150

gbooogooo

oop-0OobOob0b0O0bDOobOoOop -DobobDOoboobOobOobo

ogood
0000o0ooooo0oogo

OgOo0i1s50100280000

gbooboooooooboooboooooboobooboooobooboooboOobboOoboOoobo
oooooooooooooooOTEMOSHYV-OOOOODODOOOOOOOR-ODOODODOO
OESBLsOOO0000O0O0O0O0O0O0OOOOOOOOOOOOODOOCTX-M-OB-00000
oooboOo0o0ooO0oobooooOoOo0oO0oO0ooooboooeMy-Op-00000000O0O0O00OO0
pboobobooooooooooobooooobobooooOobOobOoooboOoOoOooOmnme-O0O VIM-O
0o0o00004-0000000000000000000000O0O0ODOOOCOOO0000
00000o0ooooooo000oooooooooooooooop-0000O00O000
0o0o00ooooooooOooooooooooooooooooop-00ooOoO0O0OOd
gooobooobooomooooobooooboooobooboooboobooooooooboo
oooobooooooooooooooooooooooooooon

Keywords: p-00000000000000000O0COCOOOOOOOOOOOOOOO
oooooooocoooooooboo

1. OOO00O

19800 00000000000 OOoOoOoobooOoOoog
gooooopoocerTXgoooooooocAzoD
goobooDOoobOOoobOoobobDooboooboo
Jod0dbo0ddoboOooooooooogowLMoxod
Jo0d00O0OdOCMNXOODOODODOOoboooooo
godoooooiPMOOODODOoOooOooOooooog
Oo00d00d00oobooooooooooooooooog
goooooooooobooboz20000b0b0b00O0OO
gobooooboooboobobouoobooboo
goooopboooooooboooop-0o0o0O
0 O Extended-Spectrum B -Lactamase = ESBL" O
godoooobooooboooboooooooooa
CMY-OB-0000D00 000000000000
0000000-B-000000°%0000000

0o0d0oomoz08-00110 0000000 4-7-1
Ooooooooooogo
oooog
TEL 042-561-0771
FAX 042-561-7173
E-maill yarakawa@nih.go.jp

12 000000D000O00OVol13 No3 2003

gboooboooooboooboooobooboobobooon

gboobooooooobooooboogon
ooooooooop-0o000O0OO0OO0OO0O0O

ooboooooocoooooooon

0. p-0000000000000

p-000000O0OOO0OO0oOOO-co-NH-OOO
gbooobooooooooboooobooobobooon
gbooobooooooooboooobooboobobooon

[cEninin{u]u]s]
serine- -lactamase

metallo-3 -lactamase

B OO0OD
ooooomooobood
serine-protease OHHOHHO
L A R
metallo-protease O CONO CID CEF NO ICD co
R R

oo



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO 151

goooop-0co00000O0O0OOOOOOOOOOO

oooooog
oooooog gooooooboo goooooooo gooooogoo gooooooo
DDDDDDDDD oooo gooog oooo oooog oooo ooooog oooo ooood
O ] ] O O
TEM-91 NMC-A
PC-1 KOXY, KI, SHV-12 Sme-1 IMI-1
A| LEN-1 TEM-1 RbiA SHV-24 GES-4 KPC-1
O SHV-1 CepA CTX-M-2 GES-2
0 GES-1 0 GES-400
PenA MIRF-J(.),I\;ICZ)X-I
o | €| OBurk. AmpC DHA-1 CMY-l
cepaciall )
d CMY-9
AMPS (e} OXA-23
o | o | 0derw. XA-1, XA-
0 sobrial] OXA-2 OXA-24
L-1
BlaB
D B B -lactamase O GOB-1 \I/'}A;;
O B. cereus] IND-1
CfiAl CcrAO
CphA-1

ooooooooooooooooOoooop-o0
goooooooooooooooooooooboo
O0A C DOOOOOOOOOOODOOBOOOO
goobiliooi1imoobooboooooboooogoo
gbooooooobooooboooooboboobooon
goooooooooooooboOooooooboOon
Oop-0000000000000O00O0O0DBO0O
goooboobooboobooooooooooepePOO
gbooobooobooboobooooboboobooon
gboooooobooboobooooboboobooon
gbooooooobooobooooboboobooon

p-0000000000000O00O0O0C000O0
goooooooooooooooboooooooDoon
ooooooooooooooooboooooooon
gooobooboooooOoiesobonooooOon
RichmondO Sykes0 000000000 DOO0O*0O
oooooooooooooooboooooooon
oooooop-000000000000000O0O0
00000000 0Ambler 00000000000

ooooop-0000O0O0O0O0O0ODOOBR-0OO0OOO

Bush0 O OO Amblerd
Jooooo
0o0o0o0oooooooooooooono b 0 [1J 19950 oooo
TEM-1, TEM-2, SHV-1 2b A
64 150 217 315
e SXXKewe Y AN-oDoeee KT G TEM-, SHV-0 0 ESBLs 2be A
‘ SI‘D E RS
K H
class CO B IactamaseI T T "/ i CTX-M-08 000000 2be A
class AO B -lactamase / / / / K. oxytoca K1, KOXY, RbiA 2be A
N | | | NMC-A, Sme-1 2f A
class DO 3 -lactamase \ ’ \ / PSE-1, PSE-3, PSE-4 2c A
Low mol. PBP; 5 D‘D-carboxypeptidaée ’ ’ / AmpC, MIR-1, 1 C
cMy-OpLooooog
High mol. PBPs; 3,2, 1A, 1B \ \\ \
[ | I 1 I ]
transglycosidase transpeptidase L-1, IMP-1, VIM-1,- 3 B
0000000P -lactamase PBPOO OO OO OXA-0p-000000 2d D

