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Abstract. Arid habitats have recently attracted increasing attention in terms of biodiversity research and the discovery
of new bacterial species. These habitats are among the target ecosystems suitable for isolating new strains of actino-
bacteria that are likely to produce new metabolites. This paper presents the results on the isolation of actinobacteria
from soils of the dry steppe zone of the Selenga Highlands, the characterization of their taxonomic diversity, as well
as ecological and trophic properties. The bacterial counts on ISP 4 medium ranged from 6.6 x 10° to 7.1x 10% CFU/g.
The highest bacterial counts were observed in the subsurface and middle horizons of the studied soils. 28 strains of
Gram-positive bacteria represented by thin-branched mycelium, coccoid and bacilliform forms were isolated. Accord-
ing to the results of 16S rRNA gene analysis, the isolated strains were representatives of Streptomyces, Arthrobacter,
Glycomyces, Kocuria, Microbacterium, Micromonospora, Nocardioides, Pseudarthrobacter, and Rhodococcus (Actinomy-
cetota). One isolate that showed low 16S rRNA gene sequence similarity with previously isolated and validly described
species was a new species of the genus Glycomyces. It was shown that all tested strains are mesophilic, prefer neutral
or slightly alkaline conditions, have growth limits in the temperature range of 5-45 °C and pH 6-9. The optimal NaCl
concentration for growth of most strains was 0-1 %. The strains under study were capable of utilizing a wide range of
mono- and disaccharides and polyatomic alcohols as a carbon source. The isolated strains were capable of using both
organic (proteins and amino acids) and inorganic (ammonium salts and nitrates) compounds as nitrogen sources.
The examinations of extracellular enzymes showed that all isolates were capable of producing catalase and amylase;
78.6 % of the total number of isolates produced protease and lipase; 53.6 %, cellulase; and 28.6 %, urease. The data
obtained expand current knowledge about the diversity of microbial communities in soils of the Selenga Highlands
and also confirm the potential of searching for new actinobacteria species in these soils.
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AHHOTaLUA. 3acyLwVBble MeCTOOGMTaHNA NMPUBEKatoT BCe 60/blie BHUMAHNA C TOUKW 3peHns NCCrieAoBaHnsa 6ro-
pa3Hoo6pa3zmsA N 06HAPYKEHUA HOBbIX BUAOB 6akTeprit. OHY ABNSAIOTCA OLHUMM U3 LieNeBbiX SKOCUCTEM ANs Bblae-
NEHNA HOBbLIX WITAMMOB aKTVHOOGAKTepUI, KOTopble C GOMbLLOK BEPOATHOCTHIO MOTYT NPOAYLMPOBATh HOBblE MeTa-
6onuTbl. B HacToAWel paboTe NpeacTaBieHbl pe3ynbTaTthl MO BblAENEHNIO aKTUHOGaKTEPUIA U3 MOYB CyXOCTEMHON
30Hbl CeNeHrMHCKOro cpefHeropbsa, X TaKCOHOMMYECKOMY pPa3sHOobpasnio 1 3KONoro-Tpodpuyeckum CBONCTBaM.
YncneHHOCTb 6akTepuii Ha Kpaxmano-ammmayHol cpefie konebanach ot 6.6 X 10° go 7.1 10° KOE/r. MakcmanbHble
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3HAYEHNA YNCNIEHHOCTY ObINI OTMEYeHbl B MOAMOBEPXHOCTHBIX U CPEAVHHBIX FOPU30HTaX NccneyemMblx nous. [Nony-
YeHO 28 LITaMMOB rPaMroNoXUTENbHbIX GaKTePUiA, NPefCcTaBNeHHbIX TOHKUM Pa3BeTBIEHHBIM MULLENIEM, KOKKOBUA-
HbIMM 1 NanoyKoBUAHBIMU dopMamu. o pesynbTaTam aHanm3a nocnefosatenibHoCcTel reHa 16S pPHK BbigeneHHble
KynbTypbl 6blIM OTHECEHDI K pofam Streptomyces, Arthrobacter, Glycomyces, Kocuria, Microbacterium, Micromonospora,
Nocardioides, Pseudarthrobacter n Rhodococcus dunyma Actinomycetota. OavH M30MAT, MOKa3aBLIMIA HN3KOe CXOf-
CTBO MnociefoBaTenibHOCTM reHa 16S pPHK ¢ paHee BbiieneHHbIMU 1 JOCTOBEPHO OMMCAHHBIMU BUAAMU, NPefCcTaB-
nan coborn HoBbIN BuA popa Glycomyces. Bce nccnepyemble WtaMmmbl Me30puIIbHbI, TPEANOYMTAIOT HeMTPasbHble U
cnaboLenoyHble YCOBUA, UMEIOT rpaHuLbl POCTa B iMana3oHe Temnepatyp oT 5 go 45 °C u 3HauyeHunin pH ot 6 1o 9.
OnTumanbHas KoHueHTpaumsa NaCl gna pocta KynbTyp coctansna ot 0 go 1 %. iccnegyemble wrammbl 6b11m cnoco6-
Hbl YTUIM3MPOBAaTb B KaueCTBe MCTOYHMKA YrNiepoAa AOCTaTOYHO LMPOKUIA CNEeKTP MOHO- U AncaxapuaoB, MHOTO-
aTOMHbIX CNUPTOB. B KauecTBe NCTOYHKKa a30Ta BblAeneHHble KynbTypbl MCMOSIb30BaNN Kak opraHuyeckue (6enku un
AMUHOKUNCNOTbI), TaK U HeopraHnyeckme (Conv amMmoHMA U HATPaTbl) coeauHeHuaA. ViccnefoBaHve Hanmuma BHeKIe-
TOUHbIX PEPMEHTOB NMOKa3aso, YTo BCe KyNbTypbl MOV NMPOAYLMPOBaTb KaTanasy u amunasy, 78.6 % ot obuero Ko-
nMyecTBa N30NATOB NPOAYLMPOBany NpoTteasy 1 nunasy, 53.6 % — uennonasy, 28.6 % — ypeasy. [lonyyeHHble AaHHble
pacWwmpsIoT 3HaHUA 0 Pa3HOO6PA3UN MUKPOBHbBIX coobLlecTs NouB CeNleHMMHCKOrO CPeAHEropbs U NOATBEPKAAIOT,
YTO AaHHbIE MOYBbI NPeACTAaBAAIOT MHTEPEC C TOUKU 3PEHUA NOMCKA HOBbIX BUAOB akTUHOGAKTEPUIA.

