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FIG. 1. Comparison of the amino acid sequence of GES-3 with
those of the GES-1, GES-2, and IBC-1 B-lactamases. Only the substi-
tuted amino acid residues are indicated by the single-letter amino acid
code. Dashes represent positions where no amino acid substitution was
observed among the four enzymes. The amino acid residues conserved
among class A fB-lactamases are indicated with asterisks,

Genetic environment of bla;;.;.;. Two distinct BamHI frag-
ments carrying the bla ;. ; gene were cloned; their sizes were
approximately 6.7 and 11.6 kb, respectively, and pKGB525 had
the 6.7-kb fragment. Sequencing analysis of the entire insert on
pKGBS525 revealed that the blag4 5 gene was located as a
gene cassette within a class 1 integron structure, as was ob-
served in the other GES-type B-lactamase genes, blagpq. i,
blag;i:s., and bla,-, (Fig. 2). The 59-base element down-
stream of the bla;.q.1 gene was made up of 110 bp and was
different from that of the truncated 59-base element of
bla ;... on pTK1 (GenBank accession number AF156486),
but shared it 99% nucleotide identity with those of bla ;.4 on
pLAP-1 (GenBank accession number AF326355) and bla -,
on pHT9-2 (GenBank accession number AF208529).

The second gene cassette adjacent to the bla ;.4 ; gene was
a fused aacAl-orfG gene cassette. The results of the disk dif-
fusion test indicated that the presence of an aac41 component,
which encodes aminoglycoside-6'-N-acetyltransferase, con-
ferred kanamycin resistance to the transformant E. coli XL1-
Blue(pKGBS525) (data not shown). The nucleotide sequence of
this fused gene cassette shared 100% identity with that in a
class 1 integron on plasmid pCMXR1 (GenBank accession
number AB061794). The function of the product encoded by
orfG has not been characterized in detail. The third gene
cassette is 327 bp and was named orf4. The orfA gene was
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suggested to be a gene cassette by recognition of the features

" typical of these elements: (i) the presence at the cassette

boundaries of 7-bp core site sequences that completely fit the
consensus sequence and (ii) the presence of a 59-base element
of 78 bp downstream of the orf4 gene. However, no remark-
able similarity between the hypothetical protein encoded by
orfA and any other known protein sequences was detected in a
search performed with the BLAST program. The 3’ conserved
segment of this integron showed a characteristic organization.
The qacEA] gene was truncated at nucleotide position 114 by
the insertion sequence 1S26. In the region downstream of 1S26,
an 186700 element and two ORFs of unknown function, i.e.,
orf5 and orf6, were found. The nucleotide sequence of the
1.4-kb region containing IS6700, orf5, and orf6 was identical to
that seen downstream of the su/l genc of the class 1 integron in
the chromosomal multidrug resistance locus of Salmonella en-
terica subsp. enterica serovar Typhimurium (GenBank acces-
sion number AF261825). Sequencing analysis of pKGMS525
carrying the second bla;,.4 y gene on an 11.6-kb fragment was
also done, and the bla .y, gene was also found in a class 1
integron structure with the same gene cassette configuration as
in pKGB525. The nucleotide sequence of the region from intl]
to 1826 was the same as that found in pKGB525 carrying a
6.7-kb BamHI fragment.

Construction of IBC-1 by site-directed mutagenesis. Only
one amino acid substitution, M62T, was found between the
sequences of GES-3 and IBC-1 (Fig. 1). Therefore, to examine
whether this amino acid substitution affects the MICs of 8-
lactams for the E. coli clones producing each enzyme, we
constructed plasmid pIBC1, which encodes the IBC-1 enzyme
under the same promoter as that for GES-3, by site-directed
mutagenesis of the bla ;¢ ; gene within the parental plasmid,
pGES3. However, this single substitution did not markedly
influence the MICs for the E. coli clones (data not shown).

