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Table 1. Primers used for PCR and sequencing.

Target and Primer Sequence (5°-3") Reference
Genes surrounding gepA
1S26-1 5 . TTA CAT TTCAAAAACTCTGC-% [17]
1826-2 5’ - ATG AAC CCA TTC AAA GGC CGG - 3
tnpR-F 5 . CGA CAC TGC CGA TAT GAT CC - 3 This study
tnpR-R 5 . CGG GCA ATA CTG AGC TGA TG - 3
TEM-F 5. ATA AAA TTC TTG AAG ACG AAA-3 {18]
TEM-R 5- GAC AGT TAC CAA TGC TTA ATC -3
rmtB-F 5. CCC AAA CAG ACC GTA GAG GC -¥ [19]
rmtB-R 5. CTC AAA CTC GGC GGG CAAGC -3
SP-1 5. ATG CTG GCG ACG ATC CGC AC -3’ This study
SP-2 5. CGG CGA AGG CAG CTACGGCT -3
qepA-F 5" - AGC AGC GCG CTG AATCCA -3’ {1
qepA - R 5. CGA ACC CAG TGG ACATAA - 3
new qepA - F 5’ . GCA GGT CCA GCA GCG GGTAG -3 [2]
new qgepA - R 5. CTT CCT GCC CGA GTATCG TG - 3’
SP-3 5. CAC ATC AGG GGG CAC GGT CG -3’ This study

Genes surrounding gnrS1

LAP-F 5’ - CAA TAC AAA GCA CAG AAG ACC -3 {10}

LAP-R 5’ - CCG ATC CCT GCAATATGC TC -3

LS-1 5. TGC TCT CTTACG GTT GCG AT -3’ This study

LS-2 5. GTC GTA CACCGCAGG AAAAA -3

gnrS-F 5. ACG ACATTC GTCAACTGCAA -3 (7]

gnrS-R 5. TAA ATT GGC ACC CTG TAG GC -3’

qS14-1 5. ATA GGG GTACTACGC CGG AA -3 ‘'This study

qS14-2 5’ - AGG CTC ATG ACCCACCITTC-3

seald 5-GGT CTCCCCTGATTTCITGGA-3 This study

YdaA 5- AGC CAG TTT GAACGAGCCTT - ¥ This study
Homology Homology Aintl!-

to IS2 to CS12 26 1826 groEL 1826

ATn2 mpRblama B

Homologous to pRQ1H

Homologous to pINFS rl Homologous to pIP1206

r Homologous to pK245 Homologous to pHPA J

1Kb

Fig. 1. Genetic environments of the gepd, qnrS1, and blag zp ) genes and comparison with other plasmids harbouring gepA or
qnrSI. A distance scale is presented below the map. The reading frames are shown as arrows with the arrowhead indicating the
direction of transcription. Plasmid pK245 is from K. pneumoniae [11}, plasmid pINFS5 is from S. enterica serotype Infantis [12],
and plasmids pRQ1H, pIP1206 and pHPA are from E. coli [1,2,20].
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Table 2. MICs of antimicrobial agents for donors, transconjugants, and the recipient.

Antimicrobials YS10 Transconjugate YSi1 Transconjugate E. coli J53
(breakpoints for from YS10 from YS11
susceptibility/resistance)

Ciprofloxacin (1/4) 4 2 16 1 0.015
Nalidixic acid (16/32) 16 8 64 16 4
Piperacillin (16/128) 256 32 256 32 1
Cefazolin (8/32) >512 2 2512 2 1
Cefuroxime (8/32) 128 8 64 8 4
Ceftazidime (8/32) 4 0.25 2 0.25 0.25
Cefepime (8/32) 0.125 0.06 0.06 0.06 0.03
Amikacin (16/64) 21,024 21,024 >1,024 21,024 0.5

noteworthy that another quinolone resistance
determinant, gnrS1, was again linked with a class A
B-lactamase, bla; »p ; in both strains. Moreover, all
of them were co-transferred by conjugation. Liu et
al [15] recently reported that 58.3% (28/48) of the
rmtB-positive E. coli isolates harbored qepA gene,
indicating a strong linkage between gepA and rm:B.
In addition, IncF type plasmid is the second most
frequent type of plasmid in rmtB-producing
Enterobacteriaceae in Korea [16].

To our knowledge, this is the first report of
qepA in Enterobacteriaceae other than FE. coli,
suggesting a probable intergeneric gene transfer. In
a sampling from a wide geographic area in Korea
(12 hospitals and 572 bacterial isolates), we found
that there is currently a low prevalence (0.3%) of
the plasmid-mediated fluoroquinolone efflux gene,
gepA in E.  gerogenes. While this is a fortunate
circumstance for the moment, considering the
effect of ISCR3C, strong linkage between gepA and
rmtB, and the frequency of IncF type plasmid in
rmtB producers, these organisms could become a
greater nosocomial infection problem with
appropriate foci of selective pressure. Continued
build up of resistance in clinically relevant Gram-
negative bacilli would pose serious challenges in
our increasingly complex hospital system. It is
important to continue to promote prudent and

limited use of antibiotics in all economic areas,
including the health care system and the agricultural
industry. Furthermore, it is important to have
public health support to continue active surveillance
of clinical Enterobacteriaceae isolates for plasmid-
mediated fluoroquinolone resistance genes and the
various other resistance determinants.
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Abstract

A new insertion sequence (IS), ISI642, was identified in a Mycobacterium
avium strain isolated from a human patient, IS1642 had a size of 1642bp and
contained a single ORF encoding a probable transposase of 503 amino acid
residues homologous (79% identity) to that of 151549 found in Mycobacterium
smegmatis. The 151642 included imperfect inverted repeats (5'-cctgactittatca-3/,
5'-tgataaaagtcggg-3') on its ends, and was flanked by direct repeats of variable
length ranging from 5 to 161bp. It was suggested that the 1S1642 was widely
distributed in many M. avium strains of human patients, and the Southern blot
profile of IS1642 was very diverse among the strains examined. The transposition
event of IS1642 was observed by in vitro repeated passages, showing that the 1S1642
is actually a transposable element. In light of these characteristics, IS1642 could be

Editor: Roger Buxton

Keywords
insertion sequence; direct repeat; inverted
repeat, transposase.

