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M3yueHue aAbrolleHo308 03epa BMAMKOAb MoKas3aAo npeofaasaHme
3@AeHbIX BOAOPOCAEI M0 TaKCOHaM M CHHE-3eAEHBIX MUKDOBOAOPOCAEW 1O
YacToTe BCTpeuaeMocTyu. Buaosoe pasHoo6pasve OnpeAeAeHHbIX MUKPOBO-
AOpOCAe 03. BUAMKOAL OTHOCMAOCH K 4 OTAEAAM, 9 KAACCaM, 9 nopsAKam,
17 cemeitctsam, 36 poaam n 102 Braam. MNpu ucnbitaHmum SKCTpakia npo6
NAGHKTOHA 03. BUAMKOAL CMEPTHOCTb AAChHIV NPY KOHLLEHTPaLwy Gromacce!
1 Mr/MA uepes 24 u. coctasuaa 85-90%. YeeAanueHue KOHUEHTPALWN 3KC-
TpakTa A0 10 MI/MA BbI3BaAO rnGeAb Bcex TecT-06bekToB. Mo pesyabratam
WUCCAEAOBAHMS IKCTPAKThl NPOGbl MAGHKTOHA 03. BMAMKOAL OLeHMBAIOTCS
KaK BECbMa CMALHO TOKCUUHBIE N0 ueTbipexGaabHoi cucteme CrporaHoea,
MOCKOABKY M0 CPABHEHMIO C KOHTPOAEM 3a 48 YacoB HabAIOARETCS NOAHAs
rbeab BCex KAETOK TecT-obbekTa. MpoBEAEH aHaAM3 3KCTPaKTOB AMO(I-
AM3MPOBAHHOM GMOMACCHI (PUTONAGHKTOHA, COOpaHHbIX B NEPUOA «liBeTe-
HUSI» BOAbI B 03epe BUAMKOAb C MCMOAB30BaHMEM BbICOKOI(P(HEKTUBHOM
KMAKOCTHO# Xxpomatorpacun. YCTaHOBAEHO Haauume B Guomacce Tpex
CTPYKTYPHbIX BapyaHTOB renaToToKCMUHbIX MMKPOUMCTUHOB: Microcystin-
RR, 7-Demethylmicrocystin RR 1 Microcystin-LR. MpucyTcrane B 6uomacce
(hUTONAAHKTOHA MUKPOLIMCTUHOB B AGTHWIA NEPUOA, OUEBUAHO, CBSI3aHO C
AKTUBHBIM PasBUTUEM MONYAALMIA LmaHobakTepuin u3 poAos Microcystis,
Anabaena v Ap. ONpeAeAeHO, UTO B YCAOBUSIX «LIBETEHUS» BOABI HEAONYCTH-
MO MCMNOAL30BaHME 03epa BUAMKOAL B KaUeCTBe PEKPeaLoHHbIX BOAOEMOB,
NOCKOABKY 3TO YIPOXAEeT 3A0POBbIO AIOAEH 1 XKUBOTHbBIX.

KAloueBbie CAOBa: aAbrohAOpa, aAbroueHO3, MMKPOBOAOCAU, TOK-
cuH, unaHobakTepuu.

Study algocenoses of the lake Bilikol showed a preponderance of green
algae on toxin and blue-green microalgae by frequency of occurrence. Spe-
cies diversity of certain microalgae lake Bilikol belonged to the 4 divisions, 9
classes, 9 orders, 17 families, 36 genera and 102 species. High species rich-
ness differed in the phytoplankton of the lake Bilikol green and blue-green
algae, their number of species, varieties and forms is slightly more than half
of the taxonomic list (60% of the total). Gyanobacteria in the phytoplankton
of the lake Bilikol ranked second in species richness, and of the first. As a
result of the analysis of certain types of indicator-saprobity cyanobacteria
lake Bilikol we identified 12 species and varieties of indicator species of cya-
nobacteria. Modern combination chromatography and mass spectrometry
are the most sensitive and selective methods of analysis of natural toxins,
providing reliable identification. HPLC extracts of dried biomass of plank
tonic algae identified in lake Bilikol three structural variants hepatotoxic mi-
crocystins: Microcystin-RR, 7-Demethylmicrocystin RR and Microcystin-LR.
Judging from the largest peak at chromatograms, in the study of biomass is
dominated by Microcistina-LR. The presence of phytoplankton biomass mi-
crocystins in summer, obviously, connected with the active development of
cyanobacteria from birth by Microcystis, Anabaena, etc. It was determined
that the «flowering» of the water of the lake Bilikol is not valid as recreational
reservoirs, because it threatens the health of people and animals.

Key word: toxin, cyanobacteria, microalgae, algoflora, algocenos.

