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Novel 6'-N-Aminoglycoside Acetyltransferase AAC(6')-Iaj from a
Clinical Isolate of Pseudomonas aeruginosa

Tatsuya Tada,® Tohru Miyoshi-Akiyama,* Kayo Shimada,® Masahiro Shimojima,® Teruo Kirikae?

Department of Infectious Diseases, Research Institute, Nationa! Center for Global Health and Medicine, Shinjuku, Tokyo, Japan? BML Inc, Kawagoe, Saitama, Japan”

Pseudomonas aeruginosa NCGM1588 has a novel chromosomal class 1 integron, In151, which includes the aac(6')-Iaj gene. The
encoded protein, AAC(6')-Iaj, was found to consist of 184 amino acids, with 70% identity to AAC(6')-Ia. Escherichia coli trans-
formed with a plasmid containing the aac(6')-Iaj gene acquired resistance to all aminoglycosides tested except gentamicin. Of
note, aac(6' )-Iaj contributed to the resistance to arbekacin. Thin-layer chromatography revealed that AAC(6')-Iaj acetylated all
aminoglycosides tested except gentamicin. These findings indicated that AAC(6')-1aj is a functional acetyltransferase that modi-
fies the amino groups at the 6’ positions of aminoglycosides and contributes to aminoglycoside resistance of P. aeruginosa

NCGM1588, including arbekacin.

" he major mechanism of resistance to aminoglycosides is the
I production of aminoglycoside-modifying enzymes (1). The
aminoglycoside 6’-N-acetyltransferases [AAC(6')s] are of partic-
ular interest because they can modify a number of clinically im-
portant aminoglycosides, including amikacin, gentamicin,
netilmicin, and tobramycin. The AAC(6")-I type confers resis-
tance to amikacin through acetylation of the drug, whereas the
AAC(6")-1I type acetylates gentamicin. To date, 43 genes, desig-
nated aac(6’)-Ia to aacA43, which encode AAC(6')-I enzymes,
havebeen cloned and characterized (1-3). Genes encoding amino-
glycoside-modifying enzymes are often located on integrons (4),
sequences that can integrate gene cassettes through site-specific
recombination (5), in both plasmid and genomic DNA (4). Class
1 integrons participate in multidrug resistance in Pseudomonas
aeruginosa (6-8).

Pseudomonas aeruginosa is a nosocomial pathogen that exhib-
its a remarkable ability to acquire resistance to several antibiotics.
In Japan, the most serious problem has been the emergence of
multidrug-resistant (MDR) P. aeruginosa strains, which are de-
fined as having resistance to carbapenems, amikacin, and fluoro-
quinolones (9, 10).

Previously, we described a nosocomial outbreak caused by an
MDR P. aeruginosa strain, IMCJ2.S1 (present name, NCGM2.51)
in a hospital in the eastern part of Japan (10). IMCJ2.S1 was found
to harbor an aminoglycoside 6'-N-acetyltransferase gene, aac(6')-
Iae, in a chromosomal integron (9). A study in Japan in 2008
revealed two MDR P. aeruginosa clinical isolates harboring
aac(6')-Iaf (11). In 2011, a clinical isolate of MDR P. geruginosa
negative for aac(6')-lae and aac(6')-Iaf was found. The isolate
contained a novel aminoglycoside 6'-N-acetyltransferase gene,
aac(6')-Iaj. Here, we report the structure of this gene and the
properties of its product.

MATERIALS AND METHODS

Bacterial strains and plasmids. A clinical isolate of P. aeruginosa,
NCGM 1588, was obtained from the respiratory tract ofa patient in 201 lin
a hospital in Osaka, Japan. P. aeruginosa IMCJ2.51, which is a represen-
tative strain of a cluster endemic to Japan, was used as a control (10, 12).
Escherichia coli DH5a (TaKaRa Bio, Shiga, Japan) and E. coli BL21-
CodonPlus (DE3)-RIP (Agilent Technologies, Santa Clara, CA) were used
as hosts for recombinant plasmids and for expression of aac(6')-Iaj, re-
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spectively. Plasmids pSTV28 and pQE2 were used for cloning of aac(6')-
Iaj and purification of recombinant AAC(6')-1aj, respectively (11).

Antimicrobial agents. Amikacin (AMK), ceftazidime (CAZ), cipro-
floxacin (CIP), colistin (CST), lividomycin A (L1V), piperacillin (PIP),
polymyxin B (PMB), sisomicin (SIS), and tobramycin (TOB) were ob-
tained from Sigma-Aldrich (St. Louis, MO), arbekacin (ABK), dibekacin
(DIB), and kanamycin A (KAN) were purchased from Meiji Seika Pharma
Co. (Tokyo, Japan), aztreonam (ATM) was obtained from Eizai (Tokyo,
Japan), cefepime (FEP) was obtained from Bristol-Myers Squibb Co.
(New York, NY), gentamicin (GEN) and neomycin B and C mixtures
(NEO) were obtained from Nacalai Tesque (Kyoto, Japan), imipenem
(IPM) was obtained from Banyu Pharmaceutical Co. (Tokyo, Japan),
isepamicin (ISP) was obtained from Nichi-lko Co. (Toyama, Japan),
meropenem (MEM) and netilmicin (NET) were obtained from Sumi-
tomo Pharmaceutical Co. (Osaka, Japan), ofloxacin (OFX) was obtained
from LKT laboratories (St. Paul, MN), and piperacillin-tazobactam
(TZP) was obtained from Toyama Pure Chemical Industries (Tokyo, Ja-
pan).

In vitro susceptibility tests. MICs were determined using a microdi-
lution method according to the protocols recommended by the Clinical
and Laboratory Standards Institute (13).

Serotyping. The O serotypes of isolates were determined with a slide
agglutination test kit (Denka Seiken Co., Tokyo, Japan) and sequence
analysis of serotype-specific genes (14).

MLST. Multilocus sequence typing (MLST) was performed according
to the protocols described on the P. aeruginosa MLST database website
(http://pubmlst.org/paeruginosa/). PCR and sequencing were performed
for 7 chromosomal genes (acsA, aroE, guaA, mutL, nioD, ppsA, and trpE).
The nucleotide sequences of these genes were compared with the se-
quences submitted to the MLST database to determine the allele numbers
and sequence types (STs).

'PCR amplification of a class 1 integron. Genomic DNA was extracted
using a Wizard Genomic DNA purification kit (Promega, Madison, WT).
A class 1 integron was detected by PCR using 5'-CS and 3'-CS primers as
described previously (9) and genetically mapped using the primers listed
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TABLE 1 PCR primers used in this study

AAC(6")-laj-Producing Isolate of P. aeruginosa

Primer Sequence” (5" 10 3") Description

5'-CS GGCATCCAAGCAGCAAG 5'-end common segment of class | integrons
3'-CS AAGCAGACTTGACCTGA 3’-end common segment of class 1 integrons
intl-F CTACCTCTCACTAGTGAGGGG Positions 1-21 in intf1

intl-R TGCGTGTAAATCATCGTCGT Positions 196-177 in intl1

aac(6)-Iaj-41F
aac(6')1aj-543R
qacEdelta-F
qacEdelta-R
sull-R

sull-F
186100-R
Pstl-aac-F
Sall-aac-R
Sphl-aac-F
Notl-aac-R
23S-rRNA-F
235-rRNA-R

ATCAGATCGATGCTGCAAGAATTC
ACTTTTCCACATCCAAATATCGGG
TGAAAGGCTGGCTTTITCTT
GCAATTATGAGCCCCATACC
GGGTITCCGAGAAGGTGATT
TCACCGAGGACTCCTTCTTC
GGCTCTGTTGCAAAGATTGGC
aactgcagGGCTTGTTATGACTGTTTTT
ggtegac TCAATTGAGTAGACTTTTCCAC
ccgeatgegATGGAATATTCAATTATCAAT
ggecgeccg TCAATTGAGTAGACTTTTCC
CGAGGACAGTGTATGGTGGGCAGT
CTCAACGCCTCACAACGCTTACACA

Positions 41-64 in aac(6')-laj

Positions 543520 in aac(6')-lnj

Positions 2-21 in gacEAl

Positions 268287 in gacEAl

Positions 768-787 in sull

Positions 2948 in sull

Sequence 34-54 downstream of [S6100
Sequence in the 180- to 161-bp upstream region of aac(6”)-Iaj with Pstl site
Positions 555-534 in aac(6" )-Iaj with Sall
Positions 1-21 in aac(6')-laj with Sphl
Positions 555~536 in aac(6’)-laj with Notl
Positions 2207-2231 in 23S rRNA gene
Positions 2856-2832 in 23S rRNA gene

“ Lowercase letters represent restriction enzyme recognition sites attached on the 5" ends of primers.

in Table 1. The Expand High-Fidelity PCR system (Roche Diagnostics
GmbH, Penzberg, Germany) was used for PCR amplification. All PCR
products were sequenced to identity genes and their orders in the inte-
gron.

DNA sequencing. DNA sequences were determined using an ABI
PRISM3130 sequencer (Applied Biosystems, Foster City, CA). Homology
searches of nucleotide and translated protein sequences were performed
using BLAST. Multiple-sequence aligniments, searches for open reading
frames (ORFs), and dendrograms for AACs were performed using Gene-
tyx software (Genetyx, Tokyo, Japan).