Introduction

The insertion sequence (IS) on a bacterial genome facilitates
gene rearrangements, which could contribute to the evolu-
tion of the organism (Mahillon & Chandler, 1998). ISs are
widely distributed in most microorganisms, including the
Mycobacterium species. For example, genome sequence
analysis revealed that the Mycobacterium avium ssp. para-
tuberculosis strain K-10 contained 19 kinds of ISs, with 58
total copies in the genome (Li et al., 2005). The genome of
Mycobacterium tuberculosis H37Rv contained 56 loci with
homology to ISs (Gordon et al., 1999).

Bacterial ISs usually contain one or several ORFs, which
encode enzymes such as transposases that catalyze the
movement within the genome. ISs typically contain short
terminal inverted repeat sequences (IRs), ranging from 10 to
40bp. Upon insertion into the host genome, ISs are flanked
on either side by short directly repeated sequences (DRs).
The length of a direct repeat, which is usually a fixed
characteristic of each IS, generally ranges between 2 and
14 bp (Mahillon & Chandler, 1998).

ISs are used as markers in restriction fragment length
polymorphism studies for species typing and for molecular

© 2008 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. Alt rights reserved

a new useful marker when genotyping with high discrimination is required.

epidemiological purposes [e.g. 1S6110 in M. tuberculosis
(Otal et al,, 1991; Small & van Embden, 1994) and 1S1245
in M. avium (Guerrero et al., 1995; Pestel-caron & Arbeit,
1998; Ritacco et al, 1998; van Soolingen et al, 1998;
Motiwala et al., 2006)]. When isolates from different sources
have few distinguishing phenotypic characteristics, the use
of ISs as probes could enable powerful discrimination. On
the other hand, because of their mobility, IS could be
potential useful markers for identifying substrains or track-
ing the genetic drift (Hernandez Perez et al., 1994; Laurent
et al., 2002).

In this study, we identified a novel IS, designated 151642,
which was flanked by unusually long, variable-length direct
repeats, in M. avium clinical isolates. Here, we present
molecular and genetic characterizations of this IS.

Materials and methods

Bacterial strains and growth conditions

Mycobacterium avium clinical strains isolated from human
patients were kindly provided by Dr K. Ogawa of NHO
Higashi Nagoya National Hospital and Dr Matsumoto of the

FEMS Microbiol Lett 291 (2009) 216-221
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Osaka Prefectural Medical Center for Respiratory and
Allergic Diseases, Japan. These strains were identified as the
Mycobacterium avium/intracellulare complex by the Myco-
bacterium identification kit (Kyokuto Pharmaceutical
Industrial Co. Ltd), and further identified as M. avium by
PCR (Nishimori et al., 1995). Mycobacterium aviutn ssp.
paratuberculosis K-10 (BAA968), two M. avium strains
(25291 and 15769), and two M. intracellulare strains (13950
and 25225) were obtained from the American Type Culture
Collection (ATCC). Five M. intracellulare strains, Mycobac-
terium marinum, Mycobacterium szulgai, Mpycobacterium
simiae, Mycobacterium  fortuitum, and Mycobacterium
abscessus, and Mycobacterium bovis BCG Japanese strain
were from our laboratory. The laboratory strain M. tubercu-
losis H37Rv was also included for analysis. These strains
were cultured on Middlebrook 7H10 supplemented with
10% (v/v) OADC enrichment (BD) at 37 °C.

DNA manipulations

Mycobacterial genomic DNA was isolated as described
(Pelicic et al., 1997), with a minor modification. Bacterial
cells were harvested and suspended in 1 mL of acetone. The
cells were pelleted by centrifugation (10 min at 5000g). The
pellet was resuspended in 500 pL solution I (25% sucrose/
50 mM Tris - HCl, pH 8.0/50 mM EDTA/500 mgmL™" Iyso-
zyme) and incubated overnight at 37°C. Then 500 pL of
solution II (100mM, Tris-HClL, pH 8.0/1% SDS/
400 pug mL™ proteinase K) was added, and the samples were
incubated for 5h at 55°C. Genomic DNA was extracted
from the lysate using the bacteria genomicPrep Kit (GE
Healthcare).

PCR and nucleotide sequencing

The primers used in this study are listed in Table 1. PCRs
were performed with Phusion high-fidelity DNA polymer-
ase (New England Biolabs). Thermal cycling conditions
comprised preincubation at 98 °C for 30s, followed by 30
cycles at 98 °C for 105, at 68 or 55 °C for 30, and at 72 °C

Table 1. List of primers used in this study

Primer Sequence (5'-3')

151642-1F TTGTGTAGGGCTGTGACCTG

I1S1642-1R ACGTAGGCTGTGGATGTTIG

151642-2F TGACCTGTGTCTICGGTIG

1S1642-2R TGTGCTIGCCGGCTTGGATAG

1S1642-3F TCATCGAACCGACCAGCAAG

1S1642-3R CACCACATCAGGTAAAAACG
1S1642-DR1 CTACCGTACCGTCACTATCC

151642-DR2 TCTTCACCGTGCGCACATAG

PIS-2 CGGGATCCCCGCCATTICACCTGAAACC
PIS-3 CCCAAGCTTGCGAACAAAAAATCGACGCC
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for 2min, and a final extension at 72°C for 10 min. For
examination of direct repeats, genome DNA was digested by
Pvull or Notl, and self-ligated. The direct repeat region was
amplified by PCR with the primer set 1S1642-DR1 and
1S1642-DR2 (Table 1), which match the ends of IS1642 and
face the outwards. Two amplified products were obtained,
and the nucleotide sequences were determined by sequen-
cing. For sequencing, PCR products were purified using the
GFX PCR purification kit (GE Healthcare). Sequencing was
carried out using the Big Dye DNA sequencing kit (Applied
Biosystems) and the ABI Prism 3130XL Genetic Analyzer.
Nucleotide sequences and deduced amino acid sequences
were analyzed by GENETYX-MaC software, version 14.0.1
(Genetyx Co., Tokyo, Japan).

Southern blot analysis

Genome DNA was digested with restriction endonuclease
Pvull (New England Biolabs), which had no recognized sites
in the 1S1642 sequence. The digested DNA samples were
electrophoresed on a 0.8% agarose gel. DNA fragments were
transferred onto a nylon membrane and hybridized with a
digoxigenin-labelled probe prepared using the PCR DIG
Probe Synthesis Kit (Roche) with primer sets [S1642-3F and
IS1642-3R designed to amplify a 515-bp portion of [S1642.
Hybridized bands were visualized by chemiluminescence
detection (Labeling and Detection Starter Kit I, Roche).

