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ABSTRACT. In aquatic ecosystems, biodegradation of microcystins is the main route of elimination and
detoxification. In this study, we discuss the ability of bacterioplankton of lakes Baikal, Doroninskoye,
Gusinoye to degrade cyclic microcystin molecule. PCR analysis showed the absence of the key enzyme
microcystinase mlrA for mir-pathway. At the same time, metagenomic analysis of a community of the
toxic cyanobacterium Tychonema sp. BBK16 revealed the presence of the mrlC gene responsible for
cleavage of microcystin molecule linear residues. In addition, all bacteria-symbionts of cyanobacteria
contain glutathione transferases - enzymes involved in nonspecific degradation of lipophilic toxic sub-
stances, which also include microcystins.
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1. Introduction to treat water by biodegradation is filtration through

) o a sand filter containing native bacteria (Bourne et al.,

Massive developmept of cyanobacteria in 2006; Salter et al., 2021). The bacterial taxa involved in
water bodies is accompanied by the release of var- microcystin degradation belong to three bacterial phyla:
ious toxic metabolites. The most common are micro- Actinobacteria, Pseudomonadota, and Bacillota (Pal et
cystins, cyclic heptapeptides consisting of 7 amino al., 2021; Zhang et al., 2011; Bourne et al., 1996). One
acids: Cyclo-(p-Ala-X-D-P-MeAsP-Z-Adda-D-GluMdha), of the microcystin degradation pathways is associated
where D-Ala is D-alanine, Dis MeAsp-D-erythro-f- with the mIrABCD gene cluster, which encodes three
methylaspartlc acid, Adda is 3-.amlr.10-9-r¥1ethoxy-2,6, hydrolysis enzymes, mIrA microcystinase, peptidases
8-trimethyl-10-phenyldeca-4,6-dienoic ac1d., D-Glu - of linear microcystin residues, and an oligopeptide
D-gluta.mate, Mdha - N.-methyldehydroalanlne,' X and transfer protein. The first step involves disruption of
Z - variable L-amino acids. More than 279 variants of the cyclic structure by breaking the Arg-Adda bond.
microcystins have been discovered today (Bouaicha et Under the influence of the second enzyme, encoded by
al., 2019). Due to their cyclic structure, microcystins the mirB gene, the linear peptide is degraded to a tet-
are very stable and able to accumulate in the. ecosys- rapeptide to form the fragment ADDA-Glu-Mdha-Ala.
tem (Massey and Yang, 2020; WHO, 2020). Since the The enzyme mlIrC cleaves the tetrapeptide, releasing the
quality of water is a global problem, there is a constant amino acid Adda. The mirD gene encodes a transporter
search for means to purify water from cyanobacteria protein that transfers microcystin and its degradation
toxins. Physical methods are usually associated with products into bacterial cells (He et al., 2022; Schmidt et
high cost, while chemical treatments need accurate al., 2014; Yuan et al., 2021). This degradation pathway
calculations of reagent dosages. Biodegradation is the generally takes place in eutrophic water bodies (Dexter
gentlest way to destroy microcystins in aquatic ecosys- et al., 2021). However, it has been shown in experi-
tems, but it requires detailed study. The simplest way ments that microcystin can be efficiently removed
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in the absence of microcystinase (Salter et al., 2021,
Salter et al., 2023). The glutathione pathway of micro-
cystin detoxification is carried out by the enzyme glu-
tathione-S-transferase (Krausfeldt et al., 2019, Liu et
al., 2024). Glutathione transferases (gst; EC 2.5.1.18)
belong to the drug metabolism category in the KEGG
database and are involved in the detoxification of lipo-
philic toxins via nucleophilic attack. They are engaged
in cellular defense against oxidative stress in all aer-
obic bacteria (Allocati et al., 2009). During degrada-
tion of microcystin-LR, glutathione binds to the amino
acid Mdha to form a microcystin-LR-glutathione conju-
gate. Further, gamma-glutamic acid is cleaved from the
resulting compound. The formed microcystin-LR-cyste-
ine-glycine conjugate undergoes the dipeptidase effect
and then it is oxidized by acetyltransferase to microcys-
tin-LR-mercapturonic acid (Schmidt et al., 2014).

