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Abstract. A total of 41 strains of endophytic bacteria were isolated from 6 species of rare and endangered medicinal
plants in Mongolia. Among them, 10 strains produced indole acetic acid (IAA), 8 and 3 strains were positive for
phosphate and zinc solubilization, respectively. Out of the strains capable of producing of IAA, and solubilizing
phosphate and zinc, the strains P23-R2 and P26-H1, isolated respectively from the root of Glycyrrhiza uralensis and
aboveground parts of Cynomorium songaricum, demonstrated the ability to produce IAA and solubilize phosphate.
In addition, the strains P31-F1, and P31-L1, isolated from the flowers and leaves of Lancea tibetica, were positive
for solubilizing both phosphate and zinc. Besides, the antagonistic activity of the total isolates was tested, and one
strain exhibited antagonistic activity against . coli, one against S. aureus, two against B. subtilis, three strains showed
activity against C. albicans and one against A. niger. The strain P26-H5, isolated from the above part of Cynomorium
songaricum, exhibited antagonistic activity against 3 test organisms; E. coli (18.5 mm), C. albicans (10.5 mm), A.
niger (20.2 mm). A molecular marker was used for the identification of taxonomic relationship of 23 strains capable of
producing IAA, phosphate and zinc solubilization, as well as exhibiting antagonistic activity. The result revealed that
the strains belonged to 9 distinct genera: Acinetobacter, Alcaligenes, Bacillus, Klebsiella, Paenibacillus, Peribacillus,
Pseudomonas, Serratia, Terribacillus. The Klebsiella sp. P26-H1 resulted the highest production of IAA (28.14 — 68.02
ug/ml), suggesting that it could be used in the future to promote the growth of agricultural plants.

Keywords: endophytic bacteria, identification, rare and endangered medicinal plant, indole acetic acid, antagonistic activity

Received 31 July 2023; received in revised form 04 December 2023; accepted 18 December 2023
© 2023 Author(s). This is an open access article under the CC BY-NC 4.0 license.

Introduction

Endophytic bacteria are beneficial microorganisms
that promote plant growth either directly or indirectly,
under normal and extreme environmental conditions,
while residing inside the plant. Direct plant growth
promotion involves the production of plant growth-
related hormones, and an increase in nutrient
availability. Indirectly, endophytic microbes produce
antibiotic and lytic enzymes to inhibit the growth of
pathogenic organisms, which allows the host plant to
remain healthy [1]. Endophytes can mineralize zinc,
oxidize sulfur, solubilize phosphorus and potassium, and
some endophytes are involved in nitrogen fixation [2].
Therefore, the use of endophytic bacteria that promote
plant growth as biofertilizers will help maintain soil
morphology/fertility. This eco-friendly approach serves

as a cost-effective alternative to chemical fertilizers,

contributing significantly to the advancement of
sustainable agriculture. Endophytes-based research is
therefore crucial [3].

A study of endophytic microorganisms in Mongolia
was initiated in 2009. The results revealed that 73.5%
of 83 endophytic fungi isolated from 14 medicinal plant
species exhibited antagonistic activity.

Moreover, Enkh-Amgalan et al., extended their
identification of endophytic fungal strains to include
various other medicinal plants and evaluated their abilities
to promote plant growth and alkaloid synthesis [5].

This work aimed to isolate endophytic bacteria from
rare and endangered medicinal plants in Mongolia and
screening their properties, such as antagonistic activity,
synthesis of indole acetic acid, phosphate and zinc

solubilization, and identification of isolates.
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Materials and methods

Isolation and characterization of endophytic bacteria

Two species (Peganum harmala L., Lancea tibetica)
of endangered, four species (Cynomorium songaricum,
Ephedra przewalskii Stapf., Glycyrrhiza uralensis Fisch.
ex DC., Paeonia anomala L.) of rare plant, a total of 6
plants were sampled and used to isolate of endophytic
bacteria.

The plant parts, including roots, stems, leaves, and
flowers were dried after being sterilized with 70%
ethanol for 1-2 minutes, 3% with sodium hypochlorite
for 3-5 minutes, followed by another round of 70%
ethanol for 0.5-1 minutes. After sterilization, tissue
samples were incised into 0.5 x 0.5 sections and
placed onto LB agar (casein peptone 10.0g/l, yeast
extract 5.0g/1, NaCl 10.0g/l agar 20.0g/1) solid medium
containing cycloheximide antibiotics. The plates were
thenincubated at 28°C and 37°C for 1-7 days to obtain
pure cultures of endophytic bacteria [5]. The antagonistic
activity of isolated strains was determined against five
test organisms: Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, Candida albicans, and Aspergillus
niger. Using 0.5 McFarland's solution, the bacterial test
strains were adjusted to 5x107 cells/ml, yeast to 2x10*
cells/ml, and fungi to 2x10* cells/ml and inoculated
into LB, YMB and PDB medium, respectively. A 6 mm
diameter block was cut from bacterial strains previously
cultured for 24 hours, placed onto media with the test
organism and incubated at 28°C for 24 hours. The clear
zones formed around the blocks were measured, and
antagonistic activity was determined by comparison
with positive control (kanamycin sulfate 25mg/ml,
cycloheximide 20mg/ml) [6]. For screening of IAA
production, strains were inoculated into Nutrient broth
(NB) medium with tryptophan (0.5%), and without
tryptophan. IAA production was visually assessed by
color changes induced by Salkowski’s reagent and
quantified spectrophotometrically at 530 nm. A bright red
color of the liquid indicated positive for the production
of indole acetic acid, and the amount of IAA was
calculated from a standard curve [7]. The Pikovskaya
medium supplemented with 0.2% lecithin (glucose
10g/1, Cas(PO4)2 2.5g/1, (NH4)2SOa4 0.5g/1, MgSO+*7H-0
0.1g/1, NaCl 0.2¢g/1, KC1 0.2g/1, FeSO+*7H=0 0.003g /1,
MnSO+*H20 0.003g/1, yeast extract 0.5g/1, agar 18g/1)
was used to screen for phosphate solubilization ability.
Endophytic bacteria grown on solid nutrient medium
(block size 6 mm) were sliced and placed onto Pikovskaya
solid medium. The clear zones formed around the strain

were measured to determine phosphate solubility. Zinc
solubilization was determined using a similar method
but with solid medium containing 0.1% ZnO [8,9].

Identification of endophytic bacteria:

Bacterial genomic DNA was extracted using the
"Zanaaspex; Bacterial DNA Extraction Kit" following
the manufacturer’s protocol, and the 16S rRNA gene
was amplified by PCR using a pair of primers 9F
(5'-GAGTTTGATCCTGGCTCAG-3') and 1541R
(5'-AAGGAGGTGATCCAGCCC-3"). PCR  was
performed in a GeneAmp PCR system 9700 (Applied
Biosystem) at 95°C for 3 min, (95°C for 30 sec, 55°C
for 15 sec, 72°C for 1 min) x 30 cycles, at 72°C for 5
min. PCR products were purified using an Agarose gel
DNA extraction kit and sent to Humanizing Genomics
Macrogen Inc., Korea, for nucleotide sequencing.
The obtained 16S partial sequence were compared to
prokaryotic small subunit rDNA sequences using the
FASTA search system on the https://www.ncbi.nlm.nih.

gov, https://www.ezbiocloud.net. Sequence alignment

was performed using MEGA version 4 after multiple
alignments of the sequence data with CLUSTAL X and
manual editing. Phylogenetic trees were constructed by
the neighbor-joining method and NJPlot was used to
display and analyze the trees.

Results

The information of sampling site and plants used in
this study (table 1).