BUMAIKGA  KOAIHIH ~ QABTOLIHO3bIH  3epTTey  HOTMXKECI  XKaCbIA
GaAAbIPAAPABIH, TAKCOHAAPBIHBIH, aA KE3AECY KWIAiri GoiblHILIA KOK XKACbIA
GaAAbIPAAPABIH Bacbiv HOAATbIHBIH KOPCETTi. BUAIKOA KBAIHEH aHbIKTaAFaH
MUKPOBAAABIPAAPABIH aAyaHTYPAIAIri GoibiHwa 4 Geaimre, 9 kaaccka, 9
Karapra, 17 TyKbIMAACKA, 36 TybicKa xoHe 102 Typre xikTeAAl. 2Korapbt
CYMBIKTBIK, XpOMaTOrpachmsitbl KOAAGHa OTbIPbIN BUAIKOA KOAIHAETT CYABIH
«FYAAGHY» Ke3CHIHACTT (PUTONAGHKTOH DKCTPAKTTapbiHbiH AMO(PUAMSACHI eH
6uomaccachiHa aHaAM3 XYprisiAAi. bruomaccaaa renoToKCUKaAbIK MUKPO-
LMCTUHHIH YLl KYPABIMABIK, HyCKaAapel: Microcystin-RR, 7-Demethylmicro-
cystin RR x@He Microcystin-LR aHbikTaaAbl. XKasfbl Ke3eHAE (MTONAGHKTOH
6MOMACCACHIHAA MAKPOLMCTUHAEPAIH GOAYb! LIMAHOGAKTEPUSAAPABIH NONy-
Asiumsichl Microcystis, Anabaena xoHe 6acka TybiCTapAbiH GeACeHAT Aamybi-
MeH BaAaHbICTbE GOAYBI MYMKIH. AAGM AEHCAaYAbIFbl MEH XKaHyapAapFa 3usH
6OAFaHABIKTAH «'YAAEHY» Ke3eHIHAE BMAIKOA KOAIHIH CyblH pekpeakuvoH-
AbIK, MaKCaTTa KOAAAHYFa GOAMANTBIHABIFbI aHBIKTAAAb.

Tyiiin co3Aep: TOKCWH, urMaHobakTepusiaap, MUKPOBAAABIPAAP, aAb-
ro)Aopa, aAbroLeHo3.
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Benenue

Bonpochbl 3KONOTHH W OXpaHbl OKPYJKalOLIeH Cpelbl B HalIeH
cTpaHe mnpuobpenn B TOCTEAHHE TOIBI HPE3BBIYAWHO OCTPBIN
xapakTep. Benencrsue Toro, 4to MHOrMe MPOMBIIUIEHHBIE, KOM-
MYHAJIbHO-OBITOBbIE M CETbCKOXO03SHCTBEHHBIE CTOKH HETOCPeICT-
BEHHO COpachIBalOTCS B OTKPBITHIE BOJOEMbI Ge3 MpeiBapUTebHON
OYHCTKH, HEKOTOpble BOJOEMbI HAXOAATCA B YrpoJKarolieMm s
NPUPO/IbI U 3710POBbS UeJOBEKA COCTOSIHHM, TaK KaK COZlepXKaTr Bbl-
COKHME KOHIEHTpPALIWH OPraHHYECKHX BEUIECTB, TOKCHYHBIX 2JIEMEH-
TOB W MOHOB TsKeNbIX MeTasoB [1].

O3epo bunukonab HaxoAUTCS B 75 KHIOMETPaX K FOT0-BOCTOKY OT
ropoaa Tapas. 3to camoe rirybokoe u KpyrHoe o3epo B JKamObiic-
Koi obnactu. O3epo XapakTepusyercs YHUKaIbHOW IKOCHCTEMON.
B 80-x romax mpouioro Beka aBapHifHbIe 3aMoBblie cOpOCHI CTOY-
HBIX BOJ XUMHUECKHX TpeanpusTuii XKamObuickoi obnactu npuse-
JIM K 9KCTPEMAIbHO BHICOKOMY YPOBHIO KOHLIEHTPALIMHK 3arps3HsIo-
MX BELIECTB B 03€pPe, 4TO B pe3yJIbTaTe MPUBENO K THOENH 03epHON
tdaynb v popsr. Yike ¢ 1983 roza ozepo Bunukons nepecraso cy-
LECTBOBATh KAK YUCTbIH BOIOEM U BOLLIIO B IPUOPHTETHBIH CIIHCOK
3arpssHeHHbIX BojoemoB PK [2]. B cnoxuBiieiics cuTyaumu KOHT-
pOJIb COCTOSHUS IKOCHCTEMBI 03epa BUITMKOITL ¥ KauecTBa ero Boj
ABNSIETCS BechbMa RakHOM 3anadei. [TpoBoaumblii Ha o3epe Bunu-
KOJIb B paMKaX HKOJOrHYECKOr0O MOHUTOPHHTA KOHTPOJIb KavyecTBa
BOJIbI 10 XUMUUECKUM [TOKa3aTeIsIM, HECOMHEHHO, UMeeT 00JTbLIoe
3HAYEHHE, HO HEJOCTATOYEH JUIS BbISABICHHS HANpaBleHUs TPo-
LIECCOB, MPOMCXOMAMIMX B dKocHcTeme o3epa. Hambonee mommoe
TIpeJICTaB/IeHHE O COCTOSIHHU IKOCHCTEMBI 03epa Buitikons Moxer
JlaTh COYETAHUE XMMHUYECKOro U GHOIOrHuecKoro MOHUTOPHHTA.

Ipu 3arpasHeHHAX BOAHBIX DKOCHCTEM HaOMIOAAIOTCS pe3KHe
W3MEHEHHMS COCTaBa BOJIHBIX OHOLIEHO30B, B T.4. MACCOBOE Pa3BUTHE
uuanobaktepuit. Kak npaBuno, uuaHoGakTepraibHOE «LBETEHHE»
BOJIbI CONPOBOKIAETCS BbIICICHHEM W HAKOTUICHHEM OHOIorHyec-
K{ aKTHBHBIX BELIECTB W TOKCHHOB, MPEICTABISIOUMX ONMACHOCTE
JUIA 4enoBeka W KUBOTHBIX [3]. TOKCHHBI B COOTBETCTBHM C MX
AKTUBHOCTBIO Pa3/eisioT Ha JBE IPYIIbL: OUOMOKCUHBL W YUMO-
moxcunsl. [Ipn TecTUPOBAHMH GMOTOKCHHOB OOBIMHO MCTIONB3YIOT
BOJIHbIX GECMO3BOHOYHBIX HIIH HEGONbIIMX J1a00PaTOPHBIX KHBOT-
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[poyunpymbie UHaHOGAKTEPHAMHM TOKCHHSI B IICPHOJL LIBETCHUR BOAkI 03cpa bunmkons

