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A novel extended-spectrum TEM-type b-lactamase was detected in an Escherichia coli isolate which was
resistant to ceftazidime and susceptible to cephalothin. The corresponding bla gene was sequenced. The
deduced amino acid sequence showed the following three amino acid replacements with respect to the TEM-2
sequence: Glu3Lys-104, Arg3Ser-164, and Glu3Lys-240. Since it confers a ceftazidimase-type resistance
phenotype, we propose for this novel enzyme the designation CAZ-9, corresponding to TEM-46 in the sequen-
tial numbering scheme of TEM b-lactamases.

Escherichia coli strains are usually very susceptible to extend-
ed-spectrum cephalosporins. However, three mechanisms can
be responsible for resistance to extended-spectrum cephalo-
sporins in E. coli isolates (15): alterations in outer membrane
proteins, overproduction of the chromosomal cephalospori-
nase, or production of an extended-spectrum b-lactamase.
We describe here a novel extended-spectrum b-lactamase

produced by a clinical isolate of E. coli (CF 1702) recovered
from the urine specimens of a patient with a urinary tract
catheter. The isolate was highly resistant to ceftazidime and
aztreonam but remained susceptible to cephalothin, cefaman-
dole, and cefotaxime. The double-disk synergy test (7) was
positive between clavulanic acid and ceftazidime or aztreonam. This
unusual b-lactam resistance phenotype was transferred to E. coli
HB101, which was resistant to rifampin.
The b-lactamase described in this report is a new extended-

spectrum TEM-type b-lactamase. For this novel ceftazidimase-
type extended-spectrum b-lactamase, we propose the de-
nomination CAZ-9, corresponding to TEM-46 in the
sequential numbering scheme of TEM b-lactamases.
The MICs of b-lactams were determined on Mueller-Hinton

agar (Sanofi Diagnostics Pasteur, Marnes-la-Coquette,
France) by a dilution method with an inoculum of 104 CFU per
spot. Table 1 lists the MICs of cephalothin, cefotaxime, cefta-
zidime, and aztreonam alone or combined with clavulanic acid
(2 mg/ml) for the E. coli isolate (CF 1702) and its transconju-
gant (CF 1802) compared with those for the E. coli transcon-
jugant producing CAZ-6/TEM-24 (CF 1202).
The E. coli isolate CF 1702 and its transconjugant CF 1802

were highly resistant to ceftazidime (MICs, 512 and 128 mg/ml,
respectively) and to aztreonam (MICs, 256 and 32 mg/ml, re-
spectively). The MICs of cefotaxime remained low (0.5 and
0.12 mg/ml, respectively). Moreover, the MICs of cephalothin
were identical to that for the recipient strain. Conversely, the
previously described extended-spectrum b-lactamase CAZ-6/
TEM-24 conferred high levels of resistance to cephalothin as
well as to broad-spectrum cephalosporins.
The novel enzyme CAZ-9/TEM-46 was inhibited by clavu-

lanic acid, which restored the impaired activities of ceftazidime
and aztreonam.
Analytical isoelectric focusing was performed with polyacryl-

amide gels containing ampholines (pH range, 3.5 to 10) as
previously described (3). The E. coli clinical strain and its
transconjugant produced a b-lactamase with a pI of 6.5.
Kinetic constants were obtained by the computerized micro-

acidimetric method as previously described (9). Km and rela-
tive Vmax values of this novel b-lactamase compared with those
of TEM-24 (pI 6.5) are reported in Table 2. Compared to
TEM-24, TEM-46 showed a decrease in Vmax/Km (efficiency of
hydrolysis) values for all cephalosporins and aztreonam. Nev-
ertheless, this effect was more drastic for cephalothin and ce-
fotaxime (greater than 10-fold decrease) and was moderate for
ceftazidime and aztreonam (2- to 3-fold decrease).
The concentrations of inhibitors required to inhibit 50% of

the b-lactamase activity were measured after 10 min of prein-
cubation of the enzyme with the inhibitor and with penicillin G
as substrate. These concentrations of clavulanic acid, sulbac-
tam, and tazobactam with regard to TEM-46 were 20, 50, and
15 nM, respectively.
Single-stranded DNA templates for sequencing were gener-

ated by PCR performed with an asymmetric ratio of amplifi-
cation primers A and B (2). Nucleotide sequences were deter-
mined by direct sequencing of the amplification products as
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TABLE 1. MICs of b-lactams for E. coli clinical isolate
CF 1702 and E. coli transconjugants

