SIBE D% KT < HUEEHEH & 27 A OVEIR & FTURHIEA
FHREEK - MY REEEE

EEBRETICEET 3 BY-ON@ME

Praensinoged)

T LY e G s
ik (HRHD) 5 RO A7 LI
| WE S EDTEMRIE <A LTY
%o MEOHHY AT Md, =)V F—
FEOHEP LR OO T 7 X)) —IEA

Foh, ThAMHEE HEERLIC

[ e p— 313 B @Y TV B 20 D iFHRIE
B weaed [T OFRSEE _

ERHINTE Tz,

T2 IR ST ERE & U CHRR L EERATE 2 5 2 RIEE O Y 2T A TR >
=22+ (RND). #EDYHR—%> b (OEP) BLURY 7SR LTVH—% b (MFP)
DEBRE N DTINF I L R—2Y Y RT A (Mex Y X5 L) OWRET>TER. #
IR QR EAE I ERICRT X 31T 12 FEO Mex Y AT AOHFERTHI—FSNTN Do
AEbid. 203 BEOHOY ZF A O— L, ZOMWRER2 5. ABHHY 2T A
PR O BRI, X IR MERICEOTVA T L RRLTE 2, LipLy ¥, &
BEOBEE LT 12 TS OVF IV E—3 Y MY 2T AN T~ FENTO B0
FRIR S 2 \e AT, REEOBHEY 2T AICDWVWT, Mex Y27 L OB L B, Hit

ST DR E AN D F 5B L CRBRHEIC OV TR T %o
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B« EBRURYUAE Rk DA 2 A = PCRIZ & 2 JR R O HGHiReR & it B {57 O AT

JLB R B SRR, R R
KF AT, BAEESR, BBIIETR, I BT

[E®]

INRC ORI, BRAFIZBWTHMMERIC X 2MAPRMHE L, Hi5WIERMaISN
RIBPE LN RERGHESIZBNT, THEREIC K2 BEFABEMLTNEEnWbhd, LU, k2
FICBWCGHIET 2 2N 5 ORGYERIIN UTiE, HEFEIE empiric IZUA XN TNWEDHBEIRTH
%, BEIINT H2WEMOA2DT, MEEOEMEZMZ 22018, EEEFREF LS, FIHZHEIE
BOTRREZPHCL, SOEIRAEE2HEHET ISR ETHD. ZOLIREEDS, K
EBIBNTIE, BABROBREMIIN LT, MREOBEME BV CIEEIRY Uk 6 B0
FIRMAD NS 2 PCR 25/ U, SEOHBHREE OBRIC OV TRTT 22 L 2 BHL Lk,
[75%])

H SWEMRRL O ER & b 250 % 21T b, SfERE R 38§, BiEhERL 1241, 2kl
BESEH 107 B, 1EMERIERES DS 20 Bl TH 520 FOMITRRERBID 14 FITHoE. Fh D DRI
(EZE% 1.5ml @ broth IZ{EIR L, 5000rpm, 5 Z4DELE, LEZ2EETED WEHR22Z 1006112
T, FO 651 % 30ul DBHEANINZ, BEEREZEBUEZ. WNT 8EF 1 —7IZHHE L= 6 BiED
FGHERICAREME 2u] $9o00%, conventional PCR(C-PCR), HAWEELF21—5— - ¥—2
V&AWV realtime PCR 25 L7=. FFERRIZAIZEDIR 2.6 B5RS, HEH SHMTH 2. BHO
WL 104l F DDV —F > OHiEF# & KEFTROBE 2T =,

[RREERE]

BMERE R D 38%D SIHRERE, WNTA V7NV UVED 1%, ABL UYBRE, €535+
Z, MSSA »%& 8% 3 DaMx /=45, PCR CHEMZRZ HE LTWAEIL PCR TI_THHET
BDolzo ANERBIZIERE T SIEHRIRED 26%, 1 7V FENR 18% L %L, ZOMIZIETES F
LSEMNI0%THo Iz, B2, ELFaS5— - E—a2 BHNS real-time PCR IZEED FHIDTRE
THY, RAMEIEWEHBI NS,

7z, PEEINEHRRE LA V2NV U YEICN UCTME G FET 252 L =0, MARE
% 24%7%° PRSP & PSSP, %D & PISP THolo A ¥ 7 WV U VEIL 58%D 2 BiFTIC R 2D
BLNARTCH /=2 &BEHI N,

COLDRMERORBFRIBINEINZ 212, EREEZHRE LU ERIIFTERZENT 20500
B UYADWENLDRETH %o
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TR 16 A SR R B4 G5 I - FRBLRUET 525 50
[ D ERKTRIER DL 7 7L o A QN T A OfET S OF

SR - 5 {F R I BE AP SE (H 1587 8E-9) |

Pt s bek

A BE : 200543 A 4 A(4)13:00 P.M.
B ERAsEERFIL—TH23%F1S

S BRYUER R EAB2EEE
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®

©

10.

VA=A AN

. PAERTOZHIMMERE DOV T 7L AL 4 FiE%

WA K71 BRE 0% AR BT 2, (R T ? (FERFE R IR 7 |
TR RAE AR ®) '

TIAIRICT—RENT AmpC B -T2 7~ —BELBLF DIRNT
b ARG HE A T— P E— ((LERFEZESAED)

AR D ZANTHEICHAE 32 RND BUHEH Y 2T AOMEIRIRHT L3 RO {ER HIE OB 5%
TR EIE, BFEHE  RIE f MY B GUEREER R M)

ANVNSNRRATEE DOV T 7L U REPFGR  F N e FF — N BB T 5% ERED
IT7AARBIDB B —F7F<—BITk4 280068 & P EE M
R TR B OOMFSEE L n fEZE R BRKER L fnaniF #i— 2 SEE 5L
SN L (REARK RN R S S S S A B M B L 32 45 B 1| [ SRR e
WFFERTHIEE 35 340 )

PR O i ¢ 6 3 OVEE SR MRNG R RRJUAE > 5 0 W Ak F T2 R B O 3B A 3R L TR T 5
fiEtir
£T7 AT (EBIEICEAMBERTRIT BYEREEE)

BEARMEIDG 5BES 7 ESBL FEAE I LN Shigé toxin ZEA T 5 Escherichia coli\Z4 %
B
e B=FEEHE B B GRS E S0 W 5k )

CTX-M-B B -5/ 2<w—BDLHFRIR . 752 CR-Srx~<—F OB HME. BLO
165 rRNA AF L —RAFEAIED 43 BER IR,
)l BEE.FRBHE R WME. A M—. R Fa, LR —fn,
gk D (ENLRYLERFIERT A )

V7 &AL PCR %F|H Lf::;—ﬂe/my4&@§1ﬁ?7x% NFGFTAABED gyrAL RO
TIRAITY) — = T IEO RS
T35 TRHE, BFFEl 3 Bl T (B R B — )

HETRUERE PBP DAI~ KA A5 5k
ol BB (ESLRGUENFFERT MRS —I)

E. faecalis VanB VRE OEBAEERENE S a3 UMM S AR DT
MR VL BFERE B RS LM L e BT R RN L AR BL—2
FEAS (B B BEE mA HET!
(BB KRR ZRIEF RSB AT E RG22 | RISEAIME S =R %)
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SRR | YIVER T OSHIEEO L 7 7 L AL FRE

SEWIZEE © AR T (THERFERZEEEN L)
Mei i WRNEET - BT (TR LML)

1990 4E LA . EPRAMC BV TS FITHES L EXTIE ARG B PLTRT R B
I D a5 A T LT\ VB, REAEEEDTFFRICIV T, 1999 4035 2002 IS TR T TRAEL
TP BRI L S BES LTz Salmonella enterica serovar Typhimurium S BRTIE SR IRYT
BAT o7k 62023 B LA IEAD,Sm,Su, Te,Cm) Thh-oTe, ZAUIEN DL AEY /1
XSk R LR Tl BT b ATFED L HUB R/ CREMI7R 5y T FRIBTIEEATS
ZLizED . SEBEOYLER LRSI 51 R E Y AIENARETHBEEE 2D
7o