HbIX. [To Xumuueckoii cTpykType U HanpasieHHOC-
TH JeliCTBUA GHOTOKCHHBI MOIPA3JeNsiOT Ha [Be
TPy IIlbl — FeNaTOTOKCHYHBIE LIMKJIHYECKHE METTH IbI
(remaToTOKCHHBI) U HEHPOTOKCHYHBIE ANKaTIOHIbI
(ueiiporokcunsl) [4]. lematoTokcuHbl melcTBYIOT
Ha renaTouUuThl U ABASIOTCA KaHueporeHamu. Heii-
POTOKCHHbI HAPYIAKOT (DYHKLUNWH HEPBHON CUCTEMBI
¥ BBI3BIBAIOT CMEPTh MBILLICH B TEHEHHE HECKOIBKHUX
MHHYT M3-3a Napajuya AbIXaTedbHbiX Mbi. [{u-
TOTOKCHHbI BAKSIOT Ha OTJeNbHbIe QYHKUMH Kile-
TOK, B YaCTHOCTH MHTUOMPYIOT (hepMEHTBI, HO He
yOHBaIOT MHOTOKJIETOYHBIH opraHusm. UX akTus-
HOCTb MCC/ICYIOT Ha KJIETOYHBIX KyJIbTypax mile-
konuTaromux. ITo Xumudeckoii CTpyKType TOKCHHEI
uuanoGaKTepuii MoApasAenAiOT Ha TPH OCHOBHbIE
rpynmnbl: MenTUIbl (UMKIMYECKHe W alMKiInyec-
KHe), anKaloWIbl W JIHTIONonHcaxapuasl. Mexa-
HU3Mbl BO3JCHCTBUS TOKCMHOB ULMaHOGaKTepwii
pa3HooOpa3Hbl — OT rernaToTOKCHYECKOro | Heiipo-
TOKcHUecKoro s ekra 10 reHOTOKCHIHOCTH [5].

Lenb paboTel — aHanM3 TaKCOHOMMYECKOM
CTPYKTYpbl €OOOIECTBA LMAHOOAKTepUil U ero
canpoOuosiorueckas OLEHKa, a TaKKe omnpeje-
JIeHWe COCTaBa SKCTPAKTOB JIHO(DUIN3MPOBAHHOM
Guomacchl (PUTOMIIAHKTOHA HAa HalWYHE TOKCHHOB
o3epa bunukons.

Ma'l'eplla.ﬂbl H MeTOABI HCC/IeIOBAHUS

Jlna uccnenoBanus npoGbl BOABI A€Nanu B JieT-
HHUI NEPHOZL BO BPeMs «LIBETEHUs» BO/bI W3 03epa
Bumikons XKamGeuickoit o61actu, TeMmneparypa Bo-
JIbl HICTOYHKKA NPH 9TOM coctaBuia +35°C, pH-7.5.
O3epo UKok NpaKTHYECKH MOTEPSIIO CBOE Phi-
60X034iCTBEHHOE 3HAYEHHE, XOTS KOTIa-TO W3 HETO
BbutapauBanu no 200 ToHH peiGbl B roa. Yuewsie,
crieunanuctel Tapasckoro HUM Boamoro xossii-
CTBa CUMTAIOT, YTO HEOOXOAMMO JAeTalbHO obciie-
JI0BaTh 03€pO, MpEekAe YeM MPUHUMATh PelleHHMs
o ero cnacenun. B 1985 r. comectho ¢ Kasaxc-
KMM Hay4HO-HCIIeI0BATENIbCKHM WHCTHTYTOM BOJI-
HOFO XO3fHCTBA M LEHTPOM THAPOMETPOJIOrHH
JKamObuickoit obnactu ObuM TpoBeneHbl pabo-
ThI 110 M3YYEHHIO COCTOSHMS O3epa, JaHa OUEHKa
3arpA3HEHHMs W PEKOMEHIAUMHU [0 BOCCTAHOBIIE-
HHUIO 03€pa Tnonyckamu 1o p. Acca. B nansHeiiiem
Gbla MOCTpOEHa MITOTHHA, pasfesiomas 03epo Ha
GonbuIyIo W Maylo uHallibl, JAJ COXPaHEeHHs BO-
noema. Ha 1985 r. niomans Bonozabopa cocrasuia
5170 km?, nnomaas Bogoema — 86,9 km?, riryGuHa —
6-7 M, MakcuManbHas oTMeTKa Gbiia Ha 835 oM, Ha
CeroAHAIHUN JIeHb oT™MeTKa o3epa 369 cm. O3epo
MMeET HEeNpaBUIbHYIO (hOpMy, JTHHEliHbIe pa3mepsl
W 1JI0LIa/Ib, KOTOPas MEHAETCA B 3aBHCMMOCTH OT

KosebaHns ypOBHA, PeKUM KOTOPOrO 3aBHCHMT OT
pekn Acca. CocTosHHe 03epa Ha CEroJHs 3aHOBO
U3yudeTcs nocse O0bIIOro NnepepblBa MpOBEACHU
FHAPOXMMHYECKUX HaOmoaeHuii. Kak nokasbiBaror
JIaHHbBIe, 03€pO MO-TPEKHEMY OTHOCHTCS K CYIlb-
taTHOMy Kiaccy, HaOMIOAAIOTCA BbICOKAs MH-
Hepanusauus, gpropuast, BITK — 5 npesbimaer [TJIK
B 22.1 paza.

