SRR 165EE [EA SR MR E & G- BEURYEN R EE)
[ E O EANTHERE DL 7 7L A N TS O R B Ot
T - (R I EE I B3 A3 (H15- 37 B-9) |

WM bak

H B : 2006053 H 4 H(4)13:00 P.M.
5 BT AERFERFIL—THE23F1E
ERRYMES T LHAERESE
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@

9,

10.

A=Y A FN

. PNERZFOBRIMEEOL 77V o RS F S

WA ZF L BRSEHAE PR BT 2 RE T (TRERER KSR IR |
TR AN )

FE BRAHRBHE AR T— P8 F— BRREEESKEY

FRERE O ZANRHEIC R3S RND Bk 27 A D MERARIT L IR DS ER HIEO B3
i EIE, ARG AHFE BIF f. AT 8% EHEERE MED)

. jJ)I/zvx:‘rJAﬁ’ﬁﬁ@ODI/771//z}:Bf%E ﬁ//)vgkﬁj'wzvgi&ﬁﬂ‘éﬁyﬁﬁ%@

FTZAABLIUB B —~F7F<v—RITHT RO LR EE
SRR PORE L B BRFEE LD R N KRR BBKER L FunBF M- 2 SR AL 2
N HB? (RRARKEREREER P AMEEHSEYRESE | ESIRE
HFERTNIEE 55 5 °)

B A DBJE 3 & OB R R A OB T 7 R B OB R R LR (5T
AR |
AF AF GRER¥HBARFIENET BLFEEFRES)

BEEEA b BES - ESBL EEA B LT Shigé toxin 2EA T3 Escherichia coli =845
Bt
Wa B=FEHAIE A Bf (REKZEEZSMAESFHIE)

CTX-M-B B~-F 77— D45 FRB, 752 CR-FrF~<—FPOMBEAE, 8Lt
165 rRNA AFL—RBEEARRD 53 HER R
I BB, W ANE EE WE, A% M—. AR F4d, LR —Fo.
g B (ERERER MEE )

V7545 PCR A L,f::r—#/u‘/{&@ﬁﬁ%?z% NRIFFTAABED gyrATERD
WHAR ) — = F kDKt
IR B RO Bl B2 (ESR e iR s —5)

HEATRUERE PBP DA~ RAIRT B e
ol WEZ (ESLREMZERET WSS —5)

E. faecalis VanB VRE OEBEEREM Lo VUMl 7 S AR O
i BRIV HFREOIE CBE RS LS ML e B I RIS A B2
R BEF R BEL BR HEET
(BB RERFREERV AR SR Y | RN ERER 2
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SEGERE : YV ER T OZHMEEDOL 7 7 LV R e o FF#

SHEGMFEE | IWAEF (FERFRFEHREENTER)
Wt - PIREET - REETL (TRERBERZEAT)

1990 £ L&, PR TE AL EXTIXSBR EINE 28, YA EXRTRPER
FERFO IR EREECL Q1 5, FEEEORFRIZIVT, 1999 4035 2002 I THER T TRAL
=B EHREEM I DS Salmonella enterica serovar Typhimurium & %8R IE SERIFRYT
BT TR R, 62%(28 BB ZAIMHEAD,Sm,Su, Te,Cm) Th -7, ZHIZEROZHiHE Y L&
ATRHERBLLER THHZ L0, RFEO LR/ Tl 5 TEFEHIIRE{TD
TEizkY, 2EREO V- ERTHIEEEINO 557 BR A ETOIZLNFRTH O EE LN
=,

FEAEEE{T o zp-lactamase DF AL 712 LD, PSE-1 B3 65%(15 BR), 22%(5 BR)75 OXA-1 B,
13%(3 BRDSEDMET—RLTWABZEBHLN R0l SBIZ77—U RGN, BEFAETEITO.
PSE-1 BYHERE X9~ T DTL04 THEZLRHLM@LI2 oM, ST OXA-1 BIFHEE IOV
TRETFHITZITO U T OZLERALNIILE,

OXA-1 BRI T 1b Ap,Sm,Su, Te,Cm,Km, Tp @ 7 AlfiHERE THy ., & EF T
AT —LHEE TES 150 kbp D Inc-FHRIEIETFAINIC2—REN TV, class 14077 L
DIFFEEHEEL, PCR BL U DNA sequencing I[ZLVRRFTLIZMER, 7IAINITIIERS 2 o
class 1 A>Ty In-tl{aadB-catB) & In-t2(oxal, asdADBTFETBILBHALNE o, =
D7 TAINE 1998 FIREL T NVEXTREDPEOIRE R KE (1 88) & 1999 4, 2000 £
AU b B B H R (4 ) DD AES AT ks, THRIAT D IncFl 7TAIRA 2 7R
D class 1 (77 ZREBLUTHLL, FAERTEAMERORMO—R Lo TWBEE
ZHD,

—757, ZHIHES LTRSS OP TRO ZEEEEO G DT104 1, Ap(PSE-1), Sm,Su,Tc,Cm
MR R 7% Salmonella Genomic Island L(SGINPIZHL T3, F2 IXLIRTC 1975 F O
REERBEIMRE TEFAIR LIZPSE-1 & e b7 AR Tn2610% REBLUREL T3,
AL, SGI DTFERIEFEROT oM A7 2RI, SCHEEDO AN =X 2R BN BT
WIZ, Tn2610 OEHIFEIF(23883bp)e T LM R AR ERIT 21T ofc, TR, Tn2610 &
SGI {XBOHLEEFF LB 2 b,
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72X Fika—Fahiz AmpCRB-F 7 ¥ v —EELEREFORN

AL RZFEZERBHLEY
HEMA (AETEE)
BT — (&)
TEE— (REHE)

RBHECHARRAD R 7 = ARKREMMAO R A =X LD—2L LT, 77R3 Fiza—
FEhiz AmpCB-5 /¥ —EDH b, 77X M AmpCB-Z 7 ¥ v —PELEEIX. I—
Ow/SpF A ) A b ORERDEL o0, CZBEDLIPEIEBNVTHSEENE XS iIck
Do 77 AI M AmpCB-T & ¥ v —CELERIETFIX. C feundii, E. cloacae, M. morganii,
Aeromonas B2 EOFEHE LD ampC BEEFHZFOHBEL INDID, COL3REBREET
REE EORBFHTIXI METIPITOVTIEDR>TWRY. DYPETIREDLCS
C. freundii HED AmpCR - 7 ¥ —EHREINTWDE, FI T, SHEEEIALOWES
T L7z CFE-1 BL T CMY-4 22— RT3 752 3 RO 21TV, AmpC 2 BBtk
O L 75 23 MuDBREBIZDOWTER L=,

1) 7223 FpKU60L 33— K3 % CFE-113. #D ampR-ampCh C. freundii GC3 ¥
99% LFEFITEVEEEZ R L, DD ampC D _LRKIZIE C. freundii & [F#EIZ fumarate operon
£rdd, B. C. DHRERE NIz, CFE-1 ZELETEEETTHS ampR 2HEFLTHY. 20
IRHEFIF S Aspl35 B Ala B L2ZER ampR H CFE-1 £2RBELORETHZ T & HH
BITR o

IHIT, ampC DT SFRE ampC D LRITH B fdA I b T2 ARV v IS26 Hise ek
TRAINTWS I HSrok, 22D IS26RE—AEZAVTWED, Mhd DNA Oif
BICBET AU RARY—L tnpd 2o Tk, LiES>T. 2hs [S26 B C freundii x
BR LD ampCREBEFN TS A3 MuT 2B TAE {HE LEZ LI Nz,

