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ABSTRACT. For the first time, the composition of microbial communities in the sediments of the cold
freshwater spring Churek-Dorgun, located in the Kaa-Khem district of the Republic of Tuva, was studied
using high-throughput sequencing. According to the chemical composition, the water of the Churek-
Dorgun spring belonged to the sulfate-hydrocarbonate calcium type with weak mineralization (0.39 g
/ L) and neutral pH values (6.8 - 7.3). According to the sequencing results, 38,066 reads of 16S rRNA
gene belonging to the Bacteria and Archaea domains were identified in the sediments sample. Archaea
accounted for 0.27% of the microorganisms, with the phylum Methanobacteriota predominating. In total,
23 phyla in the bacterial microbial community were identified. Three bacterial phyla - Pseudomonadota,
Bacillota, and Bacteroidota - which are typical of freshwater microbial communities dominated. The
basis of the silt microbial community was widespread widespread in different ecosystems microorgan-
isms: Aeromonas, Psychrosinus, Malikia, Dechloromonas, Sunxiuqinia, Thiobacillus, Geobacter, Litorilinea,
Giesbergeria and Rivibacter. They have different physiological properties and metabolism. Microorganisms
involved in the sulfur cycle were also found in the silt, including chemolithotrophic sulfur-oxidizing
bacteria of the genus Thiobacillus (class Betaproteobacteria, 3.02%), microaerophilic sulfur-reducing bac-
teria of the genus Geobacter (class Deltaproteobacteria, 2.86%), and sulfate-reducing Deltaproteobacteria.
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1. Introduction their ecological roles (Li et al., 2012; Akimov et al.,
. . 2013; Alsop et al. 2014; Fang and Yan, 2022; Wang
) Mineral Springs are favoral?le ecosystems for. Fhe et al., 2022; etc.). In addition, the accumulated data-
existence and functioning of microbial communities bases provide conditions for analyzing the diversity
tbat actively participate in the product1on. and destruc- of cultured and uncultured microorganisms, clarifying
tion of organic matter, the trapsformatlon Of gases, the functional activity of microbial communities, and
the formation qf minerals and biologically active sub- searching for new metabolic complexes with biotech-
stances (Zavarzin, 2903; Nar_nsaraev et al., 2011; AISPP nological and biomedical potential (Streit and Schmitz,
et al., 2014). Intensive physicochemical processes with 2004; Alsop et al. 2014).
tbe participation of photo- .and chemosynthetic bac.te- Tuva Republic has numerous natural water heal-
ria occur in water and sediments, where,‘ along with ing resources, which are unique testing grounds for
producers, destructors Play a large role in the cycle studying the microbial communities of aquatic sys-
of carbon, gulfur, .and Iron (Nam§araey et al, 20.1.1)' tems. Almost all types of mineral springs are found on
Metagenomic studies of natural microbial communities its territory: carbonic and nitrogen thermal springs
hav'e made it possibl.e to dete1'*mine th_e putative physio- carbonic and hydrogen sulfide cold springs, salty and
logical and metabolic strategies of microorganisms and acidic, radon, and ferruginous springs (Arakchaa and
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Kuzhuget, 2013). Studies of the microbial communities
of mineral springs in this region are few, and the diver-
sity of microbial communities by molecular genetic
methods to date has not been studied.

The aim of this work was to study the hydro-
chemical characteristics and taxonomic diversity of
microbial communities of silt in the Churek-Dorgun
cold spring using high-throughput sequencing.

2. Materials and methods

The objects of the study were water and silt from
the Churek-Dorgun fresh spring, located 5-6 km north-
west of the former SovTuva state farm in the Kaa-Khem
district of the Republic of Tuva (Fig. 1).

For this study, water and silt samples were
obtained from two outlets in the studied source accord-
ing to generally accepted methods corresponding to
regulatory documents. For molecular genetic analysis,
sediments samples were collected in sterile contain-
ers and fixed in a 1:1 volume ratio with 2 X DNA/RNA
Shield Stabilization Solution reagent (Zymo Research,
USA).

Water and sediments analysis were carried out
using classical and modern instrumental methods at the
Laboratory of Physical and Chemical Research Methods
of Tuva State University (Kyzyl). The physicochemical
characteristics of water at the sampling sites were deter-
mined using portable devices and standard hydrochem-
istry methods that comply with regulatory documents.
The collected sediments samples from the source under
study were analyzed by X-ray fluorescence for the con-
tent of Mg, Al, Si, Zn, P, K, Ca, Ti, Cr, Mn, Fe, Ni, Sr,
V, Co, and Cu on a SPECTROSCAN MAX-GV analyzer
(Russia).

Total DNA was isolated using commercial
DNA-sorb kits (AmpliSens, Russia) and the Bacterial
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Fig.1. Map of the location of the Churek-Dorgun spring

Genomic DNA kit (Axygen, USA), taking into account
the previously proposed modifications (Belkova, 2009).
Sequencing of variable regions V3 — V4 of the 16S rRNA
gene was performed at the Center for Collective Use of
Scientific Equipment “Persistence of Microorganisms”
of the Institute of Cellular and Intracellular Symbiosis,
Ural Branch of the Russian Academy of Sciences
(Orenburg) on a MiSeq sequencer (Illumina, USA).
Pyrosequencing pipeline resources (https://pyro.cme.
msu.edu) were used for bioinformatic analysis of the
libraries. The obtained reads were aligned and clus-
tered using the Complete Linkage Clustering program
(https://pyro.cme.msu.edu). The taxonomic diversity
of the community was assessed at different cluster
distances corresponding to the following taxa: 0.03
(97%) — species, 0.05 (95%) - genus, and 0.1 (90%)
— family, using the Rarefaction program (https://pyro.
cme.msu.edu). The classification of species was based
on the genotypic approach in accordance with the
International Code of Nomenclature of Bacteria (ICNB).

3. Results and discussion
3.1. Characteristics of the mineral spring

The Churek-Dorgun spring (51°43’ 46.16” E
094°45’ 4.46” N) is located at the foot of the moun-
tain in the Kaa-Khem district of the Republic of Tuva
at an altitude of 850 m above sea level. The water
temperature at the sampling sites reached 5-6°C. The
color of the studied waters varied from 3.84 to 9.61
degrees of color (Table 1). Both water outlets had neu-
tral pH values. The spring flow rate is low. The water
of the Churek-Dorgun spring belonged to medium-hard
waters. The dry residue content reached 0.40 mg/L.
The total concentration of consumed oxygen, corre-
sponding to the number of permanganate ions, in the
studied water samples reached 3.5 mgO/L.
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Table 1. Physicochemical characteristics of the analyzed waters

Parameters Sample No. 1 | Sample No. 2 MAC*
Temperature, °C 5.0 6.0 20
pH 6.8 7.3 6-9
Color, degree of color 3.84 9.61 20
Turbidity, UF 0 0 2.6
Permanganate oxidizability, mgO/L 3.52+0.70 3.44+0.69 3.00
Free carbon dioxide, g/L 30.8+3.0 28.6+2.8 -
Total hardness, “XK 6.1+1.2 6.4+1.2 7.0
Dry residue, mg/L 0.38+0.07 0.40x0.07 1000

Note: *MAC value is given in accordance with SanPiN 2.1.3684-21

The content of free carbon dioxide was 31.0
mg/L, and hydrocarbonate ions were more than 200
mg/L. The concentration of sulfate ions reached 170
mg/L and that of chloride ions was 9.6 mg/L (Table
2). Nitrate and nitrite ions were present in smaller
quantities.

The water contained up to 61 mg/L of calcium
ions and up to 30 mg/L of magnesium ions, which
play important roles in the functioning of the cardio-
vascular system, energy metabolism processes, and
control of cholesterol levels in the human body. The
content of ammonium ions (up to 0.8 mg/L) and total
iron (up to 0.06 mg/L) in the studied spring waters
was insignificant. All values did not exceed the MAC
and corresponded to drinking water. When studying
the elemental composition of the sediments samples
from the Churek-Dorgun spring using the X-ray fluo-
rescence analysis method, elements were found that
can be divided into the following groups: vital (essen-
tial, biogenic) — macroelements (magnesium, sodium,
phosphorus, sulfur, calcium, potassium, chlorine) and
microelements (manganese, zinc, iron, chromium);
conditionally essential (silicon); toxic (aluminum, bar-
ium) and potentially toxic (strontium, rubidium, tita-
nium, nickel) (Skalny, 2003). In the studied sediments
samples, Mg, K, Ca, and P were found among the mac-
roelements (Table 3). The studied samples were domi-
nated by calcium (4.48 — 6.55%) and magnesium (2.24

Table 2. Ion content in water from the Churek-Dorgun spring

— 3.4%), which are essential (biogenic) elements that
play an important role in the functioning of the car-
diovascular system, energy metabolism processes, and
control of cholesterol levels in the human body. The
silicon content in the studied samples reached 56%,
which improves kidney function and metabolism and
helps with stomach and liver diseases.

The contents of metals (nickel, zinc, copper, and
cobalt) in the studied sediments exceeded the MAC
(Table 4), but in accordance with the scheme of stan-
dardization of heavy metals in soils adopted by doctors,
the migration water index of harmfulness (transition
into water) of nickel, copper, and cobalt was higher.
This shows that the detected content of nickel, copper,
and cobalt in the sediments is not dangerous to human
life.

