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Abstract-A cryptic plasmid from a soil strain of Bacillus sub,ilis was found to contain a sequence having fea-
tures of IS element. Homologous sequences were also found in the chromosome of this strain and in the chro-
mosomes of some other B. subtilis strains.
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two plasmids. Restriction ana1ysis showed that a larger
plasmid differed from sma1ler one inthat it had an addi-
tiona1 fragment about 1.4 kbp in size. The determina-
tion of the nucleotide sequence of this fragment showed
that it has features ofIS elements. Homologues of this
sequence were revea1ed by blot hybridization in the
chromosomes of B. subtilis 1516 and some other B.
subtilis strains of different origin.

Transposable genetic elements (IS elements, trans-
posons) are widely spread in nature and occur in the
chromosomes and plasmids of various bacteria. Until
recently, however, no IS elements have been reported
for Bacillus subtilis strain 168 (Marburg), whose com-
plete genome sequence has been determined [1]. The
first B. subtilis IS element, IS4Bsul was found in the
chromosome of B. subtilis ( natto ), a starter strain used in
Japan for the manufacture of natto (fermented soy-
beans) [2]. This strain was earlier considered as an
independent bacillar species. The transfer of transpos-
able elements is relatively frequent and involves no
fewer than 1% of cells in a population. In such cells, the
synthesis of the capsular polymer poly-y-glutarnic acid
is impaired. The mutants that lack poly-y-glutamic acid
have an altered colonial morphology [3]. It is the inves-
tigation of the causes of morphological variability that
has led to the discovery of the transposable element
IS4Bsul [2].

Earlier, we studied small cryptic plasrnids from B.
subtilis 168 and related soil bacillar strains. To assess
the degree ofrelation ofthese strains to B. subtilis 168,
we compared their susceptibility to phages, analyzed
their isoenzymes, and evaluated the ability of DNA
from these strains to transform the recipient B. subtilis
168 cells [ 4-.,-6] .

The aim of this work was to study the structure of
some of these plasmids and to analyze them for the
presence of transposable genetic elements. One of the
strains studied, B. subtilis 1516, was found to contain

MATERIALS AND METHODS

Bacterial strains and plasmids. The strains and plas-
mids studied in this work are summarized in Table I.

Cultivation conditions. The strains were cultivated
in liquid LB broth or on LB agar (Fluka).

Isolation and analysis of DNA. Plasmid DNA was
isolated as described in the handbook of Maniatis et al.
[8]. Chromosomal DNA was isolated by the method
used in our laboratory [9]. DNA was cleaved by restric-
tion endonucleases (Promega) according to the manu-
facturer's instructions. DNA was subjected to electro-
phoresis in 1% agarose gel and Tris-borate buffer.

Cloning procedure. The EcoRI-Hindmfragments
of plasmids p1516S and p1516L were cloned in
Escherichia coli DH5a cells using the commercia1 vec-
tor pBluescriptlI.

PCR amplification. The transposable element
ISBsu2 present in plasmid p1516L was amplified by
PCR using the forward primer CGTACGGCTGGAAT-



Bacterial strains
and plasmids Source

B. subtilis 604 I lSo1ated fiom Moscow soil in our
laboratory by Kozlovskii [4]

: The same
1315(p1315)

1385(p1385)

1356

1414(p1414)

1431

1513

1516(p1516S; p1516L:

IFO3022(pTA1060)

19(p19; pV)

Described by Uozumi et al. [7]

isolated from soil by M.A. Titok,
Belarus State University

Laboratory collection

The same

168

W-23

B.aterrimus VKM B-992

B. licheniformis B-933

B. pumilus V KM B-508

E. coli DH5a

pB1uescriptII

I Product of Life Technologies

Product of Stratagene

GCCTAG (SH1516fw) and the reverse primer
GGAAGGGCAATTGATTGCCCG (SH1516rev),
which are homologous to p1asmid DNA near the ends
ofIS, and an Expand high-fidelity PCR system kit from
Roche. PCR products were ana1yzed by electrophoresis
in 1% agarose gel and purified using aHigh-pure PCR
product purification kit purchased from Boehringer
Mannheim.

DNA-DNA hybridization. DNA was labeled with
[32p]dATP ( obtained from Energy Physics Institute,
Obninsk, Russia) using statistica1 primers Prime-a-
gene (Promega). DNA waS transferred to HybondTM-N
filters (Amersham) by Southem blotting [8]. DNA-
DNA hybridization was carried out at 65°C on the fil-
ters, followed by their washing with 0.1 SSPE at the
same temperature.

Nucleotide sequence determination. DNA was
sequenced using an automated ALFexpress II DNA
ana1ysis system (Amersham Pharmacia Biotech), a
Labstation thermo sequenase labeled primer cycle
sequencing kit 7 -deaza-dGTP (Amersham), and the
universal Cy5-forward and Cy5-reverse primers (Phar-
macia Biotech).

Nucleotide sequence analysis. The nucleotide
sequence of ISBsu2 was compared with sequences
available in GenBank (http://www.ncbi.nlm.nih.gov)
with the aid of the Pairwise BLAST program ( options
blastn and blastx) [10J.

The deposition of nucleotide sequence. The nucle-
otide sequence of ISBsu2 has been deposited in Gen-
Bank under the accession number AY099458.

