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A new SHV-derived extended spectrum $-lactamase (SHV-24) conferring high-level resistance to ceftazidime
but not cefotaxime and cefazolin was identified in Japan. This enzyme was encoded by a transferable 150-kh
plasmid from an Escherichia coli clinical isolate, The pl and K, for CAZ of this enzyme were 7.5 and 30 pM,
respectively. SHV-24 was found to have a D179G substitution in the (2-loop of the enzyme.

TEM- and SHV-derived extended-spectrum B-lactamases
{ESBLs) that give resistance to the oxyimino-B-lactams such as
ceftazidime (CAZ) and/or cefotaxime (CTX) have become a
general concern (5, 9), and at least 12 SHV-derived ESBLs and
more than 70 TEM-derived ESBLs have been enrolled in the
EMBL-GenBank and SWISS-PROT databases at present.
Several CTX-resistant Escherichia coli isolates producing
CTX-M-related B-lactamases such as Toho-1 have been re-
ported so far in Japan (8, 15); however, the presence of TEM-
or SHV-derived ESBLs has not been demonstrated, Thus, we
made a preliminary survey on ESBL-producing gram-negative
rods in Japan (16). Prior to this survey, we isolated an unique
E. coli strain that shows a high-level resistance to CAZ (MIC,
>128 pg/ml). In this study, we report the character of a new
SHV-derived ESBL that has a single-amino-acid substitution
in the Q-loop of SHV-type B-lactamases (7, 10).

CAZ-resistant E. coli strains were isolated from urine sam-
ples of an inpatient in Chiba Prefecture in June 1996. E. coli
strain HKY453 showed high-level resistance to CAZ (MIC,
>128 pg/ml); however, this strain was susceptible to CTX
{MIC, 4 pg/ml) and cefazolin (MIC, 4 pg/ml). Strain HKY453
showed intermediate resistance to chloramphenicol (MIC, 16
pg/ml), while the same strain was susceptible to minocycline,
streptomycin, gentamicin, nalidixic acid, fluoroquinolones, tri-
methoprim, and rifampin,

Conjugal transfer of CAZ resistance from E. coli strain
HKY453 to E. coli CSH2 (F~ metB, resistant to both nalidixic
acid and rifampin) was done by a method described elsewhere
(14). E. coli CSH2 was provided by T. Sawai, Chiba University
School of Medicine, Japan. The E. coli strain HKY453 and an
E. coli XL1-Blue clone that harbors recombinant plasmid
pSHV(01 carrying a 3.1-kb BamHI insert were subjected to a
double-disk diffusion test using three disks containing CAZ,
CTX, and amoxicillin plus clavulanate, respectively. Strain
HKY453, an E. coli CSH2 transconjugant that received a large
plasmid pCAZRO01 (approximately 150 kb in size) carrying a
CAZ resistance gene (blag;yy.4), and the clone E. coli XL1-
Blue(pSHV001) were also subjected to antibiotic susceptibility
testing by the agar dilution method according to the protocol

* Corresponding author. Mailing address: Department of Bacterial
and Blood Products, National Institute of Infectious Diseases, 4-7-1
Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan. Phone: 81-42-
5610771, ext. 500. Fax: 81-42-561-7173. E-mail address: yarakawa
@nih.go.jp.

recommended by NCCLS (11), and the results are shown in
Table 1, as are those obtained with E. coli CSH2 and E. coli
XL1-Biue. E. coli CSH2(pCAZR001) showed intermediate
resistance to chloramphenicol (MIC, 16 pg/mi). Both the
transconjugant and the clone were susceptible to CTX and
cefazolin, and resistance levels to CAZ in these strains were
lower than that of the parental strain HKY453 (Table 1). Since
CAZ resistance was blocked by the presence of 4 pg of clavu-
lanate per ml in both the parental strain and the clone, it was
suggested that HKY453 produces, not class C or class B B-lac-
tamases, but a class A B-lactamase belonging to Bush’s class
2Zbe,