KnioueBble cfioBa: KaluTaHOBble MouBbl; CeneHrnHckoe cpepHeropbe; akTnHobakTepuu; 16S pPHK; skonoro-tpoduue-

CKue CBOWCTBa GaKTepuii.

Introduction
Actinobacteria (Actinomycetota) are a morphologically di-
verse group of predominantly gram-positive bacteria widely
distributed in various terrestrial and aquatic ecosystems (Ven-
tura et al., 2007; Hazarika, Thakur, 2020). They play an im-
portant role in the organic matter cycle, especially in soils,
contributing to the decomposition of natural polymers such
as starch, chitin, pectin, cellulose, hemicellulose and lignocel-
lulose (McCarthy, Williams, 1992; Manucharova et al., 2004;
Wang et al., 2016; Leo et al., 2018; Bao et al., 2021). Some
actinobacteria species participate in the synthesis and minera-
lization of humus substances (Tepper, 1981; Wu et al., 2011).
In early studies, actinobacteria (in particular, actinomycetes)
were considered to be unstable to the influence of extreme
environmental factors, and therefore unable to occupy cer-
tain ecological niches (Kalakuckiy, Agre, 1977; Lechevalier,
1981). Later, as bacterial cultivation methods were improved,
and modern molecular research methods became available,
actinobacteria resistant to one or another environmental factor
became known (Zenova et al., 2009, 2016; Yaradoddi et al.,
2021). A large diversity of Actinomycetota is now reported
in arid habitats (Kurapova et al., 2012; Zenova et al., 2014;
Mohammadipanah, Wink, 2016; Xie, Pathom-aree, 2021).
Certain actinobacteria can grow in soils in dry climates due to
such properties as xerophilicity, resistance to ultraviolet light,
mycelial structure, and spore-forming ability (Zenova, Zvya-
gintsev, 2002; Zenova et al., 2014; Yaradoddi et al., 2021).
In this context, the soils of the dry steppe zone of the Se-
lenga Highlands are interesting to study because they are
formed in pronounced continental and arid climates (Nogina,
1964; Batuev et al., 2000). This area is characterized by high
levels of solar radiation, low and irregular precipitation, and
sharp average daily and monthly fluctuations in air tempera-
ture (Chimitdorzhieva G.D., Chimitdorzhieva E.O., 2021).
These conditions may have contributed to a great taxonomic
diversity of actinobacteria, which may include new species
and possess unique physiological mechanisms of adaptation.
However, culturable soil actinobacteria of the dry steppe soils
of Transbaikalia remain relatively unstudied: there are only
few publications devoted mainly to the study of actinomy-

cetes abundance (Nimaeva, 1992; Zvyagintsev et al., 1999;
Buyantueva et al., 2014).

Given the above, this work aimed to isolate culturable
actinobacteria from the soils of the dry steppe zone of the
Selenga Highlands, to determine their taxonomic diversity,
as well as ecological and trophic characteristics.

Materials and methods

Subjects of the study. Actinobacteria strains were isolated
from soil samples from the dry steppe zone of the Selenga
Highlands. Chestnut soils are typical of these areas, which
are characterized by a sharply continental climate, long
seasonal permafrost, limited rainfall (180-250 mm/year),
and dry steppe vegetation. These areas are characterized by
a significant accumulated temperature during the growth pe-
riod (1700-1800 °C) and the length of the frost-free period
(106—-116 days). Winter precipitation is not more than 10 %
of the annual amount, resulting in poor snow cover and pro-
longed spring droughts. In July and August, up to 60—70 % of
the total annual precipitation falls (Nogina, 1964; Ecological
Atlas..., 2015).

Four soil profiles were established. Soil profiles 1T (co-
ordinates 51°08'58.62" N, 107°24'25.38" E; 613 m a.s.l.)
and 3T (51°11'15.24" N, 107°34'46.08" E; 698 m a.s.1.) were
established in the western part of the Tugnui Basin at the
base of the southern slope of the Tsagan-Daban Range; soil
profiles 41 (51°34'50.94" N, 107°03'56.34" E; 637 m a.s.l.)
and 51(51°37'1.98" N, 107°07'42.06" E; 686 m a.s.1.) —at the
foot of the southwestern slope of the Khamar-Daban Range
near the Ivolginskaya Depression.

Sampling. Soil samples were collected in the summer of
2017 according to genetic horizons. For physicochemical
analyses, the soil samples were dried to an air-dry state. For
microbiological studies, samples were collected in sterile
containers, from three walls of each soil section in three
replicates. After transportation in a cooling box, the samples
were delivered to the laboratory within 12 hours. Soil samples
were stored at 4 °C for no more than a week before the study.
Immediately before inoculation, soil samples were dried to
air-dry in a sterile laminar flow cabinet.
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Physicochemical properties of soil. Soil pH was measured
in water according to GOST 26423-85 (Soils. Methods for
Determination of Specific Electric Conductivity, pH and Solid
Residue of Water Extract); total organic carbon (TOC) content
was measured according to Tyurin (Manual on Agrochemistry,
2001); total nitrogen (TN) — according to GOST 26107-84
(Soils. Methods for Determination of Total Nitrogen). Soil
particle size distribution was determined using a laser dif-
fraction particle size analyzer Analysette 22 MicroTec Plus
(FRITSCH, Germany).

Pure strains isolation. Actinobacteria were isolated using
a dilution plate technique. Samples were inoculated on inor-
ganic salts-starch agar ISP 4 (Shirling, Gottlieb, 1966). The
media was supplemented with nystatin (50 pg/mL) to limit
the growth of fungi. The plates were incubated at 30 °C for
2-3 weeks. The actinobacteria isolates were preliminarily
characterized by their morphological characteristics using
a Zeiss AxioStar Plus light microscope (Carl Zeiss, Germany)
with a magnification of 1000x. Further routine isolation and
culturing of the dominant morphotypes were performed on
yeast extract-malt extract agar ISP 2 (Shirling, Gottlieb, 1966).

