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ABSTRACT. Genes of synthesis of hepatotoxic microcystin belonging to the genera Microcystis and
Dolichospermum (Anabaena) were previously identified in samples of plankton from Lake Baikal and
reservoirs of the Angara HPP cascade. However, accurate identification of toxin producing species is
not possible without culture studies. In this study, 17 strains of planktonic cyanobacteria belonging to
the most widespread species in water bodies of temperate zone were obtained by isolation and prop-
agation of individual filaments or colonies. Using molecular biological and immunoassay analyses, it
was revealed that the species Dolichospermum lemmermannii and Microcystis aeruginosa were microcystin
producers. Of the eight D. lemmermannii strains obtained, only two produced microcystins, their mor-
phological feature being the ability to form large colonies.
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1. Introduction

Cyanobacterial blooms are a characteristic con-
sequence of global processes of water body eutrophi-
cation and climate change (Huisman et al., 2018).
Many negative effects are observed during blooms
of water bodies, such as water pollution by products
of life activity and decomposition of cyanobacteria,
decreased transparency and deterioration of water
quality, increased organic matter content, oxygen defi-
ciency, etc., leading to changes in species composition
and structure of biocenoses, functional relationships of
hydrobionts, and, ultimately, ecosystem degradation.
Blooming of water bodies and deterioration of water
quality are urgent problems in most countries of the
world. The frequency and prevalence of cyanobacterial
blooms, including toxic blooms, have increased signifi-
cantly in recent decades.

The first reports on the occurrence in Lake
Baikal of cyanobacteria containing microcystin syn-
thesis (MC) genes were obtained in 2010 (Belykh
et al., 2015). Using markers to the mcyE gene, two
MC-producing cyanobacterial genera were detected
in Lake Baikal: Dolichospermum and Microcystis. The
number of Microcystis mcyE gene sequences was low,
in contrast to Dolichospermum, which is consistent with
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their abundance. The presence of microcystin in water
samples and phytoplankton biomass has been repeat-
edly confirmed by immunochemistry and chromato-
mass spectrometry (Belykh et al., 2013). Water blooms
caused by saxitoxin-producing D. lemmermannii have
been recorded in the Irkutsk Reservoir (Grachev et al.,
2018).

Usually, up to five Dolichospermum species and
up to three Microcystis species occur simultaneously in
the phytoplankton of Lake Baikal, and genus-specific
genetic markers are insufficient to identify toxin-pro-
ducing species. The aim of the study is to obtain unial-
gal cultures of cyanobacteria by isolating and propagat-
ing individual trichomes or colonies and to determine
their species identity and toxinogenic potential.

2. Materials and methods

Mesh samples were collected in July-August
2023 in Lake Baikal (coastal areas) and in the Irkutsk
Reservoir in Yelovy Bay near Patrony settlement.
Cultures were obtained from isolated colonies or single
trichomes sampled with a Pasteur pipette under a ste-
reomicroscope. Each isolate was cleaned in a few drops
of sterile Baikal water until visible contaminants were
removed and transferred to a screw-capped glass tube
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with 20 ml of liquid medium. In the laboratory, cultures
were dispersed into tubes and flasks to obtain biomass
sufficient for molecular biological and chemical analy-
sis. Z-8 medium (Rippka, 1988) was used for growing
filamentous cyanobacteria, cultured at room tempera-
ture (20-26°C) under natural light with supplementary
illumination by a full-spectrum LED phytolamp (Uniel,
China) in day:night 12:12 h mode. Cyanobacteria
of the genus Microcystis were grown on MA medium
(Watanabe and Oishi, 1985) at temperature 27-30°C
with illumination by a full-spectrum fluorescent phy-
tolamp in the day:night 12:12 h regime. Taxonomic
identification of cultures was performed using an Axio
Imager microscope (Carl Zeiss, Germany) and guides
(Komarek, 2013; Komarek and Anagnostidis, 1999).

DNA isolation, PCR, and tree construction were
performed according to the methods described pre-
viously (Belykh et al., 2011). The primers HepF and
HepR were used to detect the mcyE gene (Jungblut and
Neilan, 2006). Sequences were obtained on a Nanofor
genetic analyzer (Syntol, Russia) using GenSeq reagents
(Syntol) and deposited in GenBank under accession
numbers PP971142-PP971144.

The presence of MC was determined using
immunochemical “Test-system for rapid determination
of microcystin in water and freshwater fish” (Signal
Research Center, Russia) according to the manufac-
turer’s instructions. Preliminary 1 ml of culture was
treated by freeze-thawing (5 cycles at —20 and +25°C)
to destroy cell walls.

