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Brigenenue u XxapakTepUCTHUKAa TOKCHUYHBIX IIHMaHOOAKTEpUU
W3 Pa3IMYHBIX NPUPOJHBIX HUCTOUYHUKOB

B mouckax TOKCHH-00pa3yIonuX IHaHo0aKTepHii U3 UCTOYHUKOB yinenbs Typrens (Ka-
3axcTaH), uctodyHukoB Kapiossl Bapel (Uexust) u u3 ozepa lllap-Hyyp basH-Yiruiickoro

aiimaka (MoHronust) BbIIENEHO 7 aJbroJOrHYeckd M [S5] GaKTepHOIOTHYECKH YHCTBIX

KYJbTYp nnaHoOakTepuid. 3 HUX Hanboee BHICOKYIO TOKCHIHOCTh B OTHOIICHUU TECT-
-o0wekra Daphnia magna niposBuny mraMmmel Desertifilum sp. u Nostoc sp.: TIOIHas TH-
0eJib BCeX KIICTOK TeCT-00beKTa Habmonanach uepes 48 4. DT ixKe MITaMMbI OKa3bIBATH U

HauOOJbIIIce MHTHOMPYOIIee NCHCTBAC HA MPOJH(EpaIMio JHHUM PAaKOBBIX KJICTOK

HeLa. llltammelr Anabaena SP-35 u Nostoc SP-4 Taxke olleHEHBI KaK CHIILHO TOKCHY-
HbIe. MoenbHbIC ITaMMBI IIanobakTepuii Synechocystis sp. PCC 6803, Synechococcus

elongatus PCC 7942, a Takke BbIICICHHBIN B JaHHOU padoTe Synechococcus SP-55 one-
HEHBI KaK CJIa00TOKCHYHBIe. Macc-CleKTpoMeTprye CKUld aHAJIN3 TI03BOJIMII OTHECTH TOK-
CUHBI IWaHOOAKTepUil K KIaccy IMKIMYECKUX JCNCUIIENTHIOB. B  skcTpakrax

Desertifilum sp. 0OHapy»XeHO 1Ba IMKITHYCCKHX JCTICHITCNITHIa — MUKpornenTuH T u oc-
nusUIanentuH. B akctpakre Nostoc sp. o0HapysxeH KpunToQUIHH U (B HEOOIBIIOM KOTH-
YeCTBE) UKIMYECKUN JeTICUIIe T MUKporenTuH SD.

Knrouesvle crosa: 6I/IOTOKCI/IHI>I, TOKCHUHBI, LII/IaHO6aKTepI/II/I, HOUTOTOKCHUHBI.
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[{nanoOakTepuu CIily>kaT MOACIbHBIMH Opra-
HU3MaMU JJIs U3yYCHUSI OKCUTEHHOTO (DOTOCHHTE3A,
¢ukcanuu armoc(epHOro a3ora, KIETOYHOTO JieJie-
HUS, TIOJyYeHHsT BOAOPOAA M JJISl PEIICHUs 1EJIOT0
psina Apyrux (GyHIaMEHTANBHBIX U MPUKIATHBIX 33/1ad.
OTU OpraHU3MBI XapaKTepU3YIOTCS OTHOCHUTEIIbHOM
JIETKOCTBIO KYJTBTHBUPOBAHHS, BBICOKOH CKOPOCTBIO
pocTa U IIacTHYHBIM MeTabosu3moM [1, 2]. Lluano
OakTepuu criocoOHBI METa0OIM3UPOBATH IIPUPOIHEIC
apoMaTHIeCKUE YIIEBOOPOIbI B KCeHOOmoTHkKH [3].
[{nanobakTepralibHbIE COOOIECTBA UCIONIB3YOT JJIst
OYHCTKH BOJIbI U TIOYBBI OT HE(TSHBIX 3arps3HEHHUI,

MMOCKOJIBKY OHH CIIOCOOHBI HCIIONIB30BAaTh CHIPYIO
He(Th M aKaHBI B KAYE€CTBE NCTOYHMKOB yTIIEPOJia U
sHepruu [4]. Llnuanobakrepun Takke sSBISIIOTCS (-
(EeKTHBHBIMHA OMOJIOTUYECKHMH COPOSHTaMU MeTal-
J0B B BomgHOU cpene. [lomucaxapumbl 060104€K Mua-
HoOakrepuit Microcystis aeruginosa n Aphanothece
halophytica 3¢ hexTHBHO COPOUPYIOT HOHBI TAKEIBIX
METaJIJIOB, TAKUX KaK Me/lb, CBUHEIl WJIU ITUHK [5].
[NpucnocabnuBasich K CyIIECTBOBAHHUIO B OKCT-
pPEMaNIbHBIX YCIOBUAX, IMAHOOAKTEPUH CTAJH MTPOAY-
[IEHTaMH PA3TUIHBIX BTOPUIHBIX METAOOINTOB, BKIIFO-
Yasi IUTOTOKCUHBI M OHOTOKCUHBI. [{umomoxcumvl

Bbonarxan Kenxeryns, Akmyxanosa Hypsust PaxmenueBHa, 3asnan bonarxan Kaseixanosuu, CagBakacoBa AceMryib KanukymapoBHa,

CuneroBa Mapus AnnpeeBHa, Jlocs JMutpuii AHaronbeBud.

Crcok cokpamienuii: BOXX — BricokodpexTiHas xunkoctHas xpomarorpadus; MSI — HOHH30BaHHBIE MOJIEKYJIBL m/Z —
Macc-3apsin; PDA — yneTpaduosieToBbIi MOMUXPOMAarHd eCKUi AETEKTOP.

