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Two copies of IS1675, a novel lactococcal insertion element from the IS4 family, are present on a 70-kb
plasmid, where they frame the lantibiotic lacticin 481 operon. The whole structure could be a composite
transposon designated Tn5721. This study shows that the lacticin 481 operon does not include any regulatory
gene and provides a new example of a transposon-associated bacteriocin determinant. We identified five other
IS1675 copies not associated with the lacticin 481 operon. The conservation of IS1675 flanking sequences
suggested a 24-bp target site.

Insertion sequences (ISs) are small (,2.5-kb) phenotypically
cryptic DNA elements that can insert into nonhomologous
DNA sites. Their genetic organization is simple, since they
contain only one or two open reading frames (ORFs) encoding
a transposase (Tpase) (for a recent review, see reference 11).
In the course of transposition, the Tpase interacts specifically
with inverted repeats (IRs) located at the IS extremities (11)
and with the target site, either directly or in conjunction with
accessory proteins (3). Transposition of otherwise nonmobile
DNA segments can be achieved when they are flanked by two
copies of the same IS, forming a composite transposon. The
genes carried by transposons usually confer an advantage to
the host, such as antibiotic resistance, pathogenic function, or
a catabolic pathway. Within lactic acid bacteria, ISs have often
been found on large plasmids and are associated with indus-
trially relevant traits (25). The complete sequences of pK214
and pMRC01 (29 and 60 kb, respectively) (5, 17) argue for an
important role for ISs in the evolution of large lactococcal
plasmids. Since many of them are conjugative, these plasmids
can contribute to the horizontal transfer of transposons within
bacteria. Although bacteriocin (antibacterial-peptide) produc-
tion constitutes a clear advantage and although the genetic
sequences responsible for it are frequently plasmid borne, only
nisin was shown to be transposon encoded (10). A region of
pMRC01 contains the operon for the bacteriocin lacticin 3147
framed by two IS946 copies, which led the authors to propose
that this region corresponds to a composite transposon (5). In
this study, we characterized IS1675, a novel IS found associ-
ated with the lacticin 481 operon. Lacticin 481 is a lantibiotic
(18), i.e., a bacteriocin containing rare amino acids produced
by posttranslational modifications of a prepeptide (10). Its
operon is composed of six genes (Fig. 1A), encoding the
prepeptide LctA, the enzyme LctM, putatively involved in the
posttranslational modifications, and two ATP-binding cassette
(ABC) transporters: LctT, responsible for the cleavage and
excretion of the bacteriocin, and LctF/LctE/LctG, providing
self-protection to the producer strain (23, 24). The lacticin 481
operon was localized on a conjugative plasmid from Lactococ-
cus lactis strain CNRZ 481 and on pOS5, a 70-kb plasmid from

L. lactis ADRIA 85LO30 (6, 18). This study shows that two
IS1675 copies frame the lacticin 481 operon, suggesting that
the latter is part of a composite transposon. We identified
other insertion points of IS1675, and a putative consensus
target site was deduced.

DNA sequencing and analysis of IS1675. The 39 end of a
putative Tpase gene was identified upstream of the lacticin 481
structural gene lctA from two strains: L. lactis CNRZ 481 and
ADRIA 85LO30 (18, 24). To complete the sequence of the
putative IS, we constructed pEF549 by subcloning into pBlue-
script SK (Stratagene) the 3-kb HindIII DNA fragment H1 to
H2 (Fig. 1A) from lE23, which includes the 59 end of the lct
operon plus 10.9 kb of upstream DNA (23). Its nucleotide
sequence was determined on both strands, extending by 2,112
bp the previously reported sequence (24). Sequence analysis
revealed perfect 27-bp IRs, defining a possible 1,606-bp IS
designated IS1675, the extremities of which are shown on Fig.
2A. Its GC content is 33.4%, intermediate to those of L. lactis
chromosomal DNA (36 to 38%) and of L. lactis plasmids (29 to
32%) (5). The IRs frame a single ORF in the same orientation
as the lct genes (Fig. 1A). This ORF potentially codes for a
439-residue protein showing similarities to Tpases (see below).
A putative ribosome binding site (RBS) was found at the
appropriate distance from the UUG initiation codon, and pro-
moter-like sequences were identified between the left IR and
the ORF (Fig. 2A). Whereas no putative terminator was iden-
tified downstream of the ORF, a Rho-independent terminator-
like sequence was observed immediately downstream of the
left IR.