Table. Cyanobacterial strains and their characterization

3. Results and discussion

The study of morphology using light microscopy
showed that among the obtained strains, eight belong
to the species Dolichospermum lemmermannii (family
Aphanizomenonaceae, order Nostocales), a colonial
filamentous cyanobacterium causing water blooms in
Lake Baikal and Irkutsk Reservoir (Bondarenko et al.,
2021; Grachev et al., 2018) (Table).

During the D. lemmermannii blooms, D. smithii
and D. crassum species are usually found in phytoplank-
ton in low abundance, and they were represented by
one and two strains, respectively, in the culture col-
lection. The strains Aphanizomenon flos-aquae 12/23Y
and Gloeotrichia echinulata 14/23M belong to the same
family. All these species are widely distributed in tem-
perate zone water bodies, often cause water blooms
and are potential producers of various cyanotoxins
(Komarek, 2013).

Cyanobacteria of the genus Microcystis (order
Chroococcales) were represented by species of
Microcystis aeruginosa and M. novacekii, the latter being
observed in Lake Baikal for the first time. These species
are warm-loving and develop in the temperate zone
only in shallow, well-warmed water bodies (Koméarek
and Anagnostidis, 1999). A strain of the associated cya-
nobacterium Pseudanabaena mucicola 13/23T (order
Pseudanabaenales) was isolated from a colony of M.
novacekii strain BT23 that inhabited in its colonial
mucus. Strain 15/23M had small coccoid cells sur-
rounded by mucus, it and was identified as a represen-

No Species Strain Place of isolation Microcystin MC concentration,
synthetase, ng/mL
mcyE gene

1 Dolichospermum 1/23Mu |Lake Baikal, Maloe More Strait, - 0
lemmermanni Mukhor Bay
2 D. lemmermannii 2/23M Lake Baikal, Maritui settl. + > 1
3 D. lemmermannii 3/23Y | Irkutsk Reservoir, Yelovy Bay - 0
4 D. lemmermannii 4/23Y + > 1
5 D. lemmermannii 5/23Y — 0
6 D. lemmermannii 6/23M Lake Baikal, Maritui settl. — 0
7 D. lemmermannii 7/23M = 0
8 D. lemmermannii 8/23M = 0
9 D. smithii 9/23Y | Irkutsk Reservoir, Yelovy Bay - 0

10 D. crassum 10/23Y — 0

11 D. crassum 11/23Y — 0

12 | Microcystis aeruginosa BN23 Lake Baikal, Nizhneangarsk + >1

13 M. novacekii BT23 Lake Baikal, Turka settl. —

14 Aphanizomenon 12/23Y | Irkutsk Reservoir, Yelovy Bay =

flos-aquae

15 | Pseudanabaena mucicola | 13/23T |Lake Baikal, Turka settl. (endo- - 0

gloetic in M. novacekii BT23)

16 | Gloeotrichia echinulata | 14/23M Lake Baikal, Maritui settl. -

17 Aphanocapsa sp. 15/23M =
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tative of the genus Aphanocapsa (order Chroococcales) Immunoassay analysis using test strips showed
(Table). that cultures containing the mcyE gene produced hep-

Molecular biological analysis of strains using atotoxic microcystins at concentrations of more than 1
genus-specific primers to the aminotransferase domain ng/mL (Table).
of the microcystinsynthetase mcyE gene was positive for Thus, only two D. lemmermannii strains out of
strains Dolichospermum lemmermannii 2/23M, D. lem- eight contained the mcyE gene and produced microcys-
mermannii 4/23Y, and Microcystis aeruginosa BN23. The tins, which is consistent with the known evidence that
sequence of strain BN23 was 98.5-98% similar to the both toxic and non-toxic genotypes belonging to the
sequences of Microcystis aeruginosa strains S1-S4 from same species are simultaneously present in cyanobacte-
Hilla River, Iraq, NIES-843 from Lake Kasumigaura, rial communities (Vaitomaa et al., 2003). Toxic strains

Japan and FCY-26 from Lake Paldang, Korea. The

max- of D. lemmermannii had similar cell morphology to the

imum similarity (98.7%) was observed with the uncul- non-toxic ones, but differed from them in their ability

tured sequence KF219506 obtained earlier from
Baikal (Belykh et al., 2015).

Lake to form very large (up to 5 mm in diameter) colonies.

