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BY, BUTRBEOBAMBRMICARTORLZ2 9 40BE oM ER:, IBkb 6 KIS H
7= 1991 fEiS, ORSABRBICE T 2HRMEY f-lactam H (3 IPM) OEARIBMLTY
oo IPM 5t f-lactamase EA#kid IPM ICEE (MIC=6.25 ug/ml) »5HEEME (MIC=100
ug/ml) T, ceftazidime, cefsulodin FDIRBHEE L7 2 AR TR THERETH oL 72, 9
¥ 4 ¥kid piperacillin (PIPC) (2, %7 5 #kid aztreonam (AZT) IZBEZHETH -7 IPM FHE
p-lactamase (34 F & 28,000, %Es 9.5, ESHRERE TV LW S class B IZRT A ERBFREDOLEV
METHo’-, p-lactamase EEBREFIIEERNTFAIFLICa—FEhTEY, ELERERIIEK
BETH- o REBENOEERTIZ IPM BEERE, BI0t7 - AREREIRIALLY, IPM &
K, PIPC BL U AZT WER3RBL e olze 7, IPM 7#E f-lactamase EABETF 2 KB
B2 u—=V 7 L7o#R KBRCBVLTHRBARZROBELARORESREA L. ERNE
Rk, WHERERAR, p-lactamase BEAB LUNBREAZRALHR, IPM REREINEER D 2
KiBIC IPM 84t p-lactamase EAEN b -7z 2 iZd &L L, PIPC B U AZT ttiz IPM
2EtE B-lactamase B4 X IXBIEEY, Bkt cephalosporinase DBMFIRIEEICH LI T At
Hoht oz, IPM HMEYE B-lactamase EARBEOMERN I TRT B M THo7225, 9BKP 3 Kk
DHMFER, VA UBBIY7 77— VRX—H L. BL, IPM 58 B-lactamase Z AT 54
BEeRBEOR —HBICH T &N 2oL, PUARIREY f-lactam H| (3 IPM) O RICBIE

LTwa SRR E i,
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LB R EZREL, R2HBHTEIZEAEFMEMINT
Vw3, LA LaAs, IPM G#POREROHMB - Ll
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Fic b REMELRL, IPM R f-lactamase ZEAET
% IPM #E#IBHE 2% Watanabe 512 & - THOHTHE SN
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75 LABERO IPM BEICHEST 2 ERERED f-lac-
tamase DX, T TIC Bacteroides fragilis®~'7?,

Aeromonas hydrophila®, Pseudomonas (Stenotropho-

monas) maltophilia®, Serratia marcescens® {ZH T
HbohTwb, ThbHdD B-lactamase X class B2 $H 5w
{& function group 3® (IR T AL &h, EEHRBIC 2 @AH
FAy (BAA V) 2LEL TS, ZDX )% metallo §-
lactamase EE X AN IARRLAZELEVEBHEO -lactam
MICWERZD LT LSS, BOEBRARZ MV 8-
lactamase t XBI T HLEDHZ I ENERINL T E%,
Metallo S-lactamase i, & A ¥ D f-lactam # % iK%
#4575 aztreonam (AZT) (ZHASREEEZRT DL
REZVHOD 2 BICFToNEZ LHEBESIA TS,
T, ZTOWEME, CVA 22 ®D f-lactamase HEHIC X -
ThALGREEShEw, BEEREZTFIREHLEICHLLESH
T&7H, BEATIX, Pseudomonas aeruginosa®®, S,
marcescens?, B. fragilis® ¥ T75 XX FLICHFET
HILIMEINTV S, WIT, S. marcescens BT
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IPM 4#84% B-lactamase ¥ I—FLAZ7IAI FALE o
TWAITREANTRRENA™ S L IEETRETHA ),

R4, RERSMRRNED S IPM 2% S-lactamase
EELEL, IPM ISHTIREMORZD 2 BRER VI L A,
b 2 BROWRERI LAMR, IPM 58% S-lacta-
mase BE4IC/RERA D 2 RASMbBZ LT, IPM BE
WMERSLTHENBLaMBERL, EO®R, Thb 2
BRSRENLR—HKA» S IPM 8% f-lactamase %
EETOIRMRELFZIC 7T RIMLE. ChET, IPM &
MtE B-lactamase BRI IS B WX PR ue, &
EMLE 9 BRIZA—HMCARTOEREFLRL D BE
HRThHo AT E, T, EBLALIIC S. marcescens
BT IPM 7M#E f-lactamase ¥ 2— F+357 9 X 3
FOEEXBEINTWEN L, &6, BEHARVT
FRLEANVARRLMNEREASR A S, iKY
BOBREMITTAIC LRSBOMEEIRICHEHLEERLS
b (B A