PFGE and Southern hybridization. DNA plugs were prepared as de-
scribed previously (5) and digested overnight at 37°C with Spel (TaKaRa
Bio) or I-Ceul (New England BioLabs, Ipswich, MA). Pulsed-field gel
clectrophoresis (PFGE) analysis was performed as described previously
(9). Southern hybridization was performed using an enhanced chemilu-
minescence direct nucleic acid-labeling and detection system according to
the manutacturer’s instructions (GE Healthcare, Tokyo, Japan), as de-
scribed previously (11), to determine whether the novel class 1 integron
identified in the P. aeruginosa isolates has a chromosomal location. Probes
tor anc(6’)-Iaj and 235 rRNA genes from NCGM 1588 were amplified by
PCR using the primer sets aac(6’)-Iaj-41F/aac(6')1aj-543R and 23S-
rRNA-F/235-rRNA-R, respectively (Table 1).

Cloning of aac(6')-1aj gene. The ORF of aac(6’)-1ajand 180 bp of the
upstream region of the gene, including the promoter, were amplified by
PCR from P. aeruginosa NCGM1558 using the primer set Pstl-aac-F and
Sall-aac-R (Table 1). The PCR products were digested with PstI and Sall
and ligated into the Pstl and Sall sites of pSTV28. The plasmids were used
to transform DH5a,, and transformants were selected on LB agar contain-
ing 100 pg/ml of chloramphenicol. To determine the MICs of aminogly-
cosides, E. coli DH5a was transformed with pSTV28-aac(6')-1aj.

Purification of recombinant AAC(6')-Iaj. The aac(6')-Iaj gene from
P. aeruginosa NCGM1588 was amplified by PCR using the primer set
Sphi-aac-F and NotI-aac-R (Table 1), and the product was digested with
Sphl and Notl and ligated into pQE2 (Invitrogen, Carlsbad, CA), which
had been digested with the same restriction enzymes. The plasmid was
used to transform DH5¢, and the transformants were selected on LB agar
containing 100 wg/ml of ampicillin. The resulting plasmid, pQE-aac(6')-
laj, was used to transform BL21-CodonPlus (DE3)-RIP (Agilent Technol-
ogies), which was used for recombinant protein purification. BL21-
CodonPlus (DE3)-RIP carrying plasmid pQE2-aac(6’ )-Iaj was grown in
LB medium containing 200 pg/ml ampicillin at 37°C until the Agy,
reached 0.3. IPTG (isopropyl-B-p-thiogalactopyranoside) was added to a
concentration of 0.1 mM to induce expression of AAC(6')-Iaj, and the
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culture was incubated for 4 hat 37°C. The soluble fraction of six-histidine-
tagged AAC(6')-Iaj was obtained from the bacterial cells lysed by sonica-
tion in buffer A (20 mM Tris, 300 mM NaCl, and 10 mM imidazole, pH
8.0). The AAC(6')-Iaj was purified from the soluble fraction using Ni-
NTA agarose according to the manufacturer’s instruction (Qlagen, To-
kyo, Japan).

TLC analysis of acetylated aminoglycosides. Mixtures containing 2
mM aminoglycoside, 2 mM acetyl coenzyme A (acetyl-CoA), and 50
pg/ml AAC(6")-Iaj in 20 pl of phosphate buffer (pH 7.4) were incubated
for 16 h at 37°C. Aliquots of 3 pl of cach aminoglycoside mixture were
spotted onto the surface of a Silica Gel 60 thin-layer chromatography
{TLC) plate containing a fluorescence indicator with an excitation wave-
length of 254 nm (Merck, Darmstadt, Germany), and the results were
developed with a 5% phosphate potassium solution. The aminoglycosides
and their acetylated products were detected with 0.2% ninhydrin in ace-
tone. .
Nucleotide sequence accession number. The nucleotide sequence of
In151 determined in this study has been deposited in the EMBL and
GenBank databases and the DDBJ and assigned the accession number
AB709942.

RESULTS AND DISCUSSION

Characterization of P. aeruginosa NCGM1588. The MICs of
antibiotics for NCGM1588 were as follows: PIP, 32 pg/ml;
TZP, 32 pg/ml; CAZ, 8 pg/ml; FEP, 16 pg/ml; IPM, 32 pg/ml;
MEM, 16 pg/ml; ATM, 32 pg/ml; AMK, 128 pg/ml; ABK, 32
pg/ml; GEN, 8 pg/ml; CIP, 16 pg/ml; OFX, 32 ug/ml; PMB, 4
pg/ml; and CST, 4 pg/ml. NCGM1588 showed high levels of
AMK resistance. In particular, it showed high levels of ABK
resistance, whereas the representative epidemic strain of MDR
P. aeruginosa IMCJ]2.S1 in Japan was susceptible to ABK (9, 15).
The serotype of NCGM 1588 was O7, and the MLST was ST560.
NCGM1588 showed different PFGE patterns from that of MDR
P. aeruginosa IMCJ2.51, with similarity of 46.2%.

P. aeruginosa NCGM1588 is an emerging MDR pathogen in
Japan. Therefore, it is necessary to carefully investigate whether
the NCGM1588 will expand in medical settings. NCGM1588
seems to be quite different from the epidemic strain of MDR P.
aeruginosa IMCJ2.S1, which is widespread in Japan (9, 10, 12),
because of different PFGE patterns, MLSTs (ST560 versus ST235),
and serotypes (07 versus O11). IMCJ2.S1 causes mainly urinary
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MOTIF C
csssnusaseasssemsauEsssassEass
AAC(6)-1aj 1 BEYSIINIVEQNNYQIDAARI
AAC(6’)-la 1 EINYQIVNIAECSNYQLEAANT]
AAC(6')-1af 1 BDYSICDIAESNELILEAAKI]
AAC(6°)-1q 1 HIDYSICDIAESNELILEAAKI]
VNG5 UG N ———
AAC(6')-130 1 EAYAFCEIGESNEYIIQAARIMT!
AAC(6)-33 1 GAYEFCEIGESNEYIILAARI

MOTIF A

AAC(6))-1aj 101
AAC(6')la 101
AAC(E')laf 101
AAC(E')1q 101
AACE)Im 81
AAC(6)-130 101
AAC(6)-33 101

MOTIF D MOTIF A

[]

L. 100
L 100
L 100
I 100
L 80

INE 100
ING 100

REEEEES

184
185
183
183
173
184
184

FIG 1 Alignment of the AAC(6")-Iaj amino acid sequence with those of six members of AAC(6')-I subfamily. Identical residues are marked with black boxes.
Four motifs, C, D, A, and B, are indicated by a dotted line, a gray line, double lines, and a black line, respectively.

tract infections (9), whereas NCGM1588 caused respiratory infec-
tion. During our surveillance from 2009 to 2010, we found 16
isolates of MDR P. aeruginosa, including a novel MDR P. aerugi-
nosa strain, NCGM1179 (16), which had identical PFGE patterns
and were ST991 and serotype O18; all of these isolates were iso-
lated from the respiratory tract (17). To date, 14 strains of P.
aeruginosa showing ST560, including NCGM1588, have been re-
ported—8 in Australia, 3 in China, 1 in the Netherlands, and 1 in
Spain (http://pubmlst.org/paeruginosa/). This is the first report of
the isolation of P. aeruginosa showing ST560 in Japan.

aac(6')-Iaj in the class 1 integron. To identify the drug resis-
tance genes of NCGM1588, the variable regions of class 1 inte-
grons were amplified with the primers 5'-CS and 3'-CS (Table 1).
PCR products of 1.1 kb were generated from this strain. DNA
sequence analysis revealed a variable region containing a cassette
of a novel aac(6') gene. Based on the standard nomenclature (18),
we named this ORF aac(6')-Inj. The novel gene consisted of an
ORF of 555 bp, and its sequence showed 70% identity to that of
aac(6')-In from Corynebacterium resistens (accession number
FN825254) (19). The aac(6’)-Inj gene had a G+C content of
31.2%.

We designated the gene aac(6')-Iaj according to a system of
nomenclature proposed by Shaw ctal. (1), which is easy to under-
stand and indicates the functional properties of the enzymes in a
straightforward manner as follows: numbers in parentheses, e.g.,
(1), (2), (3), and (6'), etc., for the site of modification; roman
numerals, e.g., I, I, IV, etc., for unique resistance profiles; and
lowercase letters, e.g., a, b, ¢, etc., for unique protein designations
(1, 20).

The structure of the class 1 integron harboring aac(6')-Iaj was
determined using external primers (Table 1). The sequence of the
integron was not found in any database; therefore, it was named
In151. In151 had a structure similar to that of In4 integron (ac-
cession number U12338) except for the gene cassette array (21).
Between the 5'-CS and 3'-CS, In151 had one gene cassette that
contained aac(6')-laj and a 60-nt 59-base element, which is
known as artC, located 11 bp downstream of aac(6”)-Iaj (22).

In151 could be derived from the same origin as In4 of P. aerugi-
nosa plasmid R1033. Ind was found in plasmid R1033 of a P.
aeruginosa strain isolated in 1975 (23). The In151 backbone dif-
fered from that of In4 by the presence of a partial copy of IS6100;
i.e., In151 had the 5'-CS, 3'-CS, and a complete copy of 1S6100
located downstream of the 3'-CS.