DNA extraction, amplification, and sequencing of the
16S rRNA gene. DNA was isolated according to the method
described by Zhou et al. (2010). Two universal primers 27F
(5-AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-GGT
TACCTTGTTACGACTT-3") were used for the amplification
of 16S rRNA gene fragments (DeLong, 1992). Amplification
was performed in a reaction mixture of 50 pL containing
25 pL of 2x EasyTaq PCR SuperMix (TransGen Biotech,
China), 1.5 pL of each primer (10 mM, Sangon Biotech,
PRC), 2 uL. DNA, and 20 pL deionized water in a Veriti™
96-Well Thermal Cycler DNA Amplifier (Applied Biosystems,
USA). The temperature-time profile of PCR was as follows:
the first cycle was 95 °C x 5 min; the subsequent 35 cycles
were 94 °C x 1 min, 55 °C X 1 min, and 72 °C X 2 min; the
final cycle was 72 °C x 10 min. PCR products were purified
and sequenced at Sangon Biotech Company (Beijing, China)
using an ABI PRISM 3730xl Genetic Analyzer (Thermo
Fisher Scientific).

Taxonomic and phylogenetic analysis. The 16S rRNA
gene sequence similarity was analyzed using EzTaxon-e (Yoon
et al.,, 2017) and BLAST (Camacho et al., 2009) services.
Then, the sequences of closely related species were retrieved
from the GenBank database using the EzBioCloud server.
Multiple sequence alignment was performed using ClustalW
software. The phylogenetic trees were constructed using the
neighbor-joining method using MEGA 7.0 (Kumar et al.,
2016), and the branching relationships were confirmed by
maximum likelihood and maximum parsimony methods. The
statistical reliability of the phylogenetic reconstructions was
assessed using bootstrap analysis by constructing 1000 alter-
native trees. The obtained nucleotide sequences were deposited
in GenBank with accession numbers assigned to the strains
(MN314472-MN314496, MW410748, MW410749).

Ecophysiological characteristics of the isolated bacte-
ria. The isolates were cultured at different temperatures (5 to
55°C, at 5 °C intervals) and NaCl concentrations (0, 1, 3, 5, 6,
7, 8,9, and 10 %) to identify optimal parameters and growth
limits. The pH range (5.0-10.0, at 0.5 intervals) was set at
30 °C by adding a buffer solution system (Xu et al., 2005).

2023
274

XapakTepucTuka akTMHoGaKTepuii MoYB
CyxocTenHom 30Hbl CeneHrMHCKoro cpeaHeropba

The ability to consume various carbon sources was tested ac-
cording to Shirling and Gottlieb (1966). The ability to grow on
a medium with organic acids was tested according to Gordon
etal. (1974). The presence of extracellular enzymes (amylase,
catalase, lipase, protease, cellulase, and urease), as well as the
ability to release hydrogen sulfide and ammonia, were tested
according to Williams et al. (1983). The tests were performed
in three replicates; the corresponding sterile nutrient media
were used as control samples.

Results

Physicochemical properties of soils

and the total bacterial count

The contents of total organic carbon and total nitrogen were
maximum in the upper horizons of the studied soils (Table 1).
Down the profile, a rather sharp decrease in the content of
both indicators was observed. The pH in the upper horizons
was almost neutral (6.85-7.54), while a gradual alkalization
was observed down the profile. The granulometric analysis
of the soils showed a predominance of light loam, except for
light-humic soil, which had a sandy loam composition.

The bacterial counts on ISP 4 medium reached several
million colony-forming units per 1 g of soil (CFU/g soil) and
ranged from 6.6x10° to 7.1x10° CFU/g. The highest bacterial
counts were observed in the subsurface and middle horizons
of the studied soils. Mycelial actinobacteria (actinomycetes)
colonies were noticeably predominant on nutrient media, ac-
counting for 40-80 % of the total number of bacterial colonies
on the plates.

Pure strains and cell morphology of actinobacteria

34 strains of aerobic bacteria were isolated from the soil
samples examined. Based on colony morphology and cell
microscopy, 28 isolates were selected for further studies. The
strains grown on ISP 2 medium formed rounded (0.3—1.0 cm)
colonies of predominantly white, beige, yellowish, orange,
brown, and maroon colors.

Several different bacterial morphotypes were observed in
microscopy: cocci (4c-3-1, 5¢-3-3, 13p-4-1), bacilli (3c-1-1,
6¢-4-2), and branched mycelium (all other strains). Most my-
celial strains were characterized by the release of water-soluble
light yellow and light brown pigments into the medium.

Taxonomy and phylogeny of the isolates
Nine genera of Actinomycetota were identified as a result of
16S rRNA gene sequence analysis. Most isolates belonged
to Streptomyces, a genus widely distributed in soil. Repre-
sentatives of the genera Arthrobacter, Glycomyces, Kocuria,
Microbacterium, Micromonospora, Nocardioides, Pseud-
arthrobacter, and Rhodococcus were also isolated along with
them (Table 2). The isolated strains showed 98.10-100 %
similarity with the previously described type strains. One
isolate that showed low 16S rRNA gene sequence similarity
(<98.65 %) with previously isolated and validly described
species was a new species of the genus Glycomyces (Nikitina
et al., 2020).