* ABTOPBI JJIS IEPETTUCKH.
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BIHSIOT Ha OTAENbHBbIE (DYHKIIUH KJIETOK, B YaCTHO-
CTH, SIBJISFOTCSI HHTUOUTOpPaMHU epMeHTOB. L{UTOTOK-
CHHBI IMaHOOAKTepHil P MTONAJIAHAH B BOJLY MOTYT
BBI3BIBATH MACCOBBIE OTPABICHHUSA JONEH U >KUBOT-
HBIX, CONPOBOXK/IAIONINECS MOPAKEHUSMH TEYECHU U
nmo4yek. HexoTopble NUTOTOKCHHBI YOMBAIOT KJIETKH
Bojlopo el 1 OakTepuii [6]. AKTHBHOCTD ITUTOTOKCH-
HOB HCCIIEIyIOT Ha KJIETOYHBIX KyJIbTypaxX MJIEKOMUTa-
IOIIUX, YaCTO Ha OITyXOJIEBBIX KJETKax. B cBoio oye-
penb, buomokcumsl pa3feIIaIoT Ha ABE TPYIIIBL: Terna-
TOTOKCHYHBIE [IUKJINYECKUE MENTHIBI, BBI3BIBAIOIIHIE
rudelb J1a00paTOPHBIX KUBOTHBIX (MBIIIEH) B Tede-
HUe 1—4 49, 1 HEHPOTOKCUIHBIC AJTKAJIOWIBI, BHI3HIBA-
tore rubesb B Teuenue 2—30 muH [7].

OpHako HECMOTPA Ha TO, YTO TOKCHHBI IHAHO-
OakTepuii IPeNICTABIISIOT ONIACHOCTD IS JIIOICH U JKH-
BOTHBIX, HEKOTOPbIE M3 HUX MOTYT OKa3aThCs IOJIE3-
HBIMH B Kade€CTBE KOMIIOHEHTOB (hapMarieBTUYECKUX
npenaparoB. K npumepy, wramMmmsl Microcystis npony-
LIUPYIOT 3pYTHHO3UHBI C YHUKAJIBHBIM aMUHOKHUCIIOT-
HBIM YY9acTKOM (2-KapOOKCH-6-THAPOKCH-OKTaruIpo-
WHAOMI), KOTOPbIE MHTHOUPYIOT CEpHHOBBIE IpPOTea-
3bl. TpHIMKINYEeCKHE NENCUIIENTUIBI N3 TOKCHIHBIX
mTaMMOB Microcystis viridis u Lyngbia sp. SIBASIOTCS
WHTUOMTOPaMHU THPO3WHKMHA3HI M dJ1acTassl [8].

IIo XxuMHYeCKOM CTPYKType TOKCHHBI LIUAHO-
OakTepuii IeNATCS Ha TPH OCHOBHBIE TPYIIIBL: MENTH-
161 (IIUKIMYEeCKYE U JINHEeHBIE), alTKaJIOUAbI U JINIO-
nonucaxapussl [1]. IlepBsie 1 BTOpBIE SBISIFOTCS BTO-
PUYHBIMH METa0OJIMTaMH, T.€. HE YYacTBYIOT B IICHT-
pasibHOM MeTabonu3me. TpeTbH TPEACTABISIOT CO-
00l CTPYKTYpHBIC KOMITOHEHTHI HApyXXHOW KJIETOY-
HOH cTeHKHU. Kpome HEHpOTOKCHUYHOCTH TOKCHHBI MO-
ryT 0o0laaTb MMMYHOTOKCHYHOCTBIO, 3MOPHOTOK-
CHYHOCTBIO, JePMAaTOTOKCHYHOCTHIO, MyTareHHBIMH
Y KaHIIepOTeHHBIMU cBoiicTBamu [9, 10].

Paznoobpaszue nrnanobakTepuil U3 pasInIHbIX
apeasyioB OOMTaHMA rapaHTUPYET OOHAPYKEHHE Y HUX
TaKUX TUTMOB BTOPUYHBIX METa0O0JIMTOB, KOTOPHIE Ha-
BEpHIKa MOTYT OBITh HCIIOJE30BaHbl B Ka4€CTBE HO-
BBIX MEIUIIMHCKUX MIPETaparoB.

Henpro manHO# pabOTHI OBLI CKPUHHUHT IIITaM-
MOB IIMaHOOaKTepuil, COOpAaHHBIX B pa3HBIX MECTax
OOHMTaHUsI, IO COACPKAHUI0 TOTCHIUAIBLHO TOKCHY-
HBIX COEIWHEHHH, a TAloKe BBIACIEHUE U YaCTUYHAS
XapaKTEPUCTUKA ITUX TOKCHHOB.