00000000000 Vol13 No3 2003 13



152

gooo

oooooooooooop-00oooOOOO0oO0OoOooOooObOOoOoOoooon

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

o - PSE-10 PSE-3 carbenicillinase

o - OXA-10 O O oxacillinase

o - TEM-O SHV-O 0O ESBL

o ~MEN-1OCTX-MOB -000000

o -IMP-10000-B-000000

o -MIR-10MOX-1OCMY-OB -000000O0

o ~FOXOB-00O0OODOOOOOCO

o -DHAOB-OOOOOO
ooooco
o -VIMO
ooo-p-000000

o -OXA-23000
gooooooo

o -GESO
g-000000

0oooO0ob0oooOoooo*o0oboooooDoo
ocoooop-00000O0O0O0O0O0OOODOOOOO
OO0oOoOO0O0O000199%500BUshDOO0O0O0O0OO
0000000000000 0o00o0ooooDo
VIM-O0O GES-D ODOXA-230 0000000000
gooooobooooooooobooOooooDbobo
oooooo

0. DoooOooop-00pD0O0o0OooOoDOo

goooobooooboobooooboooobo
Jodoooodpooooosooboobooboooon
Jo0o0dddd00d0doooomesonoooa
go0dd0oobooooooooooooooooog
goooOo0o0oooOoOoOobbObOOoOooDop-O0OO
0 M Extended-Spectrump -LactamaseJJ 0 [0 ESBLD
O0O0™00000ESBLOOOOOOOOOOOO
gooooDoobDOoobOoobobDuoobooboo
go0d0ooobooooooooooooooooog
g0ododooooooooooooooooood
Oo0dd0oobooooooooooooooooog

00000000 Enterobacterd 0 Citrobacter
freundii, Pseudomonas aeruginosall 10000000
OAmpCOOOOOOOODOOCOOOOOampCO
0ooooooooooooDoOoo0ooDOdaempRO
Oo0d00oooboooooooooooooooood
00000000000000000000000®
godoooobocAzZOCTXOUODOOooooooo

14 0D00000D00OO0O00OVol13 No3 2003

00000DoD0ooooooooooo1900000
000000000 CAZOOOOOOOO Klebsiella
pneumoniae 01 0 MIR-100 00000 OOR-00O0
000000000 *oo0oooooooooooo
Ood0ooooooooooooobooooobooa
JooooLMOXOOOOOOOOO K. pneumoniae
JOooooooooodoooooooooooono
LMOXOOODO CAZOCTXODODUOOOOOOOO
dooocopg-oooooooMoX-10Oooood
000000o0oooooooooY®™ooooooo
J0000DD0OD0O0O0ODOE. cokbOCMY-QUOOO
godooooooooooooobooooobooa
oooo®o
gpooleeo00oooooooooooooono
000000000000 DO000000YO00
0oooooooooooooooouoooooog
000d0oooooooo199il00o0oonooooog
0000000000000 Serratia marcescens
TNolO6O O D OO 0ODODDODO0O0OOooooog-B-
Oo0OooooomMP1lO00O0O0O0O0O0OO®OO000
0000oooo0oooooooouoooooog
0oooomMPlOO0O0000O0OCOOOOODODOOO
O¥OTNlO6O OO DO--0000D0OOOOO
OblaenweD 0000000000000 OO0OOOO
Ood0ooooooooooooobooooobooa
goddoooooooooooobooooobooa
O0bdaveOODODDOODO0OOD0OODODOOOOOOOO



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO

153

gooooOo0o00oooOOO0o0o0oooODOoOoOooD
0¥ 0000000 00oooooooooooo
0ooooooooooooooaasS. marcescens
gooooooooooooooomMP100000
000o00ooOoooOooooooY¥wooooo
Ood00oo0oooooooooooooooooa
oooYoDoooooooooooooooooo
JoooDo0oooo0O00HallDOOOODOODODO
D000oO00oooooooooooo®

JddoddooieeodooonocAzOCcTXOd
000000000 E. coli0 K. pneumonioae O O
ooooOoooooboooooooooobooa
TEM-10 SHV-10 OO OO ESBLOOOO YO OO
Jooooooo0ooDoDOo0o0O0Ogd TEM-OSHV-O
OESBLOOOOOODOODOOOODODOODOOOO
CTXOCTRXOOODDOOOODOCTX-M-OB -00
0000000000000 00O0O0000O0O0O0®g
0o0oo0o0op-000000000Oo0oOoOooOnDg
oooooo