2) 72X 3% K pKUB3L HB2— KT 2 CMY-4 13, ampCH C freundii DZFh ¥ 95%DIHRE
HEREL, Lrd CFE1LIZRZDLNEL IR ampR D ampC O EFHICITIZDONT., Kb
T IS Ecpl OFRADRER S N2 CMY-4 {XBERETF ampR 2F=20C 8000 57 AmpC
2ZBEETLIC DL, ZORAREHELEZL IS, HAINE ISEp! AOWAKRTTIE
—FICL D AmpC BEEINTWBZ LS IR =,

PEDZEL 7SR Fiza—kaENiz AmpClR-Z 7 ¥ o —RBlio oW T BT o =558,
MEOREGHE LOBETH 72 X2 FMbd 28RICIE. AmpC o ERFEROMHA B L
TEAEFIDNRE ESE LT3 AEMENR RRENE, X510, ThLEARENZZOT
WO ampC DHEBRITHRE LS LTWB T L HLPITR >, SEOBTIZ. ThbfE
ABSDEEICL o T ampCBEFIERT2REEIAWHT I LiECERDP o 2H, 550
REE LTI 2088555,
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BIEE O L AT - #EE 9 2 RND B > 25 A OMEREENT & RE OB ERNEO R
ERERI RS - MEYESE BHEIE. B fl. FPIEEE

BIRE ORAETT, REECHERRE 0 RS ED 0Pk v T2 12
RO RND BHEH Y A7 AR —REN TV B, FEEIFETIE, 1) RND P R 7 A0HT
L viaE, 2) Befafk Bt 2fb OB AT A8 a—REN T3 E K. EbITX 3) ¥ /av
R AR E O L R 7 AR B DM EREEOBRRE LT,

1) RND BgEH AT ADH L HEEE

FIBE O AT LD—>TH5 MexCD-Oprd OEREEM: To-lactamase DFEEELD
ETFEENIZHED carbapenem ZRHUEEIC T ARRSMEIE IS, ZDp-lactamase DFf
WEADETORRIX, p-lactam ZFHREECEMIZL - THRAICERL . R EtE AmpC
B-lactamase DEEAZFHE T 35027 FF GleNAc-anhMurNAc peptides 7% MexCD-Oprd
W EDHEHE L, ZHUARIE Tp-lactamase OFHEELDET B[ ERIZNTWDHZLEHL):
L7, .
2) Jufafk LIZ12BRb 0P AT AR —REN TV IR R

BT CRERBEOEME Y o — A -1 2R EDHHI AT A0 RRE ERA
RT-PCR #RHEEZAWED AT A5 )Ty NLEoTRRAEEZA, S0P AT A
DRIV AZ AL 7T ay TG TET | $t 0L~ T EmMEIZIIF S5 L2
WZEEBOLMNIC LA, ZRIIAEEMEICEBETIZLNAON B X7 4
(MexAB-OprM, MexCD-Oprd, MexXY-OprM, MexEF-OprN) LIS OEEHY AT A2
EIEHIVLHOBEERF o TV AZEERR T 5 R Thole, £ T, EREH THS PAOL
B D1 2RBEOPEH T AT 2E R LU BRIFIR T IV ERL . TNODE R TOR
FE-FEAER N, TORR. RETDHFEHVAF LIV FRAF—EBLTAH N T 0T T —
B OEAMR XUES OB CREERT T N TOTUABEHROE T ARSI,
ZnoDORERT, BEROBEOHEH T AT ATERE OB ERECHF 5T 504K DOHBEET
A AFRRIOGURIE R T EAICEREEL TWAZLETRL TS,
3) F /vl MHEREE TOHH VAT ARBOMERHEORR
HIRDF /0 F A AL I AR LA b e F—F 4 A2 BNBZ LIz 1Y, % /v i
B O AT AR BEABEICRIT 2 h e BB UE, ZOFEOH B LR S BOX
JRVTRERE TRz, EER RT-PCR B EREERAWE 2 AZ A L) T ayhito
THRRONIHH YV AT LDOERLT A RZIETCOBRP—K Uz, ZNbOZLIY, 4RIk
DA AP HERE .
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ANIRFLWERDOL 77 LA LTHR :
FoONBREFA-NEERTIBRABRDISAABLUB B~ 57 —Filot 3
BIEAFE & PR A

FEEFIRE - ReHEHE '
BARGRE | IUOMER ' RREARS | MAEFM— . SHEMEL L RIER'
BAXFRZREFRFR B EUEMECZAE | EuBEmsriilEs 5

FEHR T2 7~ 3RO HII YA 2 R U, BPEREE2TS L TAER
BEL 2> T Wb ZOTMMEE#ED 1 Dicp-lactamase BBHIFEN 2, 752 B WET S
metallo-B-lactamases (MBLs)i&iE 83 IC High 2 e B, 1ZL A LOFENEDR-Z 7 & L
ZAEET %0 1990 R L b BDHEIZBWT S S X BMBL @ IMP-1 12 & AR S»538
HEIN, ThLOWICHT MHBOBIRDPAKETH 5, _

Z I CHMARRBERRER R ETREP OBEICHEFTETH I LEZ LN EH
A7 — T K% MBL EEEEOBHIROBRRE 217 5 T % o LIEIFR 4 1d DansylCnSH (n =
 2~6, Figure 1)& 7 5 X B MBL (IMP-1) & DM EER Z BN XY MVTHRE Liz. F0OiE
ZR. DansylCnSH (& IMP-1 HAETHREOHEMMHRAEh, 512 111 THRET32 Y
25 PIZ LKy = 67~975 aM)o

F ZTCHRBEMNFIED Y S R A serine-p-lactamase 3 X 28 IMP-1 DA D 7 5 2 B MBL {234t
I DEOERHE R & TNICHETREREIC DWW THRET L.

[#3] 1 uM @ DansylCoSH ¥AMRICHEZE  JEEIL 1O\ o
J=2 % X AGES3 £721d7 5 X B Bla-b 2R AW
ZHEEMATHE, BEE 340 nm THEAR OO

2 P VERE U e oo L,
[ER - #ER] 8L 7 MVOBEIEIZE D, » HN\(CHﬁnN\ﬁ’C\Ich’ "
Z2 A @ GES-3 TIXBERARY MVEGIZRS ©

N, WRPBRAI P o —~H. V5B Figure 1. DansylCnSH (n = 2~

Bla-b (2B TI& GES-3 LIZE4 b MARED 2
AVEHE Wiz (Figure 2)o BHERART PV SR
7= MR K,1X 1.9-2.3 uM T DansylC58H 2
BbH< BlablciaTaedbholz,

Figure 2. Fluorescence emission spectra (excitation 340
nm) of 1 pM DansylC4SH with increasing
concentration of Bla-b ranging from 0 to 10 uM.

o
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' AR R ..
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F7z. IND-1 OFEERLIETNC X #R6E REERIT IR L0 2 0FRIC OV T L
T3,
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AERFICRERBILENER, BEEREMARZE £5 AF

[B#]

A BN THMMEREIC L 2R _EFEHL, HEIVERHRIRERRE VoK
FUEFIIZBWT, TR X ABEFDPEMLTNVS, UL, ARBERICBNCEET
% TS ORRGYESIZ A LTk, HiE¥IE empiric IZGFINTWHOXBRTH B, A
BN T2HROARL T, THEROBINEME 272012, FL-EREELD, Y2
MCBNWCRAEZERECL, RbEVLRRREXEZERTLILPLETH L, ZOLD
BRERP S, RERCBNTE, RRAHRZOBREMBHIN UT, 6EEOKRERMED N
35 PCR, BAUELVF 25— U= EHWS real-time PCR Z/0H L, EBROKER
JAE & Mo Lz,

