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Molecular and biological characteristics of streptomyces diversity
in the soils of the Saxaul forest in Mongolia
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Saxaul (Haloxylon ammodendron) is a plant with a wide ecological range that forms forests in Mongolia often used
as pastures for camels. Actinomycetes were isolated from the soils of the saxaul forest using selective isolation methods.
According to the results of phylogenetic analysis based on the sequences of the 16S rRNA gene fragment, it has been estab-
lished that the obtained isolates belong to the Streptomyces genus. According to the taxonomic position, strains (M41; M42;
M 43; C 4-46; C 4-47; C 4-50; M44; C 5-54; C5-60 and C 5-63) demonstrate a high level of similarity (99.20- 100 %) of
16S rRNA gene sequences with type strains of the following species: S. fradiae, S. huasconensis, S. coeruleoprunus, S. tendae,
S. rubrogriseus, S. malachitofuscus, S. flavoviridis S. pilosus, S. caelestis, S. azureus, S. fulvissimus, S. microflavus,
S. griseussubsp. griseus, S. anulatus, S. cyaneofuscatus, S. luridiscabiei, S. halstedii, S. fulvorobeus, S. pratensis, S. setonii,
S. anulatus, S. pratensis, S. caelestis and S. azureus.
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MoAERyASIpPHO-OHOAOTHYECKAA XapaKTEepPHCTHKA pa3HOooOOpasua
CTPENTOMHIIETOB B MMIOYBaX CaKCayAOBOro Aeca MOHroAun

© 2021. HopoBcypaH X! X, Shao-Wei Liu?, Cheng-Hang Sun?, AaraHcyx B.3,
Hopxkcyp3H 4. 3

L {Hecmumym b6uonozuu Akademuu Hayk Monzonuu, 2. Yaan-Bamop, MoHzonus,
2Unemumym meduyuHckoll buomexHonozuu, Kumaiickas akademust MeouuHCKuxX HayK
u MeouyuHckuil kKonneox Ilexurcrkozo corsa, 2. Ilexur, Kumaii,

3Hnecmumym BomaHuueckozo cada Akademuu Hayk Monzonuu, 2. Yaan-Bamop, MoHzonus

Cakcayn (Haloxylon ammodendron) — pacmenue ¢ wiupokum 3KonozusuecKkum ouanazonom, gpopmupyem ¢ Monzonuu
Jieca, Komopuvle UCnONbL3YIOMCcA KaK nacmouua ona eepontodos. Hz nous caxcaynogozo neca ¢ nOMoublo ceneKmugHbIX npu-
emoe evloenenst akmunomuyemst. Ilo pesynomamam @unozenemuueckozo ananu3a Ha OCHO8E RNOCNE008amMenbHOCHEN
ppazmenma 2ena 16S pPHK ycmanoeneno, umo nonyueHHvle uzonsamol omuocamcs K pooy Streptomyces. Ilo ceoemy maxkco-
Homuyueckomy nonodxicenuio wmammol (M41; M42; M 43; C 4-46; C 4-47; C 4-50; M44; C 5-54; C5-60 u C 5-63) demon-
cmpupyiom evicokuii yposens (99,20-100 %) cxoocmea nocnedosamensnocmeit zena 16S pPHK ¢ munosvim wmammamu
euooe: S. fradiae, S. huasconensis, S. Coe-ruleoprunus, S. tendae, S. rubrogriseus, S. malachitofuscus, S. Flavoviridis,
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S. pilosus, S. caelestis, S. azureus, S. fulvissimus, S. microflavus, S. griseussubsp. griseus, S. anulatus, S. cyaneofuscatus,
S. luridiscabiei, S. halstedii, S. fulvorobeus, S. pratensis, S. setonii, S. anulatus, S. pratensis, S. caelestis u S. azureus.

Kurouessie cioBa: caxcayn (Haloxylon ammodendron), axmunomuyemol, gpunocenemuyeckutl ananus

bnazooapnocmu: paboTa BHINONIHEHA NIPH IO/ Iep)Kke MHHOBanMOHHOTO (orna CAMS nyist MeqUIIMHCKHUX HayK (TpaHT
Ne CAMS 2017-12M-B & R-08) u rpanra Axanemun Hayk Monromim 2018/10.
Briparxxaem OnaromapHocTh MiaamieMy HaydHoMmy coTpyanuky E. Il Huxutunoi#t Baiikanbckoro MHCTHTYTa NPHPOIO-

nonb3oBaHusd CO PAH 3a e€ yyacTue B HalIuX MCCIEIOBAHUAX.

