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Unlike classically defined insertion sequence (IS) elements, which are delimited by their inverted terminal
repeats, some IS elements do not have inverted terminal repeats. Among this group of atypical IS elements,
IS116, IS900, IS901, and IS1110 have been proposed as members of the IS900 family of elements, not only
because they do not have inverted terminal repeats but also because they share other features such as
homologous transposases and particular insertion sites. In this study, we report a newly identified IS sequence,
IS1547, which was first identified in a clinical isolate of Mycobacterium tuberculosis. Its structure, insertion site,
and putative transposase all conform with the conventions of the IS900 family, suggesting that it is a new
member of this family. IS1547 was detected only in isolates of the M. tuberculosis complex, where it had highly
polymorphic restriction fragment length polymorphism patterns, suggesting that it may be a useful genetic
marker for identifying isolates of the M. tuberculosis complex and for distinguishing different strains of M.
tuberculosis. ipl is a preferential locus for IS6110 insertion where there are eight known different insertion sites
for IS6110. Surprisingly, the DNA sequence of ipl is now known to be a part of IS1547, meaning that IS1547
is a preferential site for IS6110 insertion.
homologous transposases and particular insertion sites (10).
Since inverted terminal repeats are believed to be important in
the selection of target sites and in the mechanics of transposition of IS elements (7), greater understanding of this group of
atypical IS elements is important for the elucidation of transposition and the evolution of insertion sequences.
ipl is a hot spot for IS6110 insertion in the genome of Mycobacterium tuberculosis (EMBL, GenBank, and DDBJ database accession no. X95799 [5]). At this locus we have extended
the DNA sequence of ipl on each side to 2732 nucleotides (nt)
in clinical isolate M. tuberculosis 151, an isolate which does not
harbor an IS6110 copy in ipl. Analysis of this DNA sequence
revealed several open reading frames (ORFs), and translation
products of these were used in searches of protein databases
with BLAST (1). One of the translated amino acid sequences,
ORF1, showed significant homology to several peptide sequences, most of which were transposases, such as those from
IS116 (BLAST score of more than 1.1 3 10216) from S. clavuligerus, IS1110 (4.2 3 10210) from M. avium, IS901 (2.3 3
10210) from M. avium, IS900 (1.6 3 10210) from M. paratuberculosis, and IS110 (5.6 3 1029) from S. coelicolor. Consequently, along with having other features (see below), the
translation product of ORF1 is proposed to be the transposase
of a new IS element, designated IS1547.
Two different insertion sites of IS1547 from two clinical
isolates were identified and sequenced. Sequence comparison
of the DNAs from these two insertion sites, together with
ORF1 peptide sequence common to both of these two sites
(see below), revealed that IS1547 is 1351 nt in length without
terminal inverted repeats but with target direct repeats
(CCTT) in Y13470 and imperfect direct repeats (CCTT/
CCTC) in Y16254. These two insertion sites were also found in

Bacterial insertion sequences (ISs) are genetic entities which
are able to translocate to new genetic locations either within a
replicon or between different replicons in the host cell. Typically, IS elements are 0.7 to 2.5 kb in length and end in perfect
or nearly perfect inverted terminal repeats, which are proposed
to play a role in transposition and in the selection of insertion
targets. ISs encode only proteins related to their transposition
activity, such as transposases. With few exceptions, IS elements
generate a duplication of the DNA sequence at the insertion
site on transposition; thus, after insertion, the duplication borders the IS element as a direct repeat (for a review, see reference 7).
Unlike classically defined IS elements, which are delimited
by their inverted terminal repeats, some IS elements, for example, IS900 identified in Mycobacterium paratuberculosis (8)
and IS901 and IS1110 from Mycobacterium avium (10, 12), do
not have these repeats. Other IS elements without inverted
terminal repeats include IS1000 from Thermus thermophilus
(2), IS116 from Streptomyces clavuligerus (14), IS117 from
Streptomyces coelicolor (9), and HBSI from Bradyrhizobium
japonicum (11). Among these atypical IS elements, IS116,
IS900, IS901, and IS1110 have been proposed as members of a
group of closely related IS elements, designated the IS900
family, not only because they do not have inverted terminal
repeats but because they share other features as well, such as
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the genome of M. tuberculosis H37Rv, which is being sequenced (14a).