YCI10BUSA DKCIIEPUMEHTA

[TpoObl U3 BOOBI M aNbrodaKTepUalbHBIX Ma-
TOB OTOUpaJIM B JICTHUW MEPHOJ U3 CIETYIOIINX HC-
TOYHUKOB: (1) ropsumii uCTOYHUK ymenbs TypreHpb
AnmaruHckoi oonactu (Kazaxcran) ¢ Temmeparypoit
55° u pH 5,0; (2) ropsianii nctounuk B peruone Kap-
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noBwIX Bap (Yexwus) ¢ remneparypoit Boast 50° u pH

6,5; (3) o3epo llap-Hyyp basH-Ynruiickoro aitmaxa
(Mownromus) ¢ remneparypoit 35° u pH 6,0. Beero

0bU10 0TOOpaHo 12 anpromoruveckux mpoo. s kiac-
cuUKaui TMaHOOAKTEPUI UCIIONB30BAIU OIIpe/ie-
nutenu cepun «OnpenennuTenn CuHe-3eeHbIX BOAO-
pociaeit CCCPy» [11]. s BByIeICHUS albroIormye-
CKH YHCTBIX KYJIBTYp MPUMEHSUIN CTaHIapPTHBIC MHK-
pobuonorudeckue Metojipl. bakrepun W TpuOBl U3

MPUPOTHBIX ACCONMALUN C MUKPOBOAOPOCISIMH yaa-
nsimi 00paboTKOM WX HA arapu30BaHHBIX CPedax cMe-
CbI0 AHTHOMOTMKOB TCHTAaMHIIMHA, TEHUIWIINHA,
TETPAaMKIMHA U HUCTaTUHA B KOHEYHOW KOHIICHTpA-
nuu 5—50 Mkr/mut. Mcnons3oBaid MUHEpaJIbHBIC

cpensr 04, I'pomosa Ne 6, Tamms, 3apykka u BG-11

[12].

TokcHYHOCTH OnpeeIsuTi B OuomMacce HaHo-
OakTepuii, BBIPAIICHHOW B KUJIKOW CpeJie TIPH OIITH-
MaJIBHBIX YCJIOBHUSIX POCTa M JMOMUIBHO BBHICYIICH-
Hoit B anmapare LyoQuest (Telstar, Teppacca, Ucna-
Hus1). TOKCHYHOCTh ITMaHOOAKTEpHil UCCIETOBATN B
KpPaTKOBPEMEHHBIX (OCTPBIX) OIBITaX Ha TE€CT-00bEK-
te Daphnia magna Straus. [{ns sxciepuMeHTa 0TOH-
panu TPEXCYTOYHBIX ITOJIOBO3PENBIX CAMOK PaKooO-
pPa3HBIX CpeIHHX pa3MepoB 0e3 MmapTeHOTeHeTHde-
CKHX 3apOJBIIIeH U TPOBOIMIIN KCTIEPUMEHT IO CIe-
JYIOIIEH CXeMe: COCTaBISUIM CEePHI0 KOHIEHTPAIHid
(10,0 mr/mm, 1,0 u 0,1 mMr/min) auopuIM30BaHHON
Oromacchl IMaHOOAKTEPUH B CTEKIISTHHBIX CTaKaHax
(100 M) co cpenoit oopemom 20 M. Korrponem ciry-
KW BapuaHT 6e3 nobasienns ounomaccsr [13].

OneHKy TUTOTOKCHYHOCTH IPOBOIWIH B J1a00-
paropuu OMOTEXHOJIOTHH W Bomopociei MHcturyra
Mukpoobuonorun, r.Tpmebons, Yexus. [ns stoit
[eJIN HaBEeCKY JTHOQUIN30BaHHONW OMOMACCHI IMAHO-
OakTepuii (200 Mr) pacTupaiiv B TeueHUE 2—3 MUH B
CTYIIKE C MOCTENEeHHbIM g00apiaeHueM 6 mi 70%-Ho-
ro Meranouna. [lomyyeHHyI0 cMech BBIAEPKHUBAIIH B
teuenue | 1 mpu 22—24° u eHTpudyrupoBaIu Mmpu
4000 g B teuenne 10 mun. CyrnepHaTaHT mepeMerntia-
JU B KOJI0Y W OCTaBIISIIN B XOJIOAWIHHHUKE /IO Havyaja
ombITa. 711 MccnenoBaHus IUTOTOKCUYHOCTH JKCT-
PaKTOB U3 IIMAHOOAKTEPHIA UCTIONB30BAIIH JIMHUIO KJIe-
ToK M HeLa. KynsTUBUpOBaHUE OITyXOJIEBBIX KJIETOK
MIPOBOJIMIIH COTIIACHO OOIIETpUHATON MeToauke [ 14].
Kierounsie KynmbTypsl ¢ TIOTHOCTBIO 50 THIC. KIle-
TOK/MJI TIOMEIAaAd B 96-JIyHOUHBIC IIJIAHIICTHI I10
100 Mk B myHKy. Uepes 24 4 mocie moceBa KyabTy-
paNbHYIO Cpely yAalsiian W 3aMEHSUIH CPeloi ¢ pas-
JUYHBIMU KOHIEHTPAIUAMH METAaHOJIbHBIX OJKCT-
pakToB nuaHobOakTepuii. MHKyOanuioo KIeTOK C JK-
CTpaKTaMu IPOBOAMIIH B TedeHue 72 4. B xauecTBe
KOHTpOJIA uctonb3oBanu 70%-Hbril MeTaHoi 0€e3 IK-
CTPaKTOB.
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Pa3znenenne n ananus HKCTPaKTOB ITHaHOOAKTE-
pHil IPOBOIWIIM Ha BBICOKOA((PEKTHBHOM >KUIKOCT-
HOM Xpomatorpade ¢ macc-cekrpomerpom Agilent
HP 1100 LCMC (Agilent Technologies, Hewlett Pac-
kard, CIIA) [15]. Lluxknu4yeckue menTuabl pa3neis-
U Ha aHanuTH4ecKod KkojoHke Zorbax XDB-C18
(4,6x150 mm; Agilent Technologies). MoOuibHYIO
(hazy cocraBIsIIN METaHOI—BOJA (JTMHEHHBIHN Tpajy-
enT ot 30 1o 100% metanona B Tedenune 30 MuH) cO
ckopocThio poroka 0,6 mi/muH npu 30°. O0beM aHa-
JIU3UPYEMOTro0 dKCTpakTa 011 paBeH 20 Mxi1. [Tuku Ha
BBIXO/IC M3 KOJIOHKH PErHCTPUPOBAIU C ITOMOIIBIO
JIBYX JTaTYMKOB: MacC-CIIEKTPOMETpa THIA «ion-trap
U yIeTpadHOJIETOBOTO MOJMXPOMATHYECKOTO JETEeK-
topa (PDA). uknnyaeckue MENTUIBl BRIIBISUIA Ha
xpomarorpade npu 230 HM (Bpems yaep>KUBaHH
10—25 muH). B X01e TaHAEMHONW MacC-CIIEKTPOMET-
pHH OIpeNelsuid Macc-3apsiibl (M/z) MOHU3UPOBAH-
HbIX Monekyn (MSI). MpenTndukamimo TOKCHHOB
OCYIIECTBIISUIA IyTEM CPaBHEHHS MOJEKYIISPHBIX
Macc (Macc-3apsioB) COSMHEHUH, COOTHOCS UX CO
BpEMEHEM BBIXO/Ia MIPH XpoMaTorpaduu COOTBETCT-
BYIOIIMX [UKIMYECKUX TIETITUIOB.