WEAE BE{T o7z p-lactamase DF ALV 7 IZLY , PSE-1 B2 65%(15 BK). 22%6(5 BR)H3 OXA-1 4,
13%(3 BONZ DA —R L TCWBZENHL)ER T, Sl — R, BEFIRITEITV,
PSF-1 T S 13 C DT104 THAHZ EDBbLR 0T, A 4RI OXA-1 BIRERIC SV
R TR AT F O LB,

OXA-1 FIHPERS LV 7 Ap,Sm,Su, Te,Cm,Km, Tp @ 7 FHERE THY. W m 739
TR — e TE S 150 Kbp O Inc-FLZEEME 7T AIRICa—REN T, class 1777
PIFTEAHEE L. PCR 33118 DNA sequencing (ZKDIRFRILZESR, 7TAINITILSR2S 2 FO
class 1 A 5270y In-t1(aadB-catB) & In-t2oxal, aadADBHFIETHIEBABNEIRT, &
OFSAINIE 1998 FIT I U EXT AP EORR A RE (1 5) & 1999 4, 2000 Fiz
ge e Ul B P H SR (4 1) O ES N 2 b, FabF AT D IncFl 77AIR A 2 18
D class 1 AVF 7 Oy EREBLUTELL, PLEXRTEFEREOMO—HLA2>T2EE
ZBID,

g5 SHNHET LT RSO PR SHSRE DR DT104 1, Ap(PSE-1), Sm,Su,Te,Cm
TR E 7% Salmonella Genomic Island 1(SGIDPUZA L TVB, Bk IZLIRTIC 1975 4 DR
S ABE AN § BT T AIR LI PSE-1 & & Te kT ARY L Tn2610% RELAEL TV D,
AEL. SGIL OTHFEEETF RO T n I 7% RHL, SGUBED AN =X LEPLNNTT DT
DI7. Tn2610 DA ERIF(23883bp) %t Uil /e S MRIT &1T oo, TORER, Tn2610 L
SGI1 (33O AR HLE LN,
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TSR3 RIZa—RENSE AmpCR-5 7 ¥ v —LREELEETFOMH

AL B RZEE AR LY
HLRA (2EIEE)
FAT— (%EHE)
hEE— (5 E)

RBESIAEREO L 7 = AREREMULORA =X bD—DL LT, 753 RiZa—
FEhiz AmpCB-Z 2 < —EhdH 5, 77 X3 M AmpCR-Z 7 ¥ v —BELREIE. I —
Ow/S07 A ) AL OMEFINLr o0 IIHELIEIZBWTCHLMEINDE XS0k
272077 A M AmpCB-F U & v —EELRIETFE. C freundii, E. cloacae, M, morganii,
Aeromonas J&18 & DFEIR LD ampC EIFBZFOHBFL INDZD, DL RBEERET
REEREOBEFH TSI METIRIZONTIEDLD > TRV, DPETREED L IS
C. freundi H2RD AmpCLB -5V 7 v —ELRMEIN TV B, 2T T, SHEEFIEOMKEE
THH L7 CFE-1 BLXWWCMYA4 23— RT3 7523 RO 21TV, AmpC % B LM
DT & 79 X I MEDBERIT DN TER Lz,

1) 72 23 ¥ pKUG01 B2 — F3% CFE-113. D ampR-ampC C. freundii GC3 &
9% LIEFICEWMERMEZ R L D ampC © _EFIZIE C. freundii & FEFEIC fumarate operon
frdA, B. C. DHHRAINIzo CFE-1 SEAREEETCHD ampR ZRELTHED, 20
IREESD S Aspl3s D Ala B L U-EE ampR 1S CFE-1 % B4 ORREATH 2 = L HEH
BEDINTIR DTz,

T HIZ, ampC DT FHE ampC D ERIZH D HdAZIE bS5 2V AR v IS26 5Lk
THAINTWD Doz 22D IS261FF—HAAZRMANTWED, iy DNA Ol
BIZBT 2 2 U ARV —¥ tnpd 2FRio T\ e LEDoT, TIN5 1826 B Cfreundii 3
ik LD ampCRIZFN TS A MMET 2BIETAE <BLS Uiz 2 LRI S iz,

2) 7’223 K pKUB31 B2 — kT3 CMY-41d. ampCH C. freundii DF & 95%DHAE
HERB. LIy CFE1ICEDONZE=L SR ampR D ampC O EFRICIZED SNT. bo
T IS Eepl DIMADTER S 172 CMY-4 [FFFE ST ampR 2Rz 20WICd Db 53 AmpC
REREEETLHI LS. ZTORRERHE LZL A, ASINhE ISEpl ADKEFR70E
—HIZED AmpC PBEINTNDZ LRSIk,

PEDZe7Z2IFica—Fahlz AmpCBR-5 7 & v —BIZ DWW TRIT 21T o F=FE 3.
MR OREER LOBETFH 7S X X ML 28R ICIE. AmpC ICRERPTEEOMHHICB#H L
THABSID AR E <BES L TH B WEEED M R I Nize I5IC, TNEBAFSIZZOT
WD ampC DFEFUTHRELBIELTNDZ LS PITIR o=, SHOMTTIE. Zh s
ANESIDEEIZ X > T ampCRETFHER T2HEEAN T LI TE R o0, 5HBD
e UCET 2 08P H 5,
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IS O 2 FITH LI AR T 2 RND B S 2 5 A ORI & FEOEERHROBSE
IR - MBI EE BB, R R MRS

(IR OB R I, FESEIN A & 0 B e M R EE R OB N T D12
FERID RND BEH S AT 2R —REN TVD, A4FEEEBFFETIE, 1) RND RIPEH R T LD
LUMESEE. 2) Yefafh bic 12FBES OPFH S AT L0 — RSN THWHER, SHITH 3) ¥/mv
TR E coPEN L AT 2R B OB ERHIEORIEET o7,

1) RND BIEH AT SO FTL ERE

SR E DS AT AD— D T D MexCD-Oprd DB TB-lactamase OFERELED
(& FEZICEED carbapenem BAHUEIKICK RIS MELINEZ S, ZDp-lactamase D
e D& FORPEIL. plactam FRHUEIED MEFIC Lo THIKPICHERL . Yua (& AmpC
p-lactamase DEAEEFE T HLAT TR GleNAc-anhMurNAc peptides 2% MexCD-Oprd
Iz I P S L, TSR Cp-lactamase OFFEIEADEK T2 FERISNTY BT EEAB)
IZL7z, .
9) Yufafk Bic1 2FELOHEHS AT 2R —RFEN TV DESR

b T CICRIBE OB T = — Xk 1 2RO PR v AT LD F B % & BHY
RT-PCR oM BELHA FI\ ey 2 A A 5 ) Ty N Lo T2 e 25, ZLOPFINTAT A
PRI 2 2F A D) T By TR TEP, Fer 0L~V CrBLEEMEICT w5 L2
Wr L EBLMIC LT, CHH R e T e Mo f i AT A
(MexAB-OprM, MexCD-Oprd, MexXY-OprM, MexEF-OprN) LIS OPEH Y AT BIFHE
SEHEH L 0B RO MR A > TN\ BT LA T B R Tz, T2 T, RREWRTHD PAOL
BEmsS 1 2REIEDHEH S AT b R e Ui B HR RO B 2 S KD FERCL | FNHEDERKTOR
FE T AL, OB, RET O AT BCEYTIAS =R ETAHIT BT T =
B O FE A 3 L ONEBIE OB R LR YT 7L TO < T ABIEA RO T ARSI,
ZNHORERIL, FEEROEY HEHH S AT MRS O B EHE I 5 59 DO B AR DBEHEET
137 AT RS URIRIE 7 REEA ICHEEL TVHTEERL TS,
3) % /o IR E TR AT AR B O M ERHIEOR
HIROF /0L T AR LB MER AV EEF—F A A2 % VBT LT LY, %/ m IR
BTy AT LR BEEHEICRET 2 EEERLL, ZDIFEOH ALK ST BEOX
JE Tk B, A RT-PCR R R RE ey = A0 AL/ Ty Meds
THARLNEHH Y AT LOFRET A A7 ETOR RS —BLIZ, ZNHDOILLY, T AATIE
D RENHERSN,
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ANIRRLTERDOL 77 L R EFHE:
ToONBEFA-NBEEBTIRNEEDI SRAABLUB B—3/ 9T —Flz¥ 3
EEARE & PREEN

