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ABSTRACT

A significant fraction of Escherichia coli intergenic DNA sequences is composed of two families of
repeated bacterial interspersed mosaic elements (BIME-1 and BIME-2). In this study, we determined
the sequence organization of six intergenic regions in 51 E. coli and Shigella natural isolates. Each region
contains a BIME in E. coli K-12. We found that multiple sequence variations are located within or near
these BIMEs in the different bacteria. Events included excisions of a whole BIME-1, expansion/deletion
within a BIME-2 and insertions of non-BIME sequences like the boxC repeat or a new IS element, named
1S1397. Remarkably, 14 out of 14 IS1397 integration sites correspond to a BIME sequence, strongly
suggesting that this IS element is specifically associated with BIMEs, and thus inserts only in extragenic
regions. Unlike BIMEs, 1S1397 is not detected in all E. coli isolates. Possible relationships between the
presence of this IS element and the evolution of BIMEs are discussed.

ONCODING DNA regions in prokaryotic genomes
are usually short and are mainly composed of
regulatory elements essential for proper gene expres-
sion. However, in the last decade, it has become clear
that bacterial intergenic regions also contain various
families of repetitive elements. These repeated se-
quences are shorter than insertion sequences (IS) and
do not usually encode proteins; their function is still
elusive. They include bacterial interspersed mosaic ele-
ments (BIMEs), boxC, IRU (also called ERIC), RSA,
iap and Ter sequences (reviewed in BACHELLIER ef al.
1996).

About 500 BIMEs are scattered over the genome of
Escherichia coli (GILSON et al. 1991a). They are found
exclusively in extragenic positions, at the 3’ end of oper-
ons or between cotranscribed genes (GILSON et al.
1991b; DIMRI et al. 1992). They are composed of a mo-
saic combination of different conserved motifs: the pali-
ndromic unit (PU) (HIGGINS ef al. 1982; GILSON et al.
1984), also called repetitive extragenic palindromic
(REP) sequence (STERN ef al. 1984), and seven PU-
flanking sequences, called S, L, s, 1, r, A and B (GILSON
et al. 1991a,b). PUs were further subdivided into three
variants differing slightly in sequence: Y, Z' and Z* (GIL-
SON et al. 1991b; BACHELLIER et al. 1994). Specific combi-
nations of these motifs define two major families of E.
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coli BIMEs, called BIME-1 and BIME-2 (BACHELLIER et
al. 1994). BIME-1 contains two PUs (Y and Z'), while
BIME-2 contains from two to 12 PUs (Y and Z%) and
are direct repetitions of an assembly of motifs (BACHEL-
LIER et al. 1994). The functions of BIMEs appear to be
diverse, including mRNA stabilization (NEWBURY et al.
1987a,b), transcription termination (GILSON et al.
1986), translational control (STERN et al. 1988) and ge-
nomic rearrangements (SHYAMALA ¢ al. 1990). Their
specific interaction with integration host factor (IHF)
(BoccarDp and PRENTKI 1993; OPPENHEIM ef al. 1993),
DNA gyrase (YANG and AMES 1988) and DNA polymer-
ase I (GILSON et al. 1990a) suggests a role in the func-
tional organization of the bacterial chromosome.
BIMEs have been identified in several enterobacteria
[E. coli, S. typhimurium and several species from the Kleb-
siella tribe (BACHELLIER et al. 1993)] in which they are
not necessarily present at the same chromosomal loca-
tions (GILSON et al. 1987). When BIMEs share the same
intergenic region (orthologous BIMEs), their structures
can vary; for example, the BIME between lamB and
malM (DAHL et al. 1989; BACHELLIER ef al. 1993) or
between araA and araD (LIN et al. 1985; LEE ef al. 1986)
are different between E. coli and S. typhimurium. This
polymorphism makes unclear whether orthologous
BIMEs originate from a common ancestor, from trans-
position or from a horizontal transfer event. The aim
of this study was to determine the sequence organiza-
tion of orthologous BIMEs in 51 closely related entero-
bacteria, including 43 E. coli isolates of known phylog-
eny, to draw inferences about the dynamics of BIME
evolution. We chose six intergenic regions containing
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a BIME in E. ¢coli K-12, and analyzed their organizations
in other isolates by PCR and sequencing. BIMEs showed
a high level of size and sequence polymorphism in in-
tergenic regions, indicating that various types of se-
quence rearrangements had occurred. In addition, this
work revealed the existence of a new IS that appears to
be specifically associated with BIMEs.

MATERIALS AND METHODS

Bacterial strains: Fifty-one E. coli strains were used: 43 natu-
ral isolates originated from the ECOR collection obtained
from T. WHrrtam (NUMBERS 3, 8, 11, 13, 14, 21, 22, 26—
29, 31, 37-39, 41-44, 4666, 68, 69 and 71, OCHMAN and
SELANDER 1984). Strains CI-3 (#191) and CI4 (#207) were
obtained from the Unité des Entérobactéries (Institut
Pasteur, France); strains CI-1 and CI-2 were described in GIL-
SON et al. (1990b); strains EPEC 24 and EPEC 25 were kindly
provided by W. Maas (LM et al. 1990). We also used Shigella
Slexneri SC5700 (SANSONETTI and ARONDEL 1989) and S. sonnei
S60-80. As a reference strain, we chose E. coli K-12 NCTC
10538 (wild type).

DNA manipulations and preparations: Total bacterial DNA
samples were prepared as described in GILSON et af. (1990b).
The PCR experiments were carried out in a final volume of
100 pl as follows: 10 pmol of each primer were added to 100
ng of genomic DNA, with 1.25 mm of each dNTP and 2.5 U
of AmpliTaq DNA polymerase (Perkin-Elmer Cetus or Amer-
sham). PCR reactions were performed in an automated ther-
mocycler (Hybaid) as follows. DNA polymerase and 100 ! of
mineral oil were added after an initial step of denaturation
(8 min at 95°); annealing was performed during 2 min at 55°,
and the extension step was 3 min at 72°. After 30 cycles, the
last step of polymerization was extended to 10 min.

The sizes of amplified DNAs were determined after agarose
gel electrophoresis; when they differed from those of corre-
sponding fragments of E. coli K-12, the PCR was performed
again using primers phosphorylated with T4 polynucleotide
kinase for 1 hr at 37°. PCR fragments were purified on centri-
con units (purchased from Amicon), ligated in M13mp1l0
treated with Smal and phosphatase (Amersham), and the liga-
tion mix used to transform E. coli TG1. The presence of an
insert was determined upon electrophoretic migration of sin-
gle-stranded DNAs from white plaques as compared to
M13mpl8 single-stranded DNA.

