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ABSTRACT. For the first time, we analyzed genetic diversity of members of the genus Acinetobacter
(Moraxellaceae, Pseudomonadales, and Gammaproteobacteria) in the intestinal microbial communities
of Baikal omul from the Selenga population. The entire data array obtained through high-throughput
sequencing contained 2.9% of the 16S rRNA gene sequences (18 amplicon sequence variants) belong-
ing to the genus Acinetobacter. Phylogenetic analysis revealed that the used 16S rRNA gene fragment
did not resolve the taxonomic identification to species level. Despite the formation of stable clusters,
they contained different species of the genus. The presence of opportunistic species, such as A. woffii,
A. johnsonii, and A. pittii, among the detected Acinetobacter and the absence of signs of disease in fish
indicates favorable environmental parameters of the Baikal omul habitat on the wintering grounds in

the pelagic zone of Lake Baikal.
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1. Introduction

The gastrointestinal (GI) microbiota is a highly
specialized microbial community with a complex
composition, which depends on multiple interactions
between microorganisms, the host and its pray as
well as the environment (Kers et al., 2019; Cui et al.,
2022). Moreover, ecological parameters of the habitat,
seasonal dynamics, host genetic characteristics and
developmental stages, feeding intensity, and diet com-
position determine the diversity of GI microbial com-
munities (Kim et al., 2021). The GI microbiota of fish
mainly consists of aerobic or facultative anaerobic, as
well as facultative and obligate anaerobic microorgan-
isms. Among them, bacteria of the phyla Bacteroidetes,
Firmicutes, and Proteobacteria can account for up to
90% of the gut microbiome of most fish species (Johny

et al., 2021).

Rod shaped, gram negative, and strictly
aerobic  heterotrophic  bacteria represent the
genus Acinetobacter (Gammaproteobacteria:

Pseudomonadales). Acinetobacter spp. show universal
metabolic activity, using mainly simple sugars and
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amino acids as a source of nutrition. Acinetobacter
species contain several pathogenetically significant
enzymes, such as serine proteinase, aminopeptidase,
urease, acid phosphatase. Bacteria exhibit high lipolytic
activity, possessing a set of lipases, some of which can
act as pathogenicity factors. Many lipases are active in
a wide temperature range, including low temperatures.

Members of the genus Acinetobacter are ubiqui-
tous (soil, water, and dust) and colonize various surfaces
and materials indoors. Acinetobacter spp. are the most
common causative agents of severe hospital-acquired
infections worldwide and are among the most danger-
ous nosocomial pathogens with multiple antimicrobial
resistance. These free-living and widespread bacteria
are often found in microbiomes of the outer skin and
internal organs of fish (Austin, 2006; Sevellec et al.,
2014; Lu et al., 2022; Bell et al., 2024). Some strains
are fish pathogens (Gonzélez et al., 2000; Coz-Rakovac
et al., 2002; Yonar et al., 2010; Malick et al., 2020)
resistant to antibiotics due to numerous antimicrobial
resistance genes (Manchanda et al., 2010; Kozifiska et
al., 2014; Pekala-Safinska, 2018; Ali et al., 2022).
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A study of biodiversity and distribution of poten-
tially pathogenic bacteria indicated that bacteria of
the genera Acinetobacter, Citrobacter, Enterobacter, and
Pseudomonas were common in the littoral zone of Lake
Baikal. Notably, their numbers were small compared
to the total number of bacteria, so was their contribu-
tion to the diversity of the lake’s microbial community,
and species richness correlated with anthropogenic
load (Drucker and Panasyuk, 2006). A study of the
taxonomic structure of water microbiocenoses via tar-
geted high-throughput sequencing revealed the dom-
inance of the genus Acinetobacter (4-38% of the total
diversity) in the coastal shallow areas of Lake Baikal in
2021 and 2022 (Zaytseva et al., 2023). An assessment
of the diversity and antibiotic sensitivity of opportu-
nistic bacteria isolated from plankton and biofilms also
revealed that bacteria identified in biotopes belonged
mainly to the genera Acinetobacter, Bacillus, Citrobacter,
Enterobacter, Enterococcus, Escherichia, Hafnia, Serratia,
Shigella, Yersinia, Pseudomonas, and Staphylococcus
and are polyresistant to broad-spectrum antibiotics
(Shtykova et al., 2020).

Baikal omul Coregonus migratorius (Georgi,
1775), is a sufficiently well-studied commercial species:
its high ecological and economic importance explains
a constant attention to its biology. This is a highly
migratory species with a complex spatial organization.
Hydroacoustic surveys indicated its ubiquitous pres-
ence in the upper layers of epipelagic zone to depths
of 350-400 m throughout the entire water area of Lake
Baikal (Melnik et al., 2009). The number of rivers, in
which Baikal omul reproduces, determines the num-
ber of its populations (Smirnov and Shumilov, 1984;
Smirnov, 1992). The decline in the stocks of this spe-
cies led to the introduction of a ban in 2017 on its com-
mercial fishing and restrictions on recreational fishing.
Mortality due to predation, parasites, and diseases is
one of the factors that determine the natural loss of
fish. More accurate predictions about the dynamics
of Baikal omul stocks require adjustment of coeffi-
cients of its natural mortality (Anoshko et al., 2024).
Members of the genus Acinetobacter were detected in
the digestive system of whitefish, Coregonus clupea-
formis (Mitchill, 1818), from North American lakes
(Sevellec et al., 2014; Sevellec et al., 2019). Previously,
molecular genetic analysis of bacteria associated with
the outer skin of Baikal whitefish Coregonus baicalen-
sis Dybowski, 1874, bream Abramis brama (Linnaeus,
1758), and yellowfin sculpins Cottocomephorus grewin-
gkii (Dybowski, 1874), from aquariums also identified
members of this genus (Belkova et al., 2010; 2016). In
this regard, and because of the need to assess mortality
from diseases, it is important to conduct the primary
screening of potentially pathogenic microorganisms
in fish from Lake Baikal. Therefore, the aim of this
study was to analyze genetic diversity of members of
the genus Acinetobacter in the intestines of Baikal omul
from the Selenga population.

2. Materials and methods

Sampling was carried out on 26 May 2022 in
the Selenga shallows of Lake Baikal from the board
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of the research vessel “G.Yu. Vereshchagin” (Fig. 1).
Fish was caught for this study as part of the scien-
tific research of Limnological Institute SB RAS under
Permit for the catch of aquatic biological resources
No. 382022031302 dated 2022 issued by the Angara-
Baikal territorial administration of the Federal Agency
for Fisheries.

The fish were caught with a multi-level trawl (ver-
tical opening 10 m and opening along the ground rope
17.5 and 26.0 m) from depths of 110-130 m. Overall,
five trawls were performed. Primary and laboratory
processing of 930 specimens of Baikal omul were car-
ried out according to generally accepted ichthyological
methods (Chugunova, 1939; Pravdin, 1966). A system
of morphological characters was used to determine the
membership of the Baikal omul individuals in a certain
population (Smirnov et al., 1987). Genetic diversity of
potentially pathogenic microorganisms was analyzed
on five immature individuals from the Selenga popu-
lation (one specimen from each trawl) with no visual
signs of disease (Table 1).

Immediately after catching, fragments of fish
hindgut were taken in the laboratory under asep-
tic conditions. The total DNA was extracted from all
specimens using the DNA-sorb-B kit (InterLabService,
Russia). The extracted total DNA was dissolved in
water; the obtained samples were pooled. Primers 343F
and 806R flanking the V3-V4 region of the 16S rRNA
gene were used for amplification. Nucleotide sequences
were determined on a Miseq genome sequencer
(Illumina, USA). Sequencing was performed at SB RAS
Genomics Core Facility (Institute of Chemical Biology
and Fundamental Medicine SB RAS, Russia).

The quality of sequences was checked using
FastQC v. 0.11.8 (https://www.bioinformatics.babra-
ham.ac.uk/projects/fastqc/) and TrimGalore v. 0.6.10
(https://github.com/FelixKrueger/TrimGalore).  The
DADA2 v. 1.26 package (Callahan et al., 2016) for the

Table 1. Biological characteristics of fish.