To analyze the phylogenetic relatedness of the isolates
and their closest validly described species, three phylogene-
tic trees were constructed using neighbor-joining, maximum
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Table 1. Physical and chemical properties of soils and the number of bacteria on ISP 4

Soil horizon Depth, cm PHu0 TOC, % TN, % Y soil particle size, % Bacterial counts,
....................................................... million CFU/g
<0.01 mm <0.001 mm
......................................................................... S o"promeﬂ-Chestnuttyplca|so”(Hapthastanozems)
AJ ............................... 0 _7(9) ........................ 7 54 ...................... 2 63 ...................... 0 28 ...................... 3 717438490 .......................
. B MK ........................... 7 (9)_21 ...................... 7 66 ...................... 1 30 ...................... 0 12 ...................... 2 272 e 41 6 .................... 7 1 0 .......................
. CAT ............................ 2 1_39 ........................ 7 92 ...................... 0 42 ...................... 0 04 ...................... 2 859 .................. 5 0 7 [ 452 .......................
. B Cca ........................... 3 9_72 ........................ 7 68 ...................... 0 19 ...................... _ ............................ 2 415 e 41 2 .................... 3 09 .......................
................................................................................ So||proﬂ|e3-|-nghthumlcso”(EutncLeptoso|s)
A“ ............................. 0 _10(1 . 6) .................... 7 02 ...................... 139 ...................... 0 18 ...................... 1 740 .................. 2 43 ..................... 2 45 ........................
AJZ ............................. 10(16)_ 3 1 (45) ........... 7 17 ...................... 133 ...................... 0 13 ...................... 1 730 .................. 2 53 ..................... 2 90 .......................
. Cca m ........................ 3 1(45)_ 4 4(58) ........... 7 20 ...................... 0 57 ...................... _ ............................ 1 739 .................. 2 54 [ 450 .......................
Cca ............................. 4 4(58)_ 79 ................. 7 25 ...................... 0 35 ...................... _ ............................ 2 149 .................. 2 94 .................... 191 ........................

AJ 0-7 6.85 245 0.30 2343 2.97 3.34
B MK ........................... 7 _15 .......................... 7 77 ...................... 121 ....................... 0 12 ...................... 2 178 .................. 2 97 .................... 3 1 0 .......................

[ A U] ............................ 15_39 ........................ 7 63 ...................... 0 70 ...................... 0 08 ...................... 2 495 .................. 3 1 0 .................... 3 26 .......................

[ AU/ BCA] ................... 3 9_55 ........................ 7 69 ...................... 0 48 ...................... 0 05 ...................... 2 407 .................. 2 8 4 46 0 .......................

. B CAq .......................... 5 5_74 ........................ 7 86 ...................... 0 55 ...................... 0 05 ...................... 2 91 4 .................. 3 8 3 ..................... 1 . 6 1 ........................

B Cq ............................ 7 4_95 ........................ 7 73 ...................... 0 12 ...................... _ ............................ 2 967 .................. 3 77 .................... 0 6 6 .......................
...................................................................... SOIIproflle5lChestnthuaSI-gleyso”(GIeYICKaStanozems)
" AJ 1 ............................. 0 _7 ............................ 7 . 1 8 ...................... 3 31 ....................... 0 42 ...................... 2 203 .................. 2 6 2 .................... 2 87 .......................

AJZ ............................. 7 _18 .......................... 7 36 ...................... 186 ...................... 0 19 ...................... 2 318 .................. 3 0 5 ..................... 196 .......................

BMK ........................... 18_42 ........................ 7 57 ...................... 108 ...................... 0 10 ...................... 3 431 412 .................... 2 98 .......................

. CATq .......................... 4 2_60 ........................ 7 30 ...................... 0 78 ...................... 0 06 ...................... 2 868 .................. 3 45 ..................... 2 50 .......................

B Cq ............................ 6 0_75(80 ) .................. 7 58 ...................... 0 45 ...................... _ ............................ 3 066 .................. 3 8 9 .................... 2 45 ........................

Cca I q .......................... 7 5(80)_ 1 25 ............... 8 02 ...................... 0 33 ...................... _ ............................ 2 356 .................. 2 73 ..................... 0 78 .......................

likelihood, and maximum parsimony methods (Fig. 1). All
three phylograms had similar basic topologies. Accord-
ing to the phylogenetic analysis, strains belonging to the
genera Arthrobacter (5c-3-3, 13p-4-1), Kocuria (4c-3-1),
Microbacterium (8c-1-4), Micromonospora (2pp-5-2) and
Rhodococcus (3¢-1-1) apparently belonged to known species:
it was confirmed by the high similarity (99.36-100 %) and
clustering reliability (86—100 %). Strains 3a-1-3 and 15a-4-5
of the genus Nocardioides were combined with Nocardioides
luteus DSM 43366T and Nocardioides albus ATCC 279807
with high confidence, respectively. Strain 14p-5-5 belonged
to the subcluster uniting strains of the genus Nocardioides
and demonstrated a low level of similarity with the closest
homolog (98.90 %). The reliability of combining this nucleo-
tide sequence with Nocardioides jensenii JCM 13647 into one
cluster was 96 %, which implies their phylogenetic proximity.
Isolates 16am-5-2 and 6¢-4-2 were characterized by a high
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similarity with already known species. However, the low reli-
ability of nucleotide sequence association between 6¢-4-2 and
Pseudarthrobacter phenanthrenivorans DSM 186067, as well
as the difference in evolutionary distance between 16am-5-2
and Pseudarthrobacter scleromae DSM 177567 do not allow
a clear conclusion on the species identity of these strains.
The remaining strains, according to 16S rRNA gene se-
quence analysis, belonged to the genus Streptomyces and were
united in one cluster with all streptomycetes collection strains
on the phylogenetic tree. The 16S rRNA gene sequences of
strains 6a-3-2, 7a-3-2, and 11a-4-1 were identical to each other
(100 %), showing high similarity to Streptomyces brevispora
KACC 210937 (99.79 %). The reliability of combining these
nucleotide sequences into one cluster was 100 %, indicat-
ing that the strains could belong to this species. The same
assumption may be true for strains la-1-2, 4a-1-4, 8a-3-3,
10a-3-3, 13a-4-3, 13¢-5-2, and 4k-1-2, which had a high level
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Table 2. Taxonomic position of strains based on 165 rRNA gene sequences analysis

Soil sample Strain Fragment Nearest homologue Similarity, %
length, bp

AJ 3c-1-1 785 99.36
. B MK ........................... 1 a_1_2 ....................... 8 80 ...................................................................................................................................... 9 989 .......................
BMK4k-1-2 ....................... 8 15 ...................................................................................................................................... 9 951 ........................
. CAT ............................ 3 a_ 1_3 ....................... 9 50 ...................................................................................................................................... 9 979 .......................
Bcca4a_1_4 ....................... 9 40 ...................................................................................................................................... 9 957 .......................
. B Cca ........................... 8 c_1_4 ....................... 1404 .................................................................................................................................... 1 00 ..........................
A“4C-3-1 ........................ 8 30 ...................................................................................................................................... 9 964 .......................
AJ26a_3_2 ....................... 9 50 ...................................................................................................................................... 9 979 .......................
. AJZ ............................. 7 a_3_2 ....................... 9 35 ...................................................................................................................................... 9 979 .......................