PE3YJIbTATBI U OBCYXKXJIEHUE

Bbienenue ajJbroaornyeckKu
U 0aKTepHO0J0THYeCKH YUCTHIX KYJbTYP
HHAHOOAKTepPUH

B ropstuem ncrounuke ymenbs Typresb ObLI0
00HapyX€HO MaKCUMAJIbHOE KOJIMYeCTBO BUAOB (16)
Y Pa3HOBHUIHOCTEH ITMAaHOOAKTEPHUH, UTO, BEPOSTHO,
CBSI3aHO CO claObIM TEYEHHEM M IIUPOKHM Pazopo-
coM TemMrieparyp Boasl (28—45°). [Ipu Temmeparype
~ 40° MUKpOOHBIE MaThl UMEIH SPKO-U3YMPYIHBIH
IIBET; B HUX BCTPEUAIHCH MIPEACTABUTENH P. Synecho-
cystis, Synechococcus, Gloeocapsa, Anabaena, Phor-
midium.

N3 ropsiuero ucrounuka Kapiosel Baps! Beizie-
neHo 12 mpencraBureneit nmaHoOaktepuid. Cpemu
HUX B OCHOBHOM BCTpPEYINCh BUJIbI TOpsikoB Chroo-
coccales, Nostocales u Oscillatoriales, mociegamnii u3
KOTOPBIX JIOMHUHHPOBAJL.

B o3zepe Lllap-Hyyp o6napyxeno 10 mpencra-
BuTelnel nnanobakTepuii. Cpein HUX TaKKe JOMHHH-
poBaiu b6akrepun nopsiaka Oscillatoriales, pexe BcTpe-
JaJIUCh TIPEACTaBUTEH PoaoB Nostoc u Anabaena.

B uTore u3 Bcex MCCIETOBaHHBIX 3KOCHUCTEM
MONYyYMIIA 7 HAKOMHUTENBbHBIX KyJIBTYp, U3 KOTOPBIX
ITyTEeM IOCIIE0BATEIbHBIX TEPECEBOB YIaJIOCh BBIE-
JIUTH aJIbIOJIOTHUECKU YACTHIE KYJIBTYphI IIHaHO0aKTe-
puii (tabm. 1).
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Ha cnenytromem sramne nogydeHHbIE alIbIOJIOTH-
YeCKH YUCTHIE KYNBTYPBl IMAaHOOAKTEPUNA OUHMINATIH
OT OaKTepHi-CITyTHUKOB, 10 CKOJIbKY BO BCEX KYJIBTY-
pax MpHUCYTCTBOBAJIA COIMYTCTBYIOIIAsS MUKPOQIOpa.
ConyrcTByromas MUKpo(]Iopa BBIIEIEHHBIX HAHO-
OakTepuii COCTOsIa B OCHOBHOM M3 TPAMITOJIOKUTEIb-
HBIX U TPaMOTPUIATEIbHBIX OaKTEepHH, TPOXIKEH H
miecernd. OYUCTKA BBIICICHHBIX KYIBTYp OT Oakrte-
puii peacTaBiseT cob0i 0YeHb CIOMXKHBIA TPYTOeM-
KW TIPOIIeCC, MMOCKOIBKY MEXIY ITHaHOOAKTEPHSIMH
1 OaKkTepUsIMH CYIIECTBYIOT INIOTHbIC OHOIIEHOTHYE-
ckue cBs3u [16]. Cnusuctbie 000J0UKH MaHOOaKTe-
puil cay’XaT KCTOYHUKOM MUTAHUA U YKPBITHEM IS
MHUKpPOOPTaHU3MOB.