SIEFRZTE - BUEEH
WAfFEE | IIOER ' KEBEARR ' FIANEFE— 1. SeEMEA 1. FIIER
BAXRFARZIREFHPTNEBEMEEM ISR || EUBSEmserilEs =5

PUEPEICTHME 277 S B O HBUS YA 2 REEC U, BYWEREEITS L TRER
BRIE TR > TS, ZOMMHHRED 1 DiZp-lactamase DBHIT SN 3. 75X B IZJET S
metallo-B-lactamases (MBLs)E 3G AL IC HEER 2 Rf b (Z & A COTIEWEDB-Z 7 & LK
2T %o 1990 FRK D DHBEICBWT Y S X BMBL @ IMP-1 12 X 5 [t ARG H3#R
HEIN NS DEICN T 2MHIEOBRRRHETH %,

2 CTHIRBIEHRRERR S CEREP OBFEICHENTETH 2L EZX 5N DM
70— L% MBL ELREDBRHIEDBFE 21T > T\ %o LUFIF 4 & DansylCnSH (n =
2~6, Figure 1)& 7 5 2 B MBL (IMP-1) & DM E/EAZ BN R MV THE Liz. Z O
R\ DansylCnSH (& IMP-1 {7 FEEGRE QMBI T h, 51 111 THEET L
S DT LI (K = 67~975 M), '

Z CCAREIEAIED U 5 X A serine-B-lactamase B K T IMP-1 LA D 7 5 2 B MBL 125
9 BRI B N B ETEIEREIC DV THRET L=,

[753] 1 uM @ DansylCnSH ¥z i35 - Rl L PN
7272 X AGES-3 ¥£72i1&7 X B Bla-b BEE AW
ZEEMATOE, IEHE 340 nm THIYEZ X OO

7 INVEIE LTz, =p=° m
HN. N c SH
[#ER - BE] BT PVOPEIZLD, ¥ S e e
Z2 A D GES3 TIIHENRY MVELIZRS °
nyg, HAEMHHIhRP oz —H. VT X B Figure 1. DansylCoSH (n = 2~0)
Blab IZBV\TUE GES3 LIRBA D WD L P
FOMBRAE = (Figure 2)o BIERRZ MU B3R - 10 M1 o
=150
O 7= fRBEE R Kild 1.9~2.3 uM T DansylC5SH 78 g
BHH< Blab IHEAT BT L b ok, S | B
g 10 ansylC4SI]
Figure 2. Fluorescence emission spectra (excitation 340 8
nm) of 1 pM DansylC4SH with increasing E 0uM
concentration of Bla-b ranging from 0 to 10 uM. & 5t

0 ST |....|‘...1..,-
400 450 500 550 600 650
Wavelength / nm

F7z. IND-1 OFFRALETNT X S EAESEFIT IR L2020 RIC DN T s
T3,
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BA D% & OE STIERRGE D & Ok % B\ o JR R B O RdUisR &
i P AT

AL B KA BRI ITSERT, R mEmsiE £5 oF

[B#]

RGN BT SR X BRPaENESE, $2VIRMREIRTEIREE Vo 7= R&
Pz BT, TEEIC X 2FEFIDMEN LTV 5. LU, SRRRIC BN THET
2 20 B ORYYEFIZN LTIE, HiEskid empiric KB IR TN2BODEIRTH 5o 25}
2120 BBEOAE S T, TEEOBIMEIMZ 2720108, XEEREHFLY, WIEARE
Wiz BWCEREE R L, B ERREKEFEA TSI MRETH D, TDLD
REED S, REECBWTIE, BRAHRZEOREMBIIN LT, 6 BRE DRIE M
4% PCR, BXUOELFa2F— - E—aEHAS realtime PCR ZIGA L, EBROEER
A & LLRET Uiz,

[5#&])

EH SRR ER & b 256 % ST R IREMRHE, AR E L 45 B, e E LD 12
B, ZVEEIERH 125 51, {BYERIREESH 20 HITH oz TN 5 OMKIZEIEE 1.5ml
® broth [ZIBER L, 5000rpm, 5 H0iE0E, LiEzEETED Yo 100 11 iz LTY
VINVHEE UTze B2 7))V DNA & EXTRAGENII EHAWCHHE Uz, PCR A8 &#F 21—
TV EE L7 6 RGO RIS IC ¥ > 7))V DNA 24X, conventional PCR(C-PCR),
H5NEHEIER LTV X5 — - E—a V&AW realtime PCR BERL. TR
SRS BIE A5 2.6 WHRE, BE S 1.5 IRITH %o D OWHER 10ul $OONV—F D
MEEEZIT> 720

[#ER L EEK]

2 R EL B 3T% D BIHAERE, WNTA ¥ 7V U TED 12%0HS h, T O
APEL L YERE, B35 %£ S, MSSA Y b AME hiz. ANERISEEAHID 5 KR
B 26%, 42 I7NVELTEN18%L %L, ZOMITITET FLIEH 0% TH >,

B B I AIKE DA ¥ 7 VT v PEOIER»Z, PCR I X MR EHIE L
TWREOTA TS X, LUARIERED realtime PCR THilk & HES TN 2o
L L, ZhbOEFITIRECROPEE MRS INTEY, BRTHILALHRET
7= BEFD PCR $EIZHEA, real-time PCR BIXHEOPUAAFETH D, L bR
B L AL T, EEERIGHA~OMEHEW &I S hizo

itg%%éht%%ﬁ%t4V?WIV&%K%LTW@%E?%%EP@RET%%
btﬁ,%%%ﬁ@%%%ﬁﬂ%PtP&?,%DﬁPEP?&oEO4?7»1yﬁ%
I 58% S 2 AT E R A D BLNAR ThHh o722 L WMEHS Nz,

Z DL 3 RFEEOAE RN EMZ 511, BAEEHE L, BURFIEREEAT
VNSV UY RO RTTH 5o
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ERERM MDD BES T ESBL A B KU Shiga toxin £EET S
Escherichia coli|IZB89 B18 ¢
SEBRE LUOE=E #RiGHE BHEMN
R RZEFMMEYFLEE

BR2R Tl Salmonella 8 H\UME: Shigellai . WD B ERIA ESBLEEA T ALV 8HE
BPHRINEH KA TIEREFTTIO LML, 2004 &£ 6 A, HIBRFEELEAIS
x5 L=%IR &Y, Shiga toxin H&U ESBL R IZELET B Escherichia coli N BES
iz, SEITAE#OMEFZMERLTSVICHER FEALNICTIILEBMITHREEMR
=D THET 5,

EREMBUARERNT2004 55 A 17 BRUEBKRZERRBRIBHRE/NRRIZERS O
ImMEIEM. 5 A 21 BLUIEME. EEERD.6 B 14 B, IEEIcma EAKEEZEL. HHER
BH 5~6 B/BICHEML-ORARFEERBRIERREEZE L. 6 A 16 BICHERE
DI=HDEMNFRIENT=. 28,6 A 11 BICEBL TV ILRREREIX WBC 7900/ 1,
CRP 0.img/dl THY. EEEIZR DM o=,