No | Weight, g | Total length, mm | Sex | Age, years
1 95.9 228 J 2
2| 161.2 274 J 4
3 35.3 174 J 2
4 79.5 220 * 3
5 76.4 215 J 3
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Fig.1. Map of the sampling area in the Selenga shallows;
red lines indicate trawling trajectories.
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R programming language was used for further process- 3. Results and discussion

ing, including filtering out non-target and chimeric ) . .
sequences as well as clustering into ASVs (amplicon The entire data array contained 2.9% of sequences
sequence variants). The taxonomic classification of belonging to the genus Acinetobacter (Mqraxellaceae,
bacteria is given according to the Silva v.138.1 data- Gammaproteobacteria, and Proteobacteria). At the
base (https://www.arb-silva.de). In the case of uniden- same time, they were clustered into 18 ASVs, demon-
tified sequences, additional searches were performed strating their significant genetic diversity. The bioin-
using BLAST analysis (http://blast.ncbi.nlm.nih.gov). f01.‘mat1c analys-15, followed by sgquences identification
Individual sequences were deposited in GenBank under using BLAST, yielded the following results.
the following accession numbers: PQ560058-PQ560062; The most numerous sequences of memb.ers (?f
PQ560066-PQ571968; PQ560072; PQ560073; the genus Acinetobacter (63.89%) were 100% identi-
PQ560107; PQ560108; PQ571972; PQ571990; cal to the Acinetobacter johnsonii sequences (Fig. 2).
PQ571992; PQ571994; PQ571997, and PQ573330. Strain A. johnsonii DBP-3 from a eutrophic water body
Subsequent analysis of the 431 bp long can grow at 10-30°C and perform denitrification both
sequences, including the selection of nucleotide sub- under aerobic and anaerobic. conditions, and its? growt}}
stitution models according to the BIC criterion, was was also f)bserve.d at 5°C (Li et ?1-’ 2013). A. JOh”SO'?”
carried out using the IQ-TREE2 program (Minh et al., was preylously isolated from different organs of dis-
2020). Phylogenetic reconstruction of the evolution- eased rainbow trout Or}corhynchlfs mykiss (Walbaum,
ary history was performed by the maximum likelihood 1792). Autopsy of t_he infected fish reYealed a septic
method using the K2P+R2 nucleotide substitution form of infection (Bi et al., 2023). Strains A. johnsonii
model (Kimura, 1980; Soubrier et al., 2012). Bootstrap isolated from diseased trout and carp caused infection
support was calculated from 1000 replicates. Sequences of these species, demonstrating pathogenic properties.
from the GenBank database were used in the analysis, Experimentally infected individuals and fish naturally
with Moraxella lacunata NRO36825 as the outgroup. infected with these bacteria had similar disease symp-
toms (Kozinska et al., 2014).

MNB818734 Acinetobacter pittii
PP141350 Acinetobacter rhizosphaerae
gg| MW580689 Acinetobacter calcoaceticus
MW165431 Acinetobacter calcoaceticus
MT250913 Acinetobacter rudis
PQ571992 Acinetobacter sp. ASV362
MF4Q07327 Prolinoborus fasciculus
PQ118666 Acinetobacter Iwoffii
PQ571990 Acinetobacter sp. ASV062
83 |PQ571967 Acinetobacter sp. ASV050
MW467785 Acinetobacter Iwoffii
44 |MG871217 Acinetobacter Iwoffii
MK402066 Acinetobacter harbinensis
OP263606 Acinetobacter albensis
0K481116 Acinetobacter albensis
MT760228 Acinetobacter pseudolwoffii
KX379193 Acinetobacter haemolyticus
MN330384 Acinetobacter johnsonii
55 |0K147821 Acinetobacter bouvetii
94 | MN006563 Acinetobacter johnsonii
94||- PQ560066 Acinetobacter sp. ASV215
9 PQ560108 Acinetobacter sp. ASV264
MN208160 Acinetobacter bouvetii
48 || PQ560062 Acinetobacter sp. ASV208
PP494107 Acinetobacter johnsonii
MNB826149 Acinetobacter johnsonii
95 |PQ560058 Acinetobacter sp. ASV094
PQ560072 Acinetobacter sp. ASV247
PQ560073 Acinetobacter sp. ASV240
PQ560107 Acinetobacter sp. ASV301
86 || PQ560059 Acinetobacter sp. ASV076
PQ560061 Acinetobacter sp. ASV114
OP271706 Acinetobacter johnsonii
ON936063 Acinetobacter johnsonii
MN826586 Acinetobacter johnsonii
PQ560060 Acinetobacter sp. ASV104
ON745136 Acinetobacter johnsonii
KX817287 Acinetobacter haemolyticus
MN216267 Acinetobacter johnsonii
PQ573330 Acinetobacter sp. ASV063
PQ571968 Acinetobacter sp. ASV057
ON247418 Acinetobacter johnsonii
MK182754 Acinetobacter guillouiae
PQ571972 Acinetobacter sp. ASV060
MH712936 Acinetobacter oryzae
PQ571994 Acinetobacter sp. ASV260
MN197761 Acinetobacter junii
ON606299 Acinetobacter baumannii
MT367859 Acinetobacter junii
LC506133 Acinetobacter radioresistens
MZ203640 Acinetobacter radioresistens
PQ571997 Acinetobacter sp. ASV132
MT140297 Acinetobacter lanii
28l g4 JF935054 Bacillus weihenstephanensis
ONO056156 Acinetobacter shaoyimingii
NR_036825 Moraxella lacunata

67

79

62

9)
100

67
67

0.04

Fig.2. Phylogenetic tree of members of the genus Acinetobacter constructed by maximum likelihood method based on the
sequences of fragments of the small subunit rRNA gene. Moraxella lacunata was chosen as an outgroup. Sequences obtained in

this study are highlighted in bold.
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Sequences of the second most represented
(26.11%) genotype were homologous (100%) to the
Acinetobacter lwoffii sequences. A. lwoffii is the most
common causative agent of severe nosocomial infec-
tions in humans (Ku et al., 2000; Regalado et al.,
2009). Some studies mention A. lwoffii as a pathogenic
microorganism causing diseases of fish of the genus
Schizothorax Heckel 1838. Experiments confirmed
its pathogenicity, and it was identified that infection
with A. Iwoffii can lead to pathological changes in
many organs and tissues of fish (Cao et al., 2018). A.
lwoffii was detected in diseased and dead Nile tilapia
Oreochromis niloticus (Linnaeus, 1758), indicating that
infection with A. lwoffii caused their mortality (Ali et
al., 2022). However, A. lwoffii was also detected in fish
without signs of disease, for example, in the gut micro-
biome of the icefish Chionodraco hamatus (Lonnberg,
1905) (Lu et al., 2022).

Sequences identical (99.77%) to the
Acinetobacter radioresistens sequences were less rep-
resented (3.65%). A. radioresistens is rarely mentioned
in the scientific literature as a human pathogen due to
its misidentification (Wang et al., 2019). A. radioresis-
tens was reported in human skin microbiota (Seifert et
al., 1997) and in chicken feces samples (Ngaiganam et
al., 2019). A. radioresistens A154 isolate was obtained
from Antarctic ornithogenic soil (Opazo-Capurro et al.,
2019), and, subsequently, this opportunistic microor-
ganism from the digestive system of birds was shown
to cause secondary bacterial infection and lead to their
mass mortality (Yildyrym et al., 2021). Whole genome
sequencing of A. radioresistens isolated from the intes-
tines of birds indicated a significant number of viru-
lence-associated proteins in the genome of this species
(Crippen et al., 2018).

Sequences closely  related (100%) to
Acinetobacter bouvetii were also minor (3.60%). The
type strain was isolated from a wastewater treatment
plant. Strain Acinetobacter bouvetii UAM25 was identi-
fied as producer of surfactant and emulsifying mole-
cules (bioemulsifiers) (Ortega-de la Rosa et al., 2018).

Additionally, there was a small number (1.22%)
of sequences homologous (100%) to Acinetobacter
haemolyticus. A. haemolyticus is widespread in nature,
often found in soils and water (Doughari et al., 2011),
and is also pathogenic for humans (Grotiuz et al., 2006;
Silva and Lipinski, 2014; Elhosseiny and Attia, 2018;
Bai et al., 2020).

Gut microbial communities contained 1.18% of
sequences identical (100%) to Acinetobacter oryzae,
a nitrogen-fixing endophytic species isolated from rice
leaves and stems (Chaudhary et al., 2012).

We obtained trace amounts (0.35%) of sequences
closely related (99.08%) to the Acinetobacter pittii
sequences. A. pittii is an opportunistic pathogen that
can cause fatal infections in immunocompromised
patients. Multidrug-resistant A. pittii was characterized
as a novel fish pathogen for fish causing mortality in
catla Labeo catla (Hamilton, 1822), and silver carps
Hypophthalmichthys molitrix (Valenciennes, 1844), in
China (Li et al., 2017).

Phylogenetic analysis revealed that the 16S rRNA
gene fragment used did not resolve the taxonomic iden-
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tification to species level. Despite the formation of sta-
ble clusters, they contained a set of different species of
the genus Acinetobacter (Fig. 2).