JU1s1 O4MCTKY MCTIONB30BAIM CMECH aHTHONOTH-
KOB IIMPOKOTO CIIEKTpa JICHCTBHS MPOTHUB T'PaMIIONO-
KUTEIBHBIX, TPAaMOTPUIATEIbHBIX OaKTEpUU M TPH-
0oB [17], Tak Kak CONMyTCTBYOIIas MHUKpodiIopa
M0-pa3HOMY pearupoBalia Ha OTJENIbHbIE aHTHOHOTH-
KH. B kadecTBe MpoTHBOTPHUOKOBOTO areHTa BO BCEX
BapHaHTax MCIOIb30BATM (DYHTHUIUIHBIA aHTHOWO-
THUK HACTAaTUH. B pe3ynbrare 00pabOTKH CMEChIO aH-
THOMOTHUKOB OBUTH MOJTYYECHBI 5 aKCEHUYHBIX KYJIBTYD
HHaHOOAKTEPHH, B TO BpEMS Kak JBe KyJIbTypsl (SP-3
u SP-6) ouncTHTh OT OaKTepHii-CITyTHHKOB HE yJa-
nmochk. lloBrIlieHNE KOHIICHTPAIMA AHTHOMOTHKOB
OKa3bIBAJI0O MHTHOMpYIOIEe JICHCTBUE HE TONBKO Ha
0akTepuu, HO U Ha KYJIBTYpPbI ITHaHOOAKTECPHIA.

[lony4yeHHbIE B UTOTE€ aKCEHWYHBIE KYIBTYPHI
HHaHOOAKTEpHi OBLIM OTHECEHBI K CIICAYIOUIUM DPO-
nam: SP-35 — Anabaena, SP-4 u SP-45 — Nostoc,
SP-55 — Synechococcus, SP-6 — Spirulina, SP-3 —
Merismopedian SP-D — Desertofilum (cm. Tabi. 1).

H3yvyeHne TOKCHYHOCTH BbIIEJIEHHBIX
IITAMMOB IIHAHO0AKTEPHIA C HCIOJIL30BAHHEM
TecT-cucteMbl Daphnia magna

BuorectupoBanue ¢ ncnonb30BaHueM JadHUA
IIPOKO MPUMEHSETCS MIPH OIEHKE KauecTBa IPUPOI-
HeIX BoJ [12]. [lokazarenem oCcTpoil TOKCHYHOCTH SIB-
nsiercs rudens 50% u 6oree paukoB B aHATU3UPYEMON
BOJIE 10 CPaBHEHHIO C KOHTPOJIEM B TeUeHHE 24 WiH
48 4. Bpems rubemm paykoB OTMEUAJIH 110 HACTYTUICHUTO
HEMOJBIMKHOCTH (MMMOOMITH3aun): 1aHUM OITyCcKa-
JIMCh Ha THO CTaKaHa, IJIaBaTeIbHbIE ABIKEHHS OTCYT-
CTBOBJIM ¥ HE BO30OHOBIISLTUCH TIPH JIETKOM ITPHUKOC-
HOBEHWH CTPYH BOJBI MU MMOKAYNBAHIH CTaKaHa.

B Teuenue nepBrIx yacoB cMepTHOCTH D. mag-
na B MPUCYTCTBUHU MCIIBITAHHBIX KOHIEHTPAIHH JINO-
(¢unn3oBaHHON OWOMacchl BCeX ITMAHOOAKTEPHit
ObLTa HeBeNlMKa, KpoMme KyabTyp SP-D (Desertifilum
sp.) u SP-45 (Nostoc sp.). Ilpu xoHmenrpanuu 6mo-
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Tabauna 1
Table 1

H3o1upoBaHHbIE ATbI0OJOTHYECKH H 0AKTEPHOJOTHYECKH YUCThIE KYJbTYPhl HHAHOOaAKTEPHid
Isolated algologically and bacteriologically pure cultures of cyanobacteria

Hanuuue
0aKTEepPUOIOrHICCKH
O003HaUYCHHE KYIBTYPBI Pon MecTto Bbl€NEHUS YHCTBIX KYJIbTYP
Culture designation Genus Territory of isolation Occurrence
of bacteriologically pure
cultures
SP-35 Anabaena Mouronus +
Mongolia
SP-55 Synechococcus Typressckuit HICTOYHUK +
Turgenskii source
SP-4 Nostoc Typreusckuit HICTOYHUK +
Turgenskii source
SP-45 Nostoc Kapnossr Bapsr +
Karlovy Vary
SP-D Desertifilum Mowuronus +
Mongolia
SP-3 Merismopedia Kapnossr Bapst -
Karlovy Vary
SP-6 Spirulina Kapiossr Bapsr -
Karlovy Vary

Macchl 1—10 Mr/Mir MPOUCXOUII0 3HAYUTENFHOE W3-
MEHEHHUE JBWKEHHSI PAYKOB, YTO, MO-BUIUMOMY, O0b-
SICHSIETCS TOBEJICHUECKON peakiueli Ha IeiCTBUE TOK-
cukanToB. [Ipu ucneitanuu KyasTyp SP-D (Desertifi-
lum sp.) u SP-45 (Nostoc sp.) cMepTHOCTh madHUN
MpH KOHIIEHTpaluu OroMacchl | MI/MII cocTaBuia
82—83% uepe3 24 y. YBennueHHE KOHIICHTPAIUU
Oromaccel nmaHoOakrepuit 1o 10 MI/mMi BBI3BAIO
100%-nyr0 THOEnbp TecT-Mopenei. [lpm aHanm3ze
TOKCHYHOCTH KOHTPOJBHBIX KYJBTYp IIMaHOOaKTe-
puti Se-7942 (Synechococcus elongatus PCC 7942) n
S-6803 (Synechocystis sp. PCC 6803), a Takxe moiry-
YEHHOU B 3TOM paboTe KymbTyphl SP-55 (Synechococ-
cus sp.) HaOJIOJATUCH HE3HAYUTEIIbHBIC N3MEHCHHUS B
BBDKHMBAEMOCTHU PAuKOB IIPH BO3JICHCTBHH OHOMACCHI
HMaHOOAKTepuil Ha mpoTsoKeHuu 1 u 6 4. ['ubensb
11—16% naduuit Habmonazach ToIpKo depe3 48 u
MpH KOHIIEHTpanuu ouomaccsl 10 mr/mi (Tadu. 2).
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Io 4-6amnbHOi mikane TokcuuHoctd Crtpora-
HoBa [18] KymeTypsl NHMaHOOAKTEpUil pacrpeienu-
JIUCH CIEAYIOIMIM 00pa3oM:

4 Gajta — CHJIBHO TOKCHYHBIEC ITaMMbI SP-D
(Desertifilum sp.) u SP-45 (Nostoc sp.), 3KCTpaKThl KOTO-
PBIX BBI3BIBAIIH MTOJTHYIO THOEIh TECT-00bEKTOB 32 48 1;

3 6aiiia — Tokcu4uHbIe ITaMMbl SP-35 (Anaba-
ena sp.) u SP-4 (Nostoc sp.), B IpUCYTCTBUH SKCTPaK-
TOB KOTOPBIX CMEPTHOCTH naHwmii 3a 48 4 cocraBmia
80—84%;

1 6ann — cnabo TOKCUYHBIE ITaMMbl Se-7942
(Synechococcus elongatus PCC 7942), S-6803 (Syne-
chocystis sp. PCC 6803) u SP-55 (Synechococcus sp.).
I'ubens naduwit yepes 48 4 cocraBuna 11—16%.

Takum 00pa3oMm, cpeay BBIJCICHHBIX HaMH
IITAMMOB [MaHOOAKTepUil HauboJIee TOKCUYHBIMH
10 OTHOIICHHIO K TeCT-00beKTy D. magna, KOTOPHIi
CUUTAETCSl OYEHb YYBCTBUTEIBHBIM K I[HaHOTOKCH-
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Tabnuna 2
Table 2

CMepTHOCTD, %, TecT-00beKkTa Daphnia magna B IPUCYTCTBUU PA3JIMYHBIX KOHIEHTPALUIA
JAno¢uIM30BAHHOI OHOMAacChl HMAHOOAKTePUid

Lethality, %, of Daphnia magna test object in the occurrence of various concentrations

of cyanobacteria lyophilized biomass

JlIMTe IbHOCTh TECTUPOBAHUS, U

Time of testing, h

Kynprypa 1 6 24 48

Culture KoHueHTpanus 1uoQpuiIn30BaHHBIX KJIETOK LIMAHOOAKTEPHI, MT/MIT

Concentration of lyophilized cyanobacteria cells, mg/ml

0,1 1 10 0,1 1 10 0,1 1 10 0,1 1 10
Se-7942* 0 0 0 0 0 6 0 2 9 0 2 12
S-6803* 0 0 0 0 2 4 0 2 5 0 4 11
SP-55 0 0 0 0 0 3 0 1 10 0 4 16
SP-4 8 20 31 12 25 50 17 54 69 20 71 84
SP-35 9 15 27 10 21 45 14 47 65 14 54 80
SP-45 10 27 32 14 30 56 28 82 94 47 95 100
SP-D 14 30 39 17 36 67 32 &3 97 45 98 100

*Se-7942 — KOHTpONIBHBIA TaMM Synechococcus elongatus PCC 7942; S-6803 — koHTponbHEI mTamm Synechocystis sp. PCC 6803.
* Se-7942 is the Synechococcus elongatus PCC 7942 control strain; S-6803 is the Synechocystis sp. PCC 6803 control strain.

HaM [ 19, 20], okazammck mrammbl SP-D (Desertifilum ~ moBbIanach UX MUTOTOKCUYHOCTD. [IpH KoHIIEHTpa-
sp.) u SP-45 (Nostoc sp.). MU 3KCTPAKTOB IMAHOOAKTEPUH 5 MKI/MJ THOEIh
OITYXOJIEBBIX KIIETOK nocTuraia 92—97%. 3to corna-
CyeTcs ¢ TUTEePaTypHBIMU JaHHBIMH, CBUJICTEIILCTBY-
IOIIMMH O TOM, UTO TIpeicTaBuTeNu nopsiakos Oscilla-
toriales (k koTopoMmy otHocuTcs Desertifilum sp.) u
TeCT-CHCTeMbI PAKOBBIX KiIeToK HelLa Nostocales CcrocoOHBI MPOAYLHUPOBATh IIMTOTOKCH-
HBI, TTIABHBIM 00pa30M MUKIMYCCKHE JEeTICUTICTI THIbI
MBI Taxke IPOBEIHU OLIEHKY TOKCHYHOCTH Me-  [20, 21]. B wacTHOCTH, KpUITODHITHHEI, H30JMPOBAH-
TaHOJBHBIX SKCTPAKTOB U3 IMAHOOAKTEPUH, UCHONb-  Hble M3 Nosfoc Sp. SBISIOTCS MHOTOOOEIIAOIIMMU
3ysl B KaueCTBE TECT-00bEKTa KIECTOUYHYIO JTMHUIO Pa-  KaHAUJaTaMU Ha POJib IPOTHBOOIYXOJIEBBIX Mperapa-
KOBBIX KJIeTOK HeLa (Tabn. 3). DKCTpakThl KIETOK  TOB [22].
SP-4 (Nostoc sp.) u SP-35 (Anabaena sp.) 1 ipu of- TakuM 00pa3oM, SKCTPAKTHI U3 BBIACICHHBIX
HOW U3 N3y YECHHBIX KOHLICHTPALMK HE IPOSABWIIN LIUTO-  TIPUPOJAHBIX IITAMMOB I[HaHOOAaKTepuii 00mamarT
TOKCUYHOCTS BblIe 50% (cM. Ta0i. 3). HaubGonpmuii  pa3sHo# HUTOTOKCHYHOCTBIO TI0 OTHOIICHHIO K PaKo-
ahdexr (43—45% mormbmux KiIETOK) HAOMIOAAIM  BBIM KJIeTKaM Hela, 9T0 MOXXHO OOBSICHUTH pa3iind-
pH J0OaBJIEHUH K PAKOBBIM KiIeTKaM Hela dKCTpak-  HBIM COCTaBOM M KOJIMYECTBOM TOKCHHOB B HCCIIEye-
Ta 3TUX IIMaHOOAKTEPUH B KOHIIGHTPAUK S MKI/MII 2. MBIX KyJbTypax. HanOoIbIuM HHIMOUPYIOIIUM ek~
B skctpaxrax knerok SP-D (Desertifilum sp.)  crBuem obGnanaror skcTpakThl kietku SP-D (Desertifi-
u SP-45 (Nostoc sp.) ¢ yBeIMdeHUEM KOHLEHTpauuu  [um sp.) u SP-45 (Nostoc sp.).

