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FIG. 1. Structure of the transposition modules forming the backbone of Tn2610. Arrows above open bars indicate the transcription orientations
of the ORFs. Restriction cleavage sites shown are those used for the construction of plasmid derivatives described in Materials and Methods. The
structures and restriction sites are based on GenBank sequences for Tn2610 (accession no. AB207867) and Tnl721 (X61367). Abbreviations: A,
Aval; B, BamHI; E, EcoRI,; S, Sall.

TABLE 1. Features of ORFs and discrete DNA segments in Tn2610

o ORF"
L((Jsc 'd_tglgg)n Se]zgeAm o, Name T %(g&)%(ﬁ))gy Description of gene or gene product (accession no.)
1-38 IR 38-bp IR in 1Ra of Tn2610
34-3000 St npA 988 99.7/99.2 Transposase from Tnl721 (X61367)
3004-3564 S02 mpR 186 99.8/100 Resolvase from Tnt721 (X61367)
3627-3755 res reslll (3627-3656), resil (3661-3703), res! (3717-3755)
3740-4324 S03 mpM 194 100/100 TupM on Tn2] (AF(071413)
4091-5376 5'-CS Partial 5'-CS of class 1 integron (AF261825)
40914114 IRi IRi of class 1 integron (AF261825)
4293-5306 S04 intl] 337 100/160 Integrase of class 1 integron (AY214164)
5873-6079 S05 small ORF 68 100/100 Small ORF from pIP1527 (X03988)
6079-7338 S06 ereB 419 100/100 Erythromycin esterase type 11 (X03988)
7661-9145 S07 orf2 494 100/100 Putative OrfA from SGI1 (AF261825)
9420-10073 508 groELfintl] 217 100/100 GroEl/integrase fusion protein from SGI1
9777-10209 5'-CS Partial 5'-CS of class 1 integron (AF261825)
10154-10209 attl att! of class 1 integron (AF261825)
10279-11145 S09 pse-1 288 160/100 PSE-1 B-lactamase from SGI (AF261825)
11275-12054 S10 aadA2 259 100/100 Streptomycin resistance protein (AF164956)
12056-12114 59 bp 59-bp element of class 1 integron (AF261825)
12114-14134 3'-CS 3'-CS of class 1 integron (AF261825)
12218-12565 S11 qacEAl Quaternary ammonium compound and disinfectant
resistance partial protein on SG1
2559-13398 S12 sull 279 100/100 Sulfonamide resistance protein on SGI
13526-14026 S13 orf5 166 100/100 Putative acetyltransferase in Tn2J (AF(71413)
14050-14134 S14 orfol Hypothetical partial protein (AF261825)
14135-14160 1R Terminal IR of 181326 (AY123253.3)
14202-14987 S15 istB 261 100/100 Unknown function of 1IS1326 (AY123253.3)
14974-16497 Sl6 istA 507 100/100 Possible transposase of 181326 (AY123253.3)
16579-16590 IR Terminal IR of IS1353 (AY123523)
16620-18164 S17 OrfAB 516 100/100 OrfAB from 181353 (AY123523)
18180-18192 IR Terminal IR of 181353 (AY123253.3)
18195-18280 IR Terminal IR of 181326 (AY123253.3)
18215-19075 S18 miBAl Truncated TniB from 1n2 (U42226)
19078-19512 S19 mid Partial TniA of In2 (U42226)
19513-19527 IR IR of 1826 (AY123523)
19575-20282 S20 npd 235 100/100 Transposase of 1826 (AY123523)
2032120333 IR IR of 1826 (AY123523)
20334-20881 S21 mpR Truncated resolvase of Tn2/ (AF071413)
20884-~23850 §22 mpA 988 106/100 Transposase of Tn2/ (AF071413)
23846-23883 IR 38-bp IR in IRb of Tn2610

“ Nucleotide position in the sequence deposited under accession no. AB207867.
“ Named ORFs are based on those previously characterized.
¢ Expressed as the number of amino acid residues.
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FIG. 2. Genelic organization of Tn2610 based on complete nucleotide sequence analysis. Labeled lines represent the regions in which
sequences exhibit significant homology to extant sequences on various genetic elements. The accession numbers of the sequences used for

comparative analysis are given in Table 1.

instructions. DNA frugments were separated by electrophoresis on 1% (wtfvol)
agarose gels, and individual fragments were isolated from the gels using a
QIAEX [l gel extraction kit (QLAGEN). Hind!l-digested lambda phage DNA
fragments and Hinfll-digested pBR322 plasmid DNA fragments were used as
size markers.

Sequence analysis. Sequencing was performed in the facility at QLAGEN,
Japan, on an ABI PRISM model 3100 sequencer. DNA sequences were assem-
bled using the GENETYX version 10.1 software package. PCR was used to
amplify the pTKY170 fragments to confirm the boundaries between the cloned
fragments predicted by mapping and to obtain sequences. The sequence ob-
tained was used to query the GenBank database in order to identify putative
genes by using the BLAST program via the World Wide Web interface of the
National Center for Biotechnology Information (http:/fwww.ncbinim.nih
/BLAST).

Nucleotide sequence accession number. The 23,883-bp sequence of Tn2610
has been submitted to the DDBJ/EMBL/GenBank databases under accession
no. AB207867.