The sequence of strain 2/23M had close similarity 4. Conclusions
(99.1-99%) to the sequences of D. lemmermannii strains

1tu32s11, NIVA-CYA 438 and NIVA-CYA 269 isolated In July-August 2023, 17 unialgal cultures of
from lakes in Norway and Finland. The sequence of cyanobacteria were isolated from samples collected in
strain 4/23Y was 99.5-99% similar to the sequences of the coastal areas of Lake Baikal and Irkutsk Reservoir,
Dolichospermum sp. strains BIR250A, UHCC 0315A and 15 of which are potential causative agents of water
0tu33s16 from Finnish lakes. It should be noted that blooms and toxin producers. The strains were identi-
the maximum similarity for strains 2/23M and 4/23Y fied as Aphanocapsa sp., Aphanizomenon flos-aquae,
(99.8% and 99.6%, respectively) was observed with the Dolichospermum crassum, D. lemmermannii, D. smithii,
previously obtained uncultured sequence KF219514 Gloeotrichia echinulata, Microcystis aeruginosa, M. nova-
from the Ust-Ilimsk reservoir (Belykh et al., 2013). cekii and Pseudanabaena mucicola. The two last spe-

Phylogenetic trees constructed by the two differ- cies are new to Lake Baikal. Molecular biological and
ent methods had a similar topology. The sequences are immunochemical analyses were used to identify cya-
grouped into four stable clades according to cyanobac- nobacteria producing microcystins in Lake Baikal (D.
teria genera: Dolichospermum, Microcystis, Nodularia, lemmermannii and Microcystis aeruginosa) and Irkutsk

and Planktothrix (Fig.).

Reservoir (D. lemmermannii). It was shown that toxic

Dolichospermum lemmermannii PH256, EU916774

— 54/4 D. flos-aquae NIVA-CYA 269/6, EU916772

0.10
64/-

98/96

67/71

[ D. lemmermannii 4/23Y, PP971144
D. lemmermannii 2/23M, PP971143
Dolichospermum sp. Kot12/08-1, KF219499
D. lemmermannii 1tu32s11, EU916752
D. lemmermannii 66A, EU916759
D. lemmermannii var. minor NIVA-CYA 83/1, EU916761
D. lemmermannii NIVA-CYA 270/1, EU916773
- D. flos-aquae NIVA-CYA 267/4, EU916770

Nodularia spumigena NSOR10, AY210783
81/100 Nodularia sphaerocarpa PCC 7804, AY817171

Microcystis viridis NRC JIE/G4-08, MG599107
M. viridis NIES-102, AY817159

M. aeruginosa FCY-26, Q290085

M. aeruginosa NIES-843, AP009552

88/86| [ M. aeruginosa S4, LC730530

99/98 { M. aeruginosa S1, LC730527

90/65

_|

100/99' Planktothrix rubescens NIVA-CYA 98, AM990462

99/91l M. aeruginosa BN23, PP971142
Microcystis sp. BaTur12/08-5, KF219510
_| M. wesenbergii Vail-2 11, MN417095
M. wesenbergii NIES-107, AY817158
r M. aeruginosa K-139, AB032549
M. aeruginosa PCC 7806, AM778952
96/98|11 M. aeruginosa UTEX B 2667, AY817162
M. aeruginosa PCC 7005, AY817160
M. aeruginosa UPMC-A0105, OP676111
99/9¢| M. aeruginosa UTEX LB 2664, AY817161
M. aeruginosa FACHB-1388, 0Q291093
Planktothrix agardhii NIVA-CYA 126/8, AJ441056

99/84

Nostoc sp. 152, KC699835

Fig. Phylogenetic analysis of the aminotransferase domain of the mcyE and ndaF genes of planktonic cyanobacteria. The
rooted tree obtained by ML analysis is shown. Numbers show bootstrap analysis results for trees (n = 1000) constructed by dif-
ferent methods (ML/NJ). The sequences obtained in this work are shown in bold.
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and non-microcystin-producing genotypes of D. lemmer-
mannii, differing in colony size, exist simultaneously in
the plankton of both water bodies.
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AHHOTAIIHUS. B npobax nmaHKTOHA 03. Baiikan u BogoxpaHuui AHrapckoro kackaga I'DC panee
ObUTM MAEHTU(OUIUPOBAHBl T'eHBl CHHTe3a IelaTOTOKCHMHA MMKPOLMCTHHA, NpUHAAjIexalrde poaaM
Microcystis n Dolichospermum (Anabaena). OgHako TOYHasA WAEHTUGUKALUA BUAOB, MPOAYIHPYIOIINX
TOKCHHBI, HEBO3MO>XKHA 0e3 HcciiefoBaHuA KyJIbTyp. B Xxole rnccyiefoBanus myTeM M30JIMPOBaHUA U pas-
MHOXEeHUs OTJIeJIbHbIX HUTEN MJIM KOJIOHUM OBbLIO MOJIy4eHO 17 MTaMMOB IJIAHKTOHHBIX IaHOOAKTe-
puii, npuHaJiexamux HauboJjiee pacnpocTpaHEeHHBIM B BOAOEMax yMepeHHOH 30HHI Bugam. C momo-
LIbI0 MOJIEKYJIAPHO-010JIOTMYeCKOro ¥ MMMYHO(GEpPMEHTHOr0 aHaIM30B II0Ka3aHo, YTO MPOAYyLeHTaMU
MUKPOIIMCTUHOB SABJIAINCh BUIOBI Dolichospermum lemmermannii u Microcystis aeruginosa. 3 BochkMu
IIOJIyYeHHBIX ITaMMOoB D. lemmermannii TOJIBKO [1Ba IPOAYLHPOBAIN MUKPOIMCTHHEI, UX MopdoJioru-
YyecKol 0COOEHHOCTHIO ABJISJIACh CIIOCOOHOCTh (DOPMMPOBATH KPYITHBIE KOJIOHUU.