3.2. Phylogenetic diversity and functional
characteristics of the microbial community
in the sediments of the Churek-Dorgun

spring

Based on the sequencing results, 38066 reads
belonging to the Bacteria and Archaea domains were
identified in the sediments sample. In the micro-
bial community of the sediments, 104 reads (0.27%)
were assigned to the Archaea domain, of which 85

Determined components, Sample Nol Sample No2 MAC*
mg/L
HCO, 271.5%£29.9 274.3+30.2 500
SO,*> 166.5+33.3 169.8+33.9 500
cl 9.57+1.53 8.86+1.40 350
NO, 3.15+0.56 2.85+0.51 45
NO, 0.08+0.01 0.05+0.01 3.0
K*+Na* 146.3+29.3 160 = 32 200
Ca2* 56.2+2.8 60.8+3.0 200
Mg2* 29.6x4.4 27.1x4.0 100
NH,* 0.74+0.19 0.80+0.21 2.5
Fe?* { Fe’* 0.05+0.013 0.06 +0.015 0.3

Note: *

MAC value is given in accordance with SanPiN 2.1.3684-21
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were assigned to the phylum Methanobacteriota, 14
to Nitrososphaerota, and 5 to the phylum Candidatus
Pacearchaeota. It should be noted that the reads were
identified at the genus level: Methanothrix (class
Methanomicrobia, Methanobacteriota), Methanosarcina

(class Methanomicrobia, Methanobacteriota),
Methanomassiliicoccus (class Thermoplasmata,
Methanobacteriota), and Nitrososphaera (class
Nitrososphaeria, Nitrososphaerota), as well as the
Pacearchaeota_Incertae_Sedis AR13 group (class
Epsilonproteobacteria, = Candidatus  Pacearchaeota).

The genus Methanomassiliicoccus is represented by
the only culturable species at the time of writing,
Methanomassiliicoccus luminyensis, which was isolated
from human feces (Dridi et al., 2012). This species is
a mesophilic, obligately anaerobic methanogen grow-
ing in the temperature range of 25-45°C (optimum at
37°C), pH 7.2-8.4 (optimum at pH 7.6), and salinity
of 0.1-1.0% (optimum 1.0%). It produces methane
from hydrogen and methanol. The genus Nitrososphaera
is also represented by the only culturable species,
Nitrososphaera viennensis, isolated from soil. It is a
mesophilic, neutrophilic, and aerobic ammonium-oxi-
dizing microorganism with an optimal growth tempera-
ture of 42°C and pH 7.5 (Stieglmeier et al., 2014). Thus,
archaea comprised 0.27% of the microorganisms in the
sediments community and were represented by meso-
philic species.

The bacterial community of the sediments was
quite diverse and represented by 2365 phylotypes. A
total of 23 phyla were identified in the eubacterial micro-
bial community, among which the dominant ones were
Pseudomonadota (50.9% of the total number of reads),
Bacillota (17.4%), Bacteroidota (15.9%), Chloroflexota
(5.5%), Actinomycetota (3.8%), Verrucomicrobiota
(1.7%), Acidobacteriota (1.3%), and Mycoplasmatota
(1.3%) (Fig. 2). The distribution of these phyla is typi-
cal of freshwater microbial communities located in dif-
ferent geographical zones of the world (Newton et al.,
2011). The microbial community of the sediments con-
sisted of the genera Aeromonas, Psychrosinus, Malikia,

Table 3. Content of macroelements in the studied sam-
ples of sediments from the Churek-Dorgun spring

Elements Sample Nol Sample No2
Macroelements, %

Ca 6,55 4,48
Mg 2,24 3,4
1,14 0,63

p 0,15 0,26

Conditionally essential elements, %
Si 55,67 53,05

Note: *MAC values of chemical substances in soils and
permissible levels of their harmfulness are given in accor-
dance with SanPiN 4266-87

Dechloromonas, Sunxiuqinia, Thiobacillus, Geobacter,
Litorilinea, Giesbergeria, and Rivibacter, which are wide-
spread in different ecosystems and have different phys-
iological properties and metabolisms (Table 5). They
have a high adaptive potential for survival under vari-
ous conditions, including extreme ones. The sediments
community is dominated by representatives of the
phylum Pseudomonadota (50.9%), which is widespread
in a variety of habitats and is characterized by high
diversity and abundance (Tobler and Benning, 2011,
Wang et al., 2012; Parfenova et al., 2013; De Leon et
al., 2013; Zinke et al., 2018; Dagurova et al., 2023,;
etc.). In the bacterial community of the sediments,
the class Gammaproteobacteria was characterized by
the predominance of chemoorganotrophs of the genus
Aeromonas (9.83%) and microaerophilic sulfur- and
iron-reducing bacteria of the genus Geobacter (class
Deltaproteobacteria, 2.86%). The genus Aeromonas
includes more than 30 Gram-negative bacterial species
that naturally inhabit aquatic environments (Aravena-
Roman et al., 2013; Marti and Balcazar, 2015; etc.). In
addition to water, Aeromonas are widely distributed in

Table 4. Trace element content in the studied sediments samples from the Churek-Dorgun spring

Elements Sample Nol Sample No2 MAC_,,, Hazard indicators
co:gd/lé fisgi:he Translocation Water Geqeral
background sanitary
Potentially toxic, mg/kg
Ni 11.76 +0.03 9.82+0.03 4.0 6.7 14.0 4.0
Sr 101.4+0.8 349.3+2.5 600
Trace elements, mg/kg
Mn 147214 1149=11 1500 3500.0 1500.0 1500.0
Zn 195.8+2.1 196.8+2.0 23.0 23.0 200.0 37.0
\% 100.1+0.8 63.1+0.4 150.0 170.0 350.0 150.0
Cu 43.3+£3.2 42.6+3.1 3.0 3.5 72.0 3.0
Co 18.4+0.5 14.6+0.2 5.0 25.0 >1000 5.0
Trace elements, %
Fe 7.56 5.1 -
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_other 1,37%

unclassified 0.97%

Bacillota
17,40%

Actinomycetota 3,80%

Acidobacteriota 1,30%

Mycoplasmatota 1,30% “

Chloroflexota 5.50% | Verrucomicrobiota 1.70%

= Pseudomonadota

= Verrucomicrobiota

= Chloroflexota

= Mycoplasmatota

= Bacteroidota
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= Actinomycetota
Bacillota

= unclassified

= gther

Fig.2. Bacterial community composition of the Churek-Dorgun spring sediments

a wide variety of sources, such as soil, vegetables, and
food products (McMahon and Wilson, 2001; Goncalves
Pessoa et al., 2019; Barger et al., 2021; Pérez-Garcia et
al.,, 2021). These microorganisms, usually considered
as pathogens of fish and some other animals, are gain-
ing increasing importance in medical research because
of their ability to colonize and infect humans (Mohan
et al., 2017, Pessoa et al., 2022).

Betaproteobacteria were dominated by bacteria
of the genera Malikia (5.55%), Dechloromonas (4.33%),
Thiobacillus (3.02%), Giesbergeria (1.99%), Rivibacter
(1.98%), Rhodoferax (1.62%), Sideroxydans (1.0%),
and Acidovorax (1.0%). The genus Malikia includes
two culturable species that accumulate polyhydroxy-
alkanoates and polyphosphates, Malikia granosa, iso-
lated from activated sludge of a municipal waste-

Table 5. Representation of dominant phylotypes in microbial communities of the Churek-Dorgun spring sediments

Ne Phylotype Proportion of reads from the
total number, %
1 Aeromonas (Pseudomonadota, class Gammaproteobacteria) 9.83
2 Psychrosinus (Bacillota, class Negativicutes) 8.48
3 Malikia (Pseudomonadota, class Betaproteobacteria) 5.55
4 Dechloromonas (Pseudomonadota, class Betaproteobacteria) 4.33
5 Sunxiuginia (Bacteroidota, class Bacteroidia) 3.89
6 Thiobacillus (Pseudomonadota, class Betaproteobacteria) 3.02
7 Geobacter (Pseudomonadota, class Deltaproteobacteria) 2.86
8 Litorilinea (Chlorofiexota, class Caldilineae) 2.17
9 Giesbergeria (Pseudomonadota, class Betaproteobacteria) 1.99
10 Rivibacter (Pseudomonadota, class Betaproteobacteria) 1.98
11 Mariniphaga (Bacteroidota, class Bacteroidia) 1.67
12 Rhodoferax (Pseudomonadota, class Betaproteobacteria) 1.62
13 Prolixibacter (Bacteroidota, class Bacteroidia) 1.57
14 Ornatilinea (Chlorofiexota, class Anaerolineae) 1.53
15 Mangrovibacterium (Bacteroidota, class Bacteroidia) 1.51
16 Clostridium sensu stricto (Bacillota, class Clostridia) 1.45
17 Ilumatobacter (Actinomycetota, class Acidimicrobiia) 1.04
18 Tabrizicola (Pseudomonadota, class Alphaproteobacteria) 1.01
19 Sideroxydans (Pseudomonadota, class Betaproteobacteria) 1.0
20 Acidovorax (Pseudomonadota, class Betaproteobacteria) 1.0
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water treatment plant, and Malikia spinosa, isolated
from river in USA (Spring et al., 2005). The genus
Dechloromonas is represented by chlorate-reducing bac-
teria (Achenbach et al., 2001; Wolterink et al., 2005).
Representatives of Betaproteobacteria also include sulfur
chemolithotrophic sulfur-oxidizing bacteria of the gen-
era Thiobacillus (3.02%), heterotrophic bacteria of the
genera Giesbergeria (1.99%), and Rivibacter (1.98%),
moderately psychrophilic non-sulfur bacteria of the
genus Rhodoferax (1.62%), and freshwater iron-oxidiz-
ing bacteria Sideroxydans (1.0%). The genus Acidovorax
belongs to the Comamonadaceae, which contains some
plant pathogens such as Acidovorax avenae, which cause
bacterial fruit spots on melons (Willems et al., 1992).
Other Acidovorax species oxidize ferrous iron under
anaerobic conditions, forming iron minerals in the soil.
Among them, psychrophilic hydrogen bacteria from
tundra soil (Vasilyeva et al., 1998) and aerobic bacteria
from the Collins Ice Front soil on the Fildes Peninsula,
Antarctica (Xu et al., 2019) were also identified.

