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Abstract

The objective of this study was the isolation and characterization of Bacillus subtilis local strains from the soil in
Mongolia. These local strains of B. subtilis are showed to have high antagonistic activities against some plant
pathogenic fungi and bacteria. Six strains of B. subtilis were isolated and characterized morphologically,
physiologically and biochemically according the Bergey’s Manual of Systematic Bacteriology.

In order to identify species of the isolated strains, we amplified and sequenced 16S rRNA gene, essential funtinal
genes bmyB, spoVG and srfAA, which are related to antagonistic activity of these strains. The sequences were
aligned using CLASTALW multiple sequence alignment tool. Phylogenetic tree was drawn according to
Maximum likelihood”’method and “Tamura-Nei” model using “MEGA-X version 10.2.6 program.

Among all isolates of B. subtilis MN99 and 7/24 strains had higher antagonist activity against plant diseases.
According to partial sequence of srfAA (620bp) gene of MN99, the local strain belongs to B. subtilis and partial
sequence of bmyB (370bp), spoVG (22bp) gene of MN7/24 strain showed that the it belongs to B. atrophaeus
species. All local strains of B. subtilis had bacillomycin synthesis gene, and B. subtilis MN99 strain had only
surfactine synthesis gene, while did not have spore formation and hemolysis gene SpoVG.
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Introduction

Application of microorganisms can provide production. These molecules are  mainly
environmentally-friendly ~ solution to  secure antimicrobial peptides (AMPSs) [3]. Recently, use of
sustainable agricultural and food production. For this 16S rRNA gene sequences in phylogenetical and
reason, several bacterial strains, including Bacillus, taxanomic studies of bacteria became the most
Pseudomonas, and Streptomyces have been common technique for several reasons: (i) it is
practiced in agriculture. Particularly, Bacillus presented in almost all bacteria, often existing as a
species are considered as an effective due to their multigene family, or operons; (ii) the function of the
resistance to adverse environmental conditions and 16S rRNA gene is stable, thereby, random sequence
high ability to control against broad range of plant changes are measurable for time in terms of
pathogens [1]. Also, they have an ability to produce evolution; and (iii) size of the 16S rRNA gene
various antimicrobial peptides and compounds, such (1,500bp) is enough for informatical purpose [4].

as volatile organic compounds, protein and enzymes. Especially, powerful antifungal metabolites
Additionally, this strains can vary both (lipopeptides of the surfactin, iturin and fengycin
phenotypically and genetically for their antagonistic families) produced by strains of B. subtilis, are
potentiality [2]. important for plant protection purposes. Because of
Any strain of B. subtilis group is estimated that at its unigue biochemical characteristics, antibiotic

least 4-5% of its genome is responsible for the
production of antimicrobial compounds (AMCSs)
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production by these strains plays a major role in plant
disease suppression [5]. As a result of this study, six
strains of B. subtilis were isolated from local soil, its
16S rRNA was amplified, and important functional

Materials and methods

DNA extraction from Bacillus subtilis and PCR

Six isolates of B. subtilis have been cultured and
maintained on Nutrient agar (NA) plate at 35 °C. In
order to extract DNA from pure culture of bacteria,
small portion of bacterial mass on NA was collected
by loop and added in 450 puL of DNA lysate buffer
in 1.5 ml Eppendorf tube. After mixing this lysate
mixture, 5 pL of proteinase K mixture was added,
and incubated for 6-12 hour at 55 C° to lyse bacterial
cells. Then, 500 mL of phenol: chloroform: isoamyl
alcohol mixture was added to the lysate, and mixed
by vortex for 1 minute. The vortexed mixture was
centrifuged at 15000 rpm for 30 min. After the
centrifugation,  supernatant containing DNA
transferred to new tube with 400 ml of phenol:
chloroform: isoamyl alcohol to the supernatant, the
mixed by vortex for 1 minute. The vortexed mixture
was centrifuged at 15000 rpm for 10 minute. Then,
supernatant was gently pipetting out. Pellets were
added with 50 pl 3 M NaCl and 1 mL 99 % of cool
ethanol and incubated at -20 C° for 30 minute.
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and specific genes, such as bmyB, spoVG and srfAA
and phylogenetic relationships were analyzed using
parts of amplified gene sequences.