IS1675 belongs to the IS4 family. The IS1675-encoded pro-
tein showed up to 19% identity with Tpases such as those
encoded by ISH8, IS1151, IS186, IS421, IS231, and IS4 (14,
22). These ISs all belong to the IS4 family, one of the most
frequently encountered families of bacterial ISs (11). IS1675
presents the same overall structure as IS4-related elements:
between 1.3 and 1.7 kb long, a single ORF encoding a protein
of 370 to 480 amino acids, and IRs of around 25 bp. The
Tpases encoded by the IS4 family display three conserved
regions, N2, N3, and C1 (11, 22), which are conserved within
the IS1675 protein (Fig. 2B). It contains in particular the three
signature motifs of the N3 and C1 regions and the DDE motif.
The last is highly conserved within Tpases from many ISs and
retroviral integrases (11, 19, 22). The N3 and C1 regions are
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shared by the Tpases encoded by the IS4 and IS5 families, but
these families were distinguished on the basis of the disposition
of the N3 and C1 regions (22). Within the IS1675 protein,
these regions are separated by 114 residues (Fig. 2B), which is
characteristic of Tpases encoded by the IS4 family. The simi-
larities between the Tpases encoded by the IS4 family are
correlated with sequence conservations within the associated
IRs (22), and most of the conserved bases are shared by the
IS1675 IRs (Fig. 2C). IS1675 thus meets the criteria related to
overall organization, to Tpase sequence, and to IR sequence to
be included in the IS4 family. Mahillon and Chandler (11)
listed 28 members of this family (isoforms not included) from
gram-negative and -positive bacteria, mycobacteria, and
halobacteria but none from gram-positive cocci. To our knowl-
edge, IS1675 is the first lactococcal member of this family.

The lacticin 481 operon is included in a transposon-like
structure. The knowledge of the IS1675 sequence permitted
us to identify, downstream of the lacticin 481 operon, a sec-
ond IS1675 copy, the 59 two-thirds of which was previously
sequenced (24). We refer to the upstream and downstream
copies as IS1675-A and IS1675-B, respectively (Fig. 1A). To
complete the sequencing of IS1675-B, a 1.2-kb fragment con-
taining the 39 end of IS1675-B plus downstream DNA (Fig. 1B,
fragment C) was amplified from plasmid pES2, which is a
derivative of pOS5 from L. lactis ADRIA 85LO30 (6), by
ligation-mediated PCR (LMPCR) as follows. The fragments of
EcoRV-digested pES2 were ligated with SmaI/EcoRI-re-
stricted pBluescript SK. After phenol extraction, the ligation
products were digested with EcoRV to separate pES2 frag-
ments ligated to each other. The resulting DNA was used as a
template for PCR amplification with the primers ALIS1 and
T3. The sequences and positions of the primers used in this
study are given in Table 1. The partial sequencing of fragment
C allowed the design of primer ALIS5, which was used to
amplify the 39 end of the lacticin 481 operon plus IS1675-B
(Fig. 1B, fragment E), to verify the identity of the flanking
sequence. The downstream half of IS1675-B was then ampli-

fied (Fig. 1B, fragment F) and sequenced, showing that
IS1675-B is complete and 100% identical to IS1675-A. The
lacticin 481 operon (lctAMTFEG) is thus flanked by two copies
of IS1675 in the same orientation (Fig. 1A), lying 281 bp
upstream of lctA and 147 bp downstream of lctG. This 11.5-kb
structure could behave as a composite transposon, designated
Tn5721, which could carry the bacteriocin operon. The tran-
script from the lacticin 481 operon enters the downstream IS
since the putative transcriptional terminator T2 downstream of
lctG (24) is internal to IS1675-B. Such a phenomenon in-
creases the coherence of composite transposons by reducing
the left-end activity of the downstream ISs, therefore favoring
the mobility of transposons over individual ISs (11). In addi-
tion to ADRIA 85LO30 and CNRZ 481, a third L. lactis strain,
SL2, was identified as a lacticin 481 producer (20). The ex-
pected DNA fragments A and B (Fig. 1B) were amplified from
each strain, showing that the Tn5721 structure is conserved
within these three strains.