The deep-water oligotrophic Lake Baikal has
mesotrophic areas in the coastal zone and shallow bays
where toxic cyanobacteria blooms are observed in sum-
mer. Also, cyanobacterial blooms are observed in lakes
Gusinoye and Doroninskoye. Microcystins were previ-
ously found in the water of lakes Baikal and Kotokel
(Belykh et al., 2011, Belykh et al., 2015). The aim of
our worKk is to search for microcystin-degradating bac-
teria in Lake Baikal and other water bodies using PCR
and high-throughput sequencing.

2. Materials and methods

PCR analysis was performed using 150 DNA
templates from plankton samples (Lake Baikal, Lake
Doroninskoye, and Lake Gusinoye) and from bacte-
rial cultures isolated from plankton, benthos and bot-
tom water of Lake Baikal. The mirA key enzyme was
searched using the primers mlrAtf/mirAtr (Zhang et al.,
2017). Sequencing of the obtained PCR fragments was
performed on a genetic analyzer Nanofor 05 (Syntol,
Russia).

Bioinformatic search for enzymes capable of
degrading microcystin was performed in the DNA of the
non-axenic culture of microcystin-producing Tychonema
BBK16. The methodology for analyzing the genome of
a cyanobacterium enriched with genomes of satellite
bacteria has been described previously (Krasnopeev
et al., 2023). Genes matching the sequences responsi-
ble for microcystin degradation were extracted from
the assembled bins of bacterial symbionts using a
blast search in the GenBank database. Additionally, a
repeated, but already “reverse” search was performed
based on the extracted complete genes in the he whole
assembly, not separated into bins. Glutathione trans-
ferases were determined by KEGG annotation using the
BlastKOALA service (https://www.kegg.jp/blastkoala).

3. Resulits

PCR analysis with primers to microcystinase
detected fragments of about 700, 800 and 1000 bp in
length, but sequence determination revealed that they
were products of nonspecific amplification. Thus, the
key microcystin degradation enzyme mlrA was not
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detected either in water or in the isolated bacterial
strains.

In symbiont bacteria of the strain Tychonema sp.
BBK16 a fragment of the mrlC gene was detected in the
Aminobacter bin. It was present in multiple copies in
the Aminobacter bins and matched the microcystin-de-
grading genes of the organisms Mesorhizobium sp. 113-
3-3 (microcystinase C, similarity 87.4%), Aminobacter
aminovorans KCTC 2477 (mlrC C-terminus family pro-
tein, similarity 87.4%), Mesorhizobium loti (Microcystin
LR degradation protein mirC CDS, similarity 87%),
Aminobacter sp. NyZ550 (M81 family metallopeptidase,
similarity 90%).

Glutathione transferases were present in all sym-
biont bacteria of the strain Tychonema sp. BBK16, indi-
cating aerobic metabolism of these bacteria. Increased
copy number of gst gene vary from 2 to 4 per genome/
bin of Tahibacter, Paucibacter, Bosea, and Sphingomonas.

4. Discussion

Degradation of microcystins by mlr pathway has
been described in many eutrophic water bodies, but it
is not the only way of destruction. It is possible that
in Baikal, Doroninskoye and Gusinoye lakes microcys-
tinase mlrA is not detected from the mismatch in primer
structure. However, the ability to reduce microcystin
concentrations in the absence of mlr genes was found in
oligo-mesotrophic Lake Erie blooms. (Mou et al., 2013;
Krausfeldt et al., 2019; Thees et al., 2019). As a deep-wa-
ter oligotrophic lake with well-warmed shallow areas,
Baikal is similar to Lake Erie in having a pronounced
warm summer period with cyanobacterial blooms.
We hypothesized that, as in Erie, the explored bacte-
ria have a different mechanism of microcystin detox-
ification. The mechanism of glutathione-transferase
modification is universal and widely used by bacteria.
Baikal microorganisms - symbionts of toxic cyanobac-
teria have enzymes of the glutathione pathway, which
makes this pathway potentially possible. Moreover, it is
energetically advantageous to use enzymes of the glu-
tathione cycle, as they are a universal defense against
stress. The presence of the mlr-cluster enzyme, mirC,
in a bacterial genome derived from a toxic cyanobac-
terium community may indicate involvement in micro-
cystin degradation, but it is necessary to determine the
first step in the degradation of the cyclic microcystin
molecule and whether degradation can proceed by
a combination of glutathione cycle enzymes and mrl
enzymes. It should be noted that metagenomic assem-
bly of bacterial genomes can only suggest bacterial
abilities. Accurate genome characterization requires
isolation of a pure culture of Aminobacter. It is also nec-
essary to carry out experiments with bacterioplankton
and bacterial cultures with analytical determination of
toxic peptide fragments.