Strain
(enzyme)

MIC (mg/ml)

Cephalothin Cefotaxime Ceftazidime Aztreonam

Alone 1CAa Alone 1CAa Alone 1CAa Alone 1CAa

E. coli CF 1702
(CAZ-9/TEM-46)

8 4 0.5 #0.06 512 2 256 0.25

E. coli CF 1802b

(CAZ-9/TEM-46)
4 4 0.12 #0.06 128 0.5 32 0.06

E. coli CF 1202b

(CAZ-6/TEM-24)
256 32 4 0.12 256 1 32 0.12

E. coli HB101c 4 4 #0.06 #0.06 #0.06 #0.06 #0.06 #0.06

a CA, clavulanic acid (2 mg/ml).
b E. coli HB101 transconjugant.
c Recipient strain.
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previously described (2). As shown in Table 3, analysis of
nucleotide sequences reveals that the gene encoding TEM-46
is identical to blaTEM-2 at all positions except one (A3G-925)
which are known to allow discrimination of the blaTEM-1a,
blaTEM-1b, and blaTEM-2 genes (4). In addition to this silent
mutation, the gene encoding TEM-46 differs from blaTEM-2 by
three mutations (nucleotides 512, 692, and 917) leading to the
following amino acid substitutions: Glu3Lys-104, Arg3Ser-
164, and Glu3Lys-240.
The role of the Glu3Lys-104 change, which has been ob-

served for many extended-spectrum b-lactamases, remains un-
clear. Recent mutagenesis work (12) has shown that this
change may perturb the SDN loop and its interaction with
substrate but is probably not directly involved in the extension
of the substrate range of mutant enzymes.
The substitution Arg3Ser-164 was suggested to increase the

omega loop flexibility without a specific effect on ceftazidime
compared to cefotaxime (8, 11).
The Glu3Lys-240 change is known to significantly increase

levels of resistance to ceftazidime and aztreonam. It has been
suggested (10, 13) that the amino group of Lys-240 could

establish electrostatic interactions with the oxime acid group of
ceftazidime or aztreonam. These interactions could not be
established with cefotaxime, which has no carboxyl group on
the side chain.
The three substitutions observed for TEM-46 have been

previously described for TEM-24 in association with the sub-
stitution Ala3Thr-237. Since it had previously been reported
(5, 6) that the presence of a threonine residue at position 237
increased catalytic efficiency against cephems, we suppose that
the lack of the substitution Ala3Thr-237 in TEM-46 is respon-
sible for its hydrolytic activity being lower than that of TEM-24
and especially for its low efficiency of hydrolysis with regard to
cephalothin and cefotaxime.

We thank Rolande Perroux, Marlène Jan, and Dominique Rubio for
technical assistance.
This work was supported in part by a grant from the Direction de la

Recherche et des Etudes doctorales, Ministère de l’Education Natio-
nale, Paris, France.

REFERENCES
1. Ambler, R. P., A. F. N. Coulson, J. M. Frère, J. M. Ghuysen, B. Joris, M.
Forsman, R. C. Levesque, G. Tiraby, and S. G. Waley. 1991. A standard
numbering scheme for the class A b-lactamases. Biochem. J. 276:269–272.

2. Chanal, C., M. C. Poupart, D. Sirot, R. Labia, J. Sirot, and R. Cluzel. 1992.
Nucleotide sequences of CAZ-2, CAZ-6, and CAZ-7 b-lactamase genes.
Antimicrob. Agents Chemother. 36:1817–1820.