98 aac.asm.org

Amino acid sequence of AAC(6')-Iaj enzyme. AAC(6')-1aj
consists of 184 amino acids. Multiple sequence alignments among
AAC(6') enzymes revealed that AAC(6')-Taj had 70% identity to
AAC(6'")-Ta from Shigella sonnei (24), 66% to AAC(6)-Iaf from P.
aeruginosa (11), 65% to AAC(6")-1q from Klebsiella prneumoniae
(25), 64% to AAC(6')-Im from Citrobacter freundii (26), 63% to
AAC(6')-33 from P. aeruginosa (27), and 63% to AAC(6')-130
from Salmonella enterica (28). Based on the work of Neuwald and
Landsman (29), four motifs in the amino acid sequences of the
subfamily proteins belonging to AAC(6')-Iaj were designated mo-
tifs C, D, A, and B (Fig. 1). Comparison of amino acid sequences of
members of the AAC(6')-1 subfamily with that of AAC(6')-1aj
revealed that motifs C, D, A, and B, which are found in most

FIG 2 Localization of the aac(6’)-Iaj gene on I-Ceul-digested total DNA of P.
aeruginosa strain NCGM 1588 separated by PFGE. P. aeruginosa NCGM1588
genomic DNA digested by I-Ceul was done as previously described (11). Lane
1, molecular standard of Schizosaccharomyces ponmbe chromosomal DNA; lane
2, I-Ceul-digested total DNA of P. aeruginosa strain NCGM1588 with
ethidium bromide; lane 3, Southern hybridization was performed with probes
for 238 rRNA gene; lane 4, Southern hybridization was performed with probes
for aac(6')-1aj.
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AAC(6')-laj-Producing Isolate of P. aeruginosa

TABLE 2 MICs of various aminoglycosides for P. aeruginosa NCGM1588 and E. coli strains transformed with aac(6")-Iaj

MIC? (jug/ml)
Strain” AMK ABK DIiB GEN ISP KAN NEO NET SIS TOB
NCGMI1588 128 32 1,024 8 512 1,024 256 >1,024 1,024 128
E. coli DH5a/pSTV28 0.5 0.5 0.5 0.5 0.5 0.5 2 0.25 1 0.25
E. coli DH5a./pSTV28-aac(6’)-1Iaj 16 4 16 0.5 4 32 8 32 4 16

9 The MICs for E. coli strains were determined with Mueller-Hinton broth preparations containing chloramphenicol (30 jrg/ml) and individual aminoglycosides.
& AMK, amikacin; ABK, arbekacin; DIB, dibekacin; GEN, gentamicin; ISP, isepamicin; KAN, kanamycin; NEQ, neomycin; NET. netilmicin; SIS, sisomicin: TOB, tobramycin.

GCNS5-related N-acetyltransferases (GNATs) (29, 30), were con-
served in AAC(6")-Iaj (Fig. 1). A large motif at the C terminus,
motif B (30), was 77.6% identical between AAC(6’)-1a (24) and
AAC(6')-Taj. ,

Localization of the aac(6')-Iaj gene. PFGE analysis and
Southern hybridization using NCGM1588 genomic DNA di-
gested by I-Ceul revealed that the probes specific for the 23S IRNA
and aac(6')-Iaj were detected in a chromosomal fragment of
about 4.4 Mb (Fig. 2). These results indicate that aac(6’)-Iaj was
located on the chromosomal DNA. Lower DNA bands were ob-
served in lanes 2 to 4 of Fig. 2. They were probably due to nonspe-
cific cleavage during DNA preparation and enzyme digestion.
However, we cannot exclude the possibility that NCGM1588 has
multiple copies of aac(6”)-Iaj.

Drug resistance mediated by AAC(6')-1aj enzyme. P. gerugi-
nosa NCGM 1588 was resistant to all aminoglycosides tested ex-
cept GEN (Table 2). A vector control of E. coli DH5at/pSTV 28 was
susceptible to all aminoglycosides tested, whereas E. coli DH5a/
pSTV28-aac(6')-Iaj was resistant to all aminoglycosides, includ-
ing ABK, except GEN, with 4- to 128-fold-higher MIC values than
those of the vector control (Table 2). The MIC of GEN in E. coli
DH5a/pSTV28-aac(6' )-Iaj was the same as that in the vector con-
trol.

To examine the acetylase activity of AAC(6')-1aj to aminogly-
cosides, we performed thin-layer chromatography using the puri-
fied recombinant AAC(6')-1aj. LIV, an aminoglycoside com-
pound, was used as a negative control. LIV has a hydroxyl group
instead of an amino group at the 6’ position and therefore cannot
be acetylated by AAC(6'). As shown in Fig. 3, all of these
aminoglycosides, except GEN, were acetylated by AAC(6')-1aj.
The acetylation rates were only 2% for GEN when estimated with
the Image] analyzer (http://rsbweb.nih.gov/ij/indexhtnl). The
TLC data for GEN were consistent with the MICs of GEN for
E. coli DH5a/pSTV28-aac(6')-1aj and E. coli DH5a/pSTV28
(Table 2). The reason for the incomplete acetylation is that
commercially available gentamicin is a mixture of its deriva-

e e Moyl S

LIV ABK AMK DIB GEN ISP KAN NEO NET SIS TOB
FIG 3 Analysis of acetylated aminoglycosides by TLC. AAC(6’)-1aj and vari-
ous aminoglycosides were incubated in the absence (—) or presence (+) of
acetyl coenzyme A. The arrow indicates the direction of development.
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tives; some of them have a methyl group on N-6" and are re-
fractory to AAC(6')-1 enzymes (1).

AAC(6')-Iaj-producing P. aeruginosa NCGM1588 was more
resistant to ABK (MIC, 32 pg/ml) than AAC(6')-lae-producing
IMCJ2.51 (MIC, 2 pg/ml) (see Table 2 in reference 9), a represen-
tative epidemic MDR P. geruginosa strain in Japan, indicating that
AAC(6')-Iaj could inactivate ABK more effectively than AAC(6”)-
Tae. E. coli DH5a producing AAC(6')-Iaj was relatively resistant to
ABK compared to E. coli DH5a producing AAC(6')-Iae (compare
Table 2 in this paper and Table 3 in reference 9). As demonstrated
by TCL analyses, both AAC(6')-Iaj and AAC(6')-Iae catalyzed
inactivation of ABK (compare Fig. 3 in this paper and Fig. 6 in
reference 9). The enzymatic activity of AAC(6')-Iaj against ABK
may be stronger than that of AAC(6’)-Iae, although further ki-
netic studies of both enzymes and chemical analysis of the prod-
ucts of acetylation by both enzymes will be necessary. The chem-
ical structures.of AMK and ABK are nearly identical, with only a
few differences at the 2', 3", and 4' positions in ring I; that is, AMK
has2'-,3'-, and 4'-hydroxyl groups, whereas ABK has a 2"-amino
group (31). The different substitutions at the 2, 3', and 4’ posi-
tions in ring I would be responsible for the different levels of ABK
resistance between NCGM1179 and IMCJ2.S1.
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Abstract We report three cases of IMP-type metallo-
B-lactamase-producing Enterobacter cloacae bloodstream
infection, which showed minimum inhibitory concentration
values for imipenem with 2 pg/ml in all isolates. Although
carbapenems were initiated empirically in all cases, two of
three cases died. The Clinical and Laboratory Standards
Institute lowered the breakpoints of carbapenems for
Enterobacteriaceae in 2010. However, the previous
breakpoints are still used in many clinical laboratories,
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which can result in failure to detect carbapenem-resistant
Enterobacteriaceae. Therefore, lower breakpoints of car-
bapenems should be used in clinical settings, and alterna-
tive tests for detecting metallo-B-lactamase such as
polymerase chain reaction and immunochromatographic
assays may contribute to better detection of carbapenem-
resistant isolates.

Keywords Metallo-f-lactamase - Carbapenemase -
Enterobacter cloacae - Bloodstream infection

Intreduction

Since metallo-B-lactamase (MBL)-producing Enterobacter
cloacae was first reported in 2000, there have been
increasing reports of carbapenem-resistant E. cloacae
worldwide [1, 2]. MBL-producing Enterobacteriaceae,
including E. cloacae, often exhibited relatively low mini-
mum inhibitory concentrations (MIC) of carbapenems
(0.06-2 pg/ml) [3]. Recently, the Clinical and Laboratory
Standards Institute (CLSI) lowered the breakpoints of
carbapenems against Enterobacteriaceae (4]. However,
higher MIC breakpoints are still used in many clinical
laboratories because Food and Drug Administration
(FDA)-approved breakpoints have not been changed,
which can result in failure to detect carbapenem-resistant
Enterobacteriaceae [5]. Furthermore, it is unclear whether
carbapeners are effective against MBL-producing E. cloacae
[2]. Clinical studies to determine appropriate chemothera-
peutic regimens against MBL-producing E. cloacae infection
are required. Here, we report three cases including two
with unsuccessful outcomes of IMP-type MBL-producing
E. cloacae bloodstream infections in a hospital in Japan.
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Case reports

Case 1 was a 91-year-old man who was admitted to the
hospital for cerebral infraction. He developed aspiration
pneumonia on day 20 and was treated with ampicillin/
sulbactam (ABPC/SBT) for 10 days. He developed septic
shock consequent to peripheral venous catheter infection
on day 33, and administration of meropenem (MEM) was
initiated. However, hemodynamic instability persisted, and
blood culture revealed E. cloacae with elevated MIC for
imipenem (IPM) (MIC = 2 pg/ml) and Proteus vulgaris.
MEM was changed to levofloxacin (LVEX) based on the
results of susceptibility testing on day 37. Furthermore,
MBL production was tested using Cica-B-test [6] and an
immunochromatographic assay [7] because of the elevated
MIC for imipenem, which revealed positive. IMP-1 was
confirmed by polymerase chain reaction and sequencing in
our research institute. Although an additional blood culture
was negative for E. cloacae, the patient died on day 40.

Case 2 was a 77-year-old man with type 2 diabetes
receiving insulin therapy. He was admitted to the hospital
for esophageal cancer, and subtotal esophageal resection
and subcutaneous reconstruction were performed. He
developed infection in the cervical wound because of
leakage and received vancomycin and MEM for 36 days,
with subsequent oral LVFX for 1.5 months. Although the
surgical wound infection improved, he had recurrent
aspiration pneumonia. On postoperative day (POD) 105, he
developed bacteremia caused by E. cloacae, which was
possibly caused by central venous catheter infection, and
MEM was commenced on POD 106. The central venous
catheter was removed on POD 109. E. cloacae was still
isolated from blood culture despite 3 days of antibiotic
therapy, and MEM was considered to be ineffective. The
isolate was revealed to be a MBL producer and thus gen-
tamycin was added on POD 116. However, the patient died
on POD 117.