. Cca , m ......................... 5 c_3_3 ....................... 9 32 ...................................................................................................................................... 9 956 .......................

. Cca , m ......................... 8 a_3_3 ....................... 9 40 ...................................................................................................................................... 9 957 .......................

. Cca , m ......................... 1 0a_3_3 ..................... 9 20 ...................................................................................................................................... 9 946 .......................

. Cca m ......................... 2 0a_3_3 ..................... 9 40 ...................................................................................................................................... 9 926 .......................

. Cca ............................. 9 a_3_4 ....................... 9 50 ...................................................................................................................................... 9 863 .......................

. AJ ............................... 1 1 a_4_1 ..................... 9 50 ...................................................................................................................................... 9 979 .......................

. AJ ............................... 1 3p_4 _1 ..................... 6 01 ....................................................................................................................................... 1 00 ..........................
BMK6C_4_2 ....................... 9 20 ...................................................................................................................................... 9 902 .......................
. [ AU] ............................ 1 3a-4-3 ..................... 9 40 ...................................................................................................................................... 9 883 .......................

. B CAq .......................... 1 5a_4_5 ..................... 1394 .................................................................................................................................... 9 957 .......................

. B Cq ............................ 1 8 ............................. 1455 .................................................................................................................................... 9 718 .......................

. AJZ ............................. 2 73_5_2 ..................... 9 30 ...................................................................................................................................... 9 968 .......................

. AJZ ............................. 1 6am-5 -2 ................. 6 24 ...................................................................................................................................... 9 919 .......................

. AJZ ............................. 1 3C_5_2 ..................... 7 58 ...................................................................................................................................... 9 908 .......................

. AJZ ............................. 2 p p_ 5_2 .................... 9 70 ...................................................................................................................................... 9 959 .......................

. B MK ........................... 2 13_5_3 ..................... 1399 .................................................................................................................................... 9 834 .......................

. B MK ........................... 2 23_5_3 ..................... 9 50 ...................................................................................................................................... 9 905 .......................

. B MK ........................... 2 8a-5-3 ..................... 9 40 ...................................................................................................................................... 9 926 .......................

. B Cq ............................ 1 4p_5 _5 .................... 8 16 ...................................................................................................................................... 9 890 .......................

of similarity with their closest homologs and clustered with ~ low. Strain 9a-3-4 showed a relatively low level of similarity
them with high reliability. (98.63 %) and formed a cluster with the unvalidated species

Strains 27a-5-2 and 28a-5-3 showed high 16S rRNA gene  Streptomyces monticola NEAU-GS4. Strain 21a-5-3 had a
sequence similarity with closely related species (99.68 and  level of similarity with the closest described species below the
99.26 %, respectively), but the clustering reliability was  threshold (98.34 %), and strains 20a-3-3 and 22a-5-3 did not
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Fig. 1. Neighbour-joining phylogenetic tree showing the phylogenetic position of actinobacteria strains.

Bar, 0.01 substitutions per nucleotide position. Numbers at branch nodes refer to bootstrap values based on 1000 replicates (only
values >50 % are shown). Filled circles at nodes indicate corresponding branches that were recovered by using the maximum likelihood
and maximum parsimony algorithms.
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Fig. 2. Basic growth conditions for isolated strains.
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The values are given in % of the total number of strains. The selected sector corresponds to the optimal values of the growing conditions.

form a cluster with any collection strains, despite a relatively
high level of similarity with the closest homologs. These
isolates could probably represent new species of the genus
Streptomyces. However, the identification of streptomycetes
at the species level based solely on the analysis of the 16S
rRNA gene is rather complicated: an earlier study by Labeda
etal. (2012) showed that the nucleotide sequences of this gene
have high similarity for representatives of all taxa within the
family Streptomycetaceae. Because of the complex systema-
tics of the genus Streptomyces, which currently includes more
than seven hundred validly described species, additional tests
are needed to accurately determine the species identity of the
isolated strains.

Ecophysiological characteristics

of the actinobacteria strains

The isolated strains were characterized by different sensiti-
vity to temperature, pH, and NaCl concentration (Fig. 2). The
optimal temperature values for growth range from 25 to 30 °C,
which allows us to assign the isolated strains to the group of
mesophiles. In general, growth was observed in the range
from 5 to 45 °C. Regarding pH tolerance, the isolates behaved
predominantly as neutrophils, having growth limits from 6 to
9 with an optimum pH of 7-8. The optimal NaCl concentra-
tion for growth of most strains was 0 to 1 %. Strains la-1-2,
15a-4-5, 20a-3-3, 3c-1-1, 4c-3-1, 13c¢-5-2, 4k-1-2 and 18
were halotolerant, being able to grow at salt concentration
ranging from 0 to 8 %. However, strong growth retardation
of the isolated strains was observed at the NaCl concentration
of 5 % or more.

Almost all strains were capable of using monosaccharides:
glucose, fructose, galactose, D-xylose, and a-rhamnose. Most
were able to grow on media with disaccharides (sucrose,
D-maltose, lactose) and alcohols (glycerol, mannitol, sorbitol,
dulcitol). Less than half of the strains showed the ability to use
acetate and succinate. Only a few isolates were able to grow on
oxalate (4a-1-4 and 6a-3-2), and citrate (6¢-4-2 and 13p-4-1).

The isolated strains were capable of using both organic
and inorganic nitrogen. The growth of most strains on meat-
peptone broth was accompanied by the release of ammonia and
hydrogen sulfide, which indicated their ability to use proteins

and amino acids as nitrogen sources. The ability to assimilate
ammonium salts and nitrates was detected in almost all strains,
except for 4¢c-3-1 and 5c¢-3-3, which did not use ammonium
salts, and 5c-3-3 with 8c-1-4, which did not use nitrates.