Beero cobpano 16 anbronoruyeckux mpoo.
ITpu onpenenennn unaHobakrepuii GbLTH UCTIONB-
30BaHbl OMpeeUTENH U3 cepun «Onpeaenurend
cuHe-3eneHbIx Bogopocneid CCCPy» [6]. Ina cOopa
Guomacchl OTGUIBTPOBBIBAIIM BEPXHHUIA | -MeTPOBbIH
cioi. [Tpocmarpusamu 50 nosneii 3peHus He MeHee
yeM Ha 3 npenaparax. Pe3ysibTaThl BbIpaykasii B KO-
JIMYECTBE KJIETOK Ha | M1 Bojbl. Yncno opranuzmos
OLIEHHUBAJIH 110 KA YacTOT MOCHe MepeducIeH s
Ha 100 noneii 3penus. Yactory BeTpeuaeMocTH yuu-
THIBAIM 10 AeBATHOAIIBHON IIECTHCTYNEHYATOM
WIKajie 4YacToT €O CICAYIOIMMH 0003HAuYeHHAMM:
| — ouens peaxo; 2 — peako: 3 — Hepenko; 5 — vacTo:
7 — ouenb HacTo; 9 — mMacca. Buibl MHAMKAaTOPOB-
MHKPOBOJIOPOC/IEH YCTAHABIMBAIW TO OMpEAeTH-
TesAM, yKa3aHHbIM B crivicke nuteparypbl. UHaekce
canpoOHOCTH BOJOEMA BBIYHCIAIM 10 METOALY
[Tautne u bykka [7].

KonuenrpupoBanuyto Guomaccy ¢GuTOMIaHk-
ToHa nModunbHO BeicymuBamu npu 70°C. JTnodu-
JM3UPOBaHHYI0 61omaccy durormarkrona (200 mr)
BblaepkuBanu B 70%-m BoAHOM MeTaHone (6 mi)
B TeUeHME | 4 npu KOMHATHOMN Temneparype. DKc-
TpakT ueHtpudyruposanmu npu 4000 r B TeueHue
| MUH U 3aTeM HCMONB30BAIN I BbICOKOI(Ddek-
TUBHOM kuaKocTHOH Xpomarorpadpuu (HPLC) u
TECTHPOBAHWS TOKCHYHOCTH.

TokcuyHoCTh UMAHOGAKTEPUU HCCIIEAO0BANIACH
B KPaTKOBPEMEHHbIX (OCTPBIX) OMbITAX Ha TeCT-
o0BeKTe — BeTBUCTOYyCcOM pakoodpasHom Daphnia
magna Straus [8].

TokenuHocTh LMAaHOOAKTEPUN HCCIIEA0BANACH
B KPaTKOBPEMEHHBIX (OCTPBIX) OMBITAX Ha TeCT-
00beKTe — BETBUCTOYCOM pakoobpasHom Daphnia
magna Straus [8].

TokecH4HOCTE UMAHOOAKTEPHH HCCIIEA0BANACH
B KPaTKOBPEMEHHBIX (OCTPBIX) OMBITAX HAa TeCT-
00beKTE — BETBUCTOYCOM pakoobpasnom Daphnia
magna Straus [8].

HPLC-ananu3 npoBoaunu Ha BbicOKod(ek-
THUBHOM JKHMAKOCTHOM Xpomarorpade HP 1100 Mass
Spectrometer MSD SL-lon Trap B naGopatopumn
GuoTtexHonoruu u Bojopociel MHCTUTYTa MUKpO-
6uonorun, r. TpweGons, Yexus [9]. [ukanueckue
MEeMTHAB pa3feNsii Ha aHATUTHYECKOH KOIOHKE
Zorbax XDBC8 (4.6x150 mm). MoGunbHyto ¢asy
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bonarxan K. u ap.

OCTaB/ISIM METAHONI — BOAA (JIMHEHHbIH rpajMeHT
ot 30 g0 100%-ro meranona B TeueHne 30 MHH) co
ckopocThio npotoka 0,6 mi-mun™ npu 30°C. O6s-
€M aHaIM3UpYeMOoro dKeTpakTa coctasasan 20 Mk
[Tukn Ha BBIXOZE W3 KOJOHKH PErHCTPHPOBAIH C
MNOMOLIBIO JBYX JaTYHKOB: MAacc-CneKTpomeTpa
THNA «ion—trap» W yabTpaduoIeToBOrO MOAMXpO-
matuueckoro zerekropa (PDA). [ukauyeckue
nenTUbl BbISBIANN Ha Xpomartorpade npu 230 Hm
(Bpems ynepxanus 10-25 mun). B xoze TanaemHow
Macc-CreKTPOMETPHH ONPEENATHCh Macc-3apsiibl
(m/z) wonusupoBaHHbix monekyn (MSI). Uaentu-
(hMKALMIO TOKCHHOB OCYILECTBISIN ITyTeM CpaBHe-
HHS MOJIEKYJISPHBIX Macc (Macc-3apsjloB) COelu-
HEHMIA, 10 BPEMEHH BBIXOJAa Ha Xpomarorpamme
COOTBETCTBYIOIIMX LMKIMHECKUM TenThaaM, Hc-
MOJB3ys TUTEpPaTypHBIE JaHHbIE.

PesyabraThl B HX o0cyxKAeHne

[To pesynbraTtam MCC/E0BaHMA Ul albroue-
HO30B 03epa buimkons XapakTepHo rpeobnananue
3eJIeHbIX BOAOPOC/IeH MO TaKCOHaM, HO BCTpeuae-
MOCTh CHHE-3eJIeHbIX MHKPOBOJOPOCIEH HaMHOro
Bbillle, YeM MepBbiX. Bee KOIMYECTBO BUIOB, OI-
peleNieHHBIX B 03. bumikoms, papHo 102 Buaam u
noasuaam. Hamu Gbuio onpemenexo 4 otaena, 9
Ki1accoB, 9 nopsiakos, 17 cemeiicte, 36 ponos, 102
Buaa (puc. 1).