[F¥])

HRIHERIDER X D 3% 2210 =B, SWEhE LD 45 §l, BERERD 12
B, SERISEA D 125 G, BHERIRMEA D 20 HICH o Zh 6 OBRIEKIIEIEE 1.5ml
@ broth iZ{BFR L, 5000rpm, 5 4D E, EEZBTED WwEila 2 100uliz LTy
YIINHE Lz Y70 DNA IZ EXTRAGENII ZFWCTHIHE Lz PCR H 8 #HF 21—
TR U 6 BRI O iR Iz Y 7 ) DNA 21l 2 ,conventional PCR(C-PCR) )
HENVFIEER L EEL 25— - E—O FH 5 realtime PCR 2L /=, FiE
R X AT E D49 2.6 I, #BED 1.5 RETH 5. b OWwHEE 10l FHO2ONV—F 2D
MEFRZTT 720

(R ER]

BHEFBERFID 37%D S FHRERE, WNTA V7NV YRS 2% 58X h, ZFOHIC
ABVUYIRRE, E5XE5H, MSSA REbHMESI Iz, SERISEEAHID S gk
B 26%, 17NV PEDE18%EE L, ZOMICBESFLZEMN 0% TH /=,

FBRBIP S IEMAIKE D1 » 7 NV U PEOIFMT, PCR X 3HEMREZENE L
TWAEOYA T I XY, VLOAATER ED real'time PCR CHE L HEI LT3,
L L, 206 OEMTCIRBICHEONERNHEIhTED, BETRIZLALPEET
o270 HHD PCRIKIZEA, real-time PCR HIIEROFHHTETH D, Lr bR
BLEBIMEDPTE, BRBAAOMENEVEHETE i,

i, FHINEMRERE L A V7V U YEICHE USRI 2 PCR ¥ CEH
Uk, MiRBREODE 24%55 PRSP & PSSP, DX PISP THo72. 1 ¥ 7NV YE
i 58% 5 2 fHATICE R £ > BLNAR TH o= L EBE X Mz,

O LS RMEEORHRIEMEZMZ 5i10id, BREEECL, SURREX2GHET
BENWS ALV RO DNBETH B,
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ERERH ML HEEENT- ESBL EAE B LU Shiga toxin ZELET D
Escherichia coli |ZFA$ B85t
SHEPRE LOBE= #wRiGHE FHEM
BB REEFRYEREE

BR3K TS Salmonella B\ Shigella i & WHD DR EE I ESBL FELTHESHRE
PHEShBH, FATEREFTTIOLILIREIAL, 2004 £ 6 A, RIPKPELBAE
WIREREZ L& R &Y., Shiga toxin KU ESBL #FBFIZELT B Escherichia coli HABES
itz SEIRAREHROEABREMEREOVICHERFERALHICTZILEBMNITBFEDE
1O THRET 3, |

R MAIBIER BT 2004 4£5 A 17 HXURBREEFADKIERB/NREIERS O
9 BKIRA. 5 A 21 BEVIESE. RELXRD. 6 A 14 B WECMAEFKERERL, SER
B 5~6 @/RICEML--ORAREEFHABRFRREERZE L. 6 A 16 BICHEERE
DO DEAREENT= 8.6 A 11 BIZEREL TV E=OERERLEEL WBC 7900/ 11,
CRP 0.mg/dl THY ., REEILBOHLI T,

6 B 16 BICEREN(EI B R CEMEDRAZBDE M1, BEIST E colf H5
ohiz, ARBROMBFRA 026 TH-7=1=8h. RPLA KICTERBREELECA VT B,
VT2 [RtEEHEShT, FIT, AERASELETHRREFE PCR ETIRELIET A, stxl.
cacA BLU A HEEEELRT-H, stx2 IZEETH 1=, EFIRSERE T CTX O MIC
fE>32 4t g/ml EiZoT=1=8 NCCLS AYHESRT 5 ESBL OREERBETARAVEICTENLZ, *
DFER. CTX & CTX/CVA LDHILFAEDEM 14mm THY . REHEA ESBL ZEELTLVBS
LAECRB SN, TIT, PCRICTESBL OFEAE G FERRLIEC A, CTX-M-9 BT
BITTN—THERMTSAR—IZTL T F BB NIz, 2T, CTX-M-9 OHEFETF O
ERERIET ST/ —ITTLER CTUM-B B 5047 —BiBIEFEIEEL. Z20EERNE
RELI-ECA, FESBL I3 CTX-M-18 TdH o=,

CNFETHEBTIL.ESBL 2EE T IRERRERGRELA D BIh L LOBE LI o1,

LL., SE ESBLEZREET S £ coli 026 M5 EEiSNhT, £ coli 1571 %85 . BEHMEXBE
TR HRERAROREICELTIRELERORDTHS. LHL. COLILTHEEM
THhAERESE LRI CRERESBBRNEEO BN TRESNITEHEISEVEEbhS, 7
DESHBE RN EELT BEMELDY . SEOMMEBF— (T R TMBEHIZELTE
WHRNESDETHELEIOND,

AEGICEHL TR ES L UICSEHME L ICARTBIEECAB S REERB X
VZDOFKIEICBE#N-LET,
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CTX-M-EB-Z 0y < —YOoFBEl, 25 CL-Z7F—EDH
ZHAE, BLU16S IRNA X F L — R EEEDOSEERIT

B R |

EANAOERRISG T BEL- 77 ARICTEZER Uik REED I L. i
Hb. TNEI L BENBRBRORBEDIBBEL R DDH D, 2 THADERIMRT 2001
2003 FiCHEES N, BREHIEEZE T ORF OFFTER D B - =B AHITERE K T Acinetobacter
BHE 1,456 #kiT DWW, CTX-M-BS-Z 27 —BD PCR ICL 2MHZITRN, ISIZHFH LN
BETFRBE 317 RIS DN TiT o 720

Z DR, CTX-M-1, CTX-M-3 BL U ZDH L\ variant TH B CTX-M-36 OFELELSRER SN
72o Fiz, CTX-M-2 L L BHITED variant TH D CTX-M-15 BPEBOMRTHEEZ . 51T,
ZOHZED CTX-M-35 DEE BRI NG, —FH. CTX-M-9 & ZIITiHRD CTX-M-14 BBEC
BHROEROEREHRD b AMI N AEFHBI L=,

Fix, ZHFET. GERBREBESEZIIN TRV SZACODR-Z 72—, [T
PRI FED CMY-BIG-Z 7 ~—EREEBH Y. AT 52012, FnBuedz
AW=HBE2 IR U, BCEGRFEIHRINTWAREFEZAVEERTIE. &
DEREOKRE. BB, disk B, MEBREAFEORG T, HHCERACHIShSbOL
s h s, ARBEOERFRICOWUL, BCRRFHERZTO. ERICIIHERI N 25
T, BEFEDEN TV,

—7. BENICARBRLREGRT I/ V) 3y FEBREOME2MET 2, 753 R
£ 16S1RNA A F L —2 (RmtA, RmtB) 2EAZIIFER L. BHIHEL T0 35, ThHOER
TOSBERNZ FPREOICHEE L. ZOHR. FC. RuA 2ELTIREROARS T,
RmiB %FEL T 3. E. coli, Serratia marcescens, Kiebsiela oxytoca e EDEPICEL DAH LTV D
HREEELE, 512, BRNTRRIN TN AmA 220 CH., BICERIBALTWS
BEFIZICRR Lz, LLLOBERD S, COBED TS X I MM 168 IRNA A F L —ZEELHRIC
NI BEAERTOER LT 2 BEDD 5,
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UFPNZALPCRZFIA L= a—F /AR MF 7 AW _FFT7RAA B grA T RORHERY

