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FIG. 1. Schematjc representation of the reported regulatory region of the enmB gene on Tn%17 or Tnl545, and the regions found in
macrolide-tesistant §. prewmoniae in this study. SD1 and SD2, ribosome-binding sites for the leader peptide and ermB gene, respectively; —18 and
—35, putative promoter regions according to references 7 and 8. Deletions are indicated by dashes.

TTCTGGTACTAAAAGTGG-3' (18). Primers 5'-ATCTGACGGTGACATCT
CTC-3 and 3'-GGTTGAGTACCTTTTCATTCGTTAA-3' for Tngl7 (17), and
primers 5'-CTTAGAAGCAAACTTAAGAGTGTGT-3 and 5'-GGTTGAGTA
CCTTTTCATTCGTTAA-3 for Tnl545 (22), were designed to amplify a frag-
ment including the regulatory region and 48 bp of the 5’ end of ennB., PCR was
carried out by 35 cycles of amplification consisting of 1 min of denaturation at
94°C, 1 min of annealing at 52°C, and 1 min of elongation at 72°C, followed by
heating at 72°C for 7 min. PCR products were analyzed by using a DNA. se-
quencing kit (ABI PRISM Big Dye Terminator cycle sequencing, FS; Perkin-
Elmer Applied Biosystems, Tokyo, Japan). 5. preumoniae BM4200 containing
Tni543, kindly provided by P. Courvalin (Institut Pasteur, Paris, France) (22),
and E, faecalis DS16 containing Tn®?7 (17), kindly provided D. B. Clewell (Univer-
sity of Michigan, Ann Arbor, Mich,), were used as positive controls. Reaction
products were precipitated with ethanol-potassium acetate, dissolved in template
suppression reagent, and run on an ABI PRISM 310 sequencer, As a result, the
organisms were separated into two groups: a Tn917 group and a Tnl545 group.

Analysis of reduction of telithromycin sasceptibility by disk diffasion. The digk
diffusion test was performed (%) using six strains selected from both groups based
on the MICs for erythromyein and rokitamycin. Against the six strains, the MICs
of erythromycin and rokitamycin were both >128 mg/liter (two strains), 4 and 8
mg/liter {two strains), and 4 and 1 mgfiter (two strains), respectively. Two
milliliters of the bacterial suspension (approximately 10® CFU/ml) was spread
over the surface of 10 ml of sensitivity test agar containing 8% SHS. After excess
bacterial suspension was removed, paper disks (diameter, 8 mm; Tokyo Roshi
Kaisha, Tokyo, Japan) impregnated with erythromycin (20 pg/disk), azithromy-
cin (20 pg/disk), rokitamyein (20 and 100 pg/disk), or telithromycin (10 jg/disk)
were placed on the surface of each agar plate. Then the plates were incubated
overnight at 35°C. The presence of induced telithromycin resistance was assessed
based on the shape of the zone of inhibition around the telithromycin disk
(whether the so-called D-shape was observed).

Serogroup and genotyping analysis. The isolates were cultured in Mueller-
Hinton broth (Eiken Chemical Co.) with 8% SHS at 35°C for 18 to 24 h; they
were then harvested by centzifugation at 3,000 X g for 10 min, The serogroup of
each strain was determined by using antisera for S, prewmoniae (Seiken Antisera;
Denkaseiken, Tokyo, Japan). The isolates were genotyped by pulsed-field gel
electrophoresis (PFGE), as reported previously (23), after strains from both
groups were selected based on the serogroup and the geographical location of
isolation in addition to the MIC for the macrolides,

Nucleotide sequence accession number. The nucieotide sequence data ob-
tained in this study are available in the GenBank/EMBL nucleotide database
under accession number AB111455.

RESULTS

PCR-based detection of resistance genes and DNA sequence
analysis. Of the 84 isolates tested, all possessed the ermB gene
and none had the mefd gene. There were 65 strains in the
Tnf917 group and 19 in the Tnl545 group. After selection of
representative strains, comprising 19 strains from the Tn917
group and all strains from the Tni545 group, with high (>128
mg/liter) or low (<4 mg/liter) erythromycin and rokitamycin
MICs, the reguiatory region and ermB gene were analyzed and
aligned with the same region of ermB previously reported in
Tn917 and Tnl545 (Fig. 1).

It was found that the sequences of the Tn7545 group isolates
all were identical to that reported for Tni545 (22). In the
Tn9i17 group, the sequences of 19 strains were identical to that
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TABLE 1. In vitro activities of macrolides, clindamycin, telithromycin, and penicillin G against macrolide-resistant
S. preumoniae strains with different transposons

MIC (mg/liter)® of:

Grou
P Erythromycin Azithromycin Rokitamycin Clindamycin Telithromycin Penicillin G

Tn1545 group (n = 19)

Range =0.06->128 0.25->128 =0.06~128 =0.06->128 =0.06->0.25 =0.06-1

MIC,, 4 >128 1 128 =0.06 025

MIC,, 128 >128 2 >128 0.13 0.5
Tn%17 group {n = 65)

Range 0.5-128 1->128 2->128 16128 =0.06-0.25 =0.06-1

MICs, 128 >128 32 >128 =006 =0.06

MIC,, >128 >128 >128 =128 0.25 0.5

a MICs, and MICgq, MICs at which 50 and 90% of isolates, respectively, were inhibited. Boldfaced values indicate prominent differences between the two groups.

reported for Tn9I7 (17), but two mutations were found. The
first mutation was insertion of a TAAA motif at T591 (T421 in
our data) (14, 24). Since the TAAA motif is recognized as a
stop codon, the putative leader peptide was shortened by 9
amino acids. The second mutation was the deletion of 182 -bp
from T251 to T432 (T81 to T262 in our data) (17). The —35
region of the putative promoter was included in this deletion.
But the ermB gene was expressed, as evidenced by the fact that
the strains with Tn9I7 were resistant to macrolides and clin-
damycin. This finding suggests the presence of a new promoter.

Tn917 group

Susceptibility. The MIC data for the macrolide-resistant S.
pneumonige straing with different transposons are displayed in
Table 1. The MICs of erythromycin and rokitamycin were

. higher for strains from the Tn917 group than for strains from
the TnI545 group. In the Tn7545 group, the MICs of erythro-
mycin and clindamycin for two strains with the ermB gene were
=0.25 mg/liter, but other strains exhibited the MLSy pheno-
type. All:of the isolates in the Tn9I7 group had the MLSy
phenotype. Both groups showed resistance to azithromycin but
were sensitive to telithromycin.

Tni54s group

FIG. 2. Phenotype of macrolide-resistant S. preumonine strains determined by the disk diffusion method. Abbreviations: E, erythromycin (20
pg/disk); A, azithromycin (20 wg/disk), R1, rokitamyein (20 pg/disk); R2, rokitamycin (100 pg/disk); T, telithromycin (10 pg/disk). (A) MICs (in
milligrams per liter) were >128 for E, A, and clindamycin; 128 for R; and 0.25 for T. (B) MICs (in milligrams per liter) were 4 for E, >128 for
A and clindamycin, 8 for R, and 0.13 for T. (C) MICs (in mulligrams per liter) were >128 for E, A, and clindamycin; 128 for R; and 0.25 for T.
(D) MECs (in milligrams per liter) were 4 for B, =128 for A, 1 for R, 128 for clindamycin, and 0.06 for T.
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TABLE 2. The five most frequent serogroups in each group of
macrolide-resistant 8. preumoniae strains

No. (%) of isolates belonging to

Strains the following serogroup:
3 6 14 19 23 Others
Tni545 group. 2 (10.5) 12(63.2) 1 53 0O 2{10.5) 2(10.5)
Tn%il;gigzlp 19(29.2) 8{123) 5(7.7) 4(6.2) 15(23.1) 14(21.5)

(n = 65)

Reduction in telithromycin susceptibility. All of the strains
- tested showed a reduction in telithromycin susceptibility, and
an inhibition zone was created by erythromycin, azithromycin,
and rokitamycin. In the Tn9!7 group, a square zone of inhibi-
tion was similarly formed regardless of whether erythromycin
and rokitamycin MICs were high or low (Fig. 2A and B). In the
Tni545 group, the strains with high erythromycin and rokita-
mycin MICs formed a square inhibition zone like that seen in
the Tn9I7 group, but inhibition was recognized more clearly
around the rokitamycin disk (20 or 100 pg/disk), and the zone
of inhibition was larger, if the erythromycin and rokitamycin
MICs for the isolates were jow (Fig. 2C and D).

Serogroup and genotype. Serogroup data are shown in Table
2. In the Tni545 group, 12 isolates (63.29%) belonged to sero-
group 6. In the Tn977 group, 19 strains (29.2%) and 15 strains
(23.1%) belonged to serogroups 3 and 23, respectively, while
43 strains (47.7%) belonged to other serogroups.

PFGE results are shown in Fig, 3. In 17 strains of the TnI545
group, the same pattern was observed when isolates from a single
geographic region were tested (Fig. 3A; Table 3). In 36 strains of
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the Tn9I7 group, however, only a few strains showed similar
patterns and most were quite different, even though the strains
were isolated in the same geographical region (Fig. 3B; Table
3). These findings support the concept that Tni545 was spread
clonally while Tn917 was spread both clonally and horizontally.

DISCUSSION

‘We assessed characteristics of the macrolide resistance gene
(ermB) in 84 clinical isolates of S. preumoniae obtained from
* Japanese patients. The rate of macrolide resistance among
S. pneumoniae strains isolated in Japan is 77.9%, a rate similar
"to that in Hong-Kong or South Korea, and 52.7% of macro-
lide-resistant strains possess the ermB gene (6). Thus, strains
showing high resistance to macrolides are widespread in Japan.