PCR detection and genotypic comparison. The remaining
five nonrepetitive ceftazidime-resistant K. preumoniae strains,
strains KG914, KG1116, KG545, KG502, and KG827, were all
found to be blag;,.s positive by PCR. The results of PFGE
analysis of all six isolates are shown in Fig. 3. Their fingerprint-
ing patterns were very similar but in some cases were distinct.
We examined the fingerprinting patterns from 48.5 to 194 kb in
detail under other conditions (data not shown). Overall, there
were from three to seven band differences among the six
strains examined. The ERIC-PCR patterns amplified with the
ERIC-2 primer were indistinguishable from one another (data
not shown). Taken together with the fact that these isolates
were collected over a 1-year period, we speculate that they
were genetically related and had probably spread via nosoco-

“mial transmission of an endemic clone.

Plasmid profiles and Southern hybridization. The plasmid
profiles of the six bla;,.¢-positive strains showed the presence
of a large plasmid of approximately similar size in five of the six
strains (Fig. 4A), while some of them possessed additional
plasmids which were smaller and more diverse in size. Hybrid-
ization analyses with the probe specific for the GES-type B-
lactamase genes, including bla,;, - ;, revealed that the location
of this gene varied among the strains tested. Hybridization
signals for large plasmids were detected for strains KG914,
KG1116, and KG502 (Fig. 4B). Hybridization signals for both
plasmids and chromosomal positions were observed for
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TABLE 3. MICs of antimicrobial agents for the parental strain. transconjugant, and transformant

MIC (wg'ml)

B-Lactam”

K. pm’m_lmniuc F. coli CSH- E coli CSH-2 E. coli X1.1- E. coli XL1-
K525 ApRGCS25Y ’ - Blue(pKGB325) Blue(pBCSK+)

Ampicillin =128 =128 4 >128 4
Ampicillin + sulbactam =128 2 2 2 2
Amoxicillin > 128 »128 8 > 128 4
Amoxicillin + clavulanate >128 32 4 32 4
Piperacillin 128 16 ! 16 1
Piperacillin + tazobactam 128 0.5 1 0.5 0.5
Cefotaxime 64 2 0.13 2 0.13
Cefotaxime + clavulanate 8 0.06 0.06 0.06 0.06
Celotaxime + sulbactam 32 0.06 0.06 0.06 0.06
Cefotaxime + tazobactam 64 0.06 0.06 0.06 0.06
Ceftazidime >1.024 128 0.13 128 0.13
Ceftazidime + clavulanate 256 4 0.13 4 0.00
Ceftazidime + sulbactam >128 0.25 0.13 0.5 0.13
Ceftazidime + tazobactam >128 0.3 0.13 0.5 0.13
Cephaloridine >128 16 2 16 2
Cefminox 8 0.5 0.5 1 0.3
Moxalactam 4 (.25 0.13 0.5 0.13
Cefpirome >128 1 0.06 2 0.06
Cefepime 16 0.13 0.06 0.25 0.06
Aztreonam 64 4 0.06 4 0.06
Imipenem 0.25 0.5 0.25 0.13 0.13
Gentamicin , 2 0.13 0.13 <().06 <0.06
Amikacin 64 2 0.25 4 0.25
Levofioxacin <0.06 013 0.13 <{).06 <0.06
Ciprofloxacin <0.06 <0.06 <0.06 <0.06 <0.06

« Clavulanate, tazobactam, and sulbactam were used at a fixed concentration of 4 pgml each.
: : Sut ! . ol s pe
P oKGCS25 is a resident plasmid found in K. preumoniac strain KG325, and it carries the blag ... gene.
P ! tp ! 12 - ) Gsoa B
< pKGBS2S is a recombinant plasmid that carries a 6.7-kb BamHI insert that mediates the blag;, .41 gene.

KG525. One of the hybridized plasmids from each of KGY14,
KG1116, and KG525 were similar in size. A single hybridiza-
tion signal corresponding to the chromosomal position was
detected for each of the strains KG545 and KG827 (Fig. 4C).

plIs of B-lactamases. The pl value of the purified GES-3
enzyme was determined to be 7.0 (Fig. 5A). IEF of crude
extracts from six GES-type B-lactamase-producing clinical
strains revealed two bands with pls of 7.6 and 7.0 (Fig. 5B).
The band with pI 7.0 was also detected in a GES-3-producing

E. coli transtormant which harbored the bla ;.4 3 gene of K
preumoniae strain KG525. The band with a pl of 7.6 corre-
sponds to the chromosomally encoded LEN-1 (1) or SHV-type
penicillinase of K. pneumoniae.