The Alphaproteobacteria class is represented by
the genus Tabrizicola (family Rhodobacteraceae), the
presence of which is usually associated with the bio-
geochemical cycling of sulfur (Chen et al., 2014).

It should be noted that in total, representatives of
twenty dominant phylotypes in the microbial commu-
nity account for approximately 58% of the total number
of reads analyzed, and the remaining 42% are minor
groups, which include bacteria of different phyla.

The phylum Bacteroidota accounts for 15.9% and
is mainly represented by the phylotypes Sunxiuginia
(3.89%), Mariniphaga (1.67%), Prolixibacter (1.57%),
and Mangrovibacterium (1.51%). Representatives of the
genus Prolixibacter include a psychrotolerant anaerobe
isolated from the surface of an electrode incubated
in marine sediments. It is a facultative anaerobe that
can ferment sugars by the mixed acid fermentation

pathway, and it can grow in a wide range of tem-
peratures (4-42°C) (Holmes et al., 2007). The genus
Mangrovibacterium is represented by lignin-degrading
and nitrogen-fixing bacteria isolated from sediments
under mangrove trees (Huang et al., 2014; Sun et al.,
2020; Wu et al., 2014).

The phylum Bacillota include representatives of
the genera Psychrosinus (8.48%, class Negativicutes).
The genus Psychrosinus is currently represented by a
single psychrophilic obligate anaerobic lactate-ferment-
ing species Psychrosinus fermentans isolated from water
sample from permanently ice-covered meromictic Lake
Fryxell, Antarctica (Sattley et al., 2008).

The community structure at the top 20 phylotype
level also includes Chloroflexota and Actinomycetota,
accounting for 5.5% and 3.8% of the total reads,
respectively.

The phylum Chloroflexota includes two genera,
Litorilinea (2.17%) and Ornatilinea (1.57%), each of
which currently has a single representative. The cel-
lulolytic member of the class Anaerolineae, Ornatilinea
apprima, is an obligate anaerobic, mesophilic, organo-
trophic bacterium that was isolated from a microbial
mat formed in hot water from deep borehole in Western
Siberia (Podosokorskaya et al., 2013). Litorilinea aeroph-
ila is an aerobic member of the class Caldilineae, iso-
lated from a tidal hot spring in northwest Iceland (Kale
et al., 2013).

The phylum Actinomycetota is represented by the
genus Ilumatobacter isolated from estuarine sediments
of Kuira-Gava River in Japan and coastal sand collected
from the sea coast of Japan (Matsumoto et al., 2009;
2013).

The microbial community contains chemotrophic
bacteria involved in the sulfur cycle. They are sulfur-re-
ducing bacteria Geobacter (Geobacteraceae) and Hippea
(Desulfobacterales), sulfur-oxidizing bacteria Thiobacillus

Table 6. Representation of functionally significant phylotypes of sulfur cycle bacteria in the microbial community of the

Churek-Dorgun spring sediments

Phylotype Number of reads, pcs.
Sulfur-reducing bacteria
Geobacter (Geobacteraceae, Deltaproteobacteria) 1089
Hippea (Desulfobacterales, Deltaproteobacteria) 6
Sulfate-reducing bacteria
Desulfocapsa (Desulfobulbaceae, Deltaproteobacteria) 232
Desulfobulbus (Desulfobulbaceae, Deltaproteobacteria) 191
Subdivision3 genera incertae sedis (Thermodesulfobiaceae, Deltaproteobacteria) 180
Desulfobacterium (Desulfobacteraceae, Deltaproteobacteria) 176
Desulfoprunum (Desulfobulbaceae, Deltaproteobacteria) 151
Desulfosalsimonas (Desulfobacteraceae, Deltaproteobacteria) 116
Desulfatirhabdium (Desulfobacteraceae, Deltaproteobacteria) 44
Aminicenantes genera incertae sedis (Desulfovibrionaceae, Deltaproteobacteria) 35
Desulfovibrio (Desulfovibrionaceae, Deltaproteobacteria) 34
Desulfonatronum (Desulfovibrionaceae, Deltaproteobacteria) 25
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Desulfopila (Desulfobulbaceae, Deltaproteobacteria) 23
Desulforhabdus (Syntrophobacteraceae, Deltaproteobacteria) 19
Desulfofaba (Desulfobacteraceae, Deltaproteobacteria) 17
Desulfotomaculum (Peptococcaceae 2, Deltaproteobacteria) 17
Desulforegula (Desulfobacteraceae, Deltaproteobacteria) 16
Desulfomonile (Syntrophaceae, Deltaproteobacteria) 13
Desulfomicrobium (Desulfomicrobiaceae, Deltaproteobacteria) 13
Desulfobacca (Syntrophaceae, Deltaproteobacteria) 10
Thermodesulfovibrio (Nitrospiraceae, Nitrospira) 7
Desulfatiferula (Desulfobacteraceae, Deltaproteobacteria) 6
Syntrophobacter (Syntrophobacteraceae, Deltaproteobacteria) 6
Desulfotalea (Desulfobulbaceae, Deltaproteobacteria) 6
Desulforhopalus (Desulfobulbaceae, Deltaproteobacteria) 3
Desulfococcus (Desulfobacteraceae, Deltaproteobacteria) 3
Desulfatiglans (Desulfobacteraceae, Deltaproteobacteria) 3

Sulfur-oxidizing bacteria

Thiobacillus (Hydrogenophilaceae, Betaproteobacteria) 1147
Sulfuritalea (Rhodocyclaceae, Betaproteobacteria) 111
Thiohalomonas (Ectothiorhodospiraceae, Gammaproteobacteria) 78
Sulfurisoma (Rhodocyclaceae, Betaproteobacteria) 54
Sulfuricurvum (Helicobacteraceae, Epsilonproteobacteria) 34
Thiohalocapsa (Chromatiaceae, Gammaproteobacteria) 32
Thioalkalibacter (Halothiobacillaceae, Gammaproteobacteria) 30
Thiohalophilus (Ectothiorhodospiraceae, Gammaproteobacteria) 26
Thiogranum (Ectothiorhodospiraceae, Gammaproteobacteria) 12
Halothiobacillus (Sinobacteraceae, Gammaproteobacteria) 11
Thioprofundum (Thioalkalispiraceae, Gammaproteobacteria) 7

Purple sulfur bacteria
Thiocapsa (Chromatiaceae, Gammaproteobacteria) | 4
Heterotrophic microorganisms that are potentially involved in the oxidation of hydrogen sulfide, molecu-
lar sulfur, and thiosulfate
Pseudomonas (Pseudomonadaceae, Gammaproteobacteria) | 26
(Hydrogenophilaceae), Sulfuritalea (Rhodocyclaceae), of the obtained 16S rRNA gene sequencing, phylotypes

purple sulfur bacteria Thiocapsa (Chromatiaceae), and
sulfate-reducing bacteria (Table 6).

4. Conclusions

The Churek-Dorgun spring is a cold fresh spring
with a mineralization of 0.39 g/L and neutral pH.
The spring water is of medium hardness and belongs
to the calcium sulfate-bicarbonate type. The element
composition in silt was determined by the X-ray fluo-
rescence method: calcium and magnesium dominated.
Manganese, zinc and vanadium dominated among
microelements. Balneological recommendations allow
the use of the waters of the Churek-Dorgun spring in
procedures for the treatment of cardiovascular dis-
eases, hypertension, and headaches (Arakchaa, 1995).

For the first time, the taxonomic diversity of
prokaryotes in sediments samples from the Churek-
Dorgun spring was determined. Because of the analysis

937

belonging to the Bacteria and Archaea domains were
identified. Archaea comprised 0.27% of the microor-
ganisms in the sediments community and were rep-
resented by mesophilic species. The bacterial micro-
bial community of the Churek-Dorgun cold spring the
phyla typical of freshwater microbial communities
Pseudomonadota, Bacillota, Bacteroidota, Chloroflexota,
Actinomycetota, Verrucomicrobiota, Acidobacteriota, and
Mycoplasmatota dominated. At a lower taxonomic level,
bacterial phylotypes that are widespread in aquatic and
soil ecosystems and completely ensure closed cycles of
biogenic elements were dominated.
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OpuruHanbHan craTbf

dunoreHeTMueckoe pasHoobpasue [ IMNOLOGY
NPOKapHOT XONOAHOIo UCTOYHMKa Yypek- FRESEHTWATER

Aopryn (Pecnybnuka ToiBa) BIOLOGY

M

Kamkak E.C.*, Jlonncan-Engan A.B.!, BeabkoBa H.JI1.2, larypoBa O.I1.3,
Hanusosa 3.B.3, Abupayesa E.JO.2

T TyguHckuii cocydapcmaeeHHblll yHugepcumem, yJt. Jlenuna, 36, Kvisvut, 667000, Poccus

2 Hayumblii yeHmp npobyiem 300p0Gbs cembl U penpo0yKyuu yesogeka, HHcmumym snudemuosiosuu u mukpoobuostozut, yi. K.
Mapxkca, 3, Hpxymck, 664003, Poccua