Tn5721 flanking sequences. Upstream of IS1675-A, we iden-
tified an ORF in a divergent orientation compared to that of
the lct and IS1675 genes (Fig. 1A, orf8). orf8 is separated from
the left IR by 85 bp including a promoter-like sequence (TT
GAAC-16 bp-TATAAT) and an RBS (AAGAGG). Addi-
tional single-strand sequencing indicated that orf8 codes for a
241-residue protein which did not show any significant similar-
ity with known proteins. The 292 bp sequenced on both strands
downstream of Tn5721 includes a putative promoter (TTGA
TA-19 bp-TATAAA) followed by an RBS (AGGAGC) and
the first 35 codons of a gene in the same orientation as the lct
and IS1675 genes. Additional single-strand sequencing showed
that this gene contains more than 291 codons (Fig. 1A, orf9).
The encoded protein showed similarities to ATP-binding pro-
teins such as RecF proteins and ABC transporters. These sim-
ilarities are limited to the region including Walker motif A
(GSNGCGKTT in Orf9), which is characteristic of ATP-bind-
ing proteins (30). Hybridization and PCR experiments showed
that Tn5721 is carried in all three lacticin 481 producer strains

FIG. 1. (A) Genetic organization and restriction map of Tn5721 and flanking regions. The boxes represent the ORFs, and their orientation shows the transcriptional
direction. The lct genes constituting the lacticin 481 operon are grey. IS1675-A and -B are two identical copies of IS1675. Vertical bars, IRs delimiting IS1675; black
boxes, IS1675 ORF; open boxes (orf8 and orf9), sequenced part of ORFs flanking Tn5721; Plct, PIS, P8, and P9, putative promoters; T1 and T2, putative Rho-
independent terminator. The IS1675-A terminator is omitted because orf8 is divergent. BamHI, EcoRI, EcoRV, HindIII, and XbaI sites are abbreviated B, EI, E, H,
and X, respectively, and are numbered when necessary. Some EcoRI, EcoRV, and XbaI sites are omitted. (B) Positions of the primers and of DNA fragments amplified
by PCR. Arrows, primers (not to scale); lines A to F, PCR fragments.
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by a 70-kb plasmid, although they each exhibited a very distinct
plasmid content (data not shown). Furthermore, DNA frag-
ments D and E (Fig. 1B) from the three strains were amplified,
showing that the Tn5721 flanking sequences in these strains
are the same, which suggests that the 70-kb plasmids that they
harbor are identical or related.

The presence of IS1675 on both sides of the lacticin 481
operon and the lack of similarity of Orf8 and Orf9 to regula-
tory proteins indicate that no specific regulator of lacticin 481
operon expression is encoded by an adjacent gene, unlike what
is found for the other two known operons for lacticin 481-
related lantibiotics. The streptococcin A-FF22 and mutacin II
operons are similar to the lacticin 481 one since they contain
counterparts of the lctAMTFEG genes. However, they are pre-
ceded by specific regulatory genes (scnK and scnR for strepto-
coccin A-FF22, mutR for mutacin II), the products of which
are essential for bacteriocin production (2, 12). The present
results are in agreement with the observation that the intro-
duction of lctAMTFEG into L. lactis IL1403 was sufficient to
induce bacteriocin production (24). The expression of the lac-
ticin 481 operon thus seems less tightly regulated than that of
related operons. In that the production of lacticin 481 is stim-
ulated up to fourfold by at least one environmental stress (27),
it is likely that global regulators influence the expression of the
lacticin 481 genes, as does the diacylglycerol kinase which is
involved in stress resistance and stimulation of mutacin II
operon transcription (1). Interestingly, Tpase genes are adja-
cent to the streptococcin A-FF22 and mutacin II gene clusters
(2, 12), suggesting that the association between this bacteriocin
family and ISs might be a general feature.

