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ABSTRACT. Molecular genetic methods of analysis were used for the first time detection of cyanotoxin
biosynthesis genes (microcystin, cylindrospermopsin, anatoxin-a, and saxitoxins) in organisms inhab-
iting the two largest water reservoirs of Kirov region (Belokholunitsky and Omutninsky) located in the
northeast of the Russian Plain in the southern taiga subzone. The mcyE gene responsible for microcystin
production was detected in all phytoplankton samples, and the anaC gene responsible for anatoxin-a
production was detected in the most samples. 14 cyanobacteria taxa were found in the phytoplank-
ton of the studied reservoirs. Microcystis and Dolichospermum are the most probable microcystin pro-
ducers. The most probable anatoxin-a producers in Belokholunitsky reservoir are Aphanizomenon flos-
aquae and Dolichospermum planctonicum, and in Omutninsky reservoir — Cuspidothrix issatschenkoi and
Dolichospermum flos-aquae. Water from the studied reservoirs had an acute toxic effect on luminescent
bacteria Escherichia coli (“Ecolum” test system) and protozoa Paramecium caudatum Ehrenberg, but was

non-toxic to Entomostracans Daphnia magna Straus.
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1. Introduction

Cyanobacterial “blooms” of water increasingly
become a problem for water supply, fishering, recre-
ational and touristic use of water bodies (Paerl and
Otten, 2018; Voyakina et al., 2020; Bondarenko et al.,
2021). Toxins produced by some cyanobacteria species
are thought to cause various allergic reactions and may
be associated with human diseases such as amyotrophic
lateral sclerosis, Alzheimer’s disease, Parkinson’s dis-
ease, and others (Sini et al., 2021). In this regard, the
identification of toxigenic cyanobacteria in water bod-
ies and the search for ways to regulate their numbers is
an urgent area of present scientific research. The aim of
our work was to identify toxin-producing cyanobacte-
ria in water reservoirs of Kirov region using molecular
genetic analysis, and to assess the relationship between
cyanobacteria and water toxicity for hydrobionts.
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2. Materials and methods

The objects of the study were two channel res-
ervoirs (Belokholunitsky and Omutninsky) located in
the northeast of the Russian Plain in the southern taiga
subzone. Both reservoirs are beta-mesosaprobic accord-
ing to the classification of waters by tropho-saprobic
indicators, adopted in GOST 17.1.2.04-77, as well as
they are eutrophic according to the value of the trophic
state index (Neverova-Dziopak et al., 2012).

Water samples for phytoplankton studies were
collected by scooping water from the surface (0-30 cm
depth) of water bodies in August 2023. Cyanobacteria
(CB) species identification was carried out by direct
microscopy using a laboratory microscope Mikmed-6
variant 7 (Russia) and identifiers. Species names are
given according to https://www.algaebase.org/ (date
of access: 03.06.2024).
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For DNA extraction and polymerase chain reac-
tion (PCR) phytoplankton samples were concentrated
on MFAS-0OS-2 membrane filters with 0.45 pum pore
diameter (Vladipor, Russia). The search for cyanotoxin
(microcystin (MC), cylindrospermopsin (CYN), anatox-
in-a (AN-a) and saxitoxin (STX)) biosynthesis genes was
performed by classic PCR using specific primers accord-
ing to the previously described methodology (Sidelev
and Babanazarova, 2020).

Water toxicity was determined using three labo-
ratory test objects belonging to different trophic levels
according to certified measurement methods: lumines-
centbacteria Escherichia coli (test system “Ecolum”) (PND
F T 14.1:2:3:4.11-04), protozoans Paramecium caudatum
Ehrenberg (FR.1.39.2015.19242), and Entomostracans
Daphnia magna Straus (FR.1.39.2007.03222).

