






ration of the plasmids from HKY56 suggest that the determi-
nants for Toho-1-like b-lactamases (TLBs) are located on the
chromosome. The Toho-1 gene-specific DNA probe hybrid-
ized to at least two different positions on the blot of EcoRI
digests of total DNA prepared from seven E. coli isolates (Fig.
4). In HKY56, the same DNA probe hybridized to at least
three different-sized EcoRI fragments corresponding to the
sizes of the inserts of clones pMRE001, pMRE002, and
pMRE003. This observation suggests that the seven clinical
isolates possessed multiple TLB genes. The hybridization sig-
nals detected in five clinical isolates, isolates HKY285,
HKY288, HKY305, HKY316, and HKY335, gave quite similar
patterns. Two hybridization signals of about 3.4 and 6.5 kb
were detected in these five isolates and were similar to those
detected in HKY56. This observation suggests that the nucle-
otide sequences of TLB genes and their flanking regions are
highly conserved among these five isolates. Although strains
HKY273 and HKY285 were both isolated from the same pa-
tient, their hybridization patterns appeared to be different.
Hybridization signals in HKY273 were detected at two addi-
tional positions (about 4.0 kb). Genetic rearrangements occur-
ring around the TLB genes in HKY273 may have resulted in
the emergence of the genetically different strain HKY285.

The Toho-1 gene-specific DNA probe hybridized to 22-kb
BamHI fragments in all seven strains, while in HKY273 an
additional smaller signal was noted (Fig. 4). This result indi-

cates that three TLB genes in HKY56 are located on the 22-kb
BamHI fragments.

PFGE. Six distinctive restriction patterns were observed in
the seven E. coli isolates tested in this study and E. coli
TUH12191 (Fig. 5). Strain TUH12191 was unrelated to the
seven E. coli isolates tested in this study. The restriction pat-
tern of strain HKY56 was very different from those of the other
six isolates. Strains HKY288, HKY305, and HKY335 showed
indistinguishable restriction patterns (pattern A), while the
restriction pattern of HKY316 differed from pattern A by two
bands. The fingerprinting patterns of strains HKY273 and
HKY285, isolated from the same patient at different times,

FIG. 2. PCR detection of the TLB gene in seven clinical E. coli isolates. PCR
was performed as described in Materials and Methods. The same apparent
780-bp products were identified by PCR from all seven clinical E. coli isolates.
Lanes: M, HindIII-digested DNA marker; 1, positive control; 2, negative control;
3, E. coli HKY56; 4, HKY273; 5, HKY285; 6, HKY288; 7, HKY305; 8, HKY316;
9, HKY335.

FIG. 3. Large plasmid profiles for and Southern hybridization analysis of
seven E. coli isolates. Plasmids were prepared from the seven multidrug-resistant
clinical E. coli isolates by the method of Kado and Liu (16). The 780-bp PCR
product isolated by using pMTY011 as template DNA was used as a probe. (A)
Plasmid profile of each strain. (B) Hybridization to the chromosomal positions
were detected in all strains tested. Lanes: M, HindIII-digested DNA marker; 1,
E. coli HKY56; 2, HKY273; 3, HKY285; 4, HKY288; 5, HKY305; 6, HKY316; 7,
HKY335.

FIG. 4. Hybridization of EcoRI or BamHI digests of total DNA from seven
E. coli isolates with the Toho-1-type probe. Total DNA preparations from the
seven clinical E. coli isolates were subjected to agarose gel electrophoresis fol-
lowing digestion with EcoRI (A) or BamHI (B) and were blotted onto a nylon
membrane. The 780-bp PCR product obtained by using pMTY011 as template
DNA was used as a probe. Lanes: 1, E. coli HKY56; 2, HKY273; 3, HKY285; 4,
HKY288; 5, HKY305; 6, HKY316; 7, HKY335.

TABLE 3. Comparison of kinetic parameters for various
b-lactams between Toho-1 and TLB-1 purified

from E. coli HB101(pMRE001)

Drug

Toho-1 TLB-1 from strain with
pMRE001

Relative
Vmax
(%)

Km
(mM)

Relative
Vmax/Km

(%)

Relative
Vmax
(%)

Km
(mM)

Relative
Vmax/Km

(%)

Ampicillin 100 85.7 100 100 284 100
Cephaloridine 950 654 124 810 925 249
Cefotaxime 824 327 216 654 1,310 142
Cefoperazone 17 4.7 310 10.5 8.9 335
Ceftazidime 0.9 121 0.6 0.3 99.6 0.9
Aztreonam 58.3 63.8 78.3 16.3 373 12.4
Moxalactam ,0.1 ,0.1
Imipenem ,0.1 ,0.1
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were different from each other by one band and differed by one
or two bands from pattern A. Therefore, these six strains had
a similar genetic background. With our limited number of
isolates and limited epidemiologic information, we supposed
that these six strains had probably spread as a result of noso-
comial transmission.

