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The search for producers of biologically active metabolites is shifting towards the study of strains
from exotic biotopes. Aerobic spore-forming bacteria from the Black Sea bottom sediments are a good
example of such microorganisms due to the simplicity of selective isolation, culture maintenance, and
high biosynthetic activity. Aim. To analyze the genome structure of Bacillus sp. ONU 553 bacterial strain,
isolated from bottom sediments of the Black Sea, for its reidentification and to find genes responsible for
the synthesis of biologically active compounds. Methods. The obtained genomic DNA was sequenced
using HiSeq 1500 equipment (Illumina). Genome assembly was performed with a Newbler 2.8 assembler,
species identification with a TYGS server, for ANI calculation Ezbiocloud was used. Genome annotation
was done using a PATRIC and NCBI PGAP servers, search for biosynthetic gene clusters of antibiotics
and bacteriocins using antiSMASH and Bagel4 respectively. Search for pathogenicity determinant was
conducted using IslandViewer, for antibiotic resistance ResFinder-3.2, prophage elements search with
PHASTER. Results. Established that the size of the studied genome of Bacillus sp. ONU 553 is 3 934 563
bp, the mean GC content is 46.69%. 3 953 open reading frames were revealed, 3 252 of them, i.e. 82%
are identified. Determinants of six antibiotics and two bacteriocins and also four prophage-like elements
were found. Conclusions. The conducted studies and comparative analysis of Bacillus sp. ONU 553
strain genome, which was isolated from the Black Sea bottom sediments gives us reasons to reidentify it
as Bacillus velezensis and make perspective it’s further study as potential probiotic and source of new
biologically active compounds.

Keywords: Bacillus velezensis, genome annotation, marine bacteria, bottom sediments, the Black Sea,
bacteriocins, antimicrobial compounds.

Sequential exhausting of land biotopes as
sources of microorganisms producing biologically
active compounds force investigators to look at
the water inhabiting microorganisms, for example,
such as of the sea origin [1]. From this point of
view, the most interesting ones are seawater
with specific physicochemical conditions, as the
Black sea. The main producers of new bioactive
compounds among the prokaryotes of sea origin are
representatives of phyla Firmicutes (generally from
Bacillus genus and affiliated) and Actinobacteria.
Bacillus genus members are known for their
unique ecophysiology and a wide spectrum of
secondary metabolites, which potential is not fully
exploited yet [2]. Among members of this genus
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especially wide sets of the secondary metabolites
are characteristic for group Bacillus subtilis
subgroup Bacillus amyloliquefaciens, in particular,
species Bacillus velezensis [3]. Representatives of
this species, as a genus in general, traditionally are
recognized as plant-associated soil inhabitants [4].
There is a little information about the isolation of
such bacteria from sea biotopes, especially, from
bottom sediments [5], and the question about the
aboriginality of such isolates remains open. Over
the past years for marine Bacillus strains was
shown an ability to synthesize new compounds
with high biological activity. Nonribosomal
peptides, such as bacilitetrins [6], pumilacidins [7]
and marihysins [8], macrolides (macrolactin W [1],

ISSN 1028-0987. Mixpobion. oicypn., 2020, T. 82, Ne 3



which has antibacterial activity and no cytotoxic
one), thiopeptide bacteriocins YM-266183 and
YM-266184 [6] can be attributed to them.

In our previous work, a gram-positive bacterium
Bacillus sp. ONU 553 was isolated from the depth
of 183 m in point with coordinates 44° 30.000’N
31° 05.000’E, which has an antagonistic activity
to a range of opportunistic microorganisms and
can synthesize a wide spectrum of extracellular
hydrolytic enzymes [9]. According to fatty acid
spectrum data, this isolate was identified as
B. amyloliquefaciens [10]. A combination of
antagonistic activity against opportunistic fungal
pathogens and the ability to synthesize hydrolytic
enzymes became a ground for clarification of its
taxonomy and further and deeper investigation of
its biosynthetic potential.

The goal of this work was to analyze the
genome structure of bacterium Bacillus sp. ONU
553, isolated from bottom sediments of the Black
Sea, its re-identification and revealing of genes,
which are responsible for the biosynthesis of
biologically active compounds. For solving the
last task a genome mining was chosen, which is
an effective tool for a search of biosynthetic gene
cluster individual genomes because it among other
makes possible to reveal genetic clusters which
do not express under laboratory conditions due to
some reason [11].