HN3yyeHue TOKCUYHOCTH BbIAEJIEHHBIX IITAMMOB
HHAHOOAKTEPHU ¢ UCTOIb30BAHHEM
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Tabnuina 3
Table 3

HuToTOKCHYHOCTD, %0, IKCTPAKTOB JHO(PHIN30BAHHBIX KJIETOK IMAHOOAKTEPHii 10 OTHOIIEHUIO

K KJIETOYHOMH JIUHUM PaKOBbIX KJIeTOK Hela

Cytotoxicity, %, of extracts of cyanobacteria lyophilized biomass to HeLa tumor cell line

KoHIeHTpaIiust SKCTPAKTOB JTHOPUIN30BAHHBIX KJIIETOK [IHAHOOAKTEePHA, MKI/MJI
K
yaspa Concentration of cyanobacteria lyophilized cells extracts, p/ml
Culture
0,05 0,1 0,2 0,5 1 2 5

SP-45 68 75 76 76 80 82 92
SP-35 35 37 38 39 42 42 45
SP-4 32 36 36 40 40 41 43
SP-D 82 83 89 89 89 90 97

Onpenenenne TOKCHHOB, MPOIYIMPYeMbIX
KyJabTypaMu nuuano6axkrepuii Desertifilum sp.
u Nostoc sp.

Kak y»xe ropopwiioch BbIIIE, 10 XUMHUYECKOU
CTPYKTYpPE TOKCHHBI IIHaHOOAKTePHUl ICNATCS Ha TPH
OCHOBHBIC TPYIIIBL; MENTHABI (IUKITMYECKUAE U JIHHEH-
HEBIC), aJIKaJOUIBI M JTUTIOTIOIHCcaxapuasl [23].

Wnentndukanus coeauHEHMH, MPUCYTCTBYIO-
KX B METAHOJIbHBIX DKCTPAKTaX JINO(PHIN30BAHHBIX
KJIICTOK IMaHOOAKTEpHii, Mmoka3ajga HaIMYWe B OHO-
Macce nuanobakrepun SP-D (Desertifilum sp.) mo
KpaliHel Mepe JBYX LMKJIWYECKUX IEICUIICNTHIOB
— mukponentuHa T u ocimmianentura C (puc. 1) ¢
KOJIMYECTBEHHBIM ITPeo0IaianieM MUKponenTuHa T
¢ m/z 1051. DTOT MIMPOKO PacHPOCTPaHEHHBIH TOK-
CHH, BIIEPBBIE BbIJICJICHHBIN U3 TPECHOBOIHOM ITMaHO-
OakTepuu Microcystis aeruginosa [24], apisieTcst UH-
THOUTOPOM XMMOTPHIICUHA. MHKpOIIENTHHBI Hakie-
Hbl TaKXKe y IUIAHKTOHHBIX IPECHOBOIHBIX BH/IOB,
MpUHAIICKAIMNX K ponaM Anabaena, Anabaenopsis,
Microcystis, Nostoc n Oscillatoria [20]. Ocimnanen-
tiH C (m/z 1060) Takke OTHOCUTCS K MUKIAYESCKIM
JCTICUITCTITHIaM.

B skcrpakTe auoduIn30BaHHON OHOMACCHI KY-
asTypbl SP-45 (Nostoc sp.) oOHapyKeH KpUITO(U-
IIMH, COOTBETCTBYOIINHI MUKy 673 m/z, a Takxke HeOO-
JIBIIOE KOJIMYECTBO HMUKIUYECKOTO JICTICHITCIITUIA —
mukponentiaa SD ¢ m/z 1003 [24, 25] (puc. 2). Luk-
JIMYECKUE JCTICUIICIITUIBI, COICpIKAIIUE 3-aMHHO-
6-TUIPOKCU-2-TTUTICPUIOH, OBLTH BBIJICIICHBI M3 TOK-
CUYHBIX U HETOKCUYHBIX ITaMMOB Microcystis, Oscil-
latoria, Anabaena n Nostoc. Psan coeanHEHNIT DTOTO
KJacca He SIBIISIOTCSI COOCTBEHHO TOKCHHAMU, OJTHAKO
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M3BECTHO, YTO HEKOTOPBIC M3 HUX OKa3bIBAlOT HHINOH-
pYIOIIHE BO3/ICHCTBIE HA CEPHHOBBIC MIPOTEA3bl U TH-
po3uHKHuHA3H [24, 25].