RESULTS AND DISCUSSION

General features of the Tn2610 sequence. To complete the
sequence of Tn2610, plasmid pTKY170 (formerly named
pMK1::Tn2610#4 [20]), containing a complete copy of the
transposon, was initially subjected to restriction analysis, and
relevant fragments were subcloned for sequencing. The com-
plete sequence of the 23,883-bp region bracketed by the pre-
viously characterized inverted repeats IRa (formerly named

IR-R) and IRb (formerly named IR-L), which are defined by
5-bp direct repeats at their outer ends, was determined. A total
of 22 open reading frames (ORFs) were identified and are
listed in Table 1. The putative products encoded by these
ORFs either were identical to or exhibited significant homol-
ogy to protein sequences available in GenBank. The nature
and positions of relevant features (even in the noncoding re-
gions) are also shown in Table 1. Figure 2 is a linear map of
Tn2610 showing the transposon structure.

Tn2610 contains two modules for transposition. Analysis of
the sequence showed that Tn26]0 is composed of two trans-
position modules, a Tnl72/-like module and a Tn2I-derived
module, which correspond, respectively, to IRa and IRb (Fig.
2). Within the Tnl72/-like (IRa) module, the transposase gene
tnpA, the resolvase gene mpR, and the res site show strong
homology to the corresponding regions of Tn/72] (Table 1;
Fig. 2 and 3) (1). A 38-bp sequence was identified at one end
of IRa, differing in 3 bases from that in Tnl727 (Fig. 3A). The
129-bp res site of IRa is identical to that of Tnl72/ as far as
resl, where recombination has occurred with the res site of
Tn2! (Fig. 3B) (16).

In contrast, IRb is a Tn2/ remnant including a partially
deleted tmpR gene, tpA, and a 38-bp IR identical to those in
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(A) 38bpIRin
IRa GGGGAGCCCGCAGAATTCCGAARARATCGTACGCTAAG

& e k¥ 2R R R R R R 2RI E AR RSN LR 2R XSRS
Tnl72] GGGGGAACCGCAGAATTCGGAAAARATCGTACGCTAAG
IRb GGGGETCGTCTCAGAARACGGAAAATARAGCACGCTAAG
HEE AR TR AR A A AR TR AR A AR A AR T TIRA TN R, R
Tn2! GGGETCGTCTCAGAARACGGAAAATAAAGCACGCTAAG
IRa GGGGAGCCCGCAGAATTCGGAAAAAATCGTACGCTAAG
% %k % * Khkwhk khhkkkdh % Kk kokok ok o %
IRb GGGCGTCGTCTCAGAAAACCGAAAATAAAGCACGCTAAG
(B) ressitein
Tn2!
tpR
iRa ATGTCTCCTTGGAAGGCGGCTTAAGT
2 E 222 RS RS AR AR SR A SRR SRR AR SRR RRRREREEEE S
Tnl721I ATGTCTCCTTGGAAGGCGGCTTAAGT
tnoR
Tn2l GGAATTCCCTGCAAAA TGTCA
LR R & 2
IRa GCACTTTCTGTTCCAGTTGTGCCTCAARAGCCCATTTCIGTCA

HEERKK KA RN RE A AR RHIARKNARERA R FXRRFE R KN KRN KR

Tni72] GCACTTTCTGTTCCGTTGTGCCTCARAGCCCATTTCIGTCA

res 111
Tn2! GGGAAGACTCTATGACCTTCAACGAGAIATGTCAATAAATT
* % K kkE kK K kok ok ko * ik [krkhkkhkk Hkhk
IRa GGCTGARATCTATAACCTTCCCGGGCANGIGTCAAAARATG

khhkkhkhkkhhkhkkdhkdhkh A bk hk kb whhhkfrh kA h kb hh ARk

Tnl72] GGCTGAAATCTATAACCITCGCGGGCATGIGTCAAAAAATG

res 11
Tn2/ CAAAATTCAATCCTATCCTGACGICAATTTACACATGGCATC
kK * dhhk kkkkhkl * *
[Ra GGAAAGCAGACTCTATTCTGACCRAGCEGCGCGRCCArace

LA R E R RS SE SRS SRS AR A RS EREREEREEES]

Tnl72] GGAAAGCAGACTCTATTCTGACGRAGCGACACEECCAraCe

res 1 + tnnM
TGACATCAGGTTAGGGTATGCC GCGGd

hkhbhkrhhh Khkkhkhkkhhhkhkhkrhhrhrhrhhhdhhhhkdhk

IRa TGACATCAAGTTAGGGTATGCCT: CCTGACG SCGGQ
Kkhhkkkkk KRk hhkkbkk®x  k  x dokokok *%

Tnl72] TGACATCAAGTTAGGGTATAGCCTAGATTGACAIGCGC

2/

FIG. 3. Comparison of the 38-bp inverted repeats (A) and res sites
(B). The sequences of the 38-bp inverted repeats and res sites in
Tn2610 1Ra (this study), Tnl72] (accession no. X61367), and Tn2!
(accession no. AF(71413) are aligned, with asterisks indicating iden-
tical bases. The res subsites (9) are boxed, and the AT site at which
resolvase-mediated recombination takes place is boldfaced. The re-
combination crossover point to generate the hybrid res is indicated by
a vertical arrow. tnpR and tnpM, regions adjacent to each end of the res
sites.

