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Aim of the study: to study the microbial communities and sulfate-reducing bacteria
of soils collected from the surfaces of the gas-pipeline. Methods: microbiological,
biochemical, molecular biological. Results: In the microbial communities of soils near
the main-gas pipeline “Soyuz” (Ivano-Frankivsk region, Ukraine) were appeared such
microorganisms as iron-reducing, tionic denitrifying, ammonifying, denitrifying and
diazotrophic bacteria among them were dominated sulfate-reducing bacteria. It were
obtained 4 pure cultures of the sulfate-reducing bacteria and was determined cultural-
morphological and physiological-biochemical characteristics of bacteria. In the fatty
acid components of sulfate-reducing bacteria were identified 14 fatty acids with chain
length from C10 to C18. According to partial sequence of the 16S rRNA gene the
K1 isolate has 90% homology with the sequence of Desulfovibrio desulfuricans ATCC
27774 (NR074858.1), K2 isolate — 92% homology with Desulfovibrio sp. D4 (AF192155)
K1/3 isolate has 95% homology with Desulfotomaculum kuznetsovii DSM 6115
(CP002770.1). Conclusion: According to the phenotypic, chemotaxonomic and molecular
genetic characteristics bacteria isolated from soils near main-gas pipeline were related to
the genera Desulfovibrio, Desulfotomaculum.

Key words: sulfate-reducing bacteria, taxonomy, identification, fatty acid composition,
168 rRNA analysis.

Introduction. Sulfidogenic microbial community with major sulfate-
reducing bacteria (SRB) are present in various natural and man-caused
ecotopes, in particular, underground formation and [15], high temperature oil
and gas reservoirs, underground storage tanks, oil tankers and communications
oil-producing plants [7, 9, 22]; water and soils contaminated with heavy
metal salts [11]; water ecotopes such as hypersaline alkaline lakes [21], water
distribution and cooling systems, mine waters [4] etc.

Main oil and gas pipelines are one of the most important industrial
technological systems. They lay in soil with different composition and
physical chemical properties and regions with various climatic conditions.
Wide environmental studies [2] had found that the most intense underground
corrosive processes were observed in clay soils with neutral pH and low redox
potential. Under such environmental conditions corrosion failures in 50-80%
of cases associated with the activities of SRB. Bacteria produce corrosive-
relevant metabolites such as hydrogen sulfide and sulfides, which may result in
occurrence of dangerous accidents and failures at mentioned above facilities.
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Recently actual question is the isolation and determination of the taxonomic
composition of corrosive-relevant microbial cenosis involved in corrosion
processes occurring in the soils surrounding various underground structures.

Therefore, the aim of our study were the isolation, identification and
determination of taxonomic position of sulfate-reducing bacteria from
corrosive-relevant sulfidogenic microbial communities of the soils near surface
main gas-pipeline with using the complex of phenotypic, chemotaxonomic and
phylogenetic characteristics.

Materials and methods. Soil sampling. It were sampled and analysed
soils taken in 2 different spots near the surface of main gas-pipeline “Soyuz”
(Ivano-Frankivsk region, Ukraine). Soil sampling was carried out during
the excavation the pipeline in spring-summer season, temperatures during
sampling ranged from 8-12°C to 25-32°C. Prior to analysis soil samples were
stored in sterile container at +4°C.

Microbiological analysis. Determination the amount of main ecological
physiological bacterial groups of sulfidogenic microbial communities from
soils were carried out by cultivation the series of dilutions in elective liquid
nutrient media. Sulfate-reducing bacteria (SRB) were cultivated in Postgate’s
“B” medium, iron-reducing bacteria (IRB) — in Kalinenko’s medium, thionic
bacteria (TB) — in Bejeriink’s medium, ammonifying bacteria (AB) — in nutrient
broth, denitrifying bacteria (DNB) in Giltay’s medium, diazotrophic bacteria
(DB) — in Vinogradsky’s medium [14, 18]. Bacteria were cultivated at 28°C
during 5-14 days depending on the group of bacteria. The numbers of bacteria
per gram of dry soil were determined according to MacCredy tables [19].

Morphological studies of bacteria were performed using light microscope
Meji HT5100 (Japan) (magnification x1000) and transmission electron
microscope JEM 1400 (JEOL, Japan). The samples were viewed with the
general voltage 80V and total instrumental magnification x3000-15000 times.
The measurement of the bacterial cell’s sizes on the obtained images were
provided with Image J ver.1.43u software program (http://rsb.info.nih.gov/ij/).