6 A 16 BITHRIEA /MBS B R CRIEDREAERDH AN 1A, BEIZT £ colf Hi%
Bz, AEHKOMFRA 026 Tholfzth. RPLA EICTERBRHEELIECA VT B,
VT2 [EEEHIESNT. ZC T ABEBRDEETHHEREFE PCR ZTHRIELIZECS, sixl,
eaeA BEUV hlyA DIBIELET=DY sex2 (FIEETH o1, EFIBSERAETIE CTX D MIC
{E>32 yg/ml &iiof=1=8) NCCLS M HER TS ESBL DHERBREBEETARYEICTEMRLE=, *
DFER. CTX & CTX/CVA EDHIEAEDOEM 14mm THY . KEHA ESBL ZEELTLNBS
EMERCRIESNT=, €T T, PCRICTESBL OEAEEFERBELIETS, CTX-M-9 A BT
YT N—TERIMTSAR—IZTL I+ LR h Tz, £2T, CTX-M-9 DEERETO
ERERIET ST/ —ITTHE CTX-M-B B 5047 — L BIEFELEEL. ZDEREEF
RELT-ETH, AR ESBL I& CTX-M-18 THo1=,

SNETAR T ESBL 2EA TR ERRIERGESADESNI=LORE TN 1=,
LiL. SE ESBLZELET D £ coli 026 X5 BESh Tz, E coli 157 & . aEH M % KSE
TR EHERERORFEICEHLTIRELERORP THS, LHL, COLSLTHBEN
HhRREZ 2 LRI E RN RRIAED BN TRESWITEEREVN RIS, 2
DEITHE ERVEEL T IEEENHY . $ROMEEY—(SRTMBERIZBLTE

FRIRELDETHALEZOND,

AEGIBEIL TEMERLLUICREM MR LICART ZCLECAB S B ER B L

VEFDTRIEICBSBN-LET,
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CTX-M-B B-5 2 ¥ < —L¥OAFHA, V52 CB-Z7 5 <—EDH
FEANE. B LN 16S rRNA A F L — ZAEEMRDOBEEIRGT

ENLRGYEM O S
s e, RSP —, JUREh, IAR—FN, SoRERIL, FNER

EAADERBIETIE. JAIA-T 2 % LIKICTNE S ERF U i/ RO IR Ly e
ZH D TSI L BIENERROREDSRE L R hDDH D T I TENDERMER T 2001
2003 T ABEE . BRI BE T O BB DIEITRIE D B - T=BEPIIERE L U Acinetobacter
B 1,456 4RIz DWVWT. CTX-M- 8- 7 7 v —E D PCR IC L B EFTRV, & HITFFLN
EE TR E 317 RIZ DN THT 2 720 '

ZOFEE. CTX-M-1, CTX-M-3 B X N7 O LA variant TdH % CTX-M-36 DFFED RS 1
Py F7=. CTX-M-2 & & HIZZD variant TH 5 CTX-M-15 BHEROMER TABS L. & 51T,
Z D3FIED CTX-M-35 DHEE DRI NIze —H. CTX-M-9 L ZIZITRD CTX-M-14 BB
EHOEANO ERMEE D S S B HEIHBI L7z,

¥ CNEC. BERREESELISNTOWRP2EZFIZACOB-Z 75 v—E, FHiLT
52 3 FMO CMY B B8-S 7 v —EhEEABITHRIE. BT 20, RO vBRLEWE
EMEﬁ%%E%tE%%bto%E%ﬁ?ﬂﬁﬁ%éﬂfw%%ﬁ%éﬁMtﬁ%Tm\$
SREREDIGRIE, BRI, disk ¥, MEBREATEORSG T THKEACHA SN DL
RS ND. ARREOBAFHIZOWTIE, BHICRFFRE 2TV, FPICIEiE N 2 a0E
T, BHPEDSNTNWD,

5. BRI PR A AT X 2 V) 3 FRBE O RN ST 5, 7T AIF
M 16S TRNA AF L —2 (RmiA, RmiB) ZRAZIFHRL. BCHE LTV BH, £h 6 OEA
ORI E TR TR Uiz, ZORE. Fizic. RoA 2EETIRBEOHR5T,
RmiB #EELE 3 2. E. coli, Serratia marcescens, Klebsiela oxytoca 75 EIPEPIZIA < 3% L TN S
AR BHUR LTz 510, BUNTRRINTVS AmA DWW TH, BICERICEALTND
HRGICHER U M LEOEED S, ZOED TS XX R 168 tRNA A F L —AEEERRIC
g B EHAMER T OERERILT 50BN D Do
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VT NEALPCREFIR LIz =a—% /O RS T T RE - RTF T RAABED gyrA B R DOFHERY

V== T EDORE
DEEREE BIAHE E L RAERTFEBTRIFTR
WL h%E BeiRiE = | SRR GLAE W JE BT B 55— T

EED) B%ﬁ‘7;<-/\°-§%7x I BARERSRTVT BT VT A NE KRR, PR, R, PREK,
TZVHRENTEIEL, BELRBRITEBRDIEL CND, JFF 7R RFFTRL, FTAE 5 F7
2 A [ﬁ@@% _cto’ct_éo BRI ER OB 53 ToND, BE, =o—F% /ar RFEFIH
EF TR G FTADEFE BRI LI TND, LZA, FTRE 7 F 7 A A BB\ T, 1BE
DE—BIREThHL=o2—F /ul BIREH Tl =a—x /o KBS HE AL, BEEOX
EIRRME L2 TND, JFT TR RTF T AT, =a—F /0 KRB RO 2 TR MR
MBHZENEETHD, BRI T IV ABOBZMEERREERN = o —% / a KR Z EE O A7)
—=ZEUTHASN TS, L Landh, BRENESZERBRITE OB IZIOREDZD , #9 18 K
FREICE 5, RENIERE AT 572012, K0RER A — =0 FHERER SN TS, FL-
HIXZOBERITGZ DD YT NVEALPCR 2R ALz = a—% /U ARRZ T 7 AE - 557
A A BDORGEAY ) — =0 FIEERAR LD T, 515,

Hik =2/ AR DNA P AL — 22— R BIET gyrAd ObB R EOTLIC R
BSABIDITHEZ B, BTz Bl VT A A L PCREFINT gyrd DERERM T 2 2 B LI,
BN, FEE RO B R IR THE I A7) 7 T a—T Ex AV, BEBAD grA D
aR 83 &L BT BIMLOE RN TEB YAV Pa—T 2B LTz, OB FIETIE. B R
D320 DNA & RN TU T L Z A 5 PCR 4T Ll OIS ROHNB DS, BRI A7 DNA TUT L
ZALPCREATS THREOUIRIMENIRV, FTRE RTF 7R A EIZRROD S BES Nk A
Lic, TBRREM LICRE L FFAO=n=—0b DNA ZRHLERICHEALE, V7155
PCR {& Takara @ Smart Cycler System & L7-, PCR FUSIE 95 FE 15 7. 55 FE 20 #b. 72 EE 15
BE1IFATNEL, 40 VA 2N SSEITF-T-, 83 B A7 m—7 13 FAM. 87 EH~70—71% ROX 5
AL, 2 FRED BT O— T 1 ADF 2— TR ANV FFLy 22 PCR ELTITol, ZDH 1k
T 83 e 87 BEMUTEEN A TODLHWSNIbOIT, SHICEMRSNE A1 BRI
TOYALV I Fr—7 T 83 % (TCC) ., 87 & (GAC) BRE DRI BE#ENIZE IRz,