Tn2! (Fig. 2). The mpR gene is interrupted by the insertion of
an IS26 insertion element, leading to the loss of 12 bp includ-
ing the ATG start codon of the gene and the res site. Taking all
these findings together, we conclude that Tn2610 is bracketed

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. Complementation of a Tnl722AtnpA mutant

Complementing plasmid (tpA) Transposition

frequency”
pTKY175 (Tnl722)... 23 %1072
pTKY174 (Tn2610 IRa) 3.0 X 1072
pPACYCI184 ..... <10~

“ Determined as described in Materials and Methods.

by 38-bp imperfect IRs (10-bp differences) (Fig. 3) at both ends
and carries two intact tnpA genes, one intact mpR gene, and
one res site as a transposition module.

Our earlier analysis indicated that mpA4 in IRb is functional,
while tnpA in TRa is not functional, in the transposition of
Tn2610 (19). Although the TRa module shows strong homol-
ogy to that of Tn/721, the corresponding genes are not iden-
tical. The tnpA gene in IRa differs from the Tnl72] sequence
at nine positions, leading to the alteration of 7 amino acid
residues. Furthermore, a 3-base difference is found in the
38-bp IR sequences between IRa and Tni72/ (Fig. 3A).
Therefore, the inability of tip4 in IRa to promote the trans-
position of Tn2610 may be due to a mutation. To determine
whether the tmpA gene of IRa is active, the ability of the
product to promote the transposition of Tnl72] was examined
by complementation analysis of a Tnl722 tnpA-defective mu-
tant as described in Materials and Methods. As shown in Table 2,
the mpA gene in IRa complemented the fmpd defect in
Tn/722, suggesting that it is active even though it cannot pro-
mote the transposition of Tn2610. The Tnl721-like thpA prod-
uct of IRa probably cannot recognize the 38-bp element at the
end of IRb, while the Tn2/-like tmpA product of IRb recog-
nizes both 38-bp elements, even though they are imperfect.
This hypothesis is supported by a report showing that the Tn2/
tnpA products can act on the IR of Tn50! (which is identical to
the IR of Tnl721) but the Tn50! tmpA product cannot promote
the transposition of Tn27 (8).

The intervening nonrepeated region of Tn2610. Analysis of
the intervening nonrepeated region from nt 3514 to nt 20333
reveals the presence of discrete DNA regions carried between
the two transposition modules in Tn2610 (Fig. 2).

The Tnl721-like transposition module merges (at the res
site) with a Tn2!-derived sequence (nt 3565 to 5376) including
tnpM and the 5’ conserved segment (5'-CS) of the class 1
integron (the insertion site of the integron IRI into mpM is
identical to that in Tn2/). The intl]l gene, in this case, is not
preceded by an aft!] site (14) with inserted gene cassettes but
by a segment containing the ereB gene (2) with part of CR3
(15). The right-hand boundary of CR3 merges with a long
region (nt 7339 to 14134) identical to a part of Salmonella
genomic island I (SGI1) (5) of Salmonella enterica serovar
Typhimurium phage type DT104 except for the presence of an
additional aadA?2 cassette in Tn2610. This region includes orf2
(5, 11), the remnant of the 5'-CS of a class 1 integron contain-
ing an intll-groEL hybrid, two gene cassettes (blapgs., and
aadA2), and the 3'-CS of a class 1 integron including gacEAI,
sull, orf5, and orf6A (Fig. 2), which is also identical to that
found in In2 carried on Tn2/ (11, 15). The homology with In2
continues down to the tid gene, which is interrupted by the
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1826 insertion element (at nt 20333) located between this re-
gion and IRb (Fig. 2).

This complex mosaic structure is likely derived by multiple
recombination events which involved Tn2!-like and SGI1-like
sequences, as well as other sequences.

Concluding remarks. The present study has shown that
Tn2610 is a composite transposon comprising two transposi-
tion modules, Tn/721-like TRa and Tn2/-derived IRb, sur-
rounding a central region containing the drug resistance genes
ereB, pse-1, aadA2, and sull. It is proposed that the ancestors
of Tnl721 and Tn2! were independently inserted into a plas-
mid or genome via transposition events catalyzed by their own
transposition modules, leading to the backbone of Tn2610.
Later, genes could have been lost by deletion during or after
the acquisition of the regions that include the integrons. This
seems plausible, since a transposon carrying mphB with an
organization very similar to that of the transposition modules
in Tn2610 has been found in E. coli (12).

SGI1 has been identified in DT104, whose prevalence in-
creased dramatically in the 1990s (4, 5, 7, 10). DT104 isolates
have been reported to be resistant to a core group of anti-
biotics including ampicillin, chloramphenicol, streptomycin, sul-
fonamide, and tetracycline (commounly abbreviated ACSSuT).
Furthermore, a number of variants of SGI1 that are associated
with different resistance phenotypes (e.g., ACSSuS plus tri-
methoprim, SSu, ASu, and ASSuT) have been identified, sug-
gesting that the multidrug resistance region of SGI1 was sub-
ject to recombination events that generated variants (4, 6).
Since Tn2610 was found in a plasmid from a strain isolated
before SGI1-containing sirains, it could also have been in-
volved in the generation of SGII structures.
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PEEE  [BII0] 7S AEEEI 7V h Sy (BK) B2 S 3 2575 O 165 riNA
XTS5 — PR % B ACHRABES Nz 2,87TT#RD 7 S LAERMBEIC BV THN Iz FEEE
(B2 T PCR 1T & 5 720 7 OfER. RutA B8 5 #k (5 HER%) T I N TRIRE CH > 720
RmtB A 8k (34E%) ©. ZNENE. coli 2%k K. pneumoniae 4#k. K. oxytoca 1%k S.
narcescens | ¥:C#H - )= ArmA EIHS 3 #k (3 Hid%) . . coli | Acinetobacter. S. marcescens
Do SRS NIz,