BbICOKUM BHAOBBIM OOraTrcTBOM OTIWYAIMCH
B (pUTOMIAHKTOHE 03. BMJIMKOIL 3€/leHble W CHHEe-

3€/IEHBbIC BOJAOPOCIIH, YHCIO HUX BHUAOB, pasHOBHI- -

HocTel 1 hopM cocTaBseT yyTh Gosee MoJOBHHbI
TakcOHOMUueckoro crnucka (60% ot ux obuiero
yucna). LlnaHoGakTepun B QUTOMITIAHKTOHE O3epa
Bunukonb 3aHAManu BTOPOE MECTO MO BHAOBOMY
6orarcTBy, a 10 KOJIMYEeCTBEHHOMY — MepBOE.

Kak u3BecTHO. onpejeneHne GuopazHoodpasus
MUKPOBOZOPOC/ICH pa3M4HBIX BOJOEMOB M103BO-
JISET C BLICOKOM CTEMeHbIO J0CTOBEPHOCTH Olle-
HHTH CTENEHb 3arps3HeHHOCTH KaXIA0ro BOJOEMa.
Hapsity ¢ MHOrOUMCIEHHBIMU (DYHKUMAMH anbrod-
10pbl, BOAOpOCM Garofaps CTEHOTONHOCTH MHO-
IUX BHIOB, X BBICOKOM YYBCTBUTEIBHOCTH K YCII0-
BUAM OKpY’KalOLIeH cpelibl MrpaloT BaXKHYIO pOllb B
Ouooryeckom aHanuse Boabl. Tak, U3MEHEHHE UX
COCTOSIHUS OT CHITBHO 3arpsi3HEHHOTO K YMEPeHHO-
3arpsi3HEHHOMY COMPOBOXK/IAETCSA KONMYECTBEHHbI-
MU CIABMIaMH BUAOBOTO cOCTaBa BOAOPOCIIEH, T.€.
pa3BUTHE PA3IMYHBIX BHUIOB MWKPOBOJOpPOC/EH B
60NbLIOM Mepe 3aBUCHT OT U3MEHEHHH YC/I0BUii OK-
py/Karolei cpesibl.
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Pucynox 1 — CooTHOIIEHHE ONPESIeHHBIX BUI0B MUKPOBO-
sopocieii 03. buinkons

Takum 06pasom wu3yueHue OuopasHoOOpasHs
MHKPOBOIOPOCIIEH BOJI0EMa H ONpeJieieHHe HHEKCa
canpoGHOCTH MO3BOIISET ONMPEEIUTD IKOIOTHUECKOe
COCTOsIHME JaHHOTrO oObeKkTa. B pesynbTare aHanusa
ONpE/IENIeHHbIX  BHIOB  WHIMKATOPHO-CanpoGHBIX
ManobakTepuii 03. BUIMKOb HaMM BBIABICHO HAITH-
yde 12 BHAOB M Pa3HOBHIHOCTEH WHIAMKATOPHBIX
BUIOB 1MaHobaktepuii (tabm. 1). Tak, cocras Bu-
JIOB MHIMKATOPOB LWaHoGaKTepuii B 03. bunnkonb
XapaKTepu3yeT BojloeM Kak [-Me30canpobHyo 30Hy
opraHuueckoro 3arpssHenus. Muaekce canpoGHocTH
no metoxy IMantie — bykka S paBen 2.4. OCHOBHBI-
MM MPeACTABHTE/IAMH MHIMKATOPHBIX LMaHOOaKTe-
pwii B 03. Bunukoms senstores Microcystis aerugi-
nosa f pseudofilamentosa, Phormidium autumnale,
Oscillatoria brevis. T1o cpaBHEHHIO C BECEHHUM Ie-
PHOIOM BHIOBO#H COCTAB M HacTOTa BCTPEYaEMOCTH
maHobakTepuii Jtetom yBenwumiachk. Eciv B Be-
CeHHMI mepuoa mpeacTaBuTenu pona Microcystis B
cocTase anbroduiopbl He BCTPEHaTNCh, TO B JIETHHH
TIEPHOJL MPEJCTABUTENTH 3TOTO Pojia IOMUHHUPYIOT 110
BHOBOMY Pa3HOOOPa3HIO W YACTOTE BCTPEYAEMOCTH
HaJ1 ocTaibHbIMK Biaamu [10].

B HacTosiiee BpeMst H3BECTHO, YTO 0K0JI0 50 BH-
JI0B LIMaHOGAKTEPHH CIOCOOHBI CHHTE3MPOBATh TOK-
cunbl [11]. OgHAKO TOKCHTEHHOCTh ABIACTCS CBOM-
CTBOM OTJEJNBHBIX IUITAMMOB, a4 HE BWIAa B LEIOM
[12]. TTonesbie HaGatOeHN K TaGopaTOpHbIE HCCIle-
JIOBAaHHsS KYJIBTYP TIOKa3ajiW, 4YTO OTAe/bHblE BHbI
UMaHOOAKTepHii MOTYT BKITIOYATh KaK TOKCHTEHHBIE
[ITAMMB, TAK ¥ LITAMMBI, HE BbLIEIAIOLUINE TOKCHHbI
[13]. Cpemw umaHoGakTepuii o3epa briKkonb HaMK
onpesiesieHbl 28 BHIOB, M3 HUX 8 ABSIOTCA MOTEH-
UMAIbHO TOKCUMeHHBIMM OpraHu3mMamu (Tati. 2).
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Tabauua 1 — Bunoroii cocra Cyanophyta 03. bumkons