A total of 41 endophytic bacteria were isolated from
6 endangered and rare plants collected from the Gobi-
Altai, Arkhangai, and Central provinces,

Among these, 6 strains were isolated from both
old and fresh rhizomes, and 8 strains were isolated

Table 1. Sampling site and plants information

o Sampling site Sample | Name of the
no. plant
| Gobi-Altai, Chandmani P23 Glycyrrhiza
(N45°34'43" E98°11'38") uralensis
) Gobi-Altai, Chandmani P26 Cynomorium
(N45°34'43" E98°13'12") songaricum
;| Gobi-Altai, Chandmani | o fzp § eirz‘.
(N45°34'43" E98°17'50") preewaisii
Stapf'
Arkhangai, Tsahir 0.
4 (NAT*24'52" E101°45729") P31 Lancea tibetica
5 Tuv, Bayanchandmani P32 Paeonia
(N48°11"23" E106°21'37") anomala L.
6 Gobi-Altai, Tsogt P35 Peganum
(N44°95'97" E96°75'66") harmala L.
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Table 2. The strains of endophytic bacteria isolated from endangered and rare medicinal plants

N Sample | Number of Parts of plants and strain number
- no. isolates
Roots Stems Flowers Leaves
P23-R1, P23-R2, P23-R3,
1 P23 10 P23-R4, P23-RS5, P23-R6, P23-S1 X X
P23-R7, P23-R8, P23-R9
2 P27 P27-R1 P27-S1 X P27-L1, P27-L2
P31 P31-R1, P31-R2 X P31-F1, P31-F2 -
P32-L1, P32-L2,
4 P32 6 P32-R1, P32-R2 X X P32-L3, P32-L4
P35-S1,
5 P35 2 X P35.92 X -
Aboveground parts Underground Fresh rhizome Old rhizome
6 P26 14 parts
P26-H1, P26-H2, P26-H3, | P26-R1 P26-R2 | P26-ZN1, P26-ZN2, P26- P26-201
P26-H4, P26-H5 P26-R3 ZN3, P26-ZN4, P26-ZNS5,

Note: (x) - not available samples; (-) no growth of endophytic bacteria

Table 3. Antagonistic activity of endophytic bacteria

. The inhibition zone, mm (block’s diameter @ 6 mm)
Name of the plant Strain no.
E. coli S. aureus B. subtilus C. albicans A. niger

Glycyrrhiza uralensis Fisch. ex DC. P23-R6 - - - 20.2+0.7 -

P26-H5 18.0+0.7 - - 10.5+0.8 20.24+0.7
Cynomorium songaricum Rupr.

P26-ZN4 - 9.0+0.7 13.0+0.7 - -
Ephedra przewalskii Stapf! P27-R1 - - 11.0+0.7 13.5+0.7 -

Note: (-) inactive

from the aboveground parts and underground parts
of Cynomorium songaricum, and 9 strains were from
the roots, with one isolated from the stem Glycyrrhiza
uralensis. Regarding 4 plants, 5 strains were isolated
from the roots, 3 from the stems, 7 from the leaves, and 2
strains from the flowers, respectively (table 2).

The antagonistic activity of endophytic bacterial
strains isolated from the aforementioned six plants was
determined (table 3). Among them, four strains exhibited
antagonistic activity: one strain against E. coli, one strain
against S. aureus, two strains against B. subtilis, three
strains against C. albicans, and one strain against A.
niger. Specifically, strain P26-HS5 isolated from the above
part of Cynomorium songaricum exhibited antagonistic
activity against three test organisms: E. coli (18.5 mm),
C. albicans (10.5 mm), as well as 4. niger (20.2 mm).

The P23-R6
Glycyrrhiza uralensis, showed antagonistic activity

strain isolated from the root of
against C. albicans (20.2 mm). Moreover, strain P26-
ZN4 exhibited antagonistic activity against S. aureus
(10.7 mm) and B. subtilis (13.7 mm), while strain
P27-R1 was antagonistic against B. subtilis (11.7 mm)
and C. albicans (13.5 mm) (table 3).

Also, the capability to produce indole acetic acid

Microbiology

(IAA), phosphate, and zinc solubilization of these
endophytic bacterial strains was tested, and only positive
results were summarized in (table 4).

According to the result of the experiment, 10 strains
produced indole acetic acid (IAA), while 8 and 3 strains
were positive for phosphate and zinc solubilization,

Table 4. The endophytic bacteria capable of synthesizing
indole acetic acid and solubilizing phosphate and zinc

Ne | Name of the Strain number
plant IAA Phosphate |  Zinc
1 | Glycyrrhiza | P23-R1, P23-R2, | P23-R2, -
uralensis P23-R3, P23-R4, | P23-S2
P23-R5, P23-R8
2 | Cynomorium P26-H1, P26-H1, P26-
songaricum | P26-H3, P26-H4 | P26-R1 701
3 Ephedra P27-S2 P27-L3 -
przewalskii
Stapf.
4 Lancea - P31-F1, | P31-F1,
tibetica P31-L1 | P31-L1
5 Paeonia - P32-R2
anomala L.

Note: (-) no IAA synthesized, and no solubilization of

phosphorus and zinc
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respectively (table 4). Among these strains, 6 were
isolated from Glycyrrhiza uralensis, three strains from
Cynomorium songaricum and one strain from Ephedra
przewalskii  Stapf, all exhibiting IAA production.
Specifically, strains P23-R2 and P26-H]1, isolated from
the root of Glycyrrhiza uralensis and the aboveground
parts of Cynomorium songaricum, respectively,
demonstrated the ability to produce IAA and solubilize
In addition, strains P31-F1, and P31-L1,

isolated from flower and leaves of Lancea tibetica,

phosphate.
exhibited positive results for both phosphate and zinc

solubilization.
Strains P23-R5 and P26-H1, which produced indole
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Fig. 1. The positive strains for the production of TAA (red color)

acetic acid selected for further study (Fig. 2). Initially,
the P23-R5 and P26-H1 strains were pre-cultured in NB
medium for 24 hours on a shaker at 130 rpm. Secondly,
1.0 mL of bacterial strains was inoculated into 100mL
of NB medium, both with and without tryptophan. The
production of IAA and the growth of bacterial strains
were then measured.

The growth of Klebsiella sp. P26-H1 in the medium
containing tryptophan entered the exponential phase
within the first 2 days, reaching the stationary phase by
day 3. However, in the tryptophan-free medium, bacteria
growth increased significantly starting from 1.5 day
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Fig. 2. Growth of endophytic bacterial strains

or 36 hours, decreased from day 3, and shifted to the
stationary phase by day 4, and persisting until the end of
the experiment. As for Terribacillus sp. P23-R5 strain,
bacterial growth transitioned from the logarithmic phase
to the death phase, preventing the attainment of the
stationary phase in the medium containing tryptophan
starting from the second day. Conversely, in the
absence of tryptophan in the medium, bacterial growth
immediately declined without stabilizing on the second
day, particularly from the logarithmic phase.

A continuously increasing trend was observed in the
amount of IAA produced by Klebsiella sp. P26-H1 in
the medium with tryptophan. The IAA concentration
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Fig. 3. Quantitative production of IAA by endophytic bacterial
strains

measured 28.1 pg/ml after 24 hours of cultivation,
increased to 36.1 pg/ml on the second day, further
escalated to 44.9 pg/ml on the third day, reached 50.9
pug/ml on the fourth day, surged to 56.2 pg/ml on the
fifth day, and peaked at 68.2 pg/ml on the final day of
measurement. In contrast, the Terribacillus sp. P23-R5
strain exhibited the highest synthesis of indole acetic acid
(IAA) at 39.9 pg/ml on the first day. This was followed
by a gradual decline to 31.95 pg/ml on the second day.
The production of indole acetic acid (IAA) remained
consistent at a level of 27.9 pg/ml from the third to the
sixth day and eventually ceased. Furthermore, Klebsiella
sp. P26-H1
consistently produced IAA, although the amount was

in the tryptophan-free medium also

three times lower than that in the tryptophan-containing
medium. The synthesis of indole acetic acid (IAA) was
measured at 8.1 pg/ml on the first day, followed by an
increase to 15.6 pg/ml on the second day, and further to
18.8 pg/ml on the third day. From the fourth to the sixth
days, the synthesis of IAA remained steady at a level of
20.2 pg/ml.

