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Four ceftazidime-resistant Escherichia coli strains were isolated from elderly nursing home patients in a New
York hospital during 1993. Strains MCQ-2, MCQ-3, and MCQ-4 were determined to be identical by pulsed-
field gel electrophoresis and plasmid profiles, whereas strain MCQ-1 was unique. Strain MCQ-1 was deter-
mined to produce a TEM-10 B-lactamase. Strains MCQ-2, MCQ-3, and MCQ-4 were also noted to be resistant
to cefotaxime. These three strains produced two 3-lactamases with pIs of 5.4 (TEM-1) and 7.6. 3-Lactamase
assays revealed that the pl 7.6 enzyme hydrolyzed cefotaxime faster (at a relative hydrolysis rate of 30%
compared with that of benzylpenicillin) than either ceftazidime or aztreonam (relative hydrolysis rates of 13
and 3.3%, respectively). Nucleotide sequencing of the gene encoding the pI 7.6 3-lactamase from strain MCQ-3
revealed a bla g -type gene differing from the gene encoding SHV-1 at four nucleotides which resulted in amino
acid substitutions: phenylalanine for isoleucine at position 8, serine for arginine at position 43, serine for
glycine at position 238, and lysine for glutamate at position 240. This novel SHV-type extended-spectrum

B-lactamase is designated SHV-7.

Among gram-negative pathogens in the United States, the
incidence of resistance to expanded-spectrum B-lactam antibi-
otics is becoming an ever-increasing problem. Outbreaks of
ceftazidime-resistant Klebsiella pneumoniae and Escherichia
coli have been reported recently in hospitals in Boston, Chi-
cago, California, and New York (7, 18, 21, 29, 34). In the
Chicago outbreak, ceftazidime-resistant strains were associ-
ated with elderly nursing home patients (27, 35). In each out-
break, the occurrence of ceftazidime-resistant organisms was
correlated with the increased use of ceftazidime in the hospi-
tals.

The New York Hospital and Medical Center of Queens
(NYHMCOQ) in Flushing, N.Y., was one of the centers in which
an outbreak of ceftazidime-resistant, cefotaxime-susceptible K.
pneumoniae occurred (18, 34). In a 19-month period during
1988 to 1990 more than 400 strains of K. pneumoniae which
expressed the TEM-26 B-lactamase were isolated. During the
past several years, a continuous low level of ceftazidime-resis-
tant K. pneumoniae isolates have been noted at NYHMCQ. In
1993 four strains of ceftazidime- and cefotaxime-resistant E.
coli were isolated and selected for study. In three of these
strains we have described and characterized a novel extended-
spectrum B-lactamase, SHV-7, which confers resistance to ce-
fotaxime as well as to ceftazidime and aztreonam.

MATERIALS AND METHODS

Bacterial strains. The bacterial strains and plasmids used in the study are
listed in Table 1. E. coli MCQ-1, MCQ-2, MCQ-3, and MCQ-4 were ceftazidime-
resistant clinical isolates from NYHMCQ. E. coli CAG12027 and DH5a were
used as recipients in mating and transformation experiments. Strains expressing
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the TEM-1, SHV-1, SHV-2, and SHV-4 B-lactamases were used as reference
strains for B-lactamase studies.

Identification and susceptibility tests. Initial identification and susceptibility
testing of the clinical isolates were performed by traditional manual biochemical
tests and Bauer-Kirby disk diffusion tests in the clinical laboratory. The MICs
and MBCs of various B-lactam antibiotics were determined by broth macrodi-
lution tests by standard methods (19). The following antibiotics were obtained
from the indicated sources: piperacillin (Lederle Laboratories, Pearl River,
N.Y.); tazobactam (Taiho Laboratories, Tokushima, Japan); ticarcillin and po-
tassium clavulanate (Beecham Laboratories, Bristol, Tenn.); ceftazidime (Glaxo
Group Research Ltd., Greenford, England); cefotaxime (Hoechst-Roussel Phar-
maceuticals Inc., Somerville, N.J.); imipenem (Merck, Rahway, N.J.); aztreonam
and benzylpenicillin (Bristol-Myers Squibb, Princeton, N.J.); cephaloridine (Eli
Lilly, Indianapolis, Ind.); cefotetan (Zeneca Pharmaceuticals, Wilmington, Del.);
and cefoxitin (Sigma Chemical Company, St. Louis, Mo.). The conditions used
for testing the B-lactam—B-lactamase inhibitor combinations were as follows:
ampicillin-sulbactam, 2-to-1 ratio of drug to inhibitor; ticarcillin-clavulanate,
constant concentration of 2 g of inhibitor per ml; piperacillin-tazobactam,
constant concentration of 4 pg of inhibitor per ml and also a fixed 8-to-1 ratio of
piperacillin to tazobactam. Markers of resistance of the transconjugants to non-
B-lactam antibiotics were determined by disk diffusion tests (20).