Pure cultures isolation. The isolation of SRB pure cultures were performed
with using the modified Sturm method on the agar Postgate “B” and “C” media
[18]. Bacterial cultures were growth in anaerobic conditions at 5-42°C using
Genbox Jar 7.0 L with oxygen absorbing generators (Biomerieux, France).

Studies of physiological and biochemical characteristics were determined
by the ability of bacteria to use different carbon sources (as an electron donor
and carbon source — alcohols were added to the medium at a concentration of
1.0 g/l, organic acids 2.0 g/l, amino acid 3.5 g/l) and different electron acceptors
(sulfate, sulfite, thiosulfate, elemental sulfur). [3, 14, 19, 20].The ability of
bacteria to grow and survive with different sodium chloride concentration was
determined in the Postgate “B” nutrient medium with the concentration of
NaCl from 1 to 10%.

Molecular genetic identification. For DNA extraction was used
3-7 days old SRB cultures. DNA from the bacterial biomass was isolated
by using reagent kit “DNA-Sorb-B” (AmpliSens, Russia) according to the
manufacturer’s protocol.

Amplification of 16S rRNA gene was performed using universal primer
pairs: forward RNNF1 5-CGGCCCAGACTCCTACGGGAGGCAGCA-3/
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(corresponding to 310-340 pairs of nucleotides of E. coli 16S rRNA gene) and
reverse RNN1 5-GCGTGGACTACCAGGGTATCTAATCC-3' (corresponding
to 770-740 pairs of nucleotides of E. coli 16S TRNA gene) (http://lyco.lycoming.
edu/~newman/) by the PCR running on the 2720 “Thermal Cycler” (Applied
Biosystems).The temperature of amplification: initial denaturation (94 °C,
5 min), denaturation 35 cycles: (94°C, 30 s), primer elongation (55 °C, 30 s),
polymerization (72°C, 30 s) and final cooling to 4°C. Analysis of PCR products was
performed using electrophoresis in 1% agarose gel stained with ethidium bromide
(in concentration 1 pl/ml) at voltage field 10 V/cm. Molecular DNA rullers were
MassRuller DNA Ladder Mix SM 0403 (Fermentas, Lithuania). Sequencing
of 16S rRNA genes were carried out according to standard protocol using an
automated analyzer “3130 Genetic Analyzer” (Applied Biosystems) using reagent
kit “BigDye Terminator v. 3.1 Cycle Sequencing Kit” (Applied Biosystems). The
nBLAST program assosiated with GenBank database were used for the searching
and comparing homologous nucleotide sequences of genes encoding the ribosomal
subunit 16S rRNA (http://www.ncbi.nlm.nih.gov/nblast).

Determination of fatty acid composition. To determine the fatty acid
composition of cell lipids were used biomass of 7-10 days old SRB cultures.
Bacterial biomass were obtained by centrifuging 40-50 ml of culture liquid
in the Eppendorf centrifuge (5415R rotor) at 8000 rpm for 20 min. Biomass
twice washed with 30 ml of phosphate buffer (pH 7.6) from the residues of the
cultural fluid and further washed by 5% sodium citrate solution to dissolve the
ferric sulphides compounds.

The methanolysis was carried out with adding to the bacterial biomass
5 ml of a mixture of methanol in 1.0% H_SO, solution. The mixtures were stirred
and transferred to the glass ampoules, sealed and carried out the in 80°C, lasting
4 hours. After the ampoules was opened and added 2 ml of distilled water.
Fatty acids extraction was carried out with a mixture of diethyl ether and
hexane in a ratio of 1:1. The procedure of extraction was carried out three
times. The extracts were evaporated at 40°C and to the dry extracts were added
0.5 ml of hexane [25]. Analysis of the fatty acids composition was performed
on gas chromatograph 6890N with capillary column HP-5 MS in 5% solution
of fenylmethyl oxane (column size 30 mx0.25 mmx0.25 pm) at 150-210°C
(4°C/min), gas-carrier was helium, flow rate 1 ml/min. To detect the eluents
were used mass-spectrometric detector 5973 inert (“Agilent Technologies”,
USA).