0. 0op-00o0o0O0000O0p-0000O0
ooooooo

O0D0A0O0O0OOOp-000O00O0O0O0O0OO0OO
oooop-0oo00doo0OooOoOooooooon
gbooooobooboobobooooboboobooo
OOESBLICTX-M-OB -000O0O00OGES-OB-00
OoOo0OO0ODmme-lONMC-AOOOOOOR-O0O0OOO
ooo0oooOo0ombooAOB-O0O0O0O0O0O0CDOO
ooo0ooooo0op-000O00000O000B00O0O
oooooooooocoooooOop-000O0oOO0
DoooooooAmpCOB-00O0O0O0OOCMYDO-
p-O0000000DOO00O0OO0OOOO0mOboOObODO
OoBpoOoOoOoOOoOp-0OO00OODOCOODOOMP-10
ooo-p-000000000000O0C0O0000O0C
oooosOp-00000O0O0OpR-0D0C0O000O0OO
gooooooooomooooooAQOOOO
00oooooooooooooooooomonog
000o0oOoooooOoOoooooOoOoOn oOXADB -
gbooooobo0o0obO0obOb0O0bOUoXA-23U0XA-
adooooooooooooooooooobod
ooopoos3oooop-0o0oO00C0O00000O0
gooooobooooooooobOOoOoOoOo

O. O0O0ApB-00O0O0OO

10 TEM-O SHV-0O 0O ESBL

TEM-OSHvV-OUOESBLOOOOOOOODOOOO
0O TEM-10 TEM-20SHvV-100000000000O

SHV-1
SHV-24
LEN-1
TEM-91

ROB-1

PC1 01

PSE-2

OXA-5
OXA-24

OXA-1

AmpS

o0o0000o0oop-000000000000

doodoooobooooooooooboooooad
00o0o0ooooooooooobooCcCAzZO CTXO
JoodooboOoOoOo00o0ooooobooboooooo
0o0oDoooog-00000000000O 4al b
O0SHV-OBR-00000000K. pneumoniae [
DDDDB-DDDDDDZMDDDDDDDDDDD
00000®0000000K. preumoniaed O O
PCROOODOODOSHVOBR-OODODODODOOD
doodooooboooooooooooboooooa
JoodoooOoOoOo0ooooooobobooooooao
goodbooooooboooooooooooooo
O0000K. pneumoniae0 00 D000 00O LEN-1
op-0b0b00b000sHV-1OOOODODOOoODODO
O0000o00ooOooooonoCcAzZO MICOO 32
po/mO0000000000000000OESBLO
ddddoobobOoobooooomoooooooo

20 CTX-M-OB-000O0O0O

CTX-M-OB-O0O0D0ODODODO0O0ODODDODOOOooOOO
TOhO-lDB-DDDDDDDDDDDDDD23E|]DD
O000O0OCTXOCTRXOODDODODDODODODOOGOO
CAZzOUODODOoOUooooooboooooboooono
O00000O0TEM-OSHV-OO ESBLOOOOOO
dddobooooooooboooooooooooo
TEM-OSHV-OO ESBLOOODOODOOOOOOO
Ogoodoooooooooooooooooooboog
0000000oo0oooCcCTX-M-OB-00000O0O
00000000 Klebsiella oxytoca®” 0 Kluyvera

00000000000Vol13 No3 2003 15



154 gooo

TEM-1

TEM-96

TEM-82

TEM-120

TEM-67

TEM-3

TEM-72

TEM-17

—— TEM-6

— TEM-43

— TEM-52

— TEM-106

TEM-91

TEM-28

TEM-10

TEM-86

O0a TEM-OB-O0OOODOODOOO

CTXM9 cTx-M8

PenA

ooocTX-M-OpB-000000000000O0OO
gbooogo

16 D00O00OO0D0O0O0O0OVol13 No3 2003

—— SHV-5

N SHV-45

_[ SHV-46

— SHV-15

SHV-12

_E SHV-48
SHV-7

I: SHV-34

SHV-42

—— LEN-1
SHV-25

| _E SHV-37
SHV-35

I: SHV-40

OOb sSHv-OB-00O00OO0O0OODOOOO

georgiana 0000 OBR-0000000000000
00D0O05MO00000000000000000
O0O0O0p-000000000000000000
00000000000000000% 00000
0000000000000000CTX-M-208 -0
000000000000 00000000000
0000000000000 0%*0000000 -
000000000000 00000000000
000000O0O0CTX-MOB-00000000OO
00 CTX-M-10 CTX-M-20 CTX-M-80 CTX-M-90
CTX-M25000000000000 600 7ad bdcO
O0MO000000O0OO0OO0OPCROOOOOOOO
0000000000CTX-M-200 Toho-10 O
CTX-M-30 000 CTX-M9000O0O0O0OOOOO
0000000000000 CTX-M-OB-0000
0000O0O0O0ESBLOOOOOOOONONO0OOD
000000000000000CTX-MOB-000
000000000000000CTXO0O0000O
O0OOOCTRXOOOOOOOOOOOOOOOOO



