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A novel plasmid-mediated metallo-�-lactamase (IMP-9) is described in seven isolates of Pseudomonas
aeruginosa from Guangzhou, China, isolated in 2000. The gene was carried on a large (�450-kb) IncP-2
conjugative plasmid. This is the first report of carriage of blaIMP genes on such large plasmids.

Acquired �-lactamase genes in Pseudomonas aeruginosa are
often associated with transposons and integrons and carried on
R plasmids, which can be classified into 13 incompatibility
groups (P1 to 13) with a wide range of sizes (8 to 483 kb). The
IncP2 plasmids are described as particularly common in P.
aeruginosa (50% of the transmissible plasmids), are very large,
and are distributed worldwide (13).

Carriage of metallo-�-lactamase (MBL) genes of the blaIMP

or blaVIM type has been reported infrequently on plasmids in
P. aeruginosa. A limited number of blaIMP/VIM genes, such as
blaIMP-1, -3, -10, and -12 and blaVIM-2, have been reported on
plasmids with a size range of 31 to 56 kb in P. aeruginosa or P.
putida (5, 10, 11, 15, 20, 24). Some studies have failed to find

plasmids in carbapenem-resistant P. aeruginosa even though
the resistance marker was transferred by conjugation (16).

The carbapenem resistance rates in P. aeruginosa isolates in
the city of Guangzhou, China, have been reported to be 16 to
18% during the period 1998 to 2001, according to a multicenter
surveillance of antibiotic resistance in nosocomial isolates from
that area (25).

In this report, we describe the identification of a new variant
of the IMP-type plasmid-mediated MBL gene in carbapenem-
resistant isolates of P. aeruginosa from that area.

In the year 2000, a total of 301 clinically significant and
nonduplicated P. aeruginosa isolates were collected from the 12
participating centers, and 54 isolates from 11 centers were

TABLE 1. Bacterial strains used in this study

Strain (characteristic[s]) Application Reference or source

P. aeruginosa 101/1477 (IMP-1 producer) Positive control D. M. Livermore
P. aeruginosa NCTC 50814 (met lys his Rif) Recipient NCTCa

E. coli UB1637/R (his lys trp Rif) Recipient 4
P. aeruginosa ATCC 27853 Quality control ATCCb

E. coli ATCC 25922 Quality control ATCC
Agrobacterium tumefaciens C58(pAtC58 [543 kb]/pTiC58 [214 kb]) Plasmid size 6
Rhizobium leguminosarum 3841 (147, 151, 350, 488, 684, and 870 kb) Plasmid size http://www.sanger.ac.uk/Projects/Microbes/
Rhizobium leguminosarum VF39 (150, 220, 400, 500, 700, and 900 kb) Plasmid size 9
Rhizobium leguminosarum LRS39401 (150, 220, 400, 700, and 900 kb) Plasmid size 9
P. aeruginosa PAO1 (IncP2 plasmid pBS31 [400 kb]) IncP test C. M. Thomas
P. putida ML4262 (trp his) (IncP9 plasmid R2 [68 kb]) IncP test C. M. Thomas
P. putida ML4262 (trp his) (IncP2 plasmid pBS228 [130 kb]) IncP test C. M. Thomas
P. aeruginosa PU21 (ilvB112 leu-1 str-1 Rifr) IncP test G. A. Jacoby
P. aeruginosa PAO2003 (arg-32 str-39 rec-2) IncP test G. A. Jacoby
P. aeruginosa PAO2003(CAM) (camphor plasmid) IncP test G. A. Jacoby

a NCTC, National Collection of Type Cultures.
b ATCC, American Type Culture Collection.
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found to be resistant to imipenem by disk screening (zone
diameter, �17 mm) (Clinical and Laboratory Standards Insti-
tute [formerly National Committee on Clinical and Laboratory
Standards]); 29 of them were randomly selected as represen-
tative isolates from each of the 11 centers. The standard strains
used in this study as quality controls or for conjugation and
plasmid incompatibility testing are listed in Table 1. The PCR
primers used are listed in Table 2.

By the Etest MBL (AB BIODISK, Solna, Sweden), 19 of the
29 P. aeruginosa isolates were positive for production of MBL.
Seven of the 29 isolates screened with PCR primers IMP-1 and
-2 were positive. No blaVIM genes were detected in the 29
isolates. The discrepancy between the results of Etest MBL

(19/29 positive) and PCR (7/19) could be explained by the
presence of carbapenemases other than IMP- or VIM-type
enzymes.