MATERIALS AND METHODS

The bacterial strain. As an object of this work,
we have used the strain ONU 553 isolated from
the bottom sediments of a shelf zone of the Black
Sea from the depth of 183 m and subsequently
identified with the fatty acids spectrum as
B. amyloliquefaciens. The strain is deposited in the
Collection of the sea and useful microorganisms
of Odessa I.I. Mechnikov National University and
designated as B. velezensis ONU 553.

Genomic DNA extraction. DNA was isolated
using a modified method [12]. 10 ml of day
culture of studied strains grown on the LB broth in
30°C on rotary 160 rpm shaker was harvested
by centrifugation with 5000 rpm for 10 min.
Pellets were resuspended in 450 pl of TES buffer
(50 MM glucose; 25 MM Tris-HCI pH-8.0; 10 MM
EDTA) with added lysozyme in concentration
2 g/ml. The suspension was shaken and then
placed to the thermostat with 37°C for 30 min, the
mix was slowly stirred every 10 min. For further
lysis of bacterial biomass subsequently with the
next stirring were added 50 pl of 5 M NaCl and

ISSN 1028-0987. Mixpobion. sicypn., 2020, T. 82, Ne 3

120 pl and 10 % SDS and 10 pl of protease K with
20 pg/pl concentration. The obtained mix was
placed to the thermostat for 2 hours for 55°C,
carefully mixed every 30 min and cooled to
room temperature. On the next stage 240 pl 5SM
potassium acetate was added and suspension
was placed on ice for 10 min; after that it was
intensively stirred 1-2 times for total mixing of tube
content. The mix was centrifuged in 15 000 rpm
for 10 min and 4° C temperature, supernatant with
genomic DNA was carefully poured off to the clean
tube and after adding 600 pl of isopropyl alcohol
was carefully mixed until reaching homogenous
condition. DNA was precipitated by centrifuging
at 15 000 rpm for 10 min and temperature 4° C,
the supernatant was poured off and added 1 ml of
70 % ethanol, centrifuged at 15 000 rpm for 10 min
with temperature 4° C, the supernatant was poured
off. The procedure was repeated twice. The tube
with genomic DNA was centrifuged for 1 min
with maximal rpm and the remnants of alcohol
were removed. After removing of alcohol tube was
left open for room temperature for 10—15 min. 50
pl of deionized water was added and DNA was
carefully resuspended. 20 pul of previously activated
RNase with 5 pg/ml concentration was added to
resuspended sample for purification of isolated
total cell DNA from RNA impurities; samples
were incubated at 37° C for 3—4 hours, the mixture
was slowly stirred every 30 min. Quality control of
purified DNA was done on NANOdrop equipment
DS-11FX+ and with horizontal electrophoresis
in 1.5 % agarose gel with constant voltage 150 V
for 40 min. All used reagents were from Sigma,
enzymes were from New England Biolabs.

DNA sequencing. DNA sequencing was con-
ducted in Helmholtz Institute for Pharmaceutical
Research Saarland. Sequencing was done using two
libraries with short and long inserts on HiSeq 1500
equipment (Illumina).

Bioinformatic tools used. De novo assembly
was done using the Newbler assembler (version
2.8). For species identification based on 16S RNA
gene sequence and whole-genome comparison
TYGS tool was used [13]. OrthoANI calculation
was done using Ezbiocloud [14]. Genome
annotation was conducted using PATRIC [15]
and NCBI PGPAP [16] servers, and comparative
analysis — SEED, respectively [17].

Results of NCBI and PATRIC annotations were
compared by BEACON [18]. According to the
results of PATRIC annotation, a genome map was
created using resources of the same server.
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Search for a biosynthetic cluster of bacteriocins
and antibiotics was conducted with antiSMASH
[19] and Bagel4 [20], respectively. Search for
pathogenicity determinants was done using Island
Viewer [21] and VirulenceFinder 2.0 [22], for
antibiotic resistance determinants search we have
used ResFinder [23], and for prophage elements —
PHASTER [24].