All isolated strains were capable of producing catalase
and amylase. The presence of protease, lipase, and cellulase
was noted in most isolates. Only a few strains were able to
produce urease (Fig. 3).

Discussion

The studied soils are formed in a sharply continental climate
with low precipitation and a short period of biological acti-
vity. The water regime of chestnut soils depends mainly on
atmospheric precipitation and is usually unfavorable due to
the light granulometric composition and gravel content in the
soil. The studied soils are characterized by low stocks of total
organic carbon and total nitrogen, concentrated mainly in the
upper humus horizons. All this probably causes a wide distri-
bution of oligotrophic bacteria in the microbial community,
particularly mycelial prokaryotes —actinomycetes. The results
obtained are consistent with earlier studies in Transbaikalia,
which noted that the average actinomycete content in soils of
the steppe and dry steppe zones exceeds more than half of the
total abundance of cultivated prokaryotes (Nimaeva, 1992;
Buyantueva et al., 2014).

As a result of this work, pure strains of actinobacteria
were obtained, the closest homologs of which were isolated
from soil and plant rhizosphere. Most strains were capable
of forming branching mycelium. These are representatives
of the genera Streptomyces, Nocardioides, Micromonospora,
and Glycomyces. According to Zenova et al. (2009), such
forms of actinobacteria form the basis of the hydrolytic block
of prokaryotic microorganisms in soils with intermittent
moisture and nutrient supply regimes. They have advantages
over other bacteria, as they are capable of cell differentiation
and formation of mycelium able to penetrate through phase
boundaries in the soil medium.

More than half of the isolated strains belonged to the genus
Streptomyces, which is quite natural: this genus is commonly
associated with the soil microbiota and is most easily isolated
on synthetic nutrient media. Streptomycetes strains were iso-
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4k-1-2 8c-1-4 4c-3-1
1 2 3 4 5|1 2 3 45|12 3 45|12 3 405
-+ - -+ - + £ + 4|4+ + = - +|x + = - +
8a-3-3 10a-3-3 20a-3-3 9a-3-4
1 2 3 4 5|1 2 3 45|12 3 45|12 3 45
+ o+ + o+ | - +- -+ - 4+ + + - 4+
13a-4-3 15a-4-5 18
1 2 3 4512 3 4512 3 405
+ 0+ - 4+ + + - - 4|+ 4+ - -
21a-5-3
1 2 3 4 5 234123451245 2 3 45 1 2 3 4 5
+ - - 4+ + |-+ - - -+ -+ -+ |+ + 4+ - -+ - -+ + - = + +

Fig. 3. Morphology of colonies and enzymatic activity of isolated strains.

1 - protease; 2 - lipase; 3 - cellulase; 4 — urease; 5 - H,S production. (+) - positive reaction, (-) - negative, (+) - weakly positive.

lated from the upper, middle, and lower horizons of all soil
sections. The widespread distribution of streptomycetes in
soils is due to their mycelial structure, oligotrophy, and ability
to produce arthrospores that promote dispersal and help them
tolerate stress conditions (Zvyagincev et al., 2005; Cockell et
al., 2013). Strains belonging to the genus Arthrobacter and
the recently separated genus Pseudarthrobacter were isolated
from the surface and middle horizons of the studied soils.
Although their representatives do not form specific dormant
forms like streptomycetes, they are capable of surviving un-
der low-nutrient and soil desiccation conditions due to their
special strategy and metabolism (Dobrovol’skaya, 2002; Wink
et al., 2017). They are capable of forming cyst-like resting
cells with extremely reduced metabolism under unfavorable
conditions (Wink et al., 2017). One strain each of Rhodococ-
cus, Kocuria, and Microbacterium was also isolated. Actino-
bacteria belonging to these genera are unable to form spores,
but Rhodococcus, for example, can form mycelium capable
of disintegrating into coccoid or bacilliform elements, which
increase species survival (Wink et al., 2017). UV-resistant
Rhodococcus (Urbano et al., 2013) and radio-resistant, psy-
chrotrophic members of the genus Kocuria have also been
reported (Asgarani et al., 2012).

All strains under study were isolated at 30 °C, with neu-
tral pH and negligible concentration of sodium chloride in

418

the medium; nevertheless, they demonstrate wide limits of
tolerance to these factors. This indicates their high adaptation
potential to abiotic factors.

At present, the ability of actinobacteria to assimilate certain
sources of carbon and nitrogen is not a significant taxonomic
feature, but it can provide a basis for studying the functional
role of prokaryotes in the community. The isolates exhibited
broad metabolic activity to the substrates, indicating their ac-
tive participation in the degradation of organic matter. Almost
all isolated strains were able to consume mono- and disaccha-
rides, and less frequently, polyatomic alcohols. The isolated
strains were capable of using both organic (proteins, amino
acids) and inorganic (ammonium salts, nitrates) compounds
as sources of nitrogen. Amylolytic and catalytic activity was
observed for all strains examined. Most isolates were charac-
terized by proteolytic and lipolytic activity. More than half of
the strains produced cellulase, and one-third produced urease.

Conclusion

Certain characteristics of actinobacteria indicate that isolated
bacteria play an important role in the degradation of organic
matter and also have adaptive capabilities to environmental
changes. These characteristics include features of morphology
and life cycle (formation of aerial mycelium, spores, and dor-
mant forms), the ability to use various substrates, the presence
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of extracellular enzymes, and a wide range of strain growth.
For decades, actinobacteria have attracted the attention of
many researchers due to their biotechnological potential.
Further research could include additional examinations of
isolated actinobacteria and evaluate the prospects of their use
in biotechnology (in particular, as producers of antimicrobial
components). These data not only expand knowledge about
the diversity of microbial communities in soils of the Selenga
Highlands but also confirm the potential of searching for new
actinobacteria species in these soils.

References

Asgarani E., Soudi M.R., Borzooee F., Dabbagh R. Radio-resistance
in psychrotrophic Kocuria sp. ASB 107 isolated from Ab-e-Siah
radioactive spring. J. Environ. Radioact. 2012;113:171-176. DOI
10.1016/j.jenvrad.2012.04.009.