Ligation-mediated PCR: Genomic DNA of EPEC 25 (1 ug)
was digested by HindIIl and Xbal; denaturation and elonga-
tion starting from an IS1397Zspecific primer (primerA:
YGCCGTAGAAATGATGCCTGC?) were performed as de-
scribed in MUELLER and WoLD (1989), except that 0.2 mM
of each ANTP were used. A double-double-stranded linker
(linkerl: *GCGCTACCGCGCGAGATCTGC?; linker2: * GCA-
GATCTCGCGCGG?Y) was ligated to the blunt ends generated
in the previous step. After ethanol precipitation, the ligation
products were resuspended in water and submitted to PCR
amplification as described (MUELLER and WoLD 1989; see
above for PCR reaction conditions) using, as primers, linkerl
and a second IS1397specific oligonucleotide (primerB:
¥GCCAGGTAATGATTTACAGC"). PCR products were puri-
fied on centricon 100 units, ligated in the pCR-Script SK(+)
vector (Stratagene) and E. coli XL1 cells were transformed as
recommended. Ampicillin-resistant clones were screened by
colony hybridization (as described in SAMBROOK ef al. 1989)
with **P-labeled primer B as a probe.

EPEC 25 library: EPEC 25 genomic DNA was prepared as
described in SILHAVY ef al. (1984), without lysozyme incuba-
tion. HindIIl-digested EPEC 25 DNA (0, 50, 150, 350, 550 and
750 ng) were ligated with pUCI19 treated with HindIIl and

phosphatase (Pharmacia) in a final volume of 10 ul. Compe-
tent JM109 E. coli cells (Promega) were transformed ac-
cording to the manufacturer’s indications with 1 ul of each
ligation mixture. Five thousand eighty-eight individual ampi-
cillin-resistant white colonies were seeded into 100 yl LB in
96-wells culture plates and incubated overnight at 87°, One
hundred microliters of LB containing 20% DMSO were added
to each well before storage of the plates at —80° Culture
plates were replicated together with a positive control (TG
containing the ECOR 49 araA-D intergenic region) onto Hy-
bond N+ membranes (Amersham) and grown overnight on
LB-ampicillin plates at 37°. Cell lysis and DNA binding on
membranes were performed as described (SAMBROOK et al.
1989). A 1262-bp fragment was obtained by PCR amplification
of ECOR 49 araA-D DNA with primers 5orfA (ATGAAACATT-
CATTTGAAGTAAAAC) and primer2’ (see sequence below).
Membranes were hybridized in the presence of the PCR *P-
labeled IS1397specific probe as described (GILSON et al.
1990b). Autoradiographic exposure of the filters revealed 43
positive colonies that were reisolated. Minilysates were ana-
lyzed by restriction analysis. Eight different patterns were
identified and one clone of each class was further analyzed.

DNA sequencing: M13 single-strand sequencing of BIME-
containing regions was performed using the Taq Track se-
quencing kit (Promega) with the universal primer, except for
EPEC 25 mtlA-mtlD 1S sequence determination, for which we
used a series of primers: primerl, GCAGGCATCATTTC-
TACGG; primer2’, TATGTATTCGTTAACGGC; primer3, CA-
GAGCCTGAGGTGCGGAG; primer4, CTTCAGCAAGGCTT-
TCCAG; primerb, GCCATGCAGGAGCATCTTC; primer6,
TGTTGCATCAGTTTTCGCAG; primer7, AAACGGTGC-
GAAAACTGATG; primer8, CCTGATAAAGGCCTCATTAG;
primer9, GGGCAGCTGTCTTGATAATG. Double-strand plas-
mid DNAs were sequenced using Amersham’s Sequenase kit
as described (Hs1a0 1991); primers used for sequencing of
ligation-mediated PCR clones were both linkerl and primerB,
while primers used for sequencing, respectively, left and right
junctions of IS in the eight clones originating from the EPEC
25 library were primerA and primerll (GAAAATGCCGT-
TAACGAATACAT). In six out of these eight clones, we totally
resequenced IS1397. The reactions were submitted to electro-
phoresis on hydrolink 5%, and for a best readability, a salt
gradient was created after 1 hr of run by adding sodium ace-
tate to a concentration of 1 M to the lower buffer.

Southern hybridization: Total bacterial DNAs were di-
gested with HindlIl and Hpal, separated on a 0.8% agarose
gel and transferred overnight onto Hybond N* membrane
(Amersham) in 0.4 N NaOH. The membrane was rinsed with
2X SSC and hybridized as described in GILSON et al. (1990b),
except that hybridizadon and wash temperatures were 65°.
The probe was a 1.1-kb fragment originating from an Avall-
Hpal digest of 181397 *P-labeled with the Amersham nick-
translation kit.

Oligonucleotides: The oligonucleotides used as primers in
PCR reactions were obtained from the Laboratoire de Chimie
Organique (]. IGoLEN), Institut Pasteur, Paris. Their se-
quences are the following:

aral (araA 3’ end): “GGCGCGCACCATACCGTCTTCAGC-
CATGCGCTGY

ara? (araD 5 end): "TACCTGGCGTTTGAGATCTTCTAA-
CATY

intBl (lamB 3’ end): * GGTGCCCAGATGGAAATCTGGTCGG-
TAATY

intB2 (malM 5' end): ¥ CAGAGGACGACGAGACTTTTCTT-
CATTTTCAT®

intEl (malF5' end): *CGTCGCTTTGCCACCAATGTTTCTT-
TTTAATGACATCCAT"

intE2 (malE 3’ end): “CTGAAAGACGCGCAGACTCGTAT-
CACCAAGTAAY
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fdal (fda 3’ end): *CCAGGAACTGAACGCGATCGACGT-
TCTGY

fda2 (upstream region from urf4): ¥TATGACGGGCAGTCT-
GACAAGGGY

fepA (3" end of fepA): “TGGTATATGAGCGTAAACACCCAC-
TTCTGA” ,

entD (5’ end of entD): YCAAAGGGGAGGGAGGTATGCG-
TAGTTTTCAT¥

mtlA (3’ end of mtiA): *GGAACTGCTGGCAGGTCGTAAG-
TAA®

mdD (5’ end of miD): ¥ CTGCGCCAAAATGTAATGCTTT-
CAT ™.

RESULTS

To assay polymorphism occurring in orthologous
BIMESs, six intergenic regions known to contain a BIME
sequence in E. coli K-12 were amplified by PCR from 51
E. coli and Shigella isolates, including 43 ECOR strains,
and analyzed by agarose gel electrophoresis, cloning
and DNA sequencing. Since clonal relationships be-
tween ECOR strains have been established (MILLER and
HARTL 1986; SELANDER ef al. 1987; HERZER ef al. 1990),
the fate of a given BIME can be inferred from compari-
sons between its polymorphism pattern and the ECOR
phenogram.