RESULTS

plasrnid p1516L or plasrnid p1516S. Colonies with
both of these plasrnids were not detected. Thus, it is
most likely that cells of B. subtilis 1516 contain only
one plasrnid at a time (either sma11 or large). However,
the possibilityof spontaneous conversion of these two
kinds of plasrnids into each other in cells cannot be
compleiely excluded.

We constructed the restriction maps of plasmids
p1516S and p1516L. Judging from the sum of restric-
tion fragments, plasrnids p1516S and p1516L are 9.9
and 11.3 kbp in size. The plasrnids were almost identi-
ca1 in the position of the restriction sites and differed
only in thatplasrnid p 1516L had an additiona1 fragment
about 1.4 kbp in size (Fig. I).

The plasmid profile of B. subtilis 1516

Sma1l cryptic plasrnids are widespread in B. subtilis
and related bacilli [11], each organism usua1ly contain-
ing one such plasrnid [12]. However, the electrophero-
gram of B. subtilis 15161ysate exhibited two bands of
plasrnid DNA, which often merged. Presumably, these
two bands corresponded to two plasrnids close in size.
To deterrnine whether they occur in one cell or in dif-
ferent ce1ls of B. subtilis 1516, we obtained 28 colonies
ofthis strain grown from single cells and ana1yzed them
for the presence of plasrnids. Among these colonies, 12
contained only a larger plasmid (it was calledp1516L),
15 colonies only a smaller plasrnid (it was ca11ed
p1516S), and one colony had both plasrnids. Three co1-
onies ( one of each kind) were plated out to give individ-
ual colonies, which were again ana1yzed for the pres-
ence of the plasrnids. All three tested colonies of those
grown afterplating out the colony with plasrnid p1516L
turned out to contain only this plasrnid. Likewise, a1l
three tested colonies of those grown after plating out
the colony with plasrnid p1516S contained only this
plasrnid. At the same time, the colony that contained
two plasrnids ?ave rise to colonies containing either

Additional nucleotide sequence
inplasmid p1516L

The large and small plasrnids of B. subtilis 1516 dif-
fered on1y in theEcoRI-HindlII fragment (Fig. 1),
which had a size of 2.1 kbp in plasrnid p1516L and 0.7
kbp in plasrnid p1516S. We deterrnined the nucleotide
sequence of the EcoRI-HindIII fragments of both plas-
rnids and found that the EcoRI-HindllI fragment of
plasrnid p1516L differed from the respective fragment
of plasrnid p1516S in that it had an insertion of 1383 bp. ,
The structure of the insertion and its flanking regions is
schematically shown in Fig. 2. The insertion was
flanked by 7-bp repeats (one on the insertion and the
other outside of it) and had two pairs of perfect inverted
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Fjg. 3. Theblot hybridization of chromosoma1 DNA from various B; subtilis strains with the [32p]dATP-labeled DNA of ISBsu2:
(A) the EcoRV fragments of chromosoma1 and plasmid DNA and the ECoRI-HindIII fragments of the phage ).. DNA; (B) the blot
hybridization of these fragments with the radioactive probe. Lanes: (1) plasmid pl5l6L DNA; (5) phage ).. DNA; chromosoma1
DNA from B. subtilis strains (2) 15l6(pI5l6S). (3) l516(pI516L). (4) l4l4(pI4l4). (6) 168. (7) IFO3022(pTA1060). (8)
l3l5(p1315). (9) 1385(pI385). and (10) 1513. Figures at the left of panel A indicate the molecular mass (in kbp) of the EcoRI-
HindIII fragments of the phage ).. DNA.

worldwide through horizontal gene transfer, a-\ was
shown for mercury resistance genes [15].

The presence of ISBsu2 in the chromosomes of
B. subtilisstrainsmay serve as an additional taxonomic
criterion for the classification of different sttains
belonging to this species.
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nucleotide sequences that are highly homologous to
ISBsu2 contain full-length ORF and presumably are
not pseudogenes. The hybridization bands of different
strains have different intensity, likely due to a diver-
gence of the nucleotide composition of ISBsu2 copies
in the chromosomes of these strains. Onder the condi-
tions we used (hybridization temperature 65°C), South-
em blot hybridization is able to detect about 80%
homology of nucleotide sequences).

Of interest is the fact that ISBsu2 was found in the
chromosomes áf six B. subtilis strains, five of which
bear small cryptic plasmids. At the same time, only one
of the nine plasmidless B. subtilis strains tested was
found to contain chromosoma! ISBsu2. ff this is not a
coincidence, these data sugg'ëSt that ISBsu2 chiefly
occurs in bacillar strains prone to the transfer of small
cryptic plasmids. Such strains may be good recipients
upon the conjugal and transformational transfer of
small plasmids. The occurrence of ISBsu2 in the plas-
mid and chromosomal DNA ofB. subtilis strains iso-
lated from the soils of Moscow and its environs seems
would be explained by the local horizontal transfer of
plasmids due to transformation or conjugation under
natura! conditions. However, this sequence ( or its ana-
loglies) was also found in the chromosome of the
B. subtilis (natto) strain isolated far from Moscow (in
Japan), and in the chromosomes of two different
enterococci, indicating that ISBsu2 may propagate
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