V— O
SRIFRE EBAE E B ER R FTRIFTE
Wt s EMEE E SRR E e AR MU B S — T

HES BF 7R NREGFT7RI, ARERET VT, HETIT, A FHARE, S8, BHER, 2%,
TZVHIRETBIEL , BEDRBMITERNEL CND, [BTF 7R FF T RiT, F AR AFF 7
A A BOBRL-TRES, RO EMThNG, BIE, —a—% /oL RETEAIR
BT TR RGFTADE—TBRE LR TND, ETAR, FIRE AFF7ZABITBWTIL, 158
DEBIRE ThHH=a—F /e HBREH TRV o /o ERES HE AL, I EoX
R TND, BF 7R ATFFTAEE, =a—% /0 ARRZ ML B TR R B AR
MDIEBEETHD, BRIV ABROBRZ LR ORBN = o % /A ARRSZE M B DR 2Y
—=rFEUTHAS TS, LhLRSS, BARSHRBRIIE ORI LRI DD, #0180
MREICETS, BIIOEREMB TR0, I0RERRZ)— = FERER SN TWS, i
BIZZOBERITEZ BT, VT AE AL PCR Z2F| LT = —% /AR T 7 R « 35 F7
A A BORFEAIV—=0 TERER LD T, §E T3,

Fik =a—%/m SR DNA Dy AL — 2% a— R T BRIET gyrA DD HRTEDIMIT AL
ERABIOIRI D, FIcHIX, YT AEALPCREAVT A DERERITHH LR BRLE,

BRIHIIZ, RIS RO R E ThEY A2V 7 T ik Ve, BEBAS grA O
TN 83 B 8T BEMOERIRH TEBY AV 7 T T EER LI, ZORIEHE TR, B R
B2 DNA ZFINTY 7 A Z A5 PCR BATHLE DM RENB M, ZERAM Aol DNA TUF A
§ 45 PCREAT>THRILIRIENRV, FTRE $FF72 A BIEHRD MBS NI B A
Ui, WBERIEH LR F U KEOau=—1nb DNA ZHltiLRBICHEALE, V71514
PCR & Takara @ Smart Cycler System %A1 7. PCR ML 95 & 15 £, 65 F 20 #b, 72 B 15
BEIFAIVLL, 0 SAINVRISETT T, 83 BAT —7 13 FAM, 87 BRI 72— 11 ROX T7
L 2 EROBET BT % | KOFa—T I ANTAF T L yPAPCR EL T >Tz, Z0FH
T 83 F& 87 FEMLTERB A TWBLHIFEN L DI, SOICBBRESRIE L2 B BNITRH
TV A7V 77 0—7T 83 F(TCC). 87 % (GAC) ¥ DRI BHEN - E Tz,

FREBE HbhBGET ma—F /ARRIUMIETF 7R - HSFF T2 A BD gyrA OF

BEWRTHER, 83 F (TCC) X TIC, TAC, 87 F(GAC) X TAC, AAC, GGC It 2L, TENEZ

DEPTIFE O THEILEWMEL, ZOFETT_TOERERHL., YOFRizBBRIh):

ERANBILNTEDINEERNA-THRO DNA FALBN UL, FOBE, LR0FET(1)83 B,
87 BD gyrA DERZBIHMNTEDIL, (2)83 F(TCC), 87 & (GAC) DEMEN - HESHE DB

LIATEDLL, 2R TEI, ZOFEIRM 1 B CRANRHSED, KD FVD7 X8Iz L)

BEHHBREIEENICRE T RE R E TEEFE TS, ZOFEIL. BF 7R AFFTAD

BREVOBLRDPD RWCHBRCES HIEThHLEbnD,
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BT FORE PBP O A4 I8 AT 5 6
OFIHEL EIRMEMZRT MEE—&

[(BH] MEEOHMEICBNT, #ET FYREOMEEARBERDO—DTH % PBPL
id. MSSA IZBWTH MRSAIZBWT &, ZOEMBICRETH 2 L VREEFENIITRIN
2o LB L, JTOWEDOSHDPBPLIE, LHIIR—F S0 H LHREZMETHS (MRSAD
¥r> PBP1 & MSSA [@tk. REBEDOR—FS 7% AFERIET D). BEZFNIIRINE
PBP1 0E#t &, PBP 7 vt 4 THEINS PBP1 OR—% 5 7 & LAHIRRSZMHEEFER
SFRRAT 272010, RIFHA IR L LBEERR=V V2 DWIEERPBP 7 v A
BB IR,

[35 & 5 IMSSA & LT NCTC8325 st BB255, MRSA & LT COL Z 3 b=,
R OBERICH 5P Lid. 4 % 4 (0.001 pg/ml-1000 pg/ml) & 30°C, 15 256
¥, PBS ¢ 3[EBEFHR, v /DX 2O THEEZHER L. S ORELEK
EAHROESITH L, 836 =21V (10 uM Bocillin FL, Molecular Probe #t) % &t
I8, LEEHTA IRRLERIG Lo/ PBP 2L/, PBP V7 HIVOERIC
3862 % v 7 —(Typhoon 9400, Amersham Biosciences $H) % & H1 =,

(R E8] WL TEEBEMIN LT CRRL. BREIO2EEIf IRRLAER
IBERTHB 2725 HO PBP 7 v A Tid. 0.1 pg/ml € 97%D PBP1 234 IR_RRLE
Rt % LAEEEI D, 1000 ug/ml O 2202 BNTHEDK 83%D PBPL
FREIGDEFZTHoizo T, TORBERHTTH 20-25%D PBP2 F14 I~FLE
ORGERNTWE. ZOBREE. T 6D PBP O4 IR AICHT HEZENMENDIS
TldZW. BEOTS PBP 7 v O L5, BAFRICZ L > CELShERESROER
DA IZARRGIE, ZOE, HHRZV ) VIZ X - TEREIGPBP 2T 5 &,
4 I _Z LMERSZME PBP (& MRSA 0% 2 PBP2' MR e FERRERIE.
FIEFRR=V VY GEHDBNWTBIRSETF v/ COHMRTAIENTER, LD
EE b, "= S5 LHFELET D MRSA OMFEIZIE, PBP2'L, "—& 350 » LAIF
itk DD E @ PBP1 OEPBETH DI LEZ DI LHTEE (COWMELITT MRSA
ORFEIZ+HTH B0 S PIESROHEELI DI SN, SRlBIiko/ PBP 7v
A CEHEINEA IR LB, BLUOTRRIGH PBP1 45, {4BEO Y ZICHEE
THOPEHLPICT IR, FiREABHROBREPCR—F 5785 LAIERIGLTHY
72\ PBP 2 2RINTE 5 X 5 2Hith e b BV A RBEHIC L 2BRILETH D LE
ZAbhb,
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E. fzecalis VanB VRE D B E(GEME a0 i TS AIR OARNT

SRBEE M OERE Y FERAE BE RS LB B HFE BT BN B
BA B AR B REL BA HET!
(BB RFERFRE LRI RR BRI | FIZRAI R 25 2)