IEF and B-lactamase assays. Crude preparations of B-lactamases from clinical
isolates were obtained from sonic extracts prepared in 0.05 M phosphate buffer
(pH 7.0) (9). Isoelectric focusing (IEF) was performed by the method of Mat-
thew et al. (16) with an LKB Multiphor apparatus with prepared PAGplates, (pH
3.5 t09.5; Pharmacia LKB, Piscataway, N.J.). The pH gradient of the IEF gel was
measured with a surface pH electrode. The plI of each enzyme was confirmed by
activity staining with nitrocefin (Becton Dickinson Microbiology Systems, Cock-
eysville, Md.) following IEF.

For B-lactamase assays, all of the B-lactamases tested were initially purified by
Sephadex G75 chromatography in 0.05 M phosphate buffer (pH 7.0) (33). The
SHV-7 B-lactamase was further purified by ion-exchange chromatography on
CM Sephadex C-50 (Pharmacia LKB) in 0.05 M phosphate buffer (pH 7.4). The
homogeneous enzyme had a k., of 220 s™' for cephaloridine. The activity of
purified enzyme fractions was stabilized by returning the pH of the buffer to 7.0
with a final glycerol concentration of 10%. Initial hydrolysis rates were moni-
tored spectrophotometrically at 25°C in 0.05 M phosphate buffer (pH 7.0) (26).
The computer program ENZPACK (Biosoft, Cambridge, England) was used to
calculate kinetic parameters by five methods of calculation (Direct Linear Plot,
Lineweaver-Burk, Hanes-Woolf, Eadie-Hofstee, and the method of Wilkinson).
Each substrate was analyzed on at least 2 days, with either cephaloridine or
benzylpenicillin included as a reference on each day. Mean coefficients of vari-
ation were 26% for relative V,,,, values and 38% for K, values. Inhibition
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TABLE 1. Bacterial strains and plasmids used in the study

Strain Plasmid Characteristics Reference
E. coli MCQ-1 Clinical isolate This study
E. coli MCQ-2 Clinical isolate This study
E. coli MCQ-3 Clinical isolate This study
E. coli MCQ-4 Clinical isolate This study
E. coli MCQ-1X Transconjugant of MCQ-1 expressing pl 5.6 B-lactamase This study
E. coli MCQ-3Xa Transconjugant of MCQ-3 expressing pl 5.4 B-lactamase This study
E. coli MCQ-3Xb Transconjugant of MCQ-3 expressing pl 5.4 and 7.6 B-lactamases This study
E. coli MCQ-3T Transformant of MCQ-3 expressing pl 5.4 and 7.6 B-lactamases This study
E. coli CAG12027 MG1655 zdd-230::Tn9, B-lactam-susceptible, chlorampenicol-resistant recipient 32
E. coli DH5a E. coli K-12 cloning strain Bethesda Research
Laboratories
E. coli SC 10404 Identified in the Squibb Culture Collection as strain R6K expressing TEM-1 33
K. pneumoniae Clinical isolate expressing SHV-1 and TEM-1 33
SC 10999
E. coli W3110 pBP60 Expressing SHV-2 B-lactamase 14
E. coli J53 Rif" pUD21 Expressing SHV-4 B-lactamase 8
E. coli DH5« pCLL2300  Kanamycin-resistant cloning vector 28
E. coli DH5a pCLL2306 TEM-1 probe strain, Ndel-EcoRI fragment from PCR products of pUC19 This study
E. coli DH5« pCLL3410 9-kb BamHI fragment containing the pI 7.6 (SHV-7) B-lactamase from MCQ-2 This study
in pCLL2300
E. coli DH5a pCLL3411 6.5-kb Bg/II fragment containing SHV-1 B-lactamase from SC10999 in pCLL2300 This study

studies were performed by incubating the inhibitor with purified enzyme for 10
min prior to the addition of nitrocefin at 50 wg/ml (27). The concentration
required for inhibition of 50% of the enzyme activity was determined graphically.