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO 155

CTX-M-25

CTX-M-8

CTX-M-9

CTX-M-2

CTX-M-1

goocrxmMop-ooooooosgooooooon

CTX-M-10

CTX-M-15

CTX-M-12
CTX-M-30
CTX-M-1

001 CTX-M-29

O0a CTXM-1OOOOOOOOOOOOO

goooooooooooooboOooooooboOon
gooooooooooooocoOooooooboo
00000000000in vitroOO CTX-M-OB -0
ooooooocAzOooOoOooOoOooooop-0O0O
goooooooooooooboooooDbooboo
OOONCCLSO ESBLODOOOOODOOOODOO
gooooooooooooobooooooobood
goooboobocAzOOOoOooOOoOoOooOOoOcAzO
ooooooocTX-M-Op-0000000DB00OO
goEeEsBLOOOOOOOOOOOOOOCOOOOO
ooooooog

30 GES-OB-000000

GES-UB-0000D000CO0O0OOGES-10 GES-2

Toho-1 CTX-M-31

CTX-M-2
CTX-M-20

CTX-M-5

CTX-M-7

CTX-M-4

OOb CTX-M2000000000000O

CTX-M-27

CTX-M-16 CTX-M-g __ 0001

OOc CTX-MOUOOOOOOOOOOOO

goooooooooobocEs200000D00O00
000000000070 00000GES-30 GES-4
gbobooooobooboboobooobOceEsS30oOogn

00000000000 Vol13 No3 2003 17



156 gooo

ooocTxX-M-Op-00000C0CO0O000O0O0DOOO0OO0

CTX-M-10000 CTX-M-20000

CTX-M-8 0000

CTX-M-9 0000 CTX-M-25 0000

CTX-M-3 Toho-1 Kluyvera georgianall CTX-M-14 CTX-M-26
CTX-M-10 CTX-M-4 0oooOg-000000 CTX-M-16
CTX-M-12 CTX-M-5 0oo CTX-M-17
CTX-M-15 CTX-M-7 CTX-M-18

UOE-1 CTX-M-20 CTX-M-21
CTX-M-22 CTX-M-31 CTX-M-24
CTX-M-28 CTX-M-27
CTX-M-29
CTX-M-30 Toho-2

ooooooooo
AmpC £ coli 2. 00OcCOBR-000000
AmpCERt aer N 000COR-0000000000000O000
mpC C.f.

MY-12CMY-6

AmpC Ent. clo. CMY-2 CMY-7
M4

DHA-1

AmpCS m.

AmpC P. a.

gooooobocoop-D0oooooOoOoOoOooODn

OO0GES-10000000000000GES-400
cMyOoOooooooooooooooooooo
goooooooooooooobooooooboobo
ooooopooooobooooooooop-00
ooooooooooooooo

40 Sme-10 NMC-AOB -00000DO

oooooboooooooooAOpB-ODOOOO
0000 Sme-lONMC-AOB-00000000O0O0O
00000000000 Oo®®ooooooooo
0ooo0oopooooooooooooo-e-0000
goooooooooooooooooooobobo
goooooobooooobooooooOgn Ssme-10
NMC-AOpB-O0000D0OOO0OO0OOOOODOOO

18§ 000000 DD0O0DOOVol13 No3 2003

gosooog

1IOAmpCOR-00O0000O

0000 S. marcescenstl Enterobacter ] O Citro-
bacter D0 DD O0DOO0D0O0O0DOO0O0empCODO OO0
god0o0oooooooooooobooooobooa
O0AmpROOOODOOODOOOOOOOOODOO
00 00OconstitutiveD OO OO ApmCODODODO
CAzOUODOODOoOoOoOoooo*=gooog-000
Jodooooodoooooooooooooog
Oodooooooooooooobooooobooa
goddoooooooooooobooooobooa
Ood0o0ooooooooooooooooobooa
OD0D0DO00AmpCOOODDOOOODODDOOO®™O

20CMY-0B-000000

oooooooooooddMIR-1000 K.
pneumoniae 00 00000000000 O00O0OO
goooobooooooooooooooooono
MoX-1O0OOODOOOOooooop-0ooooboOoo
Ood0o0ooooooooooooooooobooa
0000000000000 CcR-0000000
0ooo0oooooooooooooogocMy-d
p-000000000O00D0O00OOUOOOOOOO
god0ooooooooooooobooooobooa
goodoooooeMy-R200000000000

goooooMoX-1OOoOOooooooooooo
doooomoooooeMy-90ooooooo ™
0ooooooooooMoX-10CcMy-90 0O d
cMy-s0ooOoOoOoOoOo®OoMoxX-1000000O00
Jod0oooooooooogocecMY-OB-000
JooDd0dooooOoOosm@ooocemy-20000
00 Salmonella0 OO E. coi0D0D0O000O00DODOO
000000ooO0ooooooos®ssgpooooon