The supernatant was discarded after centrifugation at
15000 rpm for 30 min, 100 mL of 70 % ethanol was
added to the pellet, and then mixture was centrifuged
at 15000 rpm for 15 minute. Supernatant was
discarded and pellet in the tube was left for drying
on air around 20 minute in order to completely
evaporate residual alcohol. After this step, the
pellets were resuspended in 100 mL of deionized and
distilled water. After the pellet dissolve in the water,
we measured the purity and concentration of the
extracted DNA by spectrophotometer. The DNA
was stored and maintained at - 20 C° to - 40 C°.
Initial denaturation at 95 C° for 5 minute, followed
by 35 cycle of denaturation at 95 C° for 1 minute,
annealing at 59 (60) C° for 1 minute and extension at
72 C° for 50 second. Then final extension at 72 C°
for 7 minutes was performed and after the final
extension temperature dropped to 4 C° until the
remove from thermocycler. Primer that used in this
study was shown in table 1.

Table 1
Used primer list
Target Gen Primer name Primer sequence bp
16SbacF GCTTGCTCCCTGATGTTAGC
165 TRNA 16SIONA -~ 6SbacR CGGGTCCATCTGTAAGTGGT 163
Soore brotein VG SpoF AATACCGATGGTCGCATGA 226
pore p P spoR CAGAATCACCCAAACGATGA
Bacvilomicin DB bmyBF GAATCCCGTTGTTCTCCAAA 270
y y bmyBR GCGGGTATTGAATGCTTGTT
. srfaF TCGGGACAGGAAGACATCAT
Surfactin SITAA srfaR CCACTCAAACGGATAATCCTGA 620

Determination of biological activity encoding some
genes of B. subtilis

PCR was performed in order to detect types of B.
subtilis strains using primer that specifically
designed for amplification of 16S RNA gene fart.
Furtherly, bmyB, spoVG, and srfAA genes that
encode active biological proteins such as
bacyllomycine, spore protein and surfactin. We have
sequenced that amplified product and compared
other similar sequence in gene bank.

Results and discussion

Phylogenetic analysis and sequencing of the 16S
ribosomal RNA gene of B. subtilisBacillus genus
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Because we have found similar sequences from
NCBI data base using BLAST web tool, twenty of
these similar sequences were chosen to compare.
Selected twenty sequences were aligned using
CLASTALW multiple sequence alignment tool.
Phylogenetic tree was drawn according to
“Maximum likelihood” method and Tamura-
Nei”model using MEGA-X version 10.2.6”’program

[6].

bacteria and their species classification and
subtyping were performed using 16S ribosomal
RNA gene,



which is common molecular genetics methods. DNA
extraction from B. subtilis local isolate was done
with generic DNA extraction method as mentioned
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previously. PCR was performed using primer which
is specifically designed for amplification of 16S RNA
gene fart. Results are shown in figure 1.

Figure 1. Results of amplification of 16S ribosomal RNA gene
M-100 bp step DNA size marker, 1-B. subtilis ATCC 6633 strain, 2-B. subtilis local strain MN1, 3- B. subtilis
local strain MN300, 4- B. subtilis local strain 70, 5- B. subtilis local strain MN7/24, 6- B. subtilis local strain
Y7, 7- B. subtilis local strain MN99, 8-Negative control

According to Figure 1, standard strain on line 1 and
other local strain on line 2-7 were all shown same

Determination of some genes of B. subtilis that are
responsible for biological activities

bmyB, spoVG, srfAA genes of B. subtilis of local
strains that encodes synthesis of antibiotic-like
chemicals such as bacyllomycin, spore protein,
surpactine determined by PCR.

band with length of 163bp. This indicated that new
isolates were all belonged to B. subtilis.

DNA extraction PCR amplification was performed
as mentioned previously. PCR result was shown as
follow as line 1 was B. subtilis ATCC 6633 strain,
from line 2 to line 7 are local strains of B. subtilis.
Line 8 is negative control. Research results were
shown in Figure 2.