3 HHcmumym obwjeti u 3xcnepumeHmasreHotl 6uostoeuu CO PAH, yit. CaxvaHogol, 6, YiiaH-Y03, 670047, Poccua

AHHOTAILIHA. BrnepBble MeTOAOM BBICOKOIIPOM3BOAUTEIFHOTO CEKBEHWPOBAaHMWA W3YyYE€H COCTaB
MHKPOOHBIX COOOIIECTB WJIA XOJIOJHOTO IPECHOTO HCTOYHUKA Uypek-J[OpryH, pacHOJIOXKEHHOTO B
Kaa-XemckoMm patioHe PecnyGivku TeiBa. [To xuMuyeckoMy cocTaBy BOABI MCTOYHUKA Uypek-ZopryH
OTHOCHJIMCH K CyJIbdaTHO-TUAPOKapOOHATHOMY KaJIbLIMEBOMY THIy O cjaboii MuHepanusanuei (0,39
r/am®) u HelTpaysbHBIMU 3HaueHusMu pH (6,8 — 7,3). Ilo pe3ysibTaraM CeKBEHHPOBAHUS B oOpasle
nia 6suto ompeneneHo 38066 mociemoBaTeabHOCTER TeHa 16S pPHK, mpuHagjexamumx AoMeHaM
Bacteria u Archaea. Apxeu cocrasuiu 0,27% MHKPOOPTaHM3MOB COOOIECTBA HWa ¢ IpeobIagaHueM
dumyma Methanobacteriota. Bcero B coctaBe 6aKTepraIbHOTO MUKPOGHOTO COOOIECTBA OmpeeieHo 23
¢dunymMa; TOMUHMPOBAIN NMpPEACTaBUTENIN TpeX GakTepuaabHbIX GrirymoB — Pseudomonadota, Bacillota
u Bacteroidota, KOTOpBIE SABJIIOTCA TUNUYHBIMY JJIA NPECHOBOOHBIX MUKPOOHBIX coobmmecTB. OCHOBY
MHKPOGHOr'0 COOOIIECTBA MJIA COCTABJILAIN MKUPOKO PACIPOCTPAaHEHHBIE B PA3HBIX 3KOCHCTEMAX MUKPO-
opraHu3msl — Aeromonas, Psychrosinus, Malikia, Dechloromonas, Sunxiuginia, Thiobacillus, Geobacter,
Litorilinea, Giesbergeria, Rivibacter ¢ pa3iuyHbIMU QU3NOJIOTUIECKUMU CBOMCTBAMU U MeTabO0IM3MOM.
B ne Taxxe oOHapy>XeHbl MUKPOOPraHN3MEbI, IPUHUMAIIYE yIacThe B [UKJIE CEPHl, CPeAU KOTOPBIX
XeMOJIUTOTpo(dHEBIE cepookuciraomue 6akrepun poaa Thiobacillus (kiacce Betaproteobacteria, 3,02%),
MHKpPOa3podUIbHEIE CEPOBOCCTAHABIIMBaWIUe OakTepuu poma Geobacter (xsiace Deltaproteobacteria,
2,86%) u cyyibdaTpenynupyoye AebTa-IpoTeobaKkTepun.

Kitioueauie csio6a: MeTareHOMHBIY aHa/Iu3, pa3HooOpa3ue OakTepuii, X0JI0AHbIe NCTOYHUKY, Uypek-J[opryH,
Pecny6iuka TriBa

Jna mqurtupoBanusa: Kamkak E.C., Jloncan-Engan A.B., BenpkoBa H.JI., Haryposa O.I1., Hauunosa O.B., A6uayesa E.IO.
duoreHeTNYECKOe pa3HooOpa3ue MPOKApUOT XOJIOJHOTo mcToyHmKa Yypek-opryH (Pecny6simka TeiBa) // Limnology and
Freshwater Biology. 2024. - No 4. - C. 931-948. DOI: 10.31951/2658-3518-2024-A-4-931

1. Beepenue posib urpaiotr Gaktepuu-gectpykropbl (HamcapaeB u

ap., 2011). MetareHOMHBIE MCCJIETOBAHUA PUPOJHBIX
MUKPOOHBIX COOOIIeCTB Aaju BO3MOXHOCTh oOIpeje-
JIUTH npeanosaraeMsle Gusnoornieckre 1 Metaboam-

MI/IHepaJ'[beIe HNCTOYHUKHN SABJIAIOTCA 6.]'[211"01'[131/1-
ATHBIMH 3KOCHUCTEMaMU OJIA pa3sBUTHUA U CI)YHK]_II/IOHI/I-

POBaHUA MUKPOGHBIX COOGIIECTB, aKTHBHO y4acTBy- YecKUe CTpaTeruyi MUKPOOPraHU3MOB U UX SKOJIOTHYe-
fomux B NPOAYKIMKA W AECTPYKIHU OPTaHMIeCcKoro ckymo pouib (Li et al., 2012; AkumoB u ap., 2013; Alsop
BellecTBa, TpaHchOpManuy ra3os, 00pa3oBaHUK MUHE- et al., 2014; Fang and Yan, 2022; Wang et al., 2022 u
paJIoB 1 GHOJIOTMYECKN aKTUBHBIX BemecTs (3aBap3uH, 11p.). KpOMe TOT0, HAKOTLTEHHEIE GA3E! JAHHBIX OGecHe-
2003; HamcapaeB u mp., 2011; Alsop et al., 2014). B YUBAIOT YCJIOBUS Ui aHAJM3a Pa3HOOOpasus KyJIbTU-
BOJIE€ M OCajIKax MMPONCXOAT MHTEHCUBHbIE (PU3NKO-XH- BUDYEMBIX U HEKyJIbTHBHDYEMBIX MHKDPOOPrAaHU3MOB,
MUYECKHE IPOLECCHL € yIacTHeM $oto- 1 xemocuHTe- BBISICHEHUSA (DYHKIMOHAIBHOM aKTUBHOCTA MUKPOOHBIX
3UpyIOIUX GakTepuid, r/ie, HAPAMY € MPOAyIeHTaMmy, COOOIECTB, a TaKXe IOMCKA HOBBIX MeTa00JIMYECKUX
B KPYrOBOPOTE YIJIEPOJa, CEPhl M Xejie3a OOJIbLIYIO KOMILIEKCOB, MMEKIINX OMOTEXHOJIOTUYECKUIA U OHO-
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MeauIUHCKUI noteHnuain (Streit and Schmitz, 2004;
Alsop et al., 2014).

Pecny6smka TeiBa 06J1a7jaeT MHOTOYMCJIEHHBIMU
MIPUPOJHEIMU BOJHBIMU JiedeOHBIMU pecypcamu, KOTo-
pBle SBJIAIOTCS YHUKAJIBHBIM ITOJIMTOHOM [l HCCJIe-
JIOBaHUSI MUKPOOHBIX cOOOIIecTB BOJHBIX cucTeM. Ha
ee TEPPUTOPUU BCTPEYAIOTCS NPAKTUYECKH BCE THIIBI
MUHEPAJIbHBIX HCTOYHUKOB: YTJIEKKCJIble U a30THBIE
TepMBl, YIJIEKHCJIBIE U CEPOBOAOPOJIHBIE XOJIOJHBIE
HMCTOYHUKH, COJIEHBIe M KHUCJIBle, PAJOHOBHIE U XeJe-
suctole (Apakyaa u Kyxyrer, 2013). HccrenoBaHus
MUKPOOHBIX COOOIIECTB MUHEpaJIbHBIX HUCTOYHUKOB B
JaHHOM pervuoHe HEeMHOTOYMCJIEHHH, pasHooOpasue
MUKPOOHBIX COOOIIeCTB MOJIEKYJIAPHO-TeHETHYeCKUMU
MeTOJaMU JI0 HaCTOSIero BpeMeH! He U3y4YeHO.

Llenpio paboTHl CTAJI0 U3yYeHUe TUAPOXUMUYe-
CKOHM XapaKTepUCTUKU M TaKCOHOMHUYECKOro Pa3HOO-
6pa3us MHUKPOOHOr0o coo0IecTBa WUJIOBBIX OTJIOKEHUN
XOJIOMHOTO HcTOYHMKa Uypek-JlopryH MeTOOM BhICO-
KOIIPOU3BOAUTEIFHOTO CEKBEHUPOBAHUS.

2. MaTepuanbl U MeTOADI

O6BeKTaMu UCCJIeJOBAaHUsA CITYXXHWJIN BOJAa U W
IIpecCHOro HcTOYHMKA Yypek-J[OpryH, pacrosioxeH-
HOTo B 5-6 KM K ceBepo-3amajy OT OBbIBIIEro cOBX03a
«CoBTyBa» B Kaa-XemckoMm patioHe PecnyGiuku TriBa
(Puc. 1).

Juia uccnemoBaHus ObUIM OTOOpaHBI IPOOHI
BOZB! M MJIA U3 ABYX BBIXOJIOB B MCCJIEYEMOM HCTOY-
HUKe COIJIACHO OOUIENPUHATHIM MeTOANKaM, COOTBET-
CTBYIOIX HOPMATUBHBIM JOKyMeHTaM. J[Jig MOJIeKy-
JISIPHO-T€HETUYeCKOro aHayn3a npobsl mia oTérpasnu
B CTepWJIBHYH NOCyny U (GUKCUPOBaJIU B 0OBEMHOM
cootHomeHuu 1:1 peareHtom 2 X DNA/RNA Shield
Stabilization Solution (Zymo Research, CIIIA).

AHanu3s BOJ U WJIa MPOBOJNIICA KJIACCUYECKHUMU
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Puc.1. Kapra pacrnosioxeHusa uctoyHruka Yypek-Zloprys

1 COBpPeMEHHBIMHU HHCTPYMEHTAaJbHBIMU MeTOJaMu
Ha 6ase ylabopaTropuu (GU3NKO-XUMUYECKUX METO0B
uccienoBanuil TyBHHCKOIO TIOCyAapCTBEHHOIO YHU-
Bepcutetra (r. Keizsui). OmpeneneHue (PU3NKO-XUMU-
YecKHUX XapaKTepUCTHK BOABI B MecTax oTrbopa IIpo0
IIPOBOJIWJIM C IIOMOIIbI0 MOPTATHBHBIX IPUOOPOB U
CTaHAApPTHBIX METOJOB TMAPOXMMUM, COOTBETCTBYIO-
MUX HOpMaTHUBHBIM JOKyMeHTaM. OToOpaHHbIe TPOOHI
WIa HcciielyeMOro MCTOYHMKA OBLIM MpOoaHarU3upo-
BaHBl peHTTeHO(JIyopeclieHTHEIM MeTOAOM Ha codep-
xanue Mg, Al, Si, Zn, P, K, Ca, Ti, Cr, Mn, Fe, Ni, Sr, V,
Co, Cu Ha ananusatope «CIIEKTPOCKAH MAKC-GV»
(Poccus).