Case 3 was an 88-year-old man with an abdominal
artery aneurysm for which an endovascular graft was
inserted 6 months before admission. He was admitted to
the hospital for colon cancer, and right hemicolectomy was

performed. On POD 3, MEM was initiated for postopera-
tive fever because of surgical site infection. Although his
fever improved on POD 35, blood culture revealed MBL-
producing E. cloacae and Bacteroides sp. Thus, MEM was
switched to LVEX + ABPC/SBT on POD 7. Bacterial
clearance was documented by a follow-up blood culture.
The patient completed a 2-week course of intravenous
antibiotic therapy followed by 2 weeks of oral LVFX +
metronidazole and was discharged.

Drug susceptibility profiles are shown in Table 1. MIC
values for both IPM and MEM were 24 ug/ml in all
isolates, which were reported as susceptible in our clinical
laboratory. All the isolates were positive for MBL by
phenotypic, immunochromatographic, and polymerase
chain reaction (PCR) assays. Two isolates produced IMP-1
and the remaining isolate produced IMP-11. There was no
epidemiological link among the three patients.

Discussion

The reduced breakpoints of carbapenems for Enterobac-
teriaceae as revised recently by CLSI should be applied in
clinical laboratories [4]. The MICs of IPM for all Entero-
bacter cloacae. isolates from these cases were within the
susceptible range according to the criteria recommended by
CLSI in 2009 [8]. Nevertheless, these isolates were. MBL
producers. The breakpoint should have been <1 pg/ml for
IPM in the present cases. CLSI recently recommended
lowering the breakpoints for Enterobacteriaceae to
improve the detection of carbapenemase producers [4].
However, higher MIC breakpoints are still used in many
clinical laboratories, including those in Japan, because
FDA-approved breakpoints have not been changed [5].
These higher breakpoints can lead to underestimation of
the resistance, which may result in inadequate treatment.
Yan et al. [9] recently reported that MBL production was
not correlated with clinical outcomes and thus it was
unnecessary to test MBL routinely. However, they did not
analyze the association between MBL production and
mortality by multivariate analysis. Information is still

Table 1 Susceptibility profiles of MBL-producing Enterobacter cloacae isolates

Isolates MBL typing MIC (pg/ml)
IPM MEM CTX CAZ CPR AZT P/T CIP AMK CLS
1 IMP-1 2 2 512 6 64 64 1 1 2
2 IMP-11 2 2 32 4 0.5 64 32 8 2
3 IMP-1 2 4 256 16 32 64 0.5 1 2

IMP subtyping was performed by polymerase chain reaction and sequencing
MBL metallo-B-lactamase, IPM imipenem, MEM meropenem, CTX ceftriaxone, CAZ ceftazidime, CPR cefpirome, AZT aztreonam, P/T

piperacillin/tazobactam, CIP ciprofloxacin, AMK amikacin, CLS colistin
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scarce on this point, and further studies are needed to
clarify whether MBL production is truly associated with
poor outcome and should be tested routinely in clinical
settings.

Tests for detecting MBLs may contribute to improved
treatment of infections with carbapenem-resistant Entero-
bacteriaceae. These rapid tests include SMA Eiken (SMA,
disk diffusion; Eiken Chemical) [i11], Cica-B-test [¢], PCR
[1'1], and immunochromatographic assays [7]. Infections
with MBL producers that have lower breakpoints than
those presented by CLSI have been reported [i]. There-
fore, additional methods may be required to accurately
diagnose infections caused by MBL producers.

To our knowledge, this is the first report of IMP-type
MBL-producing £. cloacae bloodstream infection in Japan,
although a number of VIM-type MBL-producing E. cloa-
cae infections have been reported in European countries
[2, 3]. The Center for Disease Control and Prevention
recommends active surveillance following isolation of
carbapenemase-producing Klebsiella spp. or Escherichia
coli because these isolates represent the majority of carb-
apenemase-producing Enterobacteriaceae in the- United
States [!!]. However, active surveillance of Enterobacter
cloacae is not included in this recommendation. More
information is required to determine the validity of active
surveillance of MBL-producing E. cloacae in healthcare
facilities in Japan.

It is unclear whether carbapenems are effective against
infections caused by IMP type MBL-producing E. cloacae
showing MIC within the susceptible range. Two of our
three cases were refractory to MEM, suggesting clini-
cal inefficacy of carbapenems against MBL-producing
E. cloacae regardless of their MIC. Falcone et al. [3]
described seven cases of VIM-1-type MBL-producing
E. cloacae infections: these cases were difficult to diagnose
because of apparent susceptibility to carbapenems and
were associated with high relapse rate and a prolonged
duration of antibiotic therapy. Clinical studies on appro-
priate chemotherapies against MBL-producing E. cloacae
infections will be required.

We reported three cases of MBL-producing E. cloacae
showing relatively low MICs around the breakpoints for
carbapenems. Effective testing strategies should be urgently

implemented in medical facilities to adequately detect

carbapenem-resistant E. cloacae.
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To detect aminoglycoside 6'-N-acetyltransferase-Ib [AAC(6)-Ib]-producing, Pseudomonas aeruginosa isolates
which are a frequent cause of nosocomial infections in Japan, an immunochromatographic assay was devel-
oped using two kinds of monoclonal antibodies (mAbs) recognizing AAC(6')-Ib. The results of the assessment
were fully consistent with those of aac(6’)-1b PCR analyses.

© 2012 Published by Elsevier B.V.

The emergence of multidrug-resistant (MDR) Pseudomonas
aeruginosa strains, defined as having resistance to all carbapenems,
amikacin, and fluoroquinolones, has become a serious problem in
medical settings in Japan (Kirikae et al., 2008; Sekiguchi et al,, 2007,
Sekiguchi et al., 2005; Kitao et al,, 2012).

The major mechanism of aminoglycoside resistance is the pro-
duction of aminoglycoside-modifying enzymes (Shaw et al.,, 1993).
The aminoglycoside 6'-N-acetyltransferases [AAC(6')s] are of in-
terest because they can modify a number of clinically important
aminoglycosides.

More than 20% of MDR P. aeruginosa isolates in Japan produced
the aminoglycoside-modifying enzyme 6'-N-acetyltransferase-Ib
TAAC(6")-Ib], which will be reported elsewhere. Approximately 70%
of MDR P. geruginosa isolates in Japan produced AAC(6’)-lae (Kitao
et al., 2012). We first developed an immunochromatographic assay to
detect AAC(6')-lae (Kitao et al., 2010). In this study, an immuno-
chromatographic assay using mAbs to AAC(6')-Ib was developed.

P. geruginosa NCGM509 producing AAC(6')-Ib was obtained from a
respiratory tract of a patient in a hospital located in Tokyo in 2005.
NCGM2.51 producing AAC(6’)-lae (Sekiguchi et al., 2005), NCGM798
producing AAC(6’)-1af (Kitao et al,, 2009) and NCGM1588 producing

* Corresponding author at: Department of Infectious Diseases, Research Institute,
National Center for Global Health and Medicine, 1-21-1 Toyama, Shinjuku, Tokyo
162-8655, Japan. Tel.: +81 3 3202 7181x2903; fax: +81 3 3202 7364.

E-mail address: takiyama@ri.ncgim.go,jp (T. Miyoshi-Akiyama).

0167-7012/$ - see front matter © 2012 Published by Eisevier B.V.
doi: 10.1016/j.mimet.2012.05.009

AAC(6')-1aj (Tada et al., unpublished results) were obtained. Two
hundred seventeen P. aeruginosa isclates were obtained from BML.
Of those, 98 were PCR-positive for aac(6')-Ib, and the remaining 119
were PCR-negative.

The aac(6')-Ib was PCR amplified from P. aeruginosa NCGM509
using the primer sets Sphl-aac(6')-Ib-F (5/-cccegeatgcgATGACCAACAG-
CACCGATTCCGTCACA-3") and Notl-aac(6')-Ib-R (5'-gggggcggccgcTTA-
GGCATCACTGCGTGTTCGCTCGAA-3'). Recombinant His-tagged AAC(6')-
Ib, AAC(6')-lae (Sekiguchi et al., 2005), AAC(6')-laf (Kitao et al., 2009),
and AAC(6')-1aj (Tada et al, unpublished results), purified by Protein G
Sepharose 4 Fast Flow (GE Healthcare Bio-Science, Tokyo, Japan) were
prepared as described previously (Kitao et al., 2010). Anti-AAC(6)-Ib
monoclonal antibodies (mAbs) were prepared as described previously
(Kitao et al., 2010). The animal experiments were approved by the
Ethics Committee for Animal Experiments at NCGM ({approval number:
NCGCM23-C-1).

The immunochromatographic assay was assembled as described
previously (Miyoshi-Akiyama et al., 2010). Nitroceliulose membranes
were coated with 0.76 mg of rat mAbs and 0.2 mg of anti-rabbit IgG
(Rockland Immunochemicals, Gilbertsville, PA) per test at positions
30 and 39 mm from the sample application area, respectively. Pads
were prepared by soaking glass filters with rat mAb and rabbit IgG,
each conjugated with colloidal gold.

To determine the epitopes for anti-AAC(6')-1b antibody, 3F9 and
3A9; recombinant peptides having the same amino acid sequences
of regions in AAC(6')-1b were prepared using PCR cloning procedure.
We designed 4 long peptides consisting of 55-61-mers covering from
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positions 1 to 184-end region of AAC(6')-1b, and 13 short peptides
consisting of 14-15-mers covering from the positions 51 to 184-end
region (Table 1).

