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DEEPENED GENOMICS-METABOLOMICS
CHARACTERISTICS OF THE BACTERIA OF THE
BACILLUS GENUS ISOLATED FROM DEEP-SEA

Marine bacteria from the genus Bacillus are attracting increasing attention as a
source of large amounts of bioactive metabolites. The biosynthetic potential of
marine bacteria from the genus Bacillus is not sufficiently studied. The previous
study of authors could not give a complete result, so it was decided to reanalyze
the metabolites not identified at that time, taking into account the development of
existing databases. Therefore, the work aimed to reanalyze the metabolome al-
ready performed on Bacillus velezensis ONU 553, Bacillus pumilus ONU 554, and
Bacillus subtilis ONU 559 strains isolated from the Black Sea sediments. Meth-
ods. The general genome identification was performed using the online version of
the Dictionary of Natural Products database, and search for biosynthetic clusters
in genome of Bacillus velezensis ONU 553 - with antiSMASH 7.0. Results and
Conclusion. Genomic-metabolic profiling of strains led to the identification of
several new biological compounds — 7 and 1 metabolites in Bacillus velezensis
ONU 553 and Bacillus pumilus ONU 554 strains, respectively, and to identify
biosynthetic clusters of iturin- and helipeptin-like peptides in Bacillus velezensis
ONU 553 strain for the first time. A new biosynthetic cluster was found in the Ba-
cillus velezensis ONU 553 strain

Key words: Bacillus, Spergualin, Bacillomycin, Helipeptin, deepwater sedi-
ments.

Until recently, soil microorganisms were the most productive sources of new
antibiotics and anticancer compounds. However, the gradual decrease in the fre-
quency of discovery of new biologically active compounds from representatives of
this biotope pushes researchers to less studied ones. An example of such a biotope
can be the sea, as an environment inhabited by life from the earliest times [8]. This
study is aimed at deepening our knowledge of the biosynthetic potential of marine
bacteria from the genus Bacillus.

It is known that the oceans occupy 70% of the world's surface, 95% of which
have depths of more than 1000 m [2]. In the course of adaptation to conditions of
high pressure, high salinity, lack of light and low oxygen concentration, metabo-
lism, we can assume the formation of a special genetic pool of determinants of sec-
ondary metabolites, which distinguishes marine prokaryotes from their terrestrial
relatives. This increases the probability of discovering structurally unique natural
products in them.
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Marine environments are already known as sources of strains with specific
biosynthetic potential. For 50 years from 1948 to 1998 the number of new marine
natural compounds exceeded 20 000, 2% of which were isolated from deepwater
organisms [15]. However, due to the limitations of sample collection technologies,
fewer microorganisms have been isolated from deep-sea environments than from
coast and land.

Representatives of the genus Bacillus are promising for research to identify
new metabolites. Examples of antibiotics produced by Bacillus spp include the
lipopeptide bacitracin of B. licheniformis or B. subtilis, cyclic peptides polymyxin
of Paenibacillus polymyxa and gramicidin of Brevibacillus brevis, as well as anti-
biotics of such groups as amicoumacins, polyketides and their derivatives [16]. In
recent years, several lipopeptide antibiotics have received FDA approval for the
treatment of infections caused by multidrug-resistant bacteria, (e.g., daptomycin),
and others are at various stages of clinical and preclinical trials [13]. Bacillus pro-
duces several of well-known examples of these compounds, including surfactins
and fengycins. In addition to these better-known examples, these organisms gen-
erate a number of other classes of lipopeptides with potent antimicrobial activity.

Lipopeptides from Bacillus and Paenibacillus spp. are secondary metabolites
produced by non-ribosomal peptide synthetases (NRPS) [3]. They usually contain
amino acids of both L and D configurations, which leads to increased stability in
the presence of proteolytic enzymes of target organisms, including human plasma
proteases. This can potentially be used for patient treatment by oral administration
and intravenous injection. The N-termini of lipopeptides of these species are usu-
ally acylated with branched-chain fatty acids, which often contain a B-hydroxyl
functionality (usually in the R-configuration) [10]. In most, but not all cases, lipo-
peptides are cyclized by an ester or amide bond between a heteroatom on the side
chain of an amino acid or lipid tail and the C-terminus, which limits the product's
configurational flexibility. Nonproteinogenic amino acids are regularly incorporat-
ed into the peptide chain and provide additional diversity to this class of antibiotics.
The mechanism of action of many lipopeptides involves membrane disruption, and
due to the reorganization hurdle of membrane reorganization by target cells, rela-
tively few resistant strains develop [3, 7].