LEOCERBERIZHBITS VRE SEERRAZEORR. EE0H-7 1,788 Mk, 31 R
(1.7%) 23% VRE(VanA, VanB, VanD ) B30 Bs 7z, Sz VRE OB 128 i (VanA
A 71 $, VanB B 56 i, VanD ! 1 §) Th-o7-, 128 4] (128 k) Hh, 8 BRI DABES L 35
ML E faecalis BT, £D55 31 #kid VanB B 4 Bkik VanA BICh-o7-, 8 Mk 31 Bk £
faecalis MDD, 4 MigR 25 RO Van BEF P BBEEICEG RSN, 4 BRI ENO5HE
$id. VanB B 19 K, 2 R, VanA B 3 Bk, 1 Bk ChoTe, ZDH% E. faecalis VanB B VRE 7% 19
R BES VIR DRRIZ DWW TREN 24T 072, 2019 B, 1999 4212 BATERD T &%~ VRE
BEIRRALEE B O D BERE Ch B, B TIHAAND AZRE DEE, RH)D VRE BaBEshr,
D%, ARRBHFEOEZRELLEZA 16 AN VRE 2EEL TV, DBShn VRE 1127
VanB B E, faecalis Bk THY, PFGE IZLBAFHTD 1| BRERES TRPIOYAE (4 DNA SF—1
ZRL, [B— ORI L DRARBEN S b, ZheDBRiT o 2 Ve TS AIN B
LTz, Sl F—r O Rp% 1 FRiTRead EicitEBEFAEELE, Qon. I, Infect.
Dis. 2001. 54:17-22)

RS BRERICEETD 1| HERE, £ TONVav VU TN RS b ot 5
BHZY 107~ 107 ORBUE CHEAEELL, AR —8 HGH22 ZBUMTLZL2 5, h
RS EREE oMU UMHETTAIR pUI22 (107kp) Dtz &miEE T Y 2 < A 30
PEFTFAIN pTI22 (70kb) ZARFFL TV /e, pUI22 FSAIRICa—RES VanB e {E T
vanSz—van Y IR G BB FI|OMFFTH 0 vanB2 BUZ 43S, Southern hybridization OFRAT
5 pUI22 37 2B ST FAIRICRFEN TV DES G HEIREFL . SbIt8
7218 ¢CR10 I KV BEE A E X2 2 &8 pCF10 (54kb, Tet) DT =) 5 it
BIREETFAINEE 2B, pUI22 12DV THIIRBERE IR At L7214, shot—gun ¥EIZLY
2EEFR S| RE LR, pUI22 1% 106,524bp D REE T, vanB2RMERE 5 & el S EEN:
o AR Tni1549(34kb, Van') BBALZT 2oty FIGtEFFAIR Thotz, —F pTI22
IR A EOMIZ 8 ~Hemolysin/Bacteriocin(Hly/Bac) Z=—R L. s ¢t
EEYUTD 10~ 10 ORBEE A GELL, A7 =0T cADL ICh-> TRENFEINE
Z&H pTI22 i3 pAD1(60kb, Hly/Bac) B OT7 ot RIGH S RAINEE 2 b, Zhbn
T xR FIET FAINERIE T B VRE (B, frecalis) B 7 o—F BB O BEOBEMNIZ
LTV Ehh, ZORRICIMTLS OB EBE F RIS 5 LR HR SN -,
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Where has vancomycin-heterogeneously resistant Staphylococcus

aureus gone?

Sir—7 vyears 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
I per 1000000. Warnings were sent out that such
strains had already been disseminated in several
Japanese medical institutons, despite the fact that
they would hardly be detected by routine
antimicrobial susceptibility testing recommended by
the National Committee for Clinical Laboratory
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 §  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 § 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 § aureus on brain heart infusion agar plates sup-

plemented with sub-MIC of vancomycin. However,' '

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 § aurews 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 S
aureys containing a small number of GISA
subpopulations has not been solved, zlthough the
total genomic sequence of a GISA strain, Mu50, has
been disentangled.

The emetrgence of vancomycin-resistant S aureus
harbouring the warn 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 aurewus.
Therefore, investigators' who earlier reported the
dissemination of the illusory strain should perhaps
provide a2 detailed supplementary update report on
why it has vanished from Japan.

*Yoshichika Arakawa, Yasuyoshi lke, Mitsuaki
Nagasawa

*Department of Bacterial Pathogenesis and Infection
Control, National institute of Infectious Diseases, 4-7-1
Gakuen, Musashi-Murayama, Tokyo 2080011, Japan
(YA); Department of Bacteriology and Bacterial infection
Control, Graduate School of Medicine, Gunma University,
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Nosocomial Spread of Ceftazidime-Resistant Kiebsiella pneumdniae

Strains Producing a Novel Class A B-Lactamase, GES-3, in a
Neonatal Intensive Care Unit in Japan
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Klebsiella pnevumoniae strain KG525, which showed high-level resistance to broad-spectrum cephalosporins,
was isolated from the neomatal intensive care unit (NICU) of a Japanese hospital in March 2002, The
ceftazidime resistance of strain KG525 was transferable to Escherichic coli CSH-2 by conjugation. Cloning and
sequence analysis revealed that production of a novel extended-spectrum class A B-lactamase (pl 7.0),
designated GES-3, which had two amino acid substitutions of M62T and E104K on the basis of the sequence
of GES-1, was responsible for resistance in strain KG525 and its transconjugant. The blugps 4 gene was located
as the first gene cassette in a class I integron that also contained an aacdl-orfG fused gene cassette and one
unigue cassette that has not been described in other class 1 integrons and ended with a trancated 3' conserved
segment by insertion of IS26. Another five ceftazidime-resistant K. preumoniae strains, strains KG914,
KG1116, KG545, KG502, and KG827, which were isolated from different neonates during a 1-year period in the
same NICU where strain KG525 had been isolated, were also positive for GES-type B-lactamase genes by PCR.
Pulsed-field gel electrophoresis and enterobacterial repetitive intergenic consensus-PCR analyses displayed
genetic relatedness among the six K. preumonioe strains. Southern hybridization analysis with a GES-type
B-lactamase gene-specific probe showed that the locations of bla s were multiple and diverse among the six
strains. These findings suggest that within the NICU setting genetically related K. pneumoniae strains carrying
the bla . gene were ambushed with genetic rearrangements that cansed the maltiplication and translocation

of the blag. gene.

Resistance to B-factam antibiotics mainly depends on the
production of B-lactamases. To date, & large variety of B-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-cephalosporing have been spreading globally,
mainly in the Enterobacteriaceae, including Klebsiella preu-
moniae and Escherichia coli (5, 23, 29). Moreover, various
non-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
varipus gram-negative bacilli. Among the GES-type B-lactama-
ses, GES-1, which was found to be produced by K. preumoniae
ORI-1, identified from a child ransferred from French Guiana
to France in 1998, was the first report of the GES-type class A
B-lactamase (24); and GES-1-producing K. pnewmnoniae strains
have caused nosocomial infections in Portugal (9). IBC-1 was

* Corresponding author. Mailing address: Department of Bacierial
Pathogenesis and Infection Control, National Institnte of Infectious
Diseuses, 4-7-1 Galuen, Musashi-Murayama, Tokyo 208-0011, Japan.
Phone: 81-42-561-0771, ext. 500. Fax: 81-42-561-7173. E-muail:
yarakawa@nih.go.jp.
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identified in an Enterobacter cloacae clinical isolate from
Greece in 1999 (11), and IBC-1-producing E. cloacae has also
been repeorted to cause nosocomial infections in a neonatal
intensive care unit {NICU) (17). GES-2, which displayed more
extended-spectrum activity against imipenem compared with
that of (FES-1, was reported in Pseudomonas aeruginosa from
South Africa (28) in 2000, and GES-2 producers also caused a
nosocomizl infection (27). All three genes, blageg . Plagrs.a
and bla;p..q, Were found to be located as a gene cassette within
similar class 1 integrons.