In this study, the major macrolide resistance element in
Japanese isolates was Tn917 (or a Tn9I7-like element). Al-
though it is not clear why Tn%17 is spreading among Japanese
S. pneumoniae strains, it is possible that strains with Tn917 are
more resistant to 16-membered-ring macrolides than isolates
with Tni545, since macrolides with a 16-membered-ting (such
as rokitamycin) are widely used in Japan.

We found the deletion of 182 bp of the Tn917 sequence,
including the —35 region of the ernB promoter, in all strains
with Tn917 isolated in Japan. Although the existence of a new
premoter is conceivable, it could not be determined by com-
puter simulation becanse we did not find a new promoter that
was stronger than the putative original promoter. It is thought
that these mutations have contributed to the increase in the
production of the methylase, but those mechanisms have not
been clarified. Although Oh et al. found a relationship between

FIG. 3. PFGE of §. pneumoniae chromosomal DNA after digestion with the Smal restriction enzyme. (A) Strains with TnZ545. (B) Strains with

Tng!7. Lanes M, lambda ladder. For details, see Table 3.
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TABLE 3. PFGE results® for macrolide-resistant S. pneumoniae

Pane] Lane Strains Serogroup Gcoir fa?sl;ﬁofgmn
A 1 KU5032 6 Kitasato
2 KU5012 6 Kitasato
3 KU3901 6 Kitasato
4 KU4994 6 Kitasato
5 KU3900 6 Kitasato
6 KU4989 6 Kitasato
7 KUs017 6 Kitasato
8 KU3915 6 Kitasato
9 KU5008 3 Kitasato
10 K1J4997 3 Kitasato
11 B4 6 Sendai
12 Bl [ Sendai
13 B3 -6 Sendai
14 B5 6 Sendai
15 AS Other Sendai
16 TK9 14 Takahagi
17 TKI1 23 Takahagi
B 1 KU5197 3 Kitasato
KU3784 3 Kitasato
3 KU3781 3 Kitasato
4 KU5019 3 Kitasato
5 KUS003 6 Kitasato
6 KU3800 6 Kitasato
7 KU5213 14 Kitasato
8 KU35020 14 Kitasato
9 KU3791 23 Kitasato
10 KU3785 23 Kitasato
1 KU35203 23 Kitasato
12 Al2 6 Sendai
13 A3 19 Sendai
14 Al3 23 . Sendai
15 AT 23 Sendai
16 Ad Other Sendai
17 A2 Other Sendai
18 AS Other Sendai
19 A8 Other Sendai
20 B2 Other Sendai
21 NU32 3 Nagasaki
22 NU38 3 Nagasaki
23 NU59 3 Nagasaki
24 NU30 14 Nagasaki
25 NU16 14 Nagasaki
26 NU67 19 Nagasaki
27 NU73 19 Nagasaki
28 NU21 23 Nagasaki
29 NU44 23 Nagasaki
30 TK3 3 Takahagi
3 TK1 19 Takahagi
32 TKS8 23 Takahagi
33 TK16 23 Takahagi
34 TK15 23 Takahagi
35 KSM3 3 Kashima
36 KSM4 3 Kashima

“ Petails of the experiment for which results are shown in Fig. 3, by panel and
lane. ’

macrolide tesistance and two mutations of the leader peptide
in the ermB gene on Tn9i7 from E. faecalis by a reporter gene
assay (14), they concluded that TAAA duplication at the T591
(T421 in our data) site (which was also detected in this study)
generated a iranslation stop codon and shortened the leader
-peptide by 9 amino acids so that reporter gene expression was
dramatically elevated, ie., TAAA duplication increased ex-
pression of the methylase and resulted in strong resistance to
rokitamycin.

Strains that had the ermB gene on either transposon (or on
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a transposon-like sequence) showed reductions in telithromy-
cin susceptibility in the disk diffusion test. However, for strains
with Tni545 for which the rokitamycin MIC was lower, less
telithromycin resistance was reduced by the 100-pg rokitamy-
cin disk than for strains having Tn917 or Tnl545 for which
rokitamycin MICs were high. In contrast, the isolates with
Tn917 showed reductions in telithromyein susceptibility in-
duced by the 100-pg rokitamycin disk irrespective of the roki-
tamycin MICs. Such a result cannot be explained clearly. It has
been reported that the basal level of ribosomal methylation
differs from strain to strain and that the nucleotide sequence of
the regulatory region shows variation in each isolate, resulting
in different levels of constitutive ermB gene expression (24),
However, we found that all strains had the same leader se-
quence of the ermB gene, even if the macrolide MICs were
different. Such differences may be specific to each strain and
could be based on complex mechanisms (11).

Although all strains were initially sensitive fo telithromycin,
the susceptibility of telithromycin was decreased by erythro-
mycin, azithromycin, and rokitamycin (9). Because these mac-
rolides are not used together clinically, this effect may notbe a
problem. In addition, there were no strains with constitutive
macrolide resistance.

The PFGE patterns and serogroup distribution showed that
Tn9I7 spread both horizontally and clonally, while Tnl545
spread clonally. The results of this study suggest that Tn917
may have been transmitted from E. faecalis or other organisms,
so that the dominant macrolide resistance gene is ermB on
Tn917 in Japanese pneumococci.

Recently, other mechanisms of macrolide resistance (amino
acid substitutions in domain V of 238 fRNA or mutations of
14 and L22 proteins) in vitro (3, 20) and in clinical isolates (2,
15, 21) have been reported often. Kaieda et al. reported an
S. pneumoniae strain with an ermB mutation that showed in
vitro constitutive macrolide resistance (8. Kaieda, 5., H. Yano,
N. Okitsu, Y. Hosaka, R. Okamoto, H. Takahashi, and M.
Inoue, Abstr. 42nd Intersci. Conf. Antimicrob. Agents Chemeo-
ther., abstr. C1-1580, p. 72, 2002). It was isolated along with
inducible macrolide resistance strains by culture with a disk
containing (.5 mg of telithromycin/fiter, and the MIC for te-
lithromycin was 8 mg/liter. However, the isolation rate was very
low (1079), so it is thought that the appearance of mutants
with constitutive resistance to macrolides, including telithro-
mycin, is very uncommon in the clinical setting,

It is important to continue the-surveillance of antimicrobial
susceptibility in §. pneumoniae and to carefully monitor the
emergence of constitutive macrolide resistance and resistance
due to ribosomal mutations in S. preurioniae.
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For the purpose of screening of inhibitors that are effective for wide range of metallo-f-lactamases, the in-
hibitory effect of two series of compounds, 2-@-phenylalkyl-3-mercaptopropionic acid (PhenylCaSH (n=1-—4))
and N-[(7-chloro-quinolin-4-ylamine)-alkyl]-3-mercapto-propionamide (QuinolineCnSH (n=2—%6)), where 1 de-
netes the alkyl chain length, on metallo-f-lactamases IMP-1 and VIM-2 was examined. These inhibitors contain
a thiol group and a hydrophobic group linked by variable-length methylene chain. PhenylCnSH (n=1—4) was
found to be a potent inhibitor of both IMP-1 and VIM-2. PhenylC4SH was the potent inhibitor of both IMP-1
(IC;y=1.2 piv) and VIM-2 (IC;=1.1 jiv) among this study. When the number of methylene units was varied,
QuinolineC4SH showed the maximum inhibitory activity against IMP-1 and VIM-2 (IC,~2.5uM and
IC;,=2.4 piM). The relationship between the inhibitory effect of the alkyl chain length was different for both se-
ries of inhibitors, suggesting that IMP-1 has a tighter binding site than VIM-2. QuinolineCnSH did not serve as

a fiuorescence reagent for metallo-fS-lactamases.

Key words metallo-B-lactamase; inhibitor; thiol; zinc; 3-mercaptopropionic acid

A wide variety of fS-lactam antibiotics are used in the
treatment of infectious diseases. These antibiotics block the
cell wall biosynthesis of bacteria by inhibiting a transpepti-
dase. However, bacteria have developed several strategies for

resisting S-lactam antibiotics, including the production of a -

family of enzymes, f-lactamases. The B-lactamases catalyze
the hydrolysis of S-lactam antibiotics, opening the B-lactam
ring and rendering the antibiotics inactive.'—¥

f-Lactamases have been grouped into four molecular
classes, A, B, C and D, based on their amino-acid sequence
homologies by Ambler et al.¥) Those that belong to classes
A, C and D are serine-f-lactamases which use serine as the
active site to facilitate catalysis, and those that belong to
class B are metallo-B-lactamases (MBLs) that contain one or
two zinc ions at the active site to facilitate B-lactam cleavage.
Based on the difference in their primary structures, MBLs
have been classified into three subfamilies,” B1 (Bcll from
Bacillus cereus,® CerA from Bacteroides fragilis,” IMP-1
from Serratic marcescens,”? VIM-2 from Pseudomonas
aeruginosa”), B2 (CphA from Aeromonas hydrophila
AE036'%), and B3 (L1 from Stenotrophomonas malto-
philia'"). MBLs are able to hydrolyze most of the f-lactam

antibiotics*'" and pose a serious clinical threat because of -

their ability to degrade carbapenems including imipenem and
meropenem, which are not degraded by most serine-S-lacta-
mases. ™ _ :

The genes that encode IMP-1 and VIM-2 have been found
to be located in plasmids that are horizontally transferable to
other bacteria® and no clinically available inhibitors for them
exist at present. :

IMP-1 consists of an &/ o motif, and two Zn(IL) ions are
located at the bottom of a wide shallow groove between the
B-sheets.'? One of the Zn(Il) ions is coordinated by three
histidine residues (3H site), and the other is coordinated by
His, Asp, Cys residues and water-2 molecule (DCH site). In

* To whom cotrespondence should be addressed.  e-mail: gmphiwin@gpo.kumamoto-u.ac.jp
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addition, the water-1 molecule would be expected to bridge
the two Zn(II) ions presumably in the form of a hydroxide
ion, although this is not confirmed in the three-dimensional
structure of IMP-1 but is based on the three-dimensional
structure of CcrA (PDB 1ZNB).!»