Kiioueauvie citoga: Dolichospermum lemmermannii, Microcystis aeruginosa, BeTeHe BOJIbl, MUKPOI[UCTUH

Jiia nutupoBanus: Copokosukosa E.I'., Tuxonosa U.B., Haliganosa f1.A., Besnbix O.1. UpenTudukanua nuaHobakTepuii-npoay-
LEHTOB MUKPOLMCTHHA B IUTAHKTOHE 03epa Barikasn u MpkyTckoro Bogoxpanwinmia // Limnology and Freshwater Biology. 2024.
-Ne 4. - C.1101-1108. DOI: 10.31951/2658-3518-2024-A-4-1101

1. BBeaenue

LIBeTeHNsA BOBI, BRI3BaHHBIE [[MAHOOAKTEpUAMH,
AIBJIAIOTCS XapaKTePHBIM CJI€ICTBHEM IJ100aIbHbIX IIPO-
11eCCOB 3BTPO(PHPOBAHUA BOJJOEMOB U N3MEHEHUs KJIU-
maTta (Huisman et al., 2018). [Ipu 1{BeTeHNH BOI0EMOB
HabJII0jaeTcsA MHOXECTBO HeTaTUBHBIX ABJIEHU, TAKNUX
Kak 3arpsi3HeHue BOAB! MPOAYKTaMU XU3HeAeATeIbHO-
CTU U pas3JyioXeHWuA MaHOOAaKTepuil, yMeHbIIeHue Mpo-
3payHOCTH U yXy/JIIeHNe KadyecTBa BOJbI, yYBeJINUeHNe
cofepXaHUA OpraHWYeCKUX BelleCcTB, NeUIUT KUC-
Jjopoja | T.I., IPUBOAAMMX K M3MEHEHUI0 BHUJOBOTO
COCTaBa M CTPYKTYphl OMOIIEHO30B, QYHKIMOHAJIBHBIX
cBsA3ell TUAPOOMOHTOB, U, B KOHEYHOM UTOTe, K Aerpa-
Januu sKocrucTteMsl. [[BeTeHre BOOOEMOB U yXyAlLleHue
KayecTBa BOABI ABJIAIOTCA aKTyaJbHBIMHU IIpobJieMaMu
B OOJIBIIMHCTBE CTpaH mupa. Yacrora u pacmpocTpa-
HEHHOCTh BBI3BAHHBIX NMaHOOAKTepUsAMM I[BeTeHUH,
B TOM 4YMCJIe U TOKCUYHBIX, CYIIECTBEHHO BO3POCJIU B
nocJjieHUe AeCATUIJIETHUS.

[lepBble cBefmeHWsA O HAJIWYUM B 03. Babika
nraHobaKTepuii, cofepXaluxXx IeHbl CUHTe3a MUKPO-
nuctuHa (MC), 6butn nostyyensl B 2010 r. (Belykh et
al.,, 2015). C momoripio MapkepoB k mcyE-reHy B 03.
Batikan o6napyxeHnsl Aa MC-pooynupymomux poja
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1uaHobakTtepuit: Dolichospermum w Microcystis, mpu
3TOM KOJIMYEeCTBO IocjiefjoBaTesibHOCTel mcyE-rena
Microcystis ObLJIO HEBBHICOKMM, B OTJIAYME OT TaKOBBIX
Dolichospermum, 4TO corjiacyercsi ¢ MOKa3aTejasiMu UX
yrcJeHHOCTH. Hanuune MHKpPOIMCTUHOB B Ipobax
BOABI 1 Oromacce (pUTOIJIAHKTOHA HEOOAHOKPATHO MOJ-
TBepXJajlach ¢ IMOMOIIbI0 UMMYHOXVMMHHU U XpOMaTo-
maccrekrpomerpuu (Belykh et al., 2013). B HpkyTckom
BOJOXpaHWINIIlEe 3aperucTpUpOBaHO I[BeTeHHe BOLH,
BbI3BaHHOe D. lemmermannii ¢ MpOAYKIUEN CaKCUTOK-
cunoB (Grachev et al., 2018).