Collection of BIME polymorphism patterns: Six in-
tergenic regions, known to contain either a BIME-2
sequence (araA-araD, lamB-malM and malE-malF) or a
BIME-1 sequence (fepA-entD, fda-urf4, and mtA-miD)
in E. coli K-12, were each amplified by PCR from the
genomic DNA of 43 ECOR strains, six other E. coli iso-
lates and two Shigella species (see MATERIALS AND METH-
oDs) (Figure 1). In five out of the six regions, we ob-
tained fragments of a size different from that of K-12.
Thirty-one PCR fragments were cloned and sequenced
(marked by a star in Figure 2): in the seven sequenced
regions having a size identical to that of the E. coli K-
12 region, the sequence was highly conserved as com-
pared to the corresponding E. coli K-12 BIME (data
not shown). Similarly, the sequences of PCR fragments
having a size different from E. coli K-12 but similar be-
tween different strains were highly conserved (see for
example ECOR 63 and CI-1 for lamB-malM, ECOR 69,
CI-1 and CI4 for fda-urf4 or ECOR 53, CI-1 and Cl-4
for mtlA-miD in Figures 1 and 2). In these cases, the
differences from E. coli K-12 are located within or near
the BIME (see for example the araA-araD intergenic
region, Figure 1A). From these results, we assumed that,
for a given intergenic region, PCR fragments of identi-
cal length correspond to a similar BIME organization
(Figures 1 and 2).

BIME polymorphism patterns of the ECOR strains
are roughly congruent with their phenogram (HERZER
et al. 1990; Figure 2). For example, the high level of
BIME polymorphism observed in the mt/A-D BIME (Fig-
ure 1F) is restricted to all the strains of the B2 group,
and the distribution of BIME patterns correlates with
clusters of strains within this group (Figure 2). These
results are in agreement with previous PU fingerprint-

ing experiments suggesting that BIME polymorphism
has clonal relationships (DIMR1 ef al. 1992). However,
some of our data are inconsistent with the tree. (1) In
the araA-D intergenic region, bacteria with the same
BIME structure are found in different groups, and all
groups contain bacteria with a different structure. This
can be explained either by a high rate of variations
occurring within that BIME or by a process of hori-
zontal transfer. (2) In strains belonging to groups A,
B1 and B2, and in ECOR 42 and 43, a second repetitive
element, called boxC, is found associated with the BIME
in this region. Like BIMEs, boxCs are extragenic, tran-
scribed, and both elements are sometimes found in
the same intergenic regions (for reviews on boxCs, see
BACHELLIER 1995; BACHELLIER ¢t al. 1996). This pattern
is most likely explained by horizontal transfers since
independent boxC insertions leading to identical BIME
rearrangement are unlikely to occur at such a high
frequency (unless a specific mechanism exists). (3) For
ECOR 69, three intergenic regions (lamB-malM, fda-urf4
and mtlA-mtlD) exhibited a more pronounced BIME
polymorphism as compared to the other strains of the
B1 group, to which it is linked (Figure 2). Thus, either
this strain does not belong to the Bl group or BIME
rearrangements rapidly occurred, for example by a high
frequency of horizontal transfer events.

Absence/presence of a whole BIME-1: The fepA-entD
intergenic region, containing a BIME-1 in E. coli K-12,
is highly conserved in all the tested strains: the PCR
fragments obtained from the various E. coliand Shigella
isolates have an identical size (Figures 1 and 2) and the
sequence of this region obtained from ECOR 38 was
highly conserved as compared to E. coli K-12, in agree-
ment with our hypothesis (not shown).

In contrast, we found that the intergenic regions be-
tween fde and urf4 and between mtlA and milD were
shorter than in E. coli K-12 in, respectively, 29 and nine
tested strains. Sequence analysis in five strains showed
that these small intergenic regions do not contain any
BIME motif. Remarkably, in these two regions but not
in fepA-entD, BIME-1 is bracketed by directly repeated
sequences (schematically drawn on Figure 1). In mtlA-
mtlD, the 28-bp repeats are two truncated boxC se-
quences. In fda-urf4, the repeats are 36 and 37 bp long,
and do not exhibit any sequence similarities with known
sequences.

Complex expansion/deletion events within BIME-2:
For two BIME-2 containing regions (lamB-malM and
araA-araD), a high level of length polymorphism is ob-
served among the tested bacteria: the number of motifs
is variable from one strain to another, ranging from
one to seven PUs in the lamB-malM region, and from
two to six PUs in araA-araD region (Figures 1 and 2).
In the mtA-mtlD regions, the presence/absence of the
whole BIME-1 sequence (see above) is not the only
observed variation: several regions contain an unusual
BIME, including motifs typical of BIME-1 (Z') and
BIME-2 (Z?, 1, S), separated by a 20-bp atypical motif



ot
Ot
N

S. Bachellier et al.

A araA-araD intergenic region

z s Y s 7 S Y s 2 s Y

a aradA 1 p P I B 11 A | araD_
z s Y s 2 S Y

b ara. ara
7 s Y

72 S Y
¢ aradl }—{ P A o araD_
7 S Y

e araA_—{ K 151397 P 4 mmcTrommm | oD

B lamB-maivm intergenic region
Y
Y s 7' s Y
b lamp H_ T A A " maldt

Y s 727 s Y
< damB }H{_ 4 181397 LT > B 4 madi
Y s z* S Y s z* s Y
¢ anB H 4 1T P 54 4 11 b B 4 - mabl
Y s z* s Y & @ s ¥ & 2* Y
. TanB H TP 94 11 b B 4 [ b i € [ mavt

C  malE-malF intergenic region

b* malF malk.