RESULTS

Identification of the studied strain Bacillus
sp. ONU 553 using whole-genome comparison
tool TYGS revealed that given genome belongs
to B. velezensis species (B. subtilis group,
B. amyloliquefaciens subgroup). Index of digital
DNA-DNA hybridization of this genome with the
genome of Bacillus velezensis FZB42 is equal to
95.8 %, which very much exceeds the cutoff value
for species delineating (70 %). OrthoANI (average
nucleotide identity) between strains B. velezensis
ONU 553 and B. velezensis FZB42 is equal to
98.87, which is also higher than the corresponding
cutoff value (which is 95 %). The same index for
B. amyloliquefaciens DSM7/ B. velezensis ONU
553 pair is 94.28 %, which is also less than the
cutoff of 95 %.

B. velezensis ONU 553 genome is represented
by a circular chromosome, with a size of 3 934 563
bp, that is about 16 kb more than in B. velezensis
FZB42. GC content is 46.69 %, that in significantly
exceeds the maximal known index for this species
(46.64 %) [2]. Comparative analysis of genomes
has shown that the first insertion in the site 599372-
645952 bp is about 46 kb in size and contains some
phage-specific proteins. These and PHASTER data,
(see Table 3, line 1) prove that this site belongs to
a prophage. The second insert, 27 kb in size with
coordinates 3351458-3378255 bp, contains a
polyketide synthase cluster. Localization of this

Table 1

cluster corresponds to the beginning of revealed
there but not identified by the antiSMASH cluster
(Table 2). The above-mentioned excess of genetic
material is partly compensated by a large number
of insertions in the genome of B. velezensis FZB42.

Using the PATRIC server in the genome of
strain B. velezensis ONU 553 3 953 open reading
frames were found, the biological function was
identified for 3 252 of them (82 %), and 701
remained hypothetical. Also, we have identified
113 RNA genes, among them, 86 tRNA, and
27 rRNA genes. A comparison of annotation results
with NCBI PGAP and PATRIC is presented in
Table 1. Regarding minor differences between them
and a lack of a useful tool for genome annotation
visualization, for results representation was chosen
the in-built tool of the PATRIC (Fig. 1).

Search for bacteriocins using Bagel4 revealed
genetic clusters, determining the biosynthesis
of two compounds — LCI-like bacteriocin and
amylocyclicin. These bacteriocins are known for
the species B. velezensis. The first one, according
to Bagel4 data, belongs to a comparatively
poorly studied group of LCI-like bacteriocins. A
prototypical protein of this group (LCI) is known
for its activity against Xantomonas campestris pv.
oryzae, an important pathogen of rice plants [25].
The second one belongs to the group of so-called
head-to-tail cyclized bacteriocins and is typical for
the subgroup B. amyloliquefaciens [26]. Search for
biologically active secondary metabolites using the
antiSMASH system revealed 12 clusters, and only
for 4 of them any known homologs were not found.

Among reliably identified clusters (that means
antiSMASH similarity index is 100 %) were found
functional clusters of polyketides — macrolactin
and difficidin, and bacillaene, which are usually
classified as polyketide, but are synthesized by
hybrid polyketide-polypeptide synthetase [6]

Comparison of genome annotations for strain ONU 553 done with NCBI PGAP
and PATRIC tools

Annotation Features NCBI PGAP PATRIC
CDS 3733 3953
rRNA 27
tRNA 86
ncRNA 0
Frameshifts/Pseudogenes 107 2

Total 3850 4066
Orphan genes 430 (11.17%) 703 (17.29%),
Functional genes 3420 (88.83%) 3363 (82.71%)
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Fig. 1. Circular genome map of B. velezensis ONU 553. Legend: From outer to inner circles:
contigs, open reading frames (ORF) on the leading strand, ORF on lagging strand, RNA genes,
ORF with homology to known antimicrobial resistance genes, ORF with homology to known
virulence factors, GC content, GC-skew. The colors of the ORF on the forward and reverse
strands indicate the subsystem that these genes belong: blue — metabolism (722 ORF),
green — protein processing (221), purple — stress response, defense, virulence (145),
orange — cellular processes (242), red — bioenergetics (212), brown — DNA processing (80),
pink — membrane transport (71), grey — RNA processing (52), yellow — cell envelope (16),
light-blue — regulation and signal transfer (10), turquoise — miscellaneous (10).