IS1675 can be found independently of the lacticin 481
operon. Hybridization experiments showed that a 25-kb plas-
mid from L. lactis CNRZ 481 contains another IS1675 copy but
does not include the lacticin 481 operon (data not shown). The
IS1675 probe (the 1.2-kb fragment XbaI-EcoRV) also hybrid-
ized to one DNA fragment each from plasmid-free L. lactis
MG1614 and LM0230 (7, 8), detecting 4.4- and 6.0-kb EcoRI
fragments, respectively (data not shown). IS1675 is not a com-
ponent of Tn5721 in these cases, since a single EcoRI fragment
was detected per strain, whereas this enzyme cuts within the
lacticin 481 operon. We also noted that the databases include
two partial sequences of IS1675, one in pCI2001 from L. lactis
NCDO 275 and the other downstream of the oppDFBCApepO
operon from L. lactis SSL135 (accession no. AF179847 and
L18760, including the 39 1,327 bp of IS1675 with a single
mismatch and its 59 223 bp, respectively). The oppDFBCApepO
operon is chromosomal and encodes an oligopeptide transport
system and an endopeptidase (26).

Identification of the IS1675 flanking sequences. The se-
quences flanking IS1675 from L. lactis LM0230 and MG1614
chromosomal DNA were amplified by LMPCR as described
above, using ScaI instead of EcoRV to obtain the upstream
sequences. The primers were ALIS1 and T3 to amplify the
downstream DNA, whereas two successive PCRs were needed
to amplify the upstream sequences, with the primer couple T3
and 887 or T3 and ALIS4 and then SK and ALIS2. From both
strains, the PCRs produced 2.1- and 1.1-kb fragments for the
upstream and downstream regions, respectively (Fig. 3A and
B). From LM0230, a second DNA fragment of 1.5 kb was
obtained with ALIS1 and T3, suggesting the existence of a

FIG. 2. Characteristics of IS1675 and of its Tpase. (A) DNA sequences of the 59 and 39 ends of IS1675. //, separation between the two regions (nucleotides 1 to
200 and 1,411 to 1,606); boxes, IRs; arrows, putative Rho-independent terminator. The 235 and 210 sequences of a putative promoter and the RBS are indicated.
The N- and C-terminal sequences of the encoded protein are given in the single-letter code. p, stop codon. Dots are placed every 20 bp. (B) Similarities between the
IS1675-encoded protein and Tpases encoded by the IS4 family. Only region N2 and the most conserved parts of regions N3 and C1 are shown. Residues on a black
background are conserved within all six proteins. Functionally related amino acids found at the same position in at least four proteins are on a grey background. The
amino acids below the sequences form the DDE motif (underlined) and the signature motifs D-1-GY, Y-2-RW-2-E-6-K, and K-9/12-A-1-L. The numbers of residues
preceding and following each region are given, and the total numbers of residues are in parentheses. The GenBank accession number of ISH8 is AF016485, the other
accession numbers are in reference 22. (C) Sequence comparison of the left IRs from the same ISs as in panel B. Bases conserved in all six sequences are on a black
background; bases conserved in four or five sequences are on a grey background.
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second copy of IS1675. As a single EcoRI restriction fragment
had been detected with the IS1675 probe, the two IS copies
seemed to be adjacent. A PCR using LM0230 DNA as the
template and primers ALIS1 and ALIS2 yielded a 0.3-kb frag-
ment (Fig. 3B), confirming the presence of two IS1675 copies
in tandem, designated IS1675-D and -E. This fragment could
not be amplified from MG1614, which therefore contains a
single copy, IS1675-C. All the PCR fragments were sequenced
from their IS extremities, revealing that IS1675-D and -E are
separated by the 8-bp sequence GGTATACC. Such a dimer
structure has been described for other ISs such as IS30 and
IS21 (16, 21), the dimers of which are very active and unstable
intermediates of transposition, as the junctions between the
left and right IRs form a strong promoter expressing the Tpase.
For IS1675, the IR junctions do not seem to create a strong
promoter. The sequences upstream of IS1675-C and -D are
identical to each other for at least 328 bp and nearly identical
(about 99.5% identity over 376 and 328 bp, respectively) to the
39 end of pepO and the sequence between pepO and IS1675