The blaIMP-positive isolates were found to carry a new
blaIMP variant, named blaIMP-9, as identified by direct sequenc-
ing of both strands of the PCR amplicon with primers IMP-13
and IMP-15 (3). It was 82 to 91% homologous to other blaIMP

alleles, and its product was 78 to 91% identical to the other
IMP-type enzymes (http://www.ncbi.nlm.nih.gov/). In isolate
96, the blaIMP-9 gene was found to be carried on a gene cassette
inserted between a 5�- and a 3�-conserved segment typical of
sul-1-associated integrons, as determined by PCR mapping and
sequencing with primers listed in Table 2 (EMBL/GenBank
accession number AY033653). The integron cassette array in-
cluded five gene cassettes: aacA43blaIMP-93aacA43catB83
blaOXA-10. The blaIMP-9 gene was found in an identical genetic
context in the other six blaIMP-positive isolates.

Interestingly, 59be of the blaIMP-9 gene cassette is most
closely related (only one nucleotide difference, position 776
G3C in AB074437) to that of blaIMP-11 (89% homologous to
blaIMP-9) found in P. aeruginosa from Japan (S. Iyobe et al.,
unpublished data), while it was more divergent (83% homol-
ogy) from that of blaIMP-5, despite a higher similarity (91%) in
their �-lactamase genes.

Nucleotide sequence analysis of the amplicon obtained from
isolate 96 showed a hybrid Pant promoter identical to that of
In1 in R46 (17) and also to that carried by the blaIMP-4 gene-
containing integron described in a Citrobacter youngae from the
same area (7).

The �-lactam MICs determined by the agar dilution method
(19) and clinical data of the seven blaIMP-carrying P. aeruginosa
isolates are shown in Table 3. Interestingly, upon MIC testing
some isolates appeared to be carbapenem intermediate or
even susceptible and meropenem appeared to be consistently
more active than imipenem against those isolates. The isolates
were sensitive or borderline resistant to ciprofloxacin, amika-
cin, or gentamicin. All seven blaIMP-positive isolates were also

TABLE 2. Oligonucleotide primers used for PCR amplification and
sequencing in this study

Gene and
primer(s) Oligonucleotide sequence Reference

blaIMP
IMP-1 5�-CTACCGCAGCAGAGTCTTTG-3� 22a
IMP-2 5�-AACCAGTTTTGCCTTACCAT-3�
IMP-13 5�-ATCCAAGCAGCAAGCGCGTTA-3� 3
IMP-15 5�-CGTGCTGCTGCAACGACTTGT-3�

aacA4
A-1 5�-GTAACATCGTTGCTGCTCCA-3� This study
A-2 5�-GGTTCGAGCACTGGTTGAGT-3� This study
A-3 5�-CGTTTGGATCTTGGTGACCT-3� This study

catB8
CB-1 5�-GTCATCACGATCTGGAAGCA-3� This study

blaOXA-10
J-1 5�-GCTAATGCCGTACTCGAAAGA-3� This study

Class I integron
INT-5CS 5�-CTTCTAGAAAACCGAGGATGC-3� 21
INT-3CS 5�-CTCTCTAGATTTTAATGCGGATG-3�

blaVIM
VIMF 5�-ATGGTGTTTGGTCGCATATC-3� 20
VIMB 5�-TGGGCCATTCAGCCAGATC-3�

TABLE 3. Susceptibility profiles and MBL production of blaIMP-9-carrying P. aeruginosa isolates and their transconjugants

Organism Hospitala Ward Isolation date
(day/mo/yr)

Sexb

age (yr) Origin MBL test
result

MIC of �-lactam (�g/ml)c

IMP MEM ATM CAZ CTX TZP Car

96 H1 NICUd 03/04/00 M/65 Sputum � 32 8 8 256 256 128 1,024
96T Trans � 32 8 4 256 256 64 1,024
121 H1 NICU 17/03/00 M/60 Sputum � 16 8 32 256 256 256 NDe