Y s z' s Y
¢ maF H_ T B PA 4 151397 H mdlE

D  fepA-entD intergenic region

B Y L 7 A

.
E  fda-urf4 intergenic region
e —
> TET

¥ miA-mup intergenic region

z! L Y
2 i mtlD

S Y

z Y 1 Z2
3 milA el p V) 4T A A ~— milD

7' R Y 1z} s Y
ST ol W77 BN 151397 (=i
7 R Y 1 z S ¥ 1 2z s Y
s milA B U7 1 B FA 4 [ b A A =—{ miD
Z R Y 1oz s Y 1oz s Y 1 72} s ¥y
TS 7 B WA N WA BN WYY W e
Z R Y 1V 22 s Y 1 z2 s Y 1z § Y 1 zZZ s Y
7 A = B VT AT P 24 TP P 1P A A p B4 A =" miD

FIGURE 1.—Schematic drawing of the variations observed for the six BIME-containing regions. (A-C) Variations of BIME-2,
present in araA-araD (A), in lamB-malM (B) and in mall~mall: (C) intergenic regions. (D—-F) Variations of three BIME-1, located
between fepA and entD (D), fda and wift (E) and mtA and mtlD (F). The structures of the six intergenic regions are identified by
letters (BIME-2) or numbers (BIME-1): E. coli K-12 BIME organizations are indicated by stars. In milA-D and fda-urf4 intergenic
regions, BIMEs are bracketed by direct repeats, symbolized by arrows. The repeats of the two regions are different both in sizes
and in nucleotide sequences. The distances between the BIMEs and the ends of the flanking genes are drawn to scale. The
orientations of PUs are indicated by the wriangles included in the boxes. The names of the BIME motifs are given above the
drawings, the new one appearing in rearranged mtlA-D BIME being called “R.”
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Structures of intergenic regions
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FIGURE 2.—E. coli natural isolates BIMEs variations. The phenogram of the 43 analyzed ECOR strains is redrawn from HERZER
et al. (1990); major phylogenetic groups are labeled A, B, and D, the B group being subdivided in Bl and B2 subgroups. The
structures of the intergenic regions are listed by letters (BIME-2) or numbers (BIME-1) according to Figure 1. The fragments
that have been sequenced are marked by a star. Nucleotide sequences have been deposited at EMBL under the following
accession numbers: araA-araD: ECOR 8, Z75411; ECOR 14, Z75409; ECOR 38, X74279; ECOR 49, Z75436 and Z75437; ECOR
63, 275408; ECOR 64, Z75410. lamB-malM: ECOR 49, 275440 and Z75441; ECOR 56, Z75414; ECOR 57, Z75413; ECOR 63,
275415; ECOR 64, Z75417; ECOR 65, Z75416; CI-1, Z75412. malE-malF: ECOR 38, Z75418; ECOR 49, 775438 and 7Z75439;
S.flexneri: 275419. fepA-entD: ECOR 38, Z75420. fda-urf4: ECOR 27, 275423; ECOR69, 275422; CI-1, Z75425; Cl-4, Z75421. milA-
miD: ECOR 27, 775424; ECOR53, Z75435; ECOR 57, 275434; ECOR 63, Z75432; ECOR 64, Z75431; ECOR 69, Z75430; EPEC
24, Z75427; EPEC 25, Z75426; CI-1, Z75428; CI4, Z75429; S. flexneri: Z75433.
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(called R), which exhibits 70% identity with the 5’ part
of the original L. motif (see Figure 1F). Recombination
events between distant BIMEs leading to operon fusions
have already been reported (SHYAMALA et al. 1990), but
in the present case, BIMEs-flanking sequences are the
same in E. coli K-12 and in strains containing rearranged
BIMEs. Since four regions containing both Z' and Z*
motifs exist in the E. coli K-12 genome (listed in BACHEL-
LIER et al. 1996}, interfamily genetic exchanges relying,
for example, on conversion or reciprocal recombina-
tion mechanisms may have occurred at low frequency.
The number of motifs in m#A-mtlD composite BIMEs is
variable from one strain to another, ranging from four
to 10 PUs. When composed of more than four PUs, the
composite BIME results from an expansion of its BIME-
2 part (compare variants 3, 5, 6 and 7, Figure 1F). Thus,
we conclude that expansion/deletion of motifs within
a BIME is specific for BIME-2 sequences. It is worth
noting that the motif sequences composing a given
BIME-2 are highly conserved rendering unlikely ectopic
exchanges or gene conversion with another BIME.
Thus, we favor local mechanisms for expansion/dele-
tion events including unequal sister chromatid ex-
change or intrachromatid recombination between ho-
mologous motifs or replication slippage (GILSON et al.
1991a).

Associations of BIMEs with boxC and a novel type
of IS: In some bacteria, we observed the insertion of
repeated sequences unrelated to BIMEs. This is the case
for the mtlA-miD BIMEs bracketed by truncated boxC
sequences (see above and Figure 1F). In araA-araD, a
complete boxC sequence is flanking the tail end of the
Y PU in 11 isolates (Figure 1A).

Surprisingly, in ECOR 49, the araA-araD, lamB-malM
and malE-malF intergenic regions are unusually large,
reaching more than 2 kb (Figure 1, A~C). Such a large
intergenic region is also found in the mtA-mtD region
of strain EPEC 25 (Figure 1F). We first sequenced the
mitlA-milD region from strain EPEC 25, and showed that
an insertion-like sequence (IS) was inserted in the cen-
ter of the last PU leading to a 4-bp duplication (Figures
3 and 4). This element had not been described before
and was named IS1397. Southern hybridization experi-
ments showed that the same sequence was present in
the araA-araD, lamB-malM and mall-malF regions from
strain ECOR 49 (not shown); partial nucleotide se-
quencing of the three regions revealed that the inser-
tion sites of the IS-like element IS1397 were in the PU
central regions, generating a 4-bp duplication in araA-
araD and malE-malF, and a 3-bp duplication in lamB-
malM (Figure 3). Interestingly, in the araA-araD in-
tergenic region of strain ECOR 49, both a boxC and
the IS-like element are associated to the BIME-2 (Figure
1A). This element had not been described before and
was named IS1397 for the following reasons: (1) it is
present a number of times in lineages that lacked it at
particular sites, (2) its insertion is associated with target
site repeats and (3) its sequence shows sequence simi-

larity to known IS elements from the IS3 family (see
below).

1S1397is a new member of the IS3 family: The com-
plete 1432-bp nucleotide sequence of IS1397 is shown
on Figure 4. This IS ends with 25-bp-long imperfect
terminal inverted repeats containing four mismatches
(IRL and IRR, indicated with arrows on Figure 4). Two
long open reading frames (ORF) are found on the same
strand. The first one, called orfA, starting at nucleotide
52 (shaded ATG codon) and ending at nucleotide 573,
could encode a 173-amino acid (aa) protein, called
ORFA. A potential ribosome binding site (RBS) is
found at a distance of 8 bp from the ATG codon (under-
lined on Figure 4), and possible promoter sequences
are found upstream from the RBS, in the left inverted
repeat (—35 and —10 possible sequences are under-
lined with wavy lines on Figure 4). ORFA contains a
putative a-helix-turn-ee-helix motif (HTH), from aa 22
to aa 41 (boxed on Figure 4), with a good probability
according to Dopb and EGaN (1990): the SD (standard
deviation) score obtained by comparison with a weight
matrix was 3.45, corresponding to a probability near
70%. A putative leucine zipper (Met 135, Leu 142, Leu
149, Leu 156, boxed on Figure 4) is located near its
carboxy terminal end (LANDSCHULTZ et al. 1988). The
second ORF, called o1/B, is located between coordinates
678 (GTG codon included in a shaded box on Figure
4) and 1400 (TAA), and could encode a protein of 240
aa (ORFB). orfBis in —1 frame with respect to orfA. It
contains a motif for a nucleotide binding site
[GXXXXGK(T,S), circled aa on Figure 4; WALKER et al.
1982)]. The carboxy terminal part of ORFB contains a
conserved region found in other ORFB proteins from
members of 1S3 family (see Figure 5 and below).