In May and early June, Baikal omul inhab-
its near-bottom water layers and feeds on zooplank-
ton (Epishura baikalensis Sars, 1900, Cyclops kolen-
sis Lilljeborg, 1901, Daphnia longispina (O.F. Miiller,
1776), etc.), macrohectopus Macrohectopus branickii
(Dybowsky 1874), juvenile fish (mainly golomyankas,
Comephoridae), benthic amphipods, and imago (adult)
insects belonging to various orders (Gurova and
Pastukhov, 1974; Volerman and Kontorin, 1983; Melnik
et al., 2009). Zooplankton is the main food source of the
young Baikal omul. From the age of 1 + and 2 +, the pro-
portion of macrohectopus and fish gradually increases
in its diet (Gurova and Pastukhov, 1974). Species of the
genus Acinetobacter were detected in the main taxa of
invertebrates (Ciliophora, Copepoda, Amphipoda, and
Insecta) that were also observed in the food spectrum
of Baikal omul. Members of the genera Acidovorax,
Acinetobacter, Pseudomonas, etc. were identified in
more than 20 species of ciliates (Ciliophora) (Zhang et
al., 2024). Studies of microorganisms associated with
microscopic marine invertebrates often indicate mem-
bers of pathogenic genera (Wardeh et al., 2015). Studies
of bacterial communities in Lake Biwa zooplankton
identified Acinetobacter in Daphnia pulicaria Forbes,
1893, Eodiaptomus japonicas (Burckhardt, 1913), and
Cyclopoida spp. (Tuhin et al., 2023). Members of the
genus Acinetobacter were detected in Eurytemora affinis
(Poppe, 1880), suggesting that an increase in the pro-
portion of these microorganisms in response to copper
exposure may contribute to host defense against toxic
substances (Colin et al., 2023). Acinetobacter demon-
strated bacterial colonization of exoskeletons of cope-
pods of the genus Diaptomus (Holland and Hergenrader,
1981). A study of insect bacterial diversity revealed the
predominance of Acinetobacter in Lepidéptera (Naveed
et al., 2024). Symbiotic bacteria of insects are involved
in the metabolism of insecticides and herbicides (Zhao
et al., 2022), plant toxins (Zhang et al., 2020), phe-
nolic glycosides (Mason et al., 2016), and organochlo-
rine pesticides (Ozdal et al., 2016). Unfortunately,
information about members of the genus Acinetobacter
associated with invertebrates of Lake Baikal is scarce.
They were detected in freshwater sponges of the gen-
era Baicalospongia, Lubomirskia, and Swartschewskia
(Parfenova et al., 2008), and these bacteria predom-
inated in amphipods, Eulimnogammarus verrucosus
(Gerstfeldt, 1858) (Shchapova et al., 2023). Taking into
account the virulence factors of Acinetobacter, namely,
cell surface hydrophobicity and the composition of
enzymes (urease, esterase, phosphatase, and lipase),
bacteria of this genus can successfully adhere to host
cells and colonize its outer skin and intestines.

In the coastal-bay zone, where juvenile Baikal
omul feeds, fish mortality may be associated with pre-
dation by fish-eating birds. The decline in Baikal omul
stocks coincides with a catastrophic increase in the num-
ber of great cormorants, Phalacrocorax carbo (Linnaeus,
1758) (Yelayev et al., 2021). The rapid pace of natural
reintroduction of this species was due to its mass migra-
tion from other habitats caused by long-term drought
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in Northeast China and Eastern Mongolia (Yelayev et
al., 2024). In the ecosystem of Lake Baikal, the great
cormorant is gradually mastering the ecological niche
that it once occupied, forming new biocenotic links and
relationships within biogeocenoses. Great cormorants
can contribute to the emergence and spread of ornitho-
ses and helminthiases in their habitat (Yelayev et al.,
2024). Moreover, huge colonies of birds are a source of
numerous bacteria entering the lake water along with
excrement. Studies of the cormorant gut microbiota
indicated among the observed genotypes the genera
with potential pathogenicity for humans and/or birds,
such as Campylobacter, Corynebacterium, Clostridium,
Mycobacterium, Yersinia, etc. Members of the genus
Acinetobacter were also detected in the gut microbial
community of this bird species (Laviad-Shitrit et al.,
2017). Furthermore, antimicrobial-resistant bacteria
were often identified in the gut of the great cormorant
(Dias et al., 2012; Gross et al., 2022), including fish
pathogens (Odoi et al., 2021). The stomach tempera-
ture, an indicator of the core body temperature, in great
cormorants during foraging, varies dramatically, from
31 to 42°C (Grémillet et al., 1998). Because the growth
temperature of natural Acinetobacter species and strains
ranges from 33 to 35°C, and that of opportunistic iso-
lates is 37°C, we can assume that intensive growth of
strains in the intestines of birds is possible. Members of
the genus Acinetobacter were also detected in the gut
microbial communities of black-headed gulls Larus ridi-
bundus Linnaeus, 1766 (Liao et al., 2019), and herring
gulls Larus argentatus Pontoppidan, 1763 (Merkeviciene
et al., 2017), which are common nesting species in the
Selenga shallows (Popov, 2004). However, to date,
there is no data on the participation of colonial birds in
the circulation of pathogenic and opportunistic bacte-
ria of fish in the ecosystem of Lake Baikal.

Sampling of Baikal omul was carried out in late
May, immediately after the ice melted. During this
period, bacteria of the genus Acinetobacter are among
the dominant bacterial and microeukaryotic com-
munities in the pelagic zone of the lake (Mikhailov
et al., 2022). In view of the above, we can state that
the detected microorganisms entered the intestines of
Baikal omul from water and with food objects because
they are strictly aerobic heterotrophs. Our detection of
these opportunistic bacteria and the absence of signs
of disease in fish indicate favorable environmental
parameters of the Baikal omul habitat on the wintering
grounds in the pelagic zone of Lake Baikal.

4. Conclusion

As part of the primary screening of potentially
pathogenic microorganisms in fish of Lake Baikal using
high-throughput sequencing of 16S rRNA gene ampli-
cons, we identified the Acinetobacter spp. sequences (18
ASVs) in the intestines of Baikal omul from the Selenga
population. Members of this genus are strictly aerobic
heterotrophic bacteria. They are widespread in fresh-
water bodies, so they can enter the digestive tract of
fish with water and/or food objects. The presence of
the species A. lwoffii, A. johnsonii, and A. pittii known
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as opportunistic bacteria among the detected ASVs and
the absence of signs of disease in fish indicate favorable
environmental parameters of the Baikal omul habitat
on the wintering grounds in the pelagic zone of the
lake. Our study also revealed a poor understanding of
associations of members of the genus Acinetobacter with
invertebrates of Lake Baikal and a complete lack of data
on the participation of colonial birds in the circulation
of pathogenic and opportunistic bacteria of fish in the
lake ecosystem.
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(Proteobacteria) u3 KkMuwieuHuka
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migratorius (Georgi, 1775)
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Henukuna H.H.", beasix O.U.*", Cyxanosa E.B.", Ilotanos C.A.",
Kpacuonees A.10.", XanaeB U.B.", Anomko I1.H.", /3106a E.B.

JIumHostoeuyeckuti uHcmumym Cubupckoeo omdesteHus Poccutickoti akademuu Hayk, YJ1. YoiaH-Bamopckas, 3, Hpkymck, 664033,

Poccua

AHHOTAILIWS. BnepBbie npoBefleH aHaJM3 TeHEeTUYecKOro pa3HooOpasusA mpeAcTaBUTesel poAda
Acinetobacter (Moraxellaceae, Pseudomonadales, Gammaproteobacteria) B MUKpPOOHBIX COOOIIIECTBaX
KHUIIeYHUKa OaliKaJbCKOrO OMYyJi CEeJeHIMHCKON IOoNmyJAlny. Bech MaccuB AaHHBIX, IOJIyYeHHBIX
C WCIIOJIb30BAaHKWEM BBICOKOIPOM3BOAUTEJIBHOIO CEKBEHUPOBaHUsA, cofepxanl 2,9% mnociaenoBaTesib-
HocTted reHa 16S pPHK (18 ASV), npuHamiexammux poxy Acinetobacter. ®UaoreHeTUYECKUA aHAIN3
MoKa3aJl, YTO UCHoJb3yeMblii pparmeHT reHa 16S pPHK He mo3Bosin pa3pemuTbh TaKCOHOMUYECKYIO
naeHTudukanuio o Buga. He cMoTpsa Ha ¢opMupoBaHHE YCTOMYMBBEIX KJIacTepOB, OHU cofepXasu
Habop pa3/JIMYHBIX BUIOB poda. Hamuume cpenu oGHapyXeHHBIX Acinetobacter yCIOBHO MaTOT€HHBIX
BUJIOB, TaKUX Kak A. lwoffii, A. johnsonii u A. pittii © OTCyTCTBHE y PBIO MPU3HAKOB 3a00JIEBaHUI CBU/IE-
TeJIbCTBYET O OJIaronpuATHBIX 3KOJIOTMYECKHX MapaMeTpax cpefbl 06uTaHus 6aliKaabCKOro OMyJisd Ha
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1. BBeaenue