5. Conclusions

DNA analysis of plankton from lakes Baikal,
Doroninskoye, and Gusinoye, as well as bacterial cul-
tures, showed the absence of the gene mrlA which is
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the key enzyme of the selective degradation pathway.
Perhaps there are bacteria containing the mirABCD
gene cluster, but the primers we used are not suitable
for amplification.

Symbiont bacteria of the microcystin-producing
cyanobacterium Tychonema sp. BBK16 contain gluta-
thione transferase enzymes in their genome that pro-
tect them from toxic metabolites and oxidative stress.
Genome assemblies belonging to the bacteria Tahibacter,
Paucibacter, Bosea, and Sphingomonas have multiple
copies of this gene, suggesting that these particular bac-
teria actively utilize these enzymes for detoxification.
The bacterium Aminobacter was also found to contain
fragments of the mrlC gene and is presumably involved
in the degradation of linear microcystin residues after
the first steps of degradation of the toxic peptide’s cyclic
structure are realized. In such a way, in order to fully
understand the mechanisms of microcystin degradation
in Lake Baikal, it is necessary to conduct experiments
to determine what changes cyanotoxins undergo under
the action of bacterioplankton and bacterial cultures.
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1. BBeaenue

MaccoBoe pa3BuTue IuaHoO6akTepuii B BogoemMax
COIIPOBOXJAeTCs BblJieJIeHeM Pa3IMYHBIX TOKCHUYHBIX
MeTabosuToB B Boay. Haubosiee pacnpocTpaHeHHBIMU
ABJIAIOTCS  MUKPOLMCTHHEL [[UKJIMYecKUe TrelnTa-
MENTHIbI, COCTOSAIIME U3 7 aMHUHOKKCJIOT: ukJjIo-(D-Ala-
X-D-MeAsp-Z-Adda-D-GluMdha), riae D-Ala - D-ayaHuH,
D - MeAsp-D-3putpo-B-MeTriiacmaparuHoBas KHC-
nota, Adda 3-aMuHO-9-MeTOoKCHU-2,6,8-TpuMe-
Tu-10-peHnneka-4,6-queHoeBas  kuciora, D-Glu
— D-rayramar, Mdha — N-meTuiaeruapoajaHuH, X u
Z - BapualesbHble L-amuHOKUCIOTH. K HacTtosAmemy
BpeMeHU OOHapyxeHO Oosiee 279 BapuaHTOB MUKPO-
nuctuHOB (Bouaicha et al.,, 2019). Bnaromaps cBoeii
LUKJINYeCKON CTPYKType, MUKPOLMCTHUHEL OYeHb CTa-
OUJIbHBL U CIIOCOOHBI CyIeCcTBOBaTh M HaKaIlJIMBAaTbhCA
B okocucteMe (Massey and Yang, 2020; WHO, 2020).
Tak kak npobJyieMa KadecTBa BOABI ABJIAETCA I100asib-
HOH, IIOCTOSIHHO BeJyTCS IIOUCKUA CPeICTB OYKCTKHU
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BOABI OT TOKCHHOB I[MaHobakTepuil. HemocraTkamu
IpeJIOKEHHBIX CIOCOOOB SIBJIAETCA BBICOKAsA CTOU-
MocCTh (B ciaydae GpU3NUYEecCKUX MeTOAO0B) U Heobxodu-
MOCTh pacyera JO3UPOBOK U OYHCTKU OT peareHTOB
(xumuueckre MeToAdsl). buoperpajmanusa —sBjasfercs