ToTtanbryio JIHK BrlAes AN ¢ HOMOIIBI0 KOMMeEp-
yeckux HabopoB «/JHK-cop6» (AmmmCence, Poccus) u
«Bacterial Genomic DNA Kkit» (Axygen, CIIIA) c yuye-
TOM IpeJiJIOXKEeHHBIX paHee Moaudukauuii (besbkoBa,
2009). CekBeHUpOBaHHe BapuabeJIbHBIX YYacCTKOB
V3—-V4 rena 16S pPHK mnposoaunu B LleHTpe KoOJI-
JIEKTUBHOI'O II0JIb30BaHUA HayYHBIM 00OpyJOBaHHEM
«[lepcucTeHA MUKPOOPraHU3MOB» MHCTUTyTa Kile-
TOYHOTO U BHYTPUKJIETOUHOro cuMmbrosa YpO PAH (r.
Open6ypr) Ha cekBeHaTtope MiSeq (Illumina, CIIIA). dns
61onHGOpPMaIIOHHOTO aHAIN3a MOJIyYeHHBIX 6ubImo-
TeK HCIOJIb30BAJIM pecypchl Pyrosequencing pipeline
(https://pyro.cme.msu.edu). ITosydyeHHBIE MOCITIEIOBA-
TeJIBHOCTU BBIPAaBHUBAJIU U KJIACTEPU30BaJIH C UCIOJIb-
3oBaHueM mnporpammbl Complete Linkage Clustering
(https://pyro.cme.msu.edu). TakcOHOMUYECKOE pPa3HO-
obpasue coobliecTBa OlleHMBaJIy IPYU Pa3jIu4HBIX KJIa-
CTepHBIX pacCTOSHUAX, COOTBETCTBYIOIINX CJIeAYIOMIUM
takcoHam: 0,03 (97%) - Bupg, 0,05 (95%) — pong, 0,1
(90%) — cemelicTBO, UCMOJIL3YA TporpaMmmy Rarefaction
(https://pyro.cme.msu.edu). Knaccudukaruo BUIOB
IIPOU3BOJIWJIM Ha OCHOBe MeHOTHUIINYeCKOro noaxona B
COOTBETCTBUU C MeXAyHApOAHBIM KOJAOM HOMEHKJIa-
TypHl 6akTepuii (ICNB).
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3. Pe3ynbTatbl M 06Ccy)xpeHue
3.1. XapakrepucTika MUHEepaAbHOro
MCTOUYHMKA

Uctounuk UYypek-opryn (51°43> 46.16» E
094°45> 4.46» N) pacrojioxkeH y ToqHOXuUsA ropsl B Kaa-
XemckoM patioHe PecnyGiuku TwiBa Ha BbicoTe 850
M Haj ypoBHeM Mops. TeMmmepaTypa BOABI B MecTax
oTbopa npob mocrurana 5-6°C. L[BeTHOCTh Hcciefnye-
MBIX BoA BapbupoBaia ot 3,84 no 9,61 rpagycos LiBeT-
Hoctu (Tab6suma 1). Ob6a BeIXO4a BOIBI MMEJIM HeH-
TpasibHBle 3HadyeHua pH. J[eOUT MCTOYHMKA HEBBICOK.
Boaa ucrounuka Yypek-JopryH oTHocujach K BoAam
cpenHell xecTtkocTu. CojepxXaHUe CyXoro ocTaTka
nocrurasio 0,40 mr/mme. O6Imas KOHIeHTpalys noTpe-
6J1eMoro KHCJIOPOJa, COOTBETCTBYIOIIAsA KOJIMYECTBY
[lepMaHraHaT-uoOHa, B HCCJIeAyeMbIX IIpo0ax BOJBI
pocturaina 3,5 mrO/oms.

ConepxaHue CBOOOJHON YTJIEKHCJIOTHI COCTaB-
Jassto 31,0 mr/am3, rugpokap6oHaT-uoOHOB — 6osiee 200
mr/am®. KoHneHTpamusa cysiabdar-MoOHOB AocTHUrasia
170 mr/am3, a xJopua-uoHoB — 9,6 mr/av® (Tabuna
2). VoHBl HUTPATOB M HUTPUTOB INPHUCYTCTBOBAJIN B
MeHbIlIeM KOJINYecTBe.

Boxa copepkaJsia 1o 61 MI/j1 MOHOB KaJbL[Us
u fo 30 Mr/J MOHOB MarHus, KOTOpble UTPai0T BaX-
HyI0 pOJIb IIpY paboTe cepieuHO-COCYAUCTOM CUCTEMEL,
rpolieccax 3HepreTM4eckoro ooMeHa BellleCTB U KOH-
TpoJie YPOBHA XoJlecTepyuHa B OpraHu3Me yeJioBeKa.
CojiepxaHvie MOHOB aMmMoOHUs (10 0,8 mr/mm®) u obiiero
xeJte3a (go 0,06 mr/am®) B McciielyeMbIX BOIaX UCTOY-
HUKa ObLJIO He3HAuuTeJIbHBIM. Bce 3HaueHus He IpeBhHl-
manu [1[IK 1 cooTBeTCTBOBAIM MUTHEBBIM BOJAM.

[Ipu u3y4yeHuU 3JIeMEHTHOI'O COCTaBa Ipob uja
ncrouHuka Yypek-[opryH peHTreHo(IyopecleHT-
HBIM METOJIOM aHaJjn3a ObLIN OOHapyXeHBI 3JIEeMEHTHI,
KOTOpBble MOXHO pasfejMTh Ha cjeAyloIiye TpYIIIBL:
’KU3HEHHO-BaXkHble (dcceHIMasIbHblEe, OUOTreHHble) —
MakpoasjeMeHThl (MarHuii, Hatpuii, docdop, cepa,
KaJIbIIUi, Kajuii, XJIOp) U MUKPO3JIeMeHTHI (MapraHeti,
LHHK, XeJjle30, XpOM); YCJIOBHO-3CCeHIMaIbHble (KpeM-
HUIT); TOKCUYHbIe (aJIIOMUHUI, 6apuil) U NMOTeHI[haJIb-
HO-TOKCUYHBIEe (CTPOHIUIL, pyOuAuii, TUTaH, HUKEJIb)
(CkanpnbIl, 2003).

B nccnenyembix obpasnax mujia cpeau MakposJie-
MeHTOB ObLTu oOHapyxeHbl Mg, K, Ca u P (Tabnuua
3). B uccrenyemsix npo6ax mnpeobJiafjany KajibLUN
(4,48 - 6,55%) 1 maruuii (2,24 — 3,4%), KOTOpBIE OTHO-
CATCA K dCCeHIMaJIbHBIM (OMOreHHBIM) 3JIEMEHTaM U
WUrpaT BaXHYIO POJib IpU paboTe cepAevdHO-COCYaU-
CTOU CHCTeMBI, NpolleccaX SHepreThuyeckoro obMeHa
BellleCTB M KOHTPOJIE YPOBHsS XOJlecTepuHa B oOpra-
Hu3Me ueyioBeka. CojAepkaHhe KpeMHUsA B HcCCIedy-
eMBIX oOpasljax JocTuraiao 56%, KOTOpHIHM yJIyullaeT
paboty mouek u oOMeH BellecTB, oMoraeT npu 3abo-
JIEBAHUAX XeJIyJKa U IeyeHuU.

CopepkaHue HUKesA, IMHKA, MeIU U KoOaJsbTa
B uccienyeMbix unax npesbimano [IJK (Tabmuna 4),
HO, B COOTBETCTBUU C MMPUHATOHN MeJUKaMU cXxeMe HOp-
MHUPOBaHUSA TSKeJIBIX MeTaJJIOB B [TOUBaX, MUTPaIlIOH-
HBIN BOJHBIN MOKa3aTesib BpeJHOCTU (Ilepexol B BOLY)
HUKeJIA, Mequ 1 KobasbTa Bhillle. DTO ITOKa3bIBAET, UTO
BHISIBJIEHHOE cOJiepXXaHue HUKeJsA, Medu U KobasbTa B
niax 6e30rMacHoO OJis KU3HeIesATeTbHOCTU YeJioBeKa.

3.2. dunoreHeTnueckoe pasHoobpasue
U QyHKUHMOHAAbHAA XapaKTepucTuKa
MHMKpPOOGHOro coobuiecTtea Mna UCTOUHUKA

Yypexk-AopryH

[lo pe3ynbTaTaM CeKBEHUPOBAHUA B oOpasle
nna 6wuio onpefeneHo 38066 nociieqoBaTeIBHO-
cTell, MpUHAJJIeXamux gqomeHam Bacteria u Archaea.
B mMumkpoOGHOM coobmiecTBe mia K JomeHy Archaea
o6b10 oTHeceHOo 104 mocienpoBatenbHOCcTU (0,27%),
n3 HUX 85 oTHeceH®nl Kk ¢uiymy Methanobacteriota,
14 - «k Nitrososphaerota u 5 mocaeqOBaTebHO-
creii k ¢unymy Candidatus Pacearchaeota. Cienmyet
OTMETUTh, UYTO TOCJIEIOBATEJIBHOCTH UOEeHTUDU-
[[MPOBaHBl Ha ypoBHe popda: Methanothrix (xiacc
Methanomicrobia, Methanobacteriota), Methanosarcina
(knacce Methanomicrobia, Methanobacteriota)
Methanomassiliicoccus (knacce Thermoplasmata,
Methanobacteriota) u Nitrososphaera (knacce
Nitrososphaeria, Nitrososphaerota), a TaKXe
rpynmsl  Pacearchaeota_Incertae_ Sedis AR13  (xJtacc
Epsilonproteobacteria, Candidatus Pacearchaeota). Popn
Methanomassiliicoccus nipeficTaBjaeH eJUHCTBEHHBIM Ha