VIM-2 was isolated from Pseudomonas aeruginosa in
1996 in France,” and has also been identified recently in
Japan." On the basis of amino acid sequences, 31% of the
residues are identical in these enzymes, indicating that VIM-
2% and IMP-1% retain the binuclear metal binding motif
where Zn(II) ions are coordinated by the side chains of con-
served amino acids. The amine acid sequences of a flexible
loop, a f-sheet flap, which is thought to be important in the
binding of patticular inhibitors and substrates, are different
between IMP-1 and VIM-2 especially in the nature and posi-
tion of the hydrophobic amino acid: Trp28 which is located
in the edge of the flap in the case of IMP-1 but is replaced
with Ala in VIM-2.

A number of compounds have been examined as inhibitors
of MBLs since 1996, including trifluoromethyl alcohels and
ketones,'” hydroxamates,'® thiols,)” 2> thioester deriva-
tives,*22 cysteinyl peptides,* biphenyl tetrazoles,*??
mercaptocarboxylates, 2?4 1 B-methyléarbapenem deriva-
tives, > 2 3-disubstituted succinic acid derivatives,” tri-
cyclic natural products,®® sulfonyl hydrazones,®” and a
synthetic cephamycin.?® Most of these compounds, however,
have been shown to exert their adverse effects only on a
limited number of MBLs.

The X-ray crystal structures of MBLs complexed with in-
hibitors have been reported, including CcrA-4-morpholi-
neethanesulfonic acid®® CfiA-tricyclic natural products,®®
IMP-1-mercaptocarboxylate,'?  2,3-disubstituted succinic
acid derivatives,” BlaB-p-captopril,’® and FEZ-p-capto-
pril ¥ From these reports, these enzymes have conserved the
amino acid residues and the binuclear metal center at the ac-

© 2004 Pharmaceutical Society of Japan
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tive site. There are various combinations with respect to the
enzyme-inhibitor binding. MBLs offer an opportunity for the
structure-aided design of inhibitors as well as a better under-
standing of structure—activity relationships.

In 1997, we reported that mercaptocarboxylic acids are po-
tent inhibitors of IMP-1.!7 The thiol group of inhibitors was
assumed to coordinate with the metal ions in the active site,
and this was supported by an X-ray crystallographic analysis
of 2-[5-(1-tetrazolyl-methyl)thien-3-yl]-N-[2-(mercaptometh-
yD)-4-(phenylbutyrylglycine)] and the IMP-1 complex,'?

A fluorescent probe of IMP-1 having a dansyl and a thiol
group, DansylC2SH, has recently been reported by our
group.”® The fluorescent probe also functions as a potent in-
hibitor of IMP-1. The dansyl group appears to interact with
hydrophobic groups near the active site of IMP-1.

In this study, we used three functional groups to strengthen
the interactions with MBLs: a thiol group, presumed to bind
with Zn(Il) ions, an aromatic ring to bind with the hydropho-
bic pocket, and a carboxyl group to interact vig hydrogen
bonding or electrostatic interactions with conserved residues,
such as Lys. Three types of compounds that contain the three
functional groups above, PhenylCnSH, QuinolineCnSH, and
DansylC2SH shown in Fig. 1 were examined as inhibitors of
IMP-1 and VIM-2.

MATERIALS AND METHODS

Materials The blay, gene is derived from 8.
marcescens TN9160* and was cloned into pKF19k {(denoted
as pKF19k/IMP). The construction of pKF19k/IMP will be
reported elsewhere.*) The P aeruginosa strain NCB326 was
isolated from the drainage fluid of a liver abscess patient in
1999 in Nara, Japan. BamH] digested fragments of whole-
cell DNA from P geruginosa NCB326 were ligated into the
BamHI-restricted plasmid pBCSK(+) (Stratagene, La Jolla,
Calif,, US.A.). Recombinant plasmids were introduced by
electroporation into E. coli HB101 competent cells. E. coli
NCB326-1B2 carried a recombinant plasmid pYM4k (named
pVM4k/VIM-2) and this transformant successfully produced
a VIM-2 metallo-f-lactamase.

Construction of Expression Vectors, pET9a/IMP The
over-expression of IMP-1 metallo-f3-lactamase in E. coli was
achieved as follows: the blay,, gene without the nucleotide
coding the signal peptide was amplified using two primers
IMP-Ndel ~ (5'-TTCCTTTCATATggCAgAgTCTTTgCCA
gATTT-3"), which was designed to add Ndel linker (under-
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lined), and IMP-BamHI (5'-gTTggATCCTAgAAATT
TAgTTgCTTggTTTTgATggT-3"), designed to add the
BamHI linker (underlined), PCR was performed with 350 ng
of template DNA (plasmid pKF19k/IMP), 50 pmol of each
primer, 2.5U of fag DNA polymerase (TaKaRa Bio INC.,,
Shiga, Japan) in a final volume 100 ul in the buffer system
provided by the manufacturer. The resuiting PCR product
was digested with Ndel and BamHI and cloned in pET%a
{Novagen, Madison, Wis.), digested with the same enzymes,
to give the recombinant plasmid. The constructed expression
vectors, denoted as pET9a/IMP, were introduced into E. coli
BL21{DE3) (Novagen).

Expression and Purification of the IMP-1 Enzymes E,
-coli BL2] (DE3), carrying plasmids pET9a/IMP, was cul-
tured in 101 of LB broth supplemented with kanamycin
(50 pg/ml). At an Abs,,, of 3, isopropyl-f-b-thiogalactopyra-
noside (IPTG) was added, at final concentration of I mm, and
the culture was further incubated for 8h. Celis were har-
vested by centrifugation and suspended in 30ml of 50 mm
phosphate buffer (pH 7.0, containing 100 um Zn(NO,),) and
disrupted by sonication (60 cycles, each cycle for 55 at 1 min
intervals), then centrifuged at 150000 g for 60 min at 4 °C.
The cleared supernatant was used in the subsequent chro-
matographic purification, as described previously.*” The pu-
rity of the enzyme was verified by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
Coomassic blue staining. Final preparation showed a single
band with more than 95% purity.

Production and Purification of VIM-2 VIM-2 was ex-
pressed by E. coli NCB326-1B2 harboring pVM4k/VIM-2
and purified using methods described by Poirel er al. in
2000.”

E. coli NCB326-1B2 carrying plasmids pVM4k/VIM-2
was cultured in 101 of LB broth supplemented with ABPC
(50 ug/ml). The culture was incubated for 12h at 37°C
(Absgyy was 1.0). Cells were harvested by centrifugation and
suspended in 30ml of 50 mM Bis-Tris buffer (pH 6.5, con-
taining 10 4m Zn(NQ,),) and disrupted by sonication (60 cy-
cles, each cycle for 5s in a minite), then centrifuged at
150000Xg for 60 min at 4°C. The cleared supernatant was
used in the subsequent chromatographic purification. Anion-
exchange chromatography was performed on a Q-Sepharose
Fast Flow (Pharmacia Biotech, Uppsala, Sweden, ¢26 mmX
100 mm) preequilibrated with 50 mm Bis-Tris buffer (pH 6.5,
containing 10 M Zn(NO;),) and was eluted with a linear gra-
dient of 0 to 0.3MNaCl in 50mm Bis-Tris buffer (pH 6.5,
containing 10 uMZn(NO,),). Fractions containing S-lacta-
mase activity were collected, concentrated and the buffer
changed to 50mm phosphate buffer (pH 7.0, containing
2 M Zn(NO,),) containing 0.3 M NaCl, were applied to a gel-
filtlation column, Sephadex G-75 (Pharmacia Biotech, Upp-
sala, Sweden, ¢50mmX800mm), preequilibrated with
50 mm phosphate buffer (pH 7.0, containing 2 1M Zn(NO,),)
containing 0.3 MNaCl. The purified enzyme was used in sub-
sequent f-lactamase assays. The purity of the preparation
was checked by SDS-PAGE, and final preparation showed a
single band with more than 95% purity. The molecular
weight of purified VIM-2, M,=29.7kDa as SDS-PAGE, was
in agreement with the reported value.”

Assays of Substrate Hydrolysis of IMP-1 and VIM-2
A spectrophotometric method was used to measure the initial
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rate of consumption of a chromophoric substrate, nitrocefin,
by IMP-1 (VIM-2). A solution (3.1ml} of nitrocefin
(100 pM) in 50 mm Tris—HC] buffer (pH 7.4, 0.5 M NaCl) was
incubated at 30 °C for Smin. The enzyme solution of 0.4 pw
IMP-1 (VIM-2) (10 1) was added to the substrate solution
and the increase in absorbance at 491 nm {A£=20000) was
recorded. Enzymic rate parameters, X and &, were deter-
mined by a nonlinear least-squares method (Kaleida graph)
to fit the Michaelis—Menten equation.

Determination of IMP-1 and VIM-2 The concentra-
tions of IMP-1 and VIM-2 were determined from the ab-
sorbance at 280nm: £,,=49000M 'cm™' for IMP-1 and
£250=32000m " cm ™! for VIM-2.

PhenylCrSH (n=1—4) PhenylCrSH (n=1—4) were
prepared using a method described by Park J. D. ez al.%)

QuinolineC3SH, N-[3-(7-Chlore-quinolin-4-ylamino)-
propyl]-3-mercapto-propionamide 4,7-Dichloroquinoline
(1.64g, 0.0083mol) was added to 1,3-diaminopropane
(6.15g, 0.083mol). After refluxing at 100°C for 4h, the
mixture was concentrated to give the crude product, which
was chromatographed with a Wakogel C-300 (Silica Gel)
column by elution with methanol ; chloreform : 28% agqueous
ammonia=40:360: 1 to give a yellow solid (1.65 g, 84.5%).