DISCUSSION

Considerable differences in the levels of resistance to various
cephalosporins were observed among the E. cofi clones pro-

truncated gacEA]

Intll blagesa aacAl orfG orfA 1S26 1S6100  orf6 orf5

pkGBs25 —<((IIMIIII-_ 5
A Intll blaggs-1 aac(6')-1b"  dfrXVb

pTk-1 ——<((IIIm- o

Intll blagesa ~ blaoxas aac(3)] gacEAl sull
pLAP-1 IE ,
(AF347074) ‘

1S26 Intll aac(6')-1b blapc.y orf0 dhfrl  aadAl qacEAl sull  orf5 orf6

pAK33 XY

FIG. 2. Schematic comparison of the class 1 integron on pKGB525 with those on pTKI {GenBank accession number AF156486), pLAP-1
(GenBank accession number AF326355), and pAK33 (34). Filled circles indicate the positions of GTTRRRY (core site) or the 39-base elements
around the gene cassettes. pKGM525, which carries the 11.6-kb BamHI insert, was also sequenced: and the nucleotide sequence from intl ] 101526

was the same as that found in pKGB525.
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FIG. 3. PFGE analysis of K pneumoniae isolates. Lanes: 1 and 8§,
PFGE marker; 2, K. pneumoniae KG914; 3, K. pneumoniae KG1116; 4,
K. preumoniae KG525; 5, K. pneumoniae KG545; 6, K. pnewmoniae
KG502; 7, K. pneumoniae KG827.

ducing GES-1, GES-2, and IBC-1, although the level of pro-
duction of each enzyme may differ in individual clones. For
instance, the MIC of ceftazidime for an E. cofi clone producing
GES-1 was 128 pg/ml (24), while that for an E. coli clone
producing GES-2 was 8 pg/ml (28). The single amino acid
substitution in the Q loop observed between GES-1 and
GES-2, G170N, may well contribute to the difference in the

(kb) A

235 o w B

FIG. 4. Plasmid profiles and Southern hybridization analysis.
(A) Plasmid profiles of each strain prepared by the method of Kado
and Liu (16); (B) hybridization to large plasmids harbored by each
strain; (C) hybridization to the chromosomal position of each strain.
The photograph of the results of gel electrophoresis of chromosomal
DNAs prepared by the method of Stauffer et al. (35) was omitted. The
large plasmids and chromosomal DNA were separately extracted by
using freshly prepared reagents to avoid cross contamination of nicked
or physicochemically amputated DNA fragments. For strains KG545
and KG&827, the bla ;. gene was suggested to be encoded by the
chromosome. In strain KG525, the bla;;.; gene was suggested to be
encoded by both the plasmid and the chromosome. Lanes: M, HindI11-
digested DNA marker; 1, K. preumoniae KG914; 2, K. pneumoniae
KG1116; 3, K. pnewmoniae KG525; 4, K. pnewmoniae KG545; 5, K. pneu-
moniae KG502; 6, K. pneumoniae KG827.
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substrate specificities of these enzymes. On the other hand, the
MIC of ceftazidime for an E. coli clone producing IBC-1 was
>256 pg/ml (11). The only amino acid substitution observed
between GES-1 and IBC-1, E104K, might well also be attrib-
uted to a higher level of resistance of IBC-1 than that of GES-1
to ceftazidime, cefotaxime, and aztreconam (11, 19, 24). The
MIC of ceftazidime for an E. coli clone producing GES-3 was
128 pg/ml, and GES-3 has a single M62T substitution com-
pared with the sequence of IBC-1, which also confers high-
level resistance to ceftazidime in an E. coli clone (MIC, >256
pg/ml). We investigated whether this one amino acid substitu-
tion observed between GES-3 and IBC-1 affects the MICs for
E. coli clones expressing each enzyme. However, this substitu-
tion did not result in significant changes in the MICs for the E.
coli clones. This finding suggests that the amino acid substitu-
tion at position 62 may not play a crucial role in the extended
substrate specificity of GES-3 against ceftazidime and that
those at positions 104 and 170 would be crucial for extended-
spectrum enzyme activity.