The concentration of indole acetic acid (IAA)
produced by the Terribacillus sp. P23-R5 strain measured
6.7 pg/ml on the first day and increased to 14.8 pg/ml on
the second day. Subsequently, it decreased to 10.8 pg/ml
on the third day and continued to decline to 10.0 pg/ml,
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Table 5. Endophytic bacterial identification by 16S rRNA

The closest genus or species based on 16S rRNA gene

Name of the plant Strain no. sequence Similarity (%)
P23-R1 Paenibacillus terrae 99.0
P23-R3 Peribacillus frigoritolerans 100
P23-R4 Terribacillus saccharophilus 99.3
Glycyrrhiza uralensis Fisch. ex DC. P23-R5 Terribacillus saccharophilus 100
P23-R6 Bacillus halotolerans 100
P23-R8 Pseudomonas argentinensis 100
P23-S2 Bacillus halotolerans 100
P26-H1 Klebsiella michiganensis 99.9
P26-HS5 Alcaligenes faecalis 100
P26-R1 Serratia ficaria 99.8
Cynomorium songaricum Rupr.
P26-ZN2 | Bacillus atrophaeus 100
P26-ZN4 | Peribacillus frigoritolerans 100
P26-Z01 Pseudomonas argentinensis 99.9
P27-R1 Bacillus mojavensis 99.8
Ephedra przewalskii Stapf. P27-L3 Peribacillus frigoritolerans 99.8
P27-S2 Bacillus mojavensis 99.9
Lancea tibetica Hook.f. & Thomson P31-F2 Bacillus thuringiensis 100
Paeonia anomala L. P32-R2 Acinetobacter lwoffii 98.0
Peganum harmala L. P35-S2 Paenibacillus taichungensis 99.6
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Fig. 4. Neighbor-joining tree based on 16S rRNA gene sequences, showing the position of P32-R2 isolates which isolated from

Paeonia anomala L.
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8.8 ug/ml, and 4.3 pg/ml on the fourth, fifth, and sixth
days, respectively.

To establish the taxonomic relationships, 23 strains
were chosen based on their ability to produce indole
acetic acid (IAA), solubilize phosphate and zinc, exhibit
antagonistic activity, and display distinct patterns of
bacterial colonies. Through this approach, the sequencing
of 19 strains was successfully accomplished, leading to
the determination of their taxonomic relationships, as
outlined in (table 5).

The molecular identification results revealed that 19
bacterial strains belong to 9 distinct genera. 6 strains
belonged to the genus Bacillus, two strains to the genus
Pseudomonas, three strains to the genus Peribacillus,
two strains to the genus Terribacillus, two strains to
the genus Paenibacillus, and the remaining four strains
belonged to different genera: Acinetobacter, Alcaligenes,
Klebsiella, and Serratia. Notably, the six strains isolated
from Cynomorium songaricum were belonged to 6
different genera.

The 16S rRNA gene sequence similarity of strain
P32-R2, isolated from Paeonia anomala L., was found
to be 98.0% similar to Acinetobacter Iwoffii (Fig. 4).
Nevertheless, in the neighbor-joining tree analysis, a
distinct and independent species can be identified.

Discussion

Indole acetic acid, an essential hormone for plant
growth, is synthesized by plants and bacteria, whether
or not they rely on tryptophan. The findings from this
study indicate that when screening for IAA production
in a medium lacking tryptophan, the strains still
produced TAA, albeit at 2-3 times lower than those in the
tryptophan-supplemented medium (Fig. 3). Consistent
with the findings from other researchers, Klebsiella
species have shown greater proficiency in indole
acetic acid (IAA) production compared to Bacillus and
Enterobacter species [10]. Among 18 strains isolated
from contaminated soil exhibiting IAA synthesis, the
Klebsiella pneumonia AWDS strain exhibited the highest
TIAA production, reaching 95.31 pg/ml in a medium
supplemented with glucose [11]. Comprehensive reviews
highlight various types of endophytic bacteria, including
Bacillus, Pseudomonas, Paenibacillus, Brevibacterium,
Enterobacter,

Arthrobacter, Stenotrophomnas, and

Chryseobacterium, recognized for their roles in
enhancing plant growth [12]. In a study involving 13
endophytic bacterial strains isolated from two medicinal
plants, Fagonoia mollis and Achillea fragrantissima,

in the Egyptian desert, eight strains were identified as

belonging to Bacillus, two to Paenibacillus, and three
to Brevibacillus [13]. Similarly, in another investigation,
116 endophytic bacterial strains from Glycyrrhiza
uralensis Fisch (licorice) plants in the Xinjiang province,
China, were categorized into 20 different genera, with
Bacillus constituting 65% of the identified genera
[14]. Bacillus subtilis strains are widely utilized as
biocontrol agents. Researchers have identified a strain
of Bacillus mojavensis that inhibits the mycotoxin-
producing fungus Fusarium verticillioides. This species
was recently distinguished from the B. subtilis group
due to its biocontrol capabilities against the endophyte
group [15]. In this study, two strains from Ephedra
przewalskii Stapf were found to be 99.1% and 100%
similar to the biocontrol agent Bacillus mojavensis. In a
separate investigation, 31 strains were isolated from the
roots of Pennisetum glaucum and the surrounding soil.
Among them, 24 strains were identified as Acinetobacter
calcoaceticus, one as Acinetobacter baumannii, and
six as Acinetobacter sp., with 26 strains among them
exhibiting positive solubilization of phosphate [16].
Furthermore, in this study, one strain (P26-HS5) from
Cynomorium songaricum belonged to the genus
Alcaligenes and exhibited antagonistic activity against
E. coli, C. albicans, and A. niger.

Conclusion

In this research, 41 strains of endophytic bacteria
were successfully isolated from endangered and rare
medicinal plants in Mongolia. Upon identification, it
was revealed that these strains belonged to nine distinct
genera: Acinetobacter, Alcaligenes, Bacillus, Klebsiella,
Paenibacillus, Peribacillus, Pseudomonas, Serratia,
and Terribacillus. Notably, the presence of Klebsiella
and Alcaligenes genera in Mongolia was documented
for the first time. Additionally, the study identified four
strains with antagonistic activity, 10 strains capable of
producing indole-3-acetic acid (IAA), and eight and
three strains proficient in solubilizing phosphate and
zine, respectively. The findings of this study pave the
way for future research endeavors, particularly in the
development of agricultural production.
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OpAdM HMHUHXKUAITIIHANR OyTIdI

https://doi.org/10.5564/pib.v39i2.3326

PIB

MOHT0J1 OPHBI H3H X0BOP, X0BOP SMHUIH yPramiiaac sijiracat
3HA0GUT OaKTepUiiH cyaaJaraa

Hypamxaan MAPKAHIYJI(), DpasadTerc DHXTOrc (5, HsaMrapam J{APBLIOT301 (5,
Kurxummopk SHX-AMIATIAH

'Moneon Ve, Ynaanbaamap, [Lunsiciox yxaaner akademu, Buonoeuiin xypssnsn, Mukpobuonozuiin iabopamopu
*Xon6oo G6apux 3oxuord: marjanguln@mas.ac.mn, htps://orcid.org/0000-0003-4676-6610