3. Results and discussion

The CB species composition of Belokholunitsky
and Omutninsky reservoirs includes 14 taxa.
We identified Aphanizomenon flos-aquae Ralfs,
Aphanizomenon sp., Aphanizomenon gracile
Lemmermann, Cuspidothrix issatschenkoi (Usachev)
P. Rajaniemi, Komarek, R. Willame, P. Hrouzek, K.
Kastovskd, L. Hoffmann & K. Sivonen, Dolichospermum
circinale (Rabenhorst ex Bornet & Flahault) Wacklin,
Hoffmann & Komarek, Dolichospermum flos-aquae
(Bornet & Flahault) P. Wacklin, L. Hoffmann &
Komarek, Dolichospermum planctonicum (Brunnthaler)
Wacklin, L. Hoffmann & Komarek, Dolichospermum sp.,
Gomphosphaeria lacustris var. compacta Lemmermann,
Microcystis aeruginosa (Kiitzing) Kiitzing, Microcystis
viridis (A. Braun) Lemmermann, Microcystis wesenbergii
(Komarek) Komérek ex Komaérek, Pseudanabaena gale-
ata Bocher, Spirulina laxissima G.S.West. The minimum
CB abundance (0.008-0.027 mlin cells/L) and bio-
mass (0.0007-0.022 mg/L) were typical to the near-
dam sites with unfavorable conditions for CB devel-
opment (low biogenic element content, strong wind

water mixing). Maximum CB abundance and biomass
was found in shallow, well-warmed sites in the upper
reaches of reservoirs. Thus, in the upper reaches of the
Belokholunitskoye reservoir they amounted 14.8 miln
cells/L and 1.55 mg/L, respectively.

According to the molecular genetic analysis,
all water samples contained CB species with the mcyE
gene, potentially capable to produce MS. Species of the
genera Microcystis and Dolichospermum may be the most
probable producers of MS. Cyanobacteria with anaC
gene and potentially capable to produce AN-a neuro-
toxin were found in the most of the analyzed samples.
Potential AN-a producers in Belokholunitsky reservoir
are A. flos-aquae and D. planctonicum, in Omutninsky
reservoir — C. issatschenkoi and D. flos-aquae. The stxA
gene responsible for the STX neurotoxin biosynthesis
and the cyrJ gene responsible for the hepato- and cyto-
toxin CYN biosynthesis were undetected in CB in any
sample. This indicates the absence of STX- and CYN-
producing cyanobacteria in the studied water bodies.

In the reservoir sites with MS and AN-a produc-
ing CB, water was acute toxic to bacteria and proto-
zoa, but non-toxic to Entomostracans (Table). With
reference to published data (Boas et al., 2020), we
know that P. caudatum is more sensitive to MS and less
studied microgynines in comparison with more highly
organized species. The sensitivity of P. caudatum to cya-
notoxins is also confirmed in our study. According to
Nogueira et al. (2004), the decrease of cytosolic gluta-
thione-S-transferases activity is observed during short-
term exposure of D. magna to cyanotoxins. Prolonged
exposure and high cyanotoxin content caused a
decrease in growth rate, fecundity and reduced survival
of D. magna (Nogueira et al., 2004; Schwarzenberger,
2022). While conducting water biotesting with daphnia
in our study, we evaluated only one indicator — death of
daphnia over 4 days. Obviously, at low cyanotoxin con-
tent in water and with short-term exposure to the toxi-
cant, this indicator is uninformative. There is very little
information available on the application of luminescent

Table. Results of molecular genetic detection of toxin-producing cyanobacteria and biotesting of water from water reservoirs

of Kirov region in 2023

Reservoir site| Presence of genes respon- | Toxicity Index (T), the degree of toxicity of water [Death of Daphnia
sible for the cyanotoxin as determined by a test object: magna, %
Symificsis Escherichia coli Paramecium caudatum
Belokholunitsky reservoir
upper reaches mcyE, anaC T=64.3+2.9 T=0.30%0.02 0
high permissible
middle mcyE, anaC T=39.0+8.2 T=0.73+0.02 0
medium high
near-dam mcyE, anaC T=33.0=6.4 T=0.31%0.02 0
medium permissible
Omutninsky reservoir
middle mcyE, anaC T=16.4+10.4 T=0.56+0.27 0
permissible medium
near-dam mcyE, anaC* T=12.0x6.1 T=0.59+0.18 0
permissible medium