Bao Y., Dolfing J., Guo Z., Chen R., Wu W,, Li Z., Lin X., Feng Y.
Important ecophysiological roles of non-dominant Actinobacteria in
plant residue decomposition, especially in less fertile soils. Micro-
biome. 2021;9:84. DOI 10.1186/s40168-021-01032-x.

Batuev A.R., Buyantuev A.B., Snytko V.A. Geosystems and Mapping
of Ecogeographical Situations in Selenga Basins of the Baikal Re-
gion. Novosibirsk, 2000. (in Russian)

Buyantueva L.B., Nikitina E.P., Namsaraev B.B. Actinomycete com-
munities of chestnut soils of steppe pastures in Buryatia. Vestnik
Buryatskogo Gosuniversiteta = Herald of the Buryat State Univer-
sity. 2014;4(2):55-58. (in Russian)

Camacho C., Coulouris G., Avagyan V., Ma N., Papadopoulos J., Bea-
ler K., Madden T.L. BLAST+: architecture and applications. BMC
Bioinformatics. 2009;10:421. DOI 10.1186/1471-2105-10-421.

Chimitdorzhieva G.D., Chimitdorzhieva E.O. Structure of humic acids
in dry-steppe soils of Transbaikalia. Uspekhi Sovremennogo Yestest-
voznaniya = Advances in Modern Natural Science. 2021;12:89-94.
(in Russian)

Cockell C.S., Kelly L.C., Marteinsson V. Actinobacteria — an ancient
phylum active in volcanic rock weathering. Geomicrobiol. J. 2013;
30:706-720. DOI 10.1080/01490451.2012.758196.

DeLong E.F. Archaea in coastal marine environments. Proc. Natl.
Acad. Sci. USA. 1992;89:5685-5689. DOI 10.1073/pnas.89.12.5685.

Dobrovol’skaya T.G. Structure of Soil Bacterial Communities. Mos-
cow, 2002. (in Russian)

Ecological Atlas of Lake Baikal Basin. Irkutsk, 2015.

Gordon R.E., Bennett D.A., Handerhan J.E., Pang C.H. Nocardia coe-
liaca, Nocardia autotrophica, and the nocardin strain. Int. J. Syst.
Bacteriol. 1974;24:54-63.

Hazarika S.N., Thakur D. Actinobacteria. In: Amaresan N., Senthil Ku-
mar M., Annapurna K., Kumar K., Sankaranarayanan A. (Eds.) Be-
neficial Microbes in Agro-Ecology. Cambridge, 2020;443-476. DOI
10.1016/B978-0-12-823414-3.00021-6.

Kalakuckiy L.V., Agre N.S. Development of Actinomycetes. Moscow,
1977. (in Russian)

Kumar S., Stecher G., Tamura K. MEGA7: molecular evolutionary ge-
netics analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 2016;
33:1870-1874.

Kurapova A L., Zenova G.M., Sudnitsyn LI, Kizilova A.K., Manucha-
rova N.A., Norovsuren Zh., Zviagintsev D.G. Thermotolerant and
thermophilic Actinomycetes from soils of Mongolia desert steppe
zone. Microbiology. 2012;81:98-108. DOI 10.1134/S00262617120
10092.

Labeda D.P., Goodfellow M., Brown R., Ward A.C., Lanoot B., Vann-
canneyt M., Swings J., Kim S.-B., Liu Z., Chun J., Tamura T., Ogu-
chi A., Kikuchi T., Kikuchi H., Nishii T., Tsuji K., Yamaguchi Y.,
Tase A., Takahashi M., Sakane T., Suzuki K.I., Hatano K. Phylo-
genetic study of the species within the family Streptomycetaceae.
Anton. Leeuw. Int. J. 2012;1(101):73-104.

2023
274

XapakTepucTuka akTMHoGaKTepuii MoYB
CyxocTenHom 30Hbl CeneHrMHCKoro cpeaHeropba

Lechevalier M.P. Ecological associations involving actinomycetes. In:
Schaal K., Pulverer G. (Eds.) Actinomycetes. Stuttgart, New York,
1981;159-166.

Leo V.V., Asem D., Zothanpuia, Singh B.P. Actinobacteria: a highly po-
tent source for holocellulose degrading enzymes in Actinobacteria.
In: New and Future Developments in Microbial Biotechnology and
Bioengineering. 2018;191-205. DOI 10.1016/b978-0-444-63994-
3.00013-8.

Manucharova N.A., Belova E.V., Polyanskaya L.M., Zenova G.M.
A chitinolytic actinomycete complex in chernozem soil. Microbio-
logy. 2004;73(1):56-59.

McCarthy A.J., Williams S.T. Actinomycetes as agents of biodegrada-
tion in the environment — a review. Gene. 1992;115(1-2):189-192.
Mineev V.G. (Ed.) Manual on Agrochemistry. Moscow, 2001. (in Rus-

sian)

Mohammadipanah F., Wink J. Actinobacteria from arid and desert
habitats: diversity and biological activity. Front. Microbiol. 2016;6:
1-10.

Nikitina E., Liu S.W., Li F.N., Buyantueva L., Abidueva E., Sun C.H.
Glycomyces buryatensis sp. nov., an actinobacterium isolated from
steppe soil. Int. J. Syst. Evol. Microbiol. 2020;70:1356-1363. DOI
10.1099/ijsem.0.003923.

Nimaeva S.Sh. Microbiology of Cryoarid Soils. Novosibirsk, 1992. (in
Russian)

Nogina N.A. Soils of Transbaikalia. Moscow, 1964. (in Russian)

Shirling E.B., Gottlieb D. Methods for characterization of Streptomyces
species. Int. J. Syst. Bacteriol. 1966;16(3):313-340.