XypaaHryii. Monron opHbI H3H XOBOp, X0OBOp 6 3yiin amuiin ypramnaac supoput Gaxrepuiin 41 ecresep siran
aBcaH. Daranp ecrespyyadsc 10 ecresep nunon myynst xyuui (MIX) nuiimrkyyik, 8 ecresep docodar, 3 ecreBep
HaupeIr yycrax yagsapraii 6aiis. MX auitmarkyysmk, pocdar 0os10oH Haiip yycrax yaapapraii 0aiican ecreBpyy/a’ac
VYpan yuxsp eBcHUM yHAdCHI3C suiracaH P23-R2, 3yyH rapblH ro€oHsl ra3pblH 331 X3Cradc sirad ascaH P26-HI
nyraaprait ecrespyya Hb MI[X Huitmamkyymxasc ragua ¢ocdar yycrax yaasapraii 6aiina. Men TeBn naHuaiHbl
1pPIEr 6onoH HapyHaac suiracad P31-F1, P31-L1 ecreBpyya He docdar Gonon maipeir yycrax daasapTail Gaiis.
[laammy HUNUT AAraH aBcaH €CTOBPYYIMMH AaHTaroHUCT WABXUHI TOrtooxon K. coli-uitH scpar 1, S. aureus-uitn
acpar 1, B. subtilis-nitn acpar 2, C. albicans-nitn scpar 3, A. niger-uita scpar 1 ecreBep nadBxTdi Oait. Taarasparsc
3yyHrapbH TO€0HBI Ia3pblH A3 X3craac suirad aBcad P26-HS ecresep Hb E. coli (18.5 mm), C. albicans (10.5 mm ),
A. niger (20.2 mm)-uitH scpar umdBxTai O6aiina. MIIX HUMOKYYIdX, Gocdar, mailp yycrax, dagBapraiiraac rajHa
AQHTArOHUCT UA3BXT3H 23 ©CreBpUilH aHTHIAI3YHH XamMaapibl MOJIEKYJI MapKep allUIVIaH TOITOOXOA Acinetobacter,
Alcaligenes, Bacillus, Klebsiella, Paenibacillus, Peribacillus, Pseudomonas, Serratia, 6onoun Terribacillus 33p3r HUAT
9 eep eep Tepena xamaaparnax Oaiina. Klebsiella sp. P26-H1 ecreBep Hb xamruiin ux Oywoy 28.14 — 68.02 mMkr/mi
NIX HuAmdmKyy/DK 6aliraa Hb HAallna ra3ap TapUaaHTUifH ypraMilblH ©COJITHIT IIMIKHXI] alllurax 00JoMxK Oy#r
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Opumi

OHpoduT OakTepH ypramiiblH 3pXTIHIPPUNAH I, 9C
JIOTOp OalpIIMH ©CeX YPKUH, XYPIINIIH Oyl OpYHEI
XOBUMH OOJOH 5pC TAC HOXIOJNJ 0733H YpraMiiblH
OCONTHHT Imyyn OosoH mryyn Oyc 3amaap AOMKIAT
ypramain amurrtail 6axrepu oM. Lllyyn 3amaap 1aMKux
Hb XOBHUHH OOJIOH CTpecCTdi HOXION] YpraMiblH
6CeJITTIN X0JI000TOH TOPMOHYYIBIT 30XHUITyyJIaX 3CBAI

Iy yn
HAMATYYIDXHUT X3mmH). Lyyn Oyc raasr Hb aHTHOMOTHK

ypramjblH = IIUM  TRKIUIMAH — XYPTIDIMIKUNAT

00JIoH siH3 OYpHIH (QepMEeHT HHIIAIIKYYJIIH ypramaiy
©BUMH YYCI3TYMUH OCONTUHII JapaHryiljaaH ypramJiiblH
napxiaar caibkpyyngar [1]. DOupodutyyn — madpsir
IPAICIKYYIIX, XYXPHUT HCHIIAYYIIX, (hochop, Kamiuir
yycrax ygajBapTaiiraac rajjHa 1eeH TOOHBI SHAOPHUTYYH

araapbIH a30THIT alllUTIIaX YaaBapTai Oaimar [2]. Uitmn

ypramilblH ©COITHUHIT JOMKAST SHIoGUT Oaxrepuiir

6mobopmoo OONTOH  amUIiIacHaap XOpPCHHH  XOB
IIMHKUAT TOTTBOPTOW Xanrajaxaa oM Ooimor. DHD
Hb IJaalllKJ] TOTTBOPTOM X©/1660 a)XX axXyWr Xer)yyJdXd[
XUMHANWH OOPIOOHBI OPOHJI amHIIaxX 000X Oalraiba
930IT3H, 3appian Oararail, WYy HMpIdOYHTIH XyBuiOap
Oomox tom. TuitMadsc sHpoduTr OakrepuilH cynairaa
HAPH gyxan OaiiHa [3]. Manaii opoHA SHAOPHUT OHUMIT
OouetHmit cymanraa anx 2009 onx xwidra»k, MoHTOI
OopHBI 14 3yitn SMuitH ypramyaac sracaH >HIO(GHT
MeereHpuitH 83 ecresBpuitH 73.5% Hb aHTArOHUCT
UIIBXTOH OONOXBIT TOrTOoOCOH Oaita [4]. Llaammua
K. Dux-Amranan 60510H Oycas Cymaaqn] eep X3 XI3H
3YIUI SMUIH ypramiaac SHA0(UT MOOTOHILIPHIH 6CTOBOD
SUITaH  TONOPXOWJDK, TOATIIPHIH aHTArOHHUCT OOJIOH
(GepMEHTHIHH WIPBX, YPraMyIblH ©COITHHT I3IMIKHX

yaaBap, aJKJIOUAbIH HUIIAKIMUAT TOTTOOX 33p3r
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QKITYYABIT XUIDK TYHIPTIICH OaifHa [5]. MoHTOI OpHBI
HAH XOBOP OOJIOH XOBOP SMHIH ypramiyyjaaac d3HI0(pHUT
OakTepHiiH ©creBep sUITaH aB4, AHTATOHHCT HJIIBX,
ypramilblH ©CeJITe HIH IIaapisiararaii TopMoOH 000X
NLX-miir HUimrKyymmx, Gocdar 0ooH naip yycrair
33p3r MIMHXK YaHAPYYAbIT TOAOPXOMIDK, aHTHIAN3YWHH
XaMaapibl TOITOOXOJ SHIXYY

CyJajiraanbl  aKJIbIH

30PUIITO OPIIHHO.

Cynanraansl MmaTepuaJ 0a apra 3yi

OHmodUT OGaKTepHiiH LPBIP OCTOBOP SUITaH, AIUTT
HIMHXK YaHAPYYIbIT TOIOPXOMIOX

Oron ewmxwmii eBc (Peganum harmala L.), Tesn
nannait (Lancea tibetica Hook.f. & Thomson) 2 3yiin
HAH XOBOD, 3yyHrapsid roéo (Cynomorium songaricum
Rupr.), [Ip>xeBanbckuiia 393praud (Ephedra przewalskii
Stapf.), ¥pan unxap esc (Glycyrrhiza uralensis Fisch. ex
DC.), Sraan 1pand (Paeonia anomala L.) 4 3yiin xoBop
ypramai, HUAT 6 3y ypramiibIr CylaJiraaHbl MaTepual
00JITOH ammurIaaa.