Note: * — was not present in all samples.
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bacteria to assess the cyanotoxin toxicity (Kalinnikova
et al., 2018). Our study have shown that “Ecolum” test
system is quite sensitive to cyanotoxin content in water.
It can be used in water bodies monitoring for rapid
assessment of toxicity of waters that contain toxin-pro-
ducing CB. The results of molecular genetic detection
of toxin-producing CB and biotesting were compared.
It was observed at the trend level that the simultaneous
presence of both MS- and AN-a-producing CB in the
analyzed samples increased the water toxicity for lab-
oratory test organisms in comparison with the samples
where only MS-producers were present. However, the
correlation between the occurrence of toxin-produc-
ing cyanobacteria and the degree of water toxicity was
rather weak (r=0.55 at p<0.05).

4. Conclusuon

Cyanobacterial “blooming” of water is a wide-
spread phenomenon in freshwater continental water
bodies. Toxin-producing CB are particularly dangerous
in such “blooms”. Using molecular genetic methods,
the detection of cyanotoxin biosynthesis genes (MS,
CYN, AN-a, STX) was carried out for the first time in
two largest water reservoirs of Kirov region. The mcyE
gene responsible for MS production was detected in CB
in all analyzed samples. The anaC gene involved in the
biosynthesis of AN-a neurotoxin was detected in the
most samples. The most probable MS and AN-a produc-
ers in the studied reservoirs are species of the genera
Microcystis and Dolichospermum, as well as C. issatsch-
enkoi and A. flos-aquae. Water from Belokholunitsky
and Omutninsky reservoirs had an acute toxic effect
on E. coli and protozoa P. caudatum, while the degree
of water toxicity increased with the simultaneous pres-
ence in samples of MS and AN-a producing CB. In fur-
ther monitoring studies on water reservoirs of the Kirov
region we plan to quantify the content of cyanotoxins
in water and select a set of the most sensitive test-or-
ganisms for rapid assessment of toxicity of waters sub-
jected to “blooming” by toxin-producing CB.
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KpaTtkoe coobuienune

BbiAsBAGHHE 'rmfcuunpot\yllupyloul-"x LIMNOLOGY
uMaHob6aKTepun B BOAOXPaHUAHLLLAX FRESHWATER

KupoBcKOM 06AacCTH ¥ OLLleHKa UX CBA3M C BIOLOGY
TOKCUYHOCTbIO BOAbI AAA THAPOOMOHTOB - —

CoiconiatuHa MLA.Y, CuneneB C.W.%, KyTasuna T.A.1*
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AHHOTAIHA. C ucnosib30BaHNEM MOJIEKYJIAPHO-TeHeTUUYEeCKUX METOI0OB aHAJIM3a BIIepBhIe IpOBeAeHa
JeTeKINs reHoB OMOCHHTe3a [MAaHOTOKCUHOB (MUKPOLUCTUHA, [IUINHAPOCIEPMOIICHHA, aHATOKCHHA-a
1 CaKCUTOKCUHOB) B [IBYX KpPYNHENUIINX BoAoxpaHuIumax Kuposckoil o6sactu (BesloXOoJIyHUIIKOM U
OMyTHHHCKOM), PacIoOJIOKEHHBIX Ha CeBepo-BOCTOKe Pycckoill paBHUHBI B IOJI30HE I0XHOM Tawru. Bo
Bcex oOpasnax (PUTOIUIAaHKTOHA OOHapyXeH reH mcyE, oTBevamniuii 3a NPOAYKIUI0 MUKPOIMCTUHA,
a B OOJIBIIMHCTBEe 00Opas3l[oB - reH anaC, MOATBEPXKIAMUINI CIOCOOHOCTh HMAHOOAKTEPUN MPOLYIH-
poBaTh aHaTOKcuH-a. U3 14 BuAoB 1uaHoOaKTepuil, oOHApYyXeHHBIX B (PUTOIIAHKTOHe, HauboJiee
BEpPOATHBIMU NPOJAYLIEHTaMN MUKPOLKCTUHA B U3yYEeHHBIX BOOEeMax SABJLIOTCA BUAB pp. Microcystis u
Dolichospermum. Hau6oJiee BepOATHBIMU MPOAYLIEHTaMU aHATOKCHMHA-a B BEJIOXOJYHUIIKOM BOAOXPA-
HMIe ABJLsioTes BUAbl Aphanizomenon flos-aquae n Dolichospermum planctonicum, B OMyTHHUHCKOM
- Cuspidothrix issaschenkoi u Dolichospermum flos-aquae. Boga u3 wccjieJOBaHHBIX BOJOEMOB OKA3bI-
Bajla OCTPOE TOKCHMYECKOE AEHCTBHE HA JIIOMHHECHEHTHBIX OakTepuil Escherichia coli (TecT-cuctema
«DKOJTIOM») U TipocTermux Paramecium caudatum Ehrenberg, HO He 6bUIa TOKCHMYHA IJIA HU3IIUX PaKoO-
o6pasubix Daphnia magna Straus.

