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No transposable elements had been found before
this study in the typicallaboratory strain 168 of Bacil-
lus subtilis, whose complete nucleotide sequence has
been determined. In this study, we describe the IS-ele-
ment ISBsu2 discovered in the plasmid of B. subtilis
soil strain 1516. It has been shown that this sequence or
its homologs are present in the chromosomes of some
strains of this bacterium. These data are the first exam-
ple of the presence of the same IS-element both in the
plasmid and in the chromosomes of some B. subtilis
strains.

.Indeed, the restriction maps of both plasmids
showed that p 1516L contained an insert that was absent
in p1516S. We determined the nucleotide sequences of
this insert and plasmid DNA regions flanking the insert.
The length of this insert was 1383 bp. At the boundary
between the insert and the plasmid DNA, we detected
direct repeats approximately 7 bp long (GTCC1TG).
One of these repeats was contained in the insert; the
other, in the plasmid DNA. We also detected two pairs
of completely inverted 10-member repeats (ACGGT-
TCC1T -AAGGAACCGT and TGGGGGAAAT -
AT1TCCCCCA) located closer to the center of the
insert. Using the BLAST software [5], we determined
that the amino acid sequence corresponding to the
nucleotide sequence of the insert was homologous to
transposases of some microorganisms. The greatest
homology was exhibited by the hypothetic transposases
from Yersinia enterocolitica and Escherichia coli
(approximately 40%) and transposase IS1554 from
Mycobacterium tuberculosis (33%). In addition, uni-
dentified fragments of Enterococcus faecalis and
Enterococcus faecium genomes also shared much
homology (up to 70%) with the insert. However, the
insert did not carry a whole reading frame, because we
detected multiple translational frameshifts. Thus, the
structure of this fragment of the p 1516L plasmid is tyP-
ical of IS-elements (the presence ofdirect and inverted
repeats at the boundaries and homology of the central
region with some transposases of microorganisms).
However, it is most likely that the gene encoding trans-
posase is currently functiona1ly inactive, i.e., it is a
pseudogene. We named this novel IS sequence ISBsu2
and deposited it in the GenBank database (accession
number AY099458).

Approximately 30-40% of B. subtilis strains and
related bacilli isolated from soil and other sources con-
tain small plasmids (6-10 kb long). As a rule, these are
cryptic plasmids: they do not contain antibiotic resis-
tance genes and may be detected only on the electro-
phoregrams ofbacteriallysates [1-3]. When analyzing
numerous soil strains of B. subtilis, we found a strain
(named B. subtilis 1516) that contained two plasmids of
different lengths. After plating this strain to obtain sep-
arate colonies, approximately half of them carried an
11.3-kb plasmid, p1516L, and the others carried a
sma11er (9.9-kb) plasmid, p1516S. We discovered that
one of these colonies contained both plasmids. We
assumed that this colony consisted of rnixed-type cells
or its cells carried both plasmids. The treatment of
DNA of these plasmids with various restriction endo-
nucleases showed that their structures were similar. The
only difference was that the p1516L plasmid contained
a 1.4-kb fragment [4]. We assumed that the characteris-
tics of plasrnid composition of this B. subtilis strain
were deterrnined by a transposition of a transposable-
element-like DNA fragment.

A question arises as to whether this transposable
element is present in the chromosome of strain 1516
carrying the corresponding plasmid and in the chromo-
somes of other B. subtilis strains and some other bacilli.
To answer this question, ..ve attempted to detect this
sequence in the chromosomal DNA of various bacilli
using blot hybridization. The ISBsu2 sequence was
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Fig.l. Blot hybridization of chromosomal DNAs of different B. subtilis strains with ISBsu2 DNA labeled with [32p]dATP:{a) the
electrophoregram ofthe EcoRV fragments of the chromosomal and EcoRV-HindIII fragments of the plasmid DNA of phage À and
(b) blot hybridization ofthese fragments with a radioactive probe. The samples were numbered as fol\ows: (1), p1516L DNA; (2,3.
4.6. 7.8. 9, and 10), the chromosomal DNAs of B. subtilis strains 1516 (pI516S), 1516 (p1516L), 1414 (pI414). 168. IFO3022
(pTA1060), 1315 (pI315), 1385 (pI385), and 1513, respectively; and (5). phage À DNA. The lengths ofthe EcoRI-HindIII-cleaved
fragments of phage À DNA are shown in kb. The figure does not show the lanes containing DNA from the B. subtilis strains 19, 604,
1356, 1431, W-23, B. aterrimus VKMV-992, B. lichenifonnis V-933, B. pumilus VKMV-508, and E. coli DH5IX. for which no
hybridization bands were detected.

amplified in the p1516L plasmid by PCR using specific
primers (plasmid DNA fragments flanking the insert,
SH1516fw CGTACGGCTGGAATGCCTAG and
SH 1516rev GGAAGGGCAATTGATTGCCCG)
labeled with [32P]dATP, and then used as a probe in
Southern blot hybridization [6] with the bacillus DNA
at 65°C. The chromosomal DNA was treated with
restriction endonuclease EcoRV. The transposable ele-
ment ISBsu2 has one recognition site for EcoRV
located approximately in its middle region. DNA of the
plasmid p 1516 itself has no recognition sites for
EcoRV.