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO

157

goooooooooo

30 DHA-OB-OODOOODO

DHA-OB-OD00ODOODOODOCMY-OB-0000OO
gOooooooboobooooooooooooboaon
OOO0Od0O0ODHA4DODOUODODOUODOOOoOoDOoOoOo
AmpCOOO0O0DODOODOOOODDOOO Morgan-
ellamorganii 00000 AmpCOOO0O0D0DOO¥O0O
00000000000000000000 Salmonella
00 Klebsiele DO OODDOO0O0O00O000OO®O

ooooBOR-0OO0OOOO

oo0oBOOOOOOOO-B-000000OOOO
gooooooooo9onbooo

10 0000000000000

Stenotrophomonas maltophilial) 0 O O Pseudomonas
maltophilial Xanthomonas maltophilia00 00 0 O O L-
1000000000 0DO00OoooooooonDo
0000000000000 00000000O00®
0 O O Chryseobacterium meningosepticum] (1 O Flabobac-
terium meningosepticum O C. indologenes] [ O BlaB
O GOB-1OIND-1ODOO0ODOODO--0D0O0D0DOODO
00000000 %000 0 Bacteroides fragilisO O
goOoOdOocCfiAO CcrAODDOODODOO-B-000
JoddddOdOD0OoOODbOO00o0ooOoooooooa
JO0O0CfiA0 000000000 UooOoooo
0000%“0 0000 Aeromonas hydrophila0 0 0 O
OCphADDODODODDOODOOODB-DODDOODO
00000000 %0000 Bacillus cereus 0 0 O
HnHopg-ooooooooooooDooooo--00
goooooooooooooongp-0o000O
odoobooooooooooobooooobooa
000000000000 000000aon*)o
goooooo-p-0O0000DDODODOODOD
J0o00o0o0o000oooooo*“0oo0oo0oooog
gooooOoooooboooooooooooodad
gooooOOoo0ooOoOoooopPCcROOOOODOOO
JodddddboobObOo0oooooooboooooda
Oodooooooooooooobooooobooa

20 00000o0ooo0oo-p-00o0ooo

al IMP-OOO0O-B-00000O

goooleduooooooooobooooooa
OIMP1OB-0000D00DO0DOODOODODOOO
P. aeruginosal S. marcescens0 0000000000
Jodddd0dOD0OoOODbOO00o0ooOoooboooooa
0O00000oo0o0oooOoOooooo“®oooooon
odooboooooooooooboooooooa
oooooooYoOuMP-100OOOOOOOOOOO

OO00O0O0000dsS. marcescens0 000 0OOE. coliOl
K. pneumoniaell Enterobacter 10 O Citrobacter 0 0 0 O
0000000o00oo0oooUooooooooooo
P. aeruginosall P. putidaO P. fluorescenst) Acinetobacter
O O O Burkholderia cepaciall Alcaligenes(1 0 0 00 0O
O000oo**0o0o00o0ooo0oooooo
IMP-130 000000000000 O0OOOO 100
000o0o0o00oooooooooooooiIMP-10
oooooImMP2000000PCROODOODOOO
goooodiMpP-1O0IMP-30IMP-60000O0O0O
PCROOOODOOOOOODODODOO

b0 VIM-ODODO-B-0000ODO

Ood00ooooooooooooooooonoo
O-a-000000000VIM-ODOOOODOOO
VIM-OOOOOoooviIM-6OOOOOOoooooo
0oo0oooooooooviM-20-30-600000
OVvIM-1040500 0000000000000 0 9
gooooooooooooommP-O000O0OoOn
goboboooooooooviM20000-B-00
000000000000000D000000%0

4 0OOODOB-0OO0O0O0OO

OXAOB-OOUOOODOODOOOOOOOOOOO
00ooooooooooooooooooooon
000000000000 Pseudomonas O Acineto-
bacter 00 00D 00DOD0OOODODODODOOODOO
OXA-OB-000D0D0OO0O0B1000000D0D0O0
00 11 OXA-230 OXA270000000000ODO
O00000oo0ooooooY

. oooo
oooooOop-00o0000000OO0DOOOESBL

L-1

IND-1

oooooosOOOOP-O0O000COOOOOO

00000000O000Vol13 No3 2003 19



158 gooo

IMP-3

IMP-9

IMP-11

IMP-12

010 MP1OOO0OO0O-B-0000O0OCO0ODOOOO

gooboooooocTx-M-oocecMy o o iMp-0 0O
vimM-OoOoooooop-0OoooOooooooo
goooooooooooooooooooooboa
ooooooooooooooocboOoooooboobo
Ooooooooooboooop-0000000
gboobooboooobooobooooboobogoon
gboobooboooobooobobooobobogoon
goooooop-bo0ooOO0O0OOO0ODOODbDOD
gboooboobooooboboooboobooobobogoon
oooooboooooooooboooooooon
Oo0oooo0ooooop-00000000DBO0O0
ooooooooooboop-000000B0O00
ooooopoooooboooooooop-000
gboobobooboobooobooooboboooooon
gboboboobooboooboooobobooobooon
gooooooooooooooboooooooboo
gooooooooooooooboooooooboo
od