ABTOpHI O1arofapAT PeLIEH3eHTOB 32 UX BKJIAJ B SKCIEPTHYIO OLIEHKY 3TOH pabOoThL.
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EBpo-Ceepo-Bocroxka. 2021;22(1):85-92. DOLI: https://doi.org/10.30766/2072-9081.2021.22.1.85-92
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Saxaul forests are among the most wide-
spread plant communities of the Gobi Desert in
Mongolia, where they occupy about 2 miln. hec-
tares [1]. Haloxylon ammodendron (Saxaul) is a
plant species with a broad ecological range.
Communities of this species mainly inhabit the
following habitats: 1) stony deserts, or hamadas,
2) dried beds of temporary rivers (sairs), 3) sandy
deserts, 4) depressions, or takyrs [2]. For the first
time the classification of saxaul pastures in Mon-
golia was shown in the work "Natural forage
resources of Mongolia". Tsatsenkin and Yunatov
[3, 4] wrote a note about the saxaul of Mongolia,
where they examined in detail the geography and
ecology of the saxaul forests of Mongolia. Halox-
ylon spp. lives up to 30-60 years [2], rarely up to
50-60 years. Saxaul forests are used mostly as
pastures for camels. In the practice of preserving,
Haloxylon spp. to a large extent performs the
function of sand fixation in deserts and semi-
deserts. Haloxylon spp. is a highly hardy plant
that can survive extreme drought, unbearable heat.

Prevention of soil erosion, habitat creation,
drought resilience and other support services
of saxaul forest can directly or indirectly benefit
local communities and land users.

Desert and semi-desert soils occupy more
than 1/3 of the territory of Mongolia. They extend
mainly southwards of 45 °-46 ° N.

The change in climatic conditions and veg-
etation cover in the direction from north to south
is accompanied by a change of soils: semi-deserts
with brown arid desert-steppe soils turn into
steppe deserts with pale-brown soils, and then into
real deserts with gray-brown soils, and finally,
into extremely arid.

Actinomycetes, in comparison with other
bacteria, are more resistant to soil drying [5]. Ex-
ospores of streptomyces retain viability under
conditions of complete drying. In the soils of arid
regions, actinomycetes occupy a significant place
in the complex of prokaryotic organisms [6].

[Tpunsra k mybnukamuu: 18.02.2021

Ony6nukoBana onnais: 22.02.2021

Mongolia has a unique and pristine ecosys-
tem rich in natural biodiversity, which attracts
foreign research groups to investigate it.

Therefore, it is very important for our mi-
crobiologists to isolate, search and identify biodi-
versity of actinomycete isolate from unexplored
sites of natural substrates in the Mongolian mi-
crobial database.

Hence, there is a strong interest to investigate
separate species of actinomycetes in the soils of un-
explored sites of the saxaul forest of Mongolia.

The aim of the work is to identify actino-
mycetes in the soils of the saxaul forest of Mon-
golia and to determine the 16S rRNA sequences
of their individual representatives.

Materials and methods. Actinomycetes
were isolated from two soil samples of a saxaul
forest (Haloxylonammodendron) in Mongolia.
The sampling sites are located at (place Naran
N43.470 25°E100.427 12° a.s.l. 1461 m) Gurvan
Tes Somon of South Gobi (place: IngeniKhobur
Hooloy N43.92406°E 099.78039° a.s.l. 1113 m)
and Shinejinst Somon of Bayankhongor aimag.
Both samples were collected from dried beds of
temporary rivers (sairs) and were taken from the
upper soil horizon (5-15 cm).

To isolate actinomycetes, we used the
method of surface inoculation from dilutions of
soil suspensions on solid nutrient media — HVA
medium [7] and medium with sodium propionate
[8]. Before inoculation, the soil samples were
dried at 120 ° C for 1 hour.

Nystatin (50 mg / ml) was added to the
media to restrict the growth of fungi and nalidixic
acid (5 mg / ml) to restrict the growth of non-
mycelial bacteria. The platings were incubated for
28-30 days at of 28°C. To isolate actinomycetes
into a pure culture and further cultivation, the
following media were usually used: oat agar,
Gause 1 [9] and ISP 2 [10].

Identification of the isolated strains was
carried out according to the Bergey identifier of
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bacteria [11]. The chemotaxonomic features of
actinomycetes were noted: the presence of whole
cells of LL- or meso-DAP and diagnostic sugars
in the hydrolysates [12].