Ta6suna 1. dusnko-xuMHuyeckas xapakTepHUCTUKA aHaJIN3UPYeMBIX BOJI

ITapameTpsl ITpo6a ITpoGa No2 IMaK*
Nel
Temneparypa, 0C 5,0 6,0 20
pH 6,8 7,3 6-9
[IBeTHOCTD, rpagyC LBETHOCTU 3,84 9,61 20
MyTtHOCTH, EM® 0 0 2,6
[lepmaHraHaTtHas okuciaAemMocTtb, MrO /am3 3,52+0,70 3,44 +£0,69 3,00
CBoOoaHAasA yriaekucoTa, r/am3 30,8+3,0 28,6 +2,8 -
O611as xecTKocTb, 02K 6,1x+1,2 6,4+1,2 7,0
Cyxo#i ocTaTok, Mr/am3 0,38 0,07 0,40+0,07 1000

IIpumeuanme: *BennunHa I1JJK npusegeHa B coorsetcTBuu ¢ CaHlIuH 2.1.3684-21
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Ta6suna 2. ConepxaHie NOHOB B BoJle McTOUHMKA Uypek-JlopryH

OnpepesissemMble KOMIIOHEHTHI, IIpo6a ITpo6a oK+
mr/am® No1l No2
HCO, 271,5+29,9 274,3+30,2 500
SO, 166,5+ 33,3 169,8+33,9 500
Cl 9,57 +1,53 8,86+1,40 350
NO, 3,15+0,56 2,85+0,51 45
NO, 0,08 +0,01 0,05+0,01 3,0
K*+Na* 146,3+29,3 16032 200
Ca** 56,2+2,8 60,8+ 3,0 200
Mg2* 29,6+4,4 27,1+4,0 100
NH,* 0,74+0,19 0,80+0,21 2,5
Fe 0,05+0,013 0,06 +0,015 0,3

IIpumeuanme: *BennunHa [1JIK npuseseHa B coorBercTBum ¢ CanlluH 2.1.3684-21

MOMEHT HaNKCaHUA CTaThbU KYJIbTUBUPYEMBIM BUJIOM
Methanomassiliicoccus luminyensis, BbIIeJIEHHBIM W3
dexanuii yenoBeka (Dridi et al., 2012). JlaHHBIN BUJ
ABiAeTCA Me30(pUIbHBIM, OOJIMFaTHO aHadpOOHBIM
MeTaHOI'e€HOM, paCTYyIIUMM B JUala3oHe TeMIIepaTyp
25-45°C (ontumym npu 37°C), pH 7,2-8,4 (omrtu-
mym npu pH 7,6) u conenocru 0,1-1,0% (ontumym
1,0%). O6pa3yeT MeTaH H3 BOJOpOZa U MeTaHoJIa.
Pop Nitrososphaera Takxe npefcTaBJieH e JUHCTBEHHBIM
KyJIbTUBUpPYyeMbIM BuaoM Nitrososphaera viennensis,
BBIJ[eJIEHHBIM U3 IMOYBBL. JTO Me30(UJIbHBINA, HENUTPO-
(puUIIBbHBIN U a3pOOHBIN aMMOHUN-OKUCIAIONINN MUKPO-
OpraHU3M C ONTHUMAaJIbHOM TeMiepaTypoil pocta 42°C
u pH 7,5 (Stieglmeier et al., 2014). Takum o6pazom,
apxeu coctaBAT 0,27% MUKPOOPraHU3MOB coOOILIe-
CTBa WJIa U NpeJcTaBJIeHbl Me30hUIBHEIMU BUAAMU.

BakTtepuasbHOe coobmiecTBo wia OBLUIO [OCTa-
TOYHO pa3HOOOpa3HbIM U TIpejicTaBiieHO 2365 ¢uiio-
Tunamu. Bcero B cocraBe 6aKTepUasIbBHOIO MUKPOO-
HOro cooOiiecTBa ormnpefejieHo 23 ¢uiayma, cpeau
KOTOpBIX AomuHupoBanu Pseudomonadota (50,9%
oT oO0Iero umcia ImociegoBaTesabHocTe), Bacillota
(17,4%), Bacteroidota (15,9%), Chloroflexota (5,5%),
Actinomycetota (3,8%), Verrucomicrobiota (1,7%),
Acidobacteriota (1,3%) u Mycoplasmatota (1,3%) (Puc.
2). PacnpoctpaHeHue 3TuxX (PUIYMOB THUIWYHO MOJIA
MPECHOBOAHBIX MUKPOOHBIX COOOIIEeCTB, pacIOJIOXKeH-
HBIX B pa3HbIX reorpadudeckux 3oHax mmpa (Newton
et al., 2011).

OcHOBY MUKPOOGHOro coobljecTBa Mja COCTaB-
JISIIOT MIMPOKO pacHpoCTpaHEHHBIE B Pa3HBIX 3KOCHCTe-
MaX MHUKPOOPraHU3MBI poAoB Aeromonas, Psychrosinus,
Malikia, Dechloromonas, Sunxiuqginia, Thiobacillus,
Geobacter, Litorilinea, Giesbergeria, Rivibacter ¢ pa3iny-
HBIMU (DU3NOJIOTMYECKUMU CBOMCTBAMU U MeTaboJIn3-
moM (Tabsmna 5). Ouu 06J1a4ai0T BRICOKUM aiamnTari-
OHHBIM IIOTEHINAJIOM [JI1 BBDKMBAHUA B PA3JINYHBIX
YCJIOBUSIX, B TOM YHCJIE U DKCTPEMAJIBHBIX.

B coobiecTBe nia JOMUHUPYIOT [IpeCTaBUTEHN
dumyma Pseudomonadota (50,9%), KOTOpBIE IIUPOKO
pacIpoCTpaHeHH B CaMBIX Pa3JIMYHBIX MecTax oburta-
HUsA, XapaKTepusyloTcs OOJIBIIMM pa3HooOpasueM u
BbICOKOU umciieHHOCThIO (Tobler and Benning, 2011;
Wang et al., 2012; ITapdenoBa u ap., 2013; De Leon

943

et al., 2013; Zinke et al., 2018; JJarypoBa u ap., 2023
u 7p.). B cocraBe GakTepuasibHOrO coofIlecTBa Wja
knacc Gammaproteobacteria xapakTepU30BaJICA IIpe-
obnamaHueM xemMoopraHotpodoB pona Aeromonas
(9,83%) u MUKPOA3POPUIBHBIX CEPO- U XKeJIe30BOC-
CcTaHaBJIMBaKIIUX OakTepuili poma Geobacter (kiacc
Deltaproteobacteria, 2,86%). Pox Aeromonas BKJIIOYaeT
6osiee 30 rpamMoTpULIaTeIBHBIX BUAOB GaKkTepuil ecre-
CTBEHHBIX obuTaTesiell BogHoU cpelbl (Aravena-Roman
et al., 2013; Marti and Balcazar, 2015 u ap.). [Tomumo
BOJBI, Aeromondas WIMPOKO PacHpOCTPAHEHHl B CaMBIX
Pa3HOO0Opa3HBIX NCTOYHMKAX, TAKUX KaK I10YBA, OBOIIYU
u nuiieBbie npoAaykTel (McMahon and Wilson, 2001,
Goncalves Pessoa et al., 2019; Barger et al., 2021,
Pérez-Garcia et al.,, 2021). DTM MHKPOOPTAaHU3MBL,
0OBIYHO paccMaTpuBaeMble Kak IMaTOreHbl PHI0 U HEKO-
TOPBIX JPYTUX XMBOTHBIX, IPHUOOpPETAIOT Bce OoJibliiee
3HaUeHVe B MeIUINHCKUX HCCJIeJOBaHUAX, O6arogaps
CBOe€l CoCOGHOCTU KOJIOHU3UPOBATh U UHPUIUPOBATD
gioneit (Mohan et al., 2017, Pessoa et al., 2022).
Cpenu Betaproteobacteria foMuHUpPOBaIN GaKTe-
pun popoB Malikia (5,55%), Dechloromonas (4,33%),
Thiobacillus (3,02%), Giesbergeria (1,99%), Rivibacter
(1,98%), Rhodoferax (1,62%), Sideroxydans (1,0%) un
Acidovorax (1,0%). Pox Malikia BkJTIOYaeT iBa KyJIbTU-
BHUPYeMBIX BU/1a, HAKAIJIMBAIINX NOJIUTUPOKCHATIKA-
Hoatel U nonudocdarer: Malikia granosa, BeIZie/IeHHAA
13 aKTHBHOIO WJjia FOPOJCKON CTAHIIMU OYMCTKU CTOY-
HBIX BOJI, U Malikia spinosa, BbIfieJIeHHAsA U3 BOJBI PEKU

Ta6auna 3. CoaepxaHrie MaKpo3JIeMeHTOB B HCCefye-
MBIX Npobax nia ncrouHuka Yypek-Joprys

DJIeMEeHTBI ITpo6a Nol ITpoGa No2
MakpoaneMeHTH, %

Ca 6,55 4,48

Mg 2,24 3,4
1,14 0,63

P 0,15 0,26

Y c10BHO-3CCEHI[AIbHBIE 3JIEMEHTHI, %

Si 55,67 53,05
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Ta6suna 4. ConepxaHre MUKPO3JIEMEHTOB B MccelyeMbIX Mpobax uja uctoyHuka Uypek-Jopryx

DJIeMeHTBI IIpo6a IIpo6a No2 |BesnuuHa nAaK ., IToxa3aTesii Bpe AHOCTU
il e TpaHcioKka- BoHbIi O6mie-
€ yHerom (oEa LIMOHHBIHI CaHUTaPHBIN
[NToTeHLIMaIbHO-TOKCUYHEIE, MT' /KT
Ni 11,76 0,03 9,82+0,03 4,0 6,7 14,0 4,0
Sr 101,4+0,8 349,3+2,5 600
MuKpO31€MEHTHI, MI'/KI
Mn 1472+14 114911 1500 3500,0 1500,0 1500,0
Zn 195,8+2,1 196,8+2,0 23,0 23,0 200,0 37,0
\ 100,1+0,8 63,1+0,4 150,0 170,0 350,0 150,0
Cu 43,3+3,2 42,6 +3,1 3,0 3,5 72,0 3,0
Co 18,4+0,5 14,6 +0,2 5,0 25,0 >1000 5,0
MukpossieMeHTHI, %
Fe 7,56 5,1 -

IIpumeuanue: *BennunHa I1[IK XxuMuueckux Bel[ecTB B IIOYBaX U JOMYyCTHMBbIe YPOBHU HX COZAepXaHUA IO MOKa3aTeJIsM
BPEHOCTH NpUBeJieHkl B cooTBeTcTBUU ¢ CaHIIuH 4266-87.