To the yellow solid (1.54 g, 0.0065 mol) and BPO reagent
(benzotriazol-1-yloxyfris-(dimethylamino) phosphonium
hexafluorophosphate) (2.88g, 0.0065mol) dissolved in
150ml of chloroform, 3-mercaptopropionic acid (0.6%9 g,
0.0065mol) and tricthylamine (1.76g, 0.017mol) were
added. The mixture was stirred under argon at room tempera-
ture overnight and concentrated under reduced pressure to
give a pale yellow solid. This was purified by Wakogel C-300
(Silica Gel) column chromatography eluted with the solution
containing methanol, chloroform, and 28% aqueous ammo-
nia (40:360:1) to give a white solid. (0.71 g, 33.9%). 'H-
NMR (CDCL): § 1.26 (t, 1H), 1.92 (q, 2H), 2.18 (s, 1H),
2.57 (t, 2H), 2.82 (t, 2H), 3.38 (1, 2H), 3.51 (t, 2H), 6.57 (d,
1H, J=6.71Hz), 7.47 (d, 1H, J=1.83Hz), 7.74 (s, 1H),
8.13 (d, 1H, J=9.15Hz), 8.23 (d, 1H, J=6.71Hz). *C-
NMR (CDClL,): § 20.48, 27.97, 36.55, 40.08, 40.39, 98.55,
11637, 122.35, 123.68, 127.10, 138.41, 142.37, 145.79,
154.04, 173.15. HR-FAB-MS: m/z 323.0847 [Caled for
C,sH,gN,08Cl (M*) 323.0859].

QuinolineCrSH (=2, 4-—6) These compounds were
synthesized, as described for the synthesis of Quino-
lineC3SH, as described abave, A flow chart of the synthesis
is shown in Chart 1.

QuinolineC2SH, N-[2-(7-Chlore-quinolin-4-ylamino)-
ethyl]-3-mercapto-propionamide Yield, 13.8%. ‘H-NMR

(CDCL): 5 1.24 (t, 1H), 2.59 (t, 2H), 2.78 (t, 2H),3.64 (, -

2H), 3.7 (q, 2H), 6.7 (d, 1H), 7.58 (d, 1H), 7.73 (s, 1H), 8.12
(d, 1H), 8.19 (d, 1H). BC-NMR (CDCL,): § 38.04, 39.52,
45.62, 47.29, 98.46, 115.33, 119.58, 124.12, 127.98, 138.63,
140.00, 142.76, 155.78, 174. HR-FAB-MS: m/z 309.0684
[Caled for C,,H,,N,0SCI (M*) 309.0703].

QuinolineC4SH, N-[4-(7-Chloro-quinolin-4-ylamino)-
butyl]-3-mercapto-propionamide  Yield, 27.1%. 'H-NMR
(CDCL,): 6 1.22 (t, 1H), 1.54 (g, 2H), 1.74 (q, 2H), 248 (t,
2H), 2.78 (t, 2H), 3.24 (t, 2H), 3.30 (t, 2H), 6.38 (d, 1H,
J=5.49Hz), 7.34 (4, 1H, /=733 Hz), 7.86 (s, 1H), 7.87 (d,
1H, J=4.88 Hz), 8.39 (4, 1H, J=5.5Hz). "*C-NMR (CDCL,):
8 20.51, 26.61, 29.48, 39.27, 40.31, 43.01, 98.85, 11745,
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Chart 1. Synthetic Route of QunolineCnSH (n=2—6)
122.09, 125.37, 127.59, 135 36, 148.65, 150.85, 151.45,

171.72.

QuinolineC5SH, N-{5-(7- Chloro—qumolm-f-!-ylammo)-
pentyl]-3-mercapto-propionamide Yield, 57.3%. 'H-
NMR (CDCLy): 6 1.20 (t, 1H) L.51 (g, 2H), 1.61 (q, 2H),
1.80 (q, 2H), 2.48 (1, 1H), 2.76 (t, 2H), 3.24 {t, 2H), 3.37 {t,
1H), 3.38 (1, 2H), 6.49 (4, IH, J/=5.49Hz), 740 (d, 1H,
J=9.16Hz), 7.80 (s, 1H), 8.09 (d, 1H, J=9.15Hz), 8.33 (d,
1H, J=5.49 Hz). 3C-NMR (CDCl,): § 20.84, 24.95, 28.50,
29.75, 39.74, 40.64, 43.68, 99.19, 117.99, 123.73, 126.01,
136.55, 147.89, 150.63, 152.73, 173.13. HR-FAB MS: m/z
351.1139 [Caled for C,,H,,N,08Cl (M™) 351.1172].

QuinolineC6SH, N-[6-(7-Chloro-quinolin-4-ylamino)-
hexyl}-3-mercapto-propionamide Yield, 50.4%. 'H-NMR
(CDClL): 6 1.24 (t, 1H), 1.48 (q, 2H), 1.52 (g, 2H), 1.66 (q,
2H), 1.78 (q, 2H), 2.50 (t, 2H), 2.79 (1, 2H), 3.29 (t, 2H),
3.35 (¢, 2H), 6.39 (4, 1H, J=6.10Hz), 7.35 (d, 1H,
J=6.71Hz), 7.83 (s, IH), 797 (d, 1H, J=8.55Hz), 8.34
(d, 1H, J=55Hz). *C-NMR (CDCL): & 19.44, 25.38,
25.54, 2741, 2841, 3571, 3820, 39.24, 4194, 97.78,
116.38, 121.02, 124.30, 126.52, 134,29, 147.58, 149,78,
150.38, 170.65. HR-FAB-MS: m/z 365.1274 [Calcd for
C,H,,N,08Cl (M*) 365.1329].

Inhibition of IMP-1 and VIM-2 A portion of 0.1 ml of
an inhibitor [PhenylCrSH (n=1—4), DansylCaSH (n=2),
QuinolineCsSH (n=2—6)] at various concentrations in
methanol and 0.01 ml of 310 oM enzyme (IMP-1 and VIM-2)
in 50mm Tris-HCI (pH 7.4, 0.5 M NaCl) was added to 2.9ml
of 50 mm Tris-HC] buffer (pH 7.4, 6.5 M NaCl}). The enzyme—
inhibitor mixture was incubated for 10 min at 30°C, and a
0.1 ml PMSQ solution of 3.1 mM nitrocefin was then added
and the absorbance change at 491 nm monitored for 3 min.
Methanol was used instead of an inhibitor as a control.

The molar activity, k,/min ', was determined from the jni-
tial velocity, v, by w/[E], and plotted against the concentration
of the inhibitors. IC,, values were determined from: this and
K, values were determined by fitting &, t6 a compe’utwe inhi-
bition of Eq. | using X, values of 20 pM and 22.5 puM for
IMP-1 and VIM-2 respectlvely,

_ Ve £S]
k; _T 1)
Km[ X J+ [8] .

where, k. molar activity, &=V IEL Proax
mum velocity,

Fluorescence Titration of IMP-1 with QuinolineCnSH
{(n=2—6) The method used to examine fluorescence re-
ported by Kurosaki ef al.™ was used in this experiment. Flu-

=the maxi-
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Fig. 2. Typical Pldts of Molar Activity of IMP-1 {Left) and VIM-2 (Right) agajnst the Concentration of PhenylC3SH

orescence spectra were measured at 25 °C, with a 5.0nm of
slit width, using 1 uM of QuinolineCnSH (n=2—06) as a fluo-
rescence agent with an excitation of 340nm and 280 nm
using 50 mm Tris—HClI buffer (pH 7.4, 0.5 M NaCl) containing
10% of methanol.

RESULTS

K; (Inhibition Constant) and IC;, (50% Inhibitory
Concentration) of Inhibiters agaist IMP-1 and VIM-2
Using nitrocefin as a substrate, the molar activity k,/min”" in
the presence of each inhibitor was obtained from the initial
rate measurement and was plotted against the concentration
of each inhibitor, (PhenylCnSH (n=1—4), DansylCaSH
(n=2), and QuinolineCrSH (n=2—6)). Typical plots are
shown in Fig. 2 (IMP-1 and VIM-2). Values for the IC;, of
IMP-1 and VIM-2 were calculated from these concentration
response curves. Inhibition constants, X, were determined by
fitting the kinetic data to that for the competitive inhibition
using Eq. 1,

Inhibition by PhenylCaSH (n=1—4) PhenylCnSH
(n=1—4) were synthesized and tested as inhibitors of car-
boxypeptidase A (CPA), a Zn(Il) enzyme, by Park et al*®
The ICy, and X values for IMP-1 and VIM-2 are listed in
Table 1. A

The IC,s for IMP-1 were found to be in a range between
1.2 um (PhenylC4SH) and 16.4 um (PhenylC1SH), and the
inhibition constants, K;, had values between 0.21pum
(PhenylC4SH) and 2.78 um (PhenylC1SH). When the num-
ber of methylene units in the linker was varied, PhenylC4SH
was found to inhibit IMP-1 more strongly among Phenyl-
CnSH (n=1—4). 3-Mercaptopropionic acid has been re-
ported to have a X; value of 1.2 um to TMP-1.!7 In compari-
son, PhenylC4SH was found to be a more potent inhibitor.

ICs, values for VIM-2 were found to be in a range between
L.1pm (PhenylCASH) and 14.3 um (PhenylCiSH). The
inhibition constants, K, have values between 0.19 M
(PhenylC4SH) and 2.36 tim (PhenylC1SH). PhenylCrSH
(n=1—4) were found to be potent inhibitors of VIM-2 as
well as of IMP-1. When the number of methylene units of the
linker was varied, PhenylC3SH and PhenylC4SH was also
the potent inhibitor of VIM-2.