Haubosee MATKUM IIyTeM pas3pylleHus MUKPOIU-
CTHUHOB B BOJHBIX JKOCHCTEMax, OJJHAKO OHa TpebyeT
nofpobHoro n3yvenus. Haubosiee mMpocThM CIOCOOOM
OYMCTKY BOMBI C IOMOIIbI0 OUOerpajaiyl sBJIsIETCS
unpTpanusa vepe3 IMecOYHbIN GQUIIBTP, comepXaIiuit
HaTuBHBIe 6akTepuu (Bourne et al., 2006; Salter et al.,
2021). TaxcoHbl OakTepuii, y4yacTBYIOIIMe B paclie-
IJIEHUY MUKPOIMCTUHA, IPUHAJJIeXAT TPeM GaKTepu-
anpHBIM GuitymaM: Actinobacteria, Pseudomonadota,
and Bacillota (Bourne et al., 1996; Zhang et al., 2011,
Pal et al., 2021). OguH M3 M3y4YEHHBIX MyTEH pa3Jio-
XeHUs MHKPOLKCTUHOB CBSI3aH C KJIACTEPOM TI'€HOB
mirABCD, KOTOpBIA KOAUpyeT Tpu (depMeHTa TUAPO-
Jiu3a — MHUKpOUUCTUHA3y mlrA, nenTuaassl JIMHEHHBIX
OCTATKOB MHUKPOLKCTUHA U GeJIOK-NEPEeHOCUYUK OJIUrO-
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nentyaoB. Ha nepBoM aTamne npoucxoauT paspylieHue
LUKJINYeCKOH CTPYKTYphl IIyTeM paspylleHusa CBA3U
Arg-Adda. TTosyyeHHBIH JIMHEHHBIA MPOAYKT pasJjiara-
eTcd O TeTpalenTuja BTOPHIM (epMeHTOM, KOOUpy-
eMbIM reHoM mirB. TIpy 9TOM HPOMCXOAUT T'HMAPOJIN3
CBsi3ell ajlaHUH-JIeNNH U o6pa3yeTcs MenTHUAHBIN Mpo-
MexyTouHbli mpoayKT ADDA-Glu-Mdha-Ala. ®epmeHT
mlrC pacmernisser TeTpamlenTyj, BBHICBOOOXIAss aMu-
HokucoTy Adda. Ten mirD komupyeT GeJIOK-TpaHC-
IOpTep, KOTOPHIN OCYyIeCTBJIAeT TPAHCIOPT MUKPOIIU-
CTHHA Y IPOAYKTOB ero Jerpajaluy B 6akTepuaJIbHble
kierkn (Schmidt et al.,, 2014; Yuan et al., 2021; He
et al.,, 2022). DTOT WMyTh Aerpajanuu peajausyercs B
3BTpodHBIX BojgoeMax (Dexter et al., 2021). OmHako
B OKcllepUMeHTaxX II0Ka3aHO, 4YTO MUKPOLMCTUH
MoXeT 3p(deKTUBHO yAAJIATbCA B OTCYTCTBHE MHKPO-
muctuHasbl (Salter et al., 2021, Salter et al., 2023).
AnbpTepHAaTUBHBIN IJTyTaTUOHOBBIN ITyTh A€ TOKCUKAIUN
TOKCHYHBIX BellecTB ocyllecTBsAeTcsa GepMeHTOM IJIy-
TaTHOH-S-TpaHcdepasa (Krausfeldt et al., 2019, Liu et
al., 2024). T'nmyratuontpancdepass (GST; EC 2.5.1.18)
B Oasze pganHbix KEGG HaxopgArca B karteropuu Drug
metabolism u yyacTByOT B AeTOKCHUKaIUU JUNOPUIIH-
HBIX TOKCHHOB ITOCPeJCTBOM HYKJIEO(UJIBHON aTakKwu.
OHHN yvyacTBYIOT B 3aluTe KJIETOK OT OKHCJIUTEeJb-
HOTO cTpecca y Bcex adpoOHbix Gaktepuil (Allocati et
al., 2009). Ipu gerpaganuu MUKpoluctuHa-LR, riy-
TaTUOH CBA3BIBaeTcsA ¢ aMuHokucyaoTod Mdha ¢ obpa-
30BaHHeM KOHblOraTa MHUKPOUUCTUH-LR-riIyTaTHOH.
Jlasiee OT MoOJIy4YeHHOI'O COeAMHEHU OTHIeNJiAeTcs raM-
Ma-rJIyTaMUHOBasA KMCJIOTa M 00pa3oBaBIINIICA KOHBIO-
raT MUKpOLMCTUH-LR-IMCTenH-IInuyH, nogBepraercs
CHavaJia AefCTBUIO JUMeNTUAA3Hl, a IIocjie OKUCIIAeTCA
aneruaTpaHcdepasoil 10 MUKpouucTuH-LR-MepkanTy-
poHOBOH kucaoTH (Schmidt et al., 2014).