Recently, six chinical isolates of K. preumoniae showing high-
level resistance to various broad-spectrum cephalosporins, in-
chuding ceftazidime, were identified from the NICU of a Jap-
anese hospital, and conventional PCR analyses for TEM-
derived ESBLs and CTX-M enzymes failed to specify their
genetic determinants, Ip 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 MEFTHODS

Bacterial strains and plasmids. The sirains and plasmids used in this study are
listed in Table 1. Six K. prenumonize clinical strains had been isolated from
neonates over 1 year, from September 2001 to Angnst 2002, and were stored in
the clinical micrabiology laboratory of the hospital until this study, Biochemical
phenotypic identification of these strains was carried out by the analytical profile
index procedure (APL 20E system; bioMerieux, Marcy ’Etoile, France). A pre-
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TABLE 1. Bucterial strains and plasmids used in this study

Strain or plusmid

Characteristics Source or Reference

K. pneumoniac KG914, 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(XK~ mK™) reld] lac [F~ Stratagene
proAB™ laclqZAM15:Tai0(Tet")]

BL21(DE3)pLysS F~ ompT hsdSy (re~ me™~) gal dem (DE3) pLysS (Cam”) Invitrogen

Plasmids

pKGC525 A natural plasmid carrying blaggs.s of K. pneumoniae KGS25 This study

pKGB525 A recombinant plasmid carrying 2 6.7-kb BamHI fragment This study
containing blagps.; of K. preumonice KG525

PRGMS525 A recombinant plasmid carrying a 11.6-kb BamHI fragment This study
containing dlacpg s of K. preumoniae KG525

pTAGES3 A recombinant plasmid carrying a PCR fragment with the entire This study
blagps 4 sequence and its promoter region cloned into the
pCR2.1 vector

pGES3 A recombinant plasmid carryitg EcoR1 fragment from pTAGES3 This study

pIEC1 A recombinant plamid carrying blage 4 constrncted from pGES3 This study

pBCSK+ A cloning vector; chloramphenicol® Stratagene

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

pET2%(+) An expression vector; kanamycin” Novagen

pET-GES3 A recombinant plasmid carrying PCR-amplified blgggs.a gene This study

ligated to pET2%(+)

liminary double-disk synergy test was cartied out with disks containing cefiazi-
dime and amoxicillin-clavalanaie. Bacteria were grown in Lucia-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 Xaisha,
Ltd., Tokyo, Japan; piperacillin, Toyame Chemical Co., Ltd., Toyama, Japan;
cephaloridine and moxalzetam, Shivnogi & Co., Litd., Osuka, Jupan; cefmetazole
and chloramphenicol, Sankyo Co., Ltd., Tokyo, Japan; ceforuxime and cefpi-
rome, Aventis Pharma, Ltd, Tokyo, Jupan; ceftazidime and clavulanic acid,
GlaxoSmithKline K. K., Tokyo, Jupan; sulbactam, Pfser Pharmaceutical Ine.,
Tokyo, Japan; tuzobactam, Taiho Pharmaceutical Co., Ltd, Tokyo, Japan;
cefepime, Bristol Pharmuceuticals X. K., Tokyo, Japan; aztreonam, Eizai Co.,
Lxd., Tokyo, Japun; imipenem, Bunyu Pharmaceutical Co.,, Ltd., Tokyo Japan;
und rifunapin, Duiichi Pharamaeeuticul Co., Ltd,, Tokyo, Japan. The MICs of the
B-lactams were determined by the agar dilution method, according to the rec-
ommendatioos of National Committee for Climical Laboratery Standards docu-
ment M7-AS5 (21), E. coli ATCC 25922 and ATCC 35218 were purchased from
the American Type Calture Collection (ATCC) and served a5 control strains in
the antimicrobial susceptibility testing.

PCR amplification. To amplify the broad-spectrum g-lactamase genes from
the six clinicsl strains, PCR analyses were performed with sets of primers specific
for varions B-lactamause genes found in Japan—inclading the TEM-derived ex-

tended-spectrom  B-lactamase {39); CMY-2., MOX-1-, and DHA-l-type B~

lactamases (8, 40, 41); and CTX-M-1-, CTX-M-2-, CTX-M-9-, IMF-I-, IMP-2-,
and VIM-2-type B-lactumases (13, 26, 30, 31, 33, 39)—under the conditions
described elsewhere (33). Detection of the SHV-type B-lactamase gene was not
performed becanse most clinical K. preumoniae strains carry the LEN-1 andjor
SHV-1 g-luctumase gene on their chromosomes (1, 7). In order to detect the
GES-type B-lactamase gene, an 827-bp internu} 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
ubove.

Conjugal transfer of B-lactam resistance. Conjugal transfer of the ceftazidime
resistance of K presmoniae KG525 to a recipient E. coli steain, strain CSH-2 (F™
meB, resistant to nalidixic acid and rifampin), was performed by the flter mating
method, Transconjugants were selected on LB agur plates containing ceftazidime
(2 pg/ml), rifampin (160 pgml), and nalidixic acid (30 pg/m)).

Cloning experiment and DNA sequencing. Basic recombinant DNA tech-
nigues were performed as describedl by Sumbrook et l. (32). Total DNA of K
prewmonige K525 was extracted and digested with BumHI. The resuitamt
frugments 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 cefiazidime
(2 pg/ml). The mucleotide sequence of the cloned frugment was determined with
BigDye terminator cycle Sequencing Ready Reuction kits and an ABL 3160 DNA
sequencer (Applied Biosystems, Foster City, Culif.) by using custom sequencing
primers,

Site-directed mutzgenesis for comparison of GES-3 with IBC-1, PCR-based
site-directed mutagenesis of the bl q 4 gene was performed with the LA PCR
-In Viro Mutagenesis kit (TAKARA Bio [nc., Ohtsu, Japan). In brief, the entire
blacss gene and ils promoter region were amplified by PCR and cloneé into
plasmid pCR2.1 with the TA cloning kit {Invitrogen, NV, Leek, The Nether-
lands}. One plasmid, pTAGES3, was selected after it was confirmed that it
contained no amplification ersor and was ther digested with EcoRL The result-
ant fragment was recloned inte pBCSK+. The resultunt plasmid, pGES3, with an
insert carrying the blagg s gene and its promoter region wis used to introduce
4 single nucleofide mutation {C to T) at nucleotide position 167, which leads to
4n amino acid substitution (T te M) at pesition 62 in GES-3, resulting in the
conversion of the gene product from GES-3 to iBC-1 expressed voder the sume
promoter.

Pulsed-Beld gel electrophoresis (PFGE) and enterobacterial repetitive inter-
genic consensus (ERIC}-PCR analyses. Total DNA was prepared from six £
preumoniae strains (34) and digested overnight with Xbal (New England Bio-
lubs, Beverly, Muss.). The digested DNA was electrophoresed with « CHEF-
DRI Drive Module (Bio-Rad Laboratories, Hercules, Calif) under the follow-
ing conditions: pnlses ranging from 10 to 40's at 6 V/em for 20 h at 16°C. Six &,
pricurnoniac Stiains were also typed with the primer ERIC-2 (3%-AAG TAA GTG
ACT GGG GTG AGC G-37). The PCR was carried out under the conditions
described elsewhere (36).

Sonthern hybridization. Large plasmids were prepared from six K. preu-
moniae strains by the procednre described by Kado wd Lin (16). The chromo-
somal DNA was extracted from euch isolate by the method of Stauffer et al. (35).
Both plasmid and chromosomal DNA preparations were separutely subjected to
Southern hybridization experiments. The 827-bp DNA. probes were umplified by
4 PCR with primers 5-CTT CAT TCA CGC ACT ATT AC-3' and 5*-TAACTT
GAC CGA CAG AGG-3" The PCR amplicons were labeled with digoxigenin
(DIG) by 4 rundom priming labeling method with the PCR DIG detection
system, as recommended by the mumifucturer (Roche Dizgrostics, Tokyo, Ja-
pun). Southern hybridization was performed by the protocol of the munufucturer
(Reche Diagnostics).