PhenylCxnSH (n=1—4) were found to be potent inhibitor
for both IMP-1 and VIM-2, and a comparison of the inhibi-
tion constant X, for PhenylCnSH (n=1—4) for IMP-I and
VIM-2 is shown in Fig. 3. The dependency of the inhibitory

Table 1. IC;, and X; Values for PhenylCnSH (n=1—4) and Quinoline
CnSH (n=2—=6) to IMP-1 and VIM-2

i IC /m
Inhibitors IMP-1 s 2

PhenylC1SH 16.4 143
PhenylC28H 74 26
PhenylC3SH 9.7 1.3
PhenylC43H 1.2 11
QuinelineC28H 142 6.3
QuinolineC38H 6.6 6.5

- QuinolineC4SH 2.5 2.4
. QuinolineC58H 6.7 7.6
QuinolineC65SH 34 4.9

effect on the number of methylene units of the linker, n, is
different for IMP-1, compared to VIM-2. PhenylC4SH
inhibits both IMP-1 and VIM-2 more strongly and
PhenylC1SH the most weakly. VIM-2 is as susceptible when
n=2 and »=3 as n=4 but the susceptibility of IMP-1 is sig-
nificant only for n=4.

Inhibition by a Fluorescent Probe, DansylCnSH (n=2)
A fluorescent probe, DansylC2SH for IMP-1, containing a
thiol group and a dansyl group was synthesized, and reported
as potent inhibitor for IMP-1.> DansylC2SH (r=2) inhib-
ited IMP-1 and VIM-2: the IC,, values were 2.3 um and
5.2 jiM, the inhibition constant X was 0.42 uM and 1.1 um for
VIM-2 and IMP-1.2

QuinolineCrSH (n=2—6) An increase in fluorescence
intensity was found on the addition of IMP-I to
DansylC2SH, but the addition of IMP-1 to QuinolineCrSH
led to a decrease in fluorescence intensity. A comparison of
structures of QuinclineCnSH and with that of DansylC2S8H
shows that the sulfony] group between the quinoline group, a
fluorescence group, and the HN group is missing in Quino-
lineCrnSH.

The IC,, and X values for IMP-1 and VIM-2 are listed in
Table 1.

QuinolineCrSH (n=2—6) act as effective inhibitors
against IMP-1 and VIM-2. The ICy, for IMP-1 was found to
be in a range between 2.5 M (QuinolineC4SH) and 14.2 ym
(QuinolineC28H). The inhibition constants, X, have values
between 0.44 um (QuinolineC4SH) and 2.97 um (Quino-
lineC2SH). The IC,, for VIM-2 was found to be in a
range between 2.4 i (QuinolineC4SH) and 7.6 um (Quino-
lineC5SH). The inhibition constants, K, have values between
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Fig. 4. Relation of Inhibitory Effect versus Structures, for Several In-
hibitors of IMP-1

0.42 um (QuinolineC4SH) and 1.39 um (QuinolineC5SH).
When the number of methylene units was varied, Quino-
lineC4SH showed the maximum inhibitory activity against
both IMP-1 and VIM-2, as shown in Fig. 3. The magnitude
of K, decreased with the number of methylene units from 2 to
4 for IMP-1, but remained unchanged for VIM-2.

DISCUSSION

PhenylCnSH (n=1—4) and QuinolineCnSH (n=2—6) are
found to be potent inhibitors for MBLs in this study.

The following interactions of PhenylCrSH (n=1—4) with
IMP-1 and VIM-2 would be predicted: 1) replacement of the
water-1 between the two Zn(Il) ions with the thiol group in
the active site, 2) hydrogen bonding of the oxygen of the car-
boxyl group with amino acids of the enzyme or replacement
of water-2 coordinated to the Zn(Il) ion in the DCH site, 3)
hydrophobic interactions between the phenyl group and the
hydrophobic pockets of MBLs.

1) The thiol group of PhenylCnSH (n=1—4) 1nh1b1tors
appears to bind with Zn(II) ions of the active site of MBLs.
This was supported by the X-ray crystal]ographlc analysis of
a complex of IMP-1 with a thiol compound.'?

2} The phenyl group of PhenylCnSH (n=1—4) may in-
teract with hydrophobic amino acid(s) near the active site.
The phenyl ring of PhenylC4SH is located at a sufficient dis-
tance to effect hydrophobic interactions with a hydrophobic
pocket near the active site of IMP-1. PhenylC3SH and
PhenylC4SH inhibit both IMP-1 and VIM-2 more strongly,
and PhenylC2SH was found to strongly inhibit VIM-2 to a
greater extent than IMP-1. These results suggest that the hy-
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drophobic pocket of VIM-2 is larger than IMP-1, and is lo-
cated near the Zn(II) site. PhenylC1SH showed only a weak
inhibition for VIM-2. When the number of methylene units is
3 and 4, it can be considered to be a suitable distance for in-
teracting with the hydrophobic pocket of VIM-2 (Fig. 3).

For the case of the inhibition of CPA by PhenylCnSH
(n=1-—4), the K, of PhenylCnSH. (n=1—4) was determin-
ed to be 0.010, 2.1, 1.35, and 1.3um respectively.*”
PhenylC1SH inhibits CPA most strongly by electrostatic in-
teractions between the oxygen of the carboxyl group and the
ionic side chain of CPA as well as binding of the thiol with
Zn(II) and hydrophobic interactions. Although PhenylC4SH
inhibited most strongly, the K, values for IMP-1 and VIM-2
are not greatly different from the others with respect to CPA.
The observation that PhenylCaSH (n=1—4) inhibited both
of IMP-1 and VIM-2 indicates that these compounds are in-
hibitors of other MBLs.

A comparison of the inhibition constants and structures of
other inhibitors are shown in Fig. 4.

Although only the thiol group of PhenylC1SH is replaced
with a carboxyl group for inhibitor B, a 2,3-disubstituted
succinic acid, reported by Toney®® a large difference in the
IC,y: 16.4 um was found for PhenylC1SH and 490 um by B
for IMP-1 when the substrate was nitorocefin. This suggests
that a thiol group is a very important group in terms of in-
hibiting MBLs. PhenylC4SH was the potent inhibitor of
IMP-1 among the PhenylCnSH series. However, Mollard re-
ported that inhibitor C has a K; value of 29 nM™ lower by 10
fold than PhenylC4SH. We have reported that mercaptoacetic
acid is a reversible inhibitor with a K; of 0.23 um.'” Inhibitor
C having the phenyl group on C2 pos1t10n of mercaptoacetic

* acid led to approximately 10 fold high act1v1ty cothpared to

mercaptoacetic acid. This higher K; may reflect much higher
hydrophobic Toney ef al. have reported that the addition of
the benzyl group at C3 position of inhibitor B increases K| by
1.8X10° fold (0.0027 uM) compared to inhibitor B.*)

Although QuinclineCnSH could not be used for the detec-
tion of MBLs by fluorescence, QuinolineCrSH are potent in-
hibitors for both IMP-1 and VIM-2.

For both PhenylCsSH and QumohneCnSH the inhibitory
effect is maximum for n=4 for IMP-1 and VIM-2 and least
for n=1 for IMP-1. But the effect of variation in the number
of methylene units in the Iinker, #, is different between IMP-
1 and VIM-2. The thiol group acts as a coordinating ligand
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of one of the two Zn(Il) ions or both as a bridging ligand and
provides strong driving force for binding with the active cen-
ter. However, for being a good or relevant inhibitor, candidate
compounds should be involved in specific interactions
around the environment of the active site. The phenyl group
in PhenylCaSH and the quinoline group in QuinolineCnSH
are intended to interact with the hydrophobic region of the
enzymes. The dependency of the inhibitory effect on the
number of the methylene (n) reflects the difference in the
geometry of MBL: IMP-1 has a narrower or tighter hydro-
phobic pocket than VIM-2.
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Abstract

Multidrug efflux pumps contribute to multiple antibiotic resistance in Pseudomonas ueruginesu. Pump expression usually has
been quantified by Western blotting, Quantitative real-time polymerase chain reaction has been developed to measure mRNA
expression for genes of interest. Whether this method correlates with pump protein quantities is unclear. We devised a real-time
PCR for mRNA expression of MexAB-OprM and MexXY-OprM multidrog efflux pumps, In laboratory strains differing in MexB
and MexY expression and in several clinical isolates, protein and mRNA expression correlated well. Quantitative real-time PCR
should be a useful alternative in quantitating expression of multidrug effinx pumps by £. aeruginosa isolates in clinical laboratones
© 2004 Federation of European Microbiclogical Societies. Published by Elsevier B.V. All rights reserved.

Keywords: Pseudomonas aeruginosa; Multidrug efilux pumps; Real-time polymerase chain reaction; Western blotting

1. Introduction Several mechanisms are known by which this micro-
organism escapes the toxic effects of antimicrobial

Pseudomonas aeruginosa is a clinically important agents. Theseinclude production of inactivating enzymes,
pathogen showing greater intrinsic resistance than most mutations of target enzymes, and multidrug efffux
other Gram-negative bacteria to a number of antimicro- pumps [3-6]. The pumps, especially the resistance-
bial agents. This intrinsic resistance problem is com- nodulation-division (RND) family, have received partic-
pounded by increasingly frequent development of ular recent attention because they can extrude multiple
acquired resistance to agents that ordinarily show po- structurally unrelated compounds, and thus are involved
tent activity against this organism {1,2]. Thus P. aerugin- . in multidrug resistance [3,4,7]. To date, at least seven
osa, a major -opportunistic pathogen, is becoming RND family drug efflux pumps are known to exist in
increasingly difficult to eradicate. P. aeruginosa cells. Among them, MexAB-OprM, which

is expressed constitutively in wild-type strains, contrib-
utes to the intrinsic resistance of P. aeruginosa to most

T Comesponding author. Tel.: +81 859 34 8105; fax: +81 859 34 brlactams and many other structurally unrelated antimi-
2008, crobial agents [2,8,9] MexXY-OprM also is involved in
E-mail address: chikumi@grape med.tottori-u.ac.jp (H. Chikumi). the intrinsic resistance of P. aeruginosa to several agents,

0378-1097/822.00 © 2004 Federation of Buropean Microbiotogical Societies. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.femsle.2004.11.048
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such as fourth-generation cephems, tetracyclines, eryth-
romycin, and gentamicin [10,11]. Since expression of
MexCD-Opr] and MexEF-OprN is strictly suppressed
by the respective regulator genes in wild-type P. aerugin-
osa cells, neither of these efflux pumps are involved in
intrinsic antibiotic resistance; they contribute only to ac-
quired resistance [12,13].