B riy6okoBogHOM 0sMroTpodHOM o3epe Barika
B IpUOpEeXHON 30He ¥ MeJIKOBOAHBIX 3aIMBaX IPUCYT-
CTBYIOT Me30TpodHbIe y4acTK{, IAe JieToM Habsrona-
eTcd LBeTeHHe TOKCHYHBIX I[HaHoOakTepuil. Taxke,
raHoOaKTepHUaIbHble IBETEHHS OTMeYaloTcsA B 03epax
Kotokens, I'ycunoe u JlopoHnHckoe. PaHee MUKpOILU-
CTHUHBI OOHapyXeHHBl B Bofe o3ep baiikan u Kotokesb
(Belykh et al., 2011, Belykh et al., 2015). L{enp Hamei
paboThl — mMoucK OaKTepuil-IeCTPyKTOPOB MHUKPOIN-
cTHHa B o3epe balikasn u Apyrux BojgoeMax, ¢ IOMOIIbIO
TP 1 BBICOKOIIPOU3BOAUTEIPHOIO CEKBEHUPOBAHUS.

2. MaTepuanbl U MeTOADI

Jua TIP-ananmu3a wucnoss3oBaau 150 obpas-
noB JHK, BeigesieHHO! M3 00paslioB IJIAHKTOHA O3ep
Batikan, JlopoHuHckoe, I'ycunoe, a Takxke JJTHK kyapTyp
O6akTepuii, N30JIMPOBaHHBIX U3 IIJIAHKTOHA, OeHToca U
NpUJIOHHON BoAbl o3epa baiikain. Ilouck KiIoueBOro
dbepmenTa crenuduyeckoro myTu aerpajauuu mirA
BeJIM ¢ TIOMOIIbI0 npaiiMepoB mlrAtf/mlrAtr (Zhang et
al., 2017). CekBeHUpOBaHHE IOJIyYeHHBIX (GparMeH-
TOB [ILIP BBINOJIHEHO HAa FeHETUYECKOM aHaJIm3aTope
Hanodop 05 (Cunros, Poccus).

Buoundopmaruyecknii  nmouck  (¢GepMeHTOB,
CIIOCOOHBIX paspyliaTh MUKPOLMCTHH, NPOBOAWIN B
reHoMHoi JJHK HeakceHUYHOH KyJIbTypol Tychonema
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sp.- BBK16, cuHTe3upyoieii Mukpourctud. Meroauka
aHajnuW3a TeHoMa NHMaHoOakTepuu, OOOraiieHHOIo
reHomMamMy OaKTepUi-CIyTHUKOB, OINNCaHa paHee
(KpacHomieeB u ap., 2023). CobpaHHBle OWUHBI 0Oak-
TepUil-CMMOMOHTOB HCIIOJIb30Bad [Jid K3BJIeUeHUA
reHOB, KOTOpble COBIIAJIM IIpU norcke B 6asze GenBank
C [OCJIeOBaTeJbHOCTAMU TI€HOB, OTBeYalolUX 3a
Jerpafjaliiio MHKPOLMCTUHOB. J[ONOJIHUTEJIBHO OCY-
IIeCTBJIUIN TIOBTOPHBIH, HO yXe «00paTHHII» IIOMCK Ha
OCHOBe H3JIe4eHHBIX IIOJIHBIX TeHOB B MOJIHOM cOOpKe,
He pa3buToil Ha 6uHbL. ['JTyTaTHOH-TpaHcdepassl ompe-
nesnensl aHHoranuell no KEGG c¢ momompbio cepBuca
BlastKOALA (https://www.kegg.jp/blastkoala).

3. Pe3ynbTarthl

[Tpu II[P-ananuze c mpaliMepaMu K MHKPOLU-
cTUHa3e oOHapyXeHbl ¢pparMeHTHl JJIMHOU oKkoJio 700,
800 1 1000 11.H., 0JHaKO NpU OIpeieIeHNU ocaeJ0Ba-
TeJIbHOCTE! BBIABJIEHO, YTO OHU ABJIAIOTCA NPOAYKTaMU
HecrienubuyHoi ammmbukanuu. TakuMm ob6pasoM,
KIoueBoro (¢depMeHTa MOeCTPYKIUUA MHUKPOLKCTHHA
mlrA He oOHapyXeHO HU B BOJe, HU B BBIEJIEHHBIX
mTaMMax 0akTepui.