Purification of GES-3 B-lactamase. To overproduce GES-3 P-luctamase in E.
coli, the blag.s, gene wius 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. preumoniae clinical isolates from a NICU

MIC (pe/mD?
K , Dute of
PREUTONIGE  tolation Site of isolation ~ AMX Pip CAZ
sirain {mo/day/vr) + PIP  + CAZ + CIX ATM CMZ FEP JPM GEN AMK LVX CIP

CLA TZB CLA

KG914 9/14/01  Bronchial secretion >(28 >128 128 >1024 512 &4 64 16 32 013 1 32 <006 <0.06

KGi116 11/16/1 Bronchial secretion >128 >128 128 >1024 128 o4 64 16 32 013 05 32 <006 <006

KG325 3/4/02 Stool >128 128 128 »>1024 256 64 64 16 16 013 2 64 <006 <006

KG545 3/7/02 Nasal mucosa >»128 >128 >128 >1,024 1,024 128 128 128 64 05 2 64 025 025

KG3502 5/2/02 Pus »>128 128 64 1024 512 16 32 >128 8 8§ 2 32 013 <0.06

KGR27 8/27/2  Bronchial secretion >128 128 32 >1024 236 16 64 128 R 05 2 32 2 1

 Abbreviations: AMX, amoxiciliin; CLA, eluvulanic acid; PIP, piperacillin; TZB, tazobactam; CAZ, ceftazidime; CTX, cefotuxime; ATM, uztreonum; CMZ,
cefmetuzole; FEP, cefepinie; IPM, imipeneny; GEN, geatamicin; AMK, amikacin; LVX, levofloxacin; CIP, ciprofloxacin.

CTATTT GTC CGT GCT CAG GAT GAG-3'), which was designed to add an
Sull linker {undetlined), and DNA polymerase (Expand High Fidelity PCR
System; Roche Diugnostics), according to the instructions of the manufacturers.
The resulting products were cloaed into plasmid pCR2.1 with the TA cloning kit
{Invitrogen, NV) and subjecied to confirmatory sequencing. One plasmid with no
amplification error was selected and was partially double digested with Ndel znd
Sull and then subcloned into pET-2%u(+} (Novagen, Madison, Wis.), which had
been digested with the same enzymes, The expression vector constructed, numed
pET-GES3, was introduced inte £, coli BLZH{DE3) plysS (Novagen). E. coli
BL21{DEJ) pLysS carrying plusmid pET-GES3 was cultured in 1 liter of LB
broth containing kanamycie (50 wg/ml). Isopropyl-f-p-thiogatuctopyranoside (fi-
pal coneentration, 1 md) was sdded wlhen the culinre reached anA g, 0f 1.6, and
the culture was incubated for an additional 2 k. The cells were hurvested by
centrifugation and were suspended in 5 mi of 20 wM bis-Tris buffer {(pH 6.5).
‘The suspension was passed throngh a French pressure cel} twice and was then
centrifuged at 100,000 X g for 1 h at 4°C, The supernatant was nsad for subse-
guent chromatographic purification. Size-exclusion chromatograpby was per-
formed on 4 Hil.oad 16/60 Superdex 200 prep-grade column (Pharmacia Bio-
tech, Uppsals, Sweden) preequilibrated with 20 mM bis-Tris buffer {pH 6.5).
Fractions containing B-lactamuse uctivity wete colected and applied to an anion-
exchange Hitrup Q HP column with the same buffer. p-Lactamase activity was
recovered in the flowthrough and was dialyzed against 20 mM Tris-HC! buffer
(pH 8.0) overnight at 4°C. This partizlly purified enzyme was loaded onto a
Hitrap Q HP column (Pharmacis Biotech) precquilibrated with the same buffer
and ¢hated with a lineur gradient of NaCl. Fructions presenting high levels of
activity were pooled and dialyzed against 50 mM phosphate buifer (pH 7.0).

Isoelectric Focusing (IEF). Fifty milliliters of the bacterial cultiere was centri-
fuged, and the cel) pellet was suspended in 5 ml of distilled water. A crude
periplusinic preparation containing B-lactamase was obtuined by freezing-thaw-
ing the bacierial suspension three times, followed by ulteacensrifisgation (44,000
X g) for 1 h. The supernatant was condensed to 1/10 volume with an Ulirafree-15
Ceatrifugal Filter Device (Millipore Corporation, Bedford, Mass.). To deter-
mine the isoelectric point (pl), 5 wl of the condensed supernatant containing
B-lactamase was loaded onto an Ampholine PAG plate (pH 3.5 to 9.5; Pharma-
cia Biotech) with a Multiphor I} electrophoresis system (Pharmacia Bioteck),
‘TFhe pl of the B-lactamase was measured by staining the gel with a 0.05% solution
of nitrocefin. Purified GES-3 B-lactamase was also electrophoresed on the Am-
pholine PAG plate and stuined with Coomassie blue,

Nucleotide sequence | ber. The nucleotide sequence data re-
ported in this paper are available in the GenBank nucleatide databuse under
accession number AB113580.

RESULTS

Characteristics of six K. preumoniae 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 cefolaxime, 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, =128 pg/ml). This ob-
servation was consistent with the negative results of the dou-
ble-disk synergy test with two disks containing ceftazidime and
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amoxicillin-clavulanate, respectively. Metallo-p-lactamase pro-
duciion was not detected by using a thiol compound (2). PCR
analyses performed preliminarily to detect broad-spectrum
B-lactamase genes including TEM derivaiives, CTX-M-i,
CTX-M-2, CTX-M-9, MOX-1 (CMY-9), CMY-2, DIHA-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 X. pneumoniae
KG525 was successfully transferred to a recipient strain, E. coli
CSH-2; and this finding indicated that the genetic determinant
was located on a tramsferable plasmid. Two ceftazidime-
resistant E. cofi clones, each of which harbored a plasmid
containing BamH! fragment inserts of approximately 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 GES-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-lactarns for
parent strain K preumoniae XG525, transconjugant E. coli
CSH-2(pKGC525), and transformant E. coli XL1-Blue(pKGB525)
are listed in Table 3. Parental strain K. prneumoniae K(G525 was
resistant to most B-lactams except the cepbamycins 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 K(G525 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. cofi trancon-
jugant and transformant in the presence of the inhibitors.
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FIG. 1. Comparison of the amino acid sequence of GES-3 with
those of the GES-1, GES-2, and IBC-1 B-lactamases. Only the substi-
tuted amino acid residues are indicated by the single-letter amino acid
code. Dashes represent positions where no amino acid substitution was
observed among the four enzymes. The amino actd residues conserved
among class A B-lactamases are indicated with asterisks.

Genetic environment of bla . 5. Two distinct BamHI frag-
ments carrying the bla; . 5 gene were cloned; their sizes were
approximately 6.7 and 11.6 kb, respectively, and pKGB525 had
the 6.7-kb fragment. Sequencing analysis of the entire insert on
pKGB525 revealed that the blagpg, gene was located as a
gene cassette within a class 1 integron structure, as was ob-
served in the other GES-type B-lactamase genes, blaqpgq.
blacrga, and blaype, (Fig. 2). The 59-base element down-
stream of the blagys ; gene was made up of 110 bp and was
different from that of the truncated 59-base element of
blacyy, on pTK1 (GenBank accession number AF156486),
but shared it 99% nucleotide identity with those of blagpg » on
pLAP-1 (GenBank accession number AF326355) and bla, g4
on pHTY-2 (GenBank accession number AF208529).