Kitiouegsie cj1o8a: «BeTeHVe» BOMbI, [MAaHOTOKCUH, OOTECTUPOBAHUE, TOKCUYHOCTD

Jia qutupoBanusa: CeicosatuHa M.A., Cugenes C.U., Kyrasuna T.W. BriABiIeHNe TOKCHMHIPOAYLUPYIOUUX HUaHOOAKTEpUN
B BOJOXpaHMWINIIAX KUpOBCKOM 006JIaCTH M OIeHKAa MX CBA3M C TOKCHMYHOCTBIO BOJBI AJIs rMAPOOMOHTOB // Limnology and
Freshwater Biology. 2024. - Ne 4. - C. 1109-1114. DOI: 10.31951/2658-3518-2024-A-4-1109

1. Beepenne JOB U OIleHKa cBA3U L|b ¢ TOKCMYHOCTBIO BOABI AJIA

ruapOOMOHTOB.
llnaHo6akTepuabHble «I[BeTeHUA» BOJHbBIX 00b-

eKTOB BCE yallle CTAaHOBATCs MPo0JieMo J1 BOJOCHa0-
XKeHUs, PbIOOJIOBCTBA, pPEKpealiOHHOIO U TYpPUCTH-
YecKoro wucroJsib3oBaHus BomoémoB (Paerl and Otten,
2018; BoskuHna u fp., 2020; CugesneB u babanasaposa,
2020; Bondarenko et al., 2021). IIpexamoJiaraercs,
YTO TOKCHHBI, IPOAYLMpyeMble HEKOTOPBIMU BHaMU
nuaHobaktepuii (L[B), BBI3BIBAIOT pa3JIMyYHbBIE aJLjIep-
rU4yecKre peakIid U MOTYT OBITb CBA3aHBI C TaKUMU
60J1e3HAMU YesIoBeKa KaKk H0KOBOM aMHOTpoduIecKuin
cKJIepo3, 6oJie3Hb AnbireliMmepa, 6os1e3Hb [lapkuHcoHa
u 1ap. (Sini et al., 2021). B cBA3U ¢ 3TUM aKTyaJIbHBIM
HalpaBJjieHHeM Hay4HbBIX HCCJIeJOBaHUI B HacTosllee
BpeMA ABJIAETCA BbIABJIEHNE B BOJOEMaxX TOKCUT€HHBIX
1B u novick cioco60B peryJIMupoBaHUsA UX YMCJIEHHOCTH.
[espro Hamelr paboThl OBLIO BBIABJIEHNE TOKCUHIIPOAY-
nupyromux LB B Bogoxpanuiumiax Kuposckoit obsa-
CTU C IOMOIIBI0 MOJIEKYJIAPHO-TeHeTU4YeCKUX MeTO-

2. MaTtepuanbl U MEeTOAbDI

ObbekTaMu HUCCIeOBaHUSA OBUIM PYCJIOBBIE
BojtoxpaHwiuma (BenoxonyHunkoe u OMyTHUHCKOE),
pacnojio)xeHHBIE HA CEBEPO-BOCTOKe Pycckoll paBHUHEI
B IIOJI30HEe 10XHOM Taiiru. CorsjiacHo KJiaccugpukanuu
BOJl 0 TPo(o-canpoOHBIM MOKa3aTeJisiM, IPUHATON B
I'OCT 17.1.2.04-77, oba BOAOXpaHWJIUIIA SBJIAIOTCS
6eTa-Me30canpoOHBEIMY, IO BeJIMUMHE UHJeKca Tpodu-
yeckoro cocrosHus (HeBeposa-/3uonak u Ap., 2012)
— OBTPO(PHBEIMHU.