An important part of investigating resistance mecha-
nisms involving these efflux pumps in P. aervginosa is
determination of pump expression levels in laboratory
strains or in clinical isolates. Conventionally, this has
been done by Western blotting using monoclonal or
polyclonal antibodies [1,2,9,14]. However, this method
is complex and time-consuming, and the antibodies are
not commercially available. A recently, developed new
technique, quantitative real-time polymerase chain reac-
tion (PCR), can measure mRNA expression for genes of
interest. This method has proven highly accurate and
reproducible in quantitating gene expression [15], and
can quantify a given mRNA within a very large range
of amounts [16]. However, the practicality of using this
method to quantify gene expression of P. aeruginosa ef-
flux purnps, as well as correlations of mRNA amounts
with pump protein amounts, are uncertain. We set out
to devise a real-time PCR as a sensitive, easily performed
quantitative method for determining expression of two
efflux pumps, MexAB-OprM and MexXY-OprM, that
contribute to both intrinsic and acquired resistance. We
considered this procedure as a possible alternative to
quantification of pump proteins by Western blotting.

2. Materials and methods

2.1. Bacterial strains, media and growth conditions

The strains used in this study are shown in Table 1
{1,17,18]. P. aeruginosa clinical isolates were randomly

Table |
Pseudomonas acruginosa strains used in this study

selected from our collection at Tottori university hospi-
tal and Kyoto pharmaceutical university. Bacterial cells
were grown in Luria-Bertani broth (LB) (Wako Pure
Chemical Industries, Osaka, Japan). All bacterial cul-
tures in LB were incubated at 37 °C with shaking (140
rpm) for 12.5 h.

2.2, Isolution of total membranes, SDS-PAGE, and

immunoblot analysis

Cells grown in LB were harvested by centrifugation
and total membranes were prepared as described previ-
ously [17]. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and electrophoretic transfer was per-
formed as described previously [17]. The fractionated
proteins were subjected to immunoblot analysis using
anti-MexB rabbit-peptid antisera [17] or anti-MexY rab-
bit polyclonal antibody [32] as the primary antibodies
and horseradish peroxidase-linked appropriate second-
ary antibodies (Pharmacia). The binding antibodies
were detected using ECL plus Western blotting detec-
tion reagents (Amersham Pharmacia Biotech) according
to the manufacture’s instructions.

2.3. Cloning in plasmids and quantification of number of
copies of the plasmids

Plasmids containing amplified sequences of PAOIL
strain were constructed with the pGEM-T Easy Vector
Systems (Promega, Tokyo, Japan) according to the
manufacture’s instructions. Briefly, the fragmenis of
mexB, mexY and rpsL genes, 244, 246 and 241 bp,
respectively, were amplified by conventional PCR with
the primers listed in Table 2. The fragments were cloned
into pGEM-T Easy Vector. DH5a Escherichia coli were
transformed with these constructions, and after expan-
sion in culture, the plasmids were purified by the Minj-
preps DNA Purification System (Promega). Gene

Strain Description Source or reference
PAOI] Prototroph :

OCR1 MexAB-OprM-overproducing nafB mutant of PAOIL [7

KG2212 AmexR : res-Q of PAQL [17

KG223% Amiex R-mexA-mexB-OprM of PAOI] (17

K.G5005 MexXY-overproducing, nalB AmexAB of PAQ! f18)

KG4545 mexZ::0 Sm of PAQL This study®

T-001 Clinical isolates

T-002 Clinical isolates
T-003 Clinical isolates
T-004 Clinical isolates

T-005 Clinical isolates

T-006 Chlinical isolates
T-007 Clinical isolates
T-008 Clinical isolates
T-009 Clinical isolates

Kyoto Pharmaceutical University
Kyoto Pharmaceutical University
Tottori University
Tottori University
Tottori University
Tottori University
Tottori University
Tottori University
Tottori Untversity

* K(G4545 was constructed by insertion of £ $m cassette into the mexZ gene of PACI using allele exchange technique.
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Table 2

Primers used in this study

Gene  Amplicon  Sequences of primers

size (bp)

mexB 244 Forward: GTGTTCGGCTCGCAGTACTC
Reverse: AACCGTCGGGATTGACCTITG

mexY 246 Forward: CCGCTACAACGGCTATCCCT
Reverse: AGCGGGATCGACCAGCTTTC

rpsL 241 Forward: GCAACTATCAACCAGCTGGTG

Forward: GCAACTATCAACCAGCTGGTG

quantification was performed with the BECKMAN
DU-64 Spectrophotometer (Beckman Instruments,
CA, USA) at a wavelength of 260 nm, and the number
of copies was calculated. These plasmids were used as
external standards. For each batch, serial plasmid dilu-
tions were amplified; this allowed the construction of a
standard curve and the quantification of mRNA in
samples. '

2.4. RNA extraction and cDNA synthesis

Total RNA was extracted from the 250 pl of cultured
medium using QIAGEN RNeasy Mini Kit (Qiagen, To-
kyo, Japan), and residual DNA was removed by adding
DNase I using QIAGEN RNase-Free DNase Set (Qia-
gen) according to the manufacture’s instructions. RNA
was finally dissolved in 50 pl of RNase-free water. For
cDNA synthesis, each 20 pl reaction contained | pg of
total RNA, 10 pg of random hexamer, 1 x first strand
buffer (50 mM Tris-HC! (pH 8.3), 75 mM KCl, 3 mM
MgCl,; Invitrogen, Tokyo, Japan), 0.5 mM dNTP, 10
U of RNase inhibitor (Invitrogen), and 200 U of Super
Script I (Invitrogen). cDNA synthesis was performed in
a TaKaRa PCR Thermal Cycler (Takara, Kyoto, Ja-
pan) according to the following procedure: after an
annealing step for 10 min at 70 °C, reverse transcription
was carried out for 50 min at 42 °C, followed by reverse
transcriptase inactivation for 10 min at 95 °C,

2.5. Quantitative real-time PCR

The LightCyeler {Roche, Tokyo, Japan} was used for
all quantitative PCRs. All PCR amplification reactions
were performed in a 10 pl volume containing a 3 mM
concentration of MgCl,, a 1 pM concentration of for-
ward primers, a } pM concentration of reverse primers,
1 % FastStart DNA. Master SYBR Green I (Roche), and
1 pl of ditluted ¢DNA (1:10). The cycling parameters
used were as follows: one denaturation cyele for 600 s
at 95 °C and 45 amplification cycles (temperature tran-
sition rate of 20 °Cs™!) for 15 s at 95 °C, annealing
for 55 at 55 °C, extension for 10 s at 72 °C, Fluotescence
readings were taken after each cycle following the exten-
sion step. This was followed by melting curve analysis of
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65-99 °C (temperature transition rate of 0.1 °Cs™") with
continuous fluorescence readings. For each gene being
measured, a sequence-specific standard curve was gener-
ated using 10-fold serial dilutions of plasmid DNA con-
taining the sequence of Interest and wusing the
appropriate primers. The LightCycler software gener-
ated a standard curve from the standards and deter-
mined the gene copy number in each test sample. The
ratios of gene expression between the target genes
{mexB, mexY) and internal standard (rpsl) were ex-
pressed relative to those of PAOL or KG4545, which
is set at 1.00. .

3. Results

3.1. Design of a real-time PCR assay for quantitative
analysis of multidrug efflux pump

MexAB-OprM is considered the most important mul-
tidrug efflux pump in P. geruginosa, being involved in
broad resistance to cephems, penicillins, monobactams
and carbapenems. We therefore first developed a quan-
titative real-time PCR assay targeted to mexB gene
expression. Primer sequences were chosen from a region
of the mexB gene that was preserved among the bacte-
rial strains used in this study, according to DNA
sequencing. In addition, an extensive search of several
databases, including the EMBL and GenBank dat-
abases, indicated that no primer shared significant
homology with other known nucleotides sequenced.
To determine the copy number of mexB gene in sample,
a standard curve was established with a control plasmid,
pGEM-T/MexB, that contained the target mexB partial
sequences. The control plasmid was diluted 10-fold with
water in a serial manners, from 48 to 4.8 % 107 copies/pl,
and each sample was submitted to the mexB real-time
PCR (Fig. 1(4)). The threshold cycle number, which cor-
responds to the PCR cycle number at which the fluores-
cence signal exceeded the detection threshold, was
plotted against each of logarithmically increasing stan-
dard DNA concentrations. As shown in Fig. 1(b), a lin-
ear relationship was obtained over on at least 7-log
range of cCDNA concentrations.

As MexXY-OprM is the other efflux pump system
that contributes to intrinsic and acquired resistance to
fourth-generation cephems and aminoglycoside deriva-
tive antibiotics, we similarly established a quantitative
real-time PCR assay targeted to mexY gene expression.
The range of quantification was from 88 to 8.8x 10’
copiesf/pl of pGEM-T/MexY construct (data not
shown).