The Genomic DNAs for the analysis of
16S pPHK gene sequence were extracted as de-
scribed by Li et al [13]. The 16S rRNA gene was
amplified by PCR using two universal primers
27F (5’-AGAGTTTGATCMTGGCTCAG-3") and
1492R (5’-GGTTACCTTGTTACGACTT-3’) ac-
cording to the method described by Liu et al.
[14]. PCR products were purified and then
sequenced in the company SangonBiotechCo.
Ltd (Shanghai, China). Amplification of DNA
included the following stages: initial denatura-
tion at 95 °C for 5 min, the next 35 cycles: 94 °C
for 1 min, 55 °C for 1 min, and 72 °C for 2 min,
and the final stage of chain extension of 10 min
at 72 °C. The belonging of strain at the genus
level was confirmed by the EzBioCloud database
(https://www.ezbiocloud.net/identify) [15] and the
BLAST tool in the GenBankNCBI database
(http://www.ncbi.nlm.nih.gov/).

The corresponding sequences of closely re-
lated type species were obtained from the Gen-
Bank database. Multiple alignments were made

Lgn

using the Clustal X tool in MEGA version 7.0
[16]. Phylogenetic tree based on the neighbor-
joining algorithm [17] was constructed under the
Kimura’s two-parameter model [18] with 1000
repetitions of the initial loading.

The bootstrap method (1000 alternative
trees) [19] was used to assess the stability of the
topology of the obtained trees.

The nucleotide sequences of the 16STRNA
gene of the isolated strains were deposited
in GenBankNCBI with individual accession num-
bers assigned to the cultures: C4-46 (MN566943);
C4-47 (MN566944); C4-50 (MNS566945;
C5-54 (MN566946); C5-60 (MW192806); C5-63
(MN566947); 41M (MN566987); 42M (MN566988);
43M (MN566989) u 44M (MN566990).

Results and discussion. According to our
carly data, the Bayanzag Bulgan somon of the South
Gobi aimag of Mongolia is located in the soils of the
saxaul forest. The total number of actinomycetes
in these soils was 2.1 x 10* CFU / g soil [20, 21].

The total number of actinomycetes in the
studied soil was 6.6 x 103- 3.2 x 10* CFU / g soil
on HVA, and 3.0 x 103 — 7.2 x 10°* CFU / g soil on
the medium with sodium propionate (fig. 1).

Fig. 1. Total number of actinomycetes (IgN): I — Medium with sodium propionate. II — HVA.

Soils: 1 — brown desert soil; 2 — gray-brown desert soil /

Puc. 1. Odmas yucieHHocTh akTHHOMULETOB (1gN): I — Cpena ¢ nponnonarom Hatpus; II — HVA.
Iloussl: 1 — Oypast MycTHIHHASI I04BA; 2 — cepodypas MyCTHIHHAS II0YBa

There were 640 recognized species in the
genus Streptomyces [22]. Sixty-seven strains were
isolated from the studied soils. LL-diami-
nopimelic acids were present in whole-cell
hydrolysates of the isolates. By their morphologi-
cal properties and chemotaxonomic characteris-
tics, the isolated strains were identified as repre-
sentatives of the genus Streptomyces.

According to our early data, two isolates of
actinomycetes, Micromonospora chalcea pcs. 98

and Actinomadura aurantiaca pcs. 107 were iso-
lated from the semidesert soil (Bayanzag site)
Bulgan Somon of the South Gobi aimag (Mongo-
lia) [21]. These two strains were more adapted to
the effect of low humidity than actinomycetes iso-
lated from soils of other types of typical chernozem
and peaty — podzolic profile — gleyed soil [23, 24].
On the basis of phenotypic traits and nucleo-
tide sequences of 16S rRNA gene fragment,
the strains isolated from brown desert soil were
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identified as follows: strain M 41 was identified
as closely related to strain Streptomyces fradiae
DSM 40063 (AB184134) 99.56 %, strain M42:
Streptomyces  huasconensis DSM  107268"
(KDX130268); strain M 43: Streptomyces coeru-
leoprunus VKM Ac-1208T (AB184651) 99.64 %;
strain C4-46 was identified as closely related to
strains  Streptomyces tendae ATCC 198127

(D63873) 99.46 % and Streptomyces rubro-griseus
DSM 414777 (AB184681) 99.46 %, strain C 4-47
was identified as closely related to strain Strepto-
myces malachitofuscus JCM 44937 (MT760556)
99.36 %; C4-50 was identified as closely related
to Streptomyces flavoviridis ATCC 197597
(MT760523) 99.20 % and Streptomyces pilosus
DSM 40097" (MT760541) 99.20 % (fig. 2).