The GenBank nucleotide data bank was screened for
similarity to either the IS1397 nucleotide sequence or
the IS1397 putative encoded proteins. Nucleotide se-
quence comparisons gave best scores with several mem-
bers of the IS3 family; for example, 56.6% identities
were found with IS750 and 51.1% with IS1223 from
Lactobacillus spp. A significant score was also obtained
with a small region of 65 bp at the end of RhsB element
of the E. coli K-12 chromosomal DNA (ZHAO et al. 1993).
Rhs are E. coli accessory elements found in variable copy
numbers, and their limits are defined by comparison
between Rhscontaining and Rhsfree regions (SADOSKY
et al. 1989; HILL et al. 1994). This 65-bp sequence exhib-
ited 96.9% identity with the right end of IS 1397, from
nucleotide 1368 to nucleotide 1432 (Figure 6). It is
adjacent on one side to a BIME-1 (with only a half of
the first PU) that is part of the RhsB region (as defined
by comparison to the RhsB® region of E. coli ECOR 32;
ZHAO et al. 1993), and, on the other side, to an H-
repeat, which is an ISlike element found associated
with some Rhs elements in E. coli (GUSTAFSON et al.
1994; HILL ¢t al. 1994; XIANG et al. 1994).

The two putative proteins encoded by IS1397 were
screened against protein sequences obtained by transla-
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malE AATGCCGGATGCGGCGTGA \¢> GTGAACGCCTTGTCCGGCCTACA malF
ECOR 49 CCCCGATeCECCET RN ACGCCTTGTCCGGC!
malM GTTGCCGGATGCAGCGCAA I:\\C> TAAGCACCTTATCCGGCCCAGG lamB
_— = = = - <
©191 AATCCCTGATGCGACGCTTGC \C> TTGCACGTCTTATCAGGCCTACA £346
—_— 7> b i —
acs  ATTGCCGGATGCGGTGTATA q\t{> ATAACGCCTTATCCGGCCTACA £104
—_— 7 — - —
. hydA ATTGCCGGATGCGGCGCGTGA :ic> GTGAACGCCTTATCCGGCCTACA 0377
Library Z i < <
1ivJ CATGCCGGATGCGGCGTAA <,L;‘7,b AACGCCTTATCCGGCCTACA 1ivK
SECoaa JGCLEECG T — R
mtID TTTGCCGGATGCGGCGTAAR <#t! GTAAACGCCTTATCCGGCCTACG mela
_ 7 < <
EPEC 25 nhoA? GTTGCCGGATGTGGCGTAAAC < ?b AAACGCCTTATCCGGCCTACA 2
e _— T
x96  AATGCCGGATGCGGCGTGAAC <:Ztl AACGCCTTATCCGGCCTACA ©457
_— -7 < Tt o T
? AATGCCGGATGCGGCGTGA @b GTGAACGCCTTATCCGGCCTACG 2

<L,:Z:| TGGCGTCTTATCCGGE ~TACA baca

Ligation-mediated 2 <::Z:1 AACGCCTTATCCGGCCTACA 2
PCR
copA ACTGCCTGATGCGCTACGA I:\E> ged
K-12 | rhsB [> TAAACGCCTTATCCGGCCTA-A

FIGURE 3.—IS insertion sites. The nucleotide sequences of palindromic units containing IS1397 are shown. The first three
sequences (found in araA-araD, malE-malF and lamB-malM intergenic regions) originate from strain ECOR 49. The other ones
are from strain EPEC 25, except the last one, which originates from K-12. The names of flanking genes are indicated on both
sides; the sequence labeled nhoA? is unknown in E. coli, but similar to S. typhimurium nhoA gene. The PUs are oriented from tail
to head, the orientation of IS1397 is indicated by a central arrow (from IRL to IRR). PUs dyad symmetries are underlined.
Duplications of the target sites are in bold. The three last sequences of strain EPEC 25 were obtained by ligation-mediated PCR,
hence only the sequence on the left side of the insertion is known. In the rhsB element, only the very right end of 1S1397 is
present, hence only the sequence at the right side of the insertion is available.

tion of GenBank DNA sequences. ORFB presented se-
quence similarities with proteins from several IS 3 family
members (namely at the conserved DDE motif, see be-
low), while similarities were found between ORFA and
proteins from several IS (IS1223, 30.4% identity; Lacto-
coccus lactis uppflanking IS, 26.2% identity; IS150,
31.9% identity; and an uncharacterized N. gonorrhoeae
IS, 28.8% identity). Sequence similarities between
ORFA sequences are more limited than between ORFB,
but were already observed among members of the IS3
family (MACADAM et al. 1990; SKAUGEN and NES 1994).

IS1397 exhibited other structural similarities with
members of the IS 3 family. The two 25-bp-long inverted
repeats begin with the trinucleotide > TGA®, followed
by a stretch of Cs and then by an A + T-rich region, as
it has been described for most of the members of the
IS 3 family (PRERE et al. 1990). Two open reading frames,
orfA and orfB, were found on the same strand, and the
reading frames were 0 and —1, respectively. The two
ORFs were separated by 104 bp, which is unusual for
the IS 3 family. OrfB exhibited a D,D(35)E motif (Figure
5) found in integrase domains of retroviruses and in
transposases of 1S3 family members (KULKOSKY et al.
1992; reviewed in POrLARD and CHANDLER 1995). An
AgG sequence (overlined in Figure 4) was found before
the end of o7fA and followed by a dyad symmetry (over-
lining arrows on Figure 4). Such a structure (called the
frameshift window) has been shown to favor frameshift-
ing, leading, in the case of IS3 family members, to the
formation of a fusion protein between ORFA and