[RN@] 8-S 7% <—Eik, ZhbOMEi»5 class A, B, €. D KHMESN TN S, 3-
737 2o VRN VEE class 0 B-5 74 ~—PRENHEERE UTHA L, DISK E/NY: /87N
MICHC L e 74+ 7%2h (C1X) (3t ch) OWEMELRICLD, class C 5-F 5%
< — P pER 2 IR 9 2 TR R BT Lz.

[I@] hET CIX-NE B-5 2y~ —Lid. 2hbOMER S 40 2 (1~40) DS
INTW Do 2001~2003 EQRIRAEY S LIEME 1,456 #kiDWT CTX-M T S-S5 7 F<—E
O PCR BRI & DB BATV, & 5128 LWBEE TR 31THRIC DN THT 2 eo T DRER, CTE-I-1
P)—7¥ LC CTX-M-1 - CTX-M-3 « CTX-M-15 « CTX-M-36, CTX-M-2 JNV—7& LT CTX-M-2 -
CTX-M-35. CTX-M-9 7 )V—7"% LT CTX-M-9 - CTX-M-14 D L7zo

[#] E. faecalis VanB %4 VRE iZ & 2 BeGyRRE O H2r 5 HGH22 BN LTz 2O



BRI mEE N I O UM 7S X3k pll22 (107kp) OficEAEENET Y X0~ A
UMM 7S R X R pTl22 (T0kb) ZfREF LTz, pUI122 775 R X RiZa— FE 5 VanB BYf
MRS vanS,-vanY, RO EEES QRN D & vanB2 BN I =, plI22 d7 =o'V
BgtE 72 Z X FCHEM7 =1E > cCF10 IZRIEY 5 7 = 0T VRSB EREE TS X I R
LEZ Bz, pUI22 O2IFEEF| 2 PE Uiz, pUI22 1 106,524bp DR E X T, vanB2 Bk
BT e2aetEAEEY N2 ARV 2 Tnib49 (34kb, Van') DA LE7 =0TV RIGET S
2IRTHo=, plI22 1) 204 > UMDz B -Hemolysin/Bacteriocin(Hly/Bac)%
O— KL, WA 455 42 0 1070 ~10" OEEEICESEE L. pT122 & pAD1 (60kb,
Hly/Bac) JBLO 7 = DE VBT 52 3 FTHo ko |

[HE(REA)] 72 B8RO 7> 23 M4 AnpC (Class C) 8- 7 ¥ <—E¥ D% BHEH
WEZNZNER DB 75 X3 F Class C OBEFOBEERENIC X DAEBLJ=. pKU601 D&
. FRERET anpk O RISREERIZ & % o pKUB3L DAL, anpR 85T O LCHE B 3 anpC
BETOERICHEABETF ISEcpl BHEAINTSEY., [SEcpl O7DE—F—IZE D amplinE
BEEMLTNDZ I LB W57z,

[&55] MPREs REGUAEIC 81 2 JRRMEY OIBRRINIRRE & LT, ZORRA LR 2HROFHN
BEREICX T 28 /= PCRIEDELV F 2T — « E—2 V25 real-tine PCRIKIZ & 2 AN -
AHEPHTEZBERE Uizo HEEIZORMRIKE. @1 > 7V ¥, GA FsmitL > U EKE,
@~ A4 375 X~ (M pneumoniae). ® VL ¥ A % 5 & (L.pneumophila), ® 7 % I P 7 H
(C.pneumoniae)T&H %, ZDIFHET, WEMBZBEEANT 1.5 KM TRRBR/ S Nz

[%%]X9D1%59&7~%®ﬁ%@m%ﬂ®xbU~:/ﬁEEWtbtowmdMe
& IMP-1 BLOVIMN-2 Ol ADAFO-0-F 05 <v—LEHELZ, Quinoline DAF L VEHE
n=40rE HEERDPRIENC DD E, QI &5 HEFEICIEBUKE L F4—)V
HEOMZHIBEORIDPYVETH 2T WD o7z, PhenylCnSH IF54 < IMP-1 & VIM-2 Z[H
ELED AFV VHENICRKE Uiz,

[BED] mexCD-opr A< ik, F/0V K, —8HD B -S04 L#E, HgRERTF KT



VR URERBEADLORTF K (RTF RT) U BIK) SEPEHT 50 nexCD-oprd 1~
DO LTARTF FHEHBREIZ X b, AW ARSI L e 2 2 R LTz,

[#BH0] RILEOL Y 27 & nexAB-oprM BRFHKIEF /0 v 2T H I icdD
X ‘/Tfﬁa"f_&cé:?iéo nexAB-oprif#4tEld. MexB 75 H A7) Phe-Arg- G -naphthylamide 1% (&
73V EPD) Itk DEEX N, ¥/ DUEZNE D, ChEFMAL, RBRECYT2LHR70
P54 27 OMIEFORRICE 227 3V BPL OFE (Y7 2 2 EPLIC X D EHIEFS
KRELRD) BRARDILICE D, nexdB-oprif EFBMEMIY B TERBAFE Lizo