Test-cultures. As bacterial test-cultures for identification the isolates of
SRB were used SRB strains from the Ukrainian Collection of Microorganisms:
Desulfovibrio desulfuricans UCM B-11501 (DSM642), Desulfovibrio vulgaris
UCM B-11502 (DSM644), Desulfovibrio sp. UCM B-11503 (10) Desulfovibrio
sp. UCM B-11504 (TC2).

Statistical data processing was performed with the MS Exel 2010 software.
Repeated the experiments were three times. The unsaturation degrees were
calculated by the formula specified in [10].

Results. Previously we have conducted microbiological studies of the
sulfidogenic microbial communities from various man-caused ecotopes with
different technogenic load [1]. According to our microbiological analysis
of soil samples K1, K2, collected in different spots from surface near the
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main gas-pipeline “Soyuz” were identified the representatives of ecological
physiological bacterial groups of the sulfidogenic microbial community. The
major group among them were sulfate-reducing bacteria, they appeared in the
range from 107 to 10? cells/per soil g (Fig. 1).
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1,00E+04 - Osample K2
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SRB IRB B DNB AMB DB

Ammount of bacteris , cell/ soil g

Figure 1. Compound of microbial communities in soils near gas-pipeline “Souyz”
(Ivano-Frankivsk region, Ukraine)
Notes: bacteria group - SRB — sulfate-reducing, IRB — iron-reducing, TB — acidophilic tionic,
DNB — denitrifying, AMB — amonifying, DB — diazotrophic

Determination of other ecological groups of microorganisms included in
the soil microbial communities show that iron-reducing bacteria (IRB) were
appeared in amount 10°— 10° cells/soil g and ammonifying bacteria (AB) 10° —
107 cells/soil g. Tionic, denitrifying and diazotrophic bacteria were calculated
in small amounts 10' — 10° cells/soil g.

To characterize the soil sulfidogenic microbial communities it is also
necessary to study the species and taxonomic composition of the dominant
members. Therefore, from the studied soil samples collected from main gas
pipeline we isolated and obtained 4 pure cultures of SRB.

The study of bacterial isolates morphology (Fig. 2) showed that the bacterial
isolate K1 has the form of straight rods, sometimes slightly curved, K1/3
isolate cells were vibrio shape. Cells of K2 and K2/3 isolates were characte-
rized by a rod-shaped form, sometimes paired. All SRB were mobile due to
lophotrich located flagella, cells were non-spore forming except K1/3 isolate,
which formed terminal located spores.

Physiological and biochemical characteristics of sulfate-reducing bacteria
are presented in table 1.

SRB isolates were halotolerant, K1, K2/3 isolates were grown at a
concentration of sodium chloride from 1 to 5%, and K1/3, K2 isolates at 3%.
The bacteria were mesophilic, grown at a temperature range from 20 to 42°C
and did not grown and showed no activity at 5°C. As electron acceptors all the
bacterial isolates were used sulfates, thiosulfate, sulfites, also were able to use
nitrate (except K2/3 isolate); elemental sulfur were used only by K1 isolate. As
carbon sources, in particular organic alcohols and acids, all the studied SRB
isolates were used lactate, pyruvate, ethanol, butanol, methanol, succinate,
citrate, fumarate (except K2/3), benzoate (except K2, K2/3 isolates), K1, K1/3
isolates grown by consuming acetate. Bacteria are not used the propionate,
formate, acetone, butyrate, phenol, oxaloacetic acid (except K2/3) and lactose.
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Isolated SRB were able to assimilate such amino acids as serine, asparagine,
arginine, glutamate, asparagine acid and ornithine, not assimilated alanine and
glycine. Tryptophan was consumed only by the K2, K2/3 isolates and lysine is
not used by K1 isolate.

isolate K1

- —

isolate K1/3 isolate K2/3

Fig. 2. Morphology of SRB’s isolated from microbial community, TEM,
bar lengths — 500 nm

Chemotaxonomic analysis were conducted and determined the qualitative
and quantitative analysis of fatty acid composition of SRB’s total lipids and
were performed the comparison of fatty acid profiles with the profiles of
collection strains Desulfovibrio desulfuricans DSM642, D. vulgaris DSM644,
Desulfovibrio sp. 10, Desulfovibrio sp. TC2.