Figure 2. Results of PCR amplifying bmyB (370bp) gene
M-100bp size marker 1-B. subtilis ATCC 6633 strain, 2-B. subtilis local strain MN1, 3- B. subtilis local strain
MN300, 4- B. subtilis local strain 70, 5- B. subtilis local strain MN7/24, 6- B. subtilis local strain Y7, 7- B.
subtilis local strain MN99, 8-Negative control

As shown in Figure 2, B. subtilis ATCC 6633 strain
did not showed the band. On contrary, local strains
(on line 2-7) showed band with length of 370 bp.
This result indicated this strain possessed bmyB gene
which is responsible for synthesis of Baccyllomycin.
Above mentioned, 6 strains were further subjected to
DNA sequences of bmyB gene. B. subtilis strain 70
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and B. subtilis MN7/24 were successfully sequenced
about 222-264 bp in length. Sequences of bmyB
genes of these two strains were same and showed
100% of similarity. Based on bmyB gene sequences,
phylogenetic tree showed these strains have some
similarity with Bacillus atrophaeus.



Ariunaa Saraadanbazar et al. MJAS Vol 33 (2) 2021

CP011802.1:1664202-1664427 Bacillus atrophaeus UCMB-5137 genome

Mongolian Isolate unpublished: Bacillus subtilis Strain MN724Bacillomycin synthetase (bmyB)

ﬂ

Mongolian Isolate unpublished: Bacillus subtilis Strain 70 Bacillomycin synthetase (bmyB)

KP943739.1:15559-15784 Bacillus atrophaeus mycosubtlin synthetase B (mycB) gene partial cds|

CP021500.1:2123098-2123323 Bacillus atrophaeus strain SRCM101359 complete genome
CP073265.1:2189656-2189881 Bacillus atrophaeus strain CNY01 chromosome complete genome
CP024051.1:2353597-2353822 Bacillus atrophaeus strain BA59 chromosome complete genome
CP014840.1:1940645-1940870 Bacillus subtilis subsp. globigii strain ATCC 49760 complete genome
CP007640.1:1463555-1463780 Bacillus atrophaeus subsp. globigii strain BSS genome

CP002207 1:1538203-1538428 Bacillus atrophaeus 1942 complete genome

— = CP022653 1:2191536-2191761 Bacillus atrophaeus strain GQJK17 complete genome
CP018173.1:3051041-3051265 Bacillus subtilis strain MJ0O1 complete genome
CP002905.1:2083800-2084024 Bacillus subtilis subsp. spizizenii TU-B-10 complete genome
CP041015.1:817035-817258 Bacillus subtilis strain FDAARGOS 606 chromosome complete genome
CP034943.1:1946714-1946937 Bacillus subtilis subsp. spizizenii ATCC 6633 chromosome complete genome
CP039755.1:1673969-1674192 Bacillus subtilis strain NRS 231 chromosome
CP011051.1:3910567-3910790 Bacillus intestinalis strain T30 complete genome
CP002183.1:1935422-1935645 Bacillus subtilis subsp. spizizenii str. W23 complete genome

AF184956.1:15446-15669 Bacillus subtilis mycosubtilin operon complete sequence

CP029465.1:2111451-2111666 Bacillus inaquosorum strain KCTC 13429 chromosome complete genome
CP013984.1:1876193-1876408 Bacillus subtilis subsp. inaquosorum strain DE111 complete genome

CP028812.1:1713360-1713584 Bacillus subtilis strain BL-01 chromosome complete genome

—

Figure 3. Phylogenefic relationships of Bacyllomycin bmyB gene of local B. subtilis MN 7/24 and 70 strains
based phylogenetic tree

Results based on bmyB gene sequences,
phylogenetic tree showed that B. subtilis MN7/24
and 70 isolates are grouped to one groups that is

Determination of spoVG gene that is responsible for
hemolysis and spore formation

The local strain of B. subtilis and standard strain
ATCC 6633 was examined for presence of a spoVG

subtypes of Bacillus atrophaeus and B. subtilis
subsp. globigi.

gene which is responsible for hemolysis and spore
forming. In order to determine spoVG gene, PCR
was performed and the results was shown in Figure

Figure 4. PCR result of spoVG gene amplification M- DNA size marker with 100 bp step
1-B. subtilis ATCC 6633 strain, 2-B. subtilis local strain MN1, 3- B. subtilis local strain MN300, 4- B. subtilis
local strain 70, 5- B. subtilis local strain MN7/24, 6- B. subtilis local strain Y7, 7- B. subtilis local strain
MN99, 8-Negative control