[0 (BH) 1 ShE ClEORWEEEEY -5 2% v—1¢ (ESBL) 2EET SHhEH
HEARRRE 026 12D\ THIZE LTz, 026 I3\ D8ER VI1 7R, 7 48 ¥ 20 GHRLT =)
Tt BSBL (CTX-M-18 1) H:pEETH o/zo O ESBLEGFIBEAREE TS R I K LICHAE
LTWezo

[1LZ] @Salnonella Typhinuriun & DT104 OHEEE TR RIS 372010, BhE
RFEINE + SRR Y n2610 OEHERF 2 E LT DT104 L 8 U7z, Ap. Smo Sufif
BRETESTAVERDS LEOMED DL L TE LI EMHER bz, @Salnonella
Typhimurium @ 0XA-1 BYTHIERNE Ap. Sm. Su, Te. Cn. Km, Tp @ 7 #liifiE<dH 2 MEEET
i% 150 kbp @ Inc-Fl {7 > 2 I RIZEAEL. 77 A3 F_EIZiZENZNRRR 5 FEATHME
CFDPERET S 2 O class [ 4 570 Intl (aadB-catB) . Intl (oxal. aadAl) »%%F
LT,

[0 (Z38)] RI-PCR (V) 7V 4 L-PCR) &AM Lz =2 —F ) 0 VKRS 7 A -
N5F 72 AEOBERAY ) -2V THEERRE Lz, ShEOHEZ, ) 7)VE A LAPCREZH
WTHRET 2 2 & &BATERIC Lo

(A (FIE) ] #e 7 FYRED 8- 2 & LRt HET FuREORD PBPLIE,
MRSA I BT b ZOMREIC WETH B 2 L 2HL DI Uiz /. TOMEIZMRSAD S D PBP2’
CIIERDIEER Lz,

[72)1] - it - BR] DHEICBWCEMNS Lancet (1997 6;350(9092):1670-3) iGN,



HEEICRBE Y feo = N2 94 2 AT Otk MRSA 12 DWW T HA® MRSA PR BERk D

2N - B RTEREMSE. ENIRGYEMRATICBIT 20 —_A{ 5 Y ABEBLVPINITON

Y aARA ¥ AT Ot MRSA BEEATSCOMIBEEI. EWHIONEE, FRICEDE, BRAIOWE

W29 % A & IR % Lancet (2004 24;363(9418):1401) IZ#8# L 7z,

SHEsE (A+HEH)

ol B ESRSUESAT SR
W FEE HBERERFERE B8R
HEMA ACBRRFEFR  #R

£ fF AABRRFLERLESRAHITHR
ey

Bl HE RAKRZERZREFEZEH

Bhas
Bk BIE RESERREIREN 27
A E= BEMREERER  HuR

WA BT FRRFPRZGIAM L 2%
0 ekt ENRYYEMSIAT GiR

A. BIsREW
FANTHMEREIC X 5 HENRIYEL. BARZ
BLEER BN CHBOTFA TR B Z W
WRGHET, BROR2EED L. BESLE
EROEELBRBICRERBEEL D, ER
REFECH ST 5RHAHEZERN D, COHER
IR RO ABREBEITBWT, REEER

OFBIEN. L BEOLETIRNEDS
BYREOBM. RCAOORERLICE 25
BApEmEORME . SEHENEOZ /I
L 0. BRIREEEDELE LW E TICEM
6 U7z, ZAISEAITHER O B g B~ 0 BI3E
ﬁ%%okbmaﬁﬁﬁmﬁ%m\&wm@
HIERE hz BRSO ER I HE OE 5L
AR SEHITE DOHL L & TP RRGE D
BME. —FBL —mk. —BEZRTRHIE L
ENBRVWIRREBICR->THE Y. ERZHITTH
DDA~ ERBEE SNT WD SEHITH IR
WO=HOREX, 1) FEHFITHEERRGSED
A, 2) FHMEFOWLE. 3) FHEEOH
. PTAARBAEE LTEEND . DYEH
ICBWCEESBHEOHEL U CHRAMIEE
REEOTABINETHHDE LT, THA
M BRRGYE Y — A 5 > 2 BEE ) DR 12
FEEDSBIRENzo Z LT TEAIMILEREO
My WCHET 28 DL LTAMEIREOMH

AR 12 FE X DHRICHR S N zo AL



1 2F~14FEED 3 FROMFTIBNT,
B = 72 A FE O EHITER L. FHMEE O
BICBI ST BT g amEE TS XA I R
H FR S NZ OB A RO L BFERIT,
X SIZREORE & 72 2 SEHIMLERE OBURIC
BT 2 &ENRFAEMRZTH. ENEO
4 OFEHREBEEHSHEICRE L&,
R L BAEED S OREICTBNT, FH
R OEER FBERMME S RS, 55
I N TV 3. AMEIE. HITELLUREE
T % R L AL RBREEICIE U T, BIICH
26T B L RIS R SR D 72 &
OMEE, SLIRBEI¥ZL2HNET
5HDTH D,
KRBT, — OB T o8
BANEMHEEO P2 S, BEBRP, LD
%ﬁﬁ%?&%bn%mﬁﬁémﬁb\%ﬁ
DR - AT ET 2 BV T 21T > B X
b, TR OHEOREE 2R LS 5B
LB, T, ZOFREVERITETY
%:tt$b\ﬁ§§@@§V&wmﬁié
Ry EHHFTED, —H. FEICHET
BRI DOWTOATF - BIEFLANIVTO
AN EEBTLI LT, ZhbERBLED
AT ZH L WIRE - BHNED PR T