from L. lactis SSL135. The sequences downstream of IS1675-C
and -E are identical for at least 345 bp and showed 83.8%
identity over the first 204 bp with the noncoding sequence
found between IS1675-A and lctA. However, neither lctA nor
the characterized promoters of the lacticin operon are con-
served downstream of IS1675-C and -E. The expected DNA
fragments H and I could be amplified from L. lactis MG1614
and LM0230 chromosomal DNA (Fig. 3A and B). Single-
strand sequencing of fragment H showed that IS1675-C is
identical to IS1675-A and -B. DNA fragment H was also am-
plified from L. lactis CNRZ 481 total DNA, suggesting that this
strain harbors a chromosomal IS1675 copy inserted down-
stream of pepO, in addition to its three plasmid-borne copies.
This was confirmed by the sequencing of one flanking site. The
location of IS1675 downstream of pepO at the same position in
four strains suggests that this position is a hot spot of IS1675
insertion. Furthermore, IS1675 lies in the same orientation in
each case, indicating an orientation preference for its insertion
in this spot.

FIG. 3. Genetic organization and restriction map of the IS1675-containing regions of chromosomal DNA from L. lactis MG1614 (A) and LM0230 (B) and of the
25-kb plasmid from L. lactis CNRZ 481 (C). IS1675 is represented as in Fig. 1A, and its four copies are noted IS1675-C to -F. Open boxes, endopeptidase gene pepO,
extrapolated from our sequences and reference 26, and orf14; grey box (C), sequence almost identical to noncoding sequences from other lactococcal plasmids. BamHI,
EcoRV, RsaI, and ScaI sites are abbreviated B, E, R, and S, respectively. Horizontal lines at the bottom, PCR-amplified fragments (portions of the PCR products we
sequenced are thicker); arrows (not to scale), primers used.

TABLE 1. PCR primers used in this study

Primer 59–39 sequencea Positionb Directionc

ALIS1 CAACAGAATTCATTTATGAAATTAGAAC IS1675 39 end, nt 2099–2119 and 11750–11770 1
ALIS2 ATTTGATGAGACACTTG IS1675 59 end, nt 770–786 and 10421–10437 2
ALIS3 TGAACACCTACAACCCC Upstream of IS1675-A, nt 527–543 1
ALIS4 GATAGACTTTGCCCTCC IS1675 59 end, nt 917–933 and 10568–10581 2
ALIS5 CCACATCCATTACTTCC Downstream of IS1675-B, nt 12116–12132 2
ALIS9 TGAATTAGAAAAGCGCC Upstream of IS1675-F 1
ALIS10 GTACAATACCACAAGTC Downstream of IS1675-F 2
P4 AAAGCTTTACCTGTACT lctM, nt 2986–3002 2
883 ATCATGAACTCTGACTTAA lctF, nt 8458–8476 1
887 ATGCAAGAAATGATAATG IS1675, nt 1526–1543 and 11177–11194 2
889 CACTCATTGACCCTGCAA lctT, nt 5858–5875 1
8001 CTTTACCTATTGCAGGG lctT, nt 5868–5884 2
8811 TACGTGGCAGTGGACTT IS1675, nt 1229–1245 and 10880–10896 1
PEPO1 CACCCGCTAAACTTCGT pepO 1
PEPO3 CTTAGTCGTCTTCGACG Downstream of IS1675-C and -E 2
T3 AATTAACCCTCACTAAAG pBluescript primer
SK TCTAGAACTAGTGGATC pBluescript primer

a Bases in boldface are not complementary to the target sequence.
b Nucleotide (nt) numbers are relative to the sequence with GenBank accession no. U91581.
c 1, primers directed toward the 39 end of the sequence; 2, primers directed toward the 59 end.
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The regions flanking IS1675-F from the 25-kb plasmid of L.
lactis CNRZ 481 were sequenced after LMPCR amplification,
which required restriction with RsaI and EcoRV to obtain the
upstream and downstream regions, respectively. Expected
DNA fragment J (Fig. 3C) was amplified with primers based on
the two flanking sequences, confirming that the latter corre-
spond to the same IS1675 copy. Whereas single-strand se-
quencing of fragment J showed that the IS1675-F copy is iden-
tical to IS1675-A, -B, and -C, its flanking sequences are distinct
from those of the other IS1675 copies. No convincing ORF
appeared within the 580 bp sequenced upstream of IS1675-F.
The most upstream 300 bp proved to be almost identical to
noncoding sequences found in the lactococcal plasmids
pCI750, pND861, and pNZ4000 (4, 15, 29). The 39 end of a
putative ORF of more than 67 codons was identified 114 bp
downstream of IS1675-F (Fig. 3C, orf14). The protein se-
quence deduced from orf14 showed 27% identity (52% simi-
larity) with the C-terminal part of LciA, the protein responsi-
ble for the immunity to the nonlantibiotic bacteriocin