This work aims to re-annotate the metabolite spectrum, of the genus Bacillus
strains isolated from the Black Sea sediments. The metabolome obtained by au-
thor in 2018 [11] contains compounds that were not identified or had questionable
identification due to the limitations of the database, and therefore it is of interest to
reanalyze them, given the additions to the database in last years. Therefore, it was
decided to re-annotate the metabolomes to supplement the knowledge about the
biosynthetic potential of Black Sea bacteria from the genus Bacillus.

Materials and methods

Previously studied strains of Bacillus velezensis ONU 553, Bacillus pumilus
ONU 554 and Bacillus subtilis ONU 559 were used, which were at one time select-
ed for their antagonistic activity from more than 240 strains of endospore-forming
facultative anaerobic bacteria isolated from deep-sea sediments of the Black Sea

[11].
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Exometabolite spectra of the strains obtained in the course of work [11] were
used as the main material for this study.

Reannotation was performed using the Dictionary of Natural Products data-
base. The 2019 version of the program was used for identification of exometabo-
lome components in work [11]. Currently, all unidentified or questionably identi-
fied compounds have been re-identified using the current online version.

The identification and analysis of biosynthetic clusters were performed using
the antiSMASH 7.0 server. Comparison of the predicted product for biosynthetic
clusters of NRPS was performed using the NORINE database [5].

Results and discussion

In the exometabolomic data of Bacillus velezensis ONU 553, 7 metabolites
were additionally identified, Bacillus pumilus ONU 554 — 1, and Bacillus subtilis
ONU 559 — 0, respectively. The integrated data obtained during the analysis of the
samples are presented in Table 1.

Previously, variants of the most studied class of non-ribosomal peptides, sur-
factins, were identified among the secondary metabolites of the studied strains [3,
11]. The newly found metabolites are presented in Table 1. From this result, we
were interested in iturin-like peptides: Bacillopeptin and Bacillomycin.

Bacillomycin Lc, a new antifungal antibiotic of the iturin class, was isolated
from the Bacillus subtilis strain in a set of two structural analogs - Bacillomycin
L, and Bacillomycin L ,. The biosynthetic cluster of bacillomycin contains a set
of A-domains with the following specificities: Asn, D-Tyr, D-Asn, Ser, Glu, D-Ser,
Thr. It is known from a previous study [13] that a number of clusters were found
in the genome of Bacillus velezensis ONU 553, but no such cluster was found to
correspond to Bacillomycin at that time. Using antiSMASH, genome of ONU 553
was checked out and we found that the bacillomycin cluster was not separately
represented in its output, and it was a cluster in the same region as fungycin (Table
2). The region of fungycin is 1.884.833 — 1,.940.000, and the bacillomycin cluster
with the region 1.965.000 — 2.021.950.

In the case of bacillomycin L, the carboxylic acid is at position 1 (L-aspartic
acid) and the amide is at position 5 (L-glutamine). Alternatively, the structure can
be interpreted as a substitution of L-serine for L-proline in bacillomycin D [4].

Some Bacillus species can produce cyclic lipopeptides, and these lipopep-
tides are promising agents that contribute to the biocontrol of plant diseases. The
cyclic lipopeptide plipastatin variant Bacillopeptin was isolated from the fermenta-
tion broth of Bacillus amyloliquefaciens, which originates from marine sediments.

In 1981, the water-soluble peptide Spergualin was isolated from the culture
filtrate of Brevibacillus latersporus and studied as a new anticancer or antibiotic
substance [1].

Spergualin  (1-amino-19-guanitido-11,15-dihydroxy-4,9,12-triazathiopri-
non-adecane-10,13-dione) has a synthetic derivative 15-deoxyspergualine. It’s an-
alog, 15-deoxyspergualine, later became widely known as a promising new immu-
nosuppressant.

The exact mechanism of action of 15-deoxyspergualine is precisely un-
known. It specifically binds to the heat shock protein Hsp 70 [1] and is believed to
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have its main effect by inhibiting the activation of the transcription factor NFxB in
antigen-presenting cells and monocytes [6].

The antibiotic Agrastatin was found in B. subtilis AQ713 and has a broad
fungicidal spectrum in vitro. Agrastatin is a powerful tool for controlling the gray
leaf rot of beans and geraniums, as well as the early blight of tomato seedlings
caused by Alternaria solani. Downy mildew of grapes caused by Plasmopara
viticola 1s also effectively controlled by Agrastatin, and its effectiveness in this
regard is comparable to that of the synthetic fungicide metalaxyl [6].