OO6b1uHO B uTomIaHKTOHE 03. Baiikas ofHOBpe-
MEHHO BCTPEYATCA [0 HATU BUAOB Dolichospermum u
o Tpex BuAoB Microcystis, 1 pogocnenrIHbIX TeHe-
TUYeCKUX MapKepoB HeJOCTAaTOYHO I UAeHTUDULIN-
Kaluy BUJIOB-IPOAYLIEHTOB TOKCUHOB. llesp uccieno-
BaHUA — MOJIyYUTb YMCThle KyJIbTYphl LaHOOAKTepuit
IIyTeM U30JINPOBaHNA 1 pa3MHOXeHU OTeJIbHBIX TPU-
XOMOB WJIM KOJIOHUM U ONpelesIuTh UX BUIOBYIO IIPU-
HaJJIeXKHOCTh ¥ TOKCMHOTeHHBIN TOTeHIaJl.

2. MaTepuanbl M METOAbI

CeTrHble NpOOB! OBLIM OTOOpPAHBI B MIOJIE-aBIy-
cte 2023 r. B 03. Baiikan (nmpubpexHble palioHBE) U B
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HpkyTckoM BoAoxpaHuUIIIe B 3a1uBe EJI0BEIl B palioHe
noc. ITatpoHsl. KynbTypsl moJiy4anau M3 H30JIMPOBaH-
HBIX KOJIOHUH JINOO eAWHHUYHBIX TPUXOMOB, OTOOpaH-
HbIX Iumnetkoil IlacTepa oA CTepeOMUKPOCKOIIOM.
Kaxapiii n3071AT ObLI OUMIEeH B HECKOJIbKUX KallJIfaxX
cTepuJibHOU 0OaiikajibckOol BOABI A0 yOaJeHUs BUIU-
MBIX KOHTAaMHHAHTOB U [IepeHeceH B CTEKJIAHHYIO Npo-
OMpPKY C BUHTOBOM KPBIMIKON ¢ 20 MJI XUIOKOU Cpefbl.
B nabGopaTopum KyJIbTypHl pacceBajyd B IPOOUMPKU U
KOJIOBl U1 MOJIyyeHHs OGuomaccel, JOCTAaTOYHOH AJiA
MOJIEKYJIIPHO-OMOJIOTUYeCKOr0 1M XMMHUYeCKOro aHa-
au3a. [y BeIpaliMBaHWA HUTYATBHIX I[MaHOOAKTepuil
vcrnosb3oBanu cpeay Z-8 (Rippka, 1988), kysibTuBH-
poBajyii Ipu KOMHaTHON TemrmepaType (20-26°C) npu
€CTeCTBEHHOM OCBellleHUH C [JOCBETKOH CBeTOANOA-
Hoil ¢uTosammoii mosiHoro crmektpa (Uniel, Kuraii)
B pexuMe AeHb:HOub 12:12 4. I{uaHoGakTepumu poja
Microcystis BeipamuBaau Ha cpefe MA (Watanabe and
Oishi, 1985) npu Temnepatype 27-30°C c ocBeleHUEM
JIIOMMHHCLIEHTHON (UTOJIaMION IOJIHOTO CIeKTpa B
pexuMe JieHb:HOYb 12:12 4. TakCOHOMHYECKYI0 UAeH-
TUGUKALNIO KyJIbTYp NPOBOAWJIN C IIOMOIIBI0 MHKPO-
ckoma Axio Imager (Carl Zeiss, T'epmanus) u onpene-
autesied (Komarek, 2013; Komarek and Anagnostidis,
1999).

Boigenenve HK, TP u noctpoeHue gepeBbeB
IIPOBOAWJIYM B COOTBETCTBUU C MeTOAMKAaMU, ONKCAaH-
HbeiMu paHee (Belykh et al., 2011). [{yia BbIABJIeHUA

Ta6smna. [IItaMMel ITMaHOOAKTEPHUI U X XapaKTepHuCTHUKa

rena mcyE ucnonp3oBanu npaiivepsl HepF u HepR
(Jungblut and Neilan, 2006). IlociemoBaTeJbHOCTH
OBUIM TOJIyueHbl Ha TeHEeTHYeCKOM aHaJm3aTope
Hanodop (Cunron, Poccus) ¢ ncnob3oBaHUEM peak-
tuBoB GenSeq (CuHTOJI) U AenoHupoBaHbl B GenBank
noa HoMepamu fgocryna PP971142-PP971144.
Hanuuue MC onpefesisiii C MOMOILIBI0 MMMY-
HoxUMHYeckoll «TecT-cucTeMbl [IJIsl 3KCIIpecc-omIpese-
JIEHUs1 MUKPOLIMCTUHA B BOJe U IPECHOBOJHOU phIOe»
(@T'YII HII «CurHan», Poccusi) mo MeToquke mpou3Bo-
nutens. IlpeasapurenbHo 1 My KyJabTypel 0OpabaTsl-
BaJid 3aMOpaXxuBaHUEM-OTTanuBaHueM (5 IUMKJIOB MpU
—20 u +25°C) a1 pa3pylieHus KJIeTOYHbIX CTEHOK.