gboobooboooo
oobooooooooobooobobop-0OobOO
gbooobooboooobooobobooobobogo

20 D00000D000O00OVol13 No3 2003

OXA-22

OXA-45

OXA-12
OXA-29

OXA-30

OXA-1
OXA-37

OXA-3

OXA-49 OXA-34 OXA-15

OXA-27

OXA-5

OXA-40 OXA-19” OXA-7

011 OXAOp-O0OOOOOOOOOOO

gooooboooooooooodcrLusTALWO O
oooo

Oooo

10 Jacoby GA. 1998. Epidemiology of extended-
spectrum 3 -lactamases. Clin. Infect. Dis. 27: 81-83.

20 Nordmann P.1998. Trends in beta-lactam resistance
among Enterobacteriaceae. Clin. Infect. Dis. 27
Suppl. 1: S100-106.

30 Livermore DMO and Woodford N. 2000.
Carbapenemases: a problem in waiting? Curr.
Opin. Microbiol. 3: 489-495.

40 Richmond MH, and Sykes RB. 1973. The § -
lactamases of gram-negative bacteria and their
possible physiological role. Adv. Microb. Physiol. 9:
31-88.

50 Ambler RP. 1980. The structure of (3 -lactamases.
Philos. Trans. R. Soc. Lond. B. Biol. Sci. 28901 10360
321-331.

60 Bush K, Jacoby GA, and Medeiros AA. 1995. A
functional classification scheme for {3 -lactamases and
its correlation with molecular structure. Antimicrob.
Agents Chemother. 39: 1211-1233.

70 Sirot J, Chanal C, Petit A, Sirot D, Labia R, and
Gerbaud G. 1988. Kiebsiella pneumoniae and other
Enterobacteriaceae producing novel plasmid-



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO

159

80

90

100

110

120

130

140

150

mediated P -lactamases markedly active against
third-generation cephalosporins: epidemiologic
studies. Rev. Infect. Dis. 10: 850-899.

Lindberg F, Lindquist S, and Normark S. 1988.
Genetic basis of induction and overproduction of
chromosomal class | B -lactamase in nonfastidious
gram-negative bacilli. Rev. Infect. Dis. 10: 782-785.
Papanicolaou GA, Medeiros AA, and Jacoby
GA.1990. Novel plasmid-mediated beta-lactamase
0 MIR-10 conferring resistance to oxyimino- and
alpha-methoxy beta-lactams in clinical isolates of
Klebsiella pneumoniae. Antimicrob. Agents
Chemother. 34: 2200-2209.

Horii T, Arakawa Y, Ohta M, Ichiyama S,
Wacharotayankun R, and Kato N. 1993. Plasmid-
mediated AmpC-type B -lactamase isolated from
Klebsiella pneumoniae confers resistance to broad-
spectrum B -lactams, including moxalactam.
Antimicrob. Agents Chemother. 37: 984-990.

Doi Y, Shibata N, Shibayama K, Kamachi K,
Kurokawa H, Yokoyama K, Yagi T, Arakawa Y.
2002. Characterization of a novel plasmid-mediated
cephalosporinasé] CMY-9(and its genetic environ-
ment in an Escherichia coli clinical isolate. Antimi-
crob Agents Chemother. 46: 2427-2434.

Watanabe M, lyobe S, Inoue M, and Mitsuhashi S.
1991. Transferable imipenem resistance in
Pseudomonas aeruginosa. Antimicrob. Agents
Chemother. 35: 147-151.

Osano E, Arakawa Y, Wacharotayankun R, Ohta
M, Horii T, Ito H, Yoshimura F, and Kato N. 1994.
Molecular characterization of an enterobacterial
metallo B -lactamase found in a clinical isolate of
Serratia marcescens that shows imipenem
resistance. Antimicrob. Agents Chemother. 38: 71-
78.

Minami S, Akama M, Araki H, Watanabe Y, Narita
H, lyobe S, and Mitsuhashi S. 1996. Imipenem and
cephem resistant Pseudomonas aeruginosa
carrying plasmids coding for class B 3 -lactamase. J.
Antimicrob. Chemother. 37: 433-444.

lyobe S, Yamada H, and Minami S. 1996. Insertion
of a carbapenemase gene cassette into an integron
of a Pseudomonas aeruginosa plasmid. J.
Antimicrob. Chemother. 38: 1114-1115.

160

170

180

190

200

210

220

230

Ito H, Arakawa Y, Ohsuka S, Wacharotayankun R,
Kato N, and Ohta M. 1995. Plasmid-mediated
dissemination of the metallo-p -lactamase gene
blawmp among clinically isolated strains of Serratia
marcescens. Antimicrob. Agents Chemother. 39:
824-829.

Arakawa Y, Murakami M, Suzuki K, Ito H,
Wacharotayankun R, Ohsuka S, Kato N, and Ohta
M. 1995. A novel integron-like element carrying
the metallo-B -lactamase gene blaimp. Antimicrob.
Agents Chemother. 39: 1612-1615.

Stokes HW, O'Gorman DB, Recchia GD, Parse-
khian M, and Hall RM. 1997. Structure and
function of 59-base element recombination sites
associated with mobile gene cassettes. Mol.
Microbiol. 26: 731-745.