FEREBE LR EETII o —%  OAREZ MR CF I RE  NFF TR A BD gyrA OF
BEFR~THER, 83 % (TCC) 1L TTC, TAC, 87 % (GAC) 1L TAC, AAC, GGC IZE AL, ZTENE:
DT R EDEML ThHHZLERE LT, ZOFETTRTOERERIL, COBICBIE )
ERADIEBTEDNEEEBASTHED DNA (ERULRR LI, TORR, LRROFET(1)83 &,
87T BED gyrA DEEEHNRTEDHIL, (2)83 F (TCC) ., 87 & (GAC) DEMShI-HEA RO LT
EPTEHTE, ZHER TEIz, ZOHF BTN 1 K CRERNB D0 fERDFV D7 2B L5 A
SRR I DI DNTREI TR A HE B CEAFIETHD, ZOFIER BF TR RSFTAD
TBREVOBRNORWICEM CEBFIETHHEEDbNS,
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#wHE T R BRE PBP O4 3% WA B Rtk
OB [E LR ZErT MIERsE—

[E1] FEEOUIZIC BN T, BE T R vREOMEEGRERO—D>TH 2 PBPI
1X. MSSA 125\ TH MRSA [T BWT . ZORIEICBEATH B T L HREEFHIITRIN
F. LB L. COFZDOHDPBPLIE. LIZR—F 505 LHIBZIETHD (MRSA @
# PBP1 & MSSA ks, EREEDR—F 575 LHILRIGT D)o BRI RE N
PBP1 @Mk L. PBP 7 vt A THgEIh5 PBPL OR—% 575 LRIRSZIEZTFER
S BIHHE B7= DIz, FHAEHA TR L L M=V Y VB BWIER PBP 7y A
BRI,

[ & 753 ]MSSA ¥ LT NCTC8325 ik BB255, MRSA & LT COL 2% Bz,
SEIEREH O EERIZ H 5D U, £ 3% A (0.001 pug/ml-1000 ug/ml) % 30°C, 15 2/t
=¥, PBS T3 HkH®, 170 P2 &R WCHER MR LTz, 2 ISR LZE
Bt OEEIT Ly Y= 1) > (10 uM Bocillin FL, Molecular Probe 1) %2 it
Xu. FEIRETA INRA LG Uk oz PBP B Liz. PBP ¥ 7 F)VOERIC
13456 2 % v F—(Typhoon 9400, Amersham Biosciences $)% & B\ 7z

(455 L 2 52) PR L CB R BESIIE LT TR <, WHRIOREEIIA I_ALZK
BEETEIoSEO PBP 7 v A Tid. 0.1 ug/ml T 97%D PBP1 A IRRLE
Bind 2o L ABEE A, 1000 pgml DA IXFLEHHBNTHEDH 3%D PBP1
RO EETHoTe Fiow COBMBERIET TS 20-26%D PBP2 &1 I~ A AL
ORI EEN TV, ZOHZE. 2h b D PBP OA I AR NI B REEEMEND S
G, SEEDES PBP 7 vk A O X310, WA X o THE L W BES R OEH
T A I RGLERSS Y, TOB HIERT Y ) VT & o TR PBP 2RILT S &\
4 3~ MERESME PBP 1 MRSA @ %D PBP2 LANCIZBIER S R\ e ERREISI
SN )Y GREOBNTRIRoET v THHRT 5 LW TEL. Mtz
Y ED. N—F 5P 5 AFIELETTO MRSA ORREIZIE, PBP2'L, "= 578 LA
EisMED D ED PBP1 OEHIBETH B LEZLHILNTER (ZOWETZTT MRSA
ORFEIC+DTH DD ES PRSHEORERD SIEbPBRN). FEBIR>% PBP 7Y
YA CEEINEA I/I ARG, B IORRIBE PBP1 A B LREED & TIZHRE
F OB EILMIT BRI Fi BRI ROBRRERA—F 575 L EHIE L TH
7wy PBP 2R RIHT X2 &5 ke b bR B X ABREILETH LS
ZAb6N5o.
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E. faecalis VanB VRE OB BREGEEIE R < AU MiHE T S AIR O RHT

SERE MR L WIRERE EE RS L L e BT N R
BAR BA— P AR B BEE L EAR HET]
(RS KPR RRIE R I SRR M B b 2 1| R SRR B SRR ME % *)

EEDOEFRERIZIITS VRE SEERAEOFRKRE, BE0H-7- 1,788 Migkd, 31 Mgk
(1.7%) 2>5 VRE (VanA, VanB, VanD B) 23 53Bfs 17z, sBESivz VRE Ofa%kid 128 il (VanA
A1 71 ), VanB I 56 i, VanD B 1 §l]) Th-o7=, 128 1 (128 ¥k) P, 8 MEikhboyBfESr- 35
BRI B faecalis BT, D55 31 #kiZ VanB . 4 ¥ElT VanA B Ch otz 8 fiiZk 31 B0 E
faecalis DD B, 4 Mgk 25 BRD Van BRF A5 HE LA GES N, 4 HERENE 0558
¥k, VanB B 19 Bk, 2 BE. VanA B 3 BE, 1 Bk CTHoTz, ZD9B B faecalis VanB B VRE 78 19
B BES NI aRR DRI OV CTRRNT 4T o7, 20019 BRiZ, 1999 12 B A THD T &7~ VRE
BEPURGUIE H5 D SHERR TH D, G TIZA AD ABLEE O, R VRE BafEShr-,
ZDHh. ABEBEDOFEEZRELZELZA 16 AN VRE ZREL TV, SHESTz VRE 134T
VanB ! £, faecalis R T&HY, PRGE [ZX2MFEHTHD 1 BRERE L2 TREPOYA A DNA /7 —
ZRL, Fl—DOBRIZE DB B 2 bz, ThBOBRIE v a~ AV UTE T T AR 2R
LWz, Pl G — D RS 1 BRa i BICiESR R85 FELZ, (Jpn. J. Infect.
Dis. 2001. 54:17-22)

MEREF PRAERITIFETS 1 RERE £ TONVav AV U TE DR A5 H Tt 5
B 720 107 ~10° OEE THEARELZ, RER—Bk HGH22 2B URITLIZEZ A, Zh
TS EEE VoAV UtE T AIR pUI2 (107kp) OIS G ENE T 20~ 12 Ui
HWTFAIN pTI22 (70kb) ZREFL TV 2, pUI22 7" FAIRIZa—REND VanB BiiMs@E s i
vanSy—van Yy TR O EEEEFIOFRNTHS vanB2 BIZ 43 HAE 1177, Southern hybridization DAEMT
b pUI22 137 =BV UG T FAIN IR TE SN TV DA (G IR A R D | SBICARK
7=l CFI10 2L DEHE DSBS =2 &35 pCF10 (54kb, Tet) JEELDT = 0E L K siiE
BIREM T TAINEE 2 DI, pUI22 IOV CHIEEE SR IR AP 8 LTz #%, shot-gun JEIZXY
e EBIFN IR E LT, pUI22 14 106,524bp DR ES T, vanB2HMMEE G428 DA EENE
N7 AR Tnl549(34kb, Van)) BNEALZT = FUGHET T AIN Th-oTz, —7FF pTI22
IF A<Mt O T B ~Hemolysin/Bacteriocin(Hly/Bac) &=1—R U, & A5 H#h o Gt
BHEHZD10°~10" ORBHEICHEARELL, AT =nEY cADL Lo TBENFE SN
&5 pTI22 i3 pAD1 (60kb, Hly/Bac) IO 7 = eV RURMET TAINEE 2 bz, Zhb0
7B RISET TAIRERIGT B VRE (B, faecalis) kS 70— MIEEO BE OIBENIZ
LT EDb, ZOBRITIZMSN 0 ESR T REET LN RSN,
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Where has vancomycin-heterogeneously resistant Staphylococcus

aureus gone?