[IpoGel BoA®pl [JiA MU3ydyeHUA (PUTOIIIAHKTOHA
oTOMpany NyTéM 3a4yepIbIBAaHUA BOABI C IIOBEPXHO-
ctu Bogoémos (riaybuHa 0-30 cm) B aBrycre 2023 T.
Bunosyw uaeHtudukanuio LB npoBoauiu MeToaoM
MpPsSAMOTO MUKPOCKONUPOBAaHUA C HCIOJIb30BaHUEM
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MUKpockomna JiabopatopHoro Mukmen-6 BapuaHT 7
(Poccus) u onpepnenutesieii. HazpaHusa BUAOB IpUBe-
JOeHH B cOOTBeTCcTBUU C https://www.algaebase.org/
(mara obpamenus: 03.06.2024).

Juia seigenenus JJHK v mpoBegenns noanMepas-
HoU 1enHo# peakuuu (IILIP) mpo6sl puTOIIaHKTOHA
KOHI[eHTPHpPOBaJI1 Ha MeMOpaHHbIX QUIbTpPaX MapKUu
M®AC-0C-2 ¢ guametpowm nop 0,45 mxm («Biagumnop»,
Poccusa). Tlorck reHOB OHMOCHUHTE3a HHMAaHOTOKCHHOB
(Mmuxkpoructuaa (MC), nunuHapocnepMorncuHa (CYN),
aHarokcuHa-a (AN-a) u cakcutokcuHoB (STX)) mpoBso-
OWjn MeTonoM Kiaccruueckoil ITLP ¢ ucroyib3oBaHUEM
crieliiUYHBIX ITpaiiMepoB 0 paHee ONMMCAaHHOU METO-
nuke (CuneneB u Babanasaposa, 2020).

TokcuYHOCTh BOABI M3 BOAOXPAHWJIUI OIpe-
JeJisii  C UCIOJIb30BaHMEM Tpéx JiabopaTOPHBIX
TeCcT-00BbEKTOB, OTHOCAIIMXCA K pasHBIM Tpoduue-
CKUM YPOBHSAM, IO aTTECTOBAHHBIM METOAUKAaM H3Me-
peHUil: JIOMUHeCLeHTHBIX Oaktepuil Escherichia coli
(TecT-cucteMa «dkosoM») (ITHO @ T 14.1:2:3:4.11-
04), npocreiimux Paramecium caudatum Ehrenberg
(®P.1.39.2015.19242) u HU3MUX PaKOOOpPa3HbIX
Daphnia magna Straus (®P.1.39.2007.03222).

3. Pe3ynabTatbl M 06Ccy)xpeHue

B BupgosoMm cocrase ILIb benoxosyHuinkoro u
OMYTHHHCKOTO BOJIOXPaHUJIUII BBIABJIEHO 14 TAKCOHOB:
Aphanizomenon flos-aquae Ralfs, Aphanizomenon sp.,
Aphanizomenon gracile Lemmermann, Cuspidothrix
issatschenkoi (Usachev) P. Rajaniemi, Komarek, R.
Willame, P. Hrouzek, K. Kastovska, L. Hoffmann &
K. Sivonen, Dolichospermum circinale (Rabenhorst ex
Bornet & Flahault) Wacklin, Hoffmann & Komarek,
Dolichospermum flos-aquae (Bornet & Flahault) P.
Wacklin, L. Hoffmann & Komérek, Dolichospermum
planctonicum (Brunnthaler) Wacklin, L. Hoffmann &
Komarek, Dolichospermum sp., Gomphosphaeria lacustr
is var. compacta Lemmermann, Microcystis aeruginosa
(Kiitzing) Kiitzing, Microcystis viridis (A. Braun)
Lemmermann, Microcystis wesenbergii (Koméarek)