Promoter activity analysis

The entire 1S1642 region was amplified by PCR with the
primer set PIS-2 and PIS-3 (Table 1), and cloned upstream
of a promoterless green fluorescent protein (GFP) gene ona
cloning vector pVV16 (a kind gift from Dr Vissa). The
plasmids were transformed into Mycobacterium smegmatis
mc? 155, and the expression of these genes was assessed by
measuring the fluorescence of GFP with a fluorescence plate
reader (Perkin Elmer, Wallac 1420 ARVO MX).

Nucleotide sequence accession numbers

AB453386 is the GenBank accession number for the nucleo-
tide sequence of the entire region of insertion element
[S1642. The GenBank accession number for the nucleotide
sequence of the region containing insertion element 151642
and the 161-bp direct repeats is AB453387.

Results

Identificatioh of new 1S, 1571642

A new IS was identified in an M. avium strain isolated from a
human patient. The IS was found 673bp upstream of the
start codon of the gene corresponding to the MAPG076 gene
of the M. avium ssp. paratuberculosis K-10-genome. This

© 2008 Federation of European Microbiological Societies
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sequence contained a nucleotide sequence of 1642 bp, with a
GC content of 64%, which approximates those of the
mycobacterial genomes (62~70%) (Wayne & Kubica, 1986).
The sequence contained a single ORF coding for a protein
of 503 amino acids and 14-bp imperfect inverted repeats
(5'-cctgacttttatca-3', 5'-tgataaaagtcggg-3’) at its ends. The
complete nucleotide sequence of the IS and the deduced
amino acid sequence is shown in Fig. 1a. Database searches
revealed that this IS was 79% identical to that of IS1549 of
M. smegmatis (accession number AF006614) (Plikaytis et al.,
1998) at the amino acid sequence level. Hence, we assigned
151642 to the newly identified 1S.

IS1549 is an insertion element that was reported to be
distantly related to the IS4 family (Plikaytis et al, 1998).
Transposases of the 1S4 family typically contain conserved
regions, N3 and C1, but 1S1549 lacks the N3 region (Plikaytis
et al,, 1998). Analysis of alignment indicated that 1S1642 also
contained the Cl region, but not the N3 region. The Cl
signature sequence of the 1S4 family is Y-(X;)-R-(X3)-E-(X)-
K (Rezsthazy et al, 1993), and the corresponding 1S1642
sequence was Y-(X;)-L-(X3)-E-(X4)-K. It was reported that

Z. Piao et al.

151549 possesses unique N2 and N3 regions. These sequences
were found in IS1642 as well (Fig. 1a). While the N2 signature
sequence was D-(X,)-T-(X)-YFE-(X,()-G-(X)-SK (Alexander
ef al., 2003), the corresponding 1S1642 sequence was D-(X,)-
T-(X)-HFE-(X10)-G-(X)-SK. The N3 signature sequence was
AD-(X)-G-(Xs)-N (Alexander et al., 2003), and the corre-
sponding IS1642 sequence was identical.

Identification of direct repeats

IS1642 identified upstream of the MAP0076 gene was
flanked by direct repeats of 161 bp, which was a duplication
of the nucleotide sequence of the region upstream of the
MAP0076 gene. Compared with the usual direct repeats of
general ISs, this direct repeat is extremely long. Because
Southern blot analysis indicated that the M. avium strain
contained multiple copies of 1S1642 (Fig. 2, lane 1), we
sought to determine the length of the direct repeats of
151642 of other copies. Two direct repeats were successfully
identified by the method described in Materials and meth-
ods. The length of the direct repeats was 5 and 59 bp,
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Fig. 1. Nucleotide sequence and structure of IS7642. (a) Nucleotide sequence of 157642 and deduced amino acid sequence of ORF. inverted repeats,
designated IR-R and IR-L, are underlined. Conserved regions, N2, N3, and C1, are underlined in bold. Dots below amino acids indicate the conserved
signature sequences of these regions. (b) Schematic representation of the IS7642 and the DR. The IR and the DR, and the beginning and end of the ORF

encoding a putative transposase are shown.
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M1 2 345 6 78 91011 12

Fig. 2. Southern blot profile of IS7642 of Mycobacterium avium strains.
M, molecular size marker, lambda Hindlil. lanes 1-9, human M. avium
isolates; lane 10, M. avium ssp. paratuberculosis K-10; lane 11, M. avium
ssp. avium ATCC25291; lane 12, M. avium ssp. avium ATCC15769.
Numbers on the left indicate the sizes of the DNA marker.

respectively. The IS with the 5bp direct repeat was found to
be within the coding region of MAP2026 gene. The sequence
flanking the 59 bp direct repeat sequence did not match with
any gene in the database. We sought to find a conserved
sequence at the insertion sites, but sequence specificity was
not obvious among these three target sites.

Distribution of 1S1642

The distribution of 151642 among M. avium strains was
examined by Southern blot analysis with the following
strains: M. avium ssp. paratuberculosis K-10, M. avium ssp.
avium ATCC25291, M. avium ssp. avium ATCC15769, and
nine M. avium strains, isolated from different patients at
NHO Higashi Nagoya National Hospital. The DNA bands
were found in only some of the M. avium strains isolated
from human patients, but not in M. avium ssp. paratubercu-
losis K-10, M. avium ssp. avium ATCC25291, and M. avium
ssp. avium ATCC15769 (Fig. 2). The Southern blot profile
indicated that the band patterns of IS1642 were very diverse
and the copies were multiplied. Mycobacterium intracellulare
ATCC13950, M. intracellulare ATCC25225, five M. intracel-
Iulare clinical isolates, and seven other mycobacterial species
were negative for 1S1642 on the Southern analysis profile
(data not shown). The prevalence of 151642 among
M. avium strains was further examined with eight strains
isolated from human patients at the Osaka Prefectural
Medical Center for Respiratory and Allergic Diseases by
PCR with the three sets of specific primers (primers [51642-
IF and 1S1642-1R, 1S1642-2F and 1S1642-2R, 151642-3F,
and IS1642-3R) (Table 1). All strains were positive for
IS1642 (data not shown), suggesting that IS1642 is widely
distributed among M. avium clinical strains.