In the present study, we also isolated a novel GES-type class
A enzyme, GES-3, from K. preumoniae strains which caused
neonatal nosocomial infections in 2002 in Japan. Sequence
analysis of the genetic environments of the bla ;. ; genes on
pKGBS525 carrying a 6.7-kb insert and pKGMS525 carrying a
11.6-kb insert revealed that the bla ;. - genes were located as
gene cassettes in class 1 integrons. as observed in other GES-
type B-lactamase genes, including bla, .., (Fig. 2). Integrons
are very sophisticated site-specific recombination systems that
capture various gene cassettes, including antibiotic resistance
genes, between their 5" and 3’ conserved segments (14, 15, 22).
The gene cassettes for the GES-type enzymes with a very close
phylogenetic relationship might have originated as a single
clone and then disseminated worldwide with the help of class
1 integrons possessing very similar genetic organizations.
These integrons are mediated by self-transmissible plasmids
with a wide host range. Since very similar GES enzymes have
so far been found in French Guiana, Greece, South Africa,
Portugal, and Japan, these GES-type B-lactamase-producing
strains might have been scattered globally by the recent exten-
sive international travel or dissemination of humans, foods,
and animals.

In the present study, we analyzed genetic relatedness using
PFGE and ERIC-PCR of all six GES-type B-lactamase-pro-
ducing K. pneumoniae strains isolated in a NICU over a l-year
period. Since the fingerprinting patterns obtained by PFGE
and ERIC-PCR were very similar, these isolates were sug-
gested to belong to the same genetic lineage that caused the
nosacomial spread. The minor differences in the fingerprinting
patterns obtained by PFGE might be due to the occurrence of
genetic rearrangements over the course of the nosocomial
spread. Interestingly, the results of Southern hybridization sug-
gested that the locations of the bla;,.q genes were multiple and
diverse among the six strains studied. By consideration of the
results of PFGE, ERIC-PCR, and Southern hybridization, it
can be speculated that an endemic strain containing the bla, ;.
genes might have spread within the NICU setting over the
L-year period and might have undergone genetic rearrange-
ments, including translocation and multiplication of the bla ;.
gene.

The presence of multiple bla;,.s 4 genes in strain KG525 is
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probably the result of these genetic rearrangements. Translo-
cation and multiplication of the bla ;. gene might be facili-
tated by mediation of a site-specific recombination system of
an integron or a transposon. A similar example of multiple
locations of the same antibiotic resistance gene has been re-
ported by Yagi et al. (38). In their study, a single clinical £. coli
isolate was found to carry three distinguishable Toho-1-like
B-lactamase genes, which were later identified as bla - v.a
by their restriction digestion patterns on the chromosome.
These multiple focations of the same B-lactamase gene would
be beneficial to bacteria, since they increase the chance of
amino acid substitutions necessary for extension of the sub-
strate profiles of B-lactamases as well as the multicopy effect of
gene expression. Bradford et al. (3) reported that point muta-
tions leading to ESBLs (ESBLs TEM-1 to TEM-10 and TEM-
12) occurred on the plasmids of a single K. pneumoniae clinical
isolate. A notable finding presented in that report was the
distinct hydrolyzing activity between TEM-10 and TEM-12.
TEM-10 had hydrolyzing activity against ceftazidime, while
. TEM-12 also hydrolyzed ccfotaxime and aztreonam, in addi-
tion to ceftazidime. A variety of susceptibility profiles for
cephamyceins were also observed among the six K. prnewmoniace
strains in the present study. For instance, strains KG914,
KG1116, and KG525 were susceptible to cefmetazole (MICs.
16 pg/ml), whereas strains KG545, KG502, and KG827 were
resistant to this agent (MICs, =128 pg/ml). In particular, strain
KG502 showed high-level resistance to other cephamycins.
such as cefoxitin (MIC, >128 pg/mi), cefminox (MIC, >128
pg/ml), and moxalactam (MIC, 128 pg/mi). An evolutionary
event similar to that observed in the TEM enzymes (3) might
have occurred in these K prenmoniae strains to give them
further resistance to a broad range of antibiotics. The MIC of
imipenem for strain KG502 was 8 pg/ml, and this might be due
to the hyperproduction of some B-lactamase with an extended
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FIG. 5. IEF. (A) IEF and staining with Coomassic blue. Lanes: M.
pI marker; GES-3, purified GES-3 enzyme. (B) IEF and staining with
nitrocefin. Lanes: [, GES-3-producing E. coli transformant that har-
bors pKGB325 carrying bla;, a0 2, K. preumoniae KG914; 3, K. pneu-
moniae KGL116: 4, K. pneumoniae KG525; 5, K. pneunmoniae KG545:
6, K. pneumoniae KG302; 7, K. pneumoniae KG827. The bands of pl
7.63 (pl 7.6 in the text) are the chromosomally encoded LEN-1 or
SHV-1 B-lactamase of K. preumoniae, and the bands at pl 6.98 (pl 7.0
in the text) are GES-3. Several 3-lactamascs with activities at pls lower
than 7.0 were speculated to be partially unfolded GES-3 p-lactamase.
because these bands were also found in the IEF gels of an E. coli clone
harboring only the bla.¢.4 gene (data not shown).