MukpobuoTa XKeJIyJOUYHO-KHIIEYHOTO TpaKTa
(PKKT) — 3TO BBICOKOCIIEIMAIM3UPOBAHHOE MUKPOOHOE
COO00I1[eCTBO CO CJIOXKHBIM COCTaBOM, KOTOPO€ 3aBUCHUT
OT MHOXeCTBa B3aUMOJIEHCTBUN MeXAy MUKPOOpra-
HU3MaMH, X035 MHOM U ero KOPMOBLIMHU OpraHu3MamHu,
okpyxammeii cpemoii (Kers et al.,, 2019; Cui et al.,,
2022) Kpome Ttoro, pasHoobpasrie MHUKPOOHBIX CO00-
mectB KKT omnpenesnsercsa 3KOJIOrMYeCKMMH NapaMe-
TpaMu cpeflbl OOMTaHUsA, CE30HHOU AMHAMUKOH, TeHe-
TUYEeCKUMU OCOOEHHOCTAMU U CTaJusAMU pa3BUTHUA
X0351Ha, MHTEeHCUBHOCTU MUTAHUA 1 COCTaBa palloHa
(Kim et al., 2021). Mukpo6uota XXKT psi6 B OCHOBHOM
COCTOUT U3 ad3pOoOHBIX WU (aKyJIbTaTUBHO-aHA3POO-
HBIX, a Takxe PaKyJIbTaTUBHBIX U 00JIUTaTHO-aHA3POO0-
HBIX MHKpoOpranusMoB. Cpeau HuUx Oaktepuu puiiy-
MoB Bacteroidetes, Firmicutes u Proteobacteria moryT
coctaByATh [0 90% MukpobroMa KulleyHHKa 00Jib-
mMHCTBA BUI0B peib (Johny et al., 2021).
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Pox Acinetobacter (Gammaproteobacteria:
Pseudomonadales) mnpezacTaBiieH MaJOYKOBUIHBIMU
rpaMOTPHULIATESIBHBIMU CTPOTO a3pOOHBIMU T€TEPOTPO-
duBIMU GakTepusaMu. Acinetobacter spp. XapaKTepusy-
I0TCSI YHUBEpPCaJIbHON MeTaboInyeckoil aKTUBHOCTBIO,
B KQueCTBe MCTOYHMKA MUTAHUA OHHU UCIIOJIb3YIOT MPEn-
MYIIECTBEHHO MMPOCTHIE caxapa U aMHUHOKUCJIOTHL. BUIbI
Acinetobacter cofepXaT HECKOJIbKO MaTOreHEeTUYeCKU
3HAYMMBIX (PEPMEHTOB: CEPUHOBYIO MPOTENHA3Y, aMU-
HOIENTUAa3y, ypeasy, Kuciayw docdarady. bakrepuu
MPOSIBJIAIOT BBICOKYIO JIUITOJIUTUYECKYI0 aKTHUBHOCTH,
pacrmosiaras HabopoM JIMIa3, HEKOTOPhle U3 KOTOPBIX
MOTYT BBICTYIIaTh B KauecTBe (aKTOPOB MAaTOMEHHOCTH.
MHorue Jiumasbl aKTUBHBL B IIUPOKOM TEMITEPATYPHOM
Jrana3oHe, BKJIFOYasg HU3KUE TEMITEPATYPHL.

IpencraButenu poja Acinetobacter pacmpocrpa-
HeHBI ITIOBCEMECTHO (B IIOYBe, BOE, IIbLIIN), B IIOMEIIle-
HUAX OHU KOJIOHM3WPYIOT Pa3/IMYHBIE MMOBEPXHOCTU U
MaTepuasbl. Acinetobacter spp. SABJIAIOTCA HauboJsiee
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YacTBIMU BO3OYAUTEAMU TSKEJIBIX T'OCIHUTAJIBHBIX
nHGEKINIT 10 BceMy MUPY U BXOJAT B YMCJIO Haubo-
Jlee OMACHBIX BHYTPUOOJIBHUYHBEIX IATOI€HOB C MHO-
’)KeCTBEHHOU aHTUMUKPOOHON pPe3nCTeHTHOCThI0. DTU
CBOOOTHOXHBYII[ME U IIMPOKO PaclpoCTpaHEéHHbIe Oak-
TepUH YacTO BCTPEYalTCs B MHUKPOOHOMAax BHENIHUX
MOKPOBOB U BHYTPEHHMX OpraHoB phri6 (Austin, 2006;
Sevellec et al., 2014; Lu et al., 2022; Bell et al., 2024).
HekoTopele MTaMMBI ABJIAIOTCA BO30YIUTESIAME 3a60-
neBanuii poi6 (Gonzalez et al., 2000; Coz-Rakovac et
al., 2002; Yonar et al., 2010; Malick et al., 2020) u
MIPOSBJIAIOT Pe3UCTEHTHOCTh K aHTUOWOTHKAM 3a cyueT
HaJIMYMsA MHOTOYMCJIEHHBIX TeHOB YCTOHYMBOCTH K
MPOTUBOMUKPOOHEIM Tpenapatam (Manchanda et al.,
2010; Kozinska et al., 2014; Pekala-Safinnska, 2018; Ali
et al., 2022).

UccrenoBanue 61opazHoo6pasys U pacupocTpa-
HEeHUs IOTeHI[HaJIbHO NaTOTeHHBIX OaKTepuil IOKa-
3ayy, 4yTo GakTepum ponoB Acinetobacter, Citrobacter,
Enterobacter u Pseudomonas 4acTo BCTPEYAIOTCA B JINTO-
paJIbHOH 30He o3epa Baiikas. Beulo oTMeueHo, 4TO UX
YMCJIEHHOCTh HeBeJIMKa [0 CPaBHEHUI0 ¢ oOuiel urc-
JIeHHOCTBI0 OaKkTepuii, KaKk U BKJIAJ B pasHooOpasue
MUKPOOHBEIX COOOIECTB 03epa, a BUJIOBOe GOraTcTBo
KOppeJIUpyeT ¢ aHTpOmoreHHoW Harpyskoi (Drucker
and Panasyuk, 2006). HccienoBaHue TaKCOHOMHYE-
CKOH CTPYKTyphl MUKPOOHOLIEHO30B BOJBI C IIOMOIIIBIO
TApreTHOro BBICOKOIPOM3BOUTEJIBHOTO CEKBEHUPO-
BaHMA BBIABWJIO JIOMUHUpOBaHUe pona Acinetobacter
(4-38% ot obuero pasHooOpa3usa) B NPUOPEXHBIX
MeJIKOBOOHBIX ydacTkax o03. Baiikan B mepuop 2021-
2022 rr. (3atiueBa u np., 2023). Ouenka pa3Hoobpa-
3U1 M aHTUOMOTHUKOYYBCTBUTEJILHOCTH YCJIOBHO-IIA-
TOTeHHbIX OaKTepuil, BbIIeJIEHHBIX W3 IJIAHKTOHA U
O6u1omnJiIeHOK NMpubpexHOU 30HBI o3epa bBaiikas, Takxe
[IO3BOJIMJIA YCTAHOBUTH, UYTO OaKTepuu, BbIABJIEH-
Hble B OHOTOIAX, OTHOCATCA IpPEHMYIeCTBEHHO K
ponawm Acinetobacter, Bacillus, Citrobacter, Enterobacter,
Enterococcus, Escherichia, Hafnia, Serratia, Shigella,
Yersinia, Pseudomonas, Staphylococcus w o6iamamT
[IOJIPE3UCTEHTHOCTBI0O K AHTUOMOTHKAM IINMPOKOTO
cnektpa aedicteus (Shtykova et al., 2020).

Batikansckuii omysib  Coregonus migratorius
(Georgi, 1775) sBaseTcs OOCTAaTOYHO XOPOILIO HU3Y-
YeHHBIM IIPOMBICJIOBBIM BUJIOM: BBICOKAsl 3KOJIOTHYe-
CKasg U 3KOHOMMYECKas 3HAUYUMOCTh KOTOPOro o0b-
SICHSIET TIOCTOSIHHOe BHHMAHMe K ero OHuoJioruu. JTO
aKTUBHO MUIPUPYIOIINI U CJIOXXHOOPTAaHM30BAHHBIHN B
mpocTpaHcTBe BUA. [10 JaHHBIM T'HMAPOAKYCTUYECKHX
CheMOK OBLIO YCTaHOBJIEHO, YTO OH IPUCYTCTBYET
[IOBCEMECTHO B BEpPXHUX CJIOAX OSIUIeJIardanyu Ao
riry6uH 350-400 M no Bceil akBaTopuu o3epa batikan
(MenbHUK U fp., 2009). KonuuecTBo nomysiAnuil 6aii-
KaJIbCKOTO OMYJIA OllpefiesifAeTcs KOJINYeCTBOM peK, B
KOTOPHIX OH pa3MHoxaercsa (CmupHOB u IllymMuios,
1984; Smirnov, 1992). CHMXeHHe 3anacoB 3TOro BHUAA
npusesio B 2017 r. Kk BBeJeHUIO 3allpeTa Ha ero Ipo-
MBIIJIEHHBIN BBLJIOB U OrpaHUYeHUl Ha JIIOOUTeJIbCKU.
CMepTHOCTh OT BO3LEHCTBUA XUITHUKOB, Iapa3uTOB U
60J1e3Hell sABJIAeTCA OJHUM U3 (PaKTOPOB, OIMpemdesisio-
MUX eCTeCTBeHHYI0 yObUlb peIO. A dbopmupoBaHusa
0oJlee TOYHBIX MPOTHO30B O JUHAMUKe 3amacoB Oaii-
KaJIbCKOTO OMYJIA HeoO6XoJuMa KOPPEKTHPOBKA KO3(-
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(ULIEeHTOB ero ecTecTBEeHHOI CMepTHOCTH (AHOLIKO
u 1p., 2024). Ilpencrasutenu poja Acinetobacter 6b11H
JIeTeKTHPOBAHBHI B [TUIIeBAPUTEIBHOM CLCTEME CUTOBBIX
pei6 Coregonus clupeaformis (Mitchill, 1818) u3 o3zep
CeBepHoii Amepuku (Sevellec et al., 2014; Sevellec et
al., 2019). Panee MOJIEKYJIAPHO-TEHETUYECKUI aHAJIU3
6aKkTepuii, acCOIMMPOBAHHBIX C BHEITHUMU TOKPOBAMU
Oarikasibckoro cura Coregonus baicalensis Dybowski,
1874, nema Abramis brama (Linnaeus, 1758) u xeJ-
TOKPBUION MMHPOKOJI06KkU Cottocomephorus grewingkii
(Dybowski, 1874) wu3 axkBapuyMHOH 3KCHO3WULUU
TaKke I0Ka3aJl HaJauuue NpefcTaBUTesIel 3TOro poaa
(benbkoBa u ap., 2010; 2016). B cBsA3uU ¢ 3TUM, a Takxe
HeoO0XOAMMOCTBI0 OIleHKHM CMEePTHOCTH OT OoJjie3Hel
aKTyaJIbHBIM CTAHOBUTCS IIpOBeJIeHHe IIEPBUYHOTO
CKPUHUHTA IOTEHIMAJIbPHO MAaTOreHHBIX MHKpOOpra-
HU3MOB B phifax o3epa DBafikasi. Ilesib HacTosIero
rccyeJoBaHNsA — aHAJIN3 FeHeT4eCcKOoro pa3Hoo6pasus
npefcTaBUTeNIel poaa Acinetobacter B KUIIEYHUKe Oaii-
KaJIbCKOT'O OMYJIA CEJIEHTMHCKOM MOMYJIALUN.