Pk ypramiiblH YHJIC, WIL, HaBY, IPLAT 33pAT
xacryyauiir 70% - witH >THAMHH cnupTIdp 1-2 MuH,
3% - uitH HaTpuitH runoxiaopugoop 3-5 muH, 70% - uitxn
STHIUIH cupTI3p faxuH 0.5-1 MUH apuyTraH, XaTaacHBI
mapaa 0.5 x 0.5 cMm 3ycu JoTOp SAMMI MJI rapraaj
nuKiIorercamuy] aHtuOunotukToli LB arap (kaseitn
nernron 10.0r/n, apoxokuita xaug 5.0r/m1, NaCl 10,01/,
arap 20r/m) xaryy opumH m33p cyyarax 28°C 6a 37°C-
o 1-7 xoHOT ecreBepieH HAOGUT OAKTEPHITH IIBIP
ecreBep suIraH aBHa [4]. Slnrax aBcaH HMHUT ©CTOBPUUT
Staphylococcus aureus, Bacillus subtilis, Escherichia
coli, Candida albicans, Aspergillus niger 33pa3r Tect
OpPraHM3MBIH ACPAT AHTArOHUCT HAIBXHUUT TOTTOOHO.
McFarland 0.5 - ®IH yycman ammriadH OaKTepHitH
Tect ecreBpuiir 5x107 ac/mi, apoxoxuir 2x10* ac/mi,
mMeereHIpuir 2x10* sc/mit Gaiixaap TOOIOXK THKIIIT
OpUMH/ TapWHA. YpbAUWwiIaH 24 [ar ecreBepiIeceH
OaKTepHiiH 6CTOBPOOC 6 MM JUAMETPTIA XOPUUM 3YCU
aBaall, TECT OPraHM3MTail Xaryy TKIUIMWH OpYHBI
rapapryyn Oavipmyymk 28°C - T 24 mar ecreBepIieH,
OCTOBPHUIH O3Pr3H TOMPOHJ YYCCOH AapaHTyHIUIbIH
XYPI3T XOMKHK, 3€PAT XAHANTTAH (KaHAMUIMH Cyabdar
XapbllyyJaaH
151002¢
yycoanruiir 0,5% tpunrtodanrait 6om0H TpunrodaHryi

25Mr/Ma,  TUKIOrekcuMua  20Mr/min)

AQHTAaroOHUCT  WADBXUWT  TOAOpXOilHO  [6].
Nutrient broth IIMHATH TK2IUIH OPUYUHI ©CTOBOPIIOH,
©CTOBPHITH MHUHTH 193p CaJKOBCKUITH yPBaK HIMIII
caiiTap XOJbX OPOeHMM TeMIeparypT XapaHXyu
voxmena 20 muH Oaiinrana. [IIuArHUN 6HTe TOA ylaaH

6oscon Hp ULIX yycant separ raxk y3H3. [aammn yyceon

NI X-uiiH XaMK9r crekrpodoroMeTpadp 530 HM - T
LIMHTIOITHIH YTIBIT XOMKUH ypBAUYHMIIaH OalryyncaHn
xumux Mypyinaac MLIX-uitH XaMKx93r 600K raprana
[7]. 0.2% - mitn neuuTrHTA#H [TrKkoBCKast (rroko3 101/1,
Ca3(PO4)2 2.5r/n, (NH4)2SOs 0.5r/m, MgSO+*7H20
0.1r/m, NaCl 0.2r/a, KCl1 0.2r/m, FeSO4+*7H20 0.003r/m,
MnSO+*H20 0.0031/n, mpoxoxuitn xann 0.5r/m, arap
18r/1) Tok0nT opumHx LB arap xaryy TaKd MuiH
OpYMHJ YPBAYMIAH YPryylacaH 3HIO(PUT OaKTepHilH
ecreBpuiir (xopumuitn @ 6 mm) 3ycy, 28°C - m 5-7
XOHOT' ©CTOBOPJIOH, KOJIOHMHH API3H TOHPOHMA YYCCOH
XYP?3HUI AuaMeTpuir X MXKIK Qocdar yycrax
yaaBapbsIr TopopxoiHo. Llaiip yycranter 0.1% - witn
ZnO Oyxuil OpYHH] IPIPXUUH 8]l TOXOPXOMITHO [8,9].

Oupopur  OGakrepuitn 16S pPHX  renwmiin
HYKJIEOTHABIH  Japaajulbll  TOITOOH, TOPJIMITH
XaMaapJbIl TOAOPXOyoX: bakrepuilH TeHOMBIH

JAHX-r “Zanaaspex; Bacterial DNA Extraction Kit”
LIOMOT QaIIMIVIaH 3aaBpblH Aaryy surad, 16S pPHX
reaniir  9F  (5’-GAGTTTGATCCTGGCTCAG-3")
6omon 1541R (5’-AAGGAGGTGATCCAGCC-3’) xoc
npaiimMep ammniax [II'Y - si apraap onmpyynsa. [I'Y-
pir GeneAmp PCR system 9700 (Applied Biosystem)
Marmag 95°C-xa 3 mus, (95°C-1 30 cek, 55°C-xa 15 cek,
72°C-n 1 mun) x 30 nuki, 72°C - 1 5 MUH HOXIOJIO6D
spyymHa [I['Y-piH  OyTosrmaxyyHuiir “Agarose gel
DNA extraction Kit” moMruiir ammriad m3BIpIIyyIIK,
LBIPLLYYIICOH OYTIATIIXYYHUI
BHCY -1
Macrogen Inc” komnanuap Tonopxoinyynas. 16S pPHX

HYKJICOTHUIbIH
JapaaiabIr “Humanizing  Genomics

TeHUIH HYKJICOTHU/IBIH Jlapaajuiaap XaMI'MilH olp Tepell

https://www.ncbi.nlm.nih.gov, https:/www.
ezbiocloud.net caWTBIH MOIDIIIMUH CaHraac XauiT

3YHIMIT
XUIH aHTWIall 3YiH XamMmaapIibll TOTTOOB.

CynanraaHsl yp AYH

CynanraaHn ammriacaH ypramJibIH 193K aBCaH ra3ap
00JIOH ypraMiibiH M313351371 (1-p XYCHIIT).

loBp-AnTaif, Apxanraii, Tem aiMrmitH HyTar
JIPBCTIPIIC aBCaH HOH XOBOp OOJOH XOBOp 3V
ypramiblH YHASC, UI, HaBY, IPLAT 000H 3yyHrapbiH
ro€o ypramiyiblH Ta3pblH 1331, I0OA, XyYy4WH, IIHUHD
3aHTIIaaHaaC HUUTII SHAOGUT OakTepuitH 41 mIBIp
©CTeBep sUITaX aBaB (2-p XYCHIIT).

3yyHrapelH TOEOHBI IIHWH? OONOH  XYy4WH
3aHTHIIaaHaac 6, ra3pblH A9 OOJOH 00K X3CTr3dC §
oCTeBOp, Ypasl 4YMXd3p ©BCHUN YHAAICHIIC 9, uIIHIC 1
ecreBep TyC Tyc suraB. bycaa ypramiblH YHIICHI3C

5, umH”3¢ 3, HaBYHaac 7, LPLATHAIC 2 ©CroBOp sUITax

Mukpobuonoru 59


https://www.ncbi.nlm.nih.gov
https://www.ezbiocloud.net
https://www.ezbiocloud.net

Mapskanryn Hap / Proc. Inst. Biol. 39 (2023) 51-64

1-p xycHIrT. I3 aBcaH rasap OOJOH ypramiibiH MIA33J13]

