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Identification of a Carbenicillin-Hydrolyzing b-Lactamase in
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Eleven strains of Alcaligenes denitrificans subsp. xylosoxydans produced a b-lactamase with a pI of 5.7 with
kinetic data characteristic of a PSE-1-type enzyme. A CARB-type enzyme was identified by using an intragenic
DNA probe of blaCARB. Hybridization of genomic DNA after XbaI restriction and pulsed-field electrophoresis
suggested a chromosomal location for the gene.

Alcaligenes denitrificans subsp. xylosoxydans, formerly Achro-
mobacter xylosoxidans, is an aerobic, nonfermentative, oxidase-
positive, gram-negative bacillus found in aqueous environmen-
tal sources and isolated from a wide range of clinical samples,
e.g., ear discharge, blood, urine, peritoneal fluid, and spinal
fluid. This organism is today recognized as an opportunistic
pathogen responsible for serious infections (4, 23). In addition,
a number of hospital outbreaks due to solutions or medical
equipment contaminated with this organism have been de-
scribed previously (5, 18, 19). A. denitrificans subsp. xylosoxy-
dans has been shown to display significant resistance to most
antimicrobial agents including b-lactams, aminoglycosides, and
quinolones (8, 16, 20). Resistance to broad-spectrum penicil-
lins was initially related to the production of cephalosporinases
(12) and penicillinases (7, 17) and in one case to the overpro-
duction of a broad-spectrum clavulanate-sensitive b-lactamase
(6). This report describes the characteristics of a b-lactamase
produced by 11 ticarcillin-resistant clinical isolates of A. deni-
trificans subsp. xylosoxydans.
Among 46 clinical strains of A. denitrificans subsp. xylosoxy-

dans isolated in our hospital since 1986, 11 strains were found
to be resistant to broad-spectrum penicillins (e.g., ticarcillin
and piperacillin) by the standard agar diffusion method (1).
The MICs of the b-lactams were determined in the presence or
absence of clavulanic acid (SmithKline-Beecham, Paris,
France) by a dilution method on Mueller-Hinton agar (Sanofi
Diagnostics Pasteur, Marnes-la-Coquette, France), with a
multi-inoculator device (Dynatech AM 80). Plates inoculated
with 105 to 106 CFU/ml were incubated at 378C for 18 h. The
MICs of the 10 b-lactam antibiotics are reported in Table 1.
All clinical isolates and two reference strains were resistant to
cefuroxime, cefoxitin, and cefotaxime (MICs ranging from 32
to $128 mg/ml) but susceptible to moxalactam and imipenem
(MICs ranging from 0.5 to 4 mg/ml); MICs of ceftazidime
ranged from 4 to 16 mg/ml. The distribution of MICs of broad-
spectrum penicillins (ticarcillin, piperacillin) and of cefopera-
zone demonstrated that the strains could be divided into two
groups. The 11 ticarcillin-resistant strains exhibited high resis-
tance to ticarcillin and piperacillin (MICs ranging from 64 to
$256 mg/ml). Susceptibility to ticarcillin, piperacillin, and ce-
foperazone was partially restored in the presence of clavulanic

acid (2 mg/ml) while susceptibility to ceftazidime remained
unchanged.

b-Lactamase activities from cell extracts were detected with
the iodine-iodide starch system, including benzylpenicillin (1
mM) as substrate, and expressed in terms of the diameter
(millimeters) of the discoloration zone after 6 and 18 h of
incubation at room temperature (16). Clavulanic acid and clox-
acillin (1 mM) were used to specifically inhibit penicillinase
and cephalosporinase activities, respectively; inhibition of en-
zymatic activity was expressed as the decrease in discoloration
zone size (millimeters) compared with a control without inhib-
itor. b-Lactamase activities of the ticarcillin-susceptible strains
(35 clinical isolates and 2 reference strains) were inhibited
by cloxacillin but not by clavulanic acid: after 18 h of incuba-
tion, the reduction (millimeters) in discoloration zone size
ranged from 14.5 6 2.4 (control without inhibitor) to 14.8 6
2.1 and #9 in the presence of clavulanic acid and cloxacillin,
respectively. A previous report suggested a putative chromo-
somal b-lactamase in A. denitrificans subsp. xylosoxydans (16).
By contrast, b-lactamase activities of the 11 ticarcillin-resistant
strains were inhibited by clavulanic acid and very poorly inhib-
ited by cloxacillin: the reduction in the discoloration zone size
ranged from 24 6 1 (control) to 16 6 1.8 and 22.3 6 1 in
the presence of clavulanic acid and cloxacillin, respectively.
These results were consistent with the production of a penicil-
linase.
Isoelectric focusing was performed on polyacrylamide gels

(pI range of 3.5 to 9.5) as previously described (6). The pI
values were estimated by comparison with the pIs of reference
b-lactamases: TEM-1 (pIP1100, pI 5.4), PSE-1 (RPL11, pI
5.7), and SHV-1 (p453, pI 7.6). A major band with a pI of
5.7 was detected in the 11 ticarcillin-resistant strains (Fig.
1); in addition, minor bands with a pI greater than 8.0, prob-
ably related to the chromosomal b-lactamase, were detected
later.