Sir—7 years have passed since a strain of
Staphylococcus aureus heterogeneously resistant to
vancomycin was first identified in a Japanese
hospital in 1996.! The strain was Initially
characterised as containing a small number of
vancomycin-intermediately resistant subpopulations
(vancomycin minimum inhibitory concentration
[MIC], =8 mg/L), such as Mu50, at a frequency of
1 per 1000000. Warnings were sent out that such
strains had already been disseminated in several
Japanese medical institutions, despite the fact that
they would hardly be detected by routine
antimicrobial susceptibility testing recommended by
the National Committee for Clinical ILaboratory
Standards, since only around 1000 colony forming
units of bacterial cells undergo testing.

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

Although we had growing suspicions, after the
first report,’ regarding microbial genetics, in 1997
we did nationwide surveillance on the vancomycin-
heterogeneously resistant S aureus and GISA strains.
As we expected, no such strain, as designated in the
first report,' has been detected.’ Furthermore, if the
genetically definable vancomycin-heterogeneously
resistant S aureus had been widely distributed in
Japanese clinical settings in 1996,' as reported,
GISA strains should have been selected and widely
proliferated in Japanese clinical environments due to
substantial use of vancomycin over the past 7 years.
No such phenomenon has been ascertained in Japan
to date, despite many clinical microbiologists’
attempts to isolate unique strains that show

heterogeneous vancomycin resistance. Indeed, the

GISA strain can be isolated after persistent passages
of S aureus on brain heart infusion agar plates sup-

plemented with sub-MIC of vancomycin. Howevert, '

as far as we know few GISA strains, such as Mu50,
that show an intermediately -vancomycin-resistant
profile, have been directly isolated from clinical
specimens in Japan.

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

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

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

*Yoshichika Arakawa, Yasuyoshi lke, Mitsuaki
Nagasawa

*Department of Bacterial Pathogenesis and Infection
Control, Nationa! Institute of Infectious Diseases,4-7-1
Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan
(YA); Department of Bacteriology and Bacterial Infection
Control, Graduate School of Medicine, Gunma University,
Maebashi, Gunma, Japan (YI); and Department of
Laboratory Medicine, National Defense Medical College,
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Nosocomial Spread of Ceftazidime-Resistant Klebsiella pneumoniae
Strains Producing a Novel Class A p-Lactamase, GES-3,in a
Neonatal Intensive Care Unit in Japan
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Klebsiella pneumoniae strain KG525, which showed high-level resistance to broad-spectrum cephalosporins,

was isolated from the neomnatal intensive care unit (NICU) of a Japanese hospital in March

2002. The

ceftazidime resistance of strain KG525 was transferable to Escherichia coli CSH-2 by conjugation. Cloning and
sequence analysis revealed that production of a novel extended-spectrum class A B-lactamase (pI 7.0),

designated GES-3, which had two amino aci

of GES-1, was responsible for resistance in strain KG525

d substitutions of M62T and E104K on the basis of the sequence
and its transconjugant. The bla g 5 gene was located
as the first gene cassette in a class 1 integron that also contained an aacAI-orfG fused gene cassette

and one

unique cassette that has not been described in other class 1 integrons and ended with a truncated 3’ conserved

segment by insertion of I
KG1116, KG545, KG502, and KG82
same NICU where strain KG525 had been isolated,

§26. Another five ceftazidime-resistant K. prenmoniae strains, strains KG914,
7, which were isolated from different neonates during 2 1-year period in the
were also positive for GES-type 5-lactamase genes by PCR.

Pulsed-field gel electrophoresis and enterobacterial repetitive intergenic consensus-PCR analyses displayed
genetic relatedness among the six K. prepmoniae strains. Soufhern hybridization analysis with a GES-type
§-lactamase gene-specific probe showed that the locations of blagys were multiple and diverse among the six
strains. These findings suggest that within the NICU setting genetically related K. pneumoniae strains carrying
the blagye gene were ambushed with genetic rearrangements that caused the multiplication and translocation

of the blaggg gene.

Resistance to B-lactam antibiotics mainly depends on the
production of B-lactamases. To date, a large variety of p-lac-
tamases which were classified by their amino acid sequences
and functional substrate specificity profiles in various gram-
negative bacilli such as Pseudomonas spp. and members of the
family Enterobacteriaceae have been documented (6). Since the
late 1980s, extended-spectrum B-lactamases (ESBLs) derived
from TEM- and SHV-type penicillinases capable of hydrolyz-
ing the oxymino-cephalosporins have been spreading globally,
mainly in the Enterobacteriaceae, including Klebsiella prneu-
moniae and Escherichia coli (5, 23, 29). Moreover, various
pon-TEM-, non-SHV-type class A B-lactamases exhibiting ex-
tended-spectrum activities, including CTX-M-type (13, 31, 38,
39, 41), SFO-type (18), VEB-type (12, 20, 25), and GES-type
(10, 11, 19, 24, 28, 37) B-lactamases, have also been reported in
various gram-negative bacilli. Among the GES-type B-lactama-
ses, GES-1, which was found to be produced by K. pneumoniae
ORI-1, identified from a child transferred from French Guiana
to Prance in 1998, was the first report of the GES-type class A
B-lactamase (24); and GES-1-producing K. pneunoniae strains
have caused nosocomial infections in Portugal (9). IBC-1 was

* Corresponding anthor. Mailing address: Department of Bacterial
Pathogenesis and Infection Control, National Institute of Infectious
Diseases, 4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan.
Phone; 81-42-561-0771, ext. 500. Fax: 81-42-561-7173. E-mail:
yarakawa@nih.go.jp.
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identified in an Enferobacter cloacae cliical isolate from
Greece in 1999 (11), and IBC-1-producing E. cloacae has also
been reported to cause nosocomial infections in a neonatal
intensive care unit (NICU) (17). GES-2, which dispiayed more
extended-spectrum activity against imipenem compared with
that of GES-1, was reported in Pseudomonas aeruginosa from
South Africa (28) in 2000, and GES-2 producers also caused a
nosocomial infection (27). All three genes, blagps.y, Pldcrso
and bla, pe.q, were found to be located as a gene cassette within
similar class 1 integrons.

Recently, six clinical isolates of K. pneumoniae showing high-
level resistance to various broad-spectrum cephalosporins, in-
cluding ceftazidime, were identified from the NICU of a Jap-
anese hospital, and conventional PCR analyses for TEM-
derived ESBLs and CTX-M enzymes [ailed to specify their
genetic determinants. In the present study, therefore, we char-
acterized the molecular mechanism underlying the multiple-
cephalosporin resistance among these six strains, as well as the
organizations of their genetic environments.

MATERIALS AND METHODS

Bacterial strains and plasmids. The sirains and plasmids used in this study are
listed in Table 1. Six X preumoniace clinical strains had been isolated from
peonates over 1 year, from September 2001 1o August 2002, and were stored in
the clinical microbiology luboratory of the hospital until this study. Biochemical
phenotypic identification of these strains was carried out by the analytical profile
index procedure (API 20E system; bioMerieux, Marcy P'Etoile, France). A pre-



VoL. 48, 2004

GES-TYPE B-LACTAMASE-PRODUCING K PNEUMONIAE IN A NICU 1961

TABLE 1. Bacterial strains and plasmids wsed in this study

Strain or plasmid

Characteristics

Source or Reference

K. pneumoniae KXG914, KG1116, KG525,
KG545, KG502, KG827

Clinical isolates from neonatal specimens

This study

E. coli

CSH-2 metB F~ nalidixic acid® rifampin” T. Sawai, Chiba University

XL1-Blue supE44 recAl endAl gyrA96 thi hsdRI7(rK~ mK™) reld] lac [F~ Stratagene
proAB” laclqZ AM15:Tnl0(Tet")]

BL2Y(DE3)pLysS ¥~ ompT hsdSy (rg™ mp™) gal dem (DE3) pLysS (Cam”) Invitrogen

Plasmids

pKGC525 A natural plasmid carrying blagge 3 of K pnewmoniae XG525 This study

pKGB525 A recombinant plasmid carrying a 6.7-kb BamH1I fragment This study
containing blagpg., of K preumonive KG525

pKGMS525 A recombinant plasmid carrying a 11.6-kb BamHI fragment This study
containing bla ;pg.5 0f K. pneumoniae KG525

pTAGES3 A recombinant plasmid carrying a PCR fragment with the entire This study
blaggg .3 sequence and its promoter region cloned into the
pCR2.1 vector

pGES3 A recombinant plasmid carrying EcoR1 fragment from pTAGES3 This study

pIBC1 A recombinant plamid carrying blagc., constructed from pGES3 This study

pBCSK+ A cloning vector; chloramphenicol® Stratagene

pCR2.1 A clomng vector; ampicillin® kanamycin® Invitrogen

PET2%a(+) An expression vector; kanamycin” Novagen

pET-GES3 A recombinant plasmid carrying PCR-amplified blagpg.4 gene This study

ligated to pET29a(+)

liminary double-disk synergy test was carried out with disks containing ceftazi-
dime and amoxicillin-clavalanate. Bacteria were grown in Luria-Bertani (LB)
broth supplemented with appropriate antibiotics, unless specified otherwise.