In the fatty acid composition of SRB’s cells lipids were identified 14 fatty
acids with chain length from C10 to C18, among them were saturated tridecanoic
(C13:0), tetradecanoic (C14:0), pentadecanoic (C15:0), isopentadecanoic
(isoC15:0), antiisopentadecanoic (aiso C15:0), hexadecanoic (C16:0), CIS
9, 10 methylene heptadecanoic (9,10 cis C17:0), heptadecanoic (C17:0),
octadecenoic (C18:0), hydrooxyoctadecanoic (30HC18:0) and unsaturated
— hexadecenenic (C16:1), transhexadecenic (trans C16:1), cis-octodecenic
(cis C18:1) and transoctadecenic (trans C18:1) acids (data shown in table. 2).

In studied bacteria major fatty acids were pentadecanoic (19.91-30.35%),
hexadecanoic (12.91-0f 44.66%) and cis-9 10 methylene hexadecanoic (20.18-
23.72%). In composition of dominant fatty acids strain K1/3 significantly
differed. In its profile is not revealed pentadecanoic and cis-9, 10 methylene
hexadecanoic acids and the content of C18 was the highest (of 44.66%) among
the analysed bacteria. The degree of unsaturation for K1, K2 and K2/3 isolates
amounted from 0.10 to 0.15 and for K2/3 isolate differed significantly (0.27).

Comparison of fatty acid composition of total lipids of studied bacteria with
data obtained from collection SRB cultures showed that K1 isolate was similar
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to Desulfovibrio sp. UCM B-11503 correlation index was 0.96. As well as K1/3
isolate correlated with D. desulfuricans DSM642 and D. vulgaris DSM644
with correlation indexes 0.79 and 0.81, respectively. This result don’t allow
us to refer this isolate to Desulfovibrio genus. The K2 isolate was similar to
Desulfovibrio sp. UCM B-11503 with correlation index 0.95.

Table 1
Physiological and biochemical characteristics of SRB from soils
near main gas-pipeline

. SRB isolates
Characteristics
KI | K13 | K2 | K23
Gramm staining Gramm negative
Cell Cell shape curvedrod| vibrio rod rod
morphology Size, um 0.7-1.2 x wd 0.5-0.6 x wd
? 3.5-5.5 1.5-3.0
Motility + (polar) | + (polar) - -
Growth at 5°C - - - -
Growth at 20, 28, 37, 42°C + + + +
Growth at presence of NaCl, % 0-5.0 0-3.0 0-3.0 5.0
Oxygen depletion Facultative anaerobes
Electron Sulfate, sulfite, thiosulfate + + + +
acceptors Sulfur + - - -
used Nitrate + + + -
Lactate + + + +
Ethanol + + + +
Methanol + + + +
Butanol + + + +
Acetone - - - -
Acetate + + - -
Citrate + + + +
E Succinate + + + +
: Fumarate + + + -
% Benzoate + + - -
2 Pyruvate + + + +
B Phenol - - - -
'% Formate - - - -
-§ Propionate - - - -
s Butyrate - - - -
% Oxaloacetate - - - +
= Maleate + + - _
£ Lactose - - - -
§ Serine + + + +
= Tryptophan - - + +
Asparagine, Arginine,
Glﬁtamgate, Orfithine * - * *
Lysine - + + +
Asparagic acid + + + +
Alanine - - - -
Glycine - - - -

e

Notes: “+” — presence; — abcense; «n/d» - not determined.
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Fatty acids composition of SRB’s cell walls lipids
(% from total amount of fatty acids)

Table 2

. . SRB isolates

Fatty acid Chain length Kl K13 %) K23
Tridecanoic C13:0 2.07 0 1.94 1.28
Tetradecanoic C14:0 6.42 8.69 5.22 5.56
Pentadecanoic C15:0 30.35 0 19.91 23.90
iso-pentadecanoic iso C15:0 1.09 3.12 1.912 1.804
Antiiso-pentadecanoic aiso C15:0 8.88 12.05 11.54 11.16
Hexadecanoic C16:0 12.91 44.66 14.37 13.88
Hexadecenic Cl6:1 7.68 14.54 7.35 5.376
Transhexadecenic Trans C16:1 0 6.52 0 0
Cis 9, 10 methylene hexadecanoic | Cis 9,10 C17:0 | 20.18 0 23.72 22.59
Heptadecanoic C17:0 3.75 0 4.16 5.08
Octodecanoic C18:0 1.17 4.72 2.22 2.064
3-hydrooxy octodecanoic 30HC18:0 0 0 0 2.40
Cis octodecenic Cis C18:1 0 2.30 1.32 1.10
Trans octodecenic Trans C18:1 5.43 3.38 6.29 3.76