Nucleic acid techniques. Plasmids conferring ceftazidime resistance were
transferred from the clinical isolates to a susceptible E. coli host by filter mating,
selecting for ceftazidime and chloramphenicol resistance. Plasmid DNA was
isolated by alkaline lysis from the clinical isolates and the resulting transconju-
gants (6). Restriction enzyme digestions, recombinant DNA techniques, and
transformations of plasmid DNA were performed as described by Sambrook et
al. (30). Pulsed-field gel electrophoresis (PFGE) was performed as described by
Maslow et al. (15) with a CHEF Mapper apparatus (Bio-Rad Laboratories,
Hercules, Calif.). DNA insert blocks were digested overnight with Xbal.

To facilitate nucleotide sequencing, a 9-kb BamHI fragment encoding the
B-lactamase with a pI of 7.6 from strain MCQ-3 was cloned into pCLL2300, a
kanamycin resistance-conferring cloning vector (28), and the resulting plasmid
was designated pCLL3410. Both strands of the entire SHV gene were sequenced
with a nested set of primers identical and complementary to the SHV-1-coding
sequence. These were selected so that they did not anneal to regions of the gene
corresponding to base pair changes associated with previously determined ex-
tended-spectrum SHV gene DNA sequences. DNA sequencing was performed
on double-stranded plasmid DNA with a Sequenase kit (United States Biochem-
ical, Cleveland, Ohio) with [**S]dATP label (Amersham, Arlington Heights, Tll.)
according to the manufacturer’s instructions.

Southern blot analyses were performed on plasmid DNA with the Rad-Free
kit (Schleicher & Schuell, Keene, N.H.), which uses a psoralen biotin label for
probe nucleic acids, according to the manufacturer’s instructions. An 850-bp
Ndel-EcoRI fragment, which contained most of the coding region for the TEM-1
B-lactamase gene from pUC19, was isolated from pCLL2306 (Table 1) and was
used as the probe for TEM B-lactamase genes. A 467-bp Notl-Pstl fragment
containing an internal region of the SHV-1 gene was isolated from pCLL3411
(Table 1) and was used as the probe for SHV B-lactamase genes.

Nucleotide sequence accession number. The nucleotide sequence data re-
ported here will appear in the GenBank nucleotide sequence database under
accession no. U20270.

RESULTS

Epidemiology. Four clinical isolates of E. coli (strains
MCQ-1 to MCQ-4), which were resistant to extended-spec-
trum B-lactam antibiotics, were cultured from the urine of
elderly patients (strains corresponding to patients 1 to 4, re-
spectively) at NYHMCQ between May and December 1993.
These four strains were the first ceftazidime-resistant E. coli
isolates to appear at NYHMCQ in conjunction with a contin-
uous low-level resistance to ceftazidime in K pneumoniae.
Three of the patients from whom the ceftazidime-resistant E.
coli strains were isolated (patients 1, 3, and 4) were admitted
from area nursing homes and had positive urine cultures upon

admission. None of the three patients was from the same
nursing home. Patient 2 was admitted from home and acquired
the resistant E. coli strain in the hospital. There was an overlap
in the admission periods for patients 3 and 4 but not for patient
1 or 2. None of the four patients was receiving antibiotic
therapy at the time of admission; however, patient 3 had re-
ceived numerous antibiotics in the past, including ampicillin,
gentamicin, ciprofloxacin, cefuroxime, cefazolin, and cepha-
lexin.

As shown in Fig. 1A, plasmid analysis of strains MCQ-2,
MCQ-3, and MCQ-4 by agarose gel electrophoresis revealed
that these three strains had identical patterns. Each strain
possessed at least seven plasmid bands ranging in size from
approximately <1 to >40 kb. To determine the strain related-
ness of the clinical isolates, chromosomal DNAs prepared
from strains MCQ-1, MCQ-2, MCQ-3, and MCQ-4 were ex-
amined by PFGE. The results showed that strains MCQ-2,
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FIG. 1. Molecular epidemiology of clinical isolates. (A) Plasmid profiles of
clinical isolates, transconjugants, and transformants. Lanes 1 and 10, bacterio-
phage N HindIII molecular size marker; lane 2, MCQ-1; lane 3, MCQ-1X; lane
4, MCQ-2; lane 5, MCQ-3; lane 6, MCQ-4; lane 7, MCQ-3Xa; lane 8, MCQ-3Xb;
lane 9, MCQ-3T. (B) PFGE of clinical isolates. Lane 1, bacteriophage A ladder;
lane 2, MCQ-2; lane 3, MCQ-3; lane 4, MCQ-4.
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TABLE 2. MICs of various B-lactam drugs for E. coli clinical isolates and strains from the study