Mobility of 151642

Because the Southern blot profile of IS1642 was very
different among strains, we explored whether or not the
151642 exhibits frequent mobility by examining changes in
the Southern blot pattern during repeated passages in vitro.
One M. avium clinical strain was streaked on a 7HI10 agar
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Fig. 3. Change in the Southern blot profile of 157642 of the human
Mycobacterium avium isolate by in vitro repeated passages. lane 1,
original M. avium cells; lanes 2-11, M. avium cells subcultured once from
10 individual colonies from the original cufture plate; fane 12, M. avium
cells passaged 10 times from the original culture plate. M, molecular size
marker, lambda Hindlll. The additional band that appeared after the
repeated passage is indicated by the arrow. Numbers on the right
indicate the sizes of the DNA marker.

plate, and passaged 10 times. A single colony was used for
inoculation at each passage. After the passages, genome
DNA was extracted. For reference, 10 colonies were indivi-
dually subcultured once from the initial culture plate and
genome DNA samples were extracted. The genome DNA
samples were subjected to Southern blot analysis. While the
original cells and the cells of 10 colonies with a single
subculture showed identical patterns, the passaged cells con-
tained an additional band (Fig. 3), indicating that transposi-
tion of the IS occurred during the in vitro repeated culture.

Discussion

In this study, we discovered a new IS, 1S1642, in M. avium
clinical strains isolated from human patients. Our results
showed that multiple copies of IS1642 are present in several
M. avium strains. The deduced amino acid sequence of the
ORF of IS1642 was highly homologous to the transposase of
M. smegmatis 151549 (Plikaytis et al., 1998). 1S1549 is an
insertion element whose transposases exhibited homology
to that of IS1623 and 151634, and it was suggested that these
transposases represent an emerging group in the 154 family
because ‘they exhibit a characteristic lack of the typical
conserved N3 region of 1S4 family and yet possess unique
N2 and N3 motifs (Vilei et al., 1999; Alexander et al., 2003).
A notable feature of 151549 and IS1634 is that they are
flanked by unusual long direct repeats that may vary in
length (Plikaytis et al., 1998; Vilei et al., 1999). The lengths
of the direct repeats of these ISs range up to 500bp, in
contrast to most usual ISs flanked by short direct repeats of
2-14bp. 1S1642 found in this study also exhibited these
characteristics. 1S1642 contained the CI region and unique
N2 and N3 motifs, but not the N3 region of the 184 family,
suggesting that IS1642 belongs to this new group. 151642
was flanked by direct repeats of variable lengths ranging up
to 161 bp. Considering that IS1642 was homologous to the
Iss, which form variable length direct repeats, it would be
likely that the direct repeat sequences found in this study
were actually created by 1S1642. The actual range of lengths
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of direct repeats may be larger as reported in other ISs.
Because the homology level of the entire region of the amino
acid sequence was relatively low among ISs of this group
(e.g. 38% identity between 1S1549 and 1S1634), the con-
served structures of the amino acid sequence might play an
important role in the formation of the characteristic long
direct repeats of variable lengths. There was no conserved
sequence at the insertion sites among the three target sites,
suggesting that the insertion events by 1S1642 take place
randomly on the genome.

To date, the advantage of formation of long, variable-
length direct repeats is not well elucidated. While insertion
with a long target duplication may decrease the likelihood of
destroying essential genes at the target sites on the host
genome, it would be expected that an insert flanked by
long direct repeats could be easily removed by homologous
recombination between the repeats. Nobusato ef al. (2000)
reported insertions with long target duplications in the
restriction and modification enzyme genes of Helicobacter
pylori strains. They considered that the long duplication may
control the copy number of the genes, thus keeping expres-
sion of the genes at an appropriate level. Further studies are
required to elucidate the significance of the long, variable-
length direct repeats.

Our results suggested that 1S1642 is widely distributed
among M. avium clinical strains. In addition, the experi-
ment of repeated passage suggested that IS1642 is indeed
capable of frequent transposition within the genome. This is
consistent with the observation that the Southern blot
profile was very divergent among the strains tested. Con-
sidering this polymorphism, it would be rather inappropri-
ate to use the Southern blot pattern of IS1642 as a genetic
typing tool for classification of different clinical strains.
Alternatively, genotyping by 151642 could be useful to
confirm the clonality of strains because it would enable
high-precision discrimination.

IS elements reportedly often carry an outward-directed
promoter sequence, bringing about a constitutive expression
of downstream genes at insertion sites (Safi et al., 2004; Soto
et al., 2004). 151549 was found to show promoter activity
(Plikaytis et al., 1998). Because IS1642 was homologous with
1S1549, we examined IS1642 for promoter activity. However,
the expression of GFP was at an undetectable level. 1S1642
would have no or very low outward-directed promoter
activity, or the promoter sequence could be formed as a
hybrid of the IS sequence and genome sequence at insertion
sites, thus turning on the expression of otherwise silent
genes on the genome, as reported by Szeverényi et al. (1996).
It might also be possible that promoters of S1642 could not
be recognized by M. smegmatis.

151642 would be involved in the gene rearrangements on
the genome, thus contributing to evolution of the organism,
like many other ISs. Although M. avium is an opportunistic
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pathogen, treatment is often very difficult once the infection
is established, despite long-term administration of antibjo-
tics. It may be possible that 1S1642, which has a relatively
high mobility, serves to facilitate establishment of chronic
infection by adapting the phenotype including the patho-
genicity and drug resistance of the organism for conditions
at the focus of the infection in vivo.
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ST LTCRHRAATETWSEEZONS.
DLEDEEDUROBRIC VTR, BUTIKBT S
X% Lo OWETAI L] BEFEATVEIL
PEBEOEX K DU > THBOTREVHEELS.
sBFORE, BEER, EREFOREHRETE, BA
BOXAFHLZEPBEZN TSI L
c BIACEBY BV LREXEEEELLICLY,
DRAF—FABABKOBHLYRAE L
s AR A T —FVEROREOTERS, /34 2V
B4 RREF—ZOFLICER LEEFVEER
BE{THC
ICT 5o/ FRAVv 7y V/ARERL, BED
LERBHIEICR L TOERE L BDE L
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NICU ~ MBP OMAICEL, #AE LD LEPR
WIEREEOE KE CDC ORBICHE T RIpHE Y
HMATHIIEL T, §ESLEKISEORERERD
BRR% & NICU TOREEDORARKL S CR-BSI D
Y RALEDOIVTFV AOEEKLETHY, BIC
[CDC AT B0 0 ) LE-> LRI TRALS DI
MBP # #A T 5HI3LT L LEEPRRRORELE #BHIET
B LICORRB L WES N, BRI X - TRt
%o downgrade iI27c VR WIHEE S B AFILIE
TRETH5.
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DD~ EBIBIEMIETE R e
| ERRSY v ) \\. 2 N : AR = |
S N \gj‘-x l"\ﬁ}?% d t\\w Ny NS