Two large ORFs, ORF1 and ORF2, were identified in the
DNA sequence of IS1547. ORF1 has no stop codon within the
DNA sequence of IS1547. The predicted translation product of
ORF1 of IS1547 itself was considered the peptide sequence
which is common to the ORF1s of IS1547 at the two insertion
sites. This gave a 380-amino-acid peptide of about 41 kDa in
mass. In accession no. Y13470, ORF1 was 1182 nt long with a
stop codon outside the IS1547 sequence, giving three extra
amino acid residues at the C terminus of the peptide; ORF1 of

IS1547 in Y16254 was even longer. The use of flanking DNA
sequences to provide the stop codon for an ORF has also been
observed in IS1110 of M. avium (10) and in IS870 of Agrobacterium vitis, which uses its specific insertion site (CTAG) to
generate the stop codon (6). The use of external stop codons to
terminate ORFs of IS elements is thus not uncommon and is
not limited to the IS900 family of elements; however, the
reason for this strategy is not clear.
The transposases of the IS900 family of elements have been
reported to have two conserved peptide regions, one of which
is a motif found in reverse transcriptases (region 1 in Fig. 1)
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FIG. 1. Amino acid sequence alignment of the translation product of IS1547 ORF1 and the transposases of the IS elements of the IS900 family, derived via program
Clustal W (version 1.7). The p symbols in the conservation line indicate the positions where there are identical residues across all the amino acid sequences; colons
indicate strongly conserved residues, and period indicate weakly conserved residues (16). The three regions indicated by numbers and delimited with bent arrows are
conserved regions in the IS900 family, one of which (region 1) was found to contain the motif in reverse transcriptase and the other of which (region 3) has the motif
involving DNA inversion (Kunze et al. [12] and Hernandez Perez et al. [10]). See the text for more details.
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(12), the other of which shows homology to a motif involved in
inverting DNA (region 3 in Fig. 1) (10). Comparison of the
sequences of the IS1547 ORF1 peptide and the transposases of
the other members of the IS900 family revealed the presence
of both of these conserved peptide regions in the IS1547 ORF1
peptide. In addition, the comparison disclosed a third conserved region (region 2 in Fig. 1) with the consensus sequence
L--LT--R--L-A. This consensus sequence did not significantly
match sequences in the motif database PROSITE (released in
November 1995; Amos Bairoch, Medical Biochemistry Department, University of Geneva, Geneva, Switzerland). These
three motifs further support the function of ORF1 as the
transposase of IS1547.
A second large ORF, ORF2, of IS1547 is on the DNA strand
complementary to and overlapped by ORF1, and these two
ORFs share their third codon positions (Fig. 2). It is predicted
that ORF2 encodes a peptide of 296 amino acids (Y13470:
e339203) with a molecular mass of about 32 kDa. A second
ORF is also found in IS900 and IS116, both of which are again
on the strand complementary to ORF1, while this ORF is not
found in IS1110 (8, 10). The IS1547 ORF2 translation product
showed only 45% similarity and 23% identity to IS900 ORF2,
suggesting little similarity between these peptides. In addition,
a protein database search of the IS1547 ORF2 translation
product did not recover any significantly similar peptides.
IS1547 shares several features with members of the IS900
family of elements; one of them is that they tend to insert into
the promoter regions of genes (10). In the sequences flanking
the two IS1547 copies, ORFs were identified on the complementary strand at the 59 end of the IS1547 copies, with their
direction of expression opposite to that of the putative transposase of IS1547 (Fig. 2). The ORF in accession no. Y16254
encoded a peptide of 172 amino acids (Y16254:e1240541)
which had no significant matches in protein database searches.
However, the ORF in Y13470 encoded a 499-amino-acid
peptide (Y13470:e3215020) which showed strong homology
(BLAST scores of more than 10228) to enzymes of the pyridine
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FIG. 3. Autoradiograph of a Southern blot of PvuII-digested chromosomal
DNA of mycobacterial isolates probed with a digoxigenin-labelled IS1547 probe.
Lane A, M. bovis BCG (Glaxo); lane B, clinical isolate 8189/96 of M. bovis BCG;
lane C, clinical isolate B1 of M. bovis; lane D, clinical isolate L2523 of M.
africanum; lane E, clinical isolate 11804/93 of M. africanum; lane F, type strain
H37Ra of M. tuberculosis; lane G, IS6110 RFLP reference strain mtb14323 of M.
tuberculosis; lanes H to K, clinical isolates 9407, 9212, 9308, and 9101 of M.
tuberculosis. Faint bands in lanes H to K are internal size standards.