Ne Cocras unanobaxrepuii CanpoGHocTs S Yacrora h Sh
Anabaena variabilis Kutz - - 3 -
Anabaena flos-aquae B 2.0 5 10
Anabaena constricta - - 5 -
Aphanizomen flos-aquae f-a 2.25 2 4.5
Gloeopcapsa minor (Kutz) Hollerb. - - 7 -
Microcystis aeruginosa g 1.75 5 8.75
Microcystis aeruginosa f sphaerodictycides Elenk B 1,75 7, 12,25
Microcystis aeruginosa f flos-aquae (Wittz) Elenk. p 1,75 3 5.25
Microcystis aeruginosa incerta p 1.8 5 9
Merismopedia glauca (Ehr)Naeg. B 1.8 3 54
Phormidium ambiguum - - 3 -
Phormidium papillaterminatum - - v -
Phormidium autumnale (4g) Gom. p-a 1.95 3 5,85
Phormidium tenue (Menegh)Gom - - S -
Oscillatoria sibtilissima Gom. a 33 3 9.9
Oscillatoria irrigua (Kutz) - - 3 -
Oscillatoria brevis (Kutz) a 28 5 14
Oscillatoria planctonica Wolosz - - 5 -
Oscillatoria tenius Ag a 2.85 5 14
Oscillatoria angustissima W. et. G.S. West - - 3 -
Oscillatoria willei Garen - - 5 -
Oscillatoria lacustris (Kleb)Gefl = - 3 -
Oscillatoria limosa Ag. p-a 2.35 5 11,75
Spirullina major Kutz - - 5 -
Spirullina laxissima G.S. West - - 3 -
Pseudoanabaena constricta a—-p 35 7 245
Nostoc pruniforme B 20 5 10
Spirullina minima A. Wurtz - - 3 -
Tabauua 2 — Tokcurennbie BHIbI HaHOGakTepuii 03. Buankons
Takcon JluTeparypHbie AaHHbBIE

Anabaena flos-aquae

Porter, 1887

Aphanizomen flos-aquae

Jackim, Gentile. 1968
Jiittner and Watson 2007

Microcystis aeruginosa

Hughes et al., 1958

Oscillatoria brevis

Berglind et al. 1983

Oscillatoria limosa

Bafford et al. 1993. Giglio et al. 2011

Oscillatoria tenus

Wu and Jittner 1988
Jiittner and Watson 2007

Phormidium tenue

Iwase and Abe 2010

Nostoc sp.

Sivonen et al., 1990a;
Namikoshi ez al., 1990
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ILTISI ONpeAC/i€CHU TOKCHYHOCTH BOIbI O3€pa
bunukons npoBeIH GHOTCCTHPOBaHHe C MCIIOJIb~

30BaHHeM AadHUii, KOTOpbIE WIMPOKO MPHUMEHSET-

csl Kak OOBEKThI B OLIEHKE KauyecTBA NMPUPOIHBIX
Boa [14]. ITpu sTOM nokasaTeneM OCTPOH TOKCHY-
HocTu sBnsercs rubens 50% u Gonee maduuii B
aHAJIIM3UPYEMOH BOJIE M0 CPABHEHUIO C KOHTpPOJIEM
B TeveHue 24, 48 yacos. [Ipn uenbITanuu SKCTpaKTa
npo0 MaHKTOHa 03. BUIIMKOIb B 9KCrIepUMeHTax Ha
TecT-00beKTe B TEUEHHE MEPBBIX YaCOB MPOUCXO-
JIMITO 3HAYMTETEHOE W3MEHEeHHe BHIKEHUS PayuKoB,
YTO, MO-BUANMOMY. OOBACHAETCA TMOBEACHYECKOMH
peakuuei Ha aeHcTBUe TOKCHKaHTa. Bpems rubGenu
pauKOB OTMEYAIH 110 HACTYTUICHHH HETIOABHKHOC-
TH (MMMOOMIM3aLMK): JaQHUK OIYCKAINCh HA JHO
cTakaHa, MnjaBaTtelibHble JABWKEHUS OTCYTCTBOBAIA
¥ He BO30OHOBIISINCH MPH JIETKOM MPUKOCHOBEHHH
CTpyW BOAbI WM MOKauMBaHWW crakaHa. [lpu wc-
NbITAHWH IKCTpaKTa Npod MIaHKToHa 03. bunukons
CMEPTHOCTB JahHUi NP KOHLEHTpaLnH GHOMAcChl
1 Mr/ma yepe3 24 4. coctaBuna 85-90%. VYeenuue-
HMe KOHUEHTpaLMK oKeTpakTa 10 10 Mr/ma BbI3Bano
rudens Bcex TecT-00bekTOB. [lo  pesynsratam
MCCTIeIOBAHUS OKCTPaKTbl MPOObI [IAHKTOHA 03.

Bunukonb OLUECHHUBAKOTCA KaK BECbMa CHIIbHO TOK- -

CHYHEIE 110 YeThIpexbannpHoit cucteme CTporaHoea
[15], nockoabKy 1o cpaBHEHHIO ¢ KOHTpoieM 3a 48
4yacoB HaOmopaercs nonHas rudenb BeeX KIETOK
TecT-00beKTa.