Komaérek ex Komarek, Pseudanabaena galeata Bocher,
Spirulina laxissima G.S.West. MuHUMaJIbHasA YHUCJIEH-
Hocth (0,008-0,027 muaH. KI./71) u 6Guomacca LB
(0,0007-0,022 mr/m) O6bUIM XapaKTepHBI AJ1 MPUILIIO-
TUHHBIX Y4YaCcTKOB BOJOXPaHWINII, IAe JJig pasBUTUA
LIb cxyiagpiBaoTCs HeOJIaronpuATHLIE ycjIoBUA (Masioe
KOJIN4eCTBO OMOTeHHBIX 3JIEMEHTOB, CUJIbHOE BETPOBOE
nepeMelnrBaHue Bof). MakcumasbHble 3HaUeHUA 4KC-
JIeHHOCTH 1 6uomaccsl 11b oTMeueHbI Ha MeJIKOBOAHBIX
XOpOILIO MpOrpeBaeMbIX y4acTKaxX B BepPXOBbAX BOJIO-
xpaHwmil. Tak, B BepXxoBbe Bes0XoJyHUIKOro BOJO-
XpaHuiuiia oHu pgocruranud 14,8 miH. ki1./1 u 1,55
MT/JI, COOTBETCTBEHHO.

CorjlacHoO pesyJjbTaTaM MOJIEKYJIApDHO-reHe-
TUYECKOI'0 aHajlu3a, BO Bcex IIpobax BOABI IIPUCYT-
crBoBasii Buabl 1B, comepxatue reH mcyE n noreH-
I[MaJIbHO crocoOHble npoxyuupoBath MC. HawnbGosee
BEpOATHBHIMU NpoAyLeHTaMu MC B m3yyaeMbIX BOJO-
XpaHWINIAX MOIyT OBITb BUABL pp. Microcystis u
Dolichospermum. B GOJIBIINMHCTBE IPOAHAIM3UPOBAH-
HBIX IIpoO ob6HapyxeHbl LIB, comepxamue reH anaC
1 TOTeHIHAaJbHO CIOCOOHBIE MPOAYLHUPOBAaTh Hel-
potokcuH AN-a. IloTeHIMaJIbHBIMU IpOAYyLeHTaMU
AN-a B BeJIOXOJIyHUIIKOM BOAOXpaHWJINIE SBJIAIOTCA
Bunnl A. flos-aquae v D. planctonicum, B8 OMyTHUHCKOM
— C. issatschenkoi u D. flos-aquae. TeH stxA, oTBedar-
muil 3a OuocuHTe3 HelpoTokcuHa STX, u reH cyrJ,
OTBeyalmlnil 3a OMOCHHTe3 remnaro- M IUTOTOKCHHA
CYN, He 65111 0OHapy>xeHs! y LIB HU B 0fHOI1 13 1po6.
dTto cBumetesibcTByeT 00 oTcyTcTtBum STX- m CYN-
npoaynupyomux 11b B npo6ax BoAb! U3 UCCIeAyeMbIX
BOJJOEMOB.

Bonma Ha yuacTkax, rae Obuin oOHapyxeHhl LB,
cnocobHble k mpoaynuposaHuio MC u AN-a, okasbl-
Bajla OCTpOe TOKCUYeCKOoe JieiicTBUe Ha OakTepuil u
IIPOCTEHIINX, HO He ABJIAIaCh TOKCUYHOM I HU3MINX
pakoobpazHbix (Tabsuna). Y3 siuTepaTypHBIX JaHHBIX
M3BECTHO, 4TO P. caudatum sBisercs 6ojee 4yBCTBU-
TeJIbHBIM OPraHu3MOM K JieiicTBuio MC 1 MeHee U3y4eH-
HBIX MUKPOTMHHHOB, 4eM 0oJiee BBICOKO OpraHN30BaH-
Hble opraHu3Mel (Boas et al., 2020). YyBCTBUTEIBHOCTD

Ta6smna. Pe3ybTaTel MOJIEKYJIAPHO-T€HETUYECKOW JeTeKIMY TOKCUHIIPOAYLMPYIOUMX [aHoOakTepuil 1 OMOTecTupoBa-

HMA BOJBI U3 BogoxpaHuun Kuposckoii o6actu B 2023 1.