MIC (pg/ml)*

E. coli strain 'pI Of,

p-lactamase SAM TIM P-T (+4) P-T (8:1) CAZ CTX ATM FOX CTT IPM
MCQ-1 5.6 8 4 1 4 >128 =1 32 4 1 =2
MCQ-2 54,76 32 128 32 16 >128 >128 >64 8 2 =2
MCQ-3 5.4,7.6 64 >128 64 32 >128 128 64 8 2 =2
MCQ-4 5.4,7.6 64 >128 32 32 >128 >128 >64 8 1 =2
CAG12027 4 4 1 1 =0.5 =0.5 =05 2 =05 =0.5
MCQ-3Xa 5.4 32 64 2 4 =0.5 1 =2 8 =2 =0.5
MCQ-3Xb 54,76 128 >128 64 32 >128 >128 >128 38 =2 =0.5
DH5a 2 4 0.5 0.5 =0.5 =0.5 =05 4 =05 =0.5
MCQ-3T 54,76 64 >128 >128 64 >128 >128 >128 8 =2 =0.5
DH5a(pCLL2300) 2 4 0.5 0.5 =05 =05 =0.5 2 =05 =05
DHS5a(pCLL3410) 7.6 8 32 1 8 >128 32 >128 2 =2 =0.5

“MICs were determined in broth macrodilution tests (19). SAM, ampicillin-sulbactam; TIM, ticarcillin-clavulanate; P-T, piperacillin-tazobactam (+4, constant
concentration of 4 ng of tazobactam per ml; 8:1, fixed 8:1 ratio of piperacillin to tazobactam); CAZ, ceftazidime; CTX, cefotaxime; ATM, aztreonam; FOX, cefoxitin;

CTT, cefotetan; IPM, imipenem.

MCQ-3, and MCQ-4 were completely identical (Fig. 1B),
whereas strain MCQ-1 was unique.

Susceptibility. The MICs of selected B-lactam antibiotics for
the clinical isolates, transconjugants, transformants, and clones
are given in Table 2. All four of the clinical isolates were re-
sistant to ceftazidime and aztreonam. Strains MCQ-2, MCQ-3,
and MCQ-4 also had increased levels of resistance to ampicil-
lin-sulbactam, ticarcillin-clavulanate, piperacillin-tazobactam,
and cefotaxime. All of the clinical isolates remained suscepti-
ble to cefoxitin, cefotetan, and imipenem. In addition, all four
clinical isolates were resistant to streptomycin, gentamicin, ka-
namycin, and sulfisoxazole. Strains MCQ-2, MCQ-3, and
MCQ-4 were also resistant to naladixic acid, ciprofloxacin, and
trimethoprim-sulfamethoxazole.

B-Lactamase characterization. The pls of the B-lactamases
present in crude extracts obtained from the clinical isolates are
given in Table 2. Clinical isolates MCQ-2, MCQ-3, and MCQ-4
each expressed two B-lactamases, one with a pI of 5.4, which
correlates with the TEM-1 B-lactamase, and one with a pI of
7.6, which is compatible with an SHV-type B-lactamase. The pl
5.4 B-lactamase did not confer resistance to any of the extend-
ed-spectrum B-lactams tested. However, the presence of the pl
7.6 B-lactamase correlated with resistance to cefotaxime as
well as with resistance to ceftazidime and aztreonam (Table 2).
Strain MCQ-1 produced a single B-lactamase with a pI of 5.6
and was later determined to be TEM-10 (data not shown).