(Table 2). These compounds are known for their
bactericidal activity against human pathogens
of the ESKAPE group (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumo-
nia, Acinetobacter baumannii, Pseudomonas
aeruginosa, Enterobacter spp.) and bacterial
phytopathogens; macrolactins also possess an
ability to inhibit proliferation of mouse melanoma
cells and herpes simplex virus replication and HIV
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in lymphoblasts [6]. Because of their low stability,
they did not reach yet even the clinical trials but
can be a promising lead compound for drug design
[11]. Unfortunately, on this stage of research is
technically impossible to determine which variants
of macrolactin and difficidin B. velezensis ONU
553 do synthesize. It can be solved in biochemical
studies or by using bioinformatic tools more
advanced than modern.
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Table 2
Characteristics and localization of clusters, found in the genome of B. velezensis ONU 553

Localisation, bp The most similar | . . .
No Cluster Similarity, %
From To known cluster
1 Nonribosomal peptide synthetase 311,938 376,796 Syrfactin 91
2 Polyketide synthase 956,092 997,336 Butyrosin 7
3 Terpenoid synthesis enzymes 1,084,807 | 1,101,975 — -
4 Trans AT-polyketide synthase 1,406,685 | 1,494,504 | Macrolactine 100
Combined nonribosomal peptide synthetase .
5 ) 1,717,970 | 1,827,173 Bacillaene 100
/Trans AT-polyketidesynthase
6 Nonribosomal peptide synthetase 1,884,833 | 2,021,950 Fengycin 100
7 Terpenoid synthesis enzymes 2,044,982 | 2,066,865 — —
8 Polyketidesynthase III type 2,117,302 | 2,158,402 - -
9 Trans AT-tranferase 2,274,263 | 2,380,436 Difficidin 100
10 Bacteriocin 299924 300217 LCI —
11 Bacteriocin 3052374 | 3049942 | Amylocyclicin —
12 Nonribosomal peptide synthetase 3,003,787 | 3,054,939 Bacillibactin 100
13 Nonribosomal peptide synthetase 3,337,057 | 3,397,053 — —
14 Other 3,599,120 | 3,640,538 Bacilysin 100
Table 3
Prophage-like elements, found in the genome of B. velezensis ONU 553
No | Size (kb) | Number of protein-coding ORFs LO(ifrl(l)frTll:;l of prophage%:)lji;lement GC content (%)
1 54.1 73 597321 651509 43.18
2 9.9 15 1168469 1178415 45.75
3 31.7 43 1229431 1261224 46.97
4 24.8 10 1841385 1866281 41.21

1.3A84M

Region 4

Region 1

507K

7 852K

"1.26M
Region 3

Fi g. 2. Circular genome map of studied strain B. velezensis ONU 553 with designated localization
of prophage-like elements, found by PHASTER
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Clusters of nonribosomal lipopeptide fengycin,
dipeptide bacilisyn, and siderophore bacillibactin
were also found. Slightly less reliably is identified
surfactin cluster (91% similarity) and with very
poor one — cluster for aminoglycoside antibiotic
butirosine (7% similarity) specific for bacilli.

Search using the IslandViewer and Virulence
Finder 2.0 did not found any pathogenicity de-
terminants. Conducted analysis using ResFinder
did not found determinants of resistance to ox-
azolidinones, phosphomycin, nitroimidazoles,
sulfanilamides, aminoglycosides, macrolides, gly-
copeptides, colistin, fusidic acid, chloramphenicol,
quinolones, rifampin, trimethoprim, beta-lactams,
and tetracycline. These data prove the safety of the
potential use of this strain with biotechnological
processes.

Out of four unidentified biosynthetic clusters,
two belong to terpene biosynthesis enzyme
complexes, one corresponds to an unknown
nonribosomal peptide synthetase, another one — to
unidentified polyketide synthase type III.

Search for prophage elements using PHASTER
server has revealed four prophages. Localization,
size and other parameters of these prophages are
listed in Table 3. It is interesting to notice, that all
revealed prophage-like elements are located in the
same replichore (Fig. 2).

