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Identical Miniature Inverted Repeat Transposable Elements Flank
Class 1 Integrons in Clinical Isolates of Acinetobacter spp.

Sara Domingues,a,b Mark A. Toleman,c Kaare M. Nielsen,b,d Gabriela J. da Silvaa

Center of Pharmaceutical Studies, Faculty of Pharmacy, University of Coimbra, Coimbra, Portugala; Department of Pharmacy, Faculty of Health Sciences, University of
Tromsø, Tromsø, Norwayb; Department of Infection, Immunity and Biochemistry, Cardiff University, Cardiff, United Kingdomc; GenØk—Center for Biosafety, Tromsø,
Norwayd

Miniature inverted repeat transposable elements (MITEs) have been identified flanking class 1 integrons. We have identi-
fied and characterized a 439-bp MITE-like structure in seven Acinetobacter species isolates from Portugal and Brazil. The
complete sequence similarity of the elements and flanking regions suggests that MITEs may act as mobilizable vectors for
the dissemination of integrons.

Small DNA repeat sequences are present in a variety of bacterial
genomes and display a wide range of structures and functions.

Some of these sequences are defined as miniature inverted repeat
transposable elements (MITEs) (1). MITEs are nonautonomous
mobile genetic elements that require a transposase provided in
trans for transposition and have been found in Eubacteria, Ar-
chaea, and Eukaryota (2, 3). It has been suggested that they derive
from insertion sequences (ISs), as they have terminal inverted
repeats (TIRs) and are flanked by target site duplications (TSDs)
(1, 3). The transposases of ISs may be able to mobilize MITEs with
similar TIRs (1).

A few studies have found MITE-like structures flanking class 1
integrons (4–6). Remarkably, an identical MITE of 439 bp was
identified in a clinical Acinetobacter baumannii isolate collected in
Portugal and in a prawn-associated Acinetobacter johnsonii isolate
from Australia (5–7). In both cases, transposition was suggested as
the mechanism of acquisition, as TSDs flanked the MITE-inte-
gron complex (5, 6). We hypothesized that this element might be
more disseminated in Acinetobacter spp. because of the different
origins and geographic locations of the previously identified
strains. The presence of the 439-bp MITE-like structure was
screened for by PCR in 28 nonrepetitive clinical Acinetobacter iso-
lates collected between 1992 and 1999 in two regions of Portugal.
The amplification protocol used was 5 min at 94°C; 30 cycles of 1
min at 94°C, 1 min at 52°C, and 1.5 min at 72°C; and a final step
of 10 min at 72°C. Primers MITE1 (5=-TGTGACTGACCATTAA
AG-3=) and MITE2 (5=-TGTCTTTGCACATTAAAG-3=) were
used; A. baumannii 65FFC was used as the positive control (6).
MITEs were detected in only one isolate, Acinetobacter sp. strain
118FFC, and sequenced. The nucleotide sequence of the MITE of
this strain was identical to the one previously identified in A. bau-
mannii strain 65FFC and A. johnsonii strain NFM2. In silico anal-
ysis of the MITE sequence revealed a partial alignment with the
class 1 integron 5=-CS (conserved segment) flanking region from
several clinical Acinetobacter isolates (A. baumannii 694, 695, 696,
and 9043 and Acinetobacter sp. strains 5227 and 5248) collected in
Brazil in 2001 and 2002 (8). PCR detection of the 439-bp MITE
was positive for the six Brazilian isolates, and the sequence also
confirmed 100% identity to the 439-bp MITE mentioned before.
Acinetobacter isolates 118FFC, 5227, and 5248 were identified to
the species level by direct genomic DNA sequencing of the rpoB
gene (9). Sequencing reactions were performed with the BigDye

3.1 cycle sequencing terminator reactions (Applied Biosystems) as
previously described (10). Acinetobacter sp. strain 118FFC was
identified as A. bereziniae (previously Acinetobacter genomic spe-
cies 10 [11]), while Brazilian isolates 5227 and 5248 were A. bau-
mannii.

PCR with specific primers (12) amplified a class 1 integron of
2.2 kb in the uncommon nosocomial pathogen A. bereziniae
118FFC in which sequencing revealed three gene cassettes, the
aacA7 gene (coding sequence [CDS] of 459 bp), the blaVIM-2 gene
(CDS of 801 bp), and the aacC1 gene (CDS of 465 bp), coding for
aminoglycoside (aac-type) and carbapenem (VIM-2) resistance.
This is a new gene cassette array, which was designated In796 by
the INTEGRALL database of class 1 integrons (13). Also, to our
knowledge, VIM-2 is the first reported metallo-�-lactamase in an
A. bereziniae strain. The gene cassette array of In796 is similar to
the array of In58 (14). The latter contains an additional aacA4
cassette after the aacC1 cassette. The nucleotide sequences of both
integrons are 100% identical over stretches of 3,361 and 1,650 bp
that include the intI1, aacA7, blaVIM-2, and aacC1 genes and the
qacE�1, sul1, and orf5 genes, respectively. A. bereziniae 118FFC
containing In796 is a clinical isolate collected in Portugal in 1998,
and In58 was first described in clinical strain P. aeruginosa RON-1,
which was collected in France, also in 1998 (14). The similar
nucleotide sequences and the array of gene cassettes suggest
that In58 could be the precursor of In796 because of the loss of
the last cassette, which can occur in the absence of antibiotic
pressure (15, 16). In796 is flanked by two MITE-like structures.
Whether the sequences surrounding In58 contain MITEs, and
if these have any role in the dissemination of the integron, is
not known. So far, this 439-bp MITE has been found only in
Acinetobacter species.

The positions of the MITEs in relation to the integron were
confirmed in the seven MITE-containing strains by using primer
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pairs MITE1-CS3 and MITE2-CS2 (CS3 and CS2 bind in the con-
served regions of the class 1 integron in an outward direction [12])
and the same PCR program previously described but with an ex-
tension time of 2 min and the addition of 5% dimethyl sulfoxide.
The sizes of the PCR products showed that the MITEs were in the
same positions relative to the class 1 integron as in the previously
reported isolates. Sequencing of the conserved and flanking re-
gions of the class 1 integron of A. bereziniae 118FFC confirmed
that the nucleotide composition was 100% identical to the pub-
lished sequences. In addition, a 5-bp TSD (TCAAT) was detected
on each side of the MITEs and one gene was interrupted by the
MITE-integron-MITE structure, suggesting acquisition by trans-
position, as also seen in A. baumannii 65FFC (6) and A. johnsonii
NFM2 (5). Figure 1 shows the integron cassette arrays and the
identical regions found between the MITEs in the Acinetobacter
sp. strains.

Overall, we report the presence of an identical 439-bp MITE
surrounding different class 1 integrons in seven clinical strains of
Acinetobacter spp. in addition to the two previously reported. It is
noteworthy that all of the strains of clinical origin carried different
metallo-�-lactamase determinants (IMP-5, IMP-1, VIM-2); thus,
MITE mobilizable integrons may be important in the dissemina-
tion of diverse metallo-�-lactamase determinants and therefore of
major clinical importance. TSDs, interrupted genes, and the pres-
ence of identical MITE-like structures in three Acinetobacter spe-
cies from three continents and different sources strongly suggest
that MITEs may be disseminated horizontally and act as mobiliz-
able vectors for integron dissemination.

Nucleotide sequence accession number. The nucleotide se-

quence obtained from A. bereziniae 118FFC has been deposited in
the GenBank database under accession number JX235356.
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