YuacTrok Hanmuue reHoB, OTBe- Hupgekc TokcuyHocTH (T), cTeneHb TOKCUMYHOCTH T'u6ennb
BOJOXpaHUJINIIA YalomuX 3a CUHTE3 BOZbI, ONpeeJIEHHAs C IOMOIIBIO TeCT-00beKTa: Daphnia
0,
IHAHOTOKCHHOB Escherichia coli Paramecium caudatum magnd, %
BesnoxoyiyHU1IKOEe BOOOXpaHUINIIE
BEPXOBbE mcyE, anaC T=64,3+29 T=0,30+0,02 0
BBICOKAsA JoIycTuMas
cpeHUN mcyE, anaC T=39,0+8,2 T=0,73+0,02 0
cpenHssa BBICOKAsA
MIPUILJIOTUHHBIN mcyE, anaC T=33,0+6,4 T=0,31=+0,02 0
cpenHsAsa JoIycTUMas
OMyTHHUHCKOE BOJOXpaHUJIUIIEe
cpeaHUN mcyE, anaC T=16,4+10,4 T=0,56=+0,27 0
JoIlycTUMas yMepeHHas
MIPUILJIOTUHHBIN mcyE, anaC* T=12,0%+6,1 T=0,59+0,18 0
JoIycTUMas yMepeHHas

IIpuMeuaHue: * - OPUCYTCTBOBAJI HE BO BCeX Mpobax.
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Cnevy. sbinyck: « VI Mex0yHapoOHbili
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P. caudatum x IeACTBUIO ITMAHOTOKCHHOB MOATBEPXKIA-
eTcs U HallluM uccjiefoBaHueM. Y D. magna, Kak OTMe-
YyaeT psAA aBTOPOB, MPU KPAaTKOCPOYHOM BO3AENCTBUU
LIMaHOTOKCHUHOB HaOJII0/laeTcsi YMeHbllleHre aKTUBHO-
CTU LIUTO30JIBHBIX IJIyTaTUOH-S-TpaHcdhepas (Nogueira
et al.,, 2004), a nmpu AIUTEJIbBHOM BO3JEACTBUU U TIPU
BBICOKUX KOHIIEHTPAIUAX [[MaHOTOKCHHOB yXXe oTMeyva-
I0TCS TaKKe OTBETHBIE peaKIny, KaK CHIXKeHUe TeEMIIOB
pocTa, MJIOAOBUTOCTU U yMeHbllleHle BBIKUBAEMOCTU
(Nogueira et al., 2004; Schwarzenberger, 2022). B
HallleM HCCJIeJOBaHUM IpPU INpoBefeHu:u OHOoTecTu-
poBaHUsA BOJBI C MoMoIbi0 JadHUI MBI OLleHHBaJIU
TOJIbKO OJUWH IOKa3aTesb — I'mbesib OpraHu3MoB 3a 4
cyToK. OueBHJHO, IPU BEPOATHO HEBBICOKOM KOHIIEH-
Tpaluu [UaHOTOKCHMHOB B BOJE U MPU KPAaTKOCPOYHOM
BO3JIeHICTBUM TOKCHKAHTa JTOT IIOKa3aTejlb He SBJIA-
ercaA uHbopmaTtuBHBIM. OO0 HCHOJIB30BAaHUU JIIOMU-
HECIIeHTHBIX OakTepuil [Jis OI[eHKU TOKCUYHOCTU Lua-
HOTOKCHHOB B JIUTEpaType MPUBOAUTCSA OUYE€Hb MaJjo
cBefeHudi (KanuuHukoBa u Ap., 2018). Hamu uccie-
JOBaHUA IOKa3ajik, YTO TeCT-CHCTeMa «DKOJIIOM» Ha
ocHoBe E. coli TOBOJIbHO YyBCTBUTEJIbHA K COJIEPXKAHUIO
IIMaHOTOKCHHOB B BOJIE 1 MOXeT ObITh HCIIOJIb30BaHa B
MOHUTOPUHTe BOJAHBIX OOBEKTOB JJIs1 SKCIIPECC-OIL[eHKU
TOKCUYHOCTU BOJ|, COAEpXallNX TOKCUHIPOAYLUPY-
omue Ib. IIpoBeneHo comnocTraBjieHUEe pe3yJbTaToB
MOJIEKYJIIPHO-TeHETUYEeCKON JleTEKIUN TOKCHHIIPO-
ayuupyronux 1B u 6uorectupoBaHusa. OTMeyeHO Ha
YpPOBHE TeHIeHINHU, 4YTO IMpU OOHOBPEMEHHOM IIpH-
CyTCTBUHU B aHaJmu3upyeMbix mnpobax I[b, crmocoGHBIX
noreHnuagsbHo npoayuuposatb MC u AN-a, creneHb
TOKCUYHOCTU BOJIBI JJiA JIaOOPAaTOPHBIX TeCT-OpraHus-
MOB TOBBIIIAJIACh IO CPAaBHEHUIO C TaKOBOH B Npobax,
rfie MpUCyTCTBOBAIU TOJIBKO IpoayneHTh MC. OgHako
KOppeJIALMOHHAA CBA3b MeXAY BCTPe4aeMOCThI0 LiHa-
HOOAKTepUuN-IPOAYLIEHTOB TOKCUHOB U CTENEeHbI0 TOK-
CHYHOCTU BOJIbI ObLJIa AOBOJIBHO cjiaboii (r=0,55 mpu
p=<0,05).