nucleotide-disulfide oxidoreductase class I family, including
seven mercuric reductases, four glutathione reductases, and
four dihydrolipoamide dehydrogenase, all from different species.
To examine the distribution of IS1547 in mycobacteria, a
digoxigenin-labelled IS1547 probe was applied to Southern
blots of PvuII-digested genomic DNAs of the following isolates: 61 isolates of M. tuberculosis, including strain H37Ra and
IS6110 restriction fragment length polymorphism (RFLP) reference strain Mt14323; 3 isolates of M. bovis; 2 vaccine strains
of M. bovis BCG (Glaxo and Copenhagen) and 3 clinical isolates of M. bovis BCG; 2 isolates of Mycobacterium africanum;
3 isolates of M. avium; and 1 isolate each of M. paratuberculosis, Mycobacterium malmoense, Mycobacterium fortuitum, Mycobacterium marinum, and Mycobacterium kansasii. The results
suggest the following. (i) Hybridizing DNA fragments were
found in all of the isolates of M. tuberculosis, M. bovis, M. bovis
BCG, and M. africanum (Fig. 3) but not in any of the M. avium,
M. paratuberculosis, M. malmoense, M. fortuitum, M. marinum,
or M. kansasii isolates. IS1547 may therefore be useful as a
genetic marker in distinguishing the M. tuberculosis complex
from other mycobacterial species. (ii) Within the isolates of the
M. tuberculosis complex, many different IS1547 RFLP patterns
were observed; for example, three clinical isolates of M. bovis
BCG had two IS1547 copies with the same banding pattern
(Fig. 3, lane B), while the vaccine strains of M. bovis BCG
(Glaxo and Copenhagen) had a slightly different banding pattern (Fig. 3, lane A versus lane B). Unlike in M. bovis, the
IS1547 banding patterns in M. africanum and M. tuberculosis
exhibited a totally different picture.
ipl was identified as a preferential locus in the genome of
M. tuberculosis for IS6110 insertions (5). In addition to the six
different insertion sites (ipl-1::IS6110 to ipl-6::IS6110) described
previously, two more have since been found: ipl-7::IS6110
(Y14613) and ipl-8::IS6110 (Y14614). It is now apparent
that the original ipl locus is in fact in the DNA sequence of
IS1547 and is located at nt 1718 to 2370 of sequence Y13470
(Fig. 3) and that there are two such sites in the genomes of
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FIG. 2. Schematic illustration of the IS1547 insertion site in accession no.
Y13470, restriction map of the DNA sequence (EMBL, GenBank, and DDBJ
accession no. Y13470), and location of ipl (EMBL, GenBank, and DDBJ accession no. X95799). The smaller arrows represent primers used in this study, while
the larger, open arrows indicate locations of the ORFs. There are three restriction sites for PvuII within this DNA fragment, as presented in the line, and there
are 17 sites for AluI, but there are no restriction sites for AsnI, DraI, and HindIII.
GR, glutathione reductase; HR, mercuric reductase; LPDH, dihydrolipoamide
dehydrogenase.
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many M. tuberculosis isolates. That is to say, IS1547 is a
preferential site for IS6110 insertion. Interactions between
IS elements have also been observed in other bacteria, although they have been poorly studied. For instance, IS53
from a plasmid of Pseudomonas syringae subsp. savastanoi
was found to insert into IS51 (15) and the target of ISRm3
transposition in Rhizobium meliloti is the insertion sequence
ISRm5 (13). Recently, the genome sequence of Escherichia
coli K-12 (3) revealed that two IS911-related sequences
(IS911A and IS911B) had been interrupted by IS30 and
IS600. Further investigations are being carried out to clarify
the basis of the interaction between IS1547 and IS6110 and
its implications for transposition and strain similarity assessments based on these elements.
Nucleotide and peptide sequence accession numbers. DNA
fragments sequenced in this study have been deposited in the
EMBL, GenBank, and DDBJ data banks under accession no.
Y13470, Y14613, Y14614, and Y16254. Predicted peptide sequences have been deposited in TREMBL data bank under
accession no. Y13470:e3215020 and Y13470:e339203.