[To  XWMHueckoil  CTPYKType  TOKCHHBI
UHaHOOAKTepPUit 1eNSTCS Ha TPU OCHOBHBIE MPYIIITbI:
nenTHAb! (LMKIWYECKHE W JIMHEHHBIC), alTKaTOW/IbI
1 aunononucaxapuast [16]. IlepBeie u BTOpbHIE
ABIAIOTCS BTOPUYHBIMM MeTaloNnuTaMM, T.e. He
YUacCTBYIOT B reHepambHOM MeTabonuzme. TpeTbu
NpeACTaBAAT Cco00M CTPYKTYpHbIE KOMIMOHEH-
Thl Hapy)KHOH KJIeTouHON MeMmOpanbl. TOKCHHBI
00/1a1al0T  HEHPOTOKCHYHOCTBIO, MMMYHOTOKCHY-
HOCTBIO, €HOTOKCMYHOCTBIO, ~MYTAareHHOCTBIO.
KaHLEPOreHHOCTbIO,  YMOPUOTOKCHUYHOCTBIO M
JIepMaTOTOKCHYHOCTHIO. [[nanobakrepun cuHTe3M-
PYIOT renaToTOKCHHbI (MUKPOLMCTUHBI U HOAYIS-
PMHBI), LMTOTOKCUHBI (LMIMHAPOCTIEPMOTICHHBI),
HEHPOTOKCHHBI (aHATOKCHHA, aHaTOKCcHHa (S), u
CAKCUTOKCHHBI), IGPMATOTOKCHHBI, pa3apakatoiue
TOKCHHBI (JIUTIONONMCAXapu/ibl) U JApyrie MOpCKue
OGUOTOKCHHBI (arIMCHAaTOKCHHBI, JeOpomoariucna
TOKCHHBI, THHrOMaTokcHHa) [16].

CoBpeMeHHble KOMOMHALMK Xpomartorpaduu u
MacC-CreKTPOMETPHHU SBIAIOTCS Hauboee YyBCTBH-
TEbHBIMM M W30MpaTe/IbHBIMA METOaMH aHAIu3a
TIPUPOJIHBIX TOKCHHOB, 00ECTICUMBAIOLIMMH HalEK-
Hyto uaentudukauno. HPLC skerpaktos nmmodu-
AW3MPOBAHHON OHMOMAcChl  MIAHKTOHHBIX — BOJIO-
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pocieii MO3BOKI BbIIBUTL B 03epe bunukonb Tpu
CTPYKTYPHBIX BapHaHTa TeraTOTOKCHYHBIX MHKPO-
ukcTHHOB: Microcystin-RR, 7-Demethylmicrocystin
RR w Microcystin-LR (puc. 2). Cyas no Beau4uHe
nWKa Ha XpoMarorpamme, B UcclieayeMol Gnomacce
npeobnanator  Microcystin-LR.  MUKpOUMCTHHbI
SBJAIOTCA  HauboJlee IIMPOKO pPacipoCTpaHEeHHbI-
MW TOKcMHaMH. OHW Ha3bIBAKOTCH TaK, MOCKOIBKY
BriepBbie ObUIM HM30JMPOBaHbI M3 LMAHOOAKTEPUH
Microcystis aeruginosa. MUKpOUNCTHHBI HACHTHH-
UMPOBaHbl Y TUIAHKTOHHBIX TMPECHOBOAHBIX BUJIOB,
npvHaAnexalum K poaam Anabaena, Anabaenopsis,
Microcystis, Nostoc w Oscillatoria. Mukpoumc-
THHBI, SBIAIOIMECS LMKIMYECKUMH TeNTHIAMH,
WCKITFOUYMTENIBHO  YCTOMYMBBIE — coellMHeHus. B
Hactosiee Bpems onucano Gonee 100 cTpykTypHBIX
BAPHAHTOB MHKPOLIMCTHHOB B UBETEHUAX M W30/1H-
poBaHHbIX nabopaTtopHbix wrammax. HaubGonbiuee
pacrnpocTpaHeHHe W3 MUKPOLIMCTMHOB MMEIOT MMK-
poumctnbl -LR, -RR u -YR, koTtopbie MOryT rpu-
CYTCTBOBaTb BCE Cpasy WM MO OTAENbHOCTH. Tok-
CHYHOCTb MMKPOLMCTHHOB JUIS  MJICKOTIMTAIOLINX
BBI3BAHAa MX CMOCOOHOCTHIO CBA3BIBATHCH C TMpOTE-
undocparazamun. B pesynsrate MHrMOMpoBaHUA
TIOCHEAHUX TIPOUCXOANT rurepdocdopunupoBanne
GeITKOB IIMTOCKETETa TeraToUMTOB, YTO MPUBOIHUT K
WX rubenu, CKOIUIEHUIO KPOBH B MEUCHU U CMEPTH OT
remopparuyeckoro moka [17]. Tlo natonoruyecko-
My 2pPeKTy U XUMUYECKUM CBOWCTBAM MHKPOLIMC-
THH GIM30K K TEPMOCTaOUIILHOMY TOKCHHY GrieIHOM
noranku Amanita phalloides Link [ 18]. B npupoanoit
cpezie, 0COOEHHO B TEMHOTE, OHM MOTYT COXPaHsATh-
sl MecsllaMK, 1aKe FoIaMM U He pa3pyLialoTes Aake
niocrnie kumnsenus ozl [ 19]. [nanobakrepun moryt
TakKe 00pa3oBbIBaTh PazHOOOpa3HbIe LIMKIHYECKHE
W JIMHEMHbIE NenTH/bl (UMTOTOKCHHBI), BIWAIOLLME
Ha OT/e/bHbIe (PYHKLUMH KJIETOK, HarpuMmep IyTem
WHTHOMPOBAHUS aKTHBHOCTH (DEPMEHTOB.