To compensate for varying numbers of cells in sam-
ples and efficiency of the reverse transcription reaction,
we developed a quantitative real-time PCR reaction
for rpsl, a constitutively expressed 308 rRNA gene,
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Fig. 1. Amplification profiles (a) and standard curves (b) for Light-

Cycler PCR with SYBR Green I. {a) Performance of real-time PCR on -

a panel of control samples with predetermined numbers of copies of P.
acruginosa DNA, The plot shows the relationship of the Auorescent
signal to cycle number in a panel of quantified copies of a plasmid
containing the mexB fragment of a P. aeruginosa isolate. Samples: (1),
water; (2), 48 copies/ul; (3), 480 copies/ul; {4), 4300 copies/uk; (5),
48,000 copiesfitl; (6), 480,000 copies/pl; (7}, 4,800,000 copies/ul; (8),
48,000,000 copies/ul. (b) Standard curve for real-time PCR. The
threshold cycle number was plotted aguinst each of the logarithmically
increasing standard DINA concentrations for calibration.
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for use as an intemnal standard [19]. The sequences of
primers were based on previous the report which used
them for conventional RT-PCR [20]. Quantitation
proved to be linear over a wide logarithmical range,
from 57 to 5.7x 107 copies/l of pGEM-T/RpsL con-
struct (data not shown).

3.2. Correlation hetween protein and mRNA expression of
rltidrug efflux pump in laboratory strains

We next used the real-time PCR assay to examine the
correlation between protein and mRNA expression of
MexB. For this purpose we used four laboratory strains,
PAO1, OCRI, KG2212, and KG2239, that had been
developed to express MexB to different degrees (Table
1). First we performed Western analysis to quantify pro-
tein expression of MexB in these bacterial strains (Fig.
2(a)). Densitometry of the MexB bands respectively
showed protein expression in OCR1 and in KG2212 to
be 2.9-and 1.3 times greater than in the control strain
(PAQI), while no MexB band could be detected in
KG2239 (Fig. 2(a)). Up- and down-regulation of MexB
was investigated further by real-time PCR after culture
under the same conditions. Expression of mexB mRNA
in OCR1 and K(G22]2 respectively was 4 and 2.4 times
greater than in PAO1, while only traces of mexB8 mRNA
were found in KG2239 (Fig. 2(b)). Expression patterns
of protein and mRNA thus were highly similar to one
another in these laboratory strains.

Mexy
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Fig. 2. Correlation between protein and mRNA expression of MexB and MexY in laboratory strains. (a) Western immunoblot analysis using a
polyclonal antibody to MexB. Preparation of membranes (5 pg/lane) for immunoblot assay following SDS-PAGE was catried out as described in the
Section 2 (upper panet}. Band intensity was quantified using the Scion Image program based on the NIH Image for Macintosh program. Data are
expressed relative to the quantity of MexB in PAQ1. Each bar represents the mean * SE of the relative intensity in three experiments (lower panet},
(b) Quantitation of mexB gene expression by real-time PCR. Datu are expressed relative to the quantity of mexB mRNA in PAQIL. Each bar
represents the mean + SE of the relative intensity in three experiments. {¢) Western immunoblot znalysis using 4 polycional antibody to MexY.
Preparation of membranes (5 pg/lane) for immunoblot assay following SDS-PAGE was carried out as deseribed in Section 2 (upper panel). Band
intensity was quantified using the Scion Image program based on the NTH Image for Macintosh program. Data are expressed relative to the quantity
of MexY in KG4545, Each bar represents the mean + SE of the relative intensity in three experiments (lower panel). {d} Quantitation of mex ¥ gene
expression by real-time PCR. Data are expressed relative to the quantity of mexB mRNA in KG4545. Each bar represents the mean + SE of the

relative intensity in three experiments.
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Next we cxamined the correlation between protein
and mRNA expression of MexY in three laboratory
strains, PAOI1, KG35005, and KG4545 (Table 1), Wes-
tern analysis detected bands at 113 kDa representing
the MexY protein in KG35005 and KG4545, while no
band was seen in PAQOIL (Fig. 2(c)). Quantification of
the MexY bands showed high degrees of protein expres-
sion in KG5005 and KG4545, with expression of
K.G35005 being twice that of KG4545 (Fig. 2(c)). When
expression of mex¥ was examined further by real-time
PCR. after culture under the same conditions, mRNA.
expression of mexY in KG35005 was 1.2 times that in
KG4545, while expression in PAQ1 was only 26% of
that in KG4545 (Fig. 2(d)). These resulis were consistent
with those of Western blotting.

3.3. Correlation between protein and mRNA expression of
multidrug efftux pump in clinical isolates

Since laboratory strains chosen to vary in pump
expression showed good correlations between protein
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and mRNA expression of both MexB and MexY, we
next examined the relationship between protein and
mRNA expression of MexB in randomly selected clini-
cal isolates (T001 to T009; Table 1). As shown in Fig.
3(a), isolates T001, T002, T003, and T003 showed 1.6—
2.3 times greater expression of MexB protein than did
PAOL. On the other hand, T004 and T006 to T009,
showed 50-100% lower expression than that in PAOL.
Corresponding 1o this protein expression, mRNA
expression measured by real-time PCR was higher than
in PAOI1 in T001, T002, and T003, but lower in T004
and T006 to T009 (Fig. 3(a)). The only exception was
TO05, which expressed 2.3 times as much protein as
PAOQI1, but only slightly more mRNA.

Next, the same clinical isolates were examined con-
cerning the relationship between protein and mRNA
expression of MexY. By Western blotting, in T002 to
TO06, expression of Mex¥Y protein was equal to or
greater than that in KG45435, while T001, T007, T008,
and T009, like PAO1, did not express detectable MexY
protein. In real-time PCR, T002 to T006 expressed more

H proteins
HmRNAs

W b L & =
(=3 (=1 = = =
= = = = =
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W mRNAs

T008
T009
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Fig. 3. Correlation between protein and mRNA expression of MexB and MexY in clinical isofates. (a) Hatched bars represent Western immunoblot
analysis with a polyclonal antibody to MexB in clinical isolates. Band intensity was quantified using the Scion Image program bused on the NIH
Image for Macintosh program. Data are expressed relative to the guantity of MexB in PAOL. Each bar represents the mean £ SE of the relative
intensity in three experiments. Solid bars. represent quantitation of mexB gene expression by reak-time PCR. Data are expressed relative to the
quantity of mexB mRNA in PAOL. Each bar represents the mean + SE of the relative intensity in three experiments. (b) Hatched bars represent
Western immunoblot analysis with 4 polyclonal antibody to MexY in clinical isolates. Band intensity was quantified using the Scion Image program
based on the WNIH Image for Macintosh program. Data are expressed relative to the quantity of MexY in KG4545. Each bar represents the
mean * SE of the relative intensity in three experiments. Solid bass represent quantitation of mexY gene expression by real-time PCR. Data are
expressed relative to the quantity of mex¥ mRNA in KG4545. Each bar represents the mean + SE of the relative intensity in three experiments.
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mexY mRNA than KG4545, while T001, T007, T00S,
and T009 as well as PAO] expressed only very small
amounts of mexY mRNA  (Fig. 3(b)). Although
amounts of protein were relatively small considering
those of mRNA in TO006, expression patterns of both
mRNA and protein levels were quite similar in all other
clinical strains. These data showed a general trend of in-
creased protein resulting from increased mRNA.

4. Discussion

In this study we developed a quantitative real-time
PCR assay to assess two multidrug eflux pumps in
P. aeruginosa, MexB and MexY, and examined the rela-
tionship between mRNA expression measured by this
real-time PCR and protein expression measured by Wes-
tern blotting. Results obtained with our method, involv-
ing RNA isolation, cDNA synthesis, and quantitative
real-time PCR, were highly reproducible and permitted
precise quantification of minute or substantial amounts
of mexB or mexY mRNA transcripts. Real-time PCR
assay allowing quantification of efflux pump gene tran-
scripts relative to those of the 308 rRNA gene, rpsl,
showed good correlation with MexB and MexY protein
expression in laboratory and clinical strains. This real-
time PCR would appear to be a useful alternative method
for assessing the multidrug efflux pumps MexB and
MexY in P. aeruginosa.

Of the several techniques developed to estimate pro-
tein or mRNA expression, Western blotting is consid-
ered the “gold standard” for quantifying expression of
multidrug efflux pumps in P. aerugirosa. Since this
method is time-consuming and requires specific antibod-
ies not commercially available, it has not been widely
implemented in clinical laboratories. Real-time PCR
has several practical advantages over Western analysis,
First, real-time PCR has great sensitivity and a wide
effective range. Even though the efflux pump proteins
were not detectable in several of our strains, small
amounts of corresponding mRNA could be detected
and measured in all strains. Secondly, real-time PCR
has high throughput and is less labor-intensive than
Western analysis; it is a closed-tube system that does
not require post-PCR handling. In our experience, total
time for specimen processing and analysis is 3-4 h.
Third, our application of real-time PCR has broad
accessibility, being easy to perform in any laboratory
with real-time PCR equipment as long as specific prim-
ers have been prepared. Therefore, real-time PCR is an
attractive method for estimating pene expression for ef-
flux pumps in bacteria.

As protein expression dose not always exactly reflect
mRNA transcription, in case using mRNA expression
profiles to presume the protein expression levels, we first
needs to confirm the closeness of quantitative correla-

tion of individual proteins with the corresponding
mRNA, For example, while several reports have de-
scribed good correlations between amounts of specific
mRNA and corresponding protein expression [21,22],
exhaustive studies of bacteria or fungi have reported
no significant general correlation between protein and
mRNA abundance [22-24]). As for multidrug efflux
pumps in P. aeruginosa, the few previous studies esti-
mating mRNA expression of these genes by conven-
tional RT-PCR [25], or very recently by real-time PCR
[19,26]. However, these works lacked the validation of
a correlation between amounnts of profein and mRNA
expression. We therefore specifically examined this cor-
relation, finding it to be significant for MexB and MexY
in P. ageruginosa. Our results suggest that quantitative
analysis of mRNA by real-time PCR might be a useful
indicator of corresponding MexB and MexY protein
quantities in lieu of Western blotting.