2. MaTepuan U MeToAbl MCCAEAOBAHUA

C6op mpo6 mpoBomuiau 26 mas 2022 r. Ha
CesleHTMHCKOM MeJIKoBoJbe o3epa balikan c OopTta
HUC «I.}0. Bepemarun» (Puc. 1). BpuioB peid Asd
9TOro uccjaefoBaHuWA MpoBoauica B pamkax HHP
JlumHoOJIOrMYecKkoro MHcTUTyTa CHOMpPCKOro oTAese-
HuA Poccuiickoll akagemMuu Hayk no PaspemieHuio Ha
J[00bIuy (BBUIOB) BOIHBIX OMOJIOTMYECKUX PeCcypcoB
No 382022031302 ot 2022 r., BEIJaHHOMY AHrapo-
bBaiikaibckuM  TeppUTOPHUAJIBHBIM  yIpaBJieHHEM
®epnepasibHOro AreHTcTBa 110 PEIO0OJIOBCTBY.

Ppi6 oTsaBaMBajM PasHOIJIyOMHHBIM TpajioM
(BepTHKasibHOe packpbiTe 10 M, pacKpheIThe IO HUX-
Hel noabope 17,5 u 26,0 M) ¢ riry6un 110-130 m. Beero
BBINOJIHWIN NATh TpajleHui. [lepBUYHyI0 U KaMepaJlb-
Hy0 06pabotky 930 5k3. 6aiikajibCKOTO OMYJIs IIPOBO-
JWIN N0 OOLIENIPUHATBIM B MXTHUOJIOTMM MeTOAUKaM
(UyrynoBa, 1939; IIpaBaun, 1966). [na ompefeie-
HUA NpUHAJJIEXHOCTU ocobell 6alikajbCKOro OMYJIS
K KOHKPETHOH NONyJIALMM MCIOJIb30BAIM CUCTEMY
MopdoJiornyeckux npusHakoB (CMUPHOB u Ap., 1987).
AHanu3 reHeTUYecKOro pasHooOpa3usA NOTEeHIMaJIbHO
[IaTOTeHHBIX MHKPOOPraHU3MOB NPOBOAWIN Ha MATU
HeI0JIOBO3peJIbIX 0CO0AX CeJIeHTMHCKON MOMyJIAIUN
(mo omHOMYy 3K3eMIUIApYy M3 KaxJoro Tpasja), BU3Y-
anpHO 6e3 mpu3HaKoB 3abosieBanuii (Tabauna 1).
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HenocpencTtBeHHO Imocjie OTJIOBa, B Jiabopa-
TOPUH B aceNTHYecKUX YCJIOBUAX Opanu (pparMeHTHl
3aJHero otjesa KuileyHuka pel6. CymmapHyio JHK u3
Bcex o0pasloB BBJEAIN C MOMOLIBI0 Habopa «JIHK-
Cop6 B» (HMurepJlabCepBuc», Poccus). BeineneHHYyI0
cymMmapaylo JHK pactBopsnu B BoJe, NOJIyueHHBIE
npoObl 00beUHANU. [[y1a aMIIu@uKanuyu HCI0JIb30-
Bayiu npatiMepsl 343F u 806R, ¢iankupyome yya-
cTok V3-V4 rena 16S pPHK. Onpefenenre HyKJIeOTU-
HBIX NIOCJIeJOBaTeJIbHOCTEel NMPOBOAWJIN HAa FeHOMHOM
cexkBeHarope Miseq (Illumina, CIIIA), cekBeHUpOBaHHE
BoinoyiHeHO B IIKII «'enomuka» (MXB®M CO PAH,
Poccus).

KauectBoO nocjiefoBaTeJIbHOCTeN IIpoBe-
psym ¢ momomipio FastQC v. 0.11.8 (https://www.
bioinformatics.babraham.ac.uk/projects/fastqc/)
u TrimGalore v. 0.6.10 (https://github.com/
FelixKrueger/TrimGalore). Ilaker DADA2 v. 1.26
(Callahan et al., 2016) ass sA3bIKa MPOrpaMMHPOBAHUS
R ucnosnp3oBanu AnA AajibHeleil o6paboTky, BKIIIO-
yartoleil B ce0sa GuiabTpaIyio HelleJIeBbIX U XMMepPHBIX
nocjefoBaTeJIbHOCTEH, a Takke KJlacTepu3aluio B
ASVs (Amplicon Sequence Variants — BapyaHTHI mocJie-
J0BaTeJIbHOCTM  aMIUIMKOHOB). TakcoHoMuueckas
kiaccudukanusa OakTepuil JaHa corjlacHO 6a3e aH-
veix  Silva v.138.1 (https://www.arb-silva.de). B
ciydyae HeuAeHTUOUIUPOBAHHBIX IOCJIeJOBaTeb-
HOCTell OCyL[eCTBJIAIM [ONOJHUTEJbHBINI IOUCK C
nomoimpio BLAST-ananmsa (http://blast.ncbi.nlm.nih.
gov). MHauBuyasbHbIe I0CJIeJ0BaTeJIbHOCTU 3aperu-
ctpupoBanbl B GenBank: NoNe PQ560058-PQ560062;
PQ560066-PQ571968; PQ560072; PQ560073;
PQ560107; PQ560108; PQ571972; PQ571990;
PQ571992; PQ571994; PQ571997; PQ573330.

JlampHemMiI aHaau3 TOocJieqoBaTeJIbHOCTEN
AnuHoM 431 mH, BKJIIOYass BHIOOpP Mojeseil HyKJIeo-
TUAHBIX 3aMeH corJjiacHo BIC-kpurtepuio, IpoBOAWUIN C
ucnosib3oBaHueM nporpammbl IQ-TREE2 (Minh et al.,
2020). dumoreHeTUYeCKyI0 PEKOHCTPYKIMIO 3BOJIIO-
LMOHHOM WCTOPHUM NMPOBOAWJIM METOAOM MaKCHUMaJlb-
Horo mpaBnonoao6usa (Maximum-Likelihood) ucnosis-
3ys MoJesib HykjeoTuaHbx 3aMeH K2P+R2 (Kimura,
1980; Soubrier et al., 2012). ByrcTpen moaAep>XKu pac-
cuntanbel u3 1000 persuk. B aHanu3e ncnosb3oBaiu
mocJiefoBatesibHOCTU U3 6asel GenBank, B kauecTBe
ayT-rpymmsl — Moraxella lacunata NR036825.

3. Pe3ynbTatbl M 06Ccy)xpeHue

Becr MaccuB mNOJTyuYeHHBIX JAaHHBIX coOfepXkall
2,9% mnocJiefoBaTeIbHOCTEH, NPUHAJIEXAUUX POAY
Acinetobacter (Moraxellaceae, Gammaproteobacteria,
Proteobacteria). I[Ipu 3ToM OHU OBUTH CIPYIITHPOBAHBI
B 18 ASV, uTOo AeMOHCTpUpYyeT UX 3HauYNTeJIbHOe TeHe-
TU4eckoe pasHooOpasue. CorjacHO MNpoOBedeHHOMY
6uonHbopMaTUiYecKOMy aHajau3y ¢ [ocjeaywomen
uaeHTUUKaLUel mnocjefoBaTeIbHOCTEN! C MOMOIIbIO
BLAST mnosiydeHsl cieAyoolye pe3ybTaThl.