Unsaturation degree 0.13 0.27 0.15 0.10

Thus, obtained results of the phenotypic (morphological and physiological
biochemical) and chemotaxonomic analysis according to Bergey’s Manual of
Systematic Bacteriology and Determinative Bacteriology [5, 6] allow us to
relate to the Desulfovibio genus next bacterial isolates K1, K2, K2/3 and K1/3
isolate was related to Desulfotomaculum genus.

For more accurate species identification of SRB’s K1, K1/3, K2 strains
were performed the molecular genetic identification by partial sequencing of
the 16S rRNA gene sequences. Comparative analysis of the sequences of the
16S rRNA genes were performed using bacterial nucleotide sequences
deposited in GenBank database (table. 3).

Table 3
The results of sequence analysis of 16 rRINA gene of SRB strains isolated
from soils near main gas-pipeline

Sequence
. Reference strains in GenBank length of .
SRB strain and accession number 16SgrRNA Identity, %
nucleotide
Desulfovibrio desulfuricans strain E0316 90
Desulfovibrio JX267067.1 011
sp. K1 Desulfovibrio desulfuricans strain ATCC 90
27774 NR074858.1
Desulfotomaculum kuznetsovii DSM 6115 95
Desulfotomaculum CP002770.1 430
sp. K1/3 Desulfotomaculum acetoxidans DSM 771 91
CP001720.1
Desulfovibrio Desulfovibrio sp. D4 AF192155.1 All 92
sp. K2 Desulfovibrio sp. DSM 2803 AJ251630.1 92
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As a result of 16S rRNA genes sequence analysis obtained aligned
nucleotides with aprox. 400-900 bp were compared with nucleotides deposed
in GeneBank database. It was shown that SRB K1 strain has 90% homology
to sequence of Desulfovibrio desulfuricans ATCC 27774 (NR074858.1). K2
strain has 92% homology to sequence Desulfovibrio sp. D4 (AF192155)
(class Deltaproteobacteria, phylum Proteobacteria); and strain K1/3 has
95% homology to Desulfotomaculum kuznetsovii DSM6115 (CP002770.1)
(class Clostridia, phylum Firmicutes). For K2/3 strain analysis was not
performed.

Discussion. According to result of phenotypic identification studied SRB
strains are related to the Desulfovibrio and Desulfotomaculum genera. Members
of the Desulfovibrio genus are not thermotolerance and spore-forming despite
the Desulfotomaculum genus. Most related to the Desulfovibrio genus are such
SRB genera as Desulfomicrobium, Lawsonia and Bilophila [5, 6].

The results obtained from the fatty acid composition analysis are similar
to the data of other researchers [24]. Also, the authors [16] had shown that
in many members of the Desulfotomaculum genus was present iso C15:0 fatty
acid and it’s was identified in small concentrations (3.12%) in our studied
Desulfotomaculum sp. K1/3 strain. But we need to conclude that fatty acid
composition analysis for SRB has low taxonomic resolution.

According to data phylogenetic analysis had revealed more indicative
for accurate determination of the taxonomic position of SRB, although the
percentage similarity of nucleotide sequences of the 16S rRNA gene for
studied strains was 90-95%. Noted that the 16S rRNA gene of SRB strains
are characterized by the phenomenon of multicopy and heterogeneity of the
terminal insert located at the 5’ and 3’ terminal regions. The authors [23] had
provided the comparative analysis of similar genes in closely related species
Desulfotomaculum kuznetsovii and had revealed that the heterogeneity of
16S rRNA genes copies distorts the position of bacteria in the phylogenetic
tree. SRB are genetically quite heterogeneous group and also has wide range
of physiological, adaptive abilities and physiological heterogeneity [26] and
because of this SRB can occupy a lot of habitats with various conditions.