T T e TR DEILIC X BB e e T
AF Y VEEET YR

R — A &N AE $

3= R —

BETRUBREON60%ESD T3,

FEHBT RUBEEHEEORR L & HI0R 2 L ik L REITERE B8 L T SR
t¥22LT, RABRENDEELFRBE L TASHMBEE A>TV B,
FXAFLUCMMRET FORE(MRSA) X, BE, BAOBEERSIC SV THEINS

2002 FIZIE MRSA BEEDBEED—DOTH B3V ) ANTF KR AEE IS ERfHM
ERTNLOTAD CHMERET FOBE (VRSA) P REICSVTHBE S W,

K, BRABROREAE LTEZSNTE L MRSA TH 31, KEEPDIOEE, Hid
B MRSA(USA300) i ssRICEIE L T3,

* MRSA BEICH L THRAMBERIRS W THY, BERTRAROHEEIF L O
FHETHHO0, SHEFLVHEEIBIZR S N 3 AEE IED,

U BIC

ANERINF TR IFIELMERZ> R, B
HLUBREDIRBEICHOTE R, B1 KBEE
5 TOTBEROBIRAABIE E > 7 E£2ER7
KX LD, ZOR»PS, % DHIEEIZ 1960~
1970 FREFTRERINTWAZ by 3, L
DL—HT, BEPOIEILES LI
OHT, ANEBPATER L - HEE g b
AR, FA7 78, ¥ /0y, 4%
FVVL v, 20, FiEEETHE5 73
TV FAEBRPAS)RA V=TI, ¥52+3
FalBAo Hchh, RERKEE AR
NTVRHEEDII LA LOBBEIIBBE R S0
WAEYDEET 2 RAVTEYWEZD LD, H2
WEZNSICETOEESEMZ o NbD

(FEWE) BRETH 3,

CDE) BRAROYEZEEAT 2EYIE, 8
COEET 2HEYE» S HC2F 22004
H(MEEET) Z2RH>Tw3 2 L23%\», Fi,
BB oOME L, RABMOMEDEET 258D
B»oB%2F2-00HOCHEHFR L L Citkd
BFEZERFELTVARILEH D, Zhsni
HH ORI OMAEIMERT 2 O &R
F (MMEELETF) 230 5 DKL + DIFLRDE
REhrMEcERSRINS LY, WREEEOE
AitE{bo—F<Hh 3,

L WHIEEOFKTIE 1980 ERICE — 27 %230
ZTEY, ZOMRIIH L EFMEE SR L
TOHHLOWHEELZHR T2 it k> TG T
BIEMTER, LrL, EEOEELIEAR,
BIREREBEDIEMNT 32— TH L WHEEOBR
R EAEEATE ST, ERIMMERIC X 2 B

*YAMANE Kunikazu, Arakawa Yoshichika EILRYUERICATMRES % ['_1"208—'0011 BREALT2E 4-7-1)
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1940 1960

|

. Sulfa Drug : 1936

/3 -lactam (Penicillin) : 1943
Amﬁnoglycoside 11943

Chloramphenicol : 1947
Tetracyclin - 1948

Macrolide : 1952
Glycopeptide : 1956

Quinolone : 1962
Streptogramin : 1962

1980 2000

|

Oxazolidinone © 1999

Lipopeptide : 2003

MBS BEHArBEE- L

®1 HEEREOES
1940~1960 ERICH TS DEEOHEENI RR S 1P, % O 2000 £ TOM 40 £FH, F
LWIBEOREEIfBICHI I EREP o, AxHU YT YRV KD 1999 FICTHIRICH
TWBY, TELBZWER 1970 ERICEREN TS, 2L OHEXIREMYEET S HEMEIC
BEL, ANEFELICATSRLARERRY LT 7H, */0>, FEYIYT I B ESPBICTE

Ty,

EDBEIIRL ICHEERDDITR > T 5,
AT, #HET PYREOELEMC, R
R 0 AL GEATR L) 1w D TR T H T
[

iy, AETR TERARG o3 TRAER
LI EERRALTL Y, EREEATA
R BRI, ABIEER LI, 15 h0RE
hSBY L, AROKRE & ISEEBHED & B
FEx O RIICHRIE L BE, T0o 1 B RSIE,
HERYE, ERMREER Y, SESERA
SEoREINTED, BICHisRVRY, TREHE
gt B X0 TRABRY, LREEHE—T 5, B
WEEZ, b1k, BBLE L) i, EREENTE
g VIl & D OREGHBRRET 2 2 L 2 BKT
578, %L EEORIE R KT 2 b TR
B, MEEROFREIRE (EH) PREERGEOR
ELal,

a7 N BRREOHEREFEIER
HE7 PYREE, 7PV RERO-EHETDH
b, MEREC—RNICITbNS S 7 LRETER

HE~MEORRICRFE 70, 77 LHEREL
HiZh 3z S — BT 5, HFOEELE LT,

2009. 12

BT PYRER EDD B, Tk, BREPMA
RE, fbiEt L v BREARE S, ALY 7 L
REOIN—TBT 5. —H, NTFIVA kL
W AR EDONF LV ABEPCRBRREZEDO 7R A
FUTYLABED, VT LA RETRIEICRE S,
BRR TR CHRWHE@ERR) 2L Tw oD,
7o aptREo S v—7ic@l, BT FUR
B L BB L RR0BEVBERICD B,

#E7 FoRER, SEoBEER(=vT7u b
%+ v enterotoxins ; SET-A~E), 7u7A v
AR a7 s —¥ ik Lk BN P E Al
DEEFHET 2 EACEER, A7 740X T —
¥ EE&BOEASWER, DNA SFRE, IE
BERE, alAmERR L OME - MILEIEE
ERER U KA T B T ORE IR O ERED
WMECBL, SRRBREERSIERIT. &6
o, —HOBRTIK, NZFUAT 7 —YREIEK
HLT, Avbhry-ANLvyLv-nfavyy
(Panton-Valentine leucocidin ; PVL), ¥ v
»yavy 2y Fu—5h k¥ v -1(toxic shock
syndrome toxin-1; TSST-1)® X%V 7% Y7
# v (exfoliative toxin A, B ; ET-A, ET-B) %z &
DEREEET D,
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ﬁ%?bﬁﬁﬁkié@%ﬁ

