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This work identifies an ISCR1-related blaCTX-M-14 gene, which has never been reported before, from a clinical
isolate of Escherichia coli. The blaCTX-M-14 gene was preceded by an ISCR1 element that was followed by a class
1 integron containing three different insert gene cassettes, i.e., dfrA12, orfF, and aadA2.

The CTX-M enzymes comprise more than 60 variants (http:
//www.lahey.org/studies/webt.asp) belonging to five different
clusters (CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX
-M-25) on the basis of their amino acid sequence similarities
(3). CTX-M enzymes have a wide substrate range, including
penicillins and narrow- and expanded-spectrum cephalosporins,
and as the designation CTX indicates, these enzymes preferentially
hydrolyze cefotaxime but not ceftazidime, although some CTX
-M enzymes, including CTX-M-15, CTX-M-19, and CTX-M
-54 enzymes, have been associated with expansion of activity
towards ceftazidime (2, 11, 13).

CTX-M-14 is a member of CTX-M-9 cluster and differs
from CTX-M-9 only by the substitution Ala231Val (9). The
amino acid sequences of CTX-M-14 and CTX-M-18 are iden-
tical (http://www.lahey.org/studies/webt.asp). CTX-M-14, one
of the most widespread CTX-M enzymes, has been reported
repeatedly in a very wide geographic area, including Europe,
North America, South Asia, and East Asia (7, 10, 16). This
enzyme has been found predominantly in Enterobacteriaceae,
including Escherichia coli, Klebsiella pneumoniae, Shigella son-
nei, Salmonella spp., and Proteus mirabilis (7, 9, 15, 16, 19).

The rapid dissemination of CTX-M enzymes involves plas-
mid or strain epidemics, but it also involves mobile elements,
including ISEcp1-like insertion sequences and the ISCR1 ele-
ment (previously called orf513) (6). Most blaCTX-M genes be-
longing to the CTX-M-1, CTX-M-2, and CTX-M-9 clusters are
associated with ISEcp1-like insertion sequences, while ISCR1
elements were identified upstream of the blaCTX-M-2 and
blaCTX-M-9 genes (1, 6, 17). Interestingly, the blaCTX-M-14 gene,
although closely related to the blaCTX-M-9 gene, has been re-
ported to be mainly associated with ISEcp1 (6). This report
identifies an ISCR1-related blaCTX-M-14 gene, which has never
been reported before, from a clinical isolate of E. coli.

E. coli AJE0508 was isolated from a sputum specimen from
a 26-year-old male patient hospitalized at a tertiary care hos-
pital in Suwon, Korea, in July 2005 for subarachnoid hemor-

rhage and pulmonary pneumonia. Strain AJE0508 exhibited
resistance to ampicillin, ampicillin-sulbactam, ceftazidime,
cefotaxime, aztreonam, tobramycin, and trimethoprim-sulfa-
methoxazole and susceptibility to cefoxitin, cefepime, imi-
penem, amikacin, gentamicin, and ciprofloxacin by disk diffu-
sion assay. Agar dilution MIC testing on Mueller-Hinton agar
(Difco Laboratories, Detroit, MI) with an inoculum of 104

CFU per spot confirmed that the strain was resistant to ampi-
cillin (MIC, �256 �g/ml), ceftazidime (MIC, 32 �g/ml), cefo-
taxime (MIC, 64 �g/ml), and aztreonam (MIC, 64 �g/ml) but
susceptible to cefoxitin (MIC, 8 �g/ml) and imipenem (MIC,
0.1 �g/ml) (5). Clavulanic acid (at a fixed concentration of 4
�g/ml) restored the activities of ceftazidime (MIC, 2 �g/ml)
and cefotaxime (MIC, 1 �g/ml). The strain exhibited a positive
double-disk synergy test, thus indicating the production of ex-
tended-spectrum beta-lactamases (16).

Plasmid analysis, which was carried with a commercial kit
(QIAGEN, Valencia, CA) according to the instruction man-
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TABLE 1. Primer sequences used in this study

PCR target Primer name Nucleotide sequence

5�CS element 5�CS-F 5�-CCAAGCTCTCGGGTAACATC-3�

dfrA12 dfrA12-F 5�-TTTATCTCGTTGCTGCGATG-3�
dfrA12-R 5�-AGCTTGAATGGTTTCGGTTG-3�

aadA2 aadA2-F 5�-TCAGAGGTGCTAAGCGTCATT-3�
aadA2-R 5�-GATCTCGCCTTTCACAAAGC-3�

qacE�1/sul1 3�CS-R 5�-GGGTTTCCGAGAAGGTGATT-3�
Sul1-mF 5�-ACGAGATTGTGCGGTTCTTC-3�

ISCR1 ISCR1-F 5�-GCGAGTCAATCGCCCACT-3�
ISCR1-mF 5�-GATGCCGAGAATACGTGGTT-3�
ISCR1-R 5�-CGACTCTGTGATGGATCGAA-3�
ISCR1-pR 5�-CAGACGCTCGTGATGACAAT-3�

ISEcp1 TN1-F 5�-TCTGCTCCTTGAGAATGCAA-3�
BTN1-F 5�-CGGTGGGTCATCTCTTGCTA-3�

blaCTX-M-9
cluster

CTX-M-9-F 5�-TGCAACGGATGATGTTCG-3�
CTX-M-9-mF 5�-ACGTGGCTCAAAGGCAATAC-3�
CTX-M-9-R 5�-CGGCTGGGTAAAATAGGTCA-3�
CTX-M-9-mR 5�-TCAATTTGTTCATGGCGGTA-3�

IS903-like
element

IS903-R 5�-GGCATACCTGCTTTCGTCAT-3�
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ual, showed that E. coli AJE0508 contained two plasmids with
molecular sizes of ca. 82 kbp (pAJE0508) and 25 kbp. The
strain transferred pAJE0508 to the E. coli J53 azide-resistant
recipient in mating experiments in which transconjugants were
selected on Mueller-Hinton agar plates supplemented with
cefotaxime (2 �g/ml) and sodium azide (100 �g/ml) (2). PCR
amplifications using primers (16) specific for extended-spectrum
beta-lactamase-encoding genes revealed that the transconjugant
(E. coli trcAJE0508) possessed blaSHV, blaTEM, and blaCTX-M-9

cluster genes. Sequences of the PCR amplicons for three type
genes were 100% identical to the blaSHV-12, blaTEM-1, and
blaCTX-M-14 sequences, respectively. The blaSHV-12 and
blaCTX-M-14 genes might be attributed to high-level resis-
tance of strain AJE0508 to cefotaxime and cetazidime.

The internal ISCR1 (ISCR1-F and ISCR1-mF) or ISEcp1
(TN1-F and BTN1-F) forward primers and blaCTX-M-9 cluster
reverse primers (CTX-M-9-R and CTX-M-9-mR) were used to
investigate the upstream region of the blaCTX-M-14 gene. While
a sequence having homology with the ISCR1 element was
detected upstream of the blaCTX-M-14 gene on pAJE0508,
ISEcp1-like insertion sequences were not. These results sug-
gested that the blaCTX-M-14 gene is associated with a complex
class 1 integron containing ISCR1, as the blaCTX-M-9 gene on
plasmid pMSP071 is associated with the complex In60 (17). To
analyze the complex class 1 integron, sequencing of several
overlapping PCR fragments obtained from pAJE0508 with
primers corresponding to internal regions of In60 and the
blaCTX-M-14 gene was performed (Table 1).

The blaCTX-M-14 gene was preceded by an ISCR1 element
that was followed by a typical class 1 integron containing two
conserved elements, 5�-CS and 3�-CS (Fig. 1). The integron
contained three different insert gene cassettes. The first con-
tained a dihydrofolate reductase type A12 gene, dfrA12 (pre-
viously called dhfrXII), which confers resistance to tri-
methoprim. The second contained an open reading frame,
orfF, of unknown function, and the third contained an amino-
glycoside adenyltransferase gene, aadA2, which confers resis-
tance to streptomycin and spectinomycin (8). Each gene cas-
sette contained a 59-base element recombination site.
Although the dfrA12-orfF-aadA2 array has been globally dis-
seminated since it was first described in Finland in 1969 (8),
this is the first report of the array being associated with the
blaCTX-M-14 gene.

An ISCR1 element was found downstream of the 3�-CS
element and upstream of the blaCTX-M-14 gene. Recently it has
been suggested that ISCR elements are members of an ex-

tended family of IS91-like elements that can transpose adja-
cent DNA sequences by a mechanism termed rolling-circle
transposition and are responsible for the mobilization of vir-
tually every class of antibiotic resistance genes, including the
blaCTX-M genes (18). A recombination crossover site (RCS)
(33-bp DNA sequence) at which insertion of resistance genes
into the complex class 1 integron containing ISCR1 takes place
(14) was observed within the 3� noncoding sequence of ISCR1.
A 94-bp region which is identical to that of In60 was identified
between the RCS and the start codon of the blaCTX-M-14 gene.
A putative promoter consisting of the �35 (TAAACG) and
�10 (TAAGAT) regions, which drives blaCTX-M-14 transcrip-
tion, was observed just upstream of the RCS. The �35 and
�10 sequences were separated by 17 bp.

Sequence analysis of the downstream DNA of the blaCTX-M-14

gene in the complex class 1 integron on the pAJE0508 revealed
the presence of an IS903-like element, the role of which in the
mobilization process of the blaCTX-M genes has not yet been
demonstrated (12). This insertion sequence has been found
downstream of the blaCTX-M-17, blaCTX-M-19, blaCTX-M-24, and
blaCTX-M-54 genes (2, 4, 6, 12) and also has been identified
downstream of the blaCTX-M-14 genes in three E. coli strains
and one K. pneumoniae strain recently isolated in Paris (6).

This work describes a complex class 1 integron bearing an
ISCR1 element and shows that mobilization and expression of
the blaCTX-M-14 gene may be associated with ISCR1 elements.
The ISCR1 element is a powerful genetic element that can
mobilize antibiotic resistance genes, so further spread of the
blaCTX-M-14 gene can be anticipated.

Nucleotide sequence accession number. The nucleotide
sequence data reported in this paper are available in the
GenBank nucleotide database under accession number
EF450247.

This work was supported by a Korea Research Foundation grant
(KRF-2006-331-E00455).
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