Our previously obtained data about the diversity of SRB, isolated and identified
by classical microbiological and molecular methods, in such man-caused
ecotopes as communications of heating systems [20] and corrosion products
of reinforced concrete structures of the DniproHES [3] has shown that the
Desulfovibrio, Desulfotomaculum genera are the most common among
corrosive relevant SRB. Data from our studies also confirmed by a number of
foreign author’s studies, which showed a low generic diversity of cultivated
SRB isolated from man-caused systems regardless of the used methods of
identification. For example, Guan et al [9] used metagenomic analysis with
subsequent creation clone libraries studied the diversity microbial communities
in salt waters corrosive high temperature petrol reservoirs and they had shown
that the most frequently identified bacteria were representatives of genera
Desulfomicrobium (31.4% of clones) Desulfovibrio (18.2%) and
Desulfotomaculum (25.0%). In another study among the SRB strains isolated
from biofoulings of the heating systems, and identified according to classical
microbiological methods and with the use of sequence analysis of 16S rRNA

10 ISSN 1028-0987. Mixpobion. scypu., 2018, T. 80, Ne 5



gene of bacterial clones, SRB were related to the species Desulfovibrio
africanus, Desulfotomaculum ruminis and D. putei [12].

Limitations of the microbiological cultural methods lays in the fact that
they allows identified in pure cultures less than 0.1-1.0% of the total amount
of the microbial community [13, 17]. This is not allows to describe the
existing bacterial diversity regardless of the microbial community allocation.
However, even with the appearance of the modern molecular methods, such as
pyrosequencing, the conducted analysis of microbial communities, collected
from bottom sludge of lake Sulfatnoe revealed among the Proteobacteria
only representatives of the class 6-Proteobacteria (19.4 %) and among them
87% of the sequences belonged to the SRB of the orders Desulfobacterales
and Desulfuromonadales, only 1.38% of the identified sequences had a
level of homology more than 97% with known cultivated species SRB
such as Desulfuromonas acetexigens, Desulfomicrobium baculatum and
Desulfobacterium catecholicum. It is shown low species diversity (only 3 SRB
genera) and the number of determined SRB taxons [8].

According to the phenotypic, chemotaxonomic and molecular genetic
characteristics bacteria isolated from soils near main gas-pipeline were related
to the genera Desulfovibrio, Desulfotomaculum.

Therefore, the combined use of classical cultural and molecular methods
can significantly increase the identified bacterial diversity in various man-
caused systems, especially in main gas-pipelines. Timely detection of SRB
and study of their cultural and physiological biochemical characteristics could
help us to develop effective control techniques and protection and prevention
methods of pipelines against microbiological corrosion.
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Peswome

Merta poOOTH: NOCTIINTH CYyab(iTOreHHI MIKpOOHI yrpynoBaHHs i cynb]aTBiHOB-
JIIOBaNIbHI OakTepii i3 IPyHTIB, NMPUIENINX 10 ITOBEPXHI MaricTpajbHOTO ra30mpoBOY.
Mertomu: MikpoOionorivai, 0i0XiMiuHI, MOIEKYIIsIpHO-Oi0moTiuHi. Pesdynpratu: ¥ mikpo-
OHUX yrpyNoOBaHHSIX I'PYHTIB MPHIENIMX IO MaricTpaibHOro ra3onposoay «Coro3» (IBano-
®dpankiBchka 0011, YKpaiHa) OyJu BUSBJICHI 3aJ1i30BiJHOBIIIOBAIbHI, ACHTIpU(IKYBaIbHI,
aMoHi(iKyBaJIbHI, TIOHOBI Ta a30T]iKCyBalbHI OaKTEpii cepen AKUX JOMIHYIOUUMH Oyin
Cynb(aTBiTHOBIIOBANEHI OakTepii. BunineHo 4 4ucTi KyabTypH Cyib(aTBiJHOBAIIOBAIIb-
HUX OakTepill Ta BU3HAYCHO 1XHI MOP]OIOTro-KyJabTypajibHi Ta (i3iosnoro-6ioximMiuHi
XapaKTEPUCTUKHU. Y KUPHOKUCIOTHOMY CKJIaZl KIIITHH CYlb(aTBiTHOBIIOBAIBHUX OaK-
Tepii, BUIBICHO 14 KMPHHUX KUCIOT 3 JTOoBKUHOK JaHmrora Bix C10 no C18. 3a nanu-
MU yacTkoBoro cekBenyBaHHs reny 168 pPHK izomst K1 maB 90%-y romornorito 110 mo-
ciinoBHOCTI Desulfovibrio desulfuricans ATCC 27774 (R074858.1), i3omat K2 — 92%-y
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romortorito 10 Desulfovibrio sp. D4 (AF192155), a i3omst K1/3 — 95%-y romoriorito 110
Desulfotomaculum kuznetsovii DSM 6115 (CP002770.1). 3akmioueHss: 3a ganauMHA e-
HOTHITOBHX, XeMOTAKCOHOMIYHUX Ta MOJIEKYJISIPHO O10JIOTIYHMX XapaKTEePUCTHUK CYIb(ar-
BIZIHOBaJIbHI OaKTepii i3 IPyHTIB, MPHIETIKX JI0 TIOBEPXHI MaricTpajgbHOTO Ta30MpOBO/Y,
BigHECeHi A0 poxiB Desulfovibrio, Desulfotomaculum.