lactococcin A (28), suggesting that IS1675 could be associated
with another bacteriocin operon. The full sequencing of
IS1675-A, -B, -C, and -F showed that they are identical. As
they were found in distinct locations, their insertion could not
occur by homologous recombination between the flanking se-
quences and target DNA but rather resulted from enzymatic
transposition, giving strong indirect evidence that IS1675 is
functional.

The IS1675 flanking sequences suggest a 24-bp target site. A
strong sequence conservation appeared within the 20 bp pre-
ceding the left IR and the 27 bp downstream of the right IR of
the five distinct IS1675 flanking sequences (Fig. 4). Among
these 47 positions, 18 are invariable, 14 are conserved in all
sequences but one, and 8 are shared by two bases. Part of the
deduced consensus sequence is palindromic, as is the case for
each insertion site (Fig. 4). Eight-base-pair direct repeats
(DRs) were observed in IS1675-E and -F flanking sequences.
The finding of 8-bp DRs on each side of Tn5721 (Fig. 4) but
not in IS1675-A or -B flanking sequences indicates that the

FIG. 4. DNA sequences flanking IS1675 and Tn5721. The six copies of IS1675 identified in this study are noted A to F, as in Fig. 1 and 3, and their plasmids or
strains of origin are in parentheses. Vertical arrows, insertion points of IS1675 or Tn5721; convergent arrows below sequences, palindromic bases; arrows in the same
orientation above sequences, DRs; underlined bases, bases of IS1675 IRs (IS1675-D and -E are separated by 8 bp). The various sequences were compared with each
other. The sequences upstream and downstream of Tn5721, upstream of IS1675-D, and downstream of IS1675-E were not included in the comparison since the first
two are also the sequences upstream of IS1675-A and downstream of IS1675-B and the last two are identical to the sequences upstream and downstream of IS1675-C,
respectively. The bases conserved in all sequences are on a black background. Positions where the same base is found in all sequences but one or is shared by two
nucleotides are on a grey background. A consensus sequence, where R 5 A or G, W 5 A or T, Y 5 C or T, and n corresponds to an undefined base, has been deduced.
A target site was deduced, the central 8 bp of which are duplicated upon insertion. Sequences from L. lactis P8-2-47 and of pCI2000 from L. lactis NCDO 275 (bases
2517 to 2540 and 87 to 110 of GenBank accession no. L04938 and AF178424 sequences, respectively) are shown, with the bases fitting the target site indicated by a
grey background.
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bacteriocin plasmid results from a Tn5721 insertion rather
than from two individual IS1675 insertions, which argues indi-
rectly in favor of Tn5721 functionality. We propose a 24-bp
target site based on the symmetrical part of the consensus
sequence and on the duplication of 8 bp upon insertion (Fig.
4). The sequence downstream of pepO from L. lactis P8-2-47
(13) is 96.6% identical to the L. lactis SSL135 sequence, but
IS1675 is not present at this spot in P8-2-47, which thus con-
tains an IS1675 target site-like sequence. pCI2000 and
pCI2001 are two plasmids from L. lactis NCDO 275 and har-
bor closely related sequences (accession no. AF178424 and
AF179847). A target sequence is found in pCI2000 since
IS1675 is present in pCI2001 but not in the corresponding site
of pCI2000. These two target sequences match our consensus
and confirm that the central 8 bp of the target sequence is
duplicated upon insertion (Fig. 4). The symmetry of the target
site suggests its recognition by a multimer of Tpase binding
directly or indirectly on both sides of the target (3). The latter
is among the longest described, but all the bases of the se-
quence are not highly conserved, which could favor the occur-
rence of corresponding sites, as is the case for other ISs such as
IS903 and IS30 (9, 16).

Nucleotide sequence accession number. The new sequence
data upstream and downstream of the lacticin 481 operon have
been deposited with GenBank, updating the entry under ac-
cession no. U91581.
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