ORFB, called ORFAB (POLARD et al. 1991; VOGELE et
al. 1991; CHANDLER and FAYET 1993; SEKINE et al. 1994).
In IS1397, ORFAB would contain a short amino acid
sequence originating from the 104 bp located between
ORFA and ORFB, hence specific to the fusion protein.
This short sequence contains a putative HTH [SD score
of 4.43, corresponding to a probability of HTH occur-
rence >90%, according to DopD and EcaN (1990)].
IS1397 is present only in a subset of E. coli iso-
lates: We investigated the distribution of IS1397 in sev-
eral E. coli natural isolates, in two Shigella strains and
in E. coli K-12, by Southern hybridization. As a probe,
we used an IS13971.1-kb Avall-Hpal fragment (see MA-
TERIALS AND METHODS). Genomic DNAs were digested
with HindIIl (which has no site within IS1397) and
Hpal, which cleaves twice at the right end of I1S1397.
Five out of the 10 strains we tested did not yield hybrid-
ization signals (K-12, strain CI-3, the two Shigella strains
and strain ECOR 8, Figure 7). Our probe was specific
for IS1397 since it did not cross-hybridize with other 1S
elements present in the E. coli K-12 or ECOR 8 genomes
(SAWYER et al. 1987; BIRKENBIHL and VIELMETTER 1989).
The five other strains (CI-4, EPEC 24, EPEC 25, ECOR
49 and ECOR 50) exhibited variable numbers of cross-
hybridizing bands: four in strain CI4, eight in strain
ECOR 50, 10 in strain EPEC 24, ~15 in strain ECOR
49 and >25 in strain EPEC 25 (Figure 7). Strain ECOR
49 DNA and in a lesser extent strain EPEC 25 DNA
exhibited very wide and intense bands, which may be
explained by overrepresentation of IS-containing frag-
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-35 -10 RBS ORFA
1 TGAACTGCACCCCAAATGTTGGACATAATCTGACATCTGAAGGTGCAGTTT ATG AAA CAT TCA TTT GAA GTA
1 M X H S F E V

73 AAA CTT GCC GCT GTA AAT CAT TAC CTG GCT GGT CAT GCA GGC_ATC ATT TCT ACG GCA AAA
8K L A A V N H Y L A 6 H A ¢ [T T 3 T A X

133 CTC TTT CAA CTT TCT CAC ACC AGC CTC TCA CAC TGG ATT AAT CTT TTT CTT CTT CAC GGT
28t F O L S H T S L S H W I Nl L F L L H G

193 CCT CGG GCA CTG GAT TGC AGA CAC AAG CGT AGC TAT TCT CCT GAA GAT AAA CTT TGC GTG
48 P R A L D c R H K R s Y s P E D K L c v

253 GTT CTT TAT GCT CTC GGG CAT TCT GAG TCT CTA CCC CGG GTA GCT GCC CGG TTT AAC ATT
68 Vv L Y A L G H s E s L P R v A A R F N I

313 CCC AGC CAC AAC ACG GTT AAA AAC TGG ATA AAA GGC TAC CGC AAA TCT GGT AAT GAG GCC
8P S H N T V K N W I K G Y R XK S G N E A

373 TTT ATC AGG TGC AGG AAG GAG AAA AGC ATG ACC CGT TCT GAT GAT ACC CAT GAA AAC GAG
108F I R € R X E X S M T R S D D T H E N E

433 GCA AAC ATG ACG CCG GAA GAG ATG AAG AAT GAG CTG CGT TAT CTT CGC GCA GAA AAT GCA
12860 N M T P B B [M x ¥ B L R Y [ R A B N a

493 TAT CTG AAA GCC ATG CAG GAG CAT CTT CTG GAA AAA AAG CGC CAG GAG CTG GAG AAA AAA
48y @ x A ¥ ¢ B # [ . B X X R @ E L E X K
XK X A P G A G E K T

553 CGA AAG TCA TCC AGA GCC TGA GG TAC GGA CAC TGC CAG TCT GAC CTG TTA AAG GCC GCA
168 R K S S R A * 173
K V I @ 8 L R Yy ¢ #H# c [ s p L L K A al

RBS
612 GGG CTG GCC AGA AGC ACG CTG TAC TAC CAG CTG TCA CTG CAG AAG GCT AAG GAC AAG TAT
G L A R S . L Y h 4 Q L s L Q K A 13 o K Y

ORFB
672 GCT GAT GTG AAA CAG CTC ATA GCC TCC ATC TTC CAT GAA CAC CGG GGA TGT TAT GGG TAC
1A D V XK @ L I A S I F H E H R G C Y G Y

732 CGG CGG ATC CAT TGT GAG CTT CAG AAA AGA GGT CTT AAG TTC AGT GGC AAA ACG GTG CGA
1R R I #H ¢ B L @ kK R@ L x F s @® @® v &

792 AAA CTG ATG CAA CAG CTC GGC CTG AAG TCT CCT GTG CGC CTG AAG AAA TAC CGG TCT TAC
39 K L M Q Q L G L K s P v R L K K : 4 R s Y

852 CGG GGA AAT ATG GGA CTC GCT GCA GAA AAT ATC CTT CAG CGA CAG TTC AAA GCG GAA GCT
59 R G N M G L A A E N I L Q R Q F K A E A

912 CCC TGT GAG AAA TGG GTG ACA GAT ATC ACC GAA TTC AGG GCT GGC GGA CAA AAA CTG TAC
79 ¢ B K W vV T D I T E F R A 6 G Q@ K L Y

972 CTG TCC CCG ATA CTT GAT TTG TTT AAC GGG GAA ATC GTG GCG TGG GAA ACG GCC TGC AGG
9L s P I L D L F N G E I V A W E T A C R

1032 CCT ACA GAG GAG CTG GTG AAG CGG ATG TTA AAT AAG GGG CTG GAA AGC CTT GCT GAA GGG
119 T E B L V K R M L N K G L EBE S L A B G

1092 GAG AAA CCG CTG CTC CAC AGT GAT CAA GGA TGG CAT TAC CGG ATA AAA AGT TAT CAG TCC
139 XK P L L H S D Q@ G W H Y R I X S Y Q S

1152 GCC CTG GCG GAC AGA GGG TTA GTG CAG AGC ATG TCG CGC AAG GGC AAC TGT CTT GAT AAT
19 A L A D R 6 L V Q@ S M S R XK G6 N € L D N

1212 GCG GTA ATG GAG AAT TTC TTT GGT CAC CTG AAA GAA GAA ATG TAC TAT CGC CGG GAC TAC
179 A v M E N F F G H L .3 E E M Y Y R R D Y