Pena C, Pujol M, Ardanuy C, Ricart A, Pallares R,
Ariza J, and Gudiol F. 1998.

Epidemiology and successful control of a large

Linares J,

outbreak due to Klebsiella pneumoniae producing
extended-spectrum [ -lactamases. Antimicrob.
Agents Chemother. 42: 53-58.

K, Komatsu M, Yamashita T,
Shimakawa K, Ura T, Nishio H, Satoh K, Washidu
R, Kinoshita S, and Aihara M. 2003. Production of
CTX-M-3 extended-spectrum (3 -lactamase and

Yamasaki

IMP-1 metallo B -lactamase by five Gramnegative
bacilli: survey of clinical isolates from seven
laboratories collected in 1998 and 2000, in the
Kinki region of Japan. J. Antimicrob. Chemother.
51 631-638.

Arakawa Y, Ohta M, Kido N, Fujii Y, Komatsu T,
and Kato N. 1986. Close evolutionary relationship
between the chromosomally encoded 3 -lactamase
gene of Klebsiella pneumoniae and the TEM B -
lactamase gene mediated by R plasmids. FEBS
Lett. 207: 69-74.

Chaves J, Ladona MG, Segura C, Coira A, Reig R,
and Ampurdanes C. 2001. SHV-1 B -lactamase is
mainly a chromosomally encoded species-specific
enzyme in Klebsiella pneumoniae. Antimicrob.
Agents Chemother. 45; 2856-2861.

Ishii Y, Ohno A, Taguchi H, Imajo S, Ishiguro M,
and Matsuzawa H. 1995. Cloning and sequence of
the gene encoding a cefotaxime-hydrolyzing class

00000000000 Vol13 No3 2003 21



160

gooo

240

250

260

270

280

290

300

310

320

330

A B -lactamase isolated from Escherichia coli.
Antimicrob. Agents Chemother. 39: 2269-2275.
Arakawa Y, Ohta M, Kido N, Mori M, Ito H,
Komatsu T, Fujii Y, Kato N. 1989. Chromosomal (3 -
lactamase of Klebsiella oxytoca, a new class A
enzyme that hydrolyzes broad-spectrum {3 -lactam
antibiotics. Antimicrob. Agents Chemother. 33: 63-
70.

Poirel L, Kampfer P, and Nordmann P. 2002.
Chromosome-encoded Ambler class A 3 -lactamase
of Kluyvera georgiana, a probable progenitor of a
subgroup of CTX-M extended-spectrum f -
lactamases. Antimicrob. Agents Chemother. 46:
4038-4040.

Shiraki Y, Shibata N, Doi Y and Arakawa Y. 2004.
Eecherichia coli producing CTX-M-2 (3 -lactamase
in cattle, Japan. Emerg. Infect. Dis,, in press.

Poirel L, Weldhagen GF, Naas T, De Champs C,
Dove MG, and Nordmann P. 2001. GES-2, a class A
B -lactamase from Pseudomonas aeruginosa with
increased hydrolysis of imipenem. Antimicrob.
Agents Chemother. 45: 2598-2603.

Naas T, Vandel L, Sougakoff W, Livermore DM,
and Nordmann P. 1994, Cloning and sequence
analysis of the gene for a carbapenem-hydrolyzing
class A B-lactamase, Sme-1, from Serratia
marcescens S6. Antimicrob. Agents Chemother. 38:
1262-1270.

Mariotte-Boyer S, Nicolas-Chanoine MH, Labia R.
1996. A kinetic study of NMC-A f -lactamase, an
Ambler class A carbapenemase also hydrolyzing
cephamycins. FEMS Microbiol Lett. 143: 29-33.
Corvec S, Caroff N, Espaze E, Giraudeau C,
Drugeon H, Reynaud A. 2003. Amp Ccephalos-
porinase hyperproduction in Acinetobacter

baumannii clinical strains. J. Antimicrob
Chemother. 52: 629-635.

Hanson ND, and Sanders CC. 1999. Regulation of
inducible AmpC beta-lactamase expression among
Enterobacteriaceae. Curr. Pharm. Des. 5: 881-894.
Nukaga M, Taniguchi K, Washio Y, and Sawai T.
1998. Effect of an amino acid insertion into the
omega loop region of a class C B -lactamase on its
substrate specificity. Biochemistry 37: 10461-10468.

Yan JJ, Wu SM, Tsai SH, Wu JJ, and Su 1J. 2000.

22 000000D000O00OVol13 No3 2003

340

350

360

370

380

390

400

Prevalence of SHV-12 among clinical isolates of
Klebsiella pneumoniae producing extended-
spectrum f3 -lactamases and identification of a novel
AmpC enzymell CMY-80 in Southern Taiwan.
Antimicrob. Agents Chemother. 44: 1438-1442.
Carattoli A, Tosini F, Giles WP, Rupp ME,
Hinrichs SH, Angulo FJ, Barrett TJ, and Fey PD.
2002. Characterization of plasmids carrying CMY-2
from expanded-spectrum cephalosporin-resistant
Salmonella strains isolated in the United States
between 1996 and 1998. Antimicrob. Agents
Chemother. 46: 1269-1272.