Streptomyces tendae ATCC 198127 (D63873)
Streptomyces rubrogriseus DSM 414777 (AB184681)

C4-46 (MN566943)

C4-47 (MN566944)

Streptomyces violaceoruber NBRC 12826 (GU383147)
67! Streptomyces coelescens CGMCC 4.1594T (GU383132)

lStreptomyces lomondensis NBRC 15426 (AB184673)
Streptomyces violaceorubidus NBRC 154637 (AB184689)

_72|_—C4-50 (MN566945)
Streptomyces hyderabadensis DSM 42074 (FM998652)

66
Streptomyces malachitofuscus JCM 44937 (MT760556)
|Streptomycesﬂavoviridis ATCC 19759T (MT760523)
Streptomyces pilosus DSM 400977 (MT760541)
Streptomyces althioticus ATCC 19724 (AY999808)
Streptomyces matensis ATCC 239357 (AB184221)
Streptomyces pseudogriseolus ATCC 127707 (DQ442541)
Streptomyces cellulosae ATCC 25439T (DQ442495)
Streptomyces capillispiralis DSM 416957 (MT760649)
881 Streptomyces calvus DSM 400107 (MT760511)
Streptomyces asterosporus CGMCC 4.1605T (AB184706)
Streptomyces asenjonii NRRL B-65050T (LT621750)
Streptomyces thermocarboxydovorans JCM 103677 (AB249929)
97— Streptomyces palmae JCM 3 1289T (LC073309)

Streptomyces abikoensis ATCC 12766" (X53168)

il

82

99

Streptomyces roseolilacinus JCM 4606T (MT760513)

Streptomyces somaliensis ATCC 332017 (AJ007403)
Streptomyces coeruleoprunus VKM Ac-1208T (AB184651)
41M (MN566987)

63— 43M (MIN566989)

Streptomyces fradiae DSM 40063T (AB184134)

g

42M (MN566988)

Streptomyces huasconensis DSM 1072687 (KX130877)

Streptomyces kanamyceticus JCM 44337 (AB184388)

0.002

85

Ny Streptomyces aureus CGMCC 4.1833T (AB249976)
Streptomyces longisporoflavus DSM 40165" (MT760538)

Fig. 2. Phylogenetic tree constructed using the “neighbor-joining” (NJ) algorithm in the MEGA 7.0
program. The scale corresponds to 2 substitutions per 1000 nucleotides /

Puc. 2. ®duinoreHernyeckue aepeBo, MOCTPOCHHOE ¢ HCMOJb30BaHHeM ajaropurma «neighbor-joining)
(NJ) B mporpamme MEGA 7.0. Macmitab cOOTBETCTBYET IBYM HYKJICOTHAHBIM 3amMeHaM Ha 1000 HyKJIeoTHI0B
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On the basis of phenotypic traits and se-
quences of 16S rRNA genes, the strains isolated
from the gray-brown desert soil were identified as
follows: strain M 44 was identified as closely re-
lated to Streptomyces caelestis ATCC 149247
(X80824) 99.76% and Streptomyces azureus
ATCC 149217 (EF178674) 99.76%; strain C5-54
was identified as closely related to strain Strepro-
myces microflavus AS 4.1428" (DQ445795)
99.88%, Streptomyces anulatus ATCC 27416"
(DQ026637) 99.88 %, Streptomyces cyaneofusca-
tus AS 4.1612" (AB184860) 99.88 %, Streptomy-
ces luridiscabiei S63T (AF361784) 99.88 %,

Streptomyces halstedii ATCC 10897 (EF178695)
99.88 %,Streptomyces fulvorobeus DSM 414557
(AB184711) 99.88 % and Streptomyces pratensis
CGMCC 4.6829" (JQ806215) 99.88 %; strain
C5-60 was identified as closely related to strain
Streptomyces setonii AS 4.1367T (AB184300)
100 %, Streptomyces anulatus ATCC 274167
(DQ026637) 100 % and Streptomyces pratensis
CGMCC 4.6829T (JQ806215) 100 %; strain
C5-63 was identified as closely related to strain
Streptomyces caelestis ATCC 149247 (X80824)
99.88 % and Streptomyces azureus ATCC 149217
(EF178674) 99.88 % (fig. 3).