Based on Figure 4, Spore formation spoVG gene are
present in both B. subtilis ATCC 6633 strain and
local strains on line 2-5. As represented in the figure,
B. subtilis ATCC and local strains on the line 2-7 are
amplified 226 bp PCR amplicon. However local
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strain MN99 and B. subtilis Y7 strains are absence
of this gene. We have purified this PCR amplicon
and sequenced this two short sequences. Based on
these two sequences, we constructed phylogenetic
tree and result was shown in Figure 5.
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CP028218.1:2008034-2008185 Bacillus subtilis strain SRCM102756 chromosome complete genome
CP028217.1:894729-894880 Bacillus subtilis strain SRCM102751 chromosome complete genome
CP031693.1:706617-706768 Bacillus subtilis strain SRCM101393 chromosome complete genome
CP046860.1:4083501-4083652 Bacillus subtilis strain RS10 chromosome

CP026662.1:2506214-2506365 Bacillus subtilis strain H1 chromosome complete genome

CP050319.1:4099694-4099845 Bacillus subtilis strain AMR1 chromosome

CP051306.1:55527-55678 Bacillus subtilis strain RI4914 chromosome complete genome
CP051465.1:55650-55801 Bacillus subtilis subsp. subtilis strain UCMBA121 chromosome complete genome
CP051466.1:55649-55800 Bacillus subtilis subsp. subtilis strain UCMBA021 chromosome complete genome

CP054177.1:55611-55762 Bacillus subtilis strain JCL16 chromosome complete genome

CP051462.1:55879-56030 Bacillus subtilis strain At3 chromosome complete genome

CP048852.1:55815-55966 Bacillus tequilensis strain EA-CB0015 chromosome complete genome

CP051464.1:55631-55782 Bacillus mojavensis strain UCMB5075 chromosome complete genome

CP002207.1:3684531-3684682 Bacillus atrophaeus 1942 complete genome

0.0050

Mongolian unpublished isolate Bacillus subtilis strain MN7/24 SpoVG gene
CP024051.1:283581-283732 Bacillus atrophaeus strain BAS9 chromosome complete genome:
CP022653.1:56148-56299 Bacillus atrophaeus strain GQJK1T complete genome
CP021500.1:55655-55806 Bacillus atrophaeus strain SRCM101359 complete genome
CP014840.1:3969796-3969947 Bacillus subtilis subsp. globigii strain ATCC 49780 complete genome
CP007640.1:3609621-3609772 Bacillus atrophaeus subsp. globigii strain BSS genome
CP073265.1:55658-55809 Bacillus atrophaeus strain CNY01 chromosome complete genome

Mongolian unpublished isolate Bacillus subtilis strain MN300 SpoVG gene

Figure 5. Phylogenetic tree based spoVG gene of B. subtilis strain MN7/24

This results indicated that B. subtilis MN7/24 strain
is similar to B. atrophaesus subtype in terms of
spoVG gene.

Detection of Surfactin synthesis srfAA gene

Lipopeptides are surfactants of microorganisms that
are widely used in the biotechnological production
of drugs and preparation against human, animal and
plant diseases. Bacillus genus of bacteria is the

producers of these active compounds, including B.
subtilis, which produces surfactin, the strongest
biosurfactant known nowadays.

Surfactin, secretes by B. subtilis, is antibiotic-like,
antiviral, anti-cancer compound which functions as
immunomodulatory. Therefore, we used PCR to
determine whether local strains contain genes that
produce surfactin.

