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Members of the Bacillus genus are phenotypically
heterogeneous aerobic gram-positive rod-shaped
spore-forming bacteria [1]. Their heterogeneity is the
result of a wide range of the G + C content (32—
69 mol %), as well as the diversity of metabolic path-
ways (nitrogen-fixing, thermophilic, psychrophilic,
acidophilic, alkaliphilic, and halophilic bacilli) [2].
Due to this diversity, Bacillus species are of great prac-
tical interest [3]. New data and modern methods of
molecular and genetic analysis used in taxonomy sug-
gest updating previously obtained data on the phyloge-
netic position of bacteria.

Sequencing of the 16S ribosomal RNA (16S
rRNA) gene is the most commonly used method in
bacterial taxonomy. Comparison of the primary struc-
ture of the 16S rRNA gene with the sequences depos-
ited in the GenBank database makes it possible to
assign the studied bacterial species to specific taxo-
nomic groups. Analysis of the 16S rRNA genes, which
contain both highly conserved and variable sites, is a
source of important evolutionary information [4].

In 1978, a bacterium capable of producing RNase
was isolated from the samples of Tatarstan soils by sci-
entists from Kazan State University; the obtained
strain was identified as Bacillus intermedius TR using
the Krasil’nikov manual [5] (patent no. 587156, 1978).
In 1988, a streptomycin-resistant strain B. intermedius
7R/3-19 that exhibited high RNase productivity was
obtained from the above-mentioned strain (patent no.
151354, 1988). Extracellular alkaline ribonuclease
(binase) exhibits antiviral [6, 7] and antiphage activi-
ties (patent no. 1781295, 1992).

It was established that, in addition to RNase pro-
duction, strain B. intermedius 3-19 was able to synthe-
size extracellular serine proteinases and metalloen-
dopeptidase [8—10]. These enzymes are used as mod-
els in the studies of the gene structures and functions
of enzymes [11] and can potentially be used for throm-
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bolytic therapy [12]. However, the species B. interme-
dius is not listed in the modern edition of Bergey'’s
Manual of Systematic Bacteriology and international
databases (GenBank, EMBL). In this study, we exam-
ined the taxonomic position of this species in terms of
the results of genetic analyses.

Genetic analysis was performed to specify the phy-
logenetic position of strain B. intermedius 3-19. PCR
amplification of the 16S rRNA gene fragments (~1500 bp)
was carried out [13] using direct (GAGTTTGATC-
CTGGCTCAG) and reverse (ACGGTTACCTTGT-
TACGACTT) primers. The primary structure of the
amplified DNA fragment was determined by Syntol
Co. (Russia). Comparison of the 16S rRNA gene
sequences determined in this work with the gene
sequences from the GenBank database showed high
homology to bacteria from the family Bacillaceae. B.
pumilus strains were found to be closest to the studied
strain (Fig. 1). The level of 16S rRNA similarity
between strain B. intermedius 3-19 and representatives
of the species B. pumilus is 99%.

Since modern molecular taxonomy does not
employ criteria for taxonomic significance, the
sequences of the functional genes are actively used as
additional characteristics for determination of identity
between the organisms. Therefore, in order to confirm
the species relation of B. intermedius and B. pumilus,
comparative analysis of the nucleotide sequences of
proteolytic enzymes genes from these strains was car-
ried out.

According to the results of comparative analysis of
the proteinase genes aprBi (AY754946.1), gseBi
(Y15136.1), and mprBi (EU678894.2), as well as the
RNase gene (binBi) (X53697.1), strain B. intermedius 3-
19 is closest to the species B. pumilus (table). The level of
homology between the above-listed genes of these species
is 94—97%. Hence, this level corresponds to the level of
similarity between their 16S rRNA gene sequences.

An additional comparative analysis of the two pre-
viously sequenced fragments of the B. intermedius 3-19
chromosomal DNA (EU678894.2 GenBank) was car-
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B. intermedius 3-19
4,—{ B. pumilus 1AS4

B. safensis HCS-420
B. pumilus ZH20
—] B. amyloliquefaciens FZB42

B. subtilis 168

I B. thuringiensis97-27
L B. megaterium QMB1551
B. pumilus SAFR-032
B. pumilus T37
B. pumilus HPCPW43
B. pumilus HPCPS4

Fig. 1. Phylogenetic position of strain B. intermedius 3-19 among bacteria of the genus Bacillus according to the 16S rRNA gene
analysis. The dendrogram was constructed using the online CLUSTALW?2 software package.

ried out. Alignment of the two genome fragments high level of similarity between these sequences and,
(6000 bp) and matching of the obtained sequences especially, to strain B. pumilus SAFR-032 (Figs. 2a and
with the sequences in the NCBI database showed a  2b). The homology level was 96%.

The level of the protease and RNase genes similarity of B. intermedius 3—19 according to the results of screening in the GenBank
database

Bacillus int dius 3—19 Homologous genes of other Bacillus species h Gellle
actitus intermedius genes from the GenBank database omc(); o8y,
aprBi (subtilisin-like proteinase) Bacillus pumilus SAFR-032, aprE1 gene (CP000813.1) 95
Bacillus pumilus TMSS55, gene of the subtilisin-like proteinase 93
(FJ5 84420.1)
Bacillus pumilus, sap B gene (AM748727.1) 93
Bacillus pumilus NJM4, serine proteinase gene (FJ869878.1) 90
Bacillus pumilus, serine proteinase gene (AB029082.1) 89
Bacillus pumilus, bppA gene (AB211527.1) 89
gseBi (metalloproteinase) Bacillus pumilus SAFR-032, gene encoding glutamyl endopepti- 94
dase of the SI family (CP000813.1)
Bacillus pumilus, bpp B gene (AB 174896.1) 88
mprBi (metalloproteinase) Bacillus pumilus SAFR-032, hypothetical protein (CP 000813.1) 97
Extracellular RNase (binase) Bacillus pumilus SAFR-032, guanine-specific RNase (CP 000813.1) 95
Bacillus pumilus, RNase gene (U06867.1) 96
Bacillus pumilus, RNase gene (DQ339154.1) 91
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Fig. 2. Schematic diagram of the results of alignment of two gene fragments (6000 bp) with corresponding sequences retrieved
from the NCBL database. The sequences of the mprBi (EU678894.2) (a) and aprBi (during uploading to the database server) (b)
genes were compared using the online NCBI/BLAST software package (homologous species are depicted with arrows).

Hence, comparative analysis of the 16S rRNA,
aprBi, gseBi, mprBi, and binBi gene sequences, as well
as the 6000-bp genome fragments, revealed the phylo-
genetic position of strain B. intermedius 3-19 as a rep-
resentative of B. pumilus. Therefore, strain 3-19, pre-
viously described as B. intermedius, was renamed as
B. pumilus 3-19.
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