B CIIIA (Spring et al., 2005). Pox Dechloromonas mipen-
cTaBjieH O0aKTepHsMH, BOCCTAHABJIMBAIOIMMU XJIO-
par (Achenbach et al., 2001; Wolterink et al., 2005).
Cpenn mpexncraButesiei  Betaproteobacteria Takxe
oOHapyXeHHI IIMPOKO paclpoCcTpaHeHHble B BOAHBIX U
[IOYBEHHBIX JKOCHCTEMAaxX CEpHBIE XeMOJIMTOTPOGHEIE
cepookucsomue 6aktepuu poaa Thiobacillus (3,02%),
retepoTpodHsie 6akTepuu ponoB Giesbergeria (1,99%)
u Rivibacter (1,98%), ymepeHHO NCUXPODUIBHBIE
HecepHble 6akTepuu poaa Rhodoferax (1,62%) u mpec-
HOBOJIHBIE XeJIe300KUcIsAIue 6akTepuu Sideroxydans
(1,0%). Acidovorax — pox cemeiictBa Comamonadaceae,
KOTOPBI COAEPXUT HEKOTOphle NaToreHbl pacTeHul,
Takue Kak Buj Acidovorax avenae, BhI3BIBAION[UN Oak-
TepUaJIbHYI0 MATHUCTOCTH IJIOAOB Ha Gax4yeBBIX KYyJIb-
typax (Willems et al., 1992). dpyrue Buas! Acidovorax
OCYIIECTBJIAIT OKUCJIEHUE [IBYXBAJIEHTHOI'O XeJje3a B
aHadpPOOHBIX YCJIOBUSAX, 00pa3ys MUHepAJIbl Xejie3a B
nmoyBe. Cpely HUX TaKXXe BHIABJIEHH! NICUXPOGUIIBHEIE

HeKTacCH(HITHPOBAHHEIE
0,97%

Actinomycetota 3.80%

Acidobacteriota 1,30% __

Mycoplasmatota 1,30%

Chloroflexota 5.50%_|

BOJIOPOAHbIEe OaKTepuu U3 MOYBH TyHJpH (BacusbeBa
u 1p., 1998) u aspobHas GakTepus U3 MOYBHI JIeHU-
koBoro ¢poHta KomnmmH3 Ha nosyoctpoBe duipec,
AnTapktuga (Xu et al., 2019).

Knacc Alphaproteobacteria ObLT TIpeiCTaBJIEH
pomom Tabrizicola (cemeiictBo Rhodobacteraceae),
HaJIM4re KOTOPOro OOBIYHO acconuupyercs ¢ Guoreo-
XUMHUYeCKUM KpyroBopotoMm cepsl (Chen et al., 2014).

CieyeT OTMETUTh, YTO CyMMAapHO IpeICTaBU-
TeJIM BaAlaTy JOMUHUPYIOMNX GUIIOTUIIOB B MUKPOO-
HOM COOOIIleCTBE COCTAaBJIAIOT OKoJIo 58% oT obmero
Yycjia MPOAHAJIM3MPOBAHHBIX I10CJIEA0BATEIBHOCTEN,
ocTasibHble 42% NpUXOAATCA Ha MUHOPHBIE TPYyIIIb], B
KOTOpEIe BXOAAT OaKTepun pa3jnyHbIX GUIIYMOB.

®uiym Bacteroidota cocrasiser 15,9% u BKJIIO-
yaeT B OCHOBHOM ¢unoTumnsl Sunxiuginia (3,89%),
Mariniphaga (1,67%), Prolixibacter (1,57%) wu
Mangrovibacterium (1,51%). Cpenu mnpencTaBUTENIEH
poma Prolixibacter BcTpeuyaeTcs TNCUXPOTOJIEPAHTHBIN

apyrue 1,37%

= Pseudomonadota
= Verrucomicrobiota
* Chloroflexota
= Mycoplasmatota
= Bacteroidota
= Acidobacteriota
= Actinomycetota
Bacillota
¥ HeKITacCH(pHITHPOBAHHBIE

= IpyTHe

Verrucomicrobiota 1.70%

Puc.2. CocraB 6aKTeprajbHOro coofbIiecTBa uiaa ucToyHuka Yypek-JopryH
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Ta6suna 5. IIpesicTaBjieHHOCTh JOMUHUPYIOUNX GUIOTUIIOB B MUKPOOHEBIX coobliecTBax mia ncrouHuka Yypek-Jopryn

No HasBaHue ¢puioTumna JloJis mocjie [oBaTeIbHOCTEH
n/m ot obmrero uucia, %
1 Aeromonas (Pseudomonadota, xsiacc Gammaproteobacteria) 9,83
2 Psychrosinus (Bacillota, kitacc Negativicutes) 8,48
3 Malikia (Pseudomonadota, knacc Betaproteobacteria) 5,55
4 Dechloromonas (Pseudomonadota, knacc Betaproteobacteria) 4,33
5 Sunxiuginia (Bacteroidota, xnacc Bacteroidia) 3,89
6 Thiobacillus (Pseudomonadota, knacc Betaproteobacteria) 3,02
7 Geobacter (Pseudomonadota, knacc Deltaproteobacteria) 2,86
8 Litorilinea (Chloroflexota, xiacc Caldilineae) 2,17
9 Giesbergeria (Pseudomonadota, knacc Betaproteobacteria) 1,99
10 Rivibacter (Pseudomonadota, knacc Betaproteobacteria) 1,98
11 Mariniphaga (Bacteroidota, xytacc Bacteroidia) 1,67
12 Rhodoferax (Pseudomonadota, knacc Betaproteobacteria) 1,62
13 Prolixibacter (Bacteroidota, knacc Bacteroidia) 1,57
14 Ornatilinea (Chloroflexota, xiacc Anaerolineae) 1,53
15 Mangrovibacterium (Bacteroidota, xnacc Bacteroidia) 1,51
16 Clostridium sensu stricto (Bacillota, kiacc Clostridia) 1,45
17 Ilumatobacter (Actinomycetota, xnacc Acidimicrobiia) 1,04
18 Tabrizicola (Pseudomonadota, knacc Alphaproteobacteria) 1,01
19 Sideroxydans (Pseudomonadota, xyiacc Betaproteobacteria) 1,0
20 Acidovorax (Pseudomonadota, knacc Betaproteobacteria) 1,0

aHa’poO, KOTOPHIH ObLI BBIZIeJIEH C TOBEPXHOCTHU 3JIeK-
TpoAa, UHKyOHMPOBaHHOI'O B MOPCKUX OTJIOXKEHUAX. DTO
(akypTaTUBHBII aHA3POO, KOTOPHIA MOXeET cOpaxu-
BaTh caxapa, UCHOJIb3ys MyTh CMEMIAHHOU KUCJIOTHOU
dbepmeHTanMM, 1 OH MOXeT pacTH B HIMPOKOM Auamna-
30He Temmeparyp (4-42°C) (Holmes et al., 2007). Pox
Mangrovibacterium TpefcTaBjeH JMTHUHpa3Jarali-
MU U a30TQUKCUPYIOIIUMU OaKTepusMH, BblJiejIeH-
HBIMU U3 OTJIOXEHUH I0J] MaHTPOBBIMU JepeBbAMU
(Huang et al., 2014; Sun et al., 2020; Wu et al., 2015).

Cpenu npencrasureneii duiyma Bacillota o6Ha-
pyadceHst 6axmepuu poda Psychrosinus (8,48%, kiacc
Negativicutes). Ponm Psychrosinus B HacTosiee BpeMs
IpeJicTaBjeH eIUHCTBEHHBIM NCUXPOQUJIBHEIM 006JIH-
raTHO-aHa>3pOOHBIM JIaKTaT-GepMEeHTHUPYIOLIM BHUAOM
Psychrosinus fermentans, BhIAEJIEHHBIM U3 MPOOBI BOIBI
U3 MOCTOSHHO IOKPBITOTO JIbAOM MepPOMHUKTHYECKOIo
o3epa B AHTapktupe (Sattley et al., 2008).

B cTpykTypy cooOmecTBa Ha ypoBHe «TOm-20»
duoTHnoB BXOAT Takxke npeacraBurenu Chloroflexota
u Actinomycetota, Ha JOJII0 KOTOPBIX IPUXOANIIOCH 5,5%
u 3,8% oT 00IIero KoJMYecTBa mocjaeq0oBaTeIbHOCTEHN
o0pasina CoOOTBeTCTBEHHO.