Ha cuHTe3 TOKCHHOB MOTYT TaKiKe B/IMATH KO-
JIOTUYECKHE YCIIOBHS KOHKPETHBIX BOJOEMOB M
ycrnoBus KynsTHBHpoBanus wrammor [20]. TMpu
BLICOKO# KOHLeHTpauuu docdopa B cpeae renaro-
TOKCMYHbIE LITAMMbI TPOAYUMPYIOT Gosibllie MMK-
POLIMCTHHOB. B 4acTHOCTH, B MOJIEBBIX HCClIEI0BA-
HUAX Obljla BBISBICHA MOJIOXKHTETbHAS KOppeaLus
MEXY COlepiKaHueM MWKPOLMCTHHA B KJeTKax
Microcystis aeruginosa W KoHUeHTpauuel ¢oc-
dopa B cpese. AHAJIOrMYHAA 3aBUCHMMOCTb MENK-
LIy coepKaHueM MHKPOUMCTHHA M KOHLEHTpa-
ureit docdopa B cpeme Obuta oOHapykeHa TpH
«UBETEHUW» BOIbl, BbI3BaHHOM Microcystis spp.
[21]. TlpucyTcTBHE MMKPOLMCTMHOB B GHOMacce
¢uTonaHkToHa o3epa  buimmkonb,  O¥EBWIHO,
CBS3aHO C MOMYNAUMIMUA LMaHOOAKTEPHIA U3 POZIOB
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Microcystis, Anabaena w np. Kpome Toro, Hy -
HO Y4HTBIBaTh, YTO BCE LMAHOOAKTEPHH. OTHOCSH-
LHecs K rpaMoTpruaTebHOMy MOpgOTHITY. CHHTE-
3upytor unononucaxapuasl (LPS). obnazaromme
UppUTaHTHBLIM  JelictBueM. [locie  ormupanus
uMaHoOaKTepuit Hapy’kHas MeMOpaHa KIeTOYHOM

obonouky paspymaercs W LPS nonazaior B Boxy.
DTH COENMHEHHS TIHPOTeHHBI H TOKCHYHBL, MOTYT
BbI3bIBaTh KOKHBIE pa3sapakalollie W aLiepruyec-
KHe peaKkUMH y 11oj1ei W 5KUBOTHBIX [22]. UppuTtanT-
HBli 5 deKkT naeT kupHas KWCIOTa, BXOAAUIAS B
cocTaB Mnuaa A, B siape monekyisi LPS.

1035

624

!

¢ 3 0

T

1% 2 Tire [min]

Pucynok 2 — HPLC-xpomatorpamMmbl 5KkCTpakToB MO HIM3MPOBAHHONH GHOMACCH! (PUTOMIAHKTOHA o3epbl buimkons (a).
[uppamu oTMEHCHBI MONICKYIAPHBIE MACCHl TOKCHHOB (M/Z).
520- Microcystin-LR, 1038 -Microcystin-RR, 1024- 7-Demethylmicrocystin RR

Takum 00pa3oM, Ha OCHOBE TOMyHEHHBIX
JaHHBIX MOXHO CIeNaTh BBIBOA O TOM, YTO YCH-
JIEHWe aHTPOTNOTEHHOW HArpy3KW M CB3aHHOE C
HUM TOBbILIEHHE KOHUEHTpaunn docdopa B Boje
BbI3BAIO yBelM4eHHe Guomaccsl GUTONIIAHKTOHA B
o3epe bumkons. ITpu 3ToM HEO6XOIMMO OTMETHTS,
4TO B JIETHHI MEPHOI B MITAHKTOHE 3TOr0 BOAOEMA
CTajli JIOMMHUPOBATL uuaHobakrepun. [To pesysib-
TaTaM MCCIIEIOBAHNA IKCTPAKT MpOOBI MIAHKTOHA
03. Bunmkosie 1o uereipexGasibHoii cucteme Cr-
pOraHOBa OLEHMBAETCS KaK BECbMA CUJIbHO TOK-
cuunbif. HPLC-anamu3  9KeTpakToB  JIHOMDHIH-
3MPOBaHHON OHOMacchl TUIAHKTOHA BOIOpOCIEH
TI03BOJINII BLISBUTD B 03epe BUIMKONBL TPH CTpyKTY p-
HBIX BAPHaHTa TeNaTOTOKCHYHBIX MUKPOLMCTHHOB,
Takux Kak: Microcystin-RR, 7-Demethylmicrocystin
RR w Microcystin-LR. OGHapyseHHe 3THX TOKCH-

HOB B GHOMacce (MTOIIAHKTOHA B JITHHI TiepH-
0l, TIO-BUMMOMY, CBS3aHO CBf3aHO C aKTUBHBIM
pasBUTHEM TOMYJIAUMH UWaHOOAKTEPHH W3 POIOB
Microcystis, Anabaena w np. Kak w3BecTHO, TOK-
CHHBI LIHaHODAKTEPHt MOTYT BbI3bIBATH Y YelloBeKa
pasjinyHble 3a0601EBaHNS, B TOM YHCIIE TACTPOIHTE-
PHTBI, THEBMOHMFO, pa3HOOGpa3HbIe allIepruyecKue
peaKuuu, 1epMaTUThl U XPOHUYECKHE MOBPEkKACHUS
nevenu. [Ipu 9ToM 0coBeHHO OraceH KaHUeporeH-
HbIH 3 (et 31X ToKeHHOB. KpoMe Toro, MaccoBoe
pa3sBUTHE UMAaHOOAKTEPHil CHUKAET KA4YECTBO BO-
JIbl, TIpW/1aBas eif HeNmpHUATHbIE OPraHOJeNTHYECKHE
ceoiictBa. [TosToMy MOXKHO caenath 3akiroyeHHe
O TOM, YTO B YC/IOBHUAX «LBETEHUA» BOIbI MCMOb-
30BaHWE 03epa BUIMKONB B KadecTBe peKpeauroH-
HBIX BOJOEMOB HEIOMYCTUMO, MOCKOIIBKY 3TO yr-
POXKAET 310POBLIO JIHOJIEH U KUBOTHBIX.
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