1272 AGA AGT GTA GAA GAG CTG GAA AAT GCC QTT AAC GAA TAC ATA ACT TAC TGG AAT CAA AAA
199 R s v E E L E N A v N E Y I T Y w N Q K

1332 AGA ATA AAA CTC AGT CTT GGG GGA CTC AGC CCG GTA GAA TAC CGG ACT GAG TAT CAA AAA
219 R I K L s L G G L s P v E Y R L E Y Q K

1392 GCC GGT_TAA CTGAAAC TGTCCAGGTTTTGGGGTTCAGTTCA 1432
2394 6 * IRR 240
s

FIGURE 4.—Nucleotide sequence of IS1397 and predicted
amino acids sequences of putative ORFs. Left and right imperfect
terminal inverted repeats (IRL and IRR) are indicated by black
arrows. Possible start codons are in shaded boxes, preceded by
putative ribosome binding sites (RBS), which are underlined.
Termination codons are indicated by stars. Potential promoter
sequences are indicated by wavy lines. A possible frameshift win-
dow (AsG) is overlined; it is immediately followed by a palin-
drome, indicated by overlining gray arrows. Amino acid se-
quences deduced from two open reading frames, orfA and orfB,
are given below the nucleotide sequence, as well as the amino
acid sequence unique to the putative fusion protein, ORFAB
(see text). ORFA contains a putative a-helix-turn-a-helix motif
(aa 22-41, boxed) and a potential leucine-zipper (Met, 35, Leu o,
Leuys and Leuy;;, boxed). A putative nucleotide binding-site
motif (circled amino acids) is found in ORFB. The fusion protein
contains an a-helix-turn-a-helix motif (aa 180-199, boxed) in
its specific part (see text). In the left margin are given the coordi-
nates of nucleotides and amino acids. The length of ORFA and
OREFB are indicated in shaded boxes in the right margin. The
two Hpal restriction sites located at the 3" end of the IS are
underlined. IS1397 nucleotide sequence has been deposited at
EMBL under the accession number X92970.

ments with the same or similar sizes. Both strains con-
tained natural plasmids, none of which harbor an
IS1397 insertion (not shown).

is1397
is150
ngfus
is 861
yeail
is1223

is1397
is150

ng fus

FIGURE 5.—Alignment of IS3 family members ORFB pro-
teins. ORFB sequences from four IS (labeled is1397, is150,
is861 and is1223) and two IS-ike (ngfus, from Neisseria gonor-
rhoeae, and yeail, from Yersinia enterocolitica) have been aligned
with CLustALW (HIGGINS ef al. 1991). Boxes indicate when
the six ORFB sequences contained identical (bold letters) or
similar amino acids, according to Blosum 50 matrix. The five
insertion sequences compared with IS/397 are longer, and
the distance at which the first position is found is indicated
in number of amino acids. In the IS-like found near Y. entero-
colitica ail locus, a —1 frameshift, indicated by a star, has been
introduced to maximize the alignment. Dots at the end of
ngfus indicate that the end of the sequence is not known.
Below the sequences is given the consensus for the transpo-
sase domain from the IS3 family (POLARD and CHANDLER
1995).

IS1397 is specifically associated with BIMEs: We in-
vestigated the sequence specificity of 1S1397 localiza-
tion in strain EPEC 25 by the two following strategies.

Strain EPEC 25 genomic DNA was amplified by liga-
tion-mediated PCR (MUELLER and WoLD 1989) to gen-
erate a set of fragments containing one end of 1S1397
and chromosomal flanking regions. Three IRL-con-
taining clones were obtained, two of them carrying re-
gions known in E. coli K-12: the bacA-cca intergenic re-
gion, containing a BIME-2 with the structure Y s Z*° S
Y, and the region after ged, containing a BIME-1. In all
three cases, the left end of the IS was flanked by a PU,
either aYPU (in bacA-ccaregion and in the unidentified
clone) or a Z' PU (in the BIME-1 after ged).

Since the previous method gives the sequences flank-
ing one end of the IS, we also constructed a library with
strain EPEC 25 genomic DNA. Briefly, chromosomal
DNA was digested by HindIII and inserted into HindIII-
digested pUCI9. The ligation was used to transform E.
coli K-12 JM109: the resulting IS /397-containing clones
were screened by colony hybridization, and the IS inser-
tion sites were sequenced. We obtained eight different
clones, one of them contained the previously identified
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ACTCAGCCCGGTAGMTACCGGA\.TGAGTATCAAAAAGCCGGTTAACT"AA.-\CTGTCCAGGTTTTGGGGTTCAGTTC.-\ (1S1397) __-'" :

1350 1370 lJBU 13°0 140:) 1410 1420

\
\
\
\
\
\
\

(BIME) TGCGGCGTRAACGCCTTATCCGGCCTACR ...

\ F=
\ oo

FIGURE 6.— RhsB match-
ing with IS7397 right end.
(Top) Sequence alignment
between rhsB (middle se-
quence, boxed) and IS1397
left end (lower sequence) or
BIMEY consensus (upper se-

1430 § o

(RhsB) H-rpt ‘ ‘151397

quence). IS1397 nucleotides

. ARAKCRT(}LAMTTCAATATATTGCAGWYCRYGTAGGCCTGH nAgCGTnGCGCATCnGGC:\.\K (BIME)

are numbered as in Figure 4.
(Bottom) Sequence align-
’ ment between 1hsB (lower se-
quence, boxed) and BIME-1
L and Z' consensus (upper
sequence). (Middle) Sche-

] AAACAACTAAAATTCAATAAATT"CACCGAT ~GCGTAGTCCCTATAAGCTTA-CGCATCGGGCAATTGTAT| (RhsB)

mtlA-mtID region. Remarkably, in each clone, 1S1397
was inserted in the central part of a PU, eitherY, 7' or
VA (Figure 3). In all but one region, the insertion oc-
curred in the last PU of the BIME.

