pasu OHTOTEHE3Y.

Karouosi cioBa: rigposasu edipiB KapO0HOBUX KHUCJIOT, OHTOTeHE3, Apo3odiaa.
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THE CARBOXYESTERASES SYSTEM OF DROSOPHILA
MELANOGASTER IN ONTOGENESIS

Summary

The quantitative and qualitative changes in the enzymes subsubclass of the ethers of
carbonic acids hydrolases in drosophila ontogenesis were studied by the method of specific
histochemical colouring of the gel blocks after the electrophoresis with the following
computer densitometry. The variety of the ethers of carbonic acids hydrolases was
revealed on the stages of embryonic and postembryonal development of drosophila. The
dependence between the molecular forms of various esterases and intensity of their
display on electrophorogramme upon the stage of ontogenesis were established

Keywords: ethers of carbonic acids hydrolases, ontogenesis, drosophila.



