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Abstract.  The Bacillus subtilis 200 strain, isolated from a sample of 
bottom sediments of the anaerobic zone 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. 
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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 
is 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 
MSMB43. 
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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 Q9K5K8.1 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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Анотація. Штам Bacillus subtilis 200, ізольований з проби донних 
відкладень анаеробної зони Чорного моря , продемонстрував 
антагоністичну активність до Pseudomonas aeruginosa, Escherichia coli, 
Salmonella enterica, Klebsiella pneumoniae і Bacillus subtilis, особливо високу 
до Proteus vulgaris, Staphylococcus aureus, Bacillus cereus та Candida 
albicans. Після аналізу геному Bacillus subtilis 200 на сервері antiSMASH 
було виявлено 15 регіонів, в яких продукуються вторинні метаболіти. 
Більшість кластерів відноситься до типу NRPS та PKS. Цей штам 
здатний до синтезу різноманітних вторинних метаболітів, таких як 
терпени, глікоцини, металофори, субтилозин-А, таїланстатин A, 
бацилізин та сурфактин. 
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Таким чином, штам Bacillus subtilis 200 продукує багато 
вторинних метаболітів з широким спектром біологічної активності, які 
можуть бути використані при виробництві нових лікарських засобів. 
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