PCR analyses using several sets of primers for class A B-lac-
tamases, including TEM-derived ESBLs, Toho-1 type B-lacta-
mase, and SHV-derived ESBLs were done as described else-
where (16), and only the PCR using SHV-specific primers
yielded a band of amplicon. Thus, it was suggested HKY453
produces plasmid-dependent SHV-derived ESBL. The total
DNA preparation from HKY453 was digested with BamHI
and ligated with BamHI cleaved pBCSK+. Then E. coli XL1-
Blue cells were transformed with the resultant recombinant
DNA mixture by an electroporation method, and several CAZ-
resistant colonies were isolated. Cloning vector pBCSK+ and
E. coli strain XL1-Blue were purchased from Stratagene (La
Jolla, Calif). The clone E. coli XL1-Blue(pSHV001) showed
CAZ. resistance, and a PCR product was detected when an
SHV-specific primer was used, For confirmation of the loca-
tion of the blagyy.o. gene in pSHV001, the DNA insert was
digested from both sides with mung bean nuclease and exonu-
clease III with a deletion kit (Nippon Gene Co. Ltd., Toyama,
Japan), and the blagyy .24 gene was localized in the central
region of the insert of pSHV001. Nucleotide sequencing was
performed on PCR products from parental strain HKY453 and
plasmid DNA carrying the blagyy.o, gene by dye-terminator
methods, using six primers for the SHV-derived ESBL gene
(16) on both DNA strands. Mutations found in the nucleotide
sequence of the blagy., .4 gene were again checked on these
deletion mutants. As a result, the E. coli HKY453 and a clone
were found to produce a new B-lactamase. A single point
mutation was found in the coding region of the p-lactamase
gene compared with that encoding SHV-6 (3), and this muta-
tion resulted in a single amino acid substitntion at amino acid
residue 179 (D179G) based on the consensus sequence of
SHV-derived ESBLs (1}. Two nucleotide mutations were also
observed in the genes for SHV-24 and SHV-8 (13). The en-
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TABLE 1. Result of antibiotic susceptibility testing

St MIC (pg/mi)
train

AMP* PIF CER CFZ CFP CAZ CAZ+CVA CIX CPM CMZ CMX MOX ATM SUL+CFP IPM
E, coli HKY453 >128 >128 16 4 8 >128 4 4 16 1 1 8 4 1 <05
E. coli CSH2(pCAZRO01) >128 128 8 2 4 64 1 1 4 i 05 2 1 <05 <0.5
E. coli C8H2 2 1 1 1 <05 <0.5 <0.5 <05 <05 <05 <05 <05 <05 <0.5 <0.5
E. coli XL1-Blue(pSHV(01) >128 =128 8 4 4 128 1 2 B 1 05 2 i 0.5 <0.5
E. coli XL.1-Blue 2 2 1 1 <05 <05 <0.5 <05 <05 <05 <05 <05 <05 <05 <0.5

# Abbreviations: AMP, ampiciilin; PIP, piperaciliin; CER, cephaloridine; CFZ, cefazolin; CFP, cefoperazone; CAZ, ceftazidime; CAZ+CVA, ceftazidime and
clavulanic acid (4 pg/ml); CTX, cefotaxime; CPM, cefpirome; CMZ, cefmetazole, CMX, cefminox; MOX, moxzalactam; ATM, aztreonam; SUL+CFP, sulbactam and

cefoperazone {1:1); IPM, imipenem,

zymes used for gene manipulation were purchased from Nip-
pon Gene Co, Ltd. or TAKARA Co. Ltd. {Kyoto, Japan). The
primers for PCR and sequencing analyses were designed by
using the GENETYX system, version 5.0.0 (SDC, Tokyo, Ja-
pan) and made by TAKARA Co. Ltd. The nucleotide se-
quences and amino acid sequences of SHV-derived ESBLs
were downloaded from the EMBL-GenBank and SWISS-
PROT databases, respectively. The nucleotide sequence deter-
muined in this study was analyzed by using the GENETYX
system, version 10.0. The consensus sequence of SHV-derived
ESBLs was referred to a research organization for inclusion in
a standard numbering scheme by Ambler et al. (1) and Jacoby
(9) (more information can be found elsewhere [http://www
lahey.org/studies/webt.htmi}).

An E. coli clone carrying blagy, 4 Was cultured in 2 liters of
Luria-Bertani broth at 37°C overnight, and then bacterial cells
were harvested by centrifugation (15,000 X g for 20 min).
SHV-24 was purified according to a method described previ-
ously (15). Purified SHV-24 was subjected to isoelectric focus-
ing by using IPGphor {Amersham Pharmacia Biotech, Upp-
sala, Sweden). Determination of kinetic parameters was done
according to a method described previously (2) using purified
SHV-24. The molar extinction coefficients (Ae) used were as
follows: for ampicillin (235 nm), Ae = 1.2 mM~! em™Y; for
aztreonam (315 nm), Ae = 0.68 mM ! cm™; for cephaloridine
(295 nm), Ae = 1.0 mM ™! em™?; for CTX (264 nm), Ae = 7.25
mM™* cm™%; and for CAZ (272 nm), Ae = 7.6 mM™* cm™L.
The K; values of clavulanic acid were determined with ABPC
and CAZ, respectively.