ﬁé7b7ﬁa@ wﬁb%;? WX EXER
BRCHBEERRELR E2EEL, T FYRE
BOHRTREL- L HREEDIHEE IR TS
W, BEECOLEECRMNERZ LS LITLIE
TEEI N, L, BEECTR, BYYEr5]
BISTRIECKE, HUELESELTVID
ADIEHEL, ZOHE, EFERO - OEES
SNBILvRL, BERTOLNLT, BlxNn3
DB TH S, 2D, BEOHLEE M
ZEALCOIDMCRERT FYRE L&Y
FHNCRAS R, XF2) Ui EE T FoRE
(methicillin-resistant Staphylococcus aureus ;
MRSA) O fEFERFEH OF RoSEN, BRNE D
BRRE oI REINTLEY

BE 7 FYRE (MRSA % &%) 13 5 R yE
226 WIMAE % EOBEERBRPEE, o FHL
VoS ELBYMERFISRITIENMmENT
WBEH, JREEE LT, O KE - S0 biE
R, @ WIMER X 072 I HFET 2 £ 5l
DIFEMRE, BX UV Q@ EB T P REoEE T
BDERICEZRBICKANT 2 LEMBL DT WD,
© Tl (carbuncle), #i(furuncle), Wi
R EPRBIRERTH 503, DSBS
IR 5 2 LT X o TR DMt 0 ke
BYIEL 2%, Q@ OF & LTIk, EIESE &4
CLHET P YREPLIEOFIC BT 2 LW
BRRBIC X £ E L ARCRES CBELBR I N
LIRELR EnbiFonk ), @ TIIBITERYL L
CLEE T PORESES T 2 5% (TSST-1)
W& 528D toxic shock syndrome % ET-
A, B(R3E T3 epidermolytic toxin & & fEiFh
B & B EEMEIE (L 00 DAL RO K
FIFE(SSSS) 2 TR EBBELALNT VLB,
% DEGBT FORESEREE LTV B LSRR
I E &K (enterotoxins) ic kX 2B L LTI, =%
&7 FYREERPENZORKTH 3,
MRSA BBEAREO EFELZFERETH b, &
NEEBA T —T Vi EQERBEFNA R ICEE L 7
BERE (h 7 — 7V B R g, A NP B8 e
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FGR, IREEH T —F MABAIC & 2 RE RS ) %
FHHVBIEORRE 22 2 0% \», 2ok
7 RABEEANOBRLERI, TICEBEEEED
FHEENTLZILBEBEALTHEI LS, F
FEE (FHhY EEELR O RREREOERSE
7 EDEMBRATFHEOBMENEECH L, L
L, MRSA OEMETH 528G T F I REX, &%
FREYORERBENL & ORER, SiEG
N CRBEELBRECRE, BHET2 2 L1008
ELIREETH Y, REEO LY IcE b B
OBEBCL, JKIED 4 ERENBZT L LIRS
FILAY E 72 MBS T 2 2 L1, 20 M
DIRIRE & DBYSNE EOEEDO—D2Ic 5T
w3,

ﬁé?b@ﬁ@@f@%ﬁﬁﬁ @EE

1%9¢L7v N ib%ﬁénﬁmw
U ik, 1943 i TEN R RBAESBB X N,
% DAR ZBIED S0, 20OHTFh 3
FHED 1946 FI1T1Z =2 Y VifE T F R
HBR L7z, 2oR=2 Y UiiE 7 F o RE R, <
SV F =L ERINER= Y D B-F ¥
LERZMAKRDET 2R B-5 75~ —¥) %5k
ETHILICE> TRV Y VTiMERERL -,
CDEI RV Y F—VEEEET FYREIC
MNLUT, RV F—PIPBI NI v
Yo THBAFTY H 1960 FEiCAR I -,
L Lads, XF2 U USHgic Bt &, it
HEOMEL LI Tn3,

ZD®, TVESY yREIIREINEEHRS
=Y rRRZ Y VREIND -5 7 ATH
27 70RRY v RFIEEOFAFK I EBIEA
7o 770 RARY VRIZ, 77 LABEEE T
=7y b ELLE—MRD S TS ARHED S
N—TEH=MAIFRIN D IR, 1980 4
RICIFBERES TREBEOE=ZMR L 7 o2 8y
VIMERZIND X hot, THEIZEALVE
2ELC L LT, #HAELHT MRSA o EEHET I
B2 EEPIHIET LUEARMEL 2y, B
ETIRHEROBRERES TOMIN2856 7 PR
HD 9B MRSA D H®D 2HAI13H 60%iIc AT

RARR L EHEBER 39 % 12 5



RIS YF—HEEERT FIHE
19465

AFLYCTERERT RURE
19614

neaAvA4 v r
19565

Neavd Y omEERT FOBRE -
20025

JRJYF
19995

YxJU RS T FUBE
20018

CPAS P
20034F

2 HMEEOBREEEGT N VREORAMEESOER
HLUVWAEEIBARINB L, ZhICH L TEST FUBRRERIC
THEHE £ B L T & . BATI 2006 FIC MRSA IS L TYU X
JU R RBER L ko, UR VY FREEET K OBREOHRSE

HEBEIhDDOH 3,

W,

oz, HETRVERERAIN TRV,
2002 3Ny a4 ¥ Vit EET (vand) &
B4 L -8 7 F 3R (vancomycin-resistant
S. aureus ; VRSA) pSKETHMEI 1, 2D, XK
ETiPiu b 7ERD»S ZOED VRSA »°
BRI TWEY, FokI L iCBEMCEREIE
BBl vk, —, KEDOA
7% 5% 2008 &I iZ 4~ FTH VRSA O4EES

FEIXNTEY, VRSA D5#0FKER 2 EHR
THERENH B,

MRSA % VRSA 2407 7 LBHEEICERT
HBVERVY Pzl Th, TTRMEZESL
EET P REIRECEEIEL T 3V (R
2), VRSA MSEERED > DHES N BB IR0
< BRETIRY VY Pt VRSA o F4 i3
RS T Va8, 95K VRSA 3&HET 5 & 9 7z
EMHNZ, Y Z VY Pt VRSA oHE b+