Ne [k aBcaH LT Jp2xuitn Jlatun HAp Mowuron Hap
Jyraap
1 Gobi-Altai, Chandmani P23 Glycyrrhiza uralensis VYpan uuxsp eBc
(N45°34'43" E98°11'38")
2 Gobi-Altai, Chandmani P26 Cynomorium songaricum 3YYH rapsis roéo
(N45°34'43" E98°13'12")
3 Gobi-Altai, Chandmani P27 Ephedra przewalskii Stapf! IIpsxeBambCKHITH 339PT3HD
(N45°34'43" E98°17'50") (XOHHUH 333praH?)
4 | Arkhangai, Tsahir (N47°24'52" P31 Lancea tibetica Tesn nannait
E101°4529")
5 Tuv, Bayanchandmani P32 Paeonia anomala L. Sraan 3oH
(N48°11'23" E106°21'37")
6 | Gobi-Altai, Tsogt (N44°95'97" P35 Peganum harmala L. Oran eMxuii ©BC
E96°75'66")

2-p xycHarT. HaH X0BOp 60JIOH XOBOp SMUIAH ypramiaac siiraca 3HI0(OUT OaKTepUitH ecreBep

- Jookuitn | ©creBpuiiH ‘VpramiiblH 9pXToH, 6CTOBPUIH Jyraap
- Jryraap TOO
YHoc N pupr Hagu
P23-R1, P23-R2, P23-R3,
1 P23 10 P23-R4, P23-RS5, P23-R6, P23-S1 X X
P23-R7, P23-R8, P23-R9
2 P27 P27-R1 P27-S1 X P27-L1, P27-L2
P31 P31-R1, P31-R2 X P31-F1, P31-F2 -
P32-L1, P32-L2,
4 P32 6 P32-R1, P32-R2 X X P32-L3, P32-L4
P35-S1,
5 P35 2 X P35-S2 X -
T"a3pein 13371 X9¢9T Taspem noon [uns 3anrnnaa XyyuuH 3aHruinaa
6 P26 14 T
P26-H1, P26-H2, P26-H3, | P26-R1 P26-R2 | P26-ZN1, P26-ZN2, P26- P26.701
P26-H4, P26-H5 P26-R3 ZN3, P26-ZN4, P26-ZN5,

TaiinGap: (x) - 132K MaTepuai aBaaryi; (-) 3HI0GUT GaKTepu HIPITYH

3-p xycHarT. DHn0(UT GaKTepHilH aHTATOHNUCT HIPBX

OcreBpuiin YycceaH aapaHryILIbIH XYpad, MM (X3pUMHH @ 6 MM)

‘VpramiisiH HIp

Ayraap E. coli S. aureus B. subtilus C. albicans A. niger
Vpai uuxsp esc P23-R6 - - - 20.2+0.7 -

P26-HS5 18.0+0.7 - - 10.5+0.8 20.2+0.7
3YYHIapbIH roéo

P26-ZN4 - 9.0+0.7 13.0+0.7 - -
[IpkeBanbCKUIH 329pIaHI P27-R1 - - 11.0+0.7 13.5+0.7 -

Taitnbap: - nmIBXTYH

aBaB. J[33px 6 ypramiiaac suiraca 3HI0(UT OaKTEepHIiH
OCTOBPYYIMHH aHTaroHWCT WIPBXHUUT TorTooxon 4
©CreBep UIIBXTIH OaifHa.

Yyuaac E. coli-nitn acpar 1, S. aureus-nitn scpar 1, B.
subtilis-niin 3cpar 2, C. albicans-niiH 3cpar 3, A. niger-
WitH 3¢par | ecreBep WIPBXTAH OaliHa. 3yYHIapbIH TOEOHBI
Ta3pbIH P9 X3cradc surad aBcaH P26-HS5 ecresep Hb
E. coli-nitn acpar 18.5 mm, C. albicans-witn scpar 10.5
MM, A. niger-uiiH 3cpar 20.2 MM - HIH XYpI3r TyC TyC

60

yycraxk Oaiinaa. Ypan 4uxsp ©BCHHMI YHJIICHIIC sUIracaH
P23-R6 ecreBep 3eBxeH C. albicans (20.2 MM) - HitH 3¢paT
neBXTHH OaitHa. Xapun P26-ZN4 myraapraii ecreBep S.
aureus (10.7 mm), B. subtilis (13.7 mm) - uitn acpar, P27-R1
ecreBep B. subtilis (11.7 mm), C. albicans (13.5 Mm) - nita
9CPAT aHTaroHUCT UIPBXTAH Oalina (3-p XYCHIIT).

MeH sar39p ecrespyyauiin MIIX HUAIIIKYYISX,
¢docar OOMOH mAMPHIr yycrax dYaaBapell TyC TyC
TOTTOOCOH (4-p XYCHIIT).
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4-p xycHarT. IHI0M 1y yHBI XYY HUHIDOKYYIDX, Gocdart,
naiip yycrax yaasaprai s3HA0GUT OaKTepu

No Vpramiisia Ocrespuiin nyraap
B H3p 17110:¢ Docdar Haiip
P23-R1, P23-R2,
1 YP‘”; :c“’”p P23-R3, P23-R4, 22233};2 -
P23-R5, P23-R8
) 3YYHIapbH P26-H1, P26-HI, P26-
ro¢o P26-H3, P26-H4 | P26-R1 701
3 IpxeBanbCKkuitn P27-S2 P27-13 )
393pIIHd
4 | Tosx nanuait ) P31-F1, | P31-Fl1,
LA P31-L1 | P31-LI
5 | Sraan mpsHd - P32-R2

TOI'TBOP)KCOH 0oy Tpunrtodanryit opuusa 1,5 XoHor
Oyroy 36 1araac ormom ecex 4 19X epeec TOITBOPKIIK
Oaiina. Terribacillus sp. P23-R5 ecreBep Tpuntodanrait
opuuHj 2 nax ejep Oyrwoy yor Qazaac dcHitH ©ceiT
TOTTBOPXKUXTYHT?9p 1myyn Oyypcan. Tpumrodanryit
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Taitn6ap: (-) ULX Huitmmxoryi, Gocdar 6ooH maiip
yycraaryi

10 ecreBep MHIIX HUIDBOKYYIK, 8 ocreBep
¢docdar, 3 ecreBep malpHIr yycrax HWA3BXUTIH OaifHa.
VYpan unxsp eBcHeec Anracad 6, 3yyHrapblH TOE0HOOC
anracad 3, IIp)keBaJbCKUIH 333praH33C stiracaH |
ecreBep NLIX HUIIAMKYYIDK OaliB. Ypar 4ux3p eBCHHN
yHA3cHIC snracaH P23-R2, 3yyH rapblH TrO€oHEI
ra3pblH 19371 X3Cradc anraH ascaH P26-H1 nyraaprai
ecreBpyyx Hb MIIX HuMOKYYIIX33C TagHa docdar
yycrax yajaBapraii Oaitna. Men TeBn naHIaifHbI LT
Oonon HaBuHaac suiracad P31-F1, P31-L1 ecrespyyn Hb
(docdar 600H MAMPHIH alb ANWHBIT YyCcrax daaBapTai
GaiiHa.