2T, AMTIR, THhORREOENFIERMOME S
JUTOHBAOEROMITL BWIC, XBELD f-lacta-
mase DHR, EHWEHE, HREL, WiEozEE, 0K
B, U308, 77—JRRLOERERLR O CICHERMS
ARRERY L7

I. ERBEEBEIUFHE

1. FEHEK

1988 4 10 A~ 1992 4 1 ADMIc, B Rmb
DENABRBMICARTOBEORE, RELUFRHN
oSN IPM 5% f-lactamase EA P.
aeruginosa 9 BB & U'sf R & L T Watanabe 52 A5 8§
L7: metallo B-lactamase B4 ® P. aeruginosa GN
17203 #k% f\*7- (Table 1), IPM MEZZDOZEW

& LTIk rifampicin M¥® P, aeruginosa PAO 2142
Rp %® & ze 2/, IPM M4 [-lactamase B
ZEFOKBEA~D 2 0 —= > 7 Escherichia coli IM
109 #» % Bl /t. S. marcescens H¥ metallo §-
lactamase #{% T recombinant plasmid R# E. coli
HB 101/pSMBNU 24 %* 3B HRXZEFEANY
ENREEELIVFE SN, RRNORE4LE
cephalosporinase (CEPase) E4#%L LT P. aerugi-
nosa GN 918 %» %, %7, ENBXBHLRB LU
MELBTICENERYRRFTRHFD P. aeruginosa
IFO 34456 BX U PAO 1 ¥V 7zo ShOHDHIL 50 %
F)E) VICHEBL, -135TC ICTHMRFLL,

2. MAI%H

IPM, 3 XU benzylpenicillin (PCG) (XA RE X
h, ritipenem (RITM) &7 7432 YT XD, cef-
tazidime (CAZ) IEH&XY3 2V XD, cefsulodin
(CFS) ZRHEEMTRELD, cefoperazone (CPZ)
& U piperacillin (PIPC) 3WIL{L2TRXI D, aztre-
onam (AZT) ¥HEXRX2 47X b, carbenicillin
(CBPC), cephalothin (CET), cephaloridine (CER)
B X ¥ latamoxef (LMOX) REHHNEL Y,
cefuroxime (CXM) HFHMEL D, cefmetazole
(CMZ) 12=3tX Y, tazobactam X XRERLD,
clavulanic acid (CVA) iZ¥—F+ A - RAI X754
v XY, sulbactam (SBT) iH&7 r 4 ¥—1D,
cefpirome (CPR) E~AF¥RX bV ¥/ /¢ %D, gentam-
icin (GM) By VY7 - 759X hMAHDI R
$t% %1} 7:, Ofloxacin (OFLX) 15 X ¥ BRL 42715®
BREUMEEIE (&) BEMREFTERSNALbOE
Bwiz,

Table 1. Bacterial strains and plasmids used in the present study

Strain or plasmid Origin and/or genotype Reference of source
P.aeruginosa S-860/pMS 381 Clinical isolate (1988.10) * (26)
S-861/pMS 382 Clinical isolate (1988.10) (26)
S-1008/pMS 383 Clinical isolate (1991.3) Present study
S-1020/pMS 384 Clinical isolate (1991.3) Present study
S-1030/pMS 385 Clinical isolate (1991.3) Present study
S-1046/pMS 386 Clinical isolate (1991.11) Present study
S-1047/pMS 387 Clinical isolate (1991.11) Present study
S-1051/pMS 388 Clinical isolate (1991.12) Present study
S-1086/pMS 389 Clinical isolate (1992.1) Present study
S-861 PR Piperacillin-resistant mutant from S-861 Present study
GN 17203 Clinical isolate producing metallo 3 -lactamase (12)
GN 918 Clinical isolate producing chromosomal CEPase (29)
PAO 2142 Rp Rifampicin-resistant mutant from PAO 2142, ilu, lys, met, tyu (12)
IFO 3445 Laboratory strain
PAO1 Laboratory strain
pTP 131 Recombinant plasmid encoding metallo- 3 -lactamase gene of P. aeruginosa S-1051 Present study
pSMBNU 24 Recombinant plasmid encoding metallo- 2 -lactamase gene of S. marcescens TN9106 (20)
E.coli JM 109 recAl, endAl, gyrA96, thi, hsdR17, supE44, relAl, A (lac-proAB), F' [traD36, (28)

proAB*, lacl, lacz AM15)