The immunochromatographic assay was evaluated using 217 clin-
ical isolates of P. geruginosa, and NCGM2.S1 producing AAC(G’)-lae,
NCGM798 producing AAC(6')-1af, NCGM1588 producing AAC(6')-laj,
and Escherichia coli harboring pQE2-aac(6')-Ib. Bacterial colonies
grown on Mullar-Hinton agar plates were picked with a swab and
suspended in soft test tubes containing 0.4 M Tris-HCl buffer con-
taining 1.0% Triton X-100 (pH 7.5). Three drops of the bacterial lysate
were added to the test plate. The results were analyzed by visual
inspection 15 min after addition of the sample.

The aac(6')-Ib was amplified with primers as follows; 5-ATGA-
CTGAGCATGACCTTGCGAT-3' and 5'-GGCATCACTGCGTGTTCGCTCG-
AAT-3'. PCR amplification started at 94 °C for 4 min, followed by
30 cycles of 94 °C for 1 min, 52 °C for 30 s, and 72 °C for 1 min, and
a final extension at 72 °C for 5 min. The PCR procedure took 90 min.

We obtained 8 mAbs with reactivities to recombinant His-
AAC(6')-Ib NCGM509 in ELISA. Fifty-six immunochromatographic
assay prototypes were constructed using these 8 mAbs and examined
for reactivities to His-AAC(6')-1b (data not shown). The strongest
intensity of the test line was obtained with the prototype consisting
of 3F9/F1 immobilized on the membrane and 3A9/F1 labeled with
colloidal gold (data not shown). Therefore, these two mAbs were
utilized in the development of an immunochromatographic assay for
detection of AAC(6)-Ib (Fig. TA). The sensitivity was 8 ng per test or
7.6x 108 cfu per test (Fig. IB). Other aminoglycoside acetyltrans-
ferases, including AAC(6')-lae, AAC(6')-1af and AAC(6)-1aj, were not
detected using the assay (data not shown).

Competition assays using 4 long peptides covering the whole region
of AAC(6")-1b indicated that 3A9/F1 bound to two peptides, 91-145
and 130-184, whereas 3F9/F1 bound to peptide 45-105 (Fig. 2A). Fur-
ther competition assays were performed using 13 short peptides. As
shown in Fig. 2B, 3A9/F1 bound to peptide 171-184 consisting of
VQTRQAFERTRSDA, whereas 3F9/F1 bound to peptide 61-75 consisting
of TPYIAMLNGEPIGYA.

Of all 217 P. aeruginosa isolates tested, 98 were positive by the
immunochromatographic assay. These results were fully consistent
with those of PCR for aac(6')-1b showing 100% specificity and 100%
sensitivity.

Here, we demonstrated that the newly developed immuno-
chromatographic assay was a rapid and easy-to-use kit to detect
AAC(6")-Ib-producing P. aeruginosa isolates. The sensitivity is suffi-
cient to use for bacteria isolated in clinical laboratories, although
the sensitivity was lower than that of PCR (<10 cfu, data not shown).

The 3A9/F1 and 3F9/F1 antibodies were likely to bind to the oppo-
site sites of AAC(6”)-Ib and capture the molecule effectively on the

A
Buffer

0.5 g AAC(6")-Ib

B cfuof

AAC(67)-Ib NCGMS09

lng | 1.5X107
8ng 7.6X10°
ang & 3.8X108 F 17

Fig. 1. (A) Immunochromatography using mAbs 3A9/F1 and 3F9/F1. in negative cases,
a line appears only at the reference line (R). In positive cases, another line also appears
at the positive test line (T) in addition to the reference line. The arrow indicates the
direction of lateral flow. (B) Sensitivity testing using AAC(6')-1b or the positive control
strain NCGM509.

immunochromatographic assay. The three-dimensional structure of
AAC(6')-Ib (PDB ID: 2PRB) (Vetting et al, 2008) indicated that
AAC(6")-Ib is composed of 7 p-strands and 5 «-helices (Fig. 20).
The aminoglycoside binding site is constructed as a pocket with
B2-4 (Vetting et al, 2008). The 3F9/F1 seems to bind to 32, B3, and
a loop formed by both [ strands, whereas 3A9/F1 seems to bind to
«5 in the C-terminal region (Fig. 2C). )

The immunochromatographic assay to detect AAC(6')-1b will be
useful when applied together with immunochromatographic assays
to detect isolates of AAC(6')-lae (Kitao et al, 2010) and iMP (Kitao
et al, 2011), to detect MDR P. aeruginosa isolates effectively in medi-
cal settings in Japan. '
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Table 1
Peptides used in epitope mapping were expressed and purified recombinant peptides.
Number Region in AAC(G')-1b Sequence
1 1-60 VINSTOSVTILRLMTEHDLAMLY EWLNRSHIVEWWGGEEARPTLADVQEQYLPSVLAQESY
2 45-105 DVQEQYLPSVLAQESVTPYIAMLNGEPIGYAQSYVALGSGDGWWEEETDPGVRGIDQLLAN
3 91-145 ETDPGVRGIDQLLANASQLGKGLGTKLVRALVELLFNDPEVTKIQTDPSPSNLRA
4 130-184 VTKIQTDPSPSNLRAIRCYEKAGFERQGTVTTPDGPAVYMVQTRQAFERTRSDA
5 51-65 LPSVEAQESVIPYIA
6 61-75 TPYIAMLNGEPIGYA
7 71-85 PIGYAQSYVALGSGD
8 81-95 LGSGDGWWEEETDPG
9 91-105 ETDPGVRGIDQLLAN
10 101-115 QLLANASQLGKGLGT
11 111-125 KGLGTKLVRALVELL
12 121-135 LVELLFNDPEVTKIQ
13 131-145 VTKIQTDPSPSNLRA
14 141-155 SNLRAIRCYEKAGFE
15 151-165 KAGFERQGTVITPDG
16 161-175 TIPDGPAVYMVQTRQ
17 171-184 VQTRQAFERTRSDA
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1. Introduction

ABSTRACT

The emergence of multidrug-resistant (MDR) Pseudomonas aeruginosa isolates producing IMP-type
metallo-B-lactamases (MBLs) and aminogiycoside 6'-N-acetyltransferase [AAC(6')-lae] has become a
serious problem in medical settings in Japan. A total of 217 MDR P. aeruginosa isolates were obtained
from August 2009 to April 2010 from patients at 144 hospitals in Japan, of which 145 (66.8%) were posi-
tive for IMP-type MBLs and AAC(6')~lae when tested with an immunochromatographic assay. Polymerase
chain reaction (PCR) showed that these isolates were also positive for blaIMP and aac(6' )-lae genes. When
these IMP-type MBL- and AAC(6')-lae-producing isolates were analysed by pulsed-field gel electrophore-
sis (PFGE), two clusters (I and If) were detected. Most of the isolates (88.3%; 128/145) were grouped under
cluster I and had multilocus sequence type ST235 and serotype O11, except for one isolate that was ST991
and serotype O3. The isolates were mainly isolated from the urinary tract (82/145; 56.6%) and respiratory
tract (58/145; 40.0%). The epidemiological properties of the isolates belonging to cluster | were similar
to those of MDR P. aeruginosa isolates that have been previously reported in Japan. The remaining 16
isolates belonged to cluster II, had identical PFGE patterns and were multilocus sequence type ST991
and serotype 018; all of these isolates were isolated from the respiratory tract. The properties of isolates
belonging to cluster Il have not been previously described, indicating that a novel IMP-type MBL- and
AAC(6')-1ae producing P. aeruginosa strain is emerging in Japan. Isolates belonging to both clusters were
isolated from different parts of the country.

© 2012 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

In this study, 145 isolates of MDR P. aeruginosa were randomly
obtained from 89 medical settings to perform a nationwide epi-

The emergence of multidrug-resistant (MDR) Pseudomonas
aeruginosa isolates, which are resistant to all 3-lactams, amino-
glycosides and fluoroquinolones, is a serious medical problem
in Japan. MDR P. ageruginosa are defined as strains -showing
resistance to carbapenems [minimum inhibitory concentration
(MIC) > 16 p.g/mL}], amikacin (AMK) (MIC > 32 pg/mL) and fluoro-
quinolones (MIC > 4 pg/mL) based on the criteria specified by the
Ministry of Health, Labour, and Welfare of Japan [1].

MDR P. aeruginosa isolates in Japan frequently produce
IMP-type metallo-B-lactamases (MBLs) and aminoglycoside 6'-
N-acetyltransferase [AAC(6')-lae] [2-4]. Therefore, we recently
designed immunochromatographic assay kits for the detection
of IMP-type MBL- [4] and AAC(6')-lae producing P. aeruginosa

[3].

* Corresponding author. Tel.: +81 3 3202 7181x2838; fax: +81 3 3202 7364.
E-mail address: tkirikae@ri.ncgm.go.jp (T. Kirikae).

demiological study on IMP-type MBL- and AAC(6')-lae producing
MDR P. aeruginosa in Japan.

2. Materials and methods
2.1. Bacterial strains

A total of 217 clinical isolates of P. aeruginosa resistant to
imipenem (IPM) (MIC>16 pg/mL), AMK (MIC>32 pg/mL) and
ciprofloxacin (CIP) (MIC > 4 p.g/mL) were obtained from 144 hos-
pitals located in 31 of the 47 prefectures in Japan from August
2009 to April 2010. The strains were isolated from the urinary tract
(n=111), respiratory tract (n=94) and other systems of patients
(n=12). MDR P. geruginosa strains NCGM2.51 [5] and NCGM1179
were used as reference strains. NCGM1179 {6] strain was one of the
217 isolates.