Initial B-lactamase assays with the pI 5.4 enzyme purified
from MCQ-3 revealed that hydrolysis of ceftazidime, cefo-
taxime, and aztreonam was less than 1% that of benzylpenicil-
lin (data not shown). Inhibition studies showed that this en-
zyme was inhibited well by clavulanic acid and tazobactam

TABLE 3. Inhibition of purified B-lactamases by commercially
available -lactamase inhibitors

Strain or 1G5 (nM)*
. B-Lactamase

plasmid Clavulanic acid Sulbactam Tazobactam
SC 10404 TEM-1 15 560 6.6
MCQ-3 TEM-1 16 1,500 34
pCLL3411 SHV-1 6.4 2,900 110
pBP60 SHV-2 1.8 560 50
pUD21 SHV-4 3.3 550 24
MCQ-3 SHV-7 44 350 42

“1Cs0, 50% inhibitory concentration.

(Table 3). Therefore, this enzyme was determined to have
properties consistent with that of the TEM-1 B-lactamase.

In IEF experiments, crude extracts prepared from strains
expressing the SHV-7 B-lactamase showed a band which
aligned with SHV-1 at a pI of 7.6. However, the enzyme puri-
fied from DHS5a(pCLL3410) focused with a slightly higher pl.
The same phenomenon was seen in our laboratory with the
crude and purified preparations of SHV-4. Therefore, the sub-
strate profile of the purified novel SHV-7 B-lactamase (pI 7.6
B-lactamase from MCQ-3) is given in Table 4 and compared
with the profiles determined for both SHV-2 and SHV-4,
which have reported pls of 7.6 and 7.8, respectively (8, 14).
This enzyme has characteristics which are quite different from
those of either reference enzyme in that it hydrolyzed ceftazi-
dime at a faster rate than SHV-2 or SHV-4 did. In addition, the
K, value of SHV-7 for aztreonam was 71- and 25-fold lower
than those of SHV-2 and SHV-4, respectively.

Plasmid characterization. Clinical strains MCQ-2, MCQ-3,
and MCQ-4 were mated to a susceptible E. coli strain
(CAG12027), and transconjugants were selected on ampicillin
and chloramphenicol. Transconjugants that expressed the
TEM-1 B-lactamase either alone or in combination with the pl
7.6 B-lactamase could be selected. When the mating experi-
ment was repeated with selection on cefotaxime and chloram-
phenicol, all of the resulting transconjugants expressed both
the TEM-1 B-lactamase and the pl 7.6 B-lactamase. The
transconjugants expressing the TEM-1 -lactamase possessed
two plasmids, with their molecular sizes estimated to be ap-
proximately 40 and 25 kb, whereas the transconjugants that
expressed two B-lactamases (TEM-1 and pl 7.6) possessed
three plasmids with molecular sizes of approximately 40, 25,
and 10 kb (Fig. 1A).

When plasmid DNAs from clinical strains MCQ-2, MCQ-3,
and MCQ-4 were transformed into E. coli DHS5« the resulting
transformants all possessed two plasmids with molecular sizes
of approximately 25 and 10 kb. The transformants also ex-
pressed both the TEM-1 B-lactamase as well as the pI 7.6
B-lactamase.

To determine on which plasmid the gene encoding the pI 7.6
B-lactamase resided and whether the pl 7.6 B-lactamase was
actually an SHV-type enzyme, a Southern blot was performed
on clinical isolates MCQ-2, MCQ-3, and MCQ-4, their
transconjugants, and their transformants by using internal
probes for both TEM-1 and SHV-1 genes. The results showed
that the TEM-1 probe hybridized with the 25-kb plasmid, while
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TABLE 4. Substrate profiles of purified SHV B-lactamases

MCQ-3, SHV-7 pBP60, SHV-2 pUD21, SHV-4
Substrate K, Relatve K, Relative K,  Relative

(nM) Vinax (»M) Vinax (»M) Vinax
Benzylpenicillin 6.5 100 3.8 100 12 100
Cephaloridine 13 91 20 130 10 5.6
Ceftazidime 24 13 41 0.51 17 0.65
Cefotaxime 11 30 7.8 19 4.6 1.1
Aztreonam 13 33 920 1.5 330 0.056
Cephalothin 2.7 35 ND? ND
Carbenicillin 3.9 15 ND ND
Cloxacillin 33 27 ND ND
Cefoxitin NC¢ <1 ND ND
Cefotetan NC <1 ND ND
Imipenem NC <1 ND ND

“ For SHV-7, SHV-2, and SHV-4, the specific activities of cephaloridine were
160, 92, and 57 nmol of substrate hydrolyzed/min/mg of protein, respectively.