The second gene cassette adjacent to the bluspg 5 gene was
a fused aacAl-orfG gene cassette, The results of the disk dif-
fusion test indicated that the presence of an eaed I component,
which encodes aminoglycoside-6’-N-acetyltransferase, con-
ferred kanamycin resistance o the transformant E. coli XL1-
Blue(pKGB525} (data not shown). The nucleotide sequence of
this fused gene cassette shared 100% identity with that in a
class 1 integron on plasmid pCMXR1 (GenBank accession
number AB061794). The function of the product encoded by
orfG has not been characterized in detail. The third gene
cassetie is 327 bp and was named orfd. The orfd gene was
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suggested to be a gene cassette by recognition of the features
typical of these elements: (i) the presence at the cassette
boundaries of 7-bp core site sequences that completely fit the
consensus sequence and (ii) the presence of a 59-base element
of 78 bp downstream of the orf4 gene. However, no remark-
able similarity between the hypothetical protein encoded by
orfA and any other known protein sequences was detected in a
search performed with the BLAST program. The 3’ conserved
segment of this integron showed a characteristic organization.
The gacEAI gene was truncated at nucleotide position 114 by
the insertion sequence 1S26. In the region downstream of 1826,
an IS6700 element and two ORFs of unknown function, i.c.,
orf5 and orf6, were found. The nucleotide sequence of the
1.4-kb region containing IS6100, ozf5, and orfé was identical to
that seen downstream of the sull gene of the class 1 integron in
the chromosomal multidrug resistance locus of Salmonella en-
terica subsp. enterica serovar Typhimurivm (GenBank acces-
sion number AF261825). Sequencing analysis of pKGM525
carrying the second bla gy 5 gene on an 11.6-kb fragment was
also done, and the blaspg ; gene was also found in a efass 1
integron structure with the same gene cassette configuration as
in pKGB5235. The nucleotide sequence of the region from intl]
to IS26 was the same as that found in pKGB525 carrying a
6.7-kb BamHI fragment.

Construction of IBC-1 by site-directed mutagenesis. Only
one amino acid substitution, M62T, was found between the
sequences of GES-3 and IBC-1 (Fig. 1). Therefore, to examine
whether this amino acid substitution affects the MICs of -
lactams for the £. coli clones producing each enzyme, we
constructed plasmid pIBC1, which encodes the IBC-1 enzyme
under the same promoter as that for GES-3, by site-directed
mutagenesis of the bla;pg 5 gene within the parental piasmid,
pGES3. However, this single substitution did not markedly
influence the MICs for the E. coil clones {data not shown).

PCR detection and genotypic comparison. The remaining
five nonrepetitive ceftazidime-resistant K. pneumoniae strains,
strains KG914, KG1116, KXG545, KG502, and KG827, were all
found to be blag - positive by PCR. The results of PFGE
analysis of all six isolates are shown in Fig. 3. Their fingerprint-
ing patterns were very similar but in some cases were distinct. -
We examined the fingerprinting patterns from 48.5 to 194 kb in
detail under other conditions {data not shown). Overall, there
were from three to seven band differences among the six
strains examined. The ERIC-PCR patterns amplified with the
ERIC-2 primer were indistinguishable from one another (data
not shown}. Taken together with the fact that these isolates
were collected over a 1-year period, we speculate that they
were genetically related and had probably spread via nosoco-
mial transmission of an endemic clone.

Plasmid profiles and Sosthern hybridization. The plasmid
profiles of the six blag¢-positive strains showed the presence
of a large plastnid of approximately similar size in five of the six
strains {Fig. 4A), while some of them possessed additional
plasmids which were smaller and more diverse in size. Hybrid-
ization analyses with the probe specific for the GES-type p-
lactamnase genes, including bla .- ;, revealed that the location
of this genc varied among the strains tested. Hybridization
signals for large plasmids were detected for strains KG914,
KG1116, and KG502 (Fig. 4B). Hybridization signals for both
plasmids and chromosomal positions were observed for
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TABLE 3. MICs of antimicrobial agents for the parental strain, transconjugant, and transformant
MIC (pgimi)
B-Lesctans K. prgumoniae E. coli CSH- . coli CSH.2 £. coli XLI- E. eoli XL1-
K(3525 2pKGC525)" » colt Lok Bluc(pKGB525)* Blue{pBCSK +)

Ampicillin >128 >128 4 >128 4
Ampicillin + sulbactam >128 2 2 2 2
Amoxicillin =128 =128 8 >128 4
Amoxicillin + clavelanate >128 32 4 32 4
Piperacillin 128 16 1 16 1
Piperacithin -+ tazobactam 128 6.5 1 0.5 0.5
Cefotaxime 64 2 0.13 2 0.13
Cefotaxime + clavulanate 8 0.06 0.06 0.06 0.06
Cefotaxime + sulbactam 32 0.06 0.06 0.06 0.06
Cefotaxime + tazobactam 64 0.06 0.06 0.06 0.06
Ceftazidime >1,024 128 0.13 128 0.13
Ceftazidime + clavulanate 256 4 0.13 4 0.06
Ceftazidime + sulbactam >128 0.25 0.13 0.5 0.13
Ceflazidime + tazobactam >128 0.5 0.13 0.5 0.13
Cephaloridine >128 16 2 16 2
‘ Cefminox : 8 0.5 0.5 1 0.5
Moxalactam 4 025 06.13 0.5 0.13
Cefpirome >128 1 0.06 2 0.06
Cefepime 16 0.13 0.06 0.25 0.06
Aztreonam 64 4 0.06 4 0.06
Imigenem 0.25 0.5 0.25 0.13 0.13
Gentamicin 2 0.13 0.13 <0.06 <0.06
Amikacin 64 2 0.25 4 0.25
Levofloxacin <0.06 0.13 .13 <0.06 <0.06
Ciprofloxacin <0.06 <0.06 <0.06 <0.06 <0.06

@ Clavalanate, tazobactam, and sulbactam were used at # fixed concentration of 4 ug/m each.
P pKGCS25 is 4 resident plusmid found in K. pnewmeniae strain KG525, and it carries the blag,< 5 gene.
©pKGB525 is 4 recombipant plasmid that carries u 6.7-kb BamHE insert that mediates the bleges s gene.

KG525. One of the hybridized plasmids from each of KG%14,
KG1116, and KG525 were similar in size. A single hybridiza-
tion signal corresponding to the chromosomal position was
detected for cach of the strains XG545 and KG827 (Fig. 4C).

pIs of p-lactamases. The pl value of the purified GES-3
enzyme was determined to be 7.0 (Fig. 5A). IEF of crude
extracts from six GES-type B-lactamasc-producing clinical
strains revealed two bands with pls of 7.6 and 7.8 (Fig. 5B).
The band with pI 7.0 was also detected in a GES-3-producing

E. coli transformant which harbored the blagpg , gene of K
preumoniae strain XG525. The band with a pI of 7.6 corre-
sponds to the chromosomally encoded LEN-1 (1) or SHV-type
penicillinase of K. preumoniae.

DISCUSSION

Considerable differences in the levels of resistance to various
cephalosporins were observed among the E. coli clones pro-
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FIG. 2. Schematic comparison of the class 1 integron on pKGB525 with those on pTK1 (GenBank accession number AF156486), pLAP-1
{GenBank accession number AF326355), and pAK33 (34). Filled circles indicate the positions of GTTRRRY (core site) or the 59-base elements
around the gene cassettes. pKGMS525, which carries the 11.6-kb BamHI1 insert, was also sequenced; and the nucleotide sequence from ind? to IS26
was the sume 4s that found in pKGB525.
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