0924-8579/$ - see front matter © 2012 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

doi:10.1016/j.ijantimicag.2012.01.020

—281—



T. Kitao et al. / International Journal of Antimicrobial Agents 39 (2012) 518-521 519

2.2. Detection of IMP-type metallo-8-lactamases and AAC(6')-lae

IMP-type MBLs and AAC(6')-lae were detected using an
immunochromatographic assay kit (Mizuho Medy Co., Saga, Japan)
designed for the detection of these enzymes [3.4].

2.3. Antimicrobial susceptibility

MICs of IPM (Banyu Pharmaceutical Co., Tokyo, Japan), AMK
(Banyu Pharmaceutical), CIP (Daiichi Pharmaceutical Co., Tokyo,
Japan) and colistin (Sigma-Aldrich, St Louis, MO) were determined
using the microdilution method as per the guidelines of the Clini-
cal and Laboratory Standards Institute (CLSI) [7]. Values of MICs at
which 50% and 90% of the isolates were inhibited (MICsg and MICgp,
respectively) were determined. Isolates were tested for the pres-
ence of MBL by a double-disk synergy test with disks containing
sodium mercaptoacetic acid (SMA) as described previously [8].

2.4. Detection of antibiotic resistance genes

The blayp and aac(6’)-lae genes were amplified using poly-
merase chain reaction (PCR) primers as described previously [9].
All of the PCR products were sequenced using an ABI PRISM 3130
sequencer (Applied Biosystems, Foster City, CA). The class 1 inte-
gron was amplified using the PCR primer set of 5'CS and 3/CS. All
of the PCR products were sequenced to identify the contents of the
genes {10].

2.5. Pulsed-field gel electrophoresis (PFGE)

DNA plugs were prepared and digested overnight at 37 °C with
Spel (Takara Bio, Otsu, Japan). PFGE analysis was performed as
described previously [8]. Fingerprinting patterns were analysed by
the unweighted pair-group method using Molecular Analyst Fin-
gerprinting Plus software (Bio-Rad Laboratories, Hercules, CA) to
create an average linkage-based dendrogram.

2.6. Multilocus sequence typing (MLST)

MLST was performed according to the protocols
described on the P. aeruginosa MLST Database website
(http://pubmist.org/paeruginosa/). PCR and sequencing were
performed for seven chromosomal genes (acsA, aroE, guaA, mutL,
nuoD, ppsA and trpE). The nucleotide sequences of these genes were
compared with the sequences submitted to the MLST database to
determine the allelic numbers and sequence types (STs).

2.7. Serotyping

’ Serotypes of the isolates were determined using a slide aggluti-
nation test kit (Denka Seiken Co., Tokyo, Japan). Serotype 018 was
determined using a sequence-based method [11].

3. Results

3.1. Screening of multidrug-resistant Pseudomonas aeruginosa
producing IMP-type metallo-B-lactamases and AAC(6')-lae

In total, 217 MDR P. aeruginosa isolates were screened
for production of IMP-type MBLs and AAC(6')-lae using an
immunochromatographic assay. Of these, 145 isolates (66.8%) pro-
duced both IMP-type MBLs and AAC(6')-lae, 29 (13.4%) produced
IMP-type MBLs but did not produce AAC(6')-lae and 6 (2.8%) pro-
duced AAC(6')-lae but did not produce IMP-type MBLs. The six
isolates producing AAC(6')-lae but not IMP-type MBLs were neg-
ative for MBL by the SMA double-disk synergy test. Results of the

immunochromatographic assay were consistent with those of the
PCR for blapyp and aac(6')-lae genes.

3.2. Genetic context of the IMP-type metallo-8-lactamases and
AAC(6' )-lae

DNA sequencing showed that the 145 isolates producing both
IMP-type MBLs and AAC(6')-Iae did not have a mutation in the
aac(6')-lae gene. Of these, 125 isolates had blapp.1, 6 had blapp.g
and 14 had blalmp_lo.

PCR showed that of the 145 isolates producing IMP-type MBLs
and AAC(6')-lae, 142 were positive for a class I integron. Of these
142 isolates, 124 had integron In113, which carried blayp.1 [9];
the remaining 18 isolates had In113-like integrons, which have the
same structure as integron In113 but the blapyp.1 is replaced by
IMP-6 (4 isolates) and IMP-10 (14 isolates).

3.3. Pulsed-field gel electrophoresis analysis, multilocus sequence
typing and serotyping

The 145 isolates of MDR P. aeruginosa producing both IMP-type
MBLs and AAC(6')-lae were analysed by PFGE. Analysis showed two
clusters with >60% similarity (clustersIand II} (Fig. 1). Cluster I com-
prised 128 isolates and cluster Il comprised 16 isolates; 1 isolate did
not belong to any cluster. Cluster [ included the NCGM2.S1 strain,
which was the first reported MDR P. geruginosa strain producing
IMP-type MBLs and AAC(6')-lae [9]. The PFGE patterns of all of the
isolates belonging to cluster Il were identical (Fig. 1).

Of the 128 isolates belonging to cluster I, 127 were ST235 (STs:
acsA 38, aroE 11, guaA 3, mutL 13, nuoD 1, ppsA 2 and trpE 4) and
serotype O11, and 1 isolate was ST991 (STs, acsA 6, aroE 3, guaA 12,
mutL 3, nuoD 3, ppsA 6 and trpE 7) and serotype O3. All 16 isolates
belonging to cluster Il were ST991 and serotype 018. ST991 does
not appear to be related to ST235 because all the STs of the house-
keeping genes are different.

3.4. Antimicrobial susceptibility

All of the isolates belonging to clusters I and Il were highly resis-
tant to IPM, AMK and CIP; there was no difference in the MIC profiles
of these two groups {Table 1). Of the 16 isolates belonging to clus-
ter II, 15 were susceptible to colistin (MIC=2 pg/mL) and 1 was
intermediately susceptible (MIC=4 pg/mL). One isolate belonging
to cluster I and one isolate not belonging to any cluster were sus-
ceptible to colistin (MIC=2 pg/mL).

3.5. Geographical distribution

MDR P. aeruginosa isolates producing IMP-type MBLs and
AAC(6')-lae were obtained from 89 medical settings located in 22
prefectures in Japan (Fig. 2). Of these, isolates belonging to cluster
I were obtained from 17 prefectures distributed along the north-
ern to southern region of Japan. Isolates belonging to cluster Il were
obtained from nine prefectures that were also distributed along the
northern to southern region of Japan (Fig. 2). The MDR P. aeruginosa
isolates were obtained from relatively many medical settings in
the Kanto area of Japan, e.g. 19 in Saitama, 15 in Tokyo and 9 in
Chiba (Fig. 2). These findings suggest that MDR P. aeruginosa isolates
belonging to both the clusters were spread throughout Japan.

4. Discussion

This study showed that IMP-type MBL- and AAC(6')-lae-
producing MDR P. aeruginosa ST235, serotype O11, which belong
to cluster I (Fig. 1), have undergone clonal expansion in medical
settings in Japan. NCGM2.S1 strain, which belongs to cluster I, was
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Table 1

Minimum inhibitory concentrations (MICs) and percent antimicrobial resistance for IMP-type metallo-B-lactamase- and AAC(6')-lae-producing Pseudomonas aeruginosa

isolates belonging to clusters I and II.

Antimicrobial Breakpoint for Cluster [ (n=128) Cluster 1 (n=16)
agent resistance (pg/mlL)
%R MIC range (pg/mL) MICsp (rg/mL) MICqp (prg/mL) %R MIC range (pg/mL)  MiCsp {(pg/mL) MiCqp (jrg/mL)
1PM >16 100 32to>128 128 >128 100 128 128 128
AMK =32 100 32to>128 128 >128 100 G4 64 64
are >8 100 8to>128 64 >128 100 >128 >128 >128

%R, percent resistance; MICsyg0, MIC at which 50% and 90% of the isolates were inhibited, respectively; [PM, imipenem; AMK, amikacin; CIP, ciprofloxacin.

determined to be the cause of an outbreak of catheter-associated
urinary tract infections in the neurosurgery ward of a hospital in
Miyagi [8], Japan. Further epidemiological studies found that clonal
expansion of this strain had also occurred in community hospitals
in Kanto region [3} and Hiroshima [2]. Clonal expansion of MBL-
producing P. aeruginosa ST235, serotype O11 has also been reported
in South Korea [12} and Scandinavia [13].
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Fig. 1. Dendrogram of pulsed-field gel electrophoresis (PFGE) patterns of 145
multidrug-resistant Pseudomonas aeruginosa isolates producing IMP-type metallo-
B-lactamases and AAC(6')-lae. Two clusters (I and II) were detected. Of the 128
isolates belonging to cluster I, 127 isolates were ST235 and serotype 011 and 1 iso-
late was ST991 and serotype 03. All of the 16 isolates belonging to cluster Il were
ST991 and serotype 018.

The isolates belonging to cluster I were mainly obtained from
the urinary and respiratory tracts; the percentage of isolates from
the urinary tract was markedly higher. A surveillance study of P.
aeruginosa clinical isolates with and without multidrug resistance
showed that MDR isolates were particularly increased in the uri-
nary tract of Japanese individuals [1]. The increase in the number
of MDR isolates in the urinary tract may be related to the epidemic
of IMP-type MBL- and AA(C(6')-lae-producing MDR P. aeruginosa in
Japan.

