
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Dec. 2005, p. 5179–5181 Vol. 49, No. 12
0066-4804/05/$08.00�0 doi:10.1128/AAC.49.12.5179–5181.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Novel Rearrangement of a Class 2 Integron in Two
Non-Epidemiologically Related Isolates of

Acinetobacter baumannii
Marı́a Soledad Ramı́rez, Cecilia Quiroga, and Daniela Centrón*

Departamento de Microbiologı́a, Parasitologı́a e Inmunologı́a, Facultad de Medicina,
Universidad de Buenos Aires, Buenos Aires, Argentina

Received 22 April 2005/Returned for modification 12 July 2005/Accepted 9 September 2005

Tn7::In2-8 contains sat2-aadB-catB2(�attC)-dfrA1-sat2-aadA1-orfX in the variable region of a class 2 integron
embedded in the Tn7-like transposon. This novel transposon was inserted in its preferred site downstream of
the glms gene in Acinetobacter baumannii. Acquisition of the pseudocassette catB2 could have arisen by a
secondary-site integrase-mediated intermolecular recombination event.

Integrons are elements that contain the genetic determi-
nants of the components of a site-specific recombination sys-
tem that recognizes and captures mobile gene cassettes (8).

The different integrons are classified according to their re-
spective integrase genes. Class 2 integrons are embedded in
the Tn7 family of transposons. Tn7 includes a defective inte-
gron consisting of the gene cassettes dfrA1-sat2-aadA1-orfX in
its variable region (9, 16). In the GenBank, there are only six
class 2 integrons described so far, Tn1825 (20), Tn4132 (24),
Tn7::ISI-ere-A (2), a class 2 integron with GenBank accession
no. AB161461 (1), a recently described class 2 integron in
Burkholderia cenocepacia (DQ082896), and Tn7 (9). The class
2 integron integrase, which is less than 50% homologous to the
IntI1 integrase, is not functional due to the presence of an
internal stop codon (9). Class 2 integrons have been reported
in Acinetobacter spp. isolates throughout the world (7, 14, 19).

Here, we describe a novel rearrangement of a class 2 inte-
gron, Tn7::In2-8, in three isolates of Acinetobacter baumannii,
with new cassettes in the variable region of a class 2 integron.

A. baumannii AB28 was isolated in 2003 in a public hospital
(H1) of Buenos Aires from the tracheal aspiration of a patient
in the coronary unit (intensive care unit). Susceptibility tests
were performed using a disk diffusion method, NCCLS, 2003
(13). AB28 was resistant to gentamicin, amikacin, ceftazidime,
and ciprofloxacin, and it had an intermediate susceptibility to
imipenem and meropenem according to the breakpoint of the
NCCLS method (13). The pulsed-field gel electrophoresis
analysis performed with the AB28 isolate showed that it be-
longed to clone VI (data not shown).

Total DNA of AB28 was extracted as previously described
(18) and subjected to PCR amplifications with specific primers
for the class 2 integrase gene (15). To detect the inserted gene
cassettes, the class 2 integron variable region was amplified
with primers 125�CS and 23�CS (Table 1), which annealed in
the flanking sequences of this region (intI2 and tnsE genes). An
amplicon product of approximately 6,400 bp was obtained,

which was bigger than expected for Tn7 (4,383 bp). In order to
characterize this integron, PCR cartography (Table 1) and
sequence analysis were performed using an Applied Biosys-
tems 373 sequencer. The sequences were analyzed with Ge-
netics Computer Group software (Wisconsin package, version
10.3).

The analysis revealed the presence of a duplication of the
sat2 cassette, which confers resistance to streptothricin, and
the presence of the following two new resistant determinants
for a class 2 integron: the aadB gene cassette (conferring re-
sistance to gentamicin, kanamycin, and tobramycin) and the
catB2(�attC) pseudocassette (conferring resistance to chlor-
amphenicol). The sequence analysis established that down-
stream of the stop codon of the catB2 gene there is a 259-bp
region with 100% homology to the attI2 class 2 integron re-
combination site replacing the typical attC site. Subsequent to
this region, the same cassettes of the variable region of Tn7
were found, resulting in the novel integron structure sat2-
aadB-catB2(�attC)-dfrA1-sat2-aadA1-orfX (Fig. 1).

Sequence analysis of this region revealed that a noneluci-
dated mechanism might be involved in the acquisition of the
pseudocassette catB2 in the variable region of Tn7::In2-8. On
one hand, the site where the excision in the attI2 was done,
TT�TTA (the prime denotes the recombination point), does
not belong either to the core sites GTTRRRY of attI1 and
attC, which are the sites that IntI1 preferentially recognizes, or
to the secondary sites conformed by the consensus GWTMW
(5). Previously, this consensus sequence (GWTMW) has been
found in the fused ant(3�)-Ia(�attC)-blaOXA-9 cassette in
Tn1331 (21). On the other hand, the site where the cleavage in
the attC of the catB2 occurred, GCCTAA�C, corresponds to
the inverse core site of the attC, complementary to GTTR
RRY. In fact, cassettes are excised and then integrated at the
preferential core site GTTRRRY, with the crossing over be-
tween the G and the first T (17) as different from the secondary
site. An illegitimate integrase-mediated intermolecular recom-
bination event involving similar sequences has been suggested
for the creation of the fused ant(3�)-Ih-(�attC)-aac(6�)-IId in
SCH909 (3). Therefore, the acquisition of the pseudocassette
catB2 in Tn7::In2-8 could have been caused by an analogous
event involving the inverted core site of the attC site of catB2
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(CTAA�CAAT) and the end of an attI2 site (GTTTT�TTACG)
preceding the dfrA1 cassette of Tn7.

