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AK9373 showing high resistance to various broad-spectrum
b-lactams including imipenem was isolated from a patient with
a urinary tract infection at a general hospital in Anjyo, Japan,
in 1993 (11). The total DNA of this strain was prepared and
digested with BamHI; then, the resultant fragments were ligated in plasmid vector pMK16 (14). Escherichia coli HB101
was transformed with these recombinant plasmids, and several
colonies grown on Luria-Bertani agar plates supplemented
with 8 mg of ceftazidime per ml were isolated (14). A 9-kb
insert was generally found among the recombinant plasmids
harbored by these ceftazidime-resistant transformants. The restriction sites of several endonucleases in the recombinant
plasmid pSMB731 were determined as shown in Fig. 1, and the
imipenem resistance gene was localized near the SmaI site by
deletion analysis.
Sequence analyses and identification of ORFs. The BamHISacI fragment was subcloned into M13 phage, and the nucleotide sequence was determined on both strands by using M13
phage (21). An open reading frame (ORF) identical to the
blaIMP gene of S. marcescens TN9106 (14) was found. A sequence similar to the aac(69)-Ib (16, 18) gene was also found in
the downstream region of the blaIMP; however, introduction of

Carbapenems, such as imipenem, are potent agents for chemotherapy in infectious diseases caused by gram-negative bacteria including the family Enterobacteriaceae, since they are
quite stable to hydrolysis by b-lactamases produced by these
organisms (3, 4, 9, 10, 12). However, several clinical isolates of
Bacteroides fragilis, Aeromonas hydrophila, and Pseudomonas
aeruginosa were reported to be resistant to these agents because of production of metallo-b-lactamases (7, 13, 15, 19)
belonging to Ambler’s class B (1). Recently, we also isolated an
imipenem-resistant Serratia marcescens strain, TN9106, and
characterized a novel enterobacterial metallo-b-lactamase,
IMP-1, produced by this strain (14). Transfer of carbapenem
resistance was observed in some strains of B. fragilis (5) and P.
aeruginosa (19), though genetic characterization has not been
done yet. In the present study, we investigated the structural
features of an element carrying the metallo-b-lactamase gene
mediated by a transferable large plasmid harbored by an imipenem-resistant S. marcescens strain, AK9373 (11).
(This study was presented in part at the 34th Interscience
Conference on Antimicrobial Agents and Chemotherapy, Orlando, Fla., 4 to 7 October 1994 [2].)
Cloning of the imipenem resistance gene. S. marcescens

FIG. 1. Restriction map of pSMB731. The positions and transcriptional directions of each ORF are indicated (open arrows). The ORF2 product demonstrated a
considerable similarity at the amino acid level with the integrase found in E. coli (17). The positions of the sequences similar to the GTTRRRY sequence and the
inverted repeat are also indicated (F and , respectively). The thick line represents the vector plasmid pMK16, and the positions of the tetracycline resistance gene
(tet), kanamicin resistance gene (Kanr), and colicin E1 (E1) are indicated, together with the promoter of the tet gene (■) and the replication origin (ori) of pMK16.
The 9-kb insert carrying blaIMP was ligated in the BamHI site in tet. Abbreviations: B, BamHI; E, EcoRI; H, HindIII; Sa, SalI, Sac, SacI; Sm, SmaI.
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A plasmid-mediated metallo-b-lactamase gene was cloned from a carbapenem-resistant Serratia marcescens
strain, AK9373. The metallo-b-lactamase gene was identical to the blaIMP, and it was located in the space
between an integrase-like gene and an aac(6*)-Ib-like gene. The deduced amino acid sequence for the putative
integrase gene showed considerable identity (60.9%) to that of the Escherichia coli integrase reported. Sequences similar to the GTTRRRY and an atypical 59-base element containing a 67-bp inverted repeat
sequence, which were peculiar to the integrase-dependent recombination, were also conserved in the flanking
regions of the blaIMP gene. These findings imply that the metallo-b-lactamase gene in S. marcescens AK9373 is
carried by a novel integron-like element that is mediated by a transferable large plasmid.
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pSMB731 in E. coli HB101 did not give resistance to aminoglycosides such as amikacin, gentamicin, and tobramicin. An
opposite-orientation ORF2, was identified in the upstream
region of the blaIMP gene (Fig. 1 and 2). The amino acid
sequence deduced from ORF2 demonstrated an identity of
60.9% to that of an integrase carried by an R plasmid found in
a clinical isolate of E. coli (17) (Fig. 3).
Consensus sequences involved in the integrase-dependent
recombination. The specific sequences similar to the GTTR
RRY consensus sequence peculiar to the integrase-dependent
recombination site (6) were conserved in both 59-side and
39-side flanking regions of blaIMP (Fig. 2), while the sequence
similar to the 59-base element involved in the integrase-dependent recombination (8) was not found in the downstream region of blaIMP. However, an atypical 59-base element containing a 67-bp inverted repeat sequence was found in the
downstream region of blaIMP (Fig. 4).
Comparison of the nucleotide sequences in the upstream
regions of two blaIMP genes. The 59-side flanking sequences of
two blaIMP genes, cloned from strains TN9106 (14) and
AK9373 (11), respectively, were compared. The nucleotide
sequence 1178GTTAGAA in the downstream region of
AK9373 was identical to the corresponding sequence of strain
TN9106, while no considerable sequence similarity was found
in the upstream regions (Fig. 5). This observation suggested
that an integrase-dependent recombination of the gene cassette carrying blaIMP might occur at this position (1178GTTA
GAA---), as described by Hall et al. (8).
The amino acid sequence of the putative integrase found in
this study demonstrated a relatively low identity (60.9%) with