This is the first report describing MDR P. aeruginosa ST991,
serotype 018, which belonged to cluster II (Fig. 1) and is
a recent emerging strain in medical settings in Japan. ST991
was originally registered by C. Giske at Karolinska University
Hospital, Sweden in 2010 in the P. aeruginosa MLST Database
(http://pubmlst.org/paeruginosa/). However, to the best of our
knowledge, there are no reports on the association of ST991 and
multidrug resistance in P. aeruginosa. All of the isolates belonging
to cluster Il were obtained from the respiratory tract. In contrast,
32.8% of the isolates belonging to cluster I (42/128) were obtained
from the respiratory tract. MDR P. aeruginosa ST991 dominantly
causes respiratory infections. MDR isolates of P. aeruginosa serotype
018 have not been previously reported. Most of the MDR clinical
isolates of P. aeruginosa exhibit serotype 011 or 012 [11].

We have reported the complete genome sequences of
NCGM2.51 [5] and NCGM1179 [6]. Integron In113 was inserted
in the oprD gene and disrupted it in NCGM2.S1; integron
In113 was located downstream of the tnpA gene that codes for

-

2
15:Tokyo

Fig. 2. Geographical distribution of multidrug-resistant (MDR) Pseudomonas
aeruginosa isolates producing IMP-type metallo-fB-lactamases and AAC(6')-lae in
Japan. Isolates belonging to cluster I (Fig. 1) were obtained from prefectures marked
in grey; isolates belonging to cluster Il were obtained from prefectures marked in a
checked pattern. Isolates belonging to both clusters were obtained from prefectures
marked in a grey checked pattern, The number and the number in parenthesis rep-
resent the number of medical settings in the prefecture where MDR P. aeruginosa
isolates belonging to cluster I and cluster I, respectively, were obtained.
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transposase of Tn4380 of the mercury transposon Tn3 family and
the tnpR gene that codes for serine-base site-specific recombi-
nase of Tn6050. However, the oprD was found to be intact in
the NCGM1179 strain. oprD codes for a specialised pore protein,
OprD, which allows selective permeation of basic amino acids and
their structural analogues such as carbapenems, including IPM and
meropenem [14]. It is unclear whether OprD affects the MIC of
carbapenems in IMP-type MBL- and AAC(6')-lae-producing MDR
P. aeruginosa. The details of the comparative genome analysis of
the two MDR strains will be reported elsewhere.

Of the 217 MDR P. aeruginosa isolates tested in this study, 72
did not produce IMP-type MBLs and/or AAC(6')-lae. At present, we
are looking for genes conferring high resistance to all B-lactams,
aminoglycosides and fluoroquinolones.
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Five VanN-type vancomycin-resistant Enterococcus faecium strains were isolated from a sample of domestic chicken meat in Ja-
pan. All isolates showed low-level resistance to vancomycin (MIC, 12 mg/liter) and had the same pulsed-field gel electrophoresis
profile. The vancomycin resistance was encoded on a large plasmid (160 kbp) and was expressed constitutively. The VanN-type
resistance operon was identical to the first resistance operon to be reported, with the exception of a 1-bp deletion in vanTyand a

1-bp substitution in vanS,.

ince the first reports of vancomycin resistance in Enterococcus

faecium in 1988 (12, 20), the glycopeptide-resistant entero-
cocci (GRE) have become increasingly widespread throughout the
world and are found as multiresistant opportunistic pathogens in
hospitals and also in the environment (food animals). To date,
nine types of operon structure conferring resistance to glycopep-
tides have been reported (5, 11). They are designated according to
the characteristics of a key ligase gene that encodes either a D-
alanyl-D-lactate or a D-alanyl-D-serine ligase (2). The p-alanyl-p-
lactate ligase group includes the vanA, vanB, vanD, and vanM
genes. The p-alanyl-D-serine group includes the vanCI, vanC2,
vanC3, vanE, vanG, vanL, and vanN genes. Except for vanC-type
resistance, which is intrinsic to Enterococcus gallinarum and En-
terococcus casseliflavus, all resistance types are acquired externally.
The p-Ala—D-Lac-type operons may be located on either plasmids
or the chromosome. While the p-Ala~p-Ser-type vanG, vanE, and
vanL operons have been detected only in the chromosome of En-
terococcus faecalis, the location of VanN in E. faecium has not been
clearly identified to date. VanG and VanN are transferable p-Ala—
D-Ser resistance-type operons. The recently reported VanN type
was identified in Enterococcus faecium isolated from a blood cul-
ture, showed a low level of vancomycin resistance (MIC, 16 mg/
liter), and was susceptible to teicoplanin (0.5 mg/liter) (11). The
vanN resistance operon was reported to be found on a transferable
element. VanN-type resistance was detected in E. faecium strains
isolated from a patient in France in 2008, which is the only report
of VanN-type GRE to date. So far, there have not been any epide-
miological data reported for VanN-type GRE strains obtained
anywhere in the world and the significance of the acquisition of
VanN-type resistance by enterococci is not clear.

In Japan, there is a lower incidence of GRE in humans and
animals than in other countries (16). However, there are several
reports showing the possible transmission of GRE or glycopeptide
resistance between humans and food animals through food prod-
ucts such as chicken meat (8, 16). More than 10 years ago, we
isolated GRE strains from both imported and domestic meats,
including chicken meat (9). Since then, we have examined both
imported and domestic meat samples as part of a surveillance
program looking at GRE contamination (16, 19). While VanA-
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and VanB-type GRE strains, which show high-level resistance to
glycopeptides, are occasionally detected in the samples, most of
the GRE isolates from the meat samples had VanC-type resistance,
which is carried naturally by enterococci that show low-level re-
sistance to glycopeptides. We recently identified VanN-type GRE
strains isolated from a sample of domestic chicken meat. Here we
present the results of the analysis of those strains.

During the period from February to May 2011, a total of 322
meat and swab samples from meat destined for consumption in
Japan were collected and investigated. The samples were obtained
from two major national quarantine stations (Yokohama and
Kobe) and from three meat inspection offices (Gunma, Ka-
goshima, and Miyazaki) in Japan. They included samples from 90
domestic chickens, 45 domestic pork meat samples, 85 imported
chickens, and 102 imported pork meat samples. The country or
region of origin of each sample is listed in Table 1. A hundred
grams of each meat sample (mincemeat) was smashed and ho-
mogenized using an EXNIZER 400 (Organo, Japan) in 150 ml of
buffered peptone water (Nissui, Japan). Eight milliliters of the
supernatant from the homogenized meat sample was mixed with
32 ml of esculin saline buffer containing vancomycin at a concen-
tration of 6 mg/liter and preincubated for 48 h at 37°C. After
preincubation, 0.1 ml of each culture broth was spread on bile
esculin azide agar (BEAA) plates containing vancomycin at a con-
centration of 6 mg/liter. The meat swab samples were preincu-
bated for 48 h in 40 ml of brain heart infusion broth (Difco, De-
troit, MI) containing vancomycin at a concentration of 6 mg/liter,
and then 0.1 ml of each culture broth was spread on BEAA plates
containing vancomycin at a concentration of 6 mg/liter. In the
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TABLE 1 GRE isolates from meat samples®

Corresponding no. of GRE

. b
Country (prefecture) of  No. of chicken, strains/samples
origin pig samples vanCl vanC2  vanN
Japan (Gunma) 30, 15 62/21, 6/3 3/1,3/1 0,0
Japan (Miyazaki) 30, 15 77127,0 0,0 5/1,0
Japan (Kagoshima) 30, 15 15/5,0 3/1,0 0,0
United States 3,44 3/1,0 0,0 0,0
Brazil 71,0 173/59,0 0,0 0,0
France 6,0 0,0 0,0 0,0
Philippines 5,0 13/5,0 0,0 0,0
Canada 0,25 0,0 0,3/1 0,0
Denmark 0,19 0,0 0,2/1 0,0
Mexico 0,7 0,0 3/1,0 0,0
Chile 0,3 0,0 0,0, 0,0
Spain 0,2 0,0 0,0 0,0
Hungary 0,1 0,0 0,0 0,0
Netherlands 0,1 0,0 0,0 0,0
Chicken, pig totals 175, 147 343/118,6/3 9/3,8/3 5/1,0

“ The vancomycin MICs of GRE isolates were more than 12 mg/liter.
# Neither VanA-type nor VanB-type GRE was detected in this study. VanCl-type and
VanC2-type resistances are carried naturally by E. gallinarum and E. casseliflavus.

present study, enterococci showing a vancomycin MIC of >12
mg/liter were isolated and further analyzed as GRE, because the
VanA-type GRE strain occasionally shows low-level resistance to
vancomycin (18). Two colonies were picked at random from each
GRE-positive sample giving multiple colonies on the selective
plate. A total of 128 samples (40%) were positive for GRE, and 371
GRE isolates were obtained in total. To genotype the vancomycin
resistance of the GRE isolates, multiplex PCR of the key ligase
genes was performed (6). Three hundred forty-nine VanCl-type
GRE strains, 17 VanC2-type GRE strains, and 5 unknown-type
GRE strains were isolated (Table 1). It was considered that the
VanCl-type GRE isolates would be E. gallinarum strains and
the VanC2-type GRE isolates would be E. casseliflavus strains, as
both species naturally exhibit low-level resistance to glycopeptides
(5). At first, two unknown-type GRE strains were isolated from
one domestic chicken that had been bred in Miyazaki Prefecture,
Kyusyu Island, Japan. During this study, an additional three iso-
lates of the unknown-type GRE strain were picked up from the
master plate which produced the original two unknown-type GRE
strains to give five isolates in total. These five isolates were then
used to examine whether they arose from a single clone or from
multiple clones. The five GRE isolates, named GUI121-1,
.GU121-2, GU121-3, GU121-4, and GU121-5, were all identified
as E. faecium strains on the basis of their ddl gene sequences (15).
They showed low-level resistance to vancomycin (MIC, 12 mg/
liter) and were susceptible to teicoplanin (MIC, 1.5 mg/liter). The
five isolates were susceptible or showed intermediate resistance to
other antibiotics (MICs [mg/liter]: ampicillin, =4; chloramphen-
icol, =4, ciprofloxacin, 1; erythromycin, 2; fosfomycin, 32; genta-
micin, =125; kanamycin, <125; linezolid, =<1; rifampin, 2; tetra-
cycline, =2). Pulsed-field gel electrophoresis (PFGE) analysis
confirmed that they were indistinguishable and were from a single
GRE clone (see Fig. S1 in the supplemental material) (16). Of the
five isolates, E. faecium GU121-1 was picked for further analysis as
the representative strain in this study.