3. Pe3yAabTathbl M 06Ccy)xpeHue

UccrenoBanue MOp(dOJIOTUY € TIOMOIIBI0 CBETO-
BOI MUKPOCKOIMH I0Ka3ajio, YTO Cpely IMOJIyYeHHBIX
IMITAMMOB BOCeMb OTHOcATcA K Buay Dolichospermum
lemmermannii (cemeiictBo Aphanizomenonaceae, mops-
nok Nostocales) — KoJIoHHAJIbHOI HUTYATOMH I{aHOOAK-
TepHuY, BHI3BIBAIOIIEl I[BeTeHUe BOJBl B 03. Baiikanm u
HpkyTtckom BomoxpaHuwmine (Bondarenko et al., 2021;
Grachev et al., 2018) (Ta6suma). Bo Bpemsa MaccoBoro
pasButus D. lemmermannii Bunpl D. smithii u D. crassum
OOBIYHO BCTpevarTcsi B (QUTOILUIAHKTOHE B HeOOJIb-
IIOM KOJIMYecTBe, B KOJUIEKIMU KyJIbTYP OHU OBUIN
IpejicTaBjieHbl OAHUM U JByMs LITaMMaMH, COOTBeT-

No Bupg IIltamMm | MecTo BoiziesieHUs1 | MUKpOLMCTUHCHUHTETa3a, KonnenTtpanusa MC,
mcyE-ren HI'/MJI

1 |Dolichospermum lemmermanni| 1/23Mu O3. BarikaJ, mp. - 0

Maiioe Mope, 3-B

Myxop
2 D. lemmermannii 2/23M 0O3. Batikai, moc. + > 1
Mapuryi

3 D. lemmermannii 3/23Y | Upkyrtckoe B-lie, 3-B - 0
4 D. lemmermannii 4/23Y EnoBit + > 1
5 D. lemmermannii 5/23Y - 0
6 D. lemmermannii 6/23M 03. Baiikai, moc. = 0
7 D. lemmermannii 7/23M Wt = 0
8 D. lemmermannii 8/23M = 0
9 D. smithii 9/23Y | UpkyTtckoe B-le, 3-B - 0
10 D. crassum 10/23Y EroBbrit - 0
11 D. crassum 11/23Y - 0
12 Microcystis aeruginosa BN23 0O3. Batikau, noc. + > 1

HuxHeaHnrapck
13 M. novacekii BT23 O3s. BarikaJi, moc. - 0

Typka
14 | Aphanizomenon flos-aquae | 12/23Y | UpkyTckoe B-Iiie, 3-B = 0
EnoBsiit
15 Pseudanabaena mucicola 13/23T O3s. BatikaJi, moc. - 0
Typka (13 xosioHuu M.

novacekii BT23)
16 Gloeotrichia echinulata 14/23M | Osepo Baiikas, moc. =
17 Aphanocapsa sp. 15/23M Elags =
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ctBeHHO. K 3TOMy Xe ceMelCTBYy OTHOCATCA IITaMMBI
Aphanizomenon flos-aquae 12/23Y wu Gloeotrichia
echinulata 14/23M. Bce 3Ty BUBI IIMPOKO PACIpPOCTpa-
HEHBI B BOJIOEMax yMepeHHO! 30HHI, 4YaCTO BHI3HIBAIOT
LIBETeHVe BOJABl U SBJIAIOTCA MOTEHIUAJbHBIMU IIPO-
OYIEHTaM{ Pa3JIMYHbIX [UAaHOTOKCUHOB (Komarek,
2013).

[luanobakrepun poma  Microcystis  (mops-
nok Chroococcales) ObuUTH TpefcTaBiIeHb BUAAMU
Microcystis aeruginosa u M. novacekii, mocyieTHUI OTMe-
yaeTcs B 03. BalikaJs BnepBble. DT BUABI TEIJI0JTI0OUBHI,
B YMepeHHOHN 30He pa3BUBAIOTCS TOJIbKO B MEJIKOBO-
JHBIX, XOPOIIO Mporpepawmuxcsa BogoeMax (Komarek
and Anagnostidis, 1999). U3 koJyionnu mramma M.
novacekii BT23 BbiZieJieH IITaMM COIMYTCTBYIOIIEH LHa-
HoOakTepuu Pseudanabaena mucicola 13/23T (mopsigok
Pseudanabaenales), oOMTaBIIMiI B €ro KOJIOHHAJIbHO
cmsu. ramMm 15/23M uMen MeJiKMe KOKKOVIHBIE
KJIeTKY, OObeJUHEHHBIE CJIN3bI0, OH ObLIT NAeHTUDULU-
POBaH Kak IpeJcTaBuTeNb poaa Aphanocapsa (OpsgoK
Chroococcales) (Ta6smna).