Nupon wmyyHsl Xydudl HUMIBIKYYIIIX 4YaaBapTail
P26-H1, P23-R5 nyraaprail ecreBpyYAMHT MaaIigsIH
TYpIIMIATaH COHroH aBaB (1-p 3ypar). Oxuaan P26-H1,
P23-R5 yppaumnan NB HIMHTOH TYHKIIIUAH OPYUH]
130 »pr/muH-aap carcopd 24 mar ecreBepreB. Y YHHI
napaa 1 mi ecrespuiir 100 M tpunrodantail 6010H

tpuntoHdanryii NB IIMHMOH T3KIUHH  OPUUH]

1-p 3ypar. MHa011 1y yHBI XYY YYCOIIT - 3epar 6cresep (To
yJlaaH OHI'e)

Tpuntodanrait opunnn Klebsiella sp. P26-HI
©Cr'OBpUUH OCOJNTUHH AUHAMUKHUT X3MKUXDJ 3XHUUI

2 emep HpUMMTIN ecex, 3 max eapeec eceiT Hb

—8— Rlebstslia ;p. P16-HI(Tp

T
3

4 3 [}
Bcranepascen xyranza (agep)

--B-- Klehsisila 1p. P26-HITpunmo@anzyd)

> Tarrid

Mz gp. P23-R5(TE

-- @ - Tarribacifur sp P23-R5 (Tpunmodamnayd]

2-p 3ypar. Tpuntodanrait 60;10H TpUNTOPAHTYH OPUUHL
9HI0(HUT OaKTepUiiH OCTOBPHIH OCONTUIH AUHAMUK
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Brronepmacen xyramaa (aasph

—8— Kebsiolla sp. PR6-HITewemadanmafl]

--B-- Hlabsialla sp. P26 HI{Towwnodanagi)

—— Terribacillus sp. P23-R 5 Tpunmoganmal]
- -~ Terribaellfus sp P23 RI (Thunmoghansya)

3-p 3ypar. TpunrodanTaii 6010H TpUNTODHAHTYH OPIHHI
HUITKCIH UHX

OpYMHA MOH aaui 2 nax enep Oyroy jor (aszaac scuitH
©COJIT TOTTBOPKUXTYHII3p mryyz Oyypd OaifHa.

sp. P26-H1
OCTOBPUIH HUMIAKYYIK Oyl MIX-mifH X3MXK>3 Hb

Tpunrodanrait opunnn  Klebsiella

axHUA emep 28.1 mMxr/miu, 2 naxp emep 36.1 mxr/mi, 3
naxe enep 44,9 mxr/mi, 4 m3xp emep 50.9 mkr/mi, 5
Jaxb e110p 56.2 MKr/miL, 6 1axb e1ep 68.2 MKI/MII 60I0H
TacpaNTTYUr?3p HAIMITIYK OaliHa. XapuH Terribacillus
sp. P23-R5 ecrespuiitn UIX-uiiH HUIIDOKUAAT Hb
9XHUH enep XxamruitH engep 39.9 mkr/mn Gakican Oa 2
nax expeec 3xi3H Oyypu 31.95 mxr/mi 6oincoH Oa 3, 4,
5, 6 nax enpyyaan 27.9 mxr/mit 60k Torrmornkia MIX
HUWJIATKUIT 30TCCOH OaifHa. TpunrodaHryil opumHI
Klebsiella sp. P26-H1 ecreBep Hp MeH 1 MIIX-uiir
TOI'TMOJI HUMIDDKYYIDK Oaiican. 1 19xb enep 8.1 Mkr/
M, 2 naxb enep 15.6 mxr/miu, 3 maxp enep 18.8 mxr/
M1, 4, 5, 6 1axb eApYYIdI HUMIIAIKYYII3X HHIOI LY YHbI
x3MXk33 (20.2 MKI/MIT) @6puIerneeryii.

Xapun Terribacillus sp. P23-R5 ecrespuiin MIIX-
WHH HUWIDOKAAT Hb | 19X6 emep 6.7 MKr/mi, 2 naxp
enep 14.2 mkr/mi, 3 nmaxe enep 10.6 Mkr/mi, 4 m3Xb
onep 10.8 mxr/mi, 5 naxe egep 8.7 MKr/mi, 6 1axb e16p
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5-p xycHAIrT. DHAOGUT OAKTEPUitH aHTHUITANI3YIH Xamaapas

Jlsox ypravan ec;;:g/;f?m )l(:slrzll;l;l)(() ;;};I;IEI;HH,}:;J;IGJ:TOTMLHH Jlapaajuiaap TOCT(?)Z)X}/BL
P23-R1 Paenibacillus terrae 99.0
P23-R3 Peribacillus frigoritolerans 100
P23-R4 Terribacillus saccharophilus 99.3
G lycyrrhi;;zpzfa‘;fifsjg l?fscch. ex DC. P23-R5 Terribacillus saccharophilus 100
P23-R6 Bacillus halotolerans 100
P23-R8 Pseudomonas argentinensis 100
P23-S2 Bacillus halotolerans 100
P26-H1 Klebsiella michiganensis 99.9
P26-HS5 Alcaligenes faecalis 100
3yyHrapsIH roéo P26-R1 Serratia ficaria 99.8
Cynomorium songaricum Rupr. P26-ZN2 | Bacillus atrophaeus 100
P26-ZN4 | Peribacillus frigoritolerans 100
P26-Z01 Pseudomonas argentinensis 99.9
5 P27-R1 Bacillus mojavensis 99.8
bl“;la %t;f;?:;ﬁd:lsz?%zl;; P27-L3 Peribacillus frigoritolerans 99.8
P27-S2 Bacillus mojavensis 99.9
Tesn nauuaii Lancea tibetica Hook f. P31-F2 Bacillus thuringiensis 100
& Thomson
Sraan 13Hd Paeonia anomala L. P32-R2 Acinetobacter Iwoffii 98.0
Oran emxuii eBc Peganum harmala L. P35-S2 Paenibacillus taichungensis 99.6

Acinetohecter ool istimiresistens KE 30174
1 I_ Acinotobactor gvllonkargi ATGGO00000]
— AT DO A DT 0 Ol s KRS L 79
Acineiobacter tjerebergans ARFUDIPI0N1E

Ii Acies=tobacter portensis KXBTORTT

| Acinzteboober piscicola MPQ G260

|_|7 suctratohac e bohesiens KRSa0178
Aeizelobacter ¢ellises MEBDLO10303001

Acinetobacter kookil jgi. 1 102384

—— Acin=iohacter beijerinckii APGLO1G008
1 Acmaiohse e hiserma vt i APO0 L 000002
v = A inEtobae ter cimnalans hRH1 79328

Adinetobacter bouvetil APCDN LODI00Y
— T Acinstchacier johnacmii APCEH DDA

Acinciohscter cryme JUTSI2428

Acinewbacier lmi| CTRMPR15
I_‘—— Arinetchacier radloreslstens BAGYO1000082
Acimetabacier ege) CPO| JEDE
" 1 A imetok e albensia 11029 A8

Aciastobacter barbinesais JRBICO 1O0000]
’—L Acknetobacier shaovimnghl MTI55534

Acinetobacter preudelwolfil PHRGO1000001
Frolimoboros Meckilas TN1TI153

21PF32-R2

Acmetebacier 'woffli AIELDLOOHLIO

Acips=tohacter venetianus AKMIO100008T
[ Acimatckactor poarras KXETOETE

A i D =l vk i i A TR0 DO T O
l | Acanefobecier halotolerans KT0321 55

FOVL POOVLID O O0ET
Aoinetobaoter olenarans P UKD O
I- Ao il e D PRI APRER T CHOEIOHN ]
_< Acimelobacter acilertia KBES1 199
| Acinrtobpeter norocomialis APOI0] DE00] 4
Moraxela lscunmta ATOOE160

4-p 3ypar. fraan 1su> (Paeonia anomala L.) -33¢ siran aBcan P32-R2 ecreBpuiir oiipooo 3yHiaTsi Xapbllyylicaln
(UIIOTeHEeTHK MOJ
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XaMTHiH O0ara Oyroy 4.3 Mkr/mi 60k Oyypcas.

