
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 2004, p. 1437 Vol. 48, No. 4
0066-4804/04/$08.00�0 DOI: 10.1128/AAC.48.4.1437.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

New Chromosomal AmpC �-Lactamase in Enterobacter cloacae
Several members of the Enterobacteriaceae, including Enter-

obacter spp., are naturally resistant to amoxicillin and cepha-
losporins. Enterobacter cloacae produces chromosomally en-
coded �-lactamases, also called cephalosporinases (1), and is a
serious nosocomial pathogen, the third most prevalent bacte-
rium isolated in intensive care settings (5, 8). We report here
the study of a new chromosomal AmpC �-lactamase produced
by E. cloacae FFUL2En isolated from the blood culture of a
patient hospitalized in a medicine ward of Hospital de Santa
Maria, Lisbon, Portugal. The antibiogram revealed resistance
to aminopenicillins, aztreonam, and broad-spectrum cephalo-
sporins, except imipenem, aminoglycosides, and quinolones.
By isoelectrofocusing, the sonicate extracts expressed a pI of
8.68, suggesting the presence of a presumed AmpC enzyme.

A total DNA preparation from E. cloacae FFUL2En was used
in PCR experiments with two sets of primers, TN5 (5�-CGTTT
GTCAGGCACAGTCAAATCCA) and TN4 (5�-TTACTGTAG
CGCGTCGAGGATATGG) and the internal primers TN2 (5�-
TTCCACTGCGGCTGCCAGT) and TN3 (5�-CGGATGAGG
TCACGGATAACGCC), designed in accordance with consensus
sequences from the ampC genes described for E. cloacae and
available at GenBank. The amplicon with 1,234 bp was cloned
into the SmaI site of the pBK-CMV vector (6) with a TOPO TA
cloning kit, resulting in the plasmid p2En1. The �-lactam suscep-
tibility pattern of Escherichia coli 2En1, harboring the recombi-
nant plasmid p2En1, displayed cefoxitin, cefuroxime, ceftazidime,
and piperacillin plus tazobactam MICs of �256 �g/ml and a
cefepime MIC of 0.5 �g/ml. The MICs of cefotaxime and aztreo-
nam were lower than those for the parental strain (Table 1). The
E. coli 2En1 transformant showed the same pI as the parental
strain (pI 8.68), and the substrate profile of the enzyme
EcloFFUL2En was determined with the transformant crude en-
zymatic extract (7). The Vmax values indicate that cephalothin,
with a Vmax of 3,000.1 �M/min, is hydrolyzed more quickly
than cefoxitin (Vmax � 3.7 �M/min). Ceftazidime and cefo-
taxime are not hydrolyzed at detectable levels (Vmax � �0.1
�M/min).

In order to perform the sequencing reactions, the amplicon
of 1,234 bp was cloned in the pCR2.1-TOPO vector with a
TOPO TA cloning kit, resulting in the plasmid p2En2. The
sequence with 382 amino acids has an 86% identity with the
AmpC of E. cloacae P99 and 98% identity with the plasmid-
borne MIR-1 �-lactamase gene product (2).

To search for a possible chromosomal location of the blaAmpC

gene, whole-cell DNA of E. cloacae FFUL2En was restricted with
I-CeuI endonuclease (New England Biolabs), which recognizes a
26-bp sequence in rrn genes coding for the 23S large-subunit
rRNA. After digestion, separation of the resulting fragments
was performed on a contour-clamped homogeneous electric
field-DRII apparatus, as described previously (3).

The restricted fragments of E. cloacae FFUL2En DNA were
transferred to a nylon membrane by Southern blotting (9) and
were hybridized by using a nonradioactive labeling and detec-
tion kit (Roche) with a PCR-obtained probe with primers TN5
and TN2 (see above), consisting of a 576-bp fragment of
blaAmpC and a 16S rRNA gene probe amplified with universal
primers described elsewhere (4). The blaAmpC probe hybrid-
ized only with the 630-kb fragment of E. cloacae FFUL2En.
These data indicate the chromosomal location of the blaAmpC
gene, coding for the AmpC �-lactamase EcloFFUL2En, in E.
cloacae FFUL2En, which is closely related to the plasmid-
borne MIR-1 from Klebsiella pneumoniae.

This work was supported by ADEIM (Associação para o Desen-
volvimento do Ensino e Investigação Da Microbiologia), and we ex-
press our gratitude to the reviewers for their valuable support.

REFERENCES
1. Bush, K., G. A. Jacoby, and A. A. Medeiros. 1995. A functional classification

scheme for �-lactamases and its correlation with molecular structure. Anti-
microb. Agents Chemother. 39:1211–1233.

2. Jacoby, G. A., and J. Tran. 1999. Sequence of the MIR-1 �-lactamase gene.
Antimicrob. Agents Chemother. 43:1759–1760.

3. Liu, S. L., A. Hessel, and K. E. Sanderson. 1993. Genomic mapping with I-Ceu-I,
an intron-encoded endonuclease specific for ribosomal RNA, in Salmonella spp.,
Escherichia coli, and other bacteria. Proc. Natl. Acad. Sci. USA 90:6874–6878.

4. Mammeri, H., L. Poirel, N. Mangeney, and P. Nordmann. 2003. Chromo-
somal integration of a cephalosporinase gene from Acinetobacter baumannii
into Oligella urethralis as a source of acquired resistance to �-lactams. Anti-
microb. Agents Chemother. 47:1536–1542.

5. Rottman, M., Y. Benzerara, B. Hanau-Berçot, C. Bizet, A. Philippon, and G.
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TABLE 1. MICs of �-lactams for E. cloacae FFUL2En clinical
isolate, E. coli 2En1 harboring recombinant plasmid p2En1, and
reference strain E. coli TOP10 harboring the pBK-CMV plasmid

�-Lactam

MIC (�g/ml)

E. cloacae
FFUL2En E. coli 2En1 E. coli

TOP10(pBK-CMV)

Piperacillin � TZBa �256 �256 3
Cefoxitin �256 �256 8
Cefuroxime �256 �256 4
Cefotaxime �256 8 0.094
Ceftazidime �256 �256 0.5
Cefepime 0.5 0.38 0.064
Aztreonam 48 6 0.094
Imipenem 0.75 0.38 NDb

a TZB, tazobactam.
b ND, not determined.
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