X%, MBI U CRIEL 2 2 EHIMEEO
SERREERERTILICLD, 205
OTEESHO R T - BRD I LWTE
%o TN OHFZIE. SKAITEER O B R
FOY—_A 5 RBEOREEZMRIAT 5.1

TAARTH %o

B. WG
EAFREZITABT Do

C. HARRR

[mIN®@] 722 7V3avF (AG) o7V
_Ay (ABK) id. ThETHERSINTHDS
MO AG BB I RELI NI <V T
NEIZ &b, RIEED S RS NH AG A
yERZ3E RotA 35 L OF RmtB 13, ABK Ofth, 1Z & A
CTATO A ZEFERTELT B TNHD
PR E b R A PR I AG A ISR &
Do Thb OFEFERIT AC EPERINENH
5@ 165 TRNA % AF )AL L AG Fit#tE & 7 b 1
BIEE 5% AG 2 S5 T 2 #3% (16SRNA X
F5—¥) LBEOERT, BRERT rotd
rotB iFEFNZTNEEEEE TS X3 FLICE
T 2. 75 LEMEICTNVA Y (ABK)

EEME 2 S T 25D 168 rRNA AF 5



—CLEEREZ HATHR M Nz 2,877 £k
DV S LEHEIZBWTHN Iz, HEITRE
(LB R TR PCRIZ L o /2. T DFER,
RmtA %975 5 #% (5 M) THRTHHEHTH
o7zo RmtB B 8 # (3 Mid%k) T. EhZEh
E. coli2 #k. K. pneumoniaed #%. K. oxytoca
1#k. S. marcescens 1 #C&H o7z, ArmA BY
D8 3 #k (3 Jtiz) ¢, E. coli | Acinetobacter.
S. marcescensi» boHEI iz,

RIN@] 8- 2% <w—Eid, Zhb Dk
&5 class AL B, €. D AT\ 3,
INET class A OEEHER -5 0%
<—+¥ (ESBL) . classBop X & n-£-52%
v — L ORI G ERERE L TE ., S
class C B-5 0 % ~—¥ OGRS %
FELlzo RO VBALEMO -7 I/ 7= 2)V
Ao g class C 8- 27 v —EOREK
REERTHHZ L EBHR L, -7/ 7
)R V% class C f-5 7 ¥ ~—Ph
HMHER & UTRIA L. DISK #iEek. MIC
WCED 775 7F%> 0 (C1X) (3L
o) OEEEFRIZE D, class ( -5 0%
v —PEEREBEICKRET 2 HE 2R L
zo

[RNO] £EEHREH -5~ —E8

(ESBL) DFC. CTX-ME B-5 2 & =—¥id.
77 LEMECERER O 7S XA
(CTX) S 3t 7 = ABDMT B, 3
HARDHT CAL (7 7 ¥ FF 1) 1E. 1FLA
EAMRLIRN. ZNET CIX-NE B-5 0 <
—BiE, ZhoOREED S 40 8 (1 ~40) 7
WEINTWD, 2001~2003 LEDEEERDHEY
S LREtEE 1, 456 iz DWW T CTX-MA -5 2
& <—E D PCR ITEIC K DEHIZITV. T HIZ
2ELVEE TR A 31T #RIZ DWW TIT o 720
Z DGR, CTX-M-1 Z)V—7& LT CTX-¥-1 -
CTX-M-3 + CTX-M-15 « CTX-M-36, . CTX-M-2 ')V
— 7% LT CTX-M-2 « CTX-M-35, CTX-M-9 7V
—7'% LT CTX-M-9 - CTX-M-14 ORIMEEE L
7=o
[#1] FA<T 1999 “EicHI T X /= VRE I
NBSERFIPME T Nz METIH4L AD
ABEBEDOWEER. JRD» 5 VRE Dol viz,
ZD%E, NEEHEOEZBRAELZLZA 16 A
HVRE ZARE LTV, A vz VRE i34
C VanB %! E, faecalistkTdHhH. PFGEIZL D
R S | BRERE 2 THEBOS AR DNA /Y
H—22m U A—OHIC K 2 RN E
ABNze TNHORRIFNY I AL D Ui

TIAI RBHEREFL T, eIy —



DOELD | HRFREER IR G DEE
Lizo & Z OFEBETHHEE Nz VRE 194k D
2 LW 217 o 720 TR EFDREEIC
BT S | RS, &ToNravf Ty
MM DS R e rp it 5 B Y 2 b 107 ~107
O THAEE LTz SRR —Fk HEH22
BROINT UTzo Z ORRIZESmES V2
<A UMM 7S R 3 RopUl22 (107kp) O
wESEEETY 2074 Y Uit S R X
F pT122 (70kb) ZLREFL Tz, pUI22 75
23 Riza— kI3 VanB BHMEEEZE T
vanS;-van¥; SRS O IEERS O & vanB2
BNz MR I N7z, Southern hybridization @
kTS pll22 X7 =0 'V BT S X X
RIZRES OO 2EAEERE SR Z R 5,
X SITHMT = 2EY cCF10 IZ X DREDTH
BN &5 pCFL0 (54kb, Tet') D
7 =0V RIGEBEAEEETIAI FeF
Z 6=, pUl22 ORIFHERTIZRE L.

