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GES-13 �-lactamase, a novel GES variant possessing Lys-104 and Asn-170, was identified in Pseudomonas
aeruginosa. blaGES-13 was the single gene cassette of a class 1 integron probably located in the chromosome.
GES-13 efficiently hydrolyzed broad-spectrum cephalosporins and aztreonam. Imipenem was a potent inhib-
itor of GES-13 but was not hydrolyzed at measurable rates.

GES-type �-lactamases are a distinct branch of class A en-
zymes of unknown origin. Ten GES variants (GES-1 to -9 and
GES-11) differing by one to three amino acid residues have
been described (7). blaGES genes are commonly carried by
integrons found in various species, predominantly Pseudomo-
nas aeruginosa and Klebsiella pneumoniae (11). GES �-lacta-
mases all exhibit extended-spectrum properties, hydrolyzing
oxyimino-cephalosporins. However, differences in the sub-
strate spectra have been observed. Variants with either Asn
(GES-2) or Ser (GES-4, -5, and -6) at Ambler’s position 170
are of special clinical interest since they exhibit increased car-
bapenemase activity compared to the remaining GES enzymes
that possess Gly-170 (1, 12, 15, 16). Substitution of Lys for
Glu-104 in various GES enzymes, such as GES-3 and GES-7,
may enhance hydrolysis of ceftazidime (3, 14, 17). Notably,
GES-4, an enzyme possessing Ser-170, Lys-104, and Thr-62,
exhibits significant cefoxitin hydrolysis, in contrast to most
GES variants that exhibit either weak activity or are virtually
inactive against this substrate (16). Also, a Gly-to-Ser or -Ala
substitution at position 243 in GES-9 (9) and GES-11 (6),
respectively, confers increased activity against aztreonam. In
this report, we describe GES-13, a novel GES variant from P.
aeruginosa possessing both Lys-104 and Asn-170.

P. aeruginosa NL68 was a blaGES-positive isolate identified
during a screening for acquired carbapenemase genes in mul-
tidrug-resistant microorganisms collected during 2007 and
2008 at Evgenidion General Hospital in Athens, Greece. The
isolate was considered responsible for a respiratory tract infec-
tion in a surgical patient in October 2008. P. aeruginosa NL68
was resistant to penicillins, penicillin-inhibitor combinations,
ceftazidime, cefepime, aztreonam, imipenem, and meropenem,
as determined by a microdilution technique (Table 1) (2). Disk
diffusion tests showed that the isolate was also resistant to
fluoroquinolones and aminoglycosides (data not shown).

A blaGES-specific PCR, performed using genomic DNA pre-
pared with the NucleoSpin Tissue kit (Macherey-Nagel, Dü-

ren, Germany) and the previously described primers GES-1A
and GES-1B (9), produced an 864-bp amplicon that contained
the entire blaGES gene. The PCR product was cloned into a
pCR2.1-TOPO vector (Invitrogen Life Science, Carlsbad, CA),
and its sequence was determined in both strands. The gene
studied differed from the prototype blaGES-1 gene by 3 nucle-
otides (nt), a G-to-A transition in codon 104 and a GG-to-AA
transition in codon 170 (nt 900 and nt 1101 and 1102, respec-
tively, in blaGES-1; GenBank accession no. EU598463), result-
ing in a novel GES variant (GES-13) possessing Lys-104 and
Asn-170. Isoelectric focusing of cell extracts of P. aeruginosa
NL68 confirmed the production of an enzyme that was inhib-
ited in situ by clavulanate and had an apparent isoelectric point
(pI) of 6.9, comparable to that calculated for GES-13 (pI 6.98).

Attempts to transfer blaGES-13 by mixed broth and filter
mating methods using as recipients Escherichia coli 26R793
(15) and a mutant of P. aeruginosa PAO1 highly resistant to
rifampin and selection with rifampin plus ampicillin or ticar-
cillin, respectively, were unsuccessful. Analysis of plasmid
DNA preparations, derived by either a Nucleobond BAC100
kit (Macherey-Nagel) or an alkaline lysis method (4), failed to
identify plasmids in P. aeruginosa NL68. Also, electroporation
experiments using E. coli DH5� competent cells, as well as P.
aeruginosa PAO1 and plasmid preparations, did not produce
�-lactam-resistant clones. A chromosomal origin of blaGES-13