DOHmopur  OakrepwitH  ecreBpyymddc  MIIX
HUIIDIKYYIDX, (ocdar, maifp yycrax dvamgBaprairaac
rajiHa aHTarOHUCT WJIDBXTAM, KOJOHHUIH X3B [IHHK 06p
HUUT 23 ecreBep COHIOH aBY HYyKJICOTHIBIH Aapaaslibil
TOrTooB. IHraxs1 19 ecreBpuiiH HyKJI€0TH/IbIH 1apaaliai
VHIIUTAXK aHTWIAN3YHH XaMaapibll  TOJOPXOMIIOB
(5-p xyewarr). Hwmiit 6 yprammaac smran aBcaH 19
ecreBpuiir 16S pPHX reHuilH HyKJICOTUABIH Japaaiai
TYITYyplaH TOAOpxoinoxon 9 Tepena xamaapargak
OaitHa. Bacillus-nitn Tepenn 6, Pseudomonas-wiiH
tepenn 2, Peribacillus—wita tepenn 3, Terribacillus—wnita
tepena 2, Paenibacillus—wita tepenn 2, Acinetobacter,
Alcaligenes, Klebsiella, Serratia—wmitH Tepenn Tyc TycC
HOT ecreBep xamaapargaxk OaitHa. OHIIIOH XdJIX3
3yyHrapeiH To€oHBI 6 ecreBep Hb 6 eep Tepei
xamaaparjax OaifHa.

SAraan 1m9HIIC sracad docdar yycrax daaBapran
P32-R2 nyraaprait ecrespuiin 16S pPHX renwuitn
HYKJIEOTUABIH Japaajulaap XaMIuilH oOWp 3yHi1 Hb
Acinetobacter Iwoffii (98%) OaitHa. OuIIOreHETUK MOJ
Oaiiryymaxan P32-R2 nyraapraii ecresep Acinetobacter
Iwoffii 3yHATAH HAT Tepes TIXAP> Oue JaacaH MIMHD

3YIII OOJIOXBIT TOT'TOOB (4-p 3ypar).

XamanyyJnr

YpramielH ecenTex HIH IIaapuiaratail  TOPMOH
oonmox UIIX He TpunTodaHaac xamaapanrtai, 3CBII
Xamaapaiaryirap ypramana Oo0JIOH OakTepuiH dCaI
HUHIDOKIK Oakipar. bugnuit MIIX-uitH HARISMKITHIAT
TYpIICAH JYHI?3C Xapaxal TpUnTohaHryd OpYMH]
X
tpuntodanTaiiraac 2-3 maxmH Oara Oatfican (3ypar

OCrOBOPJIOCOH  OCTOBPYYIHIH X9MXK?ID  Hb
3). XopmauitH ToviMooc xapaxan Klebsiella Tepnwiin
ecroBpuiir X HUAIATKYYIIX damsapaap Bacillus,
mwiyy
X3MA3H TAMPIIACIH Oaitna [10]. boxupacon xepcHeec

Enterobacter TepnuiiH ©CTOBPYYIIIC caiin
smracan X Hudmrxyynadr 18 ecreBep ayHaac
Klebsiella  pneumonia AWDS5
aryyJcaH TKIJIMHH OpUMHJ XaMI'MiH ux Oyroy 95.31
[11].
YprammbeiH ecenTuir mdMKIAT Bacillus, Pseudomonas,
Arthrobacter,
Enterobacter, Stenotrophomnas, Chryseobacterium taX

OCroBop  IIFOKO3a

Mkr/min MIX HAWBOKYYDK  Oaiican  OaiiHa

Paenibacillus, Brevibacterium,
MOT OJIOH TOPIUHH SHIO(GUT OaKTepH TIMIIIIIIICIH
Oaiinar [12]. Eruneruiin uenn ypragar Fagonoia mollis,
Achillea fragrantissima >muiiH 2 ypramiaac 3HI0(GUT
OaxrepwuiiH 13 ecreBep siran aBcHaac 8 ecreBep Bacillus,
2 ecreBep Paenibacillus, 3 ecreBep Brevibacillus
TepesII xamaaparjaax 0aliCHBIT TAMIAIIACOH OakiHa [13].

Xsaranaeis Lnnkanbs alMruiin 3 eep razpaac myriyysiacaH
Glycyrrhiza uralensis Fisch. (licorice) yprammaac HUHT
116 ecreBep suiraH aBd aHrWJIal 3YHH XamaapibIl
Hb TOrTOOXON 20 Tepen WI3pCcIH 0a yyHuil 65% Hb
Bacillus Tepnuiin OakTepn 33DK Oaiican OaiiHa [14].
Bacillus subtilus TepnuiiH GaKTepHIT OHOXSTHAIIT OOJITOH
oepreneep ammmaaar. Cyraauu SpAadHY  IIUIIUHH
oBUMH yycrard Fusarium verticillioides 3ydnuiiH
MOOTOHIPUIT JapaHryijiax IIHHX YaHap OyXuid
Bacillus mojavensis GakTepuir oJK WIPYYJIOH, TYYHUHT
OnoXstHANT O0NToH amurnanar Bacillus subtilus Gynrasc
Tycraap, S9HI0PHUT OMOXTHAITHIH OYJIAT OOJITOH aHTHIICaH
Oaitna [15]. buoxsinanT Gonrow ammriax Oaiiraa Bacillus
mojavensis-tai 99,1% 6a 100% TecTait 2 ecreBpuiir
oun [TpxeBabCKUITH 393PTIHIIC OJDK WIPYYIII OaifHa.
lapmaanen cyutaaunn Pennisetum glaucum yp Tapruansl
ypramiaslH YHASC OOJOH OHp OpuMBIH XepcHeec 31
ecreBep sutracan 0a 24 Hb Acinetobacter calcoaceticus,
1 ecreBep Hb Acinetobacter baumannii, 6 ecreBep Hb
Acinetobacter sp. Tyc Tyc Xamaapargax, 3Ir3spa33C
26 ecreBep ¢ocdar yycrax uampaprail Oalican OaifHa
[16]. TapumamxkyyncaH SMHIH ypramiaac siracaH
Alcaligenes TepnuitH SHAOGUT OaKTepH ypramiblH
YHJICOHJ ©BUUH YYCI3IAT S. rolfsii M@OTeHIPUITH 3CpaT
W9BXTIMIIIC TragHa ypramjblH OCONTHHT JIOMXKHX
yansapraii [17]. bumumit cymanraaraap 3yyHrapbiH
ro€oHooc suracaH Alcaligenes tepmuitn (P26-HS)
ecreBep Hb E. coli, C. albicans, A. niger 33par 3 Tect
OpPTraHU3MBIH ICPIT UAIBXTIH OaliB.

Jdyruaar

MoHronm OpHBI HOH XOBOp OOJIOH XOBOp AMHKH
ypramimaac 3HIOGHUT OakrepuitH 41 ecreBep suraH aBd,
19 ecreBpuiir reHuiiH TYBIIMHA Topopxoiion Bacillus,
Pseudomonas, Peribacillus, Terribacillus, Paenibacillus,
Acinetobacter, Alcaligenes, Klebsiella, Serratia T3C3H
9 eep Tepenn xamaaparmax Oy#r TortooB. Klebsiella,
Alcaligenes Tepmuiir MOHTONA MHHAP TAMIATIIB. MeH
AQHTarOHUCT WIPBXTAOH 4 ©CTOBOp, yPTaMIIBIH ©COJTHITH
ropmoH 6osox MLIX wuimrkyymry 10, docdar yycrax
yanBaprai 8, maip yycrax yaaBaprail 3 eCreBpHUAT OJIK
TOTTOOCOH Hb I[AaIlIA AII3p OCTOBPYYAUNT X000 ax
axy# razap TapHayaH]| alumiax OdJIaMAIT YHIIBIPIOX
TEXHOJIOTHUIH CyAaliraaHbl Cyypb 00JI0X a4 XOJIOOTI0JITOM.

Tamapxaau

OHoxyy cymanraar IWHXIIX yXaaH TEXHOJOTHIH
canruiiH  cauxyyxmwrrrai  [lyYs 2020/01 rtecnuita

XYP23HA FYHIDBTIIB.
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