pU122 & 106, 524bp DK & X T, vanB2 B
BB F %é‘@%éﬁ%@ NI URRI
Tn1549 (34kb, Van') DA LZZ7 DT UK
et 72 23 FTCH ol pTl22 I E) A1~
£ ¥ ¥ W #® o ft

(3 -Hemolysin/Bacteriocin(Hly/Bac) & 2 —

kU, RSP CHt5E YD 107~10™
DEEECEABEELE, GH7 =0T
cADl ko TCBEIFHEI W I RS
pTI122 |% pAD1 (60kb, Hly/Bac) JEMlD 7 =
EVRIMETZAI FTH oo

[# E(FA&)] 72 LEEOEmE S
S2C p-20—LEEBRRFIE
ampR-ampC 70 L HE T H % anpR |3 FEIE
ZF. ampC i B-Z 0y ~—2 (#Hd) &
FCdH Do ampR-anpCERFIE 7T A I F LI
BHETHZLdHD. KBEEDPSOMES N
75 2 X K pKUB0L. HhiZARE D 5o .
pKU631 i, # 2N ampCEEFZI—F LT
W2, ZNZND 77 A I FEFEET IR
BEEBT AnpC S-S 7 v —EELRERE
T2, 7o LBEMEO 7S XX P AnpC £ -
S oy v—COESREEOEHZZNZND
7523 FOBBHRMIICI DB UL,
pKU601 DAL, FAEHEE T anpR D riZ2E
RIZ L %, pKUE3L DAL, amphElET DR
KLTHEY., anpCBETO ERICFHEAEEGT
[SEcpl WEEAZINTE D, ISEepl 7' 0E—
& —iZ& D ampCIEE ML TVWS I &I X
5 EhED Tz

(85T MIRESGUEIC BT 2R EMAED



OHERRIBRE L LT, ZOREL R5HER
DEV 6 ERRIZH T 23 /z7% PR HEOEL F
25— =2 &2\ 3 real-time PCR 3
W2 & B Rk - ERWTRE R Lz, 2075
BT, WEMBEEEANT 1.6 FHETHRR
PEL NIz THHIFIRISRGEIZ BT DR
HRRONHE L Loid. OREKE. @4

VNV UOYHE. QATAINL Y EKE, @v

A4 272 X< (M. pneumoniae). ®L AR T
B (L. pneunophila). BLU®Y 5 IV 7 H
(C.pneumoniae)® 6 EHETdH 5 .PCR DA
A4 —FFIZENZNO 165 rRVAEEF L
WZREET UTzo MRBRE DA LytA EIEFICER
B Liz. 6 BB RIGTF 2 — 737z b 1-10CFU
HJ1=0 D DNA e huE, Btk HES h
7zo CORMEIE MAEERBRA DS — kAT 7
(PREERAE) DIz 102 CFU o HIYE DNA b5
AHUTWIUZPCR Bk MBS N DRETH
27

[RiIg] Avo-p8-20~v—LOEMNR
BHERIORA 7 ) —=V 7 EHBE Lizo =D

D 1t

op

/] pics .
2-w-phenylalkyl-3-mercaptopropionic acid
(Pheny1CnSH 1-4)) &

(n =

N-[(7-chloro-quinolin-4-ylamino)-alkyl]-

3-mercapoto-propionamide (QuinolineCnSH
(n = 2-6)), TIT nIETNVFIVEHORER
BRT) OXH0-F -5 Hv—+¥ (IMP-1
BLWVIN-2) 1T B FEEEIS DV TN
7o SO DOHEERMTRRTZAT L UEHIC
Lo TG LizBUKMEEE NS F 7 —)VvE%
HLTWD, PhenylCnSH (n = 1-4)ix IMP-1
BEUVIN-2 Omy5icxf UBRE T 5 Z L5
Moz TTH PhenylC4ASH IF R 58 < IMP-1
(ICs = 1.2 pM)AETNT VIM-2 (IC;, = 1.1 wl)
%P L7z, QuinolineCnSH Cid, X F L V4
O EELT ¥ L & QuinolineC4SH Db
B < IMP-1 (10, = 2.5 wM)ETRIT VIN-2 (ICy,
=2.4 uM)ZRETZZ L hbh oz, iz,
IMP-1 7£4EF QuinolineCnSH MHEEARY b
WERRZE LR, SOV Wz
ZehBAY0-F-F 75— LD
BEE LCIAWTH B LIS Nz
T8O ] nexCD-opr 01D LTS
F FEEHSRRBIC K D ISR LR
T BEE R R Uz RIBE OREE DS
FHe S 25 LA~ i, 12 FEGET S
EINTND, ZOHT, ERrRPEHKEEH >
25 I3 mexd-mexB-oprM, mexC-mexD-oprd.