The kinetic parameters of SHV-24 are shown in Table 2.
These data suggest that SHV-24 can hydrolyze ABPC like
SHV-1. It is also suggested that the affinity of CAZ to SHV-24
was similar to that of ABPC. This enzyme, however, hydrolyzes
CAZ with a very low catalytic rate. Cephaloridine and aztreo-
nam were also hydrolyzed detectably, but hydrolysis of CTX by
SHV-24 was too poor to calculate the kinetic parameters. Four
micrograms of clavulanic acid per milliliter blocked SHV-24,
an effect that was observed for the other ESBLs. According to

TABLE 2. Kinetic parameters of SHV-24

B-lactam Vi

antibiotic® (iMymin) K, (uM) V. /K. Relative V /K, KF{(aM)
AMP 2.00 32 0.0625 100 57
CER ~ 237 210 0.0113 18.1 ND¥
AZT 0.735 500  0.00147 2.35 ND
CAZ 0043 30 0.000143 0.23 37

2 AMP, ampicillin; CER, cephaloridine; AZT, aztreonam; CAZ, ceftazidime.
b Calcutated with 5.46 pg of purificd SHV-24,

 K; was caleulated using clavulanic acid.

4 NI, not done.

the kinetic parameters of SHV-24, this enzyme is able to hy-
drolyze CAZ with a low catalytic rate, but the parental strain E.
coli HKY453 demonstrated a relatively high level of resistance
to CAZ, as shown in Table 1. A similar observation was re-
ported for SHV-6, and this finding may implicate other factors,
such as alterations in the bacterial cell membrane, in the high-
level CAZ resistance in HKY453. This speculation was sup-
ported by the fact that the MIC of CAZ for the E. coli XL1-
Blue clone producing SHV-24 was lower than that for parental
strain HK'Y453 despite multicopy expression of bla gene in the
clone. Hence, both production of a large amount of SHV-24
and decreased permeation of CAZ through the bacterial outer
membrane might be implicated in the high level of CAZ re-
sistance in E. coli strain HKY453,

A single-amino-acid substitution (D179G) was found in the
newly identified SHV-24. Since Aspl79 makes a salt bridge to
Argl64 across the neck of the Q-loop (10, 13), an amino acid
substitution from Asp to Gly that has no anionic R-side chain
will cancel the salt bridge and cause the distortion of the
Q-loop at the active site of this enzyme, and this may well
result in a change in the enzyme substrate specificity. The same
amino acid substitution (D179G} has been documented in an
OHIO-type B-lactamase that also hydrolyzes CAZ (4). Simitar
single-amino-acid substitutions at residue 179 are observed in
SHV-6 ({D179A) (3) and SHV-8 (D179N) (13). SHV-24 had an
isoelectric point (pI = 7.3) similar to that of SHV-6 (pl = 7.6).
Hence, from the viewpoint of enzyme kinetics and molecular
features, it seems reasonable to separate the group of SHV-6,
SHV-8, and SHV-24 from the group of SHV-2, SHV-3,
SHV-4, and SHV-5, which have a common amino acid substi-
tution ((G2383) between two B-strands, B3 and B4 (7, 10).

SHV-24 has not been found so far in Europe or the United
States, where many SHV-derived ESBLs have been identified.
Much clinical use of CAZ in Japan might lead to the emer-
gence of this kind of new enzyme that enables bacteria to
survive in a high-level concentration of CAZ such as was found
in the urine sample of an inpatient. Strain HKY453 was iso-
lated from vurine sample and demonstrates high-level CAZ
resistance (MIC, >128 pg/ml), but it was apparently suscepti-
ble to cefazolin (MIC, 4 j1g/ml) as shown Table 1. Emergence
of this kind of enzyme may reflect the trend of antibiotic use in
Japan, where the broad-spectram cephems tend to be prefer-
entially used rather than the first-generation cephems and pen-
icillins.