* Date of isolation
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3. B/NRERILRE (MIC) DRl

B/NRE I ®E (MIC) 1, Mueller-Hinton agar
(MHA, SRF) AW, HR{EEREESBEE (2
¥ U THE L2, Brain heart infusion broth (BHIB)
B, 37T, —AERLAWH L M AMAKICT 500 1#
FMLZD D% 10° cells/ml DEMMM L L, HMIC
R3Izursvy— (EAMNER, BR MIT-P) %2
Hwihe 37T, 20 RREERHIC MIC 2 LA,

IPM BB CRIZTEEMNT I ) ROEBORNE
24, Davis DBRAPERBEMIC 50 mM ® L-lysine (K
FYLRK) Z®ML T MIC %8€ L. Davis DB RE
MHBT 37T, 24 RREERL2ZENEERREAKTH
10° cells/ml ISHRML b D2 RME R E L2,

4. M p-lactamase DAN

BHIB &, —#cHi® L-WM%His BHIB (2T 20 ff
WKHRML, 37 C ICT 4 FIfIRAEEL - RLOSH
(6,000xg, 15 M, 4TC) i2&xb, H&EEIREL, =
% Tris-HCl £ (0.1 M, pH 7.0,LLF Tris & #)
ST 2 EHkEE, FRGRICHERESYE, KR TEBE
B (UR-200P, PI—HT) CTHERLA. &
DR R % & 0% (10,000xg, 30 271, 4 TC)
L, ZOLiE% p-lactamase WM EH & L1-, FMH
OFEHEHE I, BADORED IPM X% 2 B
#iCEmML, RIXEERICHBEERLFAMNL /.

5. IPM 7H#tE p-lactamase DM

LROFETH S-861 KRR HBFEA (0.3
unit/mg of protein, #%& : IPM (100 uM)) »5, BE
B O—FEREL-HFECTHRUER (LiEH 231
unit/mg of protein, &% : IPM (100 ¢ M)) %187,
Thbh, BREEAEL, 0.1%ANVAT by /)—N
B XU 0.5 mM ZnSO. &% Tris-HCl &&#H (pH 7.0)
IZH LT 4 C —HER L. EWNEORELSRELFED
b, 4+ %®|AFA2707 757 (CM Sephadex ;
3 ¢ x17 cm) BLXU 7 Vili# (Sephadex G-100 ; 2
¢ %80 cm) T IPM SHEIEHE S 2 omEL, HEEE
FLl7, MEEEDTOEED 29 % HBEIRE N &
B, By 77 —HICR, 01 % ANVAT LY )
— VB XV 0.5mM ZnSO. Z &M L7z,

6. p-lactamase i DRE

B-lactamase E¥EIE, UV &2 (CTHE L0 KB
&, 0.05 M Y VB (pH 7.0) H37T IZTH-
2o ¥ 7 NE— ARG EEE (HITACHI, 100-60
) 2k D ENBBRROEEMET S LICLDM
ASREELZ RO, BRIGEEIR, 005 M U Y BRER
#W (pH 7.0) &, 37T IXBWT 1 4HIC 1 1 mole
DEB BT HEERLY L unit L LA, T/, BE
BHOZHBELZFLMmMET V73 ¥ (Sigma) Z2EEER
B & LT Lowry HDHE® IZTRD, BUEH (mg)
% ) @ unit CHIEE (unit/mg of protein) #&XL 7=,

7. FRRAOUE

SMABIIKRIE, 2 %LKB 7454~ (pH 3.5
~ 10.0) #8176 % RUVTP2ZIUNTI F¥VEAV
Tl pHARIE pl *—=%— () x5 VER)
THB L. %7, pB-lactamase ikB){v{8iX, kB
DY V% 0.5 mM ZnSO. &# Tris-HCl %I 30 7
L%, 1 mM PCG, 0.4 % Starch, 1 mM
Iodine B LU 1.2 % agar 22T 40 mM V)  BUERS
 (pH6.0) *WMET A LICLhHERBL

8. #FTRDOU%E

Laemmli ® FE» 2R VWHNB RO FRE
SDS-PAGE IZ& W K7z FFR—A—-ELTIZ
Pharmacia # (Pharmacia LKB Biotechnology) ® %
DRI '

9. f-lactamase B EIHTE S & UTEHE B 5 AR

M B-lactamase IS HHEEH % 100 uM T2 5
XJicmz, 80 C, 10 44 ¥ Fa~x—bL7%,
CER (100 uM) %# &K & LT f-lactamase &t % il
EL7%. EDTA REBOERA + 2 X iEEEER
Bkl Watanabe 5D FEE®R (285 72,