mexX-mexY-oprM & %, mexCh- oprJ A0



vid, o0V —BO 8- T 7Y LK
HaBE T F ¥ ) B BRSSO LD R
F R (RTF KTV A VRE) FrBHT %,
—%. kit g - 505 LRI REEF
AmpC & fE T, IMAIE B AnpR i & bimdls
o B - 778 LRIGET THENLTART
F RN B, ADORTF R/AmpR kD
Mol EETHFEE N, B - T 0 HY—Eh
FENBI 5, L LaDs ., HIEE nexCD-opr
ARDUDIEET B L& ABRTT RO
EMlasC R I N AR, Ls0RTTF R/
AmpR 12 & % AmpC BETFOFENBI 5N
oI B -0 —EREEINRN, T
OFER. B - 727 LEIA IR L (VN
~NE L) B RDI PP 0T
[#HO] REFOLHBEHS AT L
mexAB-oprM ERBMRIT X/ 0 BPRET A S
ik b¥ ootk id, nexAB-opri i
8 13 . MexB | H M E A
Phe-Arg- B -naphthylamide HEE (Y7 I~
EPDIZ L DEES N,/ D BRIEL R 2.
IhEIAL. REFHCNT LR 08Y
Vv F 4 A2 OBIEHOEBICE ALY T
IV EPI O (Y73 EPLIC KD EIEM

DRELRB) BEARDZZEITLD.

mexAB-oprl ESIMR B IRHIT B SRR BFE L
7Zo

[IR(EH#H)] ZhE CREDRWEESL
R B -5k <—Y (BSBL) ZAET 25
2 it RIS 026 12 DWW T Oiff9E, Vero &
52 L PEVE R H A R T OD REWRE 23 e B D
% 13 015THT ¢, RIZ 026 SaBiSndo &
NS OET ESBL L EFEOMEITR o KIENE
TR & S = KIEE 026 1X. N
DEE VI, EELT ¥ H (e
x ) Tt ESBL (CTX-M-18 BY) HEERTH
o7z TO ESBL B FIIEABEIETZ XA
FEICEE LTV,

[ILA] AhEsEH L A nNES
# Wit Y Salmonella enterica serova
Typhimurium O FEFIHEEEFRIBOMGEHE
WFaE{Tolke =¥ Uy (Ap) MMEZRSE T
% B -5 0% <—EofE (&) Ic &b PSE-1
M54k (65%) . OXA-1 Z 154k (22%) . %
Ot 3 1k (13%) WZHIEX N7z, 1) Salmonella
Typhimurium @ 0XA-1 BUTHMERIZ Ap. Sm. Su,
Te, Cm, Kmo Tp @ 7 HliiftECH 5o TEEE
Fi 150 kbp @ Inc-Fl mEM TS XX FIZFE
Lz 723 FIZRZNZNETR B HA]

fifEZE FOEAE T S, 2 FEfED class [ 4 &~



771> Intl(aadB-catB). Intl(oxal, aadAl)
PEEL TNz, 2) VIVEXSOHT, %
HIME X Salmonella Typhimurium DT104
(definitive typel04) HHd SHHEE M
Vo DI04 00 Ap, S, Te, Cn ATHEEETIX
Salmonella Genomic Island I (SGII) WIiZ#E
T 2O AT PSE-1B B - 50~ —
BIZLBBDTHD, ThrldFlic. RGE
DOHBED7ZAI FEIZPSE-1 2a—F7
% N2 ARV 2 Tn2bl0 (23,883 bp) HIFELE
T %,DT104 @ SGI1 & Tn2610 B = FIEEES
W & D BERT 2TV HEOEEHEMUEE
R UTzo
[#E&(53H)] RI-PCR EZRA Lz 22—
¥ O UERREMF 7AW c T F TR A H
OHERRZA 7 V==V TR L. BT
TR, NTF 7 AEROB—EREE =2 —
o ¥ETEHb, CNSLOEHDOZ= 2—F )
O UHER B SEES TV % MRS =
12—/ 0 OEAWEY v A L —IDEIE
T eryA D 83 BB LUV T BHOERTH %,
INBOERE, )VTIVEA L PR FEEHAN
THRET 5 Z L Z2HABEIC L7z,
[ME] HET FOVREO 6 - 725 LFIH

Ve, AT FOBKEORFD PBPL i, MRSA

BT b2 ORI AR TH B = L B
DIC LTz o 72, Z OB MRSA D & D PBP2’
CIBERBZLERLE. HET RUKKEIC
B -2 0% rHlBEAIEZILICXAD, E
ABB & UY PBP OMIAEAR L OREAE S & BRMEE T
TRENT L= 2 DFER. HET FUBKEORD
PBP1 (&, MRSAIZBWNWT b FDHHICHETH
%2 e BHLDIC Ulko E /2. Z DM I MRSA
@@opwftﬁﬁﬁéza%%bto
[3)1] 3« BRI v a~A4 A7 O
4 MRSA (Lancet. 1997 6;350(9092):1670-3)
OFEIZDWT, HARZE 278 EEFHae O .
PR MRSA #5 7, 000 AR I DT OMIE FHIF
BIFZL 2T ESLRGSRETFZUAT D S
EIZBEE 2 —A T2 ABEICBIT B 1EH
MBEAT oz Fz, NvARA T oATO
it MRSA BL U oA o U RRR M
MRSA ICBE# T 2 Z & TOMHF D ERFHID
ERERIToN. INHORBRICEIE, &
TRCRES NI N ravfonTa
it MRSA VRS2, M EMEICHERE T
CEIFFEECHVERNILTH B I LON
ZXEmSCH Lancet (2004 24;363(9418):1401)

EEHENZHDTH D,

10