DISCUSSION

Conducted sequencing and analysis of
the genome structure of studied strain have
proved its preliminary identification based on
the fatty acid spectrum accurate to subgroup
B. amyloliquefaciens. The genome of this strain
demonstrates the presence of five biosynthetic
clusters most typical for this species, which are
responsible for the biosynthesis of antimicrobial
compounds such as fengycin, surfactin, bacillin,
bacillisin, and siderophorous compound
bacillibactin. The presence of such clusters is
common to the most B. velezensis strains. It
seems like present determinants of biosynthesis
of macrolactin and difficidin are slightly less
distributed (they are absent in 1 strain from 105
according to the study [27]). From five known for
this species bacteriocins — subtilin, mersacidin,
planthazolicin, LCI, and amylocyclicin — only the
last two were found, and they are known generally
for species B. amyloliquefaciens and different
species of B. subtilis group, respectively [27].
Bacteriocin LCI even is a part of B. velezensis
core genome [28].
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The obtained data, in general, is supported by
literature data on the specificity of B. velezensis
genomes [29]. Revealed biosynthetic clusters
prove the representation of this species as the
most biosynthetically active among all other
representatives of the B. amloliquefaciens subgroup
[3]. It is known, that in some strains of this species
secondary metabolites genes comprise about
8 % of the genome, which is twice more than for
B. subtilis [29]. Bacteria of this species are
frequently associated with plants, and according to
their ecophysiology are classified as plant growth-
promoting rhizobacteria (PGPR). Among factors
of such a biological activity are antimicrobial
compounds, which are synthesized by bacteria of
given species and frequently have antagonistic
activity against bacterial and fungal pathogens [4].

Unidentified, but found by antiSMASH,
genetic clusters require further investigations using
methods of bioinformatics, molecular biology and
biochemistry because they can be responsible for
the synthesis of previously unknown biologically
active compounds.

Strain B. velezensis ONU 553 is deposited in the
Collection of the sea and useful microorganisms of
Odessa I.I. Mechnikov National University and the
sequenced genome is deposited in the GenBank
database under accession number CP043416.

XAPAKTEPUCTHKA TEHOMY
LITAMY BACILLUS VELEZENSIS
ONU 553, I30JIbOBAHOI'O 3
JTOHHMX BIAKJAJIEHD
YOPHOI'O MOPSI
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KYJIBTYpl Ta BUCOKii O10CHHTETHYHIA aKTUBHOCTI.
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Merta. [IpoananizyBati CTpyKTypy T'€HOMa aHTaro-
HICTUYHO akTuBHOTO 1tamy Bacillus sp. ONU 553,
130JIbOBAHOTO 3 JIOHHUX OcajliB YOpHOTO MOps, s
fforo peinenTudikarii Ta BUSABICHHS T'CHIB, IO Bij-
MOB1/IAlOTh 32 CUHTE3 O10JIOTIYHO aKTHBHHUX CIIONYK.
Metoaun. Orpumany renomuy JIHK Oyno cexBeno-
BaHO 3 BUKOpucTaHHAM cekBeHaropy HiSeq 1500
(IIlumina). 30ipKy TeHOMY 3IiMCHEHO 3 BHKOPHUC-
TaHHsM acemOnepy Newbler Bepcii 2.8, BU3HaYCHHS
BHJIOBOI HAJIG)KHOCTI MITaMy — 3a JIOIOMOTOIO Cep-
Bepa TYGS, nigpaxynok ANI — 3 BUKOpUCTaHHSIM
Ezbiocloud. AHOTYBaHHSI reHOMY 3/IICHEHO 3a J0-
nomoroto cepsepiB PATRIC ta NCBI PGAP, nomryk
KJIacTepiB 010CHHTE3y aHTUOIOTHKIB Ta OaKTepionu-
HiB — 3a foriomoroto antiSMASH Tta Bagel4 Binnosiz-
Ho. [Tomyk neTepMiHaHT MAaTOTeHHOCTI BUKOHYBABCS
3a oroMororo IslandViewer, pe3ucTeHTHOCTI 10 aH-
Tn6ioTHKIB — ResFinder-3.2, norryk npogaroBux eie-
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