Allen KJ, and Poppe C. 2002. Occurrence and
characterization of resistance to extended-
spectrum cephalosporins mediated by B -
lactamase CMY-2 in Salmonella isolated from food-
producing animals in Canada. Can. J. Vet. Res. 66:
137-144.

Rankin SC, Aceto H, Cassidy J, Holt J, Young S,
Love B, Tewari D, Munro DS, and Benson CE.
2002. Molecular characterization of cephalosporin-
resistant Salmonella enterica serotype Newport
isolates from animals in Pennsylvania. J. Clin,
Microbiol. 40: 4679-4684.

Verdet C, Arlet G, Barnaud G, Lagrange PH,
Philippon A. 2000. A novel integron in Salmonella
enterica serovar Enteritidis, carrying the blabpHA-1
gene and its regulator gene ampR, originated from
Morganella morganii.
Chemother. 44: 222-225.
Fortineau N, Poirel L, and Nordmann P. 2001.
Plasmid-mediated and inducible cephalosporinase
DHA-2 from Klebsiella pneumoniae. J. Antimicrob.
Chemother. 47. 207-210.

Saino Y, Inoue M, and Mitsuhashi S. 1984.

Antimicrob. Agents

Purification and properties of an inducible
cephalosporinase from Pseudomonas maltophilia
GN12873. Antimicrob Agents Chemother. 25: 362-
365.

Rossolini GM, Franceschini N, Riccio ML, Mercuri
PS, Perilli M, Galleni M, Frere JM, and Amicosante
G. 1998. Characterization and sequence of the
Chryseobacteriunt] Flavobacteriummeningosepticum
carbapenemase: a new molecular class B B -
lactamase showing a broad substrate profile.



oop-00o00O0O0000O0DCOR-O0O0OODOOOOOCOOOOO

161

410

420

430

440

450

Biochem. J. 332: 145-152.

Bandoh K, Watanabe K, Muto Y, Tanaka Y, Kato
N, Ueno K. 1992. Conjugal transfer of imipenem
resistance in Bacteroides fragilis. J. Antibiot

0 Tokyol 45: 542-547.

Massidda O, Rossolini GM, Satta G. 1991. The
Aeromonas hydrophila cphA gene: molecular
heterogeneity among class B metallo-f3-lactamases.
J. Bacteriol. 173: 4611-4617.

Davies RB. 1975. Comparison of B -lactamase 11
from Bacillus cereus 569/H/9 with a (3 -lactamase
from Bacillus cereus 5/B/6. Biochem. J. 145: 409-411.
Arakawa Y, Shibata N, Shibayama K, Kurokawa H,
Yagi T, Fujiwara H, and Goto M. 2000. Convenient
test for screening metallo-f -lactamase-producing
gram-negative bacteria by using thiol compounds.
J. Clin. Microbiol. 38: 40-43.

Laraki N, Galleni M, Thamm I, Riccio ML,
Amicosante G, Frere JM, and Rossolini GM. 1999.

460

470

Structure of In31, a blame-containing Pseudomonas
aeruginosa integron phyletically related to In5,
which carries an unusual array of gene cassettes.
Antimicrob. Agents Chemother. 43: 890-901.
Shibata N, Doi Y, Yamane K, Yagi T, Kuro
-kawa H, Shibayama K, Kato H, Kai K, and
Arakawa Y. 2003. PCR typing of genetic
determinants for metallo-B -lactamases and
integrases carried by gram-negative bacteria
isolated in Japan with focus on the class 3
integron, Antimicrob. Agents Chemother. 47: in
press.

Afzal-Shah M, Woodford N, and Livermore DM.
2001. Characterization of OXA-25, OXA-26, and
OXA-27, molecular class D 3-lactamases associated
with carbapenem resistance in clinical isolates of
Acinetobacter baumannii. Antimicrob. Agents
Chemother. 45; 583-588.

Classification and phylogenic relations of (3 -lactamases which involved with
resistance to broad spectrum [3-lactams

Yoshichika Arakawa
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Various 3 -lactamases which hydrolyze broad-spectrum [ -lactams have emerged worldwide. TEM-
derived and SHV-derived extended-spectrum  -lactamases(] ESBLs[] which can inactivate oxyimino
cephalosporins including ceftazidime and cefotaxime have widely been distributed over almost all
geographical areas so far. CTX-M-type [3 -lactamases which preferentially hydrolyzes cefotaxime and
ceftriaxone have also emerged in various regions on the Earth. Moreover, cephamycin-hydrolyzing
CMY-type enzymes have widely been isolated from human and animals. Furthermore, carbapenem-
inactivating metallo-p -lactamases such as IMP-1 and VIM-2 have already been disseminated in many
clinical settings. The emergence and proliferation of these new f -lactamases with broad and extended
substrate specificity has become an actual hindrance of chemotherapy. Since the classification and
phylogenic relation among [ -lactamases have become very complicated, | will try to rearrange and
summarize the character and genetic feature of several major (3 -lactamases which inactivate clinically
important broad-spectrum f3 -lactams.
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