Tepper E.Z. Microorganisms of the genus Nocardia and humus decom-
position. Agrokhimiya = Agricultural Chemistry. 1981;5:156-157.
(in Russian)

Urbano S.B., Albarracin V.H., Urbano O.F., Farias M.E., Alvarez H.M.
Lipid storage in high-altitude Andean Lakes extremophiles and its
mobilization under stress conditions in Rhodococcus sp. AS, a UV-
resistant actinobacterium. Extremophiles. 2013;17(2):217-227. DOI
10.1007/s00792-012-0508-2.

Ventura M., Canchaya C., Tauch A., Chandra G., Fitzgerald G.F.,
Chater K.F., van Sinderen D. Genomics of Actinobacteria: tracing
the evolutionary history of an ancient phylum. Microbiol. Mol. Biol.
Rev. 2007;71(3):495-548.

Wang C., Dong D., Wang H., Muller K., Qin Y., Wang H., Wu W.
Metagenomic analysis of microbial consortia enriched from com-
post: new insights into the role of Actinobacteria in lignocellulose
decomposition. Biotechnol. Biofuels. 2016;9:22. DOI 10.1186/
$13068-016-0440-2.

Williams S.T., Goodfellow M., Alderson G., Wellington E.M.H.,
Sneath P.H.A., Sackin M.J. Numerical classification of Streptomyces
and related genera. J. Gen. Microbiol. 1983;129:1743-1819.

Wink J., Mohammadipanah F., Hamedi J. (Eds.) Biology and Biotech-
nology of Actinobacteria. Berlin: Springer, 2017. DOI 10.1007/978-
3-319-60339-1.

Wu C.Y., Zhuang L., Zhou S.G., Li F.B., He J. Corynebacterium hu-
mireducens sp. nov., an alkaliphilic, humic acid-reducing bacterium
isolated from a microbial fuel cell. Int. J. Syst. Evol. Microbiol.
2011;61:882-887. DOI 10.1099/ijs5.0.020909-0.

Xie F., Pathom-aree W. Actinobacteria from desert: diversity and bio-
technological applications. Front. Microbiol. 2021;12:765531. DOI
10.3389/fmicb.2021.765531.

Xu P, Li W.J., Tang S.K., Zhang Y.Q., Chen G.Z., Chen H.H., Xu L.H.,
Jiang C.L. Naxibacter alkalitolerans gen. nov., sp. nov., a novel mem-
ber of the family Oxalobacteraceae isolated from China. Int J. Syst.
Evol. Microbiol. 2005;55:1149-1153. DOI 10.1099/ijs.0.63407-0.

Yaradoddi J.S., Kontro M.H., Banapurmath N.R., Ganachari S.V., Su-
lochana M.B., Hungund B.S., Kazi Z.K. Anilkumar S.K., Oli A.
Extremophilic Actinobacteria. In: Yaradoddi J.S., Kontro M.H., Ga-
nachari S.V. (Eds.) Actinobacteria. Rhizosphere Biology. Singapore:
Springer, 2021;55-68. DOI 10.1007/978-981-16-3353-9_4(2021).

nonynAUMOHHAA TEHETUKA / POPULATION GENETICS 419


https://doi.org/10.1186/s40168-021-01032-x
https://doi.org/10.1007/978-981-16-3353-9_4(2021)

E.P. Nikitina, L.B. Buyantueva
E.Yu. Abidueva, C.H. Sun

Yoon S.H., Ha S.M., Kwon S., Lim J., Kim Y., Seo H., Chun J. Intro-
ducing EzBioCloud: a taxonomically united database of 16S rRNA
gene sequences and whole-genome assemblies. /nt. J. Syst. Evol.
Microbiol. 2017;67(5):1613-1617. DOI 10.1099/ijsem.0.001755.

Zenova G.M., Dubrova M.S., Gracheva T.A., Kuznetsova A.I., Stepa-
nova O.A., Chernov I.Yu., Manucharov A.S. Ecological and taxo-
nomic features of soil actinomycete complexes in the Near-Elton re-
gion. Vestnik Moskovskogo Universiteta. Ser. 17. Pochvovedenie =
Herald of the Moscow University. Series 17: Soil Science. 2016;4:
43-46. (in Russian)

Zenova G.M., Kozhevin P.A., Manucharova N.A., Lubsanova D.A.,
Dubrova M.S. Ecophysiological features of actinomycetes in desert
soils in Mongolia. Izvestiva RAN. Ser. Biol. = Proceedings of the
Russian Academy of Sciences. Biological Series. 2014;3:246-253.
(in Russian)

ORCID ID

E.P. Nikitina orcid.org/0000-0003-2431-8999

L.B. Buyantueva orcid.org/0000-0003-2942-4037
E.Yu. Abidueva orcid.org/0000-0001-6312-4076
C.H. Sun orcid.org/0000-0001-6813-8274

Characteristics of actinobacteria
in soils of the dry steppe zone of the Selenga Highlands

Zenova G.M., Kurapova A.l., Zvyagintsev D.G., Lysenko A.M. The
structural-functional organization of thermotolerant complexes of
actinomycetes in desert and volcanic soils. Eurasian Soil Sci. 2009;
42(5):531-535.

Zenova G.M., Zvyagintsev D.G. The Diversity of Actinomycetes in
Land Ecosystems. Moscow, 2002. (in Russian)

Zhou S.Q., Huang X.L., Huang D.Y., Hu X. W., Chen J.L. A rapid
method for extracting DNA from actinomycetes by Chelex-100.
Biotechnol. Bull. 2010;2:123-125.

Zvyagincev D.G., Bab’eva L.P., Zenova G.M. Soil Biology. Moscow,
2005. (in Russian)

Zvyagintsev D.G., Dobrovolskaya T.G., Chernov I.Yu., Sardanash-
vili E.S., Gonchikov G.G., Korsunov V.M. The peculiarities of
taxonomic composition of microbial complexes in soils of Baikal
Region. Eurasian Soil Sci. 1999;6:732-737.

Acknowledgements. The work was partially carried out with the support of the state assignment of IGEB SB RAS No. 121030100229-1.

Conflict of interest. The authors declare no conflict of interest.
Received May 8, 2022. Revised August 1, 2022. Accepted August 3, 2022.

420

BaBunosckuii xKypHan reHeTuku u cenekuyun / Vavilov Journal of Genetics and Breeding - 2023 - 27 - 4