> ND, not determined.

¢NC, not calculated (rate was too slow to obtain reliable values).

the SHV-1 probe hybridized with the 10-kb plasmid (data not
shown).

Nucleotide sequencing. The pl 7.6 SHV-type B-lactamase
gene from MCQ-3 was cloned (pCLL3410), and nucleotide
sequencing was performed. Because the plasmids encoding the
pI 7.6 B-lactamase in strains MCQ-2, MCQ-3, and MCQ-4
hybridized with an SHV-1 probe, the gene was sequenced with
a set of oligonucleotide primers which were complementary to
both strands of the SHV-1 gene. The only nucleotide sequence
which has been published for SHV-1 contains a number of
residues that are not found in the nucleotide or amino acid
sequences of any of the other SHV-type B-lactamases (17). For
this reason, the entire nucleotide sequence and predicted
amino acid sequence for SHV-7 are shown in Fig. 2.

Although there is sequence homology for the gene encoding
SHV-7 and the sequences given for other SHV-type genes (10,
17, 22, 25, 31) in the noncoding region upstream through the
—35 consensus sequence, there appears to be less homology in
regions farther upstream or regions downstream from the ter-
mination codon. The amino acid sequence predicted from the
nucleotide sequence showed four amino acid substitutions
compared with the amino acid sequence of the SHV-1 protein;
phenylalanine for isoleucine at position 8, serine for arginine at
position 43, serine for glycine at position 238, and lysine for
glutamate at position 240. The substitution of a serine at po-
sition 238 is shared by the genes encoding SHV-2, SHV-3,
SHV-4, and SHV-5 (Table 5) and appears to be implicated in
the extended spectra of these B-lactamases. The substitution of
a lysine at position 240, adjacent to position 238, is also shared
by genes encoding the SHV-4 and SHV-5 B-lactamases. The
substitutions of a phenylalanine at position 8, in the leader
sequence of the protein, and the serine at position 43, in the
mature protein, are identical to those in the OHIO-1 B-lacta-
mase but are not found in other SHV enzymes (Table 5).
Because of these four unique amino acid substitutions, the pl
7.6 enzyme from MCQ-3 appears to be a novel extended-
spectrum B-lactamase and has been designated SHV-7.

Nucleotide sequence accession number. The nucleotide se-
quence data reported here will appear in the GenBank nucle-
otide sequence data base under accession number U20270.

DISCUSSION

Noteworthy in this study is the characterization of a novel
extended-spectrum SHV-type B-lactamase, designated here as
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SHV-7. Molecular epidemiology determined by using plasmid
profiles and PFGE showed that the three strains which ex-
pressed the SHV-7 3-lactamase were identical. Whereas one of
the isolates followed a nosocomial infection, the other two
infecting organisms were from two patients who were admitted
to NYHMCQ from separate nursing homes. This indicates
that the patients had been colonized with the resistant organ-
isms and most likely developed the infections from their own
normal flora. Therefore, this strain appears to have been dis-
seminated throughout the populations of the nursing homes
prior to the time of strain isolation and that the nursing homes
now serve as a reservoir for ceftazidime- and cefotaxime-resis-
tant strains. The emergence of this enzyme in this patient
population provides added protection to the organisms in that
it confers resistance to cefotaxime in addition to ceftazidime
and aztreonam. It is also interesting that the enzyme was found
in combination with a TEM-1 enzyme produced at high levels,
which also made the strain resistant to the B-lactam-inhibitor
combinations.