FIG. 2. DNA sequence of the region containing ORF2 (putative integrase
gene), blaIMP, and a part of the aac(69)-Ib-like gene. The 2,442-bp sequence
determined is shown, together with the amino acid sequences deduced from each
ORF. The sequences similar to the GTTRRRY sequences at which the integrase-dependent recombination might occur are indicated (horizontal lines). The
region containing a large inverted repeat sequence is also indicated (horizontal
arrows), and the sequence similar to the 59-base element was found in this region
as shown in Fig. 4. The position and transcriptional direction of each gene is
indicated on the left.
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FIG. 3. Comparison of the amino acid sequence deduced from ORF2 with
that of the integrase of E. coli. The deduced amino acid sequence of a newly
identified putative integrase (upper strand) is compared with that of the E. coli
integrase (lower strand) (17). A 60.9% identity was observed between the two
amino acid sequences. Identical (p) and similar [ amino acid residues are
indicated. Dashes, gaps.
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FIG. 4. Analysis of the 39-side flanking regions of blaIMP gene. The nucleotide sequence of the region containing a sequence similar to the 59-base element is the
upper of the two lower sequences, and the consensus sequence of the 59-base element reported (8) is the lower sequence. Identical bases are uppercased, and the
2058
GTTAGGC sequence, similar to the GTTRRRY sequence, is doubly underlined. The inverted repeat sequence is shown at the top, with the positions of dyad
symmetries indicated (arrows).

FIG. 5. Comparative analysis of the 59-side flanking sequences of two blaIMP
genes. The nucleotide sequences in the 59-side flanking region of the two blaIMP
genes cloned from strains TN9106 (14) and (lower sequence) and AK9373 (this
study) (upper sequence) are aligned. Identical bases are indicated (p), and the
1178
GTTAGAA sequence that was speculated to be the site of integrase-dependent recombination is underlined.

strain AK9373 was found to be carried by a large plasmid. This
observation suggests a potential translocation of the metallob-lactamase gene between the chromosome and a resident
large plasmid. By the comparative analysis of nucleotide sequences in the 59-side flanking region of two blaIMP genes
cloned individually from different strains, it was strongly suggested that the GTTRRRY sequences might work as the recombination junction in the newly identified integron-like element. These findings imply that the 59 and 39 borders of the
gene cassette carrying the blaIMP gene are 1178GTTAGAA-and ---2058GTTAGGC, respectively.
In this study, a sequence similar to aac(69)-Ib was found in
the downstream region of blaIMP. The aminoglycoside acetyltransferase genes, such as aacA and aacC1, have also been
found in In5 carried by pSCH884 and In4 found in Tn1696,
respectively (8). This observation may reveal an evolutionary
relation between these integrons and the newly identified integron-like element. The sequence analysis in the downstream
region should be continued to characterize the phylogenic relation among them.
Nucleotide sequence accession number. The nucleotide sequence data for Fig. 2 will appear in the GSDB, DDBJ, EMBL,
and NCBI databases under accession number D50438.
This work was supported by grant 9014 from the Daiko Foundation.
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that of the integrase in E. coli, although high sequence identities, above 90%, have been observed among other integrases
reported. Sequences similar to the GTTRRRY sequence,
which are located generally in both terminals of the gene
cassette, were also found in the both 59-side and 39-side flanking regions of the blaIMP gene of strain AK9373. However, no
sequence similar to the typical 59-base element was found in
the downstream region of blaIMP, while a 59-base element-like
sequence appeared when a 67-bp inverted repeat sequence was
removed from the downstream region of the blaIMP gene.
These findings imply that the metallo-b-lactamase gene blaIMP
mediated by a large plasmid of strain AK9373 is carried by a
novel integron-like element.
In this study, an inverted repeat sequence was found within
the atypical 59-base element that followed the blaIMP gene of
strain AK9373, though the 59-base element sequences were
well conserved among various gene cassettes reported (8). We
are not sure whether the inverted sequence was inserted in the
59-base element-like sequence after the integration of the gene
cassette carrying the blaIMP gene. High-level sequence similarities were observed among integrases reported (6, 8, 17, 18,
20), while the putative integrase found in strain AK9373
showed relatively low similarity to these integrases. Hence, the
putative integrase may be a novel integrase that recognizes the
long sequence consisting of the 59-base element-like sequence
and the inverted repeat sequence. Further analysis of the enzyme activity upon DNA recombination should be continued.
In our previous work, we failed to transfer imipenem resistance from strain TN9106 to E. coli, and no plasmid was found
in this strain. Moreover, the blaIMP-specific DNA probes hybridized to the chromosomal position of strain TN9106 on the
blot (14). These findings strongly suggested that the blaIMP
gene of strain TN9106 was encoded on the chromosome. However, in the present study, the metallo-b-lactamase gene of
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