101 H1 NICU 05/06/00 M/68 Sputum � 16 2 16 32 256 128 ND
3584 H2 GMh 31/09/00 M/85 Sputum � 8 4 32 256 256 128 1,024
3584T Trans � (ph)f 4 4 8 256 256 128 1,024
3695 H2 GM –/–/00 M/60 Sputum � 8 1 16 256 256 128 ND
6104 H4 NICU 13/06/00 M/60 Sputum � 8 4 4 128 64 32 ND
6104T Trans � (ph) 1 2 4 1 32 1 ND
67 H7 ICU 10/10/00 M/68 Sputum � 64 16 4 128 256 128 1,024
67T Trans � (ph) 16 4 4 128 256 128 1,024
50814 Recipient NCTCg � 0.5 0.125 0.5 2 ND 0.5 �4

a H, hospital; numbers 1 to 11 were allocated to the 11 participating hospitals. Trans, transconjugant.
b M, male; F, female.
c IMP, Imipencm; MEM, meropenem; ATM, aztreonam; CAZ, ceftazidime; CTX, cefotaxime; TZP, piperacillin-tazobactam; CAR, carbenicillin.
d NICU, neurology intensive care unit.
e ND, not determined.
f ph, phantom effect (a “keyhole” appears in the middle of the MBL test strip).
g NCTC, National Collection of Type Culture.
h GM, geriatric medicine.
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resistant to potassium tellurite, with MICs of 10�3 M by a
quantitative method (23).

Conjugal transfer of resistance (1) to carbapenems and
other �-lactams was demonstrated with four of the blaIMP-9-
carrying P. aeruginosa isolates with P. aeruginosa NCTC 50814
as the recipient, but not with Escherichia coli UB1637/R (4). In
all cases, the transfer of blaIMP-9 was confirmed by Southern
hybridization with a specific probe and PCR amplification with
primers IMP-1 and -2 (Fig. 1A and B and data not shown).
Resistance to tellurite was also transferred. Tellurite MICs for
transconjugants were higher than that for recipient strain
NCTC 50814 (10�4 M versus �10�5 M), although they were
lower than those for donors (see above).

The plasmid content of P. aeruginosa 96 and its transconju-
gant was investigated by a modification of the Eckhardt
method for isolation of large plasmids (8, 9). The size of the
plasmids carried by P. aeruginosa 96 and by its transconjugant
96T was almost the same as that of the larger plasmid of
Agrobacterium tumefaciens C58 (pAtC58 [543 kb]), the D plas-
mid (pRL10JI) of Rhizobium leguminosarum 3841 (488 kb),
and the D plasmid (ca. 500 kb) of R. leguminosarum VF39 by
visual estimation (Fig. 1C). From the plotted standard curve,
the size of the plasmid was determined to be about 450 to 500
kb and the plasmid was designated pOZ176.

IncP group incompatibility tests (22) showed that pOZ176
and an IncP9-carrying plasmid (R2) could be transferred re-
ciprocally and could replicate in the same cell. Their corepli-
cation was confirmed by the phenotypic changes in resistance
markers, plasmid profile, and PCR detection of the blaIMP

gene. In contrast, introduction of pOZ176 eliminated the
IncP2 plasmid from P. aeruginosa PAO1(pBS31), P. putida
ML4262(pBS228), and P. putida ML4262(R2) (Table 1), as
confirmed by changes in the properties of the transconjugants.
Furthermore, to test for the possibility of plasmid hybridization
and incompatibility between IncP2 plasmids, P. aeruginosa 96
was crossed with PU21 (12) and PU21(pOZ176) was then
crossed with PAO2003(CAM) (containing an IncP2 plasmid
encoding functions for camphor degradation) (2), and

PAO2003 was used as a control. Loss of the Cam� phenotype
(14) was observed in 90% of the resulting transconjugants,
indicating the incompatibility of the IncP2 plasmids from P.
aeruginosa PAO2003 and 96. However, the phenotypes of both
CAM and pOZ176 were also found in some of the transcon-
jugants, which suggests the possibility of generation of CAM-
pOZ176 recombinant plasmids; such IncP2 hybrid plasmid for-
mation was first reported in P. aeruginosa in 1974 (12). The
evidence for pOZ176 being an IncP2 plasmid is as follows: (i)
pOZ176 mediates transferable tellurite resistance (13); (ii)
pOZ176 was not stable with an IncP2 plasmid and was able to
form a recombinant plasmid with a Cam� plasmid (IncP2),
possibly via homologous DNA recombination or transposon-
mediated cointegration (14); and (iii) the plasmid is large with
a limited host range (13).

Randomly amplified polymorphic DNA typing (18) showed
that the seven blaIMP-positive isolates from four hospitals were
nonclonal, except isolates 96 and 121, which were from the
same hospital and ward. This finding, together with identifica-
tion of the blaIMP-9 gene on a transferable plasmid, suggests
that spreading of carbapenem resistance mediated by IMP-9
MBL in P. aeruginosa in our area is largely due to horizontal
transfer of the gene, most likely on a large R plasmid similar to
pOZ176.
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