The amino acid sequence predicted from the nucleotide
sequence of the gene encoding the SHV-7 B-lactamase is
unique from those of other SHV-type genes (4, 5, 10, 17, 22,
23, 25, 31). Although a sequence has not been published for
the gene encoding SHV-6, which also has a pI of 7.6, the
SHV-6 enzyme specifically confers resistance to ceftazidime
but not to cefotaxime or aztreonam (3). Therefore, it is un-
likely that the SHV-6 B-lactamase and the SHV-7 B-lactamase
reported here are the same. The SHV-2, SHV-3, SHV-4,
SHV-5, and SHV-7 B-lactamase genes all possess a serine-for-
glycine substitution at position 238 (4, 5, 22, 23) which is
believed to be responsible for the hydrolysis of cefotaxime by
these extended-spectrum SHV-type B-lactamases (4, 12). The
substitution of a lysine for a glutamate at position 240 seen in
SHV-4, SHV-5, and SHV-7 is also thought to contribute to the
expanded spectra of these enzymes to include ceftazidime and
aztreonam (12, 23). The substitutions at consecutive positions
238 and 240 follow closely after the conserved Box VII at
positions 234 to 236 described by Joris et al. (13), which is
responsible for cephalosporinase activity. Likewise, the substi-
tution of serine for arginine at position 43 is very near the
beginning of conserved Box I (residues 46 to 50), although the
significance of this is not clear. One of the sequences which has
been published for SHV-2 contains an amino acid substitution
of tryptophan for leucine at position 20 in the leader peptide
region (24). Like the substitution seen in the leader peptide of
SHV-7, a similar amino acid was substituted. The roles of
residues 8 and 20 in the localization of the B-lactamase protein
are unclear.

The substitutions of phenylalanine for alanine at position 8
and serine for arginine at position 43 found in the SHV-7
B-lactamase are shared with the OHIO-1 B-lactamase but not
other SHV-type enzymes (31). This does not necessarily sug-
gest an evolutionary link between the two genes because the
OHIO-1 gene differs from the SHV-1 gene at 11 other residues
and the SHV-7 gene at 13 residues. It would, however, suggest
that there is a reason for the selection of specific amino acid
substitutions at positions 8 and 43.

There is little homology of the nucleotide sequences up-
stream and downstream from the structural blagy, genes.
Thus, it is unlikely that these genes reside on a common trans-
poson (24). There has also been some degree of variation of
the DNA sequences reported for the structural genes. The only
nucleotide sequence which has been published for the SHV-1
B-lactamase gene, by Mercier and Levesque (17), contains a
number of substitutions which result in six amino acids that are
not found in any of the other blag;,y, genes. These substitutions



903

SHV-7 B-LACTAMASE

VoL. 39, 1995

~-35 -10
SHV-7: TCAACTCAGC AAAAGTTCCG TTTATTCAAA AAAGCCATIG TGAATCAGCA AAACGCCGGG TIATTCTTAT TTGTCGCTTC TTTACTCGCC TTTATCGGCC

SHV-7: CTCACTCAAG GATGTATTGT GGTT ATG CGT TAT TTT CGC CTG TGT ATT ATC TCC CTG TTA GCC ACC CTG CCG CTG GCG GTA CAC GCC AGC
M R ¥y F R . ¢ I T 8 L L A T L P L A V H A s

5 10 15 20 25 A

SHV-7: CCG CAG CCG CTT GAG CAA ATT AAA CTA AGC GAA AGC CAG CTG TCG GGC AGC GTA GGC ATG ATA GAA ATG GAT CTG GCC AGC GGC
P Q P L E Q I K L S E S Q L S G ] v G M I E M D L A S G

30 35 40 45 50

SHV-7: CGC ACG CTG ACC GCC TGG CGC GCC GAT GAA CGC TTT CCC ATG ATG AGC ACC TTT AAA GTA GTG CTC TGC GGC GCA GTG CTG GCG
R T L T A W R A D E R F P M M S I ] K \' v L C G A \% L A
55 60 65 70 75 80

SHV-7: CGG GTG GAT GCC GGT GAC GAA CAG CTG GAG CGA AAG ATC CAC TAT CGC CAG CAG GAT CTG GTG GAC TAC TCG CCG GTIC AGC GAA

R \ D A G D E Q L E R K I H Y R Q Q D L v D Y S P v S E
85 90 95 100 105 110

SHV-7: AAA CAC CTT GCC GAC GGC ATG ACG GTC GGC GAA CTC TGT GCC GCC GCC ATT ACC ATG AGC GAT AAC AGC GCC GCC AAT CTG CTIG

K H L A D G M T v G E L (o] A A A I T M S D N S A A N L L
115 120 125 130 135
SHV-7: CTG GCC ACC GTC GGC GGC CCC GCA GGA TTG ACT GCC TTT TTG CGC CAG ATC GGC GAC AAC GTC ACC CGC CTT GAC CGC TGG GAA
140 145 150 155 160 165
SHV-7: ACG GAA CTG AAT GAG GCG CTT CCC GGC GAC GCC CGC GAC ACC ACT ACC CCG GCC AGC ATG GCC GCG ACC CTG CGC AAG CTG CIG
170 175 180 185 190