different lengths and, possibly, in different sites of the
chromosome. The hybridization with the chromosoma1
DNA from B. subtilis strains containing the plasrnids
p1414, p1315, p1385, and pTA1060 (which had been
sequenced earlier and shown to contain no IS-elements
[2, 4, 7]) also yielded hybridization bands. The lengths
of the EcoRV-cleaved fragments of chromosoma1 DNA
hybridizing with ISBsu2 (which was assessed by the
distance from the electrophoregram origin), their num-
ber, and intensity of hybridization were specific for
each strain and represented its "visiting card." The dif-
ferent intensities of the hybridization bands were
apparently related to the degree of homology with the
ISBsu2 element and the corresponding sequence in the
chromosome. We also cannot rule out that some strains
contained the fragments of ISBsu2 or its homo1ogs
rather than their ful1-length copies. The greatest num-
ber of bands were produced by strain 1414; the least
number, by strains 1385 and IFO3022. The hybridiza-
tion with the chromosoma1 DNA of strain p 1516L a1so
yielded numerous hybridization bands (with one of the
bands possibly being accounted for by a contamination
with the pl516L plasmid DNA). We a1so performed
hybridization with (1) chromosomal DNA of B. subtilis
soil strain 19, which carries a large conjugative plasmid
p19 and a small cryptic plasmid pV; (2) DNA of a typ-
ica1 laboratory plasmid-free B. subtilis strain 168;
(3) DNA of the B. subtilis soil strains 604, 1356, 1431,
and 1513, which carry no plasmids; and (4) DNA of

As shown in Fig. 1, the hybridization of the chromo-
soma! DNA of the strain carrying the p1516S plasmid
gave 18-20 hybridization bands of different intensities.
The p1516S plasmid does not contain the insert; there-
fore, the possible contamination with the plasmid DNA
could not affect the results of hybridization. Because
the restriction endonuclease EcoRV cleaves ISBsu2
into two parts, any nucleotide sequence in the chromo-
some that is homologous to ISBsu2 is a!so cleaved in
half and, hence, will give two hybridization bands.
Thus, the number of sites in the chromosome that are
homologous to ISBsu2 (i.e., the ISBsu2 copies) must
be half as large as the number of hybridization bands
(9-10 in this case). Judging by the fact that the bands
were located in different regions of the electrophoretic
lane, the corresponding copies of the transposable ele-
ment were located on the chromosomal fragments of



due to the transformation or conjugation under natura}
conditions. However, this IS-element was absent in the
plasmids of the majority of strains that contained it in
the chromosomes. In addition, it was found in the chro-
mosome of a Japanese strain isolated far from Moscow.
Apparently, the presence of this transposable element
in the B. subtilis chromosome may serve as an addi-
tional taxonomic criterion in this bacillus species sub-
groups.
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other bacil1i close to B. subtilis 168 (B. subtilis W23, B.
aterrimus VKMV-992, B. licheniformis V-933, and
B. pumilus VKMV-508). We also analyzed E. coli
DH5a DNA. As is seen from Fig. 1, none ofthese DNA
samples (except for the DNA from the B. subtilis strain
1513) produced hybridization bands. Figure 1 does not
show the blank lanes containing DNA of the strains that
did not yield the hybridization bands (except for the
DNA from the B. subtilis strain 168).

Thus, the transposable element from the p1516L
plasmid is present in the chromosomal DNA of some
B. subtilis soil strains. Almost all these strains were iso-
lated from the soils ofMoscow and Moscow region [8].
The B. subtilis strairi IFO3022 (natto) containing plas-
mid pTA 1060 was isolated in Japan; it is used for prep-
aration of soybean cheese (so-called natto) [2]. In the B.
subtilis laboratory strain 168 (for which the complete
nucleotide sequence of the chromosomal DNA was
determined [9]), no IS-elements were found. Regarding
other B. subtilis strains, the only IS-element has been
found recently by Japanese researchers in the chromo-
some of one of the industrial B. subtilis strains (natto);
it was named IS4Bsu1 [10]. The amino acid sequences
ofIS4Bsul and ISBsu2 do not share significant homol-
ogy (as assessed using the BLAST software) [4]. Judg-
ing by the amino acid sequence of the ISBsu2-encoded
transposase and the presence of two pairs of inverted
repeats, it is most likely that the ISBsu2 transposable
element belongs to the family IS256 [11].

The data published here are the first description of
an IS-element that is contained both in the plasmid and
in the chromosome of a natura1 B. subtilis strains.
Although the coding region of this IS-element is now
apparently a pseudogene, the presence of its homologs
in the chromosomes of other B. subtilis strains and its
presence in only one of the two plasrnids that are iden-
tical with respect to a11 other characteristics indicates
that it was formerly functional1y active. It wou1d be
tempting to assume that the presence of this IS-:element
almost exclusively in the chromosomes of the strains
contained in the soils of Moscow and its vicinity is
related to the local horizontal transfer of the plasmids
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