2009. 12

ﬁ??"éé‘ﬂ%f'&) Eﬁ i“Fé‘httw

MRSA mmﬂ&%

MRSA | i%@%ﬁ“d)qﬂh_ “X‘I-/‘) /Tfﬁﬂ&” &
»2h, EEICEKRBRSG eI MRSA X
RV YVRDAEST, TRXTDR-77 5 L
FHEE YL CREEZR T, CDB-77F L
EMEERE L, o=y ) VIfEEET P
REMEE L T LRERFcCH58-777
=B (R Y F—Y)DEELELIIELRD, =
YV DOERSTFTH LRV Y VRS VT
(penicillin binding protein ; PBP)D &L T &
b, BEMCRERTFIRENB-7 75 LK
OBHEDET L-¥i7-% PBP 2852 ¢
ks, TOBR-97 7 LEOBNEMET L
PBP it PBP2 L Tk b, PBP2%2 a—F ¥
5BILFhmecA TH 5,
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mecA ZHET P I REO R tatk bicFEET 2
BIZTRETH B Staphylococcal cassette chro-
mosome (SCO)IZHAZRAENT VT, ZHEES
132 SCCmec L MIEN T3, SCCmec 1& 30~
80kbp IZHb REBEKRL M7 v ARV VoG
2% DNA i T, #6777 Py REOLak -
WHEET S, -5 77 McBiER2 RTERTF
VEREICIFFETEL R E, SCCmec Flza—F
SN TV % cassette chromosome recombinase
) DHEBC k> TREEE» ST DI 2
Dok B “BIC” Ao DNA 4
TH5IEMNEHINTHBY,

RAE, mecA ORTREEDE DS SCCmec 13
Type I~V 5 EICAEINTE D, EEEs
To#ES 115 MRSA (hospital-acquired MRSA ;
HA-MRSA) @ SCCmec i3 type 1, 1I, MITH 3
TEBEL, BIAAOBERBE CHES N
HA-MRSA 1313 & A £ 25 typell TH 359,
MRSA 3 B-5 7% rEoakhsdF, x4
MEBICEL R T232D—REE LT SCCmec
BRI £ EAMEECFIERL TV S
CEVBBIT NG, —77, i #EER MRSA (com-
munity-acquired MRSA ; CA-MRSA) I3, type IV
D SCCmec ZMRET B LM% 0, Zhiz
typell & SCCrmec & Y4 <, H ) EHMHEEE T
DE D, %37 2 X iz CA-MRSA
I L EEREI AR CE 2 HER W O
INTn3,

VRSA DOt

NARLevRTLars=vihrosya
NT7F FRTEEL, MEOMERED AR % HE
THIERE->THEN2RET 2, Bz
MBEEEOREB S TH 52 7F F 7' U 4 > OHiEK
#CT& % pentapeptide ® C KT 2 D-Ala-
D-Ala(D-7 7 =V -D-7 5 = V) &I 7Y o
N7F PRAEEPEE T2 Lickh, =79

F7 UV #EME DR CRTF FEADOEEIGR ‘

VIS N, HRESREOBEISHEX NS,
BERECEA NV aeL > VR EFCH 3
vanA, vanB, vanC Ba—F$ 235 8% (VanA,
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VanB, VanC % & YA —¥ : BEETIZ 2 0fih 4
RSN T 3) 13, BH T pentapeptide
D C K¥idd D-Ala-D-Ala £ k3 L = 2 %z, D-
Ala-D-Lac (VanA, VanB) % D-Ala-D-Ser
(VanC)NEBLE¥ BT Lick Y, Fyaxs
F FRPUEHED pentapeptide KEEADRES % 15
EHL, ZORR, vand 7 ¥ OMEETFREE
F7Y aR7F ¥R AT 2,

NYARA T VD 75 ABET, AR
FHE2RTObE LT, Sraed s Uik
BR B (vancomycin-resistant Enterococcs ; VRE)
oo ELHEATHDH, AT E 28
BEiRrzhizsidhvy, UL, BEehii
—HO7 Y7 HEEBER L) CREREE TS
SEDHFE L 25T\ %, IBRE L %67 P RE
TR, BRNZEEEREE T PR OS2
SRS, BREOEET 2 a4 o Uit
HEEFIERNICEE T FOREICEAL S
22&H5, VRE BERLTHWRREDY & ¢
VRSA ERBEEEE D & DB X 1 2 Rtk psis i
STz,

VRSA 13 2002 48, KE o F v MoOBRKE
ERERBITRED 40 RO LtE» & W T4 B
N, VRSA BRI - BEIIBERRIC X 2 B
DEB /2 EDWBBD DIz Nvae L v voks
TREMHZTE D, VRSA DBEORIC, R
VRE bRIUCBGI S SMINTHE D, I h
72 VRSA DN v ae A o Uit id vand 558
ELTEY, RAUKEDSQBES N7 VRE 235
FI277A Fica—FEINT Ok pand %4
2=y b (Tni546) » MRSA OREET 2 75 2
SFECEBTEZLICED, Nraef s ot
H2EELLLEIZSNTVEY,

VRSA D% 1 i85 5 2006 E£icyBEx h7-
RIPIBECTOWRENz LB L, 7H%F 6 flcs
vaARA T O VRSA SEELIET 3 5 B B
RickInTEDh, 44Tk VRE ZRFL T
CCEPHORILRSTVRE, NS DEERER S,
VRSA OHBET 28R E LT, Nvawq o ot
HBIEFOBMBIFTH 2 VRE 58IEL T3 =
&, NrawA vy BREBEER IR THB
BhHrLEbLNh3,

BAR L £IEBE 39 % 12 5



% KETEBEL TV SHHMEE MRSA LRABRE MRSA DB

RS MRSA R R R MRSA

FHIBEME FxH4 Y ICTHEERTY B-5 97 8 LS OREECHEERT

ZOMORERICREEERT I ENZN
SCCmec type vE v& I8 U® mE

(BARTIHIEFZW)