MouekyJisipHO-OHOJIOTUYECKUE aHaJu3 IITaM-
MOB C HCIIOJIb30BaHUEM poAocHeludUIHbIX Ipai-
MepoB K JOMeHy aMUHOTpaHcdepa3pl reHa MUKPO-
LUCTUHCUHTETa3bl mMCcyE ObLI TMOJIOXUTEIbHBIM [JIs
KyJbptyp Dolichospermum lemmermannii 2/23M, D.
lemmermannii 4/23Y wu Microcystis aeruginosa BN23.
ITocnenoBarenbHOCTH IITaMMa BN23 6b11a Ha 98.5-98%
CXO/IHa C MOoCJIeJOBaTEeJIbHOCTAMMU HITaMMOB Microcystis

aeruginosa S1-S4 u3 peku Hilla B Upake, NIES-843 u3
03. Kasumigaura, fiInonusa u FCY-26 u3 o3. Ilangasxr,
Kopes. MakcumarsibHoe cxoficTBo (98.7%) GbLIO OTMe-
YeHO C HeKYJIbTUBUPOBAHHOHN IOCJIe[OBaTEIbHOCTHIO
KF219506, nosydyeHHOU paHee u3 03. Baiikan (Belykh
et al., 2015).

ITocnenoBaTesbHOCTh mTamMMa 2/23M wumena
o6ymm3koe cxoncTBo (99.1-99%) c mocJieqoBaTesIbHO-
ctsaMu mwraMMoB D. lemmermannii 1tu32s11, NIVA-CYA
438 1 NIVA-CYA 269, BeifesieHHBIX 13 03ep Hopseruu
n Ounaaaauu. IocienoBaresapHocTh mTamMma 4/23Y
ob1a Ha 99.5-99% cxoaHa ¢ mocJiegoBaTeJIbHOCTAMU
mramMoB Dolichospermum sp. BIR250A, UHCC 0315A
n 0tu33s16 u3 ozep dunnanguu. Cienyer OTMETUTD,
YTO MaKcHUMaJIbHOe CXOJCTBO OJiA mTamMMoB 2/23M u
4/23Y (99.8% u 99.6%, cOOTBETCTBEHHO) OBLIIO OTMe-
YeHO C paHee IMOJIy4eHHON HeKyJIbTUBUPYeMOH Ioce-
goBartesibHOCThI0O KF219514 13 YcTbh-UuMcKkoro Bogo-
xpanwmma (Belykh et al., 2013).

duoreHeTHYeckre AepeBbs, IOCTPOEHHBIE
JBYMs pa3JINYHBIMU MeTOJaMU, UMeJIA CXOAHYI0 TOTO-
Jorum. [TocsieoBaTeIbHOCTU TPYIIIUPYIOTCS B YETHIPe
yCTOWMYMBBIE KJIaJbl COTrJIACHO POJOBOM TpUHAJIEX-
HocTH nmaHobGaktepuii: Dolichospermum, Microcystis,
Nodularia, Planktothrix (Puc.).

HNMMyHObepMeHTHBII aHaju3 ¢ MpUMeHeHUeM
TECT-TI0JIOCOK TOKa3ajl, YTO KYJIbTYpHI, COJepXaliie
mcyE TeH, mpoAyUUPYIOT TrenaTOTOKCUHBI MUKPOIU-
CTUHBI B KOHIleHTpaluu 6osiee 1 ur/mi (Tabiuna).

Dolichospermum lemmermannii PH256, EU916774

0.10
64/-

[

98/96

67/71

88/86
99/98

544 D. flos-aquae NIVA-CYA 269/6, EU916772

D. lemmermannii 4/23Y, PP971144

D. lemmermannii 2/23M, PP971143

Dolichospermum sp. Kot12/08-1, KF219499

D. lemmermannii 1tu32s11, EU916752

D. lemmermannii 66A, EU916759

D. lemmermannii var. minor NIVA-CYA 83/1, EU916761

D. lemmermannii NIVA-CYA 270/1, EU916773

- D. flos-aquae NIVA-CYA 267/4, EU916770
Nodularia spumigena NSOR10, AY210783

81/100 Nodularia sphaerocarpa PCC 7804, AY817171

Microcystis viridis NRC JIE/G4-08, MG599107
M. viridis NIES-102, AY817159

M. aeruginosa FCY-26, Q290085

M. aeruginosa NIES-843, AP009552

99/91

99/84

90/65 96/98

M. aeruginosa S4, LC730530
{ M. aeruginosa S1, LC730527

M. aeruginosa BN23, PP971142
Microcystis sp. BaTur12/08-5, KF219510
M. wesenbergii Vail-2 11, MN417095
M. wesenbergii NIES-107, AY817158
M. aeruginosa K-139, AB032549