10. SEREH

L-broth® TH#E L 7-H#k» 5 Fukuoka 5DHE
ICRVNEREZZHB L. Zh%d 10 %SDS-PAGE
ToME®, 77—V —RAICIIEANY FERBL
A

11. PIPC W% & 0 #R

S-861 #%% BHIB #, 37 C CT—&&EEL, “h%
ABAEWT 10 FARE, PIPC (50 pg/ml) 4
heart infusion agar (HIA) FHR EIC®AH L7, 37T,
—KERBICEFLTE/-au=—%F LiRE®D PIPC
U HIA PR ET2BE—ao=—¢L, €012
% S-861PR & L7

12. Wt EERR

Kato 5D FE® IZ L7235 T, P. aeruginosa PAO
2142 Rp 2% BFREL L THEEE (74 V58 —X4 T
1 ¥ 7#) ¥7213 transformation 217 - 7. {m3EHIT
50 ug/ml ® CAZ B X T* 100 ug/ml ? rifampicin &
tr HIA FRE AW TRRL 72

13. IPM 4t p-lactamase BIEFDKBE~D
ro—=vy

ThA)HEEED XY S-1051 KNS TSFAIF
DNA ZHitiL, Ch#ZHHEEE BamHI CTHIW# CIP
PR L7- pHSG 397 LIRAL, ligation RIEZ1T 572
Z @ ligation #§# % Fi\», Hanahan DK E® ICTE.
coli JM 109 BRIZEA L, CAZ 50 ug/ml &4 LB £X
BERWICEH L. B LZau=—-X)TS5RIF%
SHEL, XY -—BIUHANK EHAL, BWET
57u—pTP 131 287,

14. MmFER, 77 —-YRBICEF Y Y ROBRE



202

HALYRELIN U

APR. 1996

FEASMEROMERIZ, PikREILE (X147
AR HRNE) 2HTHRELA. £, 7
7— YR Bergan 65D F B, ¥F ¥ Rk
Gillies 5 OHEIE > THREL 70

IL ¥ B & R

1. MWHBH S LU IPM HIEH:

IPM 43 4% B-lactamase ¥ - &k 9 #k, Watanabe
L H5 M LA metallo f-lactamase E4HED GN
17203 ¥ ¥ & BB D IFO 3445 O %8P0l #) 82
%6 XU IPM MIEH % Table 2 1SR,

RADTMLI 9 BIZEMBRD IFO 3445 (LKL,
IPM I LBALHICHETH - A IPM 21T 5 MIC
fi3, S-860, S-1008 # X U* S-1030 #Tit 6.256 ug
/ml C. IPM IZEEREO L XLV TH - 722, S-861,
S-1020, S-1046, S-1047, S-1051 ¥ X U° S-1086 #
Tid 25 ug/ml BLU 100 ug/ml T. PHEELRVWLIZ
HEN#ETH-7~, CAZ, CFS, CPZ, CPR B U
CBPC 2N L TRIRTORIHERTE (MIC=100
ug/ml) THono —%, PIPC IZi%, S-860, S-861,
S-1008 # X U S-1030 KA EHEKD IFO 3445 L Rk
RERTH2, o 5 RZWETH -, 72,
AZT 2 L Tid, S-1046, S-1047, S-1051 BLU*
S-1086 O 4 HizPEEMYE (MIC=12.5 ug/ml ~ 25
ug/ml) ZRL, TOMOKRIIBRENTH -7 IPM
CHEREZRLE 5 kD5 b S-1046, S-1047,
S-1051 3 X UF S-1086 ? 4 #it PIPC 3 X ¥ AZT iZ
LbEEDLIVIIPEERELZRL A, S-861 #i
PIPC B X T AZT i3 CTH o 7o p-lactam #Hl
PYSoERD 5 H GM IZx LT, S-1030 HARZH
(MIC=3.13 ug/ml) Tdh o725, ZDOMOKIZTRT
HiETho7o £/, OFLX 21X, S-1047 B U
S-1051 #* 3.13 ug/ml ¥ 7213 6.25 ug/ml ® MIC %R
L, ERZIHAEL TV, o 7 hiZBEHTH-