Camble MHOTOYUCJIEHHBIE ITIOCJIEIOBATEJIbHO-
cTU TpeAcTaBuTesiell poda Acinetobacter (63,89%)
nmeaun 100% cxXoAcTBO ¢ IIocJeOBaTeJIbHOCTAMU
Acinetobacter johnsonii (Puc. 2). Illtamm A. johnsonii
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Ta6suna 1. Buonornyeckuie XapaKTepUCTHUKY PHIO.

Ne |Macca, r | O6mas giuna, MM | ITos | Bo3pacr, Jier
1| 9509 228 d 2
2 | 161,2 274 g 4
3| 353 174 d 2
4| 795 220 * 3
5 | 764 215 5 3

DBP-3 wu3 3BTpodHOro BOAOEMA CIOCOOEH pacTu
mpu 10-30°C u BBINOJHATD AeHUTPUGUKALNIO Kak
B ad’pOOHBIX, TaK U B aHASPOOHBIX YCJIOBUAX, KpoMe
TOro, oTMeueH ero poct npu 5°C (Li et al., 2013). A.
johnsonii paHee BhiJieJIeH U3 pa3HBIX OPraHOB 60JIb-
HBIX ocobeil pamyxHo# ¢openu Oncorhynchus mykiss
(Walbaum, 1792). Ilpyu BCKpPHITUU 3apaX€HHBIX PHIO
perucTpupoBaayd centuueckyr ¢GopMy uHGEKIn
(Bi et al., 2023). IItammer A. johnsonii, U30J1POBaH-
Hble 13 OOJIBHBIX (popesy M Kapla, BHI3BIBAJIM 3apa-
XeHUe 3TUX BUAOB, NEMOHCTPUPYS NaTOTE€HHBIE CBOM-
CTBa. DKCIIEpUMEHTAJIbHO MHOQUIMPOBAHHBIE 0COOU U
PBIOBI, 3apaXXeHHbIe 3TUMU 6aKTepHUAMU eCTeCTBEHHBIM
MyTeM, UMeJIU CXOXue cuMnToMbl 6oJiesnu (Kozinska
et al., 2014).

[TocyiiemoBaTesIbHOCTH BTOPOTrO IO IpeACTaB-
aeHHoctu (26,11%) reHotumna romoJjorudsbel (100%)
nocJiefoBaTeJIbHOCTAM Acinetobacter woffii. A. woffii
sABJIAeTcsA HauboJiee 4acTBIM BO30yAUTEJIEM TsDKEJIBIX
BHYTpUOOJBHIYHBIX HH(pekuil denoBeka (Ku et al.,
2000; Regalado et al., 2009). B HEKOTOPHBIX HCCIEA0BA-
HuAX A. lwoffii ynomuHaeTcs Kak NaTOTeHHBIH MUKDO-
OpraHu3M, BHI3BHIBAKOIIMUU 3a0ojieBaHUs pPHIO popa
Schizothorax Heckel 1838. DxcrepuMeHTaIBHBIM Iy TEM
HOATBEpXJeHa ero MaToreHHOCTbh U yCTaHOBJIEHO, YTO
3apaxeHue A. lwoffii MoXeT NMPUBOAUTH K MATOJIOTU-
YeCKMM HU3MEHEHUsM BO MHOTHUX OpraHaxX M TKaHIX
pe6 (Cao et al.,, 2018). A. lwoffii 6s11 0OOHapyXeH y
00JIPHBIX U HOTMOmMUX ocobell TwiAmuu Oreochromis
niloticus (Linnaeus, 1758), yka3biBast Ha TO, YTO 3apa-
xeHue A. Iwoffii crano npuunHo# ux cMmeptHocTH (Al
et al., 2022). Omnako, A. woffii Taxxe OBUI OETEKTU-
poBaH y prIO 0e3 IpuU3HAKOB 3a00eBaHNsA, HaIpuMep,
B MMKpOOMOME KUIIeYHHKa IIUIOBAaTOll OeJIOKPOBKHU
Chionodraco hamatus (Lonnberg, 1905) (Lu et al., 2022).

B wMeHbmiell cremeHM B MUKpOOHMOMAax phIO
(3,65%) mpencTaBjeHbl MOCJIEIOBATEIBHOCTHA, HMe-
omye cxoncTso (99,77%) ¢ mocjienoBaTeIbHOCTAMU
Acinetobacter radioresistens. A. radioresistens pemako
YIIOMUHAETCS B HAYYHOH JINTEpaType Kak BO30yJUTeIb
3aboJieBaHUI YesI0BeKa [0 IPUYMHE ero HellpaBUJIbHOMN
nnentudukanuu (Wang et al., 2019). A. radioresistens
ObUT OTMeUYeH B MUKPOOHOTe KOXH desioBeka (Seifert et
al., 1997) u B o6pasuax skckpeMeHTOB Kyp (Ngaiganam
et al., 2019). UzossaT A. radioresistens A154 GbLT MOJTy-
YeH M3 OPHUTOTeHHOH nouBbl AHTapkTuku (Opazo-
Capurro et al., 2019), a mo3/Hee MOKa3aHO, YTO TOT
YCJIOBHO-IATOTE€HHBII MHKPOOPTraHW3M U3 IMHUIIeBa-
PUTEIbHOM CUCTEMBI IITHUI] MOXeT ABJIATbCA BO30yAu-
TejieM BTOpPUYHON OakTepuasibHONM MHGpEKINU U Npu-
BOOUTh K MX MAacCOBOI rubesu (I/uIbIﬂ/I[prbIM u ap.,
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MN818734 Acinetobacter pittii

PP141350 Acinetobacter rhizosphaerae
9g|MW580689 Acinetobacter calcoaceticus

MW165431 Acinetobacter calcoaceticus

67

MT250913 Acinetobacter rudis
PQ571992 Acinetobacter sp. ASV362

79

MF407327 Prolinoborus fasciculus
PQ118666 Acinetobacter Iwoffii
PQ571990 Acinetobacter sp. ASV062
83 | PQ571967 Acinetobacter sp. ASV050
MW467785 Acinetobacter Iwoffii
44 | MG871217 Acinetobacter Iwoffii
MK402066 Acinetobacter harbinensis
0OP263606 Acinetobacter albensis
OK481116 Acinetobacter albensis
MT760228 Acinetobacter pseudolwoffii
X379193 Acinetobacter haemolyticus
MN330384 Acinetobacter johnsonii
OK147821 Acinetobacter bouvetii
MNQO06563 Acinetobacter johnsonii
PQ560066 Acinetobacter sp. ASV215
PQ560108 Acinetobacter sp. ASV264
MN208160 Acinetobacter bouvetii
PQ560062 Acinetobacter sp. ASV208
PP494107 Acinetobacter johnsonii
MNB826149 Acinetobacter johnsonii
PQ560058 Acinetobacter sp. ASV094
PQ560072 Acinetobacter sp. ASV247
PQ560073 Acinetobacter sp. ASV240
PQ560107 Acinetobacter sp. ASV301
PQ560059 Acinetobacter sp. ASV076
PQ560061 Acinetobacter sp. ASV114
OP271706 Acinetobacter johnsonii

ON936063 Acinetobacter johnsonii
MNB826586 Acinetobacter johnsonii
PQ560060 Acinetobacter sp. ASV104
ON745136 Acinetobacter johnsonii
KX817287 Acinetobacter haemolyticus
MN216267 Acinetobacter johnsonii
PQ573330 Acinetobacter sp. ASV063
PQ571968 Acinetobacter sp. ASV057
ON247418 Acinetobacter johnsonii
MK182754 Acinetobacter guillouiae
PQ571972 Acinetobacter sp. ASV060
MH712936 Acinetobacter oryzae
PQ571994 Acinetobacter sp. ASV260
MN197761 Acinetobacter junii

71 | ON606299 Acinetobacter baumannii
MT367859 Acinetobacter junii

LC506133 Acinetobacter radioresistens

MZ203640 Acinetobacter radioresistens

62

9
100

67
67
79

19

PQ571997 Acinetobacter sp. ASV132
MT140297 Acinetobacter lanii
28U 94 JF935054 Bacillus weihenstephanensis

ONO056156 Acinetobacter shaoyimingii

NR_036825 Moraxella lacunata

0.04

Puc.2. ®duoreHeTryeckoe ApeBO NpejcTaBuTesieil poaa Acinetobacter, nocTpoeHHOe MeTOJOM MAaKCUMaJbHOTO NpaBioO-
nogoOus Ha OCHOBAHUU IOCJIeIoBaTeIbHOCTeN ¢pparMeHTOB reHa Majon cyopequuauisl pPHK. B kauecTBe ayT-rpynnsl BeIOpaHa
Moraxella lacunata. YKupHbiM mpudbTOM BBIJEJIEHBI [T0CJIEJOBATEIbHOCTH, ITOJTyYeHHbIE B JaHHO! pabore.