PVL* Bz TR ERE S0 B
BgBE EELNE, B’A ARgE, BIIESHE
R pRAVIEE B - SEHERBRES SO, EERAE  BREEZY

HIWEIHh TS
AXICHIZPBEEE FTh BEABINIEERT KUBRAOK 60%

USA300 #kidEm ABIOD &

*py| : Panton—Valentine {eukocidin

HATIE AN Y a4 & vid MRSA BREM D
W LCRERICERINTR Y, BRRE
CHEIEESHAINTOAELI L, £ VRE 8
BERRED S THMEINE I LD ENTHEZ &
&, B A Tld VRSA 2 HAOEKES TS
N2k RLE VRV EEZLNS, LL,
2000 Ei ADERNTYD VRE 12 & 5 KB B

BEOBENHAINBE K HIKibh, HFETHE
ﬁ%ﬁﬁ%uﬁﬁﬂ BERZTANBHEREICE TS
BiAEGssTAE L T 5, AEOEREETHA
BEEQR Y - SRERToEIS, &R
EEENEET L EBHSPITE>TED,
VRE 3 HA 0 EEEH KBWTSBEEEED
BT 3 ERESE RoTETWE o, Eit
RHIET A RENRH B EEZIONDG, O LD
FEERMITIX VRSA OFAEZIETE Z EICHD
2hib,

VRSA ik a w4 ¥ Vit &R T (vand) %
BET 3 itk b rY) axTF PREERCTH
e RT3z ERLED, Y a7 T FRA
HEIcEREZEE Ry EG 7 Py R (vanco-
mycin-intermediate S. aureus ; VISA) DFED

HEXNTWVES, 1997 F WD TZDOFEIRS
N0 7)) a7 F FRPIERICEEEZE L
RHFEEE L CKRERNTERE N VRSA O
vanA O EFHEOHEEETRHERIN TR
v,

7Y a7+ FRABEKIHEEORERE
T, BEET 2 BETORROER L EMS DR
Hick b 7Y a7 FRAEROBRNRALTH

2009. 12

% pentapeptide @ C K¥iic B H S L7z D-Ala-
D-Ala pSBEINT 2 &, 2527 Y a7 F D
Fo v FENTLEY, Y aR7F FOEICH
T3 RAREHIEEEMICO)BERT S EEX
STk h W, KETHEL % vand ZER L
VRSA Ot L R KX ELEB I LMD
MoTnd, FLERTE, Nravsfdro
MIC fEids 2~4 pg/ml & Iz % HER S BERR DS IR
Fich 2 LEFINTW 3D, ZN6 DBRENE
ZOEREFHRICED L) LB L FITTHrEDPIC
DWTI, VWET \.nm%@ﬁi))ﬂ% &z 5"(3?')5

fﬁch,m%& MRSA

‘CA-MRSA & i3, —'ﬂ’iﬁﬁ @ J\l‘m& 48 H#FEJLJ\
HicoEE s, @ MRSA psHi & hiz 1 BN
o AB2EDI 7 ¢, @ MRSA M ic EFRER O
HNEEZEDT, @ ZhE TORET MRSA
ORI NT Z EM L L) &R TRE
oS HEX N MRSATHB D, oLk RE
% TR T s BER, BREIEFEECR
FORETHH I EBSEDoTTdD, Wt HA-
MRSA BSiHICED b D EEZ N TV,
L L, 1990 FERDBED & BHIKEZ HO
iz CA-MRSA OS5 BEEESRE D, RARZHE
)% —vH HA-MRSA LB 52k, 7SV A
7 4 — )L ¥ VELKEEPFGE) I X354 €
v 27 USA300(—#5 USA400) &\ 5 REDRLIC -
SEINZHEPEEL TVwB Z LWL PIZR -
Tw3 (@Y,
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361, EFETRWENDHRL ST, BRRY
DIFEHE & UCRE O EFERE T2 05 HE 4058
MLTW3 W, F7 USA300 i3KE D&% 6 3
—avN, FTET7I7, BARETHOOEEIN
TEY, FoRMRNLERT]RERD DD 2,
HAEZBWTIIDY £ TOKIC X 2 BYE D
FHHNIIZ E A ERODDDOSB OB I N
ETh 3B,

WMEERKBENTEEZL Tv % HA-MRSA
2, BEIHERE 237V =2y 75 P~ AR
BEEEND 2 BER, AF—FAEEDATY%
HEL T 284, DT MRSA 23978 x s =
EDHZBEELREroDHINIDIIKL T,
CA-MRSA RO @B AD» S I N
52 E0% Y, HA-MRSA 238-5 7 % A KD
A% 6T, IFIFRWMEHFICH L itz R4
DITH LT, CA-MRSA i3 MRSA O¥[5E 1 Fj v
AXY Y VIR R T, 2Ok
(ZYRBA LRI Yol L rhE)icid
L ORBBHEEZRTZ Lo LG, Fi,
PVL MRS 5P HIROBE R, RERLHET 3
BRE2I-FT28ET2HEETL I L03%
SCCmec 1% type VTH 3 T E %\ &\ S B
ZRo,

HA-MRSA 233 £ X hBEOBLIE B &
BT DI LT, CA-MRSA 2 X 2 B4 0%
Be L TRTPORE - BEAGR Y o B R E
ELTHREINZZ L% WY, L L—FT,
BB IGR 1R S NB BIERYRE IC X 3 5EC 4
DEEDH 29, HAI B THKELEThOLE
%3%E®ﬁ%ﬁuwwm&u /ki%&T

TME$@Wk%mTH*@T§LLTw5&
A 7® CA-MRSA BHEZ I Ty, CA-
MRSA W KETI}, 7 b= F—2DL Y
Y7l EOBBEOEFO LS kb p M 2
AR—VEFHCOEBOLEEINTED, Zh
>DRBEBEE 2T, bOETH CA-MRSA I-
DT, SROTEERRZERECER LT
(ZEBRBELEEZ SR 3,

ﬁ%ﬂ l~ "Jﬂiﬁ'ﬁﬁ‘é‘ C\.Fﬁt\bhérﬁﬁ

ﬁE%%T%ﬁ@h% <®§é7bﬁﬁ@
WX MRSA TH Y, ROTR=ZS Y F— Va4 #
FY UVRBHEERG T FURET, =2 F—w
FFELEEGT FORE IO TORY % 50 2103
e, "2 F—YIEEEEE T FORE
XLTE, BELBR= Y v G 2HOWTHBES T
IIENTEL, RS YF—VEEAFY v
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