Y 6akTepuii-cMMOWOHTOB mTamMma Tychonema
sp. BBK16 o6HapyxeHsl ¢GparmMeHTsl reHa mirC y
6uHa Aminobacter. B 6uHax Aminobacter oHU mpU-
CYTCTBOBAJIU B HECKOJbKUX KONUAX W COBINAJaJIM C
MHKPOIMCTUH-[erpagupyIOIMMU reHaMi OpraHU3MOB
Mesorhizobium sp. 113-3-3 (microcystinase C, cxof-
ctBo 87.4%), Aminobacter aminovorans KCTC 2477
(mlrC C-terminus family protein, cxomctBo 87.4%),
Mesorhizobium loti (Microcystin LR degradation protein
mlrC CDS, cxoactBo 87%), Aminobacter sp. NyZ550
(M81 family metallopeptidase, cxoactBo 90%).

I'nytatnoH-TpaHcdepasbl NPUCYTCTBOBAIM Y
Bcex OakTepuii-ClyTHHKOB ITamma Tychonema sp.
BBK16, 4TO rOBOpPUT O TOM, YTO OHU a3pOOHBIe MUKPO-
opraHusmsl. B 6uHax 6akrepuii Tahibacter, Paucibacter,
Bosea, Sphingomonas KONUITHOCTb 3TUX T'eHOB COCTaB-
JIsJ1a OT 2 40 4 Komui Ha TeHOM.

4. 06¢cyxpenue

Herpajamnusa  MUKPOIUCTUHOB  (depMeHTaMu
mirABCD kJacTepa omMcaHa BO MHOTUX 3BTPoOd-
HBIX BOJloeMaX, OJIHAKO OHA He sSBJIAETCA €IUHCTBEH-
HBIM 0yTeM JdecTpykuuu. Bo3moxHo, B DBailikaie,
JopoHuHckoM u I'ycMTHOM 03epe MUKPOLMCTHHA3a mirA
He oOHapyXeHa 13-3a HECOBMAJeHNA CTPYKTYPHI pani-
MepoB. IIpu nBeTeHHMU OJIUTrO-Me30TpodHOro o3epa
OpU KOHILIEHTpaIys MUKPOLMCTUHA B BOJle CHUXXasach
B OTCYTCTBHUE aKTUBHOCTHU mlr reHoB (Mou et al., 2013;
Krausfeldt et al., 2019; Thees et al., 2019). ABnsack
rJIyDOKOBOAHBIM OJIMTOTPOGHBEIM 03€pOM C XOPOIIO
MporpeBaeMbIMU MeJIKOBOJHBIMM ydacTKaMu, Barika
CXOJleH C 03epoM DpHU HaJIMUUEM SPKO BbIPaXXeHHOT'O
TEeILJIOro JIETHEro Mepuoja ¢ LIBeTeHUAMU I1aHobaKTe-
puii. Bo3aMoxHO, Kak U B o3epe OpH, B HCCIIeAYEeMBIX
HaMM 03epax JIpyroil MexaHu3M JeTOKCUKalu1 MUKPO-
[[UCTHHA. MexaHu3M paboThl TJIyTaTUOH-TpaHcdepassl
VHUBepCcaJbHBIIL U HIMPOKO MCIOJIb3yeTcsA OGaKTepu-
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aMu. Y 6aliKkaJIbCKUX MUKPOOPTaHU3MOB — CUMOUOH-
TOB TOKCUYHOU I[MAHOOAKTEPUU TMPUCYTCTBYIOT dep-
MEHTHI TJIyTaTUOHOBOTO MYTH, YTO AejaeT 3TOT MIyTb
MOTEHI[UAJIBHO BO3MOXHBIM, MIPU 3TOM dHEPreTUYECKU
BBITOTHO MCTIOJIH30BaTh hepMEHTHI IIMKJIa TJIyTaTUOHA,
MMOCKOJIBKY OHU ABJIAIOTCA YHUBEPCAJIbHON 3al[UATOMN
oT crpecca. IlpucyrctBue depmeHTa mlr-kiacrepa —
mlrC B reHOMe CUMOUOHTHOM GakTepuy, COOpPaHHOM M3
cooOIiecTBa TOKCUYHON I[aHOOaKTepuu, MOXeT CBU-
JeTEJIbCTBOBATh O CIIOCOOHOCTU [IEeCTPYKLUUM MHUKPO-
nUcTUHA. B Takom cJiydae, HAJ0 yCTAaHOBUTH, KaK
MPOXOAUT TMEPBBIN 3Tal pa3pylleHUs LUKIAYECKOU
MOJIEKYJIBl MUKPOLMCTMHA W MOXEeT JI Aerpaaarius
MpoTeKaTh KOMOUHAIEH (PEepMEHTOB IJIyTaTHOHOBOT'O
nukia u GepmentoB mlr. CieiyeT OTMETUTD, YTO METa-
reHOMHas cOopka GakTepruaIbHBIX T€HOMOB TO3BOJIAET
TOJIBKO TIPeANOJIOKUTh CIIOCOOHOCTH OakTepuii, OJis
TOYHOM XapaKTepPUCTHUKU TeHoMa TpebyeTcsa BbIfe-
JIeHVWe YKCTOU KyJIbTypel Aminobacter. Takxe Heo6-
XOJIUMO TOCTaBUTh IKCIEPUMEHTHI ¢ OaKTepUOILIaH-
KTOHOM W KyJIbTypaMu OakTepUil ¢ aHAJIUTUYECKUM
omnpeneseHreM (parMeHTOB TOKCHUYHOTO MENTUAA,
YTOOBI MOHATH MYTh JECTPYKIIUM.