is therefore possible. To determine the genetic environment of
blaGES-13, a PCR assay using primers INT-F, corresponding to
an internal sequence of the IntI1 gene, and 3�CS, correspond-
ing to a 3� conserved segment of class 1 integrons, was per-
formed as described previously (5). The PCR product was
cloned into pBCSK(�) (Stratagene, La Jolla, CA), yielding
plasmid pB-ges13. The insert comprised 1,641 bp with a typical
class 1 integron structure including blaGES-13 as a single-gene
cassette, a 59-base element consisting of 108 bases and homol-
ogous to that found in the GES-8-encoding integron (5), and a
“weak” promoter sequence.

E. coli DH5� harboring pB-ges13 [E. coli(pB-ges13)] exhib-
ited resistance to penicillins, older cephalosporins, and ceftaz-
idime. Clavulanic acid and tazobactam partly restored suscep-
tibility to penicillins and ceftazidime. Production of GES-13
also caused a significant increase in the MICs of cefotaxime,

* Corresponding author. Mailing address: Laboratory of Bacteriol-
ogy, Hellenic Pasteur Institute, Vas. Sofias 127, Athens 11521, Greece.
Phone: 210-30-6478810. Fax: 210-30-6426323. E-mail: ltzouvel@cc
.uoa.gr.

� Published ahead of print on 11 January 2010.

1331



ceftriaxone, cefepime, and aztreonam. Susceptibilities to
cefoxitin and imipenem were slightly affected (MICs increased
by 1 doubling dilution). Meropenem was equally active against
E. coli(pB-ges13) and E. coli DH5� (Table 1).

E. coli(pB-ges13) was used for GES-13 purification. �-Lac-
tamases were released from bacterial cells suspended in Tris
buffer (20 mM, pH 8.0) by sonication. Extracts were loaded
onto a Q-Sepharose column (Bio-Rad Laboratories, Hercules,
CA), and proteins were eluted by a 0 to 1 M NaCl gradient.
The fractions displaying �-lactamase activity (as tested by a
nitrocefin assay) were pooled, dialyzed overnight against 20
mM morpholineethanesulfonic acid (pH 6.0), and loaded onto
an S-Sepharose column (Bio-Rad Laboratories). The bound
�-lactamase was eluted with 400 to 500 mM NaCl. The purity
of the final preparation was �95%, as determined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The hydro-
lysis of penicillin G, nitrocefin, cephalothin, cefotaxime, ceftaz-
idime, aztreonam, and imipenem was studied by spectropho-
tometry. Wavelengths and extinction coefficients for �-lactam
substrates have been reported elsewhere (10, 13). Kinetic pa-
rameters confirmed the extended-spectrum properties of GES-
13. The enzyme was able to hydrolyze cefotaxime and ceftazi-
dime at measurable rates, the former substrate being more
efficiently hydrolyzed due to higher kcat and lower Km values.
GES-13 also hydrolyzed penicillin G, cephalothin, and nitro-
cefin with comparable efficiencies. Notably, the enzyme was
able to hydrolyze aztreonam at rates similar to that observed
for ceftazidime, but the Km for the former substrate was
higher. GES-13 also exhibited a weak activity against imip-
enem, but the respective hydrolysis rate was too low to be
measured accurately (Table 2). Inhibitory activities of clavu-
lanic acid, tazobactam, sulbactam, and imipenem against
GES-13 were studied using cephalothin (100 �M) as a reporter

substrate. The purified enzyme and various concentrations of
inhibitors were preincubated at 30°C for 3 min. Results were
expressed as 50% inhibitory concentrations (IC50s). Tazobac-
tam was a more potent inhibitor than clavulanic acid and
sulbactam (the IC50s were 0.06, 0.10, and 0.37 �M, respec-
tively). GES-13 was also inhibited by low concentrations of
imipenem (IC50 � 0.15 �M), reflecting the high affinity of this
antibiotic for GES-type enzymes.