b-Lactam hydrolytic activity was evaluated by a microacidi-
metric method (6). Values of Vmax for various substrates were
expressed relative to the Vmax for benzylpenicillin, defined
arbitrarily as 100. Inhibition of b-lactamase activities by clox-
acillin (1 mM), clavulanic acid (10 mM), imipenem (1 mM),
and chloride ions (100 mM) was expressed as the percentage of
inhibition of the rate of benzylpenicillin hydrolysis; clavulanic
acid was preincubated with the sample for 10 min at 308C
before the rate of benzylpenicillin hydrolysis was tested. The
enzymatic properties of the b-lactamase with a pI of 5.7, ana-
lyzed for two ticarcillin-resistant isolates (Adx 3 and Adx 21),

* Corresponding author. Mailing address: Service de Microbiologie,
CHU Bichat-Claude Bernard, 46 rue Henri Huchard, 75877 Paris
Cedex 18, France. Phone: 33-1-40-25-85-01. Fax: 33-1-42-28-99-51.

771



are reported in Table 2, in which they are compared with the
corresponding properties of PSE-1 (or CARB-2) b-lactamase
determined by two different methods (11, 13). They exhibited
significant hydrolysis against carbenicillin, ticarcillin, and other
penicillins such as amoxicillin and mezlocillin, unlike cephalo-
ridine, and were strongly inhibited by clavulanic acid (10 mM)
but not by chloride ions (100 mM) or imipenem (1 mM). These
results are consistent with a PSE-1-type b-lactamase as origi-
nally suggested (17). By contrast, this enzyme clearly differs
from other clavulanate-sensitive b-lactamases reported for

A. denitrificans subsp. xylosoxydans, notably the penicillinase
with a pI of 7.4, which exhibits a significant rate of hydrolysis
of oxacillin (695%) and piperacillin (218%) and is strongly
inhibited by chloride ions, imipenem, and clavulanic acid
(17).
Colony hybridization was carried out with a specific DNA

probe obtained by amplification of an internal 587-nucleotide
fragment of the blaCARB gene of RPL11 from Pseudomonas
aeruginosa (2). The following reference b-lactamase-producing

FIG. 1. Comparative analytical isoelectric focusing patterns of five penicillin-
resistant strains of A. denitrificans subsp. xylosoxydans and reference b-lactam-
ases. Lanes: A, Adx 1; B, Adx 3; C, TEM-1 (R111; pI, 5.4), PSE-1 (RPL11; pI,
5.7), and SHV-1 (p453, pI, 7.7); D, Adx 11; E, Adx 21; and F, Adx 24.

TABLE 1. MICs (micrograms per milliliter) of b-lactam antibiotics for 46 clinical isolates and 2 reference strains (ATCC 27061 and
ATCC 27063) of A. denitrificans subsp. xylosoxydans in the presence or absence of clavulanic acida

b-Lactam
Ticarcillin-resistant isolates (n 5 11) Ticarcillin-susceptible isolates and

reference strains (n 5 37)

Range MIC50 MIC90 Range MIC50 MIC90

Amoxicillin $256 $256 $256 4–32 8 32
Amoxicillin 1 CA 32–64 32 64 2–16 4 16
Ticarcillin $256 $256 $256 0.25–4 1 2
Ticarcillin 1 CA 32–64 32 32 0.25–2 1 2
Piperacillin 64–128 128 128 0.125–1 0.25 0.5
Piperacillin 1 CA 1–4 1 2 0.125–0.5 0.25 0.5
Cefuroxime $128 $128 $128 $128 $128 $128
Cefoxitin $128 $128 $128 64–$128 $128 $128
Cefoperazone 32–128 64 64 0.5–2 2 2
Cefoperazone 1 CA 2–4 4 4 0.5–2 2 2
Cefotaxime 128 128 128 32–128 64 64
Ceftazidime 4–16 8 16 4–16 8 8
Ceftazidime 1 CA 4–16 8 16 4–8 8 8
Moxalactam 0.5–2 1 2 0.5–4 2 2
Imipenem 0.5–2 1 2 0.5–2 1 1

aMIC50, MIC for 50% of isolates tested; MIC90, MIC for 90% of isolates tested; CA, clavulanic acid (2 mg/ml).