Although mRNA expression correlated well with
protein expression levels in laboratory strains, some
clinical isolates showed subtle discrepancies between
protein and mRNA expression, Many molecular mech-
anisms causing these discrepancies have been reported
to date. Such mechanisms include post-transcriptional
control of the protein translation rate [27], the half-lives
of specific proteins or mRNAs [28], and the molecular
association of the protein products of expressed genes
[29]. Clinical isolates have diverse genetic backgrounds,
unlike laboratory strains that are isogenic with a refer-
ence strain such as PAQL. Heterogeneity in clinical iso-
lates affects above regulatory mechanisms of
transcription, translation, and proteolysis, leading to
the discrepancies. In our study, all discrepancies shown
in TGOS or T006 appear likely to involve overall genetic

“heterogeneity of the strains, and therefore may be inev-

itable to some degree in clinical isolates.

In conclusion, real-time PCR based on the capillary
format of the LightCycler instrument proved to be a
simple, rapid, sensitive, and specific way to quantify
multidrug efflux pumps in P. aeruginosa. Multidrug
resistance of P. aeruginosa involves on interplay among
multiple resistance mechanisms: B-lactamase, the outer
membrane barrier, and multidrug efflux pumps [30,31];
optimal treatment will require a practical method for
assessing the latter. Clinical laboratories should be able
to estimate expression of these pumps by this method,
permitting optimal choices involving antimicrobial
agents, as well as antibiotics available for use with mul-
tidrug efflux pump inhibitors.
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The aim of this study was to determine the distribution of metallo- B-lactamase-pmduchlg Pseudomonas
aeruginosa in Japan and fo investigate the molecnlar characteristics of resistance gene casseties including the. .
gene encoding this enzyme. A totai of 594 nonduplicate strains of P. aeruginosa isolated from 60 hospitals
throughout Japan in 2002 were evalnated. This study indicated that although the prevalence of imipenem-
resistant P, aeruginosa has not increased compared to that found in previous studies, clonal distribution of the

same strain across Japan is evident.

. Class A, B, and D B-lactamases, as defined by Ambler et al.,
can hydrolyze carbapenems (1, 9). In particular, class B f-lac-
tamases, termed metalio-B-lactamases, are an increasingly se-
rious clinical problem because they have a very broad substrate
profile that includes penicilling, expanded-spectrum cephale-
sporins, and carbapenems and excludes only monobactams,
such as aztreonam. It has been reported that IMP-1 metallo-
B-lactamase-producing Serratic marcescens was first isolated in
Japan in 1991 {10). Recently, metalio-B-lactamase-producing
Pseudomonas aeruginosa and . marcescens probably have the
highest incidence of isolation in Japan (7).

Most metallo-B-iactamase genes are located on integrons,
which are genetic elements containing gene cassettes that can
facilitate their spread and mobilize the genes to other inte-
grons or to other sites. The gene cassettes often encode clini-
cally important antibiotic resistance genes, including those en-
coding P-lactamases such as extended-spectrum B-lactamases
and catbapenemases, and also aminoglycoside-modifying en-
zZymes (12)

Little is known about the distribution of the clone(s) that
produces metallo-B-lactamases in Fapan. Therefore, we con-
ducted a surveillance study covering a wide geographic area
with the aim of determining the distribution of metallo-B-
lactamase producers in Japan and to investigate the molecular
characteristics of the resistance gene cassettes that included
the gene encoding a metallo-p-iactamase.

A total of 594 nonduplicate strains of P. aeruginosa isolated
from 60 hospitals throughout Japan in the year 2002 were
evaluated. The susceptibility of P. aeruginosa to several antibi-
otics was measured with the Etest strip, and the strains were
stored on Casitone medium (Eiken Chemical Co. Ltd., Tokyo,
Japan} (data not shown). After 6 months, the antibiotic sus-

* Corresponding author. Mailing address: Department of Microbi-
ology, Toho University School of Medicine, 5-21-16 Omori-nishi, Ota-
ku, Tokyo 1438540, Japan Phone: 81-3-3762-4151, ext. 2396. Fasx:
81-3-5443-5415. address: E-mail: yoishii@med.toho-wac.jp.

ceptibility of these isolates was reassessed by the National
Committee for Clinical Laboratory Standards broth microdi-
lution method with cation-adjusted Mueller-Hinton broth
(Difco, Detroit, Mich.). The isolates were screened for the
presence of metallo-p-lactamase by a double-disk synergy test
reported by Arakawa et al. (2). Integron analysis was per-
formed by PCR mapping (5’-conserved segment infl to 3'-
conserved segment gacEAT) of the typical antibiotic resistance
genes and integron with specific primer sets (Table-1). The -
specificity of the primer sets for bla, . ,-like and blay,, -like
gene was confirmed with positive-control strains producing
IMP-1 or VIM-2 metallo-B-lactamase. The specificity of am-
plicons obtained by specific primer sets (wacd4, aadAl, aedA2,
and blagya.n) was also partiaily verified with the automatic
sequencer ABI Prism 310 genetic analyzer (Applied Biosys-
tems/Perkin-Elmer Biosystems). PCR with Ex Tag polymerase
{Takara Bio, Inc., Tokyo, Japan) were carried out by standard
methodology (13). pulsed-field gel electrophoresis analysis was
performed by 2 modified metbod of the standard protocol (6).
The restriction enzyme used was Spel (15). By use of the
dendrogram, isolates with a genetic relatedness of >80% were

FIG. 1. Antimicrobial sus.cept;bl]mes of lmlpenem-nc)nsuscepnble
P. aeruginosa isolates.
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TABLE 1. Nucleotide sequences of PCR primers used in this study

Gene* Primer sequence (5' to 3%} T, (°C) Reference
intA(S) ATC ATC GTC GTA GAG ACG TCG G 67.4 11
intB(AS) GTC AAG GTT CTG GAC CAG TIG C 66.9 11
blag ., (S) CTA CCG CAG CAG AGT CTT TG 62.7 This study
blayyp.,(AS) AAC CAG TTIT TGC CTT ACC AT 59.9 This study
blaynga(S) AAA GTT ATG CCG CACTCA CC 63.9 This study
Bliypgo(AS) TGC AAC TTC ATG TTA TGC CG 64.5 This study
aacA4(S) GAC CTT GCG ATG CTC TAT GAG TGG CTA AAT 73.0 This stady
aacA4(AS) TTC GCT CGA ATG CCT GGC GTG TT 76.9 This study
wadAI(S) TGA TCG CCG AAG TAT CGA CTC 66.3 This study
aadAI{AS) CCT TGG TGA TCT CGC CTT TC 63.8 This study
aadAX(S) TTC GAA CCA ACT ATC AGA GGT GCT AA 674 This study
audA2(AS) AAA GOG AAT AAA TTCTTC CAA GTGATC T 66.4 This study
bl yn oS) CAA TCC GAA TCT TCG CGA TAC TT 669 This study
blzoxao(AS) AAG TAT CGC GAA GAT TCG GAT TG 66.9 This sindy
gucEAI CTC TCT AGA TTT TAA TGC GGA TG 60.6 This study

7 (8), sense; (AS), untisense,

considered to represent the same pulsed-field gel electro-

phortesis type (4).

" Eighty-eight (15%)} of 594 isolates were not suscepuble

(MIC = 8 mg/ml) to imipenem. Among 88 isolates, 88 (100%),
21 (24%), 41. (47%), 12 (14%), and 42 (48%) were not sus-
ceptible to imipenem, ceftazidime, meropenem, amikacin, and
levofloxacin, respectively (Fig. 1). Screening of metallo-B-lac-
tamase producers was carried out for these isolates by the
double-disk synergy test. Eleven (1.9%) of 594 isolates were
found to produce metallo-§-lactamase. Ten of these isolates
were IMP-1-like, and the other was a VIM-2-ike metallo-B-
lactamase producer.

- The type of metallo-B-lactamase gene was also confirmed by
PCR. The genetic relatedness of these isolates was also eval-
- mated by pulsed-field gel electrophoresis as described above
(Fig. 2, Table 2). Strains TUMI683, TUM1708, TUM1709,
TUM1710, and TUM1732 had related electrophoresis chro-
mosomal DNA. banding patterns, whereas other strains
(TUM1672, TUM1673, TUMI1682, TUM1721, TUM1733,

ERT N . R .

and TUM1757) showed different banding patterns. Strain
TUM1708, TUM1709, and TUM1710 were isolated from same
hospital, suggesting nosocomial spread. Interestingly, although
strains TUM1683, TUMI1708 (or TUM1709 and TUM1716},
and TUMI1732 has been isolated in different hospitals, Ka-
wasaki, Saitama, and Nara, respectively, these isolates had
related patterns. Since the distance from Okayama to Saitama
and from Saitama to Nara is about 800 and 400 km, respec-
tively, the results observed suggested clonal spread of metallo-
B-lactamase-producing strains.

Several rescarchers have reported an incidence of metalo-
B-lactamase-producing P. aeruginosa of between 0.4 and 1.3%
in Japan from 1992 to 2002 (5, 7, 14, 16). In this study, we iso-
lated 1.9% metallo-8-lactamase-producing F. aeriginosa strains

from geographically diverse regions in Japan. We suggest that

the incidence of metallo-f-lactamase-possessing P. aeruginosa
has not increased during the past decade. However, the same
clone of metallo-B-lactamase-carrying P. aeruginosa has now
spread throughout Japan.

FIG. 2. Pulsed-field gel electrophoresis profiles obtained with SpeI chromosomal digestion of metallo-B-lactamase-carrying F. aeruginosa. The
second 1brouph sixth Ianes contained related strains TUM1683, TUM1709, TUM1708, TUM1732, and TUMI710, xespectively. Lanes first and
seventh to eleventh lanes contained nnrelated strains TUM1757, TUM1682, TUM1721, TUM1733, TUM1673, and TUM1672, respectively.
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