To directly compare �-lactam resistance levels conferred by
GES-13 and GES-1, a blaGES-1 integron similar to the one
described here (GenBank accession no. EU598463) (8) was
cloned into pBCSK(�), yielding recombinant plasmid pB-
ges1, which was used to transform E. coli DH5�. Sequencing
confirmed that blaGES-13- and blaGES-1-containing inserts dif-
fered by only 3 nt at blaGES codons 104 and 170, leading to the
respective amino acid changes. GES-13 and GES-1 conferred
comparable levels of resistance to the �-lactam antibiotics
tested, except for aztreonam, ceftazidime-tazobactam, and pip-
eracillin-tazobactam combinations. In line with the results of
the kinetic studies, production of GES-13 resulted in a signif-
icant increase in the MIC of aztreonam. E. coli(pB-ges13) was
more susceptible to piperacillin-tazobactam than E. coli(pB-
ges1) was, probably indicating a stronger inhibitory activity of
tazobactam against GES-13 than GES-1.

P. aeruginosa NL68, apart from GES-13, also produced large
amounts of the chromosomal cephalosporinase (data not
shown). Operation of additional mechanisms such as de-
creased outer membrane permeability and efflux pumps cannot
be excluded. Therefore, it was not possible to assess the con-
tribution of GES-13 to the �-lactam resistance phenotype of
this clinical strain. Nevertheless, the role of GES-13 in carbap-
enem resistance was probably not significant, as also indicated
by the MICs of imipenem and imipenem-tazobactam for P.
aeruginosa NL68 (Table 1). Indeed, GES-13 exhibited very
weak activity against imipenem, despite the presence of Asn-
170, which confers carbapenemase properties on GES-2, prob-
ably by facilitating the initial enzyme-substrate interaction (12,
14). Apparently, the effect of Lys-104 counters the improved
hydrolytic efficiency against imipenem. On the other hand, the
Glu-104-Lys mutation may be responsible for the increased
hydrolysis of aztreonam by GES-13. The increased aztreonam
MICs observed in E. coli laboratory strains producing GES-3
and GES-7 that also possess Lys-104 support this hypothesis
(3, 17). The properties of GES-13 suggest that the Gly-170-Asn

TABLE 1. Susceptibilities of GES-type �-lactamase-producing
bacterial strains to �-lactam antibiotics

�-Lactam

MIC (�g/ml) for:

P. aeruginosa
NL68 GES-13

E. coli DH5�
(pB-ges13)

GES-13

E. coli DH5�
(pB-ges1)

GES-1

E. coli
DH5�

Amoxicillin —c �512 �512 2
Amoxicillin-CLAa — 32 64 2
Ticarcillin �512 �512 �512 2
Ticarcillin-CLA �512 16 32 2
Piperacillin 256 64 64 1
Piperacillin-TZBb 128 2 16 0.5
Cefaclor — �512 �512 4
Cefuroxime — �512 �512 2
Cefoxitin — 8 8 4
Cefotaxime — 8 4 0.12
Ceftriaxone — 16 16 0.12
Ceftazidime �512 �512 256 0.5
Ceftazidime-CLA �512 16 16 0.5
Ceftazidime-TZB 256 4 16 0.5
Cefepime 64 0.5 1 �0.06
Aztreonam 64 8 1 0.12
Imipenem 16 0.25 0.25 0.12
Imipenem-TZB 16 — — —
Meropenem 32 �0.06 �0.06 �0.06

a CLA, clavulanic acid at a fixed concentration of 2 �g/ml.
b TZB, tazobactam at a fixed concentration of 4 �g/ml.
c —, not tested.

TABLE 2. Kinetic parameters of GES-13 for various
�-lactam substratesa

�-Lactam kcat
(s�1)

Km
(�M)

kcat/Km
(�M�1 � s�1)

Penicillin G 13.5 	 1.7 139 	 18 0.10
Nitrocefin 29.3 	 1.2 197 	 11 0.15
Cephalothin 10.1 	 1.5 106 	 6.0 0.10
Cefotaxime 69.0 	 2.9 63 	 6.0 1.09
Ceftazidime 30.4 	 4.1 229 	 26 0.13
Aztreonam 35.6 	 5.9 405 	 50 0.09
Imipenem 
0.01 —b —

a kcat and Km values are means 	 standard deviations of five independent
measurements.

b —, not determinable.
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and Glu-104-Lys mutations induce complex functional changes
in GES �-lactamases.

Nucleotide sequence accession number. The nucleotide se-
quence of the blaGES-13-containing integron has been assigned
GenBank accession number GU169702.
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