@uwiym Chloroflexota BrIOWaer pABa ponda
Litorilinea (2,17%) u Ornatilinea (1,57%), KoTopble Ha
JaHHBIII MOMEHT MMeI0T 110 eJUHCTBEHHOMY IIpefCcTa-
BuTeso. llestoionuTryeckull NpeAcTaBUTeIb Kacca
Anaerolineae — Ornatilinea apprima — o6JIMTraTHO-aHA3-
pob6Has, wme3odusibHasA, oOpraHoTpodHas OaxTepus,
OblJIa BBIJIeJIEHA U3 MHKPOOHOro Marta, oOpa3oBaBlile-
rocsi B ropsiuel Bojie, BBITEKAMOI[EeN U3 CKBAaXWHHI B
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3amagHoit Cubupu (Podosokorskaya et al., 2013). Bup
Litorilinea aerophila siBisieTcsi a3poOGHBIM MpeEJICTABUTE-
JieM xiacca Caldilineae, BriiesieH U3 IPUINBHO-OTJINB-
HOT'0 rops14ero NCTOYHUKA Ha ceBepo-3anaje Mciaanauu
(Kale et al., 2013).

®unym Actinomycetota ObL IpeiCTaBJIEH POAOM
Ilumatobacter, ©307ATH KOTOPOTO OB BBIJIEJIEHB U3
JIOHHBIX OTJIOXKeHU! ycThs peku Kyupa-I'aBa B finoHun
U IpUOPeXHOro fecka, CoOOpaHHOTO0 Ha MOPCKOM Mobe-
pexbe Anonun (Matsumoto et al., 2009; 2013).

B coctaBe MHMKpPOOGHOro coO0IIecTBa BEIABJICHEBI
xeMOTpodHble 0OakTepuy, y4yacTBYIOI[MEe B KpYTrOBO-
pore cepbl. I3 GakTepuil cepHOro LUKJIA B MHUKPOO-
HOM coo0IiecTBe MJa OTMeYeHHl CepopeayIUpyoLe
b6aktepun Geobacter (cem. Geobacteraceae) u Hippea
(cem. Desulfobacterales), cepookucJisiione GaKTepUn
Thiobacillus (cem. Hydrogenophilaceae), Sulfuritalea
(cem. Rhodocyclaceae), muypnypHblEe CcepoOGAKTEpUM
Thiocapsa (cem. Chromatiaceae) u cyabbaTpeayUApyIO-
e 6akrepuu (Tabsuma 6).

4. BoiBOADI

Hctounuk Uypek-I[OpryH OTHOCUTCA K XOJIOA-
HBIM, IIpeCHBIM MCTOYHMKAM C MHHepaJu3aluein
0,39 r/nm® u HeWUTpaJbHBIMU 3HavueHUsAMHU pH. Bopaa
HCTOYHUKA CpefHell XXeCTKOCTH, OTHOCUTCA K CyJib-
daTHO-rMApOKapOOHATHOMY  KaJbI[ieBOMYy  THUILY.
PentreHogJiyopeciieHTHEIM METOAOM U3 00pasioB
nna ucrouHuka Yypek-J[opryH ObUIM oOIpefesieHbl
3JIEMEHTHI, Cpei KOTOPHIX NpeobJafjajio colepKaHue
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Ta6suna 6. [IpeacraBiieHHOCTh PYHKI[MOHAIBHO 3HAYMMBIX (PUIIOTUIIOB GaKTepUi I[UKJIA CEPHl B MUKPOOHOM coO00IecTBe

una ucroynuka Yypek-JopryH (Tysa)

HasBaHue uioTuna YucJI0 mocjiefoBaTe IbHOCTEH, MIT.
Cepopenynupyiomue 6aKTepum
Geobacter (cem. Geobacteraceae, Deltaproteobacteria) 1089
Hippea (cem. Desulfobacterales, Deltaproteobacteria) 6
CysbdaTpenynupyone 6akTepuu
Desulfocapsa (cem. Desulfobulbaceae, Deltaproteobacteria) 232
Desulfobulbus (cem. Desulfobulbaceae, Deltaproteobacteria) 191
Subdivision3 genera incertae sedis (cem. Thermodesulfobiaceae, Deltaproteobacteria) 180
Desulfobacterium (cem. Desulfobacteraceae, Deltaproteobacteria) 176
Desulfoprunum (cem. Desulfobulbaceae, Deltaproteobacteria) 151
Desulfosalsimonas (cem. Desulfobacteraceae, Deltaproteobacteria) 116
Desulfatirhabdium (cem. Desulfobacteraceae, Deltaproteobacteria) 44
Aminicenantes genera incertae sedis (cem. Desulfovibrionaceae, Deltaproteobacteria) 35
Desulfovibrio (cem. Desulfovibrionaceae, Deltaproteobacteria) 34
Desulfonatronum (cem. Desulfovibrionaceae, Deltaproteobacteria) 25
Desulfopila (cem. Desulfobulbaceae, Deltaproteobacteria) 23
Desulforhabdus (cem. Syntrophobacteraceae, Deltaproteobacteria) 19
Desulfofaba (cem. Desulfobacteraceae, Deltaproteobacteria) 17
Desulfotomaculum (cem. Peptococcaceae 2, Deltaproteobacteria) 17
Desulforegula (cem. Desulfobacteraceae, Deltaproteobacteria) 16
Desulfomonile (cem. Syntrophaceae, Deltaproteobacteria) 13
Desulfomicrobium (cem. Desulfomicrobiaceae, Deltaproteobacteria) 13
Desulfobacca (cem. Syntrophaceae, Deltaproteobacteria) 10
Thermodesulfovibrio (cem. Nitrospiraceae, Nitrospira) 7
Desulfatiferula (Desulfobacteraceae, Deltaproteobacteria) 6
Syntrophobacter (cem. Syntrophobacteraceae, Deltaproteobacteria) 6
Desulfotalea (cem. Desulfobulbaceae, Deltaproteobacteria) 6
Desulforhopalus (cem. Desulfobulbaceae, Deltaproteobacteria) 3
Desulfococcus (cem. Desulfobacteraceae, Deltaproteobacteria) 3
Desulfatiglans (cem. Desulfobacteraceae, Deltaproteobacteria) 3
Cepookucsaonye 6akrepun
Thiobacillus (cem. Hydrogenophilaceae, Betaproteobacteria) 1147
Sulfuritalea (cem. Rhodocyclaceae, Betaproteobacteria) 111
Thiohalomonas (cem. Ectothiorhodospiraceae, Gammaproteobacteria) 78
Sulfurisoma (cem. Rhodocyclaceae, Betaproteobacteria) 54
Sulfuricurvum (cem. Helicobacteraceae, Epsilonproteobacteria) 34
Thiohalocapsa (cem. Chromatiaceae, Gammaproteobacteria) 32
Thioalkalibacter (cem. Halothiobacillaceae, Gammaproteobacteria) 30
Thiohalophilus (cem. Ectothiorhodospiraceae, Gammaproteobacteria) 26
Thiogranum (cem. Ectothiorhodospiraceae, Gammaproteobacteria) 12
Halothiobacillus (cem. Sinobacteraceae, Gammaproteobacteria) 11
Thioprofundum (cem. Thioalkalispiraceae, Gammaproteobacteria) 7
ITypmypHbIie cepobakTepuu
Thiocapsa (cem. Chromatiaceae, Gammaproteobacteria) | 4
T'eTtepoTpodHble MUKPOOPTraHNU3MbI, HOTEHI[HAJIFHO YYaCTBYIOIINE B OKHCJIEHHH CEPOBOIOPOAA, MOJIEKYJIAPHOI CephI
u THOocyJbdara
Pseudomonas (cem. Pseudomonadaceae, Gammaproteobacteria) | 26
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KaJblya 1 Maraus. Cpeiu MUKpO3JIeMeHTOB JOMUHHUPO-
BaJli Maprasell, IMHK U BaHaaul. basibHeoJiornyeckue
peKoMeHJalliy 03BOJIAI0T UCIOJIb30BaTh BOJBI UCTOY-
Huka Yypek-JlopryH B npolieiypax AJisA JIeueHUs cep-
JIeYHO-COCYIUCThIX 3aboJieBaHUi, TUIEepTOHUYECKOMH
6oJ1e3HU, T0JIOBHOU 601 (Apakuaa, 1995).

BriepBbie ObUIO OIlpefiesieHO TaKCOHOMUYECKOe
pasHooOpasue IpoKapHuoT B oOpasljax ujia M3 UCTOY-
Huka Uypek-JlopryH. B pesysibprate aHanusa IoJy4yeH-
HBIX IIOcJIe/joBaTesibHOCTel reHa 16S pPHK ObLiu BBIAB-
JleHsl GUIOTUIL, IpUHAJJIexammye AoMeHy Bacteria u
Archaea. Apxeu coctaBuwm 0,27% MHUKPOOPTraHM3MOB
coobmecTBa uja W ObUIM IpeAcCTaBJIeHB Me30(hWJIb-
HBIMU BHUJaMU. B cocraBe GakTepHasbHOIO MHUKPOO-
HOro cooOIlecTBa MJja XOJIOJHOIO MCTOYHHKA Yypek-
Jopryn ObUIO BBHIABJIEHO IpeobJiagaHue (GUIYMOB
Pseudomonadota, Bacillota, Bacteroidota, Chloroflexota,
Actinomycetota, Verrucomicrobiota, Acidobacteriota u
Mycoplasmatota, KOTOpEIE SIBJIAIOTCS TUIHNYHBIMU Ipe-
CTaBUTEJIAMU [JIA NPEeCHOBOAHBIX MUKPOOHBIX CO00-
mecTB. Ha Ooslee HM3KOM TaKCOHOMHUYECKOM YPOBHeE
B MUKpPOOHOM coo0lIjecTBe KMCTOYHMKA Ipeobsaganiu
HIMPOKO pacnpocTpaHeHHble B BOJHBIX U IIOYBEHHBIX
sKocucTeMax (puiIoTUIB OakTepuii, obeclieyrBalonye
3aMKHYTBle KpPyTOBOPOTH! OMOTeHHEIX 3JIEMEeHTOB.
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