Antibiotic susceptibility testing. The following antibiotics were obtained from
the indicated sources: ampicillin, amoxicillin, and cefminox, Meiji Seika Kaisha,
Ltd., Tokyo, Japan; piperacillin, Toyama Chemical Co., Ltd., Toyama, Japan;
cephaloridine and moxaluctam, Shionogi & Co., Ltd., Osuka, Japan; cefmetazole
and chloramphenicol, Sankyo Co., Ltd., ’Ioky() Japan; cefotuxime and cefpi-
rome, Aventis Pharma, Ltd, Tokyo, Japan; cefiazidime and clavulanic acid,
GlaxoSmithKline K. K., Tokyn, Japan; sulbactam, Pfizer Pharmaceutical Inc.,
Tokyo, Japan; tazobactam, Tatho Pharmacentical Co., Ltd., Tokyo, Japan;
cefepime, Bristol Pharmaceuticuls X. K., Tokyo, Japan; aztreonam, Eizai Co.,
Ltd,, Tokyo, Japan; imipenem, Banyu Pharmaceutical Co,, Ltd., Tokyo Japan;
and rifampin, Daiichi Pharamacentical Co., L.td,, Tokyo, Japan. The MICs of the
B-lactams were determined by the agar dilution methad, according to the rec-
ommendations of National Comumittee for Clinical Laboratory Standards docu-
ment M7-A5 (21). E. coli ATCC 25922 and ATCC 35218 were purchased from
the American Type Cultore Collection (ATCC) and served as control strains in
the untimicrobial susceptibility testing.

PCR amplification. To amplify the broad-spectrum B-lactamase genes from
the six clinical strains, PCR analyses were performed with sets of primers specific
for various B-lactamase genes found in Japan—including the TEM-derived ex-
tended-spectrum B-lactamase (39); CMY-2-, MOX-1-, and DHA-I-type B—‘
luctamases (8, 40, 41); and CTX-M- 1+, CTX-M-2-, CTX-M-9-, IMP-1-, IMP-2-,
and VIM-2-type P-lactamases (13, 26, 30, 31, 33 39)—under the condmons
described elsewhere (33). Detection of the SHV-type B-lactamase gene was not
performed because most clinical K, preumoniae strains corry the LEN-1 and/or
SHV-1 B-lucturaase gene on their chromosomes (1, 7). in order to detect the
GES-type p-lactamase gene, an 827-bp internal fragment of the gene wus am-
plified with primers GES-A (5'-CTT CAT TCA CGC ACT ATT AC-3") and
GES-B (5"-TAA CTT GAC CGA CAG AGG-3') under the conditions described
above.,

Conjugal transfer of B-lactam resistance. Conjugal transfer of the ceftazidime
resistance of K pneumonine KG525 to a recipient E. coli strain, strain CSH-2 (F~
metB, resistant to nalidixic acid and rifampin), was pexrformed by the filter mating
method. Transconjigants were selected on LB agur plates containing ceftazidime
(2 pg/mi), rifampin (100 pg/ml), and nalidixic acid (50 pg/ml).

Cloning experiment and DNA sequencing. Basic recombinant DNA tech-
nigques were performed as described by Sumbrook et ul. (32). Total DNA of XK.
preumoniae KG525 was extracted and digested with BamHL The resujtant
fragments were ligated into cloning vector pBCSK+ (Stratagene, La Jolla, Calif.)
restricted with the same enzyme. Transformants were selected on LB agar plates

containing chloramphenicol (30 pg/ml) and ampicillin (50 pg/ml) or ceftazidime
(2 pg/ml), The nucleotide sequence of the cloned fragment was determined with
BigDye terminator cycle Sequencing Ready Reaction kits and an ABI1 3100 DNA
sequencer (Applied Biosystems, Foster City, Calif.) by using custom sequencing
primeus.

Site-directed mutagenesis for compﬂrlmn of GES-3 with IBC-1. PCR-based
site-directed mutagenesis of the blag,. 5 gene was performed with the LA PCR

-In Vitro Mutagenesis kit (TAKARA Bio Inc., Ohisu, Japan). In brief, the entire

blagg.s gene and its promoter region were amplified by PCR and cloned into
plasmid pCR2.1 with the TA clooing kit (Invitrogen, NV, Leek, The Nether-
lands). One plasmid, pTAGES3, was selected after it was confirmed that it
contained no amplification error and was then digested with EcoRIL The result-
ant fragment was recloned into pBCSK+. The resultant plasmid, pGES3, with an
insert carrying the blagug s gene and its promoter region was used to introduce
a single nucleotide mutation (C to T) at nucleotide position 167, which leads to
an amino acid substitution (T to M) at position 62 in GES-3, resulting in the
conversion of the gene product from GES-3 to {BC-1 expressed under the same
promoter.

Pulsed-field gel electropboresis (PFGE) and enterobacterial repetitive inter-
genic consensus (ERIC)-PCR analyses. Total DNA was prepared from six K.
pneumoniae strains (34) and digested overnight with Xbal (New England Bio-
labs, Beverly, Mass.). The digested DNA was electrophoresed with a CHEF-
DRII Drive Module (Bio-Rad Laboratories, Hercules, Calif.) under the follow-
ing conditions: pulses ranging from 10 to 40 s at 6 V/em for 20 b at 16°C. Six K.
pricumoniae strains were also typed with the primer ERIC-2 (5-AAG TAA GTG
ACT GGG GTG AGC G-3"). The PCR was carried out under the conditions
described elsewhere (36).

Seuthern hybridization. Large plasmids were prepared from six K pneu-
moniae strains by the procedure described by Kado and Liu (16). The chromo-
somal DNA was extracted from each isolate by the method of Stauffer et al. (35).
Both plasmid and chromosomal DNA preparations were separately subjected to
Southern hybridization experiments. The 827-bp DNA probes were amplified by
a PCR with primers 5-CTT CAT TCA CGC ACT ATT AC-3” und 5-TAA CTT
GAC CGA CAG AGG-3". The PCR amplicons were labeled with digoxigenin
(DIG) by a random priming labeling method with the PCR DIG detection
system, as recommended by the munufacturer (Roche Diugnostics, Tokyo, Ju-
pan). Southern hybridization was performed by the protocol of the manufacturer
(Roche Diagnostics).