Streptomyces setonii AS 4.1367" (AB184300)

100

L

0.005

Streptomyces anulatus ATCC 27416 (DQ026637)
Streptomyces pratensis CGMCC 4.6829T (JQ806215)

C5-54 (MN566946)
C5-60 (MW192806)

Streptomyces luridiscabiei S63T (AF361784)
Streptomyces microflavus AS 4.1428T (DQ445795)
— Streptomyces cyaneofuscatus AS 4.1612T (AB184860)

Streptomyces fulvorobeus DSM 414557 (AB184711)
6

Streptomyces halstedii ATCC 10897" (EF178695)
g@feptomyces Sflavovirens AS 4.5757 (DQ026635)
Streptomyces parvus ATCC 124337 (DQ442537)
Streptomyces nitrosporeus ATCC 12769 (EF178680)
Streptomyces althioticus ATCC 197247 (AY999808)

97 | Streptomyces pseudogriseolus ATCC 12770" (DQ442541)

Streptomyces griseoloalbus NBRC 13046" (AB184275)
74| Streptomyces coerulescens ATCC 197427 (AY999720)
Streptomyces bellus ATCC 14925" (AB184849)
Streptomyces caelestis ATCC 149247 (X80824)
Streptomyces azureus ATCC 14921" (EF178674)

Streptomyces paradoxus DSM 43350" (AB184628)
44M (MN566990)

C5-63 (MN566947)

Fig. 3. Phylogenetic tree constructed using the neighbor-joining (NJ) algorithm in the MEGA 7.0 pro-
gram. The scale corresponds to 5 substitutions per 1000 nucleotides /

Puc. 3. ®unoreHernvyeckue aepeBo, MOCTPOCHHOE C MCMOJIb30BaHMeM aaropurma «neighbor-joining»
(NJ) B nporpamme MEGA 7.0. MacmiTal cooTBeTCTBYeT AT HYKJIeOTHIHBIM 3aMeHaM Ha 1000 Hyki1eoTnios

Actinomycetes play an important role in
plant biotechnology, as strains with antagonistic
activity against plant pathogens are useful for bio-
logical control. Actinomycetes produce secondary
biologically active metabolites, which include
antibiotics, antineoplastic agents, immunosup-

pressants, and enzymes. These metabolites have
antibacterial, antifungal, antioxidant, neuritogen-
ic, anticancer, antitumor properties.

About half of the world's population is
infected by Helicobacter pylori, which is related
to various diseases. Increased resistance of
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H. pylori to antibiotics is alarming and requires
searching for new drugs.

According to Eftekharivash et al. [25]
S. cirratus metabolites UTMC 3318 and Strepto-
mycessp. UTMC 3061 has shown limited eukary-
otic toxicity and good synergy with clarithromy-
cin, the drug currently used to treat H. pylori.

Also, according to Arai et al. [26] during
the screening of inhibitors of migration of breast
cancer cells, we isolated two new compounds,
migracins A and B, from the culture broth of
Streptomycessp. MI 264-NF2. Their structures are
related to the luminacins previously isolated from
Streptomyces.

Migracins A and B suppressed the migra-
tion of breast cancer cells, which was monitored
by a wound healing assay with IC50 values of
1.31 and 1.99 pg / ml (with IC50 values of 1.31
and 1.99 Igmll), respectively, in MDA-MB-231
human breast carcinoma cells without showing
any cytotoxicity. Migracins also suppressed the
migration of human lung adenocarcinoma A549
cells and human fibrosarcoma HT-1080 cells.
Consequently, migracins can become new inhibi-
tors of cancer metastasis.

Conclusion. It was shown that the genus
Streptomyces and the results of phylogenetic
analysis were based on the sequences of the
16SrRNA gene fragment in the studied soils of the
Saxaul forest.

The study of the number and taxonomic
composition of streptomycetes in the soils of the
Saxaul forest of Mongolia allows us to conclude
that the complexes of soil streptomycetes reflect
the originality of natural conditions and specific
features of the country's soils, and can serve as
an indicator of the state and nature of the desert
ecosystems of Mongolia.

Actinomycetes continue to play a very
important role in drug discovery and develop-
ment. Actinomycetes account for up to 80 %
of the world's antibiotics, usually derived from the
genera Streptomyces and Micromonospora. Strep-
tomycessp. were recognized as the most produc-
tive producers of bioactive metabolites with
a wide range of beneficial effects.

The diverse Streptomycetes identified can
serve as the basis for developing new practically
valuable antibiotics, that can be used in medicine
as well as for the creation of environmentally
friendly biological products in agriculture.
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