TABLE 2. Comparative enzymatic properties of PSE-1 b-lactamase
from P. aeruginosa and two b-lactamases produced by two ticarcillin-

resistant strains of A. denitrificans subsp. xylosoxydans

Property
b-Lactamasea

Adx 3 Adx 21 PSE-1b CARB-2c

pI 5.7 5.7 5.7 5.7
Substrate profiled

Amoxicillin 110 98 90e 93e

Carbenicillin 320 310 97 340
Ticarcillin 100 95 NDf 130
Mezlocillin 78 74 ND 83
Cloxacillin ,1 ,1 ,2 0.5
Cephaloridine 29 27 18 16
Cephalothin 2.7 2 ,2 0.8
Cefuroxime ,1 ,1 ,2 ND
Cefotaxime ,1 ,1 ND ND
Ceftazidime ,1 ,1 ND ND
Moxalactam ,1 ,1 ND ND
Imipenem ,1 ,1 ND ND

Inhibition profileg

Clavulanic acid (10 mM) 89 91 Sh ND
Cloxacillin (1 mM) 43 45 ND ND
Chloride ions (100 mM) 0 0 ND ND
Imipenem (1 mM) 0 0 ND ND

a Sonicated extracts.
b Iodometric procedure from reference 13.
cMicroacidimetric method from reference 11.
d Expressed as Vmax relative to that of benzylpenicillin set at 100.
e Ampicillin.
f ND, not determined.
g Percentage of inhibition relative to that of benzylpenicillin set at 100.
h S, sensitive (spectrophotometric method).
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strains were used as positive controls: P. aeruginosa Dalgleish-
(pMG19, PSE-4), PAO303(pUD12, CARB-4), PAO303(pUD14,
CARB-2), PAO303(pUD15, CARB-2), and PAO38(RPL11,
PSE-1). P. aeruginosa PAO38(R151, PSE-2) and Ming
(pMG39, OXA-6) and Escherichia coli K-12(RP4, TEM-2),
K-12(p453, SHV-1), K-12(R46, OXA-2), K-12(pMG202, OXA-
7), K-12(RGN238, OXA-1), K-12(R55, OXA-3), and K-12
(pIP1100, TEM-1) were used as negative controls. All strains
producing the b-lactamase with a pI of 5.7 (Adx 1, Adx 2, Adx
3, Adx 11, Adx 12, Adx 17, Adx 18, Adx 19, Adx 21, Adx 22,
and Adx 24) hybridized with the intragenic DNA probe of
blaCARB, whereas none of the 22 ticarcillin-susceptible strains
tested hybridized with the probe.
Carbenicillin-hydrolyzing enzymes were initially and mostly

reported for clinical isolates of P. aeruginosa and rarely for
members of the family Enterobacteriaceae (14). Conjugation
experiments were performed by mixing equal volumes (1 ml)
of exponentially growing cultures (109 cells per ml) of the
ticarcillin-resistant isolates and E. coli K-12 J53-2 F2 met pro
rpoB in Luria broth containing dextrose or P. aeruginosa
PAO38 leu in nutrient broth containing KNO3 at 378C for 24 h
(6). Transconjugants were selected on minimal agar plates
containing methionine (30 mg/liter), proline (50 mg/liter),
leucine (100 mg/liter), rifampin (100 mg/liter), or ticarcillin
(512 mg/liter). Ticarcillin resistance of A. denitrificans subsp.
xylosoxydans was not transferred to E. coli K-12 J53-2 or P.
aeruginosa PAO38. The PSE-1 b-lactamase, once thought to be
restricted to P. aeruginosa, has been found in enterobacteria.
PSE-1 b-lactamase production by plasmids of enteric origin is
determined by 12- to 14-kb transposons (10, 15). In addition,
failure to demonstrate plasmids, or their transfer, in P. aerugi-
nosa isolates producing PSE-1 is common (9) and might indi-
cate that the PSE-1 gene has become integrated in the chro-
mosome. Among the closely related variants of the PSE-type
enzymes, the PSE-4 determining transposon was reported to
be integrated at a specific site in the Pseudomonas chromo-
some (21).
In order to determine the chromosomal location of the

blaCARB gene, hybridization was carried out after the transfer
of XbaI restriction fragments of genomic DNA separated by
pulsed-field electrophoresis (22). Hybridization revealed two
fragments of ca. 150 and 200 kb (Fig. 2) which were consistent
with the single XbaI restriction site in the blaCARB sequence

(3). Of the 11 strains tested, 9 corresponded to a probable
epidemic strain on the basis of the same pulsed-field electro-
phoresis profile; however, the presence of two identical bands
for the two strains showing different profiles (lanes 4 and 10)
suggests that the gene has the same location of insertion.
A. denitrificans subsp. xylosoxydans is generally found to be

resistant to most antimicrobial agents, including b-lactams.
The patterns of b-lactam susceptibilities of 46 clinical strains
isolated in our hospital from 1986 to 1990 confirm previous
reports. Two susceptibility patterns could be characterized, of
which the ticarcillin-sensitive one was predominant (76%).
Eleven ticarcillin-resistant strains produced a b-lactamase with
a pI of 5.7. The enzyme exhibited enzymatic properties typical
of a PSE-1-type b-lactamase. The carbenicillin-hydrolyzing
b-lactamase produced by these strains was confirmed by colony
hybridization with a specific DNA probe and, finally, hybrid-
ization of genomic DNA after XbaI restriction suggested a
chromosomal location for the blaCARB gene in this bacterial
species.
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