5. BoiBOABI

Ananus JIHK miaHkToHa o3ep batikasn, Xy6cyryn,
JlopoHuHCckoe, I'ycuHOe, a Takxke KyJIbTyp OakTepuii,
IoKa3aJl OTCYTCTBHe reHa KJlloueBoro pepmMeHTa ceJiek-
THUBHOI'O IyTHU Aerpajanuu mlrA. Bo3MOXHO, Bce-Taku
ecTb 6aKTepum, cojiepxaigye kiaacrep reHos mir ABCD,
HO UCIOJIb3yeMble HaMU IIpaliMepsl He MOAXOIAT AJiA
UX UaeHTUUKaLNN.

bBakrepun, acconuupoBaHHBIE C TOKCHUYHOU
nuaHob6aktepuent Tychonema sp. BBK16, comepxat B
cBoeM reHoMme ¢epMeHTHl IJIyTaTHOHTpaHcdepasHl,
3aIIMI[AoIKe UX OT TOKCUYHBIX MeTab0JINTOB U OKUC-
JMTeJIbHOrO cTpecca. I'eHOMBI, npuHajJiexamue 6ak-
tepusim Tahibacter, Paucibacter, Bosea, Sphingomonas,
MMeIOT HeCKOJIbBKO KOIIMIl 3TOro reHa, YTO NO3BOJIAET
MIPeI0JIOKUTh, YTO MMEHHO 3TH OaKTepuu aKTHUBHO
MIOJIB3YIOTCA 3TUMU (pepMeHTaMU I NeTOKCHKAalUU.
Baktepuss Aminobacter comepXuT ¢GparMeHTH TeHa
mlrC u npenIosOXUTENIBHO YYacTByeT B AECTPYKINU
JIMHEVHBIX OCTaTKOB MHUKPOLKCTHHA IIOCJIe IepPBBIX
3TaIoB AeCTPYKIUU LHUKINYECKOH CTPYKTYpPBl TOKCHUY-
HOro nentupa.

Jl7iA mosiHOro NMOHMMAaHWUA MeXaHHW3MOB Aerpa-
Jalnuy MHUKPOIMCTUHOB B o3epe balikas, HeoGxoAuM
SKCIIEpUMEHT, [TIOMOTAILINI OIlpefesinTh, Kakue u3Me-
HeHNsA IIpeTepneBaloT IIUAHOTOKCUHBI NOJ AelicTBUEM
0aKkTepUOIIaHKTOHA U KyJIbTYp OakTepuil.
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