substrate specificity as well as the loss of some outer membrane
protein, as reported by Bradford et al. (4). Further molecular
characterization of the cephamycin resistance observed in
strain KG502 will be undertaken in the next study.
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Where has vancomycin-heterogeneously resistant Staphylococcus

aureus gone?

Sir—7 years have passed since a strain of
Staphylococcus aureus heterogeneously resistant to
vancomycin was first identified in a Japanese
hospital in 1996.! The strain was initially
characterised as containing a small number of
vancomycin-intermediately resistant subpopulations
(vancomycin minimum inhibitory concentration
[MIC], =8 mg/L), such as Mu50, at a frequency of
1 per 1000 000. Warnings were sent out that such
strains had already been disseminated in several
Japanese medical institutions, despite the fact that
they would hardly be detected by routine
antimicrobial susceptibility testing recommended by
the National Committee for Clinical Laboratory
Standards, since only around 1000 colony forming
units of bacterial cells undergo testing.

The US Centers for Disease Control and
Prevention issued a prompt alert for the detection of
vancomycin-intermediately  resistant S  aureus
(GISA),* selected by vancomycin use from the
vancomycin-heterogeneously resistant S aureus
Mu3-like strain.’' Many clinicians and
microbiologists were perplexed by the further
proliferation of such hazardous bacteria worldwide.

Although we had growing suspicions, after the
first report,’ regarding microbial genetics, in 1997
we did nationwide surveillance on the vancomycin-
heterogeneously resistant S aureus and GISA strains.
As we expected, no such strain, as designated in the
first report,’ has been detected.? Furthermore, if the
genetically definable vancomycin-heterogeneously
resistant S aureus had been widely distributed in
Japanese clinical settings in 1996, as reported,
GISA strains should have been selected and widely
proliferated in Japanese clinical environments due to
substantial use of vancomycin over the past 7 years.
No such phenomenon has been ascertained in Japan
to date, despite many clinical microbiologists’
attempts to isolate unique strains that show
heterogeneous vancomycin resistance. Indeed, the
GISA strain can be isolated after persistent passages
of § aureus on brain heart infusion agar plates sup-
plemented with sub-MIC of vancomycin. However,
as far as we know few GISA strains, such as Mu50,
that show an intermediately vancomycin-resistant
profile, have been directly isolated from clinical
specimens in Japan.

Bacteria have an innate ability to adapt to
environmental stress or hazardous conditions by
changing their metabolic pathways. Tomasz and
colleagues have elucidated the molecular

- mechanisms underlying the vancomycin-resistant

phenotype in S aureus through a series of studies.*
Furthermore, involvement of the multiple molecular
mechanisms responsible for the GISA phenotype
has been elucidated.” However, the genetic context
of the vancomycin-heterogeneously resistant S
aureys containing a small number of GISA
subpopulations has not been solved, although the
total genomic sequence of a GISA strain, Mu50, has
been disentangled.

The emergence of vancomycin-resistant .S aureus
harbouring the wan gene cluster, such as the
Michigan strain, is a serious clinical matter.
However, a large amount of medical resources,
including Mu3 medium, and special efforts by
clinical microbiologists have been wasted thus far in
the detection of the scientifically incomprehensible
vancomycin-heterogeneously resistant S aureus.
Therefore, investigators' who earlier reported the
dissemination of the illusory strain should perhaps
provide a detailed supplementary update report on
why it has vanished from Japan.
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