4. 3aknioueHue

lluaHoGaKTepruajbHOe «I[BeT€HHe» BOIBl —
JIOBOJIBHO MIMPOKO pAaclpOCTpaHEHHOe sBJIEHHE B
[IPECHOBOAHBIX KOHTUHEHTAJIPHBIX BOJHBIX O0ObeKTax.
Ocobyi0 OmacHOCTb IpU TaKUX «IIBEeTeHUSAX» Ipej-
CTaBJIAIOT TOKCHUHINpoaynupyiome I[I5. C nomornbio
MOJIEKYJIIPHO-TeHeTUYECKHX METOJIOB aHaju3a BIep-
Bble IpOBeJleHa MeTeKIUs IeHoB OuOcuHTe3a LHa-
HotokcuHOB (MC, CYN, AN-a, STX) B AByX KpyIHEN-
mux BojoxpaHuaumax Kuposckoii obiactu. Bo Bcex
[IpOaHaJIM3UPOBAHHBIX Mpobax y LB obHapyxeH reH
mcyE, oTBeyarmuii 3a npoayiuposanue MC, u B 60J1b-
muHcTBe Mpo6 — reH anaC, y4acTBYIOUMI B GMOCHUH-
Tese AN-a. Haubosnee BepoOATHBIMU IPOJyLIEeHTaMU
MC u AN-a B uccjaeqyeMbIX BOJOXPaHWJINIIAX SBJIS-
10TCA BUABL pp. Microcystis u Dolichospermum, a Takxe
Cuspidothrix issatschenkoi n Aphanizomenon flos-aquae.
Boma u3 BesoxosyHunkoro u OMYTHHUHCKOTO BOJO-
XpaHWINI] OKAa3blBajla OCTPOe TOKCHYecKoe BO3Mdei-
ctBue Ha Escherichia coli u npocreimux Paramecium
caudatum, Tpy 3TOM CTeleHb TOKCUYHOCTU BOJBI BO3-
pacrasia npu OJJHOBpEMEHHOM IPUCYTCTBUHU B Ipobax
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1B, crnocoOHBIX MOTEeHUUAIbHO npoAynuposate MC u
AN-a. B panpHeHIINX MOHMTOPUHIOBHIX MCCJIe[OBa-
HUAX Ha BoAoxpaHWwmiax Kuposckoll objactu mia-
HUpPYETCs IIPOBECTU KOJIMYECTBEHHYIO OLEHKY COfep-
KaHWA [[MaHOTOKCHHOB B BOoJle U I000paTh KOMILIIEKC
13 HauboJiee YyBCTBUTEJIBHBIX TeCT-OPraHM3MOB MAJIA
SKCIIPECC-OL[EHKN TOKCUYHOCTU BOJ, IIOABEPKEHHBIX
«BETE€HUI0» TOKCUHIIpoAyLupylomumu LB.
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