Figure 6. PCR result of amplification of srfAA (620 bp) gene
Line M-100 bp step DNA marker, 1-B. subtilis ATCC 6633 strain, 2-B. subtilis local strain MN1, 3- B. subtilis
local strain MN300, 4- B. subtilis local strain 70, 5- B. subtilis local strain MN7/24, 6- B. subtilis local strain
Y7, 7- B. subtilis local strain MN99, 8-Negative control

According to our findings, B. subtilis ATCC 6633
strain and B. subtilis local strain 2-6 did’nt show
presence of surfactin gene srfAA. MN 99 (line)
showed presence of surfactin gene srfAA (620 bp
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band on gel). This suggests that local strains of B.
subtilis MN99 might be more biologically active
than other strains.
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CP022890.1:3437193-3437792 Bacillus subtilis strain DKU NT 02 complete genome
CP014858.1:3738373-3738972 Bacillus subtilis subsp. subtilis strain D12-5 complete genome
CP035231.1:435054-435653 Bacillus subtilis strain SRCM103571 chromosome complete genome
CP035402.1:405152-405751 Bacillus subtilis strain SRCM103576 chromosome complete genome
CP035397.1:404609-405208 Bacillus subtilis strain SRCM103773 chromosome complete genome
CP045825.1:412284-412883 Bacillus subtilis strain 75 chromosome complete genome
CP028215.1:2663618-2664217 Bacillus subtilis strain SRCM102750 chromosome complete genome
CP021498.1:404743-405342 Bacillus subtilis subsp. subtilis strain SRCM101444 complete genome
——— CP035395.1:422618-423217 Bacillus subtilis strain SRCM103697 chromosome complete genome
CP035414.1:404747-405346 Bacillus subtilis strain SRCM103637 chromosome complete genome
CP035390.1:404821-405420 Bacillus subtilis strain SRCM103641 chromosome complete genome
CP021889.1:404746-405345 Bacillus subtilis subsp. subtilis strain SRCM100761 complete genome
CP021499.1:404747-405346 Bacillus subtilis subsp. subtilis strain SRCM100757 complete genome

CP028218.1:1666542-1667141 Bacillus subtilis strain SRCM102756 chromosome complete genome

eLomplete genome

g cofnplete genome

CP039935.1:407729-408328 Bacillus subtilis strain H19 chromosome complete genome
CP035191.1:410193-410792 Bacillus subtilis strain SRCM104011 chromosome complete genome
CP035167.1:410195-410794 Bacillus subtilis strain SRCM104008 chromosome complete genome
| CP046591.1:2277522-2278121 Bacillus subtilis strain R31 chromosome complete genome

Mongolian unpublished isolate Bacilis subtilis strain MN 99 Surfactin

Figure 7. Phylogenetic tree based on srfAA gene of B. subtilis local strain MN99

According to the result, B. subtilis MN99 local strain
showed the presence of surfactin gene srfAA (620 bp
band on gel). Phylogenetic tree indicated that this

Conclusion

According to our study objective, we have
successfully isolated and characterized local strains
of B. subtilis which has antagonist activity against
plant pathogens such as fungi and bacteria. This
species of strain is known to yield broad range of
bioactive compound, therefore, it is one of the key
and powerful biomaterial for preparation of
biocontrol agents against plant diseases without
harmful effect on environment.

Besides, taxomic identification of isolates, we have
determined phylogenetic relationships of strains
based on presence of important functional genes
responsible for synthesis of some biological active
compounds. PCR using the general primers for
Bacillus is that based on the 16S rRNA and spoVG,
srfAA and bmyB genes resulted in amplifications for
the six Bacillus strains that we tested. For
functionality of these gene, although spoVG was
determined in 1977, the function of this gene has not
been clarified for years. This gene is considered to
be involved in spore formation and hemolysis [6].
Additionally, srfAA gene which is responsible for
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strain has close relation with B. subtilis in terms of
srfAA gene.

synthesis of the small molecule surfactin has been
tested for its presence in strains. Surfactin is a
powerful surfactant that has been implicated in
permitting cell motility over surfaces. Also, surfactin
has antifungal and antibacterial properties in vitro
that makes it an important natural compound in areas
of agriculture [7]. Also presence of bmyB that is
responsible for synthesis of bacyllomicin indicates
biocontrol ability of strains. Finding of this study can
be concluded as follows:

1. Comparative studies of molecular genetic of the
partial sequences of 16S ribosomal RNA gene
suggested that the MN99 local strain was Bacillus
subtilis and the MN7/24 local strain was Bacillus
atrophaeus.

2. All local strains of B. subtilis showed presence of
the bacillomycin-synthesis gene bmyB, while the
B. subtilis MN99 local strain had only the
surfactin-producing gene surfAA, spoVG gene
which involves in sporulation and hemolysis was
not found in the strain MN99.
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