Using the antiSMASH 7.0 program, an unidentified NRPS cluster was de-
tected in the genome (Fig. 1). When analyzing this cluster using NORINE nonri-
bosomal peptides database, the sequence of the A-domains was found to be similar
to a metabolite from marine sponges, namely the antimicrobial peptide helipeptine.

[ FaE2s 16465 3

M1 M2 M3 M4 M 5
Cys Ala X Asn D-Asn

%

Fig.1. The domain structure of the products of the cluster NRPS from the genome
of Bacillus velezensis ONU 553 identified by antiSMASH

Bacillamidin F found in Bacillus pumilus ONU 554 is a hydrolysis product of
an undetected amicoumacin. In a previous study [11], a cluster that may be respon-
sible for the synthesis of amicoumacin AI-77A, as well as this amicoumacin itself,
was already found in the strain under investigation.

As aresult of the repeated metabolomic analysis, it was found that all studied
strains of Black Sea bacteria of the genus Bacillus synthesize compounds whose
structure fits into a small number of known structural categories. It should be noted
that even though 4 years have passed since the last identification, there are still a
number of compounds in the metabolomes that cannot be surely identified.

All the identified clusters of additional metabolites of the studied bacillus
strains — Agrastatin, Bacillopeptin, Bacillomycin, and Spergualin, isolated from the
Black Sea sediments, are interesting from a biological point of view and may be
useful for future biotechnological research. A new biosynthetic cluster was found
in the Bacillus velezensis ONU 553 strain, which was not known in this strain be-
fore — Bacillomycin. In the genome of Bacillus velezensis ONU 553 was detected a
biosynthetic cluster of NRPS, whose product is similar to the metabolite of marine
sponges, the antimicrobial peptide helipeptine. That together with the detection of
unidentified biosynthetic clusters in the genome of ONU 553 indicates the pros-
pects for the detection of previously unknown compounds.
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MOITUBJIEHA TEHOMHO-METABOJIOMHA

XAPAKTEPMCTHUKA BAKTEPII POIY BACILLUS,

BUJILTEHMX 3 NIMBOKOBOJIHUX BIIKJIAJIEHD
YOPHOI'O MOPS

Pedepar

Mopcuki baxmepii npusabnioroms 8ce Oinvule y8azu AK 0Hcepeno BenuKoi KilbKi-
cmi bioakmuenux memabdonimis. biocunmemuunuii nomenyian MopcoKux odayun
He € docmamHbo euguenum. Ilonepedne 00CniONHCeHHA a8MOpi6 He Mo2io Oamu
NOBHO20 pe3yibmamy, momy 0y10 NPUHAMO PIeHHs NPo8ecmu nepeananiz He
ioenmughikosanux mooi memabonimie, 3 ypaxy8aHHAM 0ONOBHEHHS ICHYIOYUX 0a3
Odanux. Memoto pobomu 6y10 npogecmu Nepeananiz yice HaA8HUX MemaboioMHUX
Oanux onsa wmamise Bacillus velezensis ONU 553, Bacillus pumilus ONU 554, ma
Bacillus subtilis ONU 559, sudinenux i3 0onnux sioxknadens Yoprozo mops. Me-
moou. [oenmuixayito cnoayk nposoousu 3a 00NOMO2010 BUKOPUCTNAHHS OHIAUH
eepcii npoepamu Dictionary of Natural Products, a noutyk 0iocunmemuyHux
Kknacmepig y cenomi Bacillus velezensis ONU 553 — 3 sukopucmanuam antiSMASH
7.0. Pesynbmamu ma eucnogku. Ienomno-memabdonomme npoiniosanis wma-
Mmie npuzseno 0o idenmughikayii 0eKiibKox paniuie He 8usagieHux cnoayk — 7 ma 1
memabonimis y wmamie Bacillus velezensis ONU 553 ma Bacillus pumilus ONU
554, 6ionogiono. Buseneno paniuie He 8us61eHT OioCUHMemuyHi Kiacmepu — imy-
PpUH-nodioHux nenmuodie ma 2eninenmud-nodionux nenmuois y Bacillus velezensis
ONU 553.

Kuwuoei crnosa: Bacillus, cnepeyanin, bayunomiyuH, eeninenmut, 21iuboKo800-
Hi OOHHI BIOKIAOEHHS.
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