M. aeruginosa PCC 7806, AM778952
M. aeruginosa UTEX B 2667, AY817162

1

M. aeruginosa PCC 7005, AY817160
M. aeruginosa UPMC-A0105, OP676111

99/9¢| M. aeruginosa UTEX LB 2664, AY817161

M. aeruginosa FACHB-1388, 0Q291093

Planktothrix agardhii NIVA-CYA 126/8, AJ441056
100/99' Planktothrix rubescens NIVA-CYA 98, AM990462

Nostoc sp. 152, KC699835

Puc. ®usioreHeTUYECKUI aHaiU3 JoMeHa aMuHoTpaHcdepasbsli mcyE u ndaF TeHOB MJIAHKTOHHBIX I[MAHOOAKTEPUIL.
H3o6pakeHO yKOpeHeHHOe ApeBo, MojiyueHHoe ¢ rnomoinbio ML-ananuza. [{udppamu nokasaHsl pe3ysbTaTsl 6y TCTpen-aHan3a
nnsa gepeebeB (n = 1000), noctpoeHHsx pasHbiMu Metogamu (ML/NJ). ITosmyueHHble B JaHHOU paboTe mocjefoBaTeIbHOCTH

BbIJ€JICHBI )KUPHbBIM.
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Takum o6pa3om, TOJIbKO [JBa ImTamMma D.
lemmermannii u3 BocbMu cofiepxaiu mcyE reH u npofy-
LHUPOBAJIM MUKPOLMCTUHEL, YTO COTJIacyeTcsA C U3BecCT-
HBIMU AaHHBIMU O TOM, YTO B cOOOIIecTBax IraHo0aK-
Tepuil OOHOBPEMEHHO IPUCYTCTBYIOT KaK TOKCHUYHEBIE,
TakK ¥ HeTOKCUYHbIe TeHOTUIIBI, OTHOCAIMECA K ONHOMY
puay (Vaitomaa et al., 2003). TokcuyHbIe IITaMMBI D.
lemmermannii nmenu cxoAHYI0 MOP()OJIOTUI0 KJIETOK C
HETOKCUYHBIMY, HO OTJIMYAJIUCh OT HUX CIIOCOOHOCTHIO
dopMupoBaTh 0UYeHb KpynHble (0 5 MM B AuameTpe)
KOJIOHUM.

4. BoiBOADI

B urosne-aBrycre 2023 r. u3 npo0, 0TOGpaHHBIX B
npubpexHbIX paiioHax o3. batikan u VpkyTckoro Boio-
XPpaHWINIIA, BbJleJIeHO 17 YHCTHIX KyJIbTYP IaHOOaK-
Tepuii, 15 M3 KOTOPHIX fABJIAIOTCHA MOTEHIUATIBHBIMU
BO30YIUTEJIAMU IIBETEHUA BOAH U IPOAYIL[EHTAMU TOK-
cuHOB. IlITaMMbl naeHTHGOUINPOBaHH Kak Aphanocapsa
sp., Aphanizomenon flos-aquae, Dolichospermum crassum,
D. lemmermannii, D. smithii, Gloeotrichia echinulata,
Microcystis aeruginosa, M. novacekii u Pseudanabaena
mucicola. TlocyieqHue ABa BUJA SBJIAIOTCSA HOBBEIMU
it 03. Baiikan. C mOMOIIBI0 MOJIEKYJIAPHO-O6HO0JIOTH-
YecKoro M MMMYHOXHMHYECKOTO aHAJIN30B BBLIBJIEHEI
[[MaHOOAKTepUU-TIPOAYIIEHTH MUKPOI[ICTHHOB B 03.
Batikan (D. lemmermannii n Microcystis aeruginosa)
u HpkyrckoMm Bopmoxpanunume (D. lemmermannii).
IMTokazaHo, YTO B IIAHKTOHE 0601X BOJOEMOB OJIHOBpe-
MeHHO CYIIeCTBYIOT TOKCUYHBIH 1 He IPOAYIIMPYIOUIII
MUKPOILMCTHHBI reHOTUIs D. lemmermannii, otyinyaso-
muecsi pa3MepoM KOJIOHUI.
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