Takum 00pa3om, 0OHAPYKEHHBIE B 9KCTPAKTaX
ouomaccel mrammoB SP-D (Desertifilum sp.) u SP-45
(Nostoc sp.) TOKCUHBI IPUHAIEHKAT K KIACCY ITAKITH-
YECKUX JCTICUIICHITH/IOB, K KOTOPBIM TaK)KE OTHOCST-
csi aHAOCHOMETI TUIIM/IbI, MUKPOIICHTHHBI, MUKPOLIHC-
TUJIUIBI, OCHWUIONEHTHHBI, [IUAHOMEIITOINHBI, IPY-
THHONENTHHEI U 1p. [26]. Lluknndeckue nencumnenTu-
b1, WA KPAMITOQUIMHEL [26, 27], ABISIFOTCS MOIITHBI-
MH TPOTHBOOITYXOJCBBIMH W MPOTHBOTPHOKOBBIMH
JCTICUITCTITUAaMHU, KOTOPhIC OBbLIM BIIEPBBIC BbIEIIC-
HBI U3 ITHaHOOAKTepUi, MPUHAIICIKAIIINX K CEMEHCT-
By Nostocaceae.

Hrorom mponemnanHoit paboThI cTano BBIIEIE-
HUC IIATH AKCCHHYHBIX IITAMMOB I[HAHOOAKTCPHIA.
Cpeny METaHOIBHBIX 3KCTPAKTOB, MOJIYYCHHBIX U3
JIMO(GHUIN30BAaHHBIX KJICTOK 3TUX LITAMMOB, HAHOOJIb-
IIYI0 TOKCHYHOCTD TI0 OTHOIIEHHIO K TECT-CUCTEMaM
— paukam Daphnia magna M OITyXOJIeBBIM KJIETKaM
Hela — oOuapyxuiu 3KCTpakThl u3 Desertifilum sp.
(SP-D) u Nostoc sp. (SP-45). BOXX skcTpakToB mua-
HOOaKTepHii 1MoKa3alia HaJMuue B HUX [MUKITHYECKIX
JCTICUITCTITUI0B — MUKpoImienTiHa T 1 oCIMLIanenTy-
Ha y Desertifilum sp., a Take KpUNTOQUIIMHA U MUK-
ponentura SD y Nostoc sp.

Janaass paboTa MOJUEPKHBACT BAKHOCTh H
MEPCIIEKTUBHOCTh M3YUYCHMSI MPUPOIHBIX IITAMMOB
HHaHOOAKTEpHH Kak OOBEKTOB JIJIS HYXJ OHOTEXHO-
JIOTUH ¥ MEMIMHBIL

ABTOpBI OnaromapsT mnpodeccopa Kadeaps
ouo¢pusuku MI'Y JI.H. MaropuHa 3a 1mi0J0TBOPHOE
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Puc. 1. Pesynbratel BOXKX skcrpaktoB nuodunmizosanHoii 6uomaccel SP-D (Desertifilum sp.) (A) 1 ux hparMeHTalNK B 5KU I~
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ociptanentad C

Fig. 1.

HPLC of extracts of lyophilized SP-D (Desertifilum sp.) biomass (A) and their fragmentation in liquid

chromatograph-mass-spectrograph (B). Figures mean m/z of toxins: 1051, micropeptin T; 1060, oscillapeptin
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Puc. 2. Pesynsrarer BOXKX sxcTpakToB nnodunusoBanHoi 6uomaccel SP-45 (Nostoc sp.) (A) v uX GparMeHTALUH B KHUIKOCT-
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Fig. 2. HPLC of extracts of lyophilized SP-45 (Nostoc sp.) biomass (A) and their fragmentation in liquid
chromatograph-mass-spectrograph (B). Figures mean m/z of toxins: 673, cryptophycin; 1003, micropeptin SD
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66

Toxic Cyanobacteria from Various Na-
tural Sources: Isolation and Characteristics

Searching for toxin-producing cyanobacteria from Tur-
gen gorge (Kazakhstan), Karlovy Vary (Czech Republic) and
Shar-Nuur Lake, Bayan Ulgii region (Mongolia) springs, we have
isolated seven algologically and five bacteriologically pure cultu-
res of cyanobacteria. Among these strains, the highest toxicity
(according to the Daphnia magna test) was exerted by the Deser-
tifilum sp. and Nostoc sp. strains: the complete destruction of
Daphnia was observed after 48 h. These strains also demonstrated
the highest inhibitory effect on the proliferation of cancer HeLa
cells. The Anabaena sp. 35 and Nostoc sp. 4 cyanobacteria were
also classified as very toxic. The cyanobacteria model strains, Sy-
nechocystis PCC 6803 and Synechococcus elongatus PCC 7942,
as well as Synechococcus sp. 55 isolated in this work, were rated
as low toxic. The mass spectrometry analysis permitted to assign
those strong cyanobacterial toxins to a type of cyclic depsipepti-
des. In extracts of Desertifilum sp., two cyclic depsipeptide, mic-
ropeptin T and oscillapeptin, were identified. In the extract of
Nostoc sp., cryptophycin was detected together with a small amo-
unt of a cyclic depsipeptide, micropeptin SD.

Key words: biotoxins, cyanobacteria, cytotoxins, toxins.
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