Purification of GES-3 B-lactamase. To overproduce GES-3 B-lactamase in E.
coli, the blags.; gene was amplified by using two primers, primer GES-F
(5'-CAT ATG CGC TTC ATT CAC GCA CTA TTA CTG-3"), which was
designed to add an Ndel linker (underlined), and primer GES-R {5"-GTC GAC
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TABLE 2. MICs for six K. pneumoniac clinical isolates from a NICU

MIC (pg/ml)*

. Date of
K preumoniae g 10tion Site of isolation AMX PIP CAZ
strain (mo/day/yr) + PP+ CAZ -+ CTX ATM CMZ FEP IPM GEN AMK LVX CIP
cLA TZB cLA
KG914 9/14/01  Bronchial secretion >128 >128 128 >1,024 512 64 64 16 32 013 1 32 <006 <0.06
KG1116 11/16/01 Bronchial secretion >128 >128 128 >1,024 128 64 64 16 32 013 05 32 <006 <0.06
KG525 3/4/02 Stool >128 128 128 >1,024 256 64 04 16 16 013 2 64 <006 <0.06
KG545 3/7/02 Nasal mucosa >128 >128 >128 >1,024 1,024 128 128 128 64 05 2 64 025 025
KG502 5/2/02 Pus >128 128 64 1,024 512 16 32 >128 8 8 2 32 0.13 <0.06
KG827 8/27/02  Bronchial secretion >128 128 32 >1,024 256 16 64 >128 32 05 2 32 2 L

« Abbreviations: AMX, amoxicilling CLA, clavulanic acid; PIP, piperacillin; TZB, tazobactam; CAZ, ceftazidime; CTX, cefotaxime; ATM, aztreonam; CMZ,
cefmetazole; FEP, cefepinie; 1PM, imipeneni; GEN, gentamicin; AMK, amikacin; LVX, levofioxacin; CIP, ciprofloxacin.

CTA TTT GTC CGT GCT CAG GAT GAG-3"), which was designed to add an
Sall linker (underlined), and DNA polymerase (Expand High Fidelity PCR
System; Roche Diagnostics). sccording to the instructions of the manufacturers.
The resulting products were cloned into plasmid pCR2.1 with the TA cloning kit
(1nvitrogen, NV) and subjected to confirmatory sequencing. One plasmid with no
amplification error was selected and was partially double digested with Ndel and
Sall and then subcloned into pET-29u(+) (Novagen, Madison, Wis.), which had
been digested with the same enzymes. The expression vector constructed, named
pET-GES3, wus introduced into £, coli BL21(DE3) plysS (Novagen). E. coli
BL21DE3) pLysS carrying plasmid pET-GES3 was cultred in 1 liter of LB
broth containing kanamycin (50 pg/ml). 1sopropyl-B-p-thiogalactopyranoside (fi-
nal concentration, 1 mM) was added when the culture reached anA g of 0.6, and
the culture was incubated for an additional 2 h. The colls were harvested by
centrifugation and were suspended in 5 ml of 20 mM bis-Tris buffer (pH 6.5).
The suspension was passed through a French pressure cell twice and was then
centrifuged at 100,000 X g for 1 h at 4°C, The supernatant was nsed for subse-
quent chromatographic purification. Size-exclusion chromatography was per-
formed on a Hiload 16/60 Superdex 200 prep-grade column (Pharmacia Bio-
tech, Uppsals, Sweden) preequilibrated with 20 mM bis-Tris buffer (pH 6.5).
Fractions containing P-lactumuse uctivity were collected and applied to an anion-
exchange Hitrap Q HP column with the same buffer. f-Luctamase activity was
recovered in the flowthrough and was dialyzed against 20 mM Tris-HCl buffer
(pH 8.0) overnight at 4°C. This partially purified enzyme was loaded onto a
Hitrap Q HP column (Pharmacid Biotech) preeguilibrated with the same buffer
and eluted with 4 linear gradient of NaCl. Fractions presenting high levels of
activity were pooled and dialyzed against 50 mM phosphate buffer (pH 7.0).

Isoelectric focusing (YEF). Fifty milliliters of the bacterial culture was centri-
fuged, and the cell pellet wus suspended in S ml of distilled water. A crude
periplasinic preparation containing B-lactamuse was obtuined by freezing-thaw-
ing the bucterial suspension three times, followed by ultracentrifugation (40,000
X g) for 1 h. The supernatant was condensed to 1/10 volume with an Ultrafree-15
Centrifugal Filter Device (Millipore Corporation, Bedford, Mass.). To deter-
mine the isoelectric point (pl), 5 ! of the condensed supernatant contuining
p-lactamase was loaded onto an Ampholine PAG plate (pH 3.5 to 9.5; Pharma-
cia Biotech) with a Multiphor 11 electrophoresis system (Pharmacia Biotech).
The pl of the B-lactumase was measured by staining the gel with 2 0.05% solution
of nitrocefin. Purified GES-3 B-lactamase was also electrophoresed on the Am-
pholine PAG plate and stained with Coomassie blue.

Nucleotide seq cessi ber. The micleotide sequence datu re-
ported in this paper are available in the GenBunk nucleotide database under
accession mumber AB113580.

RESULTS

Characteristics of six K. pneumoniae clinical isolates, The
susceptibilities of the six isolates to B-lactams are presented in
Table 2. All isolates were resistant to piperacillin, ceftazidime,
and aztreonam. The MICs of cefotaxime, cefmetazole,
cefepime, and imipenem for the isolates were variable. Despite
the addition of clavulanic acid, these isolates kept their high-
level resistance to ceftazidime (MICs, 2128 pg/ml). This ob-
servation was consistent with the negative results of the dou-
ble-disk synergy test with two disks containing ceftazidime and

amoxicillin-clavulanate, respectively. Metallo-@-lactamase pro-
duction was not detected by using a thiol compound (2). PCR
analyses performed preliminarily to detect broad-spectrum
B-lactamase genes including TEM derivatives, CTX-M-1,
CTX-M-2, CTX-M-9, MOX-1 (CMY-9), CMY-2, DHA-1,
IMP-1, IMP-2, and VIM-2, all of which had already been
identified in Japan, failed to give positive results.
Transfer and cloning of B-lactamase genes. The ceftazidime
resistance determinant of representative strain K. pneuntoniae
. KG525 was successfully transferred to a recipient strain, E. coli
CSH-2; and this finding indicated that the genetic determinant
was located on a transferable plasmid. Two ceftazidime-
resistant E. coli clones, each of which harbored a plasmid
containing BamHI fragment inserts of approximalely 6.7 and
11.6 kb, respectively, were obtained as a result of the cloning
experiment. These two recombinant plasmids contained the
same 864-bp open reading frame (ORF) encoding a putative
B-lactamase which had conserved structural features of the
active site of Ambler class A B-lactamases. The deduced amino
acid sequence of the B-lactamase showed an amino acid sub-
stitution of M62T (a point mutation of T to C at nucleotide
position 167) compared with the amino acid sequences of
GES-1 (24), GES-2, and IBC-1, as well as an additional E104K
substitution in comparison with the amino acid sequences of
GES-1 and GES-2 (Fig. 1). Moreover, an N170G substitution
was found in GES-3 compared with the amino acid sequence
of GBES-2, although the G residue at amino acid position 170
was conserved in IBC-1 and GES-1, as well as in GES-3.
Therefore, we named this novel class A B-lactamase GES-3,
although GES-1 is based on “Guiana extended spectrum” (24).
Antibiotic susceptibilities. The MICs of the B-lactams for
parent strain K. pneumoniae KG525, transconjugant E. coli
CSH-2(pKGC525), and transformant E. coli XL1-Blue(pKGB525)
are listed in Table 3. Parental strain K. pneumoniae KG525 was
resistant to most B-lactams except the cephamycins and car-
bapenems. The tranconjugant and transformant were resistant
to ceftazidime, and the MICs of the other B-lactams were
lower for the tranconjugant and the transformant than for the
parent strain. The changes in the MICs of cefotaxime and
ceftazidime for parent strain KG525 were apparently observed
by the addition of B-lactamase inhibitors, such as clavulanic
acid, sulbactam, and tazobactam, while decreases in the MICs
of amoxicillin, ampicillin, and piperacillin, as well as cefo-
taxime and ceftazidime, were observed for the E. coli trancon-
jugant and transformant in the presence of the inhibitors.
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