Using different primers designed for the 3�CS region where
the transposition genes reside (Table 1), we carried out PCR
and sequence analysis. We found the five transposition genes
described before (6, 22) with 100% homology to the transpo-
sition genes of accession number X17693 (4).

We have also confirmed that this new rearrangement was
inserted in the chromosome of A. baumannii using the specific
primers described by Gay et al. (6). This set of primers ampli-
fies the attTn7 site of Escherichia coli and a region of the Tn7
transposon. By PCR and sequence analysis, we found that

Tn7::In2-8 was inserted downstream of the glms housekeeping
gene (11, 12, 23).

We also proceeded to test if this new rearrangement could
be found in our collection of multiresistant A. baumannii iso-
lates. For that purpose, we performed PCRs with the primers
Inti2R and CatB2R in 65 clinical isolates of our collection, and
only 2 isolates (AB29 and AB1) were positive for this reaction.
Moreover, PCR cartography showed the same novel rear-
rangement observed in AB28. One of the isolates (AB29)
corresponds to the same hospital (H1), the same year (2003),
and the same clone (data not shown). It came from a patient’s
blood from the clinical medical area (not an intensive care
unit). Possibly, clonal spread between these two different pa-
tients may have occurred since it is the same clone with the
same resistance pattern and both isolates carried this new class
2 integron. The other isolate (AB1) came from another hos-
pital (H2) and was collected from a patient’s blood in 1994,
and its pulsed-field gel electrophoresis analysis showed that it
belonged to clone IV (data not shown). Susceptibility tests
revealed that this isolate (AB1) was resistant to only ceftazi-
dime, aztreonam, and piperacillin.

AB29 and AB1 were also localized in the chromosome
downstream of the glms housekeeping gene, as previously de-
scribed for the transposon Tn7 (12).

This study reports a new rearrangement, Tn7::In2-8, found
in two non-epidemiologically related multiresistant A. baumannii
clones containing aadB and catB2, never described in a class 2
integron context before. The acquisition of new determinants
of resistance in the variable region of integrons mediated by an
illegitimate integrase intermolecular recombination event is
likely to play an important role not only in the evolution of
bacterial and plasmid genomes but also in the creation of novel
rearrangements in the variable region of integrons that fre-
quently contribute to the multiresistance challenge.

Nucleotide sequence accession number. The sequence of
In2-8 has been submitted to GenBank under accession number
DQ176450.

FIG. 1. Schematic representation of the structure of Tn7::In2-8. a) The attI2 site is indicated as shown, and the ovals represent the attC sites
of the gene cassettes. All intI2 genes sequenced so far reveal an internal stop codon. b) Nucleotide sequence of catB2 pseudocassette and
comparison of this sequence with the attC site of the catB2 cassette (accession number AJ487034) and the 5�CS region of the class 2 integron
(accession number NC_002525).

TABLE 1. Oligonucleotide sequences used in this study

Primer name Sequence (5�-3�) Reference
or source

125�CS TTTTTGTGCTGCCATATCCGTG This work
23�CS TGGGCTGAGAGAGTGGT This work
satF TGAGCAGGTGGCGGAAAC This work
satR TCATCCTGTGCTCCCGAG This work
dhfR1 AGCTGTTCACCTTTGGC 10
dhfR1R CCTGAAATCCCCAGCAA This work
aadA1 TCGATGACGCCAACTAC 10
catB2R AACAAAGAAAAGGCATTGC This work
catB2F CTGACTGAGCAGGTGAAG This work
aadBF GTAACACGCAAGCACGATGA This work
aadBR GCCTGTAGGACTCTATGTGC This work
glmsF GGCGGTCAGTTGTATGTCTT 6
Tn75�R GACTCGTCCCGTCTTATGAG 6
tnsER TCGATTTGCTGCTTTTGATG This work
tnsEFF TTGCTCTCTAACCACTCT This work
tnsDR CCGTCTAATTTGATAATCTTC This work
tnsDF GGGATTGTTAGTCCTAAGC This work
tnsCR GCTATCCCAGTCGCTGGG This work
tnsCF GTTTATCGTGATACGGGGG This work
tnsBR GAGCAAGCATTTACAAAAGC This work
tnsBF CATGTGGTCCAAGAACATAAG This work
tnsAR GCTAACAGTACAAGAAGTTCC This work
tnsAF CTCCATATTCACTACTTGGCT This work
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