2021). Pe3ynbTaThl IOJTHOT€HOMHOTO CEKBEHUPOBAHUA
A. radioresistens, BbIAEJIEHHOTO M3 KHINEYHMKA IITHI],
MOKa3aJjy, 4YTO B reHOMe JaHHOTO BUJa IPUCYTCTBYeT
3HaYMTEJIbHOE KOJIMYEeCTBO OEJIKOB, CBSA3AHHBIX C BUPY-
neHTtHOCThIO (Crippen et al., 2018).

ITocsieqoBaTeILHOCTH, 0JIM3KOPOICTBEHHBIE
(100%) Acinetobacter bouvetii Oblii TakXe HEMHO-
rouricjieHHbl (3,60%). TumnoBoii mTaMM OBLJI BBIfe-
JIeH M3 OYMCTHHIX coopyxeHuil. Illtamm Acinetobacter
bouvetii UAM25 uneHTUPUIMPOBAH KaK MPOU3BOMA-
I TOBEPXHOCTHO-aKTHUBHBIE U 3MYJIBTUPYIOLIHE
MoJiekyasl (6uosmyseratopsl) (Ortega-de la Rosa et
al., 2018).

Takxe T1OJiydeHO HeOOJIBIIOE  KOJUYECTBO
(1,22%) nocyiegoBaTesIbHOCTEH romojiornuHbix (100%)
Acinetobacter haemolyticus. A. haemolyticus mHUPOKO
pacrmpocTpaHeH B TMpUpPOAE, YacTO BCTpeYaeTcs B
nmousax u Bofe (Doughari et al., 2011), Takxe sABsAeTCA
nmaToreHHbIM 1A yesioBeka (Grotiuz et al., 2006; Silva
and Lipinski, 2014; Elhosseiny and Attia, 2018; Bai et
al., 2020).

MukpoOHBIe coo0LjecTBa KHIIEYHUKA CojJep-
xanu 1,18% nocnenoBaTesbHOCTEN, KOTOPbIE CXOHBI
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(100%) c Acinetobacter oryzae — a30T@UKCHPYIONIAM
SHAO(PUTHBIM BUJIOM, M30JIMPOBAHHBIM U3 JIMCTHEB U
crebselt puca (Chaudhary et al., 2012).

B crenoBeix kosuuectBax (0,35%) mostydueHBI
IocJiefoBaTeIbHOCTU OJn3kopoAcTBeHHble (99,08%)
nocjiefoBaTeJibHOCTAM Acinetobacter pittii. A. pittii —
yCJIOBHO-TIaTOTeHHas 6akTepus, croco0Has BHI3BIBATH
cMepTesIbHyI0 MHOGEeKIMI0 y MalueHTOB C ocjabJieH-
HBIM UMMYyHUTeTOM. IlospesncTeHTHRIN A. pittii ObLI
OXapaKTepr30BaH KaK HOBBIN MAaTOT€HHBIE MUKPOOP-
raHU3M JJis PhiO, BHI3BIBAIOIINE CMEPTHOCTb Y KaTJIBI
Labeo catla (Hamilton, 1822) u 6eJ10ro TOJICTOJIOOUKA
Hypophthalmichthys molitrix (Valenciennes, 1844) B
Kurae (Li et al., 2017).

OUJIOTeHEeTUYECKUI  aHaJIu3 I[OKa3ajl, YTo
ucrnosb3yeMblii pparmeHT reHa 16S pPHK He mosBo-
JINJT pa3pelInTh TaKCOHOMUYECKYIO HIAeHTU(DUKALNIO
o Byuja. He cmoTpsa Ha opMupoBaHHe yCTONYMBBIX
KJIaCTepOB, OHU cofepXajau Habop pa3jIMYHBIX BUIOB
pona Acinetobacter (Puc. 2).

B Mae u Hauasile uOHA OaliKaJIbCKUII OMYJIb
obuTaeT B NPUAOHHBIX CJIOAX BOABI U MUTAETCA 300-
miaHkToHoM (Epishura baikalensis Sars, 1900, Cyclops
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kolensis Lilljeborg, 1901, Daphnia longispina (O.F.
Miiller, 1776) u np.), MakporekTomycom Macrohectopus
branickii (Dybowsky 1874), mosionpio pei6 (mpeumy-
IecTBeHHO roJioMsaHOK Comephoridae), goHHBEIMU
amdunonaMy, UMaro HaceKOMBIX, HPUHAIJIEXAIINX
k pasnuuHeiM oTpsagam (I'ypoa u Ilactyxos, 1974;
Bonepman u Konropus, 1983; MenbHuk u fp., 2009).
OCHOBY IUTaHUA MOJI0Y GaliKaJIbCKOIO OMYJIsA ceJieH-
THUHCKOMH MOMYJIAIMN COCTAaBJIsET 300IUIaHKTOH. C BO3-
pacra 1+, 2+ B ero paiuoHe NocTeneHHO BO3pacTaeT
JoJiA Makporekronyca u peioel (I'ypoBa u IlacTyxos,
1974). Buasl poma Acinetobacter GbUI OGHAPYXKEHBI
B OCHOBHBIX TaKCOHaX OeCI03BOHOYHBIX >XMBOTHBIX
(Ciliophora, Copepoda, Amphipoda u Insecta), koTo-
pBle TakXe OTMeueHBl M B IHIIEBOM cIleKTpe 6aii-
Kajckoro omyJia. IIpencrasutenu ponoB Acidovorax,
Acinetobacter, Pseudomonas u Ip. ObBUIM BHIABJIEHH y
6oJiee uem 20 BumoB nHy3opuii (Ciliophora) (Zhang
et al., 2024). TIpu ucciaeJOBaHUHU MUKPOOPTAaHU3MOB,
acCOLUUPOBAHHBIX C MUKPOCKOIMYECKUMHU MOPCKUMU
6eCII03BOHOYHBIMY, YacTO [eTeKTUPYIOTCS IpejcTa-
BUTENIU MaToreHHbIx pomoB (Wardeh et al.,, 2015).
HccremoBaHusa GaKkTepHasIbHBIX COOOIIECTB 300ILIAH-
KTOHa o3epa BuBa nokasanu, uto Acinetobacter npucyT-
ctByeT v Daphnia pulicaria Forbes, 1893, Eodiaptomus
japonicas (Burckhardt, 1913) u Cyclopoida spp. (Tuhin
et al., 2023). TlpeacraBurtenu poxda Acinetobacter 6bLTH
JetekTupoBaHsl y Eurytemora affinis (Poppe, 1880),
[IpeArnoJyarajaock, 9YTO yBeJandeHUe A0JIN 3TUX MHUKPO-
OpraHM3MOB B OTBET Ha BO3EHCTBHE MeOU MOXeT CIO-
cOOGCTBOBATH 3aLIUTE XO3sUHA OT AEHCTBUA TOKCUYHBIX
BemgectB (Colin et al., 2023). ITokazaHa 6akTepuajbHasA
KoJIoHU3anus Acinetobacter 5K30CKeJIeTOB BeCJIOHOTHX
paukoB poaa Diaptomus (Holland and Hergenrader,
1981). MUzyueHme OGakTepuaJbHOr0 pa3zHOOOpa3us
HaceKOMBIX I[I0Kaszajio IpeoOsafgaHue Acinetobacter
y demryekpwuUibix oTpsafga Lepiddptera (Naveed et al.,
2024). Cumbuortuueckrue 6GakTepUu HaCEKOMBIX y4a-
CTBYIOT B MeTaboJii3Me UHCEKTHUIMAOB U repOuIi0B
(Zhao et al., 2022), pacTUTEeJIbHBIX TOKCUHOB (Zhang
et al., 2020), deHospHBIX TyIMKO3uAoB (Mason et al.,
2016) u xymopopranuyeckux nectunugos (Ozdal et al.,
2016). K coxasyieHuio, cBelleHUs O IpeJICTaBUTEJISAX
pona Acinetobacter, accounUpoBaHHHX ¢ 6ecro3BO-
HOYHBIMU XMBOTHBIMU O3epa Balikas MasiounciieHHBL.
W3BecTHO 00 MX [deTeKINU y INPEeCHOBOIHBEIX TI'yOOK
ponoB Baicalospongia, Lubomirskia wn Swartschewskia
(Parfenova et al., 2008) u nmokazaHO JOMUHHPOBaHUE
aTuX 6akTepuii y ambunon Eulimnogammarus verrucosus
(Gerstfeldt, 1858) (IlfamoBa u Ap., 2023). C y4yeTom
(dakTopoB BUpyJEHTHOCTU Acinetobacter, a WMEHHO,
rugpodobHOCTH KJIETOYHOH IOBEPXHOCTU U COCTABY
depmeHTOB (ypeasa, scTepasbl, ¢ocdaTasbl, JUMIA3H),
6aKTepuy 3TOTO pojia MOTYT YCIIEIIHO IPHJIMIATh K
KJIeTKaM XO03sMHa U KOJIOHU3MPOBAaTh €ro BHeIIHNe
[TOKPOBHI U KUIIEYHUK.