DISCUSSION

Toho-1 was identified as a novel plasmid-mediated class A
enzyme from the clinical isolate E. coli TUH12191 (12) in
Japan. This enzyme has an efficient cefotaxime-hydrolyzing
capacity and belongs to group 2be according to the functional
classification (5). In this study, we determined that E. coli
HKY56 also produced an enzyme (TLB-1) similar to Toho-1.
Although the amino acid sequence at the N terminus of TLB-1
is identical to that of Toho-1, comparison of the kinetic pa-
rameters between these enzymes suggests minor differences in
substrate specificities. Furthermore, the difference in pIs be-
tween Toho-1 and TLB-1 indicates several amino acid substi-
tutions in TLB-1. Determination of the overall sequence of the
TLB-1 gene, together with the enzymologic assays, including Ki
analysis, is under way for further characterization of this en-
zyme.

Notably, the genes encoding TLBs were replicated on the
chromosome in seven E. coli isolates tested in the present
study. Multiplication of the b-lactamase gene may be advan-
tageous to bacteria from the point of view of evolution, since it
may increase the chance of incurring point mutations respon-
sible for extension of the substrate specificity of the b-lacta-
mase. It has recently been reported that a single K. pneumoniae
isolate produced both TEM-12 and TEM-10, two b-lactamases
encoded by plasmids that were indistinguishable by their re-
striction digest patterns (4). In another report, both TEM-1
and TEM-12 genes were identified on the chromosome of one
E. coli isolate (29). Those studies suggest that the evolution of
TEM-type b-lactamase proceeded sequentially in one organ-
ism, implying that multiplication and mutations in these genes

lead to the extension of the spectrum of the enzyme. A similar
evolutionary event might occur in the seven E. coli isolates
tested in this study.

Although strain HKY56 was genetically distinguishable from
the six isolates by PFGE, Southern hybridization analysis sug-
gested that these strains shared one or two TLB genes located
on the same EcoRI fragments as those in HKY56. Since the
determinants for TLBs were located on the chromosome in
seven strains tested in this study, it is possible that mobile
elements such as transposons or integrons may have been
involved in the translocation of the TLB genes. The gene
encoding TEM-12, a b-lactamase prevalent in the United
States, was reported to be located on a transposon (10), and
the spread of the genes encoding the PSE-1, CARB-4, and
OXA-type b-lactamases or the IMP-1 metallo-b-lactamase has
been associated with integrons (22). It is therefore possible to
speculate that a TLB gene on the chromosome of HKY56 may
first have been transposed to a plasmid via a transposon or
become integrated as a gene cassette into an integron on a
plasmid, as was observed in E. coli TUH12191. Next, the plas-
mid was transferred to other E. coli strains by conjugation, and
then the b-lactamase genes translocated on their chromosome.
During these processes, genetic rearrangements, including de-
letions and multiplications, may have occurred. Finally, clonal
proliferation and transmission of the E. coli strains which pos-
sess TLB genes may have occurred in a nosocomial setting. To
clarify the mobile elements of these genes, further sequencing
of the TLB genes, as well as their flanking regions, is now
under way.

Three TLB-producing E. coli clones harboring pMRE001,
pMRE002, and pMRE003, respectively, were susceptible to
cephamycins, so that the production of TLBs accounted for
most but not all of the cephem resistance found in strain
HKY56. We, however, could not isolate a b-lactamase from
HKY56 except for the presumed AmpC, despite repeated
cloning experiments. A crude enzyme preparation from
HKY56 contained two detectable b-lactamase activities with
different pIs. One, with a pI of 8.2, corresponded to TLB-1,
and the other, with a pI of 9.0, probably corresponded to
AmpC. Therefore, the possibility of the presence of other
b-lactamases is low. It is possible that another mechanism such
as alteration in outer membrane permeability (13) might be
responsible for resistance to cephamycins in HKY56.

Broad-spectrum cephalosporins have been widely used in
Japan to control various infectious diseases caused by gram-
negative bacteria. Under such antibiotic stress, even E. coli,
which is inherently susceptible to cephems, has developed
high-level resistance to broad-spectrum cephalosporins. In the
present study, the spread of multiple cephem-resistant E. coli
strains has been identified as a possible nosocomial transmis-
sion. This finding represents a substantial potential threat to
successful antimicrobial chemotherapy for bacterial infections
in the near future. Rigorous use of antibiotics and the estab-
lishment of practical infection control measures are necessary
for the prevention of the further proliferation and transmission
of these multidrug-resistant bacteria. Moreover, a survey of
TLB-producing clinical E. coli isolates would be also required
for rigorous infection control.
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FIG. 5. DNA fingerprinting patterns for seven clinical E. coli isolates and E.
coli TUH12191 obtained by PFGE. Total DNA containing both genomic and
plasmid DNAs was prepared from each clinical isolate, digested with XbaI, and
then subjected to PFGE (see text). Lanes: M, DNA molecular markers; 1, E. coli
TUH12191; 2, HKY56; 3, HKY273; 4, HKY285; 5, HKY288; 6, HKY305; 7,
HKY316; 8, HKY335.
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