Multilocus sequence typing (MLST) analysis showed that one

6390 aac.asm.org

of seven genes, purK, was a new allele (number 58), and E. faecium
isolate GU121-1 was categorized as a new sequence type (ST) des-
ignated ST669 (gene, allele number: AtpA, 9; Ddl, 8; Gdh, 14;
PurK, 58; Gyd, 6; PstS, 27; Adk, 6). This new type showed the
greatest similarity to previously reported ST329 (gene, allele num-
ber: AtpA, 9; Ddl, 8; Gdh, 14; PurK, 8; Gyd, 10; PstS, 27; Adk, 6) on
the basis of information in the database (MLST database [http:
//efaecium.mlst.net/]). ST669 was a double-locus variant of
ST329 (we found two nucleotide substitutions in purK and one in
gyd). The VanA-type GRE strain categorized as ST329 was isolated
from a blood sample from a patient hospitalized in the Nether-
lands in 1999. Both ST669 and ST329 do not belong to well-char-
acterized clonal complex 17, which is found in the hospital-
adapted and epidemic E. faecium strain cluster. ST669 was
grouped as a satellite sequence type on the basis of the MLST
analysis (10).

The specific PCR primer sets used to amplify the internal re-
gion of the reported resistance ligase genes (vanA, vanB, vanCl,
vanC2, and vanC3) did not work, and no PCR product was ob-
tained (6). Previously reported primers oligo V1 and oligo V2,
which were designed cn the basis of the ligase amino acid se-
quences, were then used for PCR amplification of the unknown
ligase gene (7). The PCR product successfully amplified using this
primer set was analyzed by direct DNA sequencing. The DNA
sequence obtained for the ligase gene was homologous to the vanL
ligase (around 70% identity at the base pair level) (4). On the basis
of the DNA sequence obtained for the ligase gene, a pair of primers
for inverse PCR was designed in order to examine the entire resis-
tance gene cluster (operon) around the ligase gene. Several re-
peated inverse PCR amplifications with restriction enzymes
HindIll, BamH]I, and Sall were performed to determine the entire
DNA sequence of the vanL-like resistance operon structure. A
DNA region covering 12,344 bp that was located between a Sall
site and an EcoRI site and included the predicted vancomycin
resistance operon (including the vanL-like ligase gene) was deter-
mined in this study (Fig. 1). Analyses of the DNA sequence data
showed that the unknown resistance operon structure containing
the vanL-like gene was almost identical to the newly reported p-
Ala—D-Ser VanN-type ligase and was composed of five genes des-
ignated vanN, vanXYy, vanTy, vanRy, and vanSy (11). Compared
to the previously reported VanN-type operon found in the E. fae-
cium UCN71 strain, there was a 1-bp insertion and a 1-bp substi-
tution in the VanN-type operon of E. faecium GU121-1. A thymi-
dine residue was inserted at bp 1891 in the vanTy gene. The
insertion resulted in a frameshift in the C-terminal region of
vanTy and the production of an elongated VanT, peptide com-
pared with the prototype protein (a length increase from 656 to
700 amino acids) (Fig. 1). A 1-bp substitution was located in
vanS,, gene at 466 bp. This caused an amino acid change of Ser to
Pro at residue 156 of the VanSy protein.

Both the upstream and downstream regions of the vanN
operon structure of E. faecium GU121-1 were examined in the
present study. A DNA sequence of about 3,400 bp located up-
stream of the vanN ligase gene and a 3,400-bp DNA sequence
located downstream of vanS,, were determined (Fig. 1). Five open
reading frames (ORFs) were identified in these regions; two ORFs
were located upstream and three ORFs were downstream of the
van resistance operon. These ORFs were transcribed in the oppo-
site direction from the resistance genes. Homology analysis
showed that most of the ORFs encoded unknown hypothetical

Antimicrobial Agents and Chemotherapy

—286—



E. faecium UCNT71

TTCGCA-N,,~TAGCGT-N,,~ATG

VanN-Type GRE from Chicken

E. faecium GU121-1

TTCGCA-N,,~TAGCGT-N,,~ATG
-35 -10

T insertion TBC

vanXYy

1891bp 466bp
|

vanTy

< CH

ocl
12

oz
3

GU

631

VaﬂRN 156aa
SpP

1 FLSCLSGTKSTTNRTNLYGYAISGFD*
-1 FYLAYQGQNLPQIGRICMDMLLVDLTDSPEIXKVESQISIFPELEQTANQTNTLTNE I ISRLGNRFYTEWS ¥

656 700 aa

FIG 1 The VanN-type resistance operon structure and the predicted ORFs found around the resistance region of E. faeciurm GU121-1. The upper panel shows
the operon structure located on the conjugative plasmid found in the first reported VanN-type vancomycin-resistant E. faecium UCN71 clinical isolate in France
(GenBank accession number: JF802084). The lower panel shows the operon structure and the predicted ORFs located on the chromosomal DNA of E. faecium
GU121-1 (AB701345). The horizontal open arrows indicate ORFs and their direction of transcription. The gray-colored ORFs show the VanN-type resistance
gene clusters. The thick horizontal lines behind the ORFs show the DNA sequence regions determined. The thick black lines indicate regions corresponding to
the published DNA sequence data of UCN71 (6,750 bp). The thick gray lines indicate the plasmid DNA sequence regions determined in this study (12,344 bp).
The promoter regiors (—35 and —10 sequences) for vanN genes are shown in detail.

proteins. It was obvious that there is no predicted gene related to
mobile elements, including insertion sequence-related structures
such as transposase and inverted repeat sequences. The ORF lo-
cated downstream of the vanN operon was identical to that found
in the reported DNA sequence, though its function is unknown
(Fig. 1).

The first reported D-Ala—D-Ser VanN-type resistance was
transferable between E. faecium strains at a low frequency (on the
order of 107'°) by filter mating experiments. We examined
whether the VanN-type resistance could be transferred by conju-
gation in vitro. Vancomycin-resistant transconjugants could not
be obtained from the five VanN-type GRE isolates by solid-surface
mating experiments with E. faecium BM4105RF and E. faecalis
FA2-2 as the recipient strains. Although no transconjugant was
obtained in this study, we cannot dismiss the possibility of trans-
ferability of the VanN-type resistance of the GU121 isolates. If the
resistances were transferable, the transfer frequencies were less
than 4 X 107% per donor cell, which was the limit of detection of
transconjugants in the present study. Further experimental stud-
ies and DNA sequence analysis are needed to clarify this point.

The plasmid DNAs of VanN-type strains were isolated by the
alkaline-lysis method and analyzed (17). All five VanN-type E.
faecium isolates showed the same plasmid profiles in agarose gel
electrophoresis analysis (data not shown). The result of PFGE
analyses using the S1 nuclease (Promega) showed that VanN-type
strains harbor at least four plasmids (Fig. 2) (3). The conditions
for electrophoresis were as follows: 19.5 h at 6 V/cm, 5.3 to 66.0 s
nonlinear 21% (for 50 to 1,000 kbp), 0.5X Tris-borate-EDTA
buffer, and 1% agarose gel. Four plasmids of approximately 160,
70, 60, and 40 kbp were identified. Standard PFGE analysis with
the I-Ceu I endonuclease enzyme and Southern blotting hybrid-
ization using the specific probe for 23S rRNA confirmed that the
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four bands did not correspond to chromosomal DNA but were
plasmid DNA (see Fig. S2 in the supplemental material) (13). The
location of the VanN-type operon of the strains was also deter-
mined by Southern blotting hybridization using the vanN probe
(Fig. 2; see Fig. S2 in the supplemental material). The 1,315-bp
vanN-specific probe was constructed by PCR amplification using
forward primer 5'-AGGAACATCACACTTCGAGG-3" and re-
verse primer 5'-CGCATAGGTCGCTTGAACAA-3'. Hybridiza-
tion analyses of PFGE showed that the vanN probe hybridized to
the largest plasmid DNA band. The results clearly indicated that
the vanN-type operon was located on the 160-kbp plasmid.
Gene expression in the VanN-type resistance operon was ex-
amined by the real-time PCR (RT-PCR) method to detect the
transcription of the vanN ligase gene. An Applied Biosystems 7500
Fast Real-Time PCR System machine and SYBR premix EX Tagq II
(TaKaRa, Tokyo, Japan) were used for the RT-PCR experiment
(1). The expression of rrsA was used as the endogenous control.
The chromosomal p-Ala-D-Alaligase gene of E. faecium BM4105S
was also used as an internal control. The transcription level of
vanN was measured in the presence of different concentrations of
vancomycin in the culture (0, 1, 2, and 4 mg/liter). The transcrip-
tion of vanN was detected without vancomycin in the medium,
and the expression levels remained unchanged after the addition
of vancomycin (see Fig. S3 in the supplemental material). These
data indicated that the VanN-type vancomycin resistance gene
was expressed constitutively and was not induced by the addition
of glycopeptide to the culture medium. This observation is con-
sistent with the report describing the VanN-type E. faecium
UCNT71 strain, in which the resistance operon is considered to be
expressed constitutively and which has the same promoter se-
quence for the VanN-type operon (vanN ligase gene) (Fig. 1) (11).
In the present study, VanN-type vancomycin resistance en-
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