SHV-7: ACC AGC CAG CGT CTG AGC GCC CGT TCG CAA CGG CAG CTG CTG CAG TGG ATG GTG GAC GAT CGG GTC GCC GGA CCG TTG ATC CGC
T
195 200 205 210 215 220

SHV-7: TCC GIG CTG CCG GCG GGC TGG TTT ATC GCC GAT AAG ACC GGA GCT AGC AAA CGG GGT GCG CGC GGG ATT GTC GCC CTG CTT GGC

225 230 235 240 245 250

SHV-7: CCG AAT AAC AAA GCA GAG CGC ATT GTG GTG ATT TAT CTG CGG GAT ACC CCG GCG AGC ATG GCC GAG CGA AAT CAG CAA ATC GCC
P N N K A E R I \' \ I Y L R D T P A S M A E R N Q Q I A
255 260 265 270 275 280

SHV-7: GGG ATC GGC GCG GCG CTG ATC GAG CAC TGG CAA CGC TAA CCCGGCGGTG CGCGCGTTAT CCGGCTCGTA GCACCTCGCA GGCTIGCCGGG
G I G A A L I E H W Q R *
285 290

SHV~7: CGATATGACT GGCGGCGGCA TCGGAGAGAT
FIG. 2. Nucleotide sequence and predicted amino acid sequence of the SHV-7 B-lactamase gene. Amino acid numbering is according to the consensus numbering of Ambler et al. (1). Note that amino acids 238 and
240 are adjacent because of a deletion observed from the class A consensus sequence. 1, start of mature protein, as determined previously (4, 23). Underlined portions of the nucleotide sequence indicate the putative
—35 and —10 sequences on the basis of consensus sequences. The underlined portion of the amino acid sequence indicates the active site Ser X X Lys motif. Amino acids in outlined letters represent significant changes
from the amino acid sequence of SHV-1 (4).
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TABLE 5. Comparative amino acid sequences of SHV-type
B-lactamases at selected positions

pl of Amino acid at position”:

B-Lactamase Reference
Brlactamase g 43 205 238 240
SHV-1 7.6 Ile Arg Arg Gly Glu 4,17
SHV-2 7.6 Ile Arg Arg Ser Glu 4, 10,11,
24,25

SHV-3 7.0 Ile Arg Leu Ser Glu 22
SHV-4 7.8 Ile Arg Leu Ser Lys 23
SHV-5 8.2 Ile Arg Arg Ser Lys 5
SHV-7* 7.6 Phe Ser Arg Ser Lys This study
OHIO-1 7.0 Phe Ser Arg Gly Glu 31
LEN-1 7.0 Val Arg GIn Gly Glu 2,17

“ Amino acid sequence numbers are according to Ambler et al. (1). Amino
acids in boldface type represent changes from SHV-1 (4).

> SHV-6 has been described biochemically, but no sequence data are yet
available (3).

have not been supported by amino acid sequence data for the
SHV-1 B-lactamase protein (4). However, the amino acid se-
quences of SHV-1 and SHV-2 reported by Barthélémy et al.
(4) showed an inversion of the alanine and threonine at posi-
tions 140 and 141. This reversal has not been reported by other
investigators. In addition, the nucleotide sequence for SHV-2
reported by Garbarg-Chenon et al. (10) contained nucleotides
which resulted in the substitution of a glutamine for lysine at
position 35. It is possible that each of these sequences repre-
sents a unique protein that eventually should be designated an
SHV-2 variant.

The continued emergence of extended-spectrum B-lactama-
ses is a concern to all in the health care industry. The fact that
there are now at least three different extended-spectrum B-lac-
tamases, TEM-10, TEM-26, and SHV-7, in a single North
American hospital is noteworthy. It is particularly worrisome
that the organisms harboring these enzymes have found their
way into the normal flora of nursing home patients, especially
because the resistance genes have moved into E. coli, a very
common and previously highly susceptible organism. This phe-
nomenon most likely reflects the overuse of antimicrobial
agents in the nursing home setting. A more prudent use of
antibiotics in elderly nursing home patients is necessary to
reduce the spread of these resistant strains.
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