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Abstract. The Bacillus subtilis 200 strain, isolated from a sample of
bottom sediments of the anaerobic zomne of the Black Sea, demonstrated
antagonistic activity against Pseudomonas aeruginosa, Escherichia coli,
Salmonella enterica, Klebsiella pneumoniae and Bacillus subtilis, especially
high against Proteus vulgaris, Staphylococcus aureus, Bacillus cereus and
Candida albicans. After analyzing the genome of Bacillus subtilis 200 on the
antiSMASH server, 15 regions were identified in which secondary metabolites
are produced. Most of the clusters belong to the NRPS and PKS type. This
strain is capable of synthesizing a variety of secondary metabolites such as
terpenes, glycocins, metallophores, subtylosin-A, taililanstatin A, bacillisin, and
surfactin.

Thus, the Bacillus subtilis 200 strain produces many secondary
metabolites with a wide spectrum of biological activity, which can be used in the
production of new drugs.

Keywords: biosynthetic gene clusters, secondary metabolites, Bacillus
subtilis.

Introduction. It is known that bacilli produce a wide range of different
secondary metabolites, including polyketides, lipopeptides, fatty acids,
macrolactones, lipoamides, polypeptides, isocoumarins and carotenoids. Due to
this diversity, secondary metabolites of marine bacilli can be used in many areas
of human activity.

However, some of the gene clusters that produce secondary metabolites
can be activated only under extreme conditions, such as high salinity and pH, or
at low temperatures. That is why marine bacilli are currently one of the most
interesting objects for research in the field of biotechnology.

Materials and methods. Strain Bacillus subtilis 200 was isolated from
a sample of bottom sediments from the anaerobic zone of the Black Sea at a
depth of 1537 metres and demonstrated antagonistic activity against
Pseudomonas aeruginosa, Escherichia coli, Salmonella enterica, Klebsiella
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pneumoniae and Bacillus subtilis, with particularly high activity against Proteus
vulgaris, Staphylococcus aureus, Bacillus cereus and Candida albicans.

Results and discussion. After analysing the Bacillus subtilis 200
genome, the antiSMASH server identified 15 regions in which secondary
metabolites are produced.

It was found that most of the clusters belong to the NRPS (regions 2, 3,
7, 10, 12, 14 and 15) and PKS (regions 2 and 7) types. This strain is also
capable of synthesising sactipeptide, ranthipeptide, epipeptide, sactipeptide,
CDPS, transAT-PKS, PKS-like, T3PKS and betalactone. The products encoding
regions 1 and 4 were identified as terpenes.

Region 2 contains mainly T3PKS-type peptidases, non-ribosomal
peptidases and trans-acyltransferase polyketide synthases, a group of enzymes
involved in the biosynthesis of polyketides, complex organic molecules with a
wide range of biological activities. In Region 3, beta-lactates were identified,
which in themselves have attracted considerable attention for their antimicrobial
and anticancer properties. In region 5, glycocins, post-translationally
glycosylated bacteriocins with antimicrobial activity, were found. Based on the
results of the antiSMASH analysis, this bacteriocin was identified as sublancin
168. This bacteriocin was also identified by the BAGEL4 server (bacteriocin
AOI 2) as a homologue of the bacteriocin sublancin produced by Bacillus
subtilis 168 (P68577.1 prophage-derived bacteriocin sublancin-168) with an
identity score of 100.0%.

Clusters of genes encoding metallophores were identified in region 7.
Microbes often compete for a limited pool of trace elements. In response to
metal deficiencies, many bacteria produce metallophores, low-molecular-weight
organic compounds that bind ions with high affinity and selectivity

A gene cluster responsible for subtilosin-A was identified in region 9. It
i1s active against a variety of Gram-positive bacteria, including Listeria and
other pathogens. The production of mature subtilosin is based on the expression
of the sbo-alb gene cluster, which includes the structural subtilosin gene sbo and
genes involved in post-translational modification and processing of
presubtilosin and immunity. The sequence found in the Bacillus subtilis 200
genome is 100.0% identical to O07623.1 (Bacillus subtilis 168), which encodes
subtilisin-A, as a result of the BAGEL4 server and designated as bacetriocin
AOI 5 Listeria.

Region 10 encodes thailanstatin A, a promising lead compound for drug
discovery and development. It demonstrates cytotoxicity against a variety of
human cancer cell lines. The mechanism of action (MOA) of thailanstatin A is
to inhibit splicosome assembly. Interestingly, it was previously thought that this
secondary metabolite could only be obtained from Thailandensis burkholderia
MSMBA43.
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Region 11 encodes bacilysin, a dipeptide antibiotic active against a
wide range of bacteria and Candida albicans.

Regions 12, 14, and 15 encode surfactin, which is a cyclic lipopeptide
commonly used as an antibiotic due to its surfactant ability.

In region 13, we found the sporulation killing factor (SKF), a
ribosomally assembled and post-translationally modified sactypeptide of 26
residues. It was identified by the BAGEL4 server as bacteriocin AOI 1.
Additionally, two more gene regions of the secondary metabolite gene clusters
that were not identified by antiSMASH were found using the BAGEL4 server.

Bacteriocin AOI 3, predicted by BAGEL4, was identified as ComX
with 100.0% identity to the sequence Q9KSKS8.1 of Bacillus mojavensis strain.

The following sequence (AOI 4) refers to choline-like peptides (BhlA/
UviB family holin-like peptide) encoded in bacteria with similarities to
bacteriocin. They demonstrate antibacterial action against gram-positive
bacteria.

Conclusions. Thus, strain Bacillus subtilis 200 produces many

secondary metabolites with a wide range of biological activities that can be used
in the production of new drugs.
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Awnoranist. [IImam Bacillus subtilis 200, i3onvo6anuti 3 npoou 0OHHUX
8i0K1a0eHb anaepobHOoi 30HU YopHo20 MoOpsa, NpOOeMOHCMPY8aAs
anmazoHicmu4Hy axmusHicmes 00 Pseudomonas aeruginosa, Escherichia coli,
Salmonella enterica, Klebsiella pneumoniae i Bacillus subtilis, ocoonuso eucoxy
0o Proteus vulgaris, Staphylococcus aureus, Bacillus cereus ma Candida
albicans. Ilicnsa ananizy eemomy Bacillus subtilis 200 na cepsepi antiSMASH
oyno eusgneHo 15 pe2ionis, 8 AKUX NPOOVKYIOMbCS 6MOPUHHI Memaboiimu.
binvwicmes rknacmepis 6ionocumvca 0o muny NRPS ma PKS. Ieii wmam
30amHUtl 00 CUHME3Y PIZHOMAHIMHUX BMOPUHHUX Memabonimis, maxkux sK
mepnenu, 2nikoyuumu, memanogopu, cyomunosun-A, mainancmamun A,
bayunizun ma cyppaxmun.
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Taxum uunom, wmam Bacillus subtilis 200 npooyxye 6acamo
BMOPUHHUX Memabonimie 3 WUPOKUM CNeKMpoM Oi0N02IYHOI aKMUBHOCMI, 5K
MOJHCYMb OYMU BUKOPUCNAHT NPU BUPOOHUYMEE HOBUX JIIKAPCLKUX 3aC0018.

KawuoBi caoBa: xracmepu Oiocunmemuunux 2eemis, GMOPUHHI
memabonimu, Bacillus subtilis.