DISCUSSION

BIME:s are intergenic repeated DNA sequences com-
posed of mosaic combinations of small motifs, present
in various enterobacteria. Their function and their con-
tribution to bacterial genome plasticity are still poorly
understood. To find clues about their sequence dy-
namic, we have examined intraspecific polymorphism
within BIME-containing regions by PCR amplification

1 2 3 4 5 6 7 8 9 10
MW markers

(kb)
— 9,42
— 6,56

— 4,36

— 2,32
— 2,03

FIGURE 7.—Distribution of IS1397 in several E. coli strains.
Total Hpal-HindllI-digested DNA from the following strains:
E. coli K-12 C600 (lane 1), CI-3 (lane 2), CI-4 (lane 3), S.
sonnei (lane 4), S. flexneri (lane 5), EPEC 24 (lane 6), EPEC
25 (lane 7), ECOR 49 (lane 8), ECOR 50 (lane 9) and ECOR
8 (lane 10) was electrophoresed on agarose 0.8%), transferred
to a nylon membrane and probed with an internal IS frag-
ment (see MATERIALS AND METHODS).

matic structure of rhsB.

and DNA sequencing. Among 51 E. coli and Shigella
isolates, various patterns of BIME rearrangements were
observed in six orthologous intergenic regions. Most of
these events exhibit a clonal inheritance and some of
them appear to have occurred relatively recently in E.
coli populations. Only a minority of them seems to have
arisen by a horizontal transfer process. Therefore, we
conclude that orthologous BIMEs have undergone se-
quence rearrangements after the divergence of natural
E. coli strains. These rearrangements are likely to repre-
sent a rapid source of sequence polymorphism in in-
tergenic regions since the extra-BIME intergenic se-
quences remain largely unchanged (unpublished
results). The nature of the variations differs between
the two previously described BIME families (GILSON et
al. 1991b; BACHELLIER et al. 1994), including presence/
absence of a whole BIME-1, various expansion/deletion
events within BIME-2 and insertions of other types of
repeated DNA at or near the BIME. These differences
in evolutionary dynamic observed between the two
BIME families further highlight their structural and
functional diversity (BACHELLIER et al. 1994).
Interestingly, BIME-l-containing regions differ in
their rate of evolution. One region ( fepA-entD) appears
highly stable over the whole panel of bacteria used in
this study. In the two other regions (fda-urf4 and mtlA-
milD) BIME-1 appears to be frequently subject to inser-
tions or deletions. In these two cases the BIME-1 are
bracketed by direct repeats of short sequences unrelated
to any known BIME motif. A search in sequence data-
bases revealed that six out of the 55 known BIME-1 were
flanked by direct repeats: in the gusC-ORF, mgtA£141,
narPyejP, 0310-f541 and 0499111 intergenic regions
and after the art/ gene (unpublished results). These re-
peats are all different, have a size ranging from 25 to
31 bp, and exhibit dyad symmetry. We failed to detect
any repetition around BIME-2 sequences. Interestingly,
the BIME-1 sequences appear more homogeneous at
the nucleotide level between orthologous regions than
between intergenic regions present in a given strain,
suggesting that most of the BIME-1 insertion events oc-
curred before the divergence of the studied E. coli
strains. Therefore, it seems likely that the presence/
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absence of BIME-1 sequences reflects rather their pre-
cise excision than their insertion. This excision event
can be explained by an intrachromatid recombination
between the direct flanking repeats characterizing the
unstable BIME-1 (see above). Since these direct repeats
are also reminiscent of duplications flanking transpo-
sons, we cannot exclude that transposition events may
also occur but at a low frequency. Overall, we conclude
that the present dynamic of BIME-1 in F. coli seems to
lead toward their elimination. Interestingly, we failed to
detect any BIME-1-ike sequence in S. typhimurium.

Two BIME-2 with the same structures in E. coli K-
12 (lamB-malM and mall--mall, Figure 1), and that are
separated by only 4.1 kb on the chromosome, do not
behave similarly. In 49 out of 51 tested bacteria, the
malk-malF region remains unchanged while various
events of expansion/deletion occurred within the lamB-
malM BIME. The reason for such a discrepancy in the
rate of variation is not known and may be imposed
by functional constraints. For example, the expression
level of flanking genes may be affected by the structure
of the intergenic region. Indeed, it was shown that the
presence of a BIME is important for the relative expres-
sion between mallfand the downstream genes, malFand
malG (NEWBURY et al. 1987a,b). This may not be the
case for lamB and malM.

As a result of this study, a novel type of IS-like element
was identified and named IS1397. A single copy of
1S1397 is present into the mtlA-milD BIME of EPEC 25
and the araA-araD, lamB-malM and malE-malF BIMEs of
ECOR 49; in the four regions, IS1397is inserted within
a PU motif. According to sequence comparison and
general organization, this element is related to the IS3
family. Its presence is restricted to a subset of natural
E. coli isolates and it is absent from E. coli K-12 as re-
flected both by Southern analysis (Figure 7) and by the
presence of a binding activity specific for the IS1397
terminal inverted DNA detected in EPEC 25 and ECOR
49 but not in E. ¢oli K-12 (unpublished results).

Interestingly, in all the known insertion sites, i.e.,
four determined from the systematic study of BIME-
containing intergenic regions and 10 randomly chosen
[S1397 insertion sites from EPEC 25 genomic DNA,
the IS is always located within BIMEs, flanked by either
a 4- or 3-bp duplication. This clearly shows a highly
specific association between 1S1397 and BIME se-
quences. The fact that IS1397 is flanked by direct re-
peats of BIME sequences argues that BIMEs are spe-
cific target sites for IS1397 insertions. The PU part of
the BIME appears to play a critical role in this integra-
tion specificity since IS1397 insertion sites are always
at the center of PU sequences and since BIMEs com-
posed of different PU-flanking sequences can be used
as a target sequences. Such a sequence-specificity in
targeting is rather unusual among 183 family members
(reviewed in GALAS and CHANDLER 1989) and suggests
a mechanism of recognition between the IS and PU
sequences. For example, one of the proteins encoded

by the IS may be able to preferentially bind PU se-
quences or host proteins bound to PU DNA. To our
knowledge, IS1397is the first example of a prokaryotic
mobile genetic element that appears to move exclu-
sively in extragenic locations.

The association of IS71397 with BIMEs reported here
further strengthens the link between mobile genetic
elements, repeated sequences and genome plasticity.
Specific associations between transposable elements
and repeated DNA elements appear widespread among
both eukaryotes and prokaryotes. For example, in E.
coli, 1S-like elements are associated with repeated Rhs
sequences (ZHAO et al. 1993; HiLL et al. 1994, 1995;
ZHAO and HiLL 1995) and, in yeast, the Tyb retro-
transposon is preferentially inserted within subtelom-
eric repeats (ZOU et al. 1996). At least in some cases,
the activity of these transposable elements can influ-
ence the fate of their flanking repeated sequences. For
example, in Drosophila, mobilization of a Ptranspos-
able element drives gene conversion within a flanking
tandem repeat (THOMPSON-STEWART et al. 1994). Thus,
it is tempting to speculate that IS7397 may play an im-
portant role in the evolution of BIMEs.

We thank T. WHITTAM, W. Maas, P. GRIMONT and P. SANSONETTI
for supplying strains, and D. PERRIN for helpful discussions and his
constant interest in this work.
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