Kitro4ogi ciioBa: cynb(harBiqHOBIIOBAIbHI OaKTepii, TAKCOHOMIs, IMEHTHDIKALIIS, KUP-
HOKHCIIOTHHH CKJal, aHaii3 nociigoBuocti 16S pPHK.
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Pesome

Llenb paboThI: HCCeI0BaTh MUKPOOHBIE COOOIIECTBA U Cylb(harpeayupyolue 0ak-
TEPHH BBLIEIICHHBIC U3 TPYHTOB, IIPHIICTAFOIINX K TOBEPXHOCTH MarkCTPaIbHOTO Ia30po-
BOZIa. MeTozibl: MUKPOOHOJIOTHYECKUE, OHOXMMIYECKUE, MOJICKYIISIPHO OUOTOTHYECKHUE.
Pesynbrarel: B MUKpOOHBIX COO0IIECTBAX IPYHTOB, IPUJIETAIONIMX K MATUCTPAIBHOMY Ia30-
nipoBory «Coro3» (MBano-dpankoBcKast 0011, YikpanHa), ObLTH BBISBICHBI JKEI€30BOCCTaHAB-
JMBAOLINE, JCHUTPUPHIHUPYIOLINE, AMMOHU(DHUIMPYIOIINE, THOHOBBIC U AMa30TPOQHBIC
OakTepuu, TIOMUHUPYIOLUIMMH ObUTH Cylbdarpeayuupyomme dakrepun. Beinenens: 4 uu-
CTBIC KYJBTYpPBI CyJ1b()aTBOCCTaHABINBAIOIINX OAKTEPHH U ONpPEAeNICHbl HX MOP(hOIIoro-
KYJBTYpAaJbHBIC 1 (DH3HONOr0-0HOXMMUYECKUE XapAKTEPHCTHKH. B )KUPHOKHUCIIOTHOM COCTaBe
KJICTOK CyNb(haTpeyIUPYOIIUX OaKTEPHil BBIABICHBI 14 )KUPHBIC KUCIIOTHI C JUTMHON LICIIH
ot C10 mo C18. Ilo marHBIM yacTHaHOTO cekBeHHpoBaHus rera 16S pPHK m3omsat K1 mpo-
sBrT 90%-y10 TOMOJIOTHIO K TIOCIe0BaTeIbHOCTH mTamMma Desulfovibrio desulfuricans
ATCC 27774 (NR074858.1), nzonst K2 — 92%-yro romonoruto co mrammom Desulfovibrio
sp. D4 (AF192155), mzomsat K1/3 — 95%-yro romonoruto k Desulfotomaculum kuznetsovii
DSM 6115 (CP002770.1). 3akmtouenue: [1o peHOTHIAYISCKUM, XEMOTAKCOHOMUYECKIM
U MOJICKYJISIPHO OMOJIOTHYECKHM XapaKTePUCTHKAM Cy/Ib(haTpeayiupyoiie OakTepun 13
IPYHTOB, PHJICTAFOIIMX K MarHCTPAIBLHOMY Ta30IPOBOY, OTHECCHBI K pofaM Desulfovibrio,
Desulfotomaculum.

KiroueBsbie ciioBa: cynb(arpenyuupyomnme 0aKTepruu, TAKCOHOMUSI, UICHTUPHUKALHS,
JKUPHOKHCIIOTHBIHN cocTaB, aHanmu3 165 pPHK.
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