Various Klebsiella pneumoniae and E. coli strains producing
plasmid-mediated TEM- or SHV-derived ESBLs have been
found worldwide. In Japan, however, no TEM- or SHV-de-
rived ESBL producer had been recognized until our recent
survey on ESBL producers (16), although several outbreaks of
E. coli that produce Toho-1 type class A enzyme have been
reported (8, 15). It has been speculated that this phenomenon
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may have something to do with the widespread vse of cepha-
mycins and carbapenems as first-line drugs in Japan. Recently,
however, restricted use of these agents was recommended for
several clinical settings to prevent further dissemination of
IMP-1 type metallo-p-lactamase-producing gram-negative
bacteria such as Serratic marcescens (12) and Pseudomonas
aeruginosa {14), and this may contrarily induce proliferation of
CAZ- or CTX-resistant bacteria that produce TEM- or SHV-
derived ESBLs, as well as CTX-M-type enzymes, including
Toho-1 and MEN-1, in Japan hereafter.

Nucleotide sequence accession number, The nucleotide se-
quence of the coding region of the B-lactamase gene has been
deposited in the EMBL-GenBank nucleotide sequence data
banks through the DNA Data Bank of Japan (accession num-
ber ABO23477).

This work was supported by a prant (The Research Project for
Emerging and Re-Emerging Infectious Diseases: Molecular Analyses
of Drug-Resistant Bacteria and Establishment of Rapid Identification
Methods. 1997-1999) from the Ministry of Health and Welfare of
Japan.
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Abstract

We conducted a survey of extended-spectrum f-lactamases (ESBLs) among 16 805 Escherichia coli and 9794 Klebsiella prewmoniae clinical
isolates recovercd from 196 separate medical institutions during the period January 1997 to January 1998. Using the criteria for minimal
inhibitory concentrations {MICs) of oxyimino-cephalosporins of =8 ug mi~! and confirmation by double-disk test, we detected 15 E. coli
and 34 K pnewmoniae isolates producing ESBLs. Genotypes of ESBLs determined by PCR with type-specific primers included one TEM-
derived and 24 SHV-derived ESBLs, in addition to 24 Toho-1-type ESBLs, one of the major types of ESBLs reported in Japan. Nucleotide
sequence analysis of SHV-specific PCR products revealed that SHY-12 was the dominant type of SHV-derived ESBL. In addition, we also
identified TEM-26 and SHV-2. This is the first report characterizing TEM- and SHV-derived ESBLs in Japan. © 2000 Published by

Elsevier Science B.V, All rights reserved.

Keywords: Extended-spectrum P-lactamase; Toho-i-type ESBL; TEM-derived ESBL; $HV.derived ESBL; SHV-I2

1. Introduction

Since the 1980s, extended-spectrum B-lactamase
{ESBL)-producing Gram-negative bacteria have been iso-
lated in many countries [I]. Many outbreaks caused by
such bacteria, especially Klebsiella pneumoniae, have been
reported {2-4]. The predominant ESBLs reported in West-
ern and Asian countries are TEM- and SHV-derived
ESBLs [4—6]. These B-lactamases possess one or more ami-
no acid substitutions which correspond to the narrow-
spectrum prototype, TEM-1 and SHV-1, and these amino
acid substitutions confer resistance to oxyimino PB-lactam
antibiotics [7].

in Japan, ESBLs are rarely isclated [8-10]. This suggests
differences in the distribution of ESBLs between Japan
and Western countries. However, since no systematic sur-
vey of ESBL-producing bacteria was conducted in Japan,
it remains unclear whether or not TEM- and SHV-derived

* Corresponding author. Tel.: +81 (42} 561-0771;
Fax: +81 (42) 563-7173; E-mail: yarakawa@nih.gojp

ESBLs are present in Japan. To investigate the prevalence
of ESBLs in Japan, we examined Escherichia coli and
K. pneumoniae clinical isolates recovered from 196 sepa-
rate medical institutions.

2. Materials and methods
2.1, Bacterial stains and conjugation

A total of 16805 E. coli and 9794 K. preumoniae clinical
isolates were collected from 152 hospitals and 44 outpa-
tient clinics from January 1997 to January 1998, The bed
capacity of most of these hospitals is less than 300. They
were located in five distinct Prefectures and Metropolitan
Tokyo. Strains isolated from the same patient were in-
cluded only when recovered from different sites or show-
ing evidently different susceptibility profiles. Bacteria were
grown in Luria-Bertani broth with the appropriate anti-
biotics. E. coli CSH2 (metB F~ NA" RFPT) was used as a
recipient of a conjugation experiment, Conjugation was
performed by the broth method as described previously
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