B mpubpexHO-cOpOBOIl 30He, rle IPOHUCXOAUT
HarysJ MoJioau OalKaJbCKOro OMYJiA, CMEPTHOCTh
pBIO MOXeT OBITh CBf3aHa C XUI[HUYECTBOM PHIOOAM-
HbIx nTull. CokpalleHre 3anacoB 6aliKaabCKOro OMYyJIA
cOBIajilaeT Cc KartacTpodUYecKUM YyBeJIMYeHHEeM YIC-
JnenHocty OGonbuioro 6axiaHa Phalacrocorax carbo
(Linnaeus, 1758) (EnaeB u Ap., 2021). BeicTpble TeMIIbI
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eCTeCTBEHHOH PeMHTPOLYKINH JaHHOTO BH/1a 00y CJI0B-
JIeHbl MaCCOBBIM IlepecejieHueM ero M3 APYIUX peru-
OHOB OOUTaHMsA, BbI3BaHHBIE MHOTrOJIETHEN 3acyXoun
B ceBepo-BoCTOYHOM Kurtae u BOCTOYHOI MoOHrosmu
(EmaeB u np., 2024). B sxocucreme 03. batikan 60b-
o 6akJIaH MOCTeleHHO OCBaNBaeT TY SKOJIOTUYECKYI0
HUIIY, KOTOPYIO KOTJja-TO 3aHUMaJ1, GopMUpPYs HOBBEE
OUOI[eHOTHYeCKYe CBA3M U OTHOIIEHUs BHYTpHU OHO-
reoleHo30B. ITokasaHo, uTo Gosblre GakIaHbl MOTYT
CII0COOCTBOBATh BO3HMKHOBEHUIO U PACIPOCTPaHEHUIO
OPHUTO30B U TeJIbMUHTO30B Ha TEPPUTOPHUU CBOETO
oburtanus (Enaes u gp., 2024). Kpome storo, orpom-
Hble KOJIOHUU ITHI] ABJIAITCA UCTOYHUKOM IOCTYILIe-
HUA B BOJy 03epa OOJIBIIOr0 KoJinuecTBa OGaKTepuil
BMecTe C 3KCKpeMeHTaMU. MccesiefoBaHA MUKPOOHOTH
KHIIeYHNKa 6akjaHa IoKasay, 9To cpenu Habiomae-
MBIX F€HOTUIIOB GBI OGHApYXeHbI pojia C MOTEHIU-
aJIbHON NaTOreHHOCTHIO Ui 4ejloBeKa W/WJIM IITHIL,
Takue kak Campylobacter, Corynebacterium, Clostridium,
Mycobacterium, Yersinia u papyrue. IlpencraButenu
pona Acinetobacter Taxxe OBUIN JeTEKTUPOBAaHH B
cocTaBe MHMKPOOHOro cOOOIIecTBa KHUIIeYHUKA 3TOTO
Bupa nrur (Laviad-Shitrit et al., 2017). Kpome 3Toro, B
KHIIeYHNKe GOJIBIIOro 6aKjiaHa YacTo BHIABILIN OaKTe-
pUH, YCTOMYMBBEE K IPOTUBOMUKPOOHBEIM IIpernapaTram
(Dias et al., 2012; Gross et al., 2022), B ToM u4ucJie U
natoreHHbie Ut peid (Odoi et al., 2021). Temmnepartypa
Xeynyaka (Iokasaresb TeMIEpaTypsl sApa Teja) y
6opIINX 0AKJIAHOB BO BpeMs JOOBIYM MUIUA CUJIBHO
BapbupyeT, coctabisasg oT 31 Ao 42°C (Grémillet et al.,
1998). BeneacTBUe TOrO, UTO TEMIlEpaTypa pocra Mpu-
POIHBIX BUAOB U IITaMMOB Acinetobacter Haxomurcsa
B quanasoHe 33-35°C, a yCJIOBHO MAaTOTeHHBIX U30JIs-
ToB npu 37°C, MOXHO IPeIIOJIOXUTh BO3MOXHOCThb
MHTEHCHBHOI'O POCTa IMITAMMOB B KHUIIEYHUKe IITHUII.
[pencraBurenu pona Acinetobacter Takxe ObUTH JETEK-
THPOBAHHEl B COCTaBe MHUKPOOHBIX COOOIIeCTB KHIIeY-
HUKa 03epHbIX 4aek Larus ridibundus Linnaeus, 1766
(Liao et al.,, 2019) u cepebpucroii Larus argentatus
Pontoppidan, 1763 (Merkeviciene et al., 2017), koTo-
pBle ABJIAIOTCA OOBIYHBIMU THe3AAMMMUCS BUJAMU Ha
CenenruHckoMm MeJikoBojibe (ITomos, 2004). OaHako, K
HacTosAlleMy BpeMeHU JJaHHble 00 y4acTUU KOJIOHUATIb-
HBIX [ITUL] B IUPKYJIANNY TATOTeHHBIX U YCJIOBHO IATO-
reHHbBIx OakTepuii pei6 B sKocucTteMe o3epa batikan
OTCYTCTBYIOT.

OT6op mnpob6 6alKkaJabCKOTO OMYJIA IPOBO-
JWIN B KOHIle Mas, cpasy Iocjie TasHUA JIeJOBOTO
oKpoBa. U3BeCTHO, 4TO B 3TOT Nepuof 6akTepuu poaa
Acinetobacter ABNAITCA OAHUMHU W3 JTOMUHUPYIOMINX
B cocTaBe OaKTepUaJIbHBIX U MHKPO3YKapHOTHYECKUX
coolIecTB B meJjlarnyeckoi 3oHe o3zepa (Mikhailov et
al., 2022). C yueToM BHIIIECKA3aHHOTO, MOXHO YTBEP-
XJ1aTh, YTO JJeTeKTUPOBAHHbIE HAMU MUKPOOPraHU3MEI
HOCTYTIWJIN B KUIIEYHUK GaliKaIbCKOro OMYJIS U3 BOIBI
U C KOPMOBBIMU OOBEKTaMU, IIOCKOJIBKY SIBJIAIOTCS
CTPOro a’pobHBIMU rereporpodamu. JleTeKTHPOBaHIE
HaMH 3THX YCJIOBHO NATOTeHHBIX OaKTepUil U OTCYyT-
cTBUe y pHIO IIPH3HAKOB 3a0071€BaHUIT CBUIETEIbCTBYET
0 6JIaroNpUATHBIX 3KOJIOTMYECKUX IapaMeTpax Cpeisl
obuTaHus OalikaJibCKOro OMYJIs Ha MecTax 3UMOBKHU B
nejaruainy osepa Baiikair.
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4. 3aknioueHue

B pamkax npoBeieHUs NepBUYHOIO CKPUHUHTA
[IOTEHI[aJIbHO NaTOTeHHBIX MUKPOOPraHU3MOB B ppIOax
o3epa bBaiikay ¢ noMoIbI0 BEICOKOIIPOU3BOAUTEIbBHOTO
CEeKBEHNPOBaHUA aMIUIMKOHOB 16S pPHK B kuieyHnke
6aliKaIbCKOro OMYJIS CEJIEHTMHCKOM MOy JIALNN BBISAB-
JieHsl ocsiegoBatesHOCcTH (18 ASV) Acinetobacter spp.
[IpeacraBuTes poja ABJAIOTCA CTPOro a’3pOOHBIMU
retepoTpod@HeIMU O6akTepusaMu. OHU MIKUPOKO paclpo-
CTpaHeHBH! B [IPECHBIX BOJOEMaXx, I03TOMY MOTYT IOCTY-
MaTh B MUIIEBAPUTEBHBIN TPAKT PHIO ¢ BOAOU U/WJIU
KOpMOBEIMHU oObekTamu. IIpucyTcTBue cpeau obHapy-
)keHHbIX ASV mocJiemoBaTesbHOCTEN BUAOB A. lwoffii,
A. johnsonii u A. pittii — NU3BECTHBIX YCJIOBHO MaTOT€EH-
HBIX OaKTepuil U OTCYTCTBUE y PBIO MpU3HaAKOB 3a60-
JleBaHUI CBHJETeJIbCTBYeT O OJIaronpUATHBIX 3KOJIO-
ruyecKkux rnapamMeTpax cpedbl o0uTaHUsA 6aNKaIbCKOTr0
OMyJi Ha MecTaxX 3UMOBKHU B Ilejiaruanu ozepa. Hamre
rccjlefloBaHue Takxe IOKa3aao cjiabyi H3yueHHOCTb
acconuanuii mpeacTaBUTeNell poja Acinetobacter ¢
6ecro3BOHOYHBIMM JKMBOTHBIMHU bBaiikajia u moOJIHOe
OTCYTCTBME JaHHBIX 00 y4acTUM KOJIOHHWAJIbHBIX IITUI] B
LIUPKYJIALNY TaTOTeHHBIX U YCJIOBHO MAaTOTeHHBIX Oak-
Tepuii prIb B 3KOCHCTEME O3epa.
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