3. Chanal, C. M., D. Sirot, A. Petit, R. Labia, A. Morand, J. L. Sirot, and R.
Cluzel. 1989. Multiplicity of TEM-derived b-lactamases from Klebsiella pneu-
moniae strains isolated at the same hospital and relationships between the
responsible plasmids. Antimicrob. Agents Chemother. 33:1915–1920.

4. Goussard, S., and P. Courvalin. 1991. Sequence of the genes blaT-1B and
blaT-2. Gene 102:71–73.

5. Hall, A., and J. R. Knowles. 1976. Directed selective pressure on a b-lacta-
mase to analyse molecular changes involved in development of enzyme
function. Nature (London) 264:803–804.

6. Healey, W. J., M. R. Labgold, and J. H. Richards. 1989. Substrate specific-
ities in class A b-lactamases. Preference for penams vs. cephems. The role of
residue 237. Proteins Struct. Funct. Genet. 6:275–283.

7. Jarlier, V., M. H. Nicolas, G. Fournier, and A. Philippon. 1988. Extended
broad-spectrum b-lactamases conferring transferable resistance to newer
b-lactam agents in Enterobacteriaceae: hospital prevalence and susceptibility
patterns. Rev. Infect. Dis. 10:867–878.

8. Knox, J. R. 1995. Extended-spectrum and inhibitor-resistant TEM-type
b-lactamases: mutations, specificity, and three-dimensional structure. Anti-
microb. Agents Chemother. 39:2593–2601.

9. Labia, R., J. Andrillon, and F. Le Goffic. 1973. Computerized microacidi-
metric determination of b-lactamase Michaelis-Menten constants. FEBS
Lett. 33:42–44.

10. Labia, R., A. Morand, K. Tiwari, J. Sirot, D. Sirot, and A. Petit. 1988.
Interactions of new plasmid-mediated beta-lactamases with third-generation
cephalosporins. Rev. Infect. Dis. 10:885–891.

11. Maveyraud, L., I. Saves, O. Burlet-Schiltz, P. Swaren, J. M. Masson, M.
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TABLE 2. Kinetic constants of CAZ-9/TEM-46 and
CAZ-6/TEM-24 from E. coli transconjugants

Drug

CAZ-9/TEM-46a CAZ-6/TEM-24b

Km
(mM)

Relative
Vmax (%)c

Relative
Vmax/Kmc

Km
(mM)

Relative
Vmax (%)c

Relative
Vmax/Kmc

Benzylpenicillin 5 100 100 5.5 100 100
Amoxicillin 18 76 21 43 62 7.9
Ticarcillin ,5 69 69 ,5 62 68
Cephalothin 100 46 2.3 43 281 36
Cefotaxime 50 13 1.3 50 130 14.3
Ceftazidime 159 185 5.8 377 1,410 20.6
Aztreonam 12 35 9.2 42 126 16.5

a Specific activity obtained with benzylpenicillin as substrate, 30 mU/mg.
b Specific activity obtained with benzylpenicillin as substrate, 30 mU/mg.
c Values are relative to those for benzylpenicillin (taken as 100%).

TABLE 3. Nucleotide and amino acid substitutions in blaTEM genes

Nucleotide
no.a

Nucleotide (amino acid)b in:

blaTEM-2 blaTEM-46 blaTEM-24

226 C (Phe) C C
317 A (Lys-39) A A
346 G (Glu) G G
436 T (Gly) T T
512 G (Glu-104) A (Lys) A (Lys)
604 G (Ala) G G
682 C (Thr) C T
692 C (Arg-164) A (Ser) A (Ser)
911 G (Ala-237) G A (Thr)
917 G (Glu-240) A (Lys) A (Lys)
925 A (Gly) G G

a Nucleotide numbering is according to that given by Sutcliffe (14).
b The amino acid is indicated for cases in which a point mutation leads to an

amino acid substitution compared with the sequence of TEM-2 (4). Numbering
is according to that given by Ambler et al. (1).
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