Too TG 9 BRITLHBRIC, FMEEHAHLVIZYR
R H:AL, SHEEILOBmERL

IPM # %K LT, 9 BAOMELZHERED §-
lactamase EMEZ HIE L MR, TRTOHMR S
(2 IPM MBiEHEXBD 6N, EH 1mg %) 1 M
0.16 4 mole ~ 0.49 x mole ? IPM ¥ ML 7=, iE#E
DUARNVIZ, §-1020 ¥A* 0.49 unit/mg of protein & it
DRI 2 BERWIEEERLZUAZIZAL TS
D, IPM &t f-lactam K OBEME IPM 5MIGEHE
LARNMICIEARIZA N 2D oo %23, Watanabe
51 HrM L7 GN 17203 KROBZE/ Y — ik
OFLX (Z4EM2{L L TV A S-1047 K.ICHML, %
7=, 0 IPM MiEH it S-1020 (kL HEETH -
to

2. WHiza%

IPM ###%% f-lactamase E/:/EMM 9 KB LU P,
aeruginosa GN 17203 % #t5 M & L, PAO 2142 Rp &%
74N =24 74 Y 7HICTRHRECKRAEZEER
MAlzo S-1030 BRERVTEWEE (10-7~10-%) 2
CEAICIYREEEA B LN, S-1030 KTH
transformation (2 & - TRHEEEE B Oh ), (=38
»%TiX, IPM WtE, 7 x AtE, CBPC #ft, GM
WS L IPM #4E f-lactamase EEREDRIN
BZEhi-A%, PIPC Btk, AZT #ft, OFLX ##t
(ER&Z), IPM HENE, GM REBTRIRRALL
Mo 7: (Table 3), W¥EZEKRTIE, WIKIMKLFEL
NV D IPM HEERESERZ Eh, S-1020 KHIX 7T
A3 F (pMS 384) REHKD IPM SMiER GRS E
BERRICBOKBAE TS A I FREKDOH 2 5TH
5723, PIPC H%E (MIC=50 ug/ml) WiEiiRE
L&»o7. GN 17203 KkEIR 75 X I F (pMS 350)
ZEHTH pMS 384 (S-1020 &) {=Ek L ZiZR#
DERMPRBONT, B, F—Y RSV, 9 KT

Table 2. Antimicrobial susceptibilities and imipenem-hydrolyzing activities of 9 clinical isolates of Pseudomonas aeruginosa

MIC (xg/ml) at 10‘CFU/spot

Strain no. Imipenem-hydrolyzing .-
IPM CAZ CFS CPZ CPR PIPC CBPC AZT GM OFLX activity” g
S-860/pMS 381 6.25 400 >800 200 100 6.25 800 313 200 0.78 0.28
S-861/pMS 382 100 400  >800 200 200 6.25 >800 3.13 200 0.78 0.23
S-1008/pMS 383 625 400 >800 400 200 6.25 >800 313 200 0.78 0.16
S-1020/pMS 384 25 800  >800 800 400 50 >800 6.25 100 1.56 0.49
S-1030/pMS 385 6.25 400 >800 200 100 6.25 800 1.56 313 156 0.21
S-1046/pMS 386 100 800  >800 400 200 400 >800 125 200 1.56 0.21
S-1047/pMS 387 100 800  >800 400 200 200 >800 25 800 6.25 0.18
S-1051/pMS 388 100 800  >800 400 200 400 >800 25 >800 3.13 0.22
S-1086/pMS 389 100 800  >800 400 200 200 >800 125 200 0.78 0.21
GN 17203/pMS 350 100 >800 >800 >800 400 400 >800 25 200 125 0.51
IFO 3445 0.78 0.78 1.56 625 313 625 125 313 313 0.78 <0.01

* Imipenem-hydrolyzing activity was determined by the spectrophotometric method using imipenem (100 M) as the substrate and is

expressed in units per mg of protein.

Abbreviations: IPM: imipenem, CAZ: ceftazidime, CFS: cefsulodin, CPZ: cefoperazone, CPR: cefpirome, PIPC: piperacillin, CBPC: carbeni-

cillin, AZT: aztreonam, GM: gentamicin, OFLX: ofloxacin
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Table 3. Antimicrobial susceptibilities and imipenem-hydrolyzing activities of the transconjugants
Strain no. MIC (ug/ml) at 10‘CFU/spot Imipmem'-hydx’-olyzing
IPM CAZ CF§ CPZ PIPC CBPC AZT GM OFLX activity®
PAO 2142 Rp/pMS 381 (S-860)" 3.13 400 >800 200 3.18 800 8.13 12.6 0.78 0.29
PAO 2142 Rp/pMS 382 (S-861) 3.13 400 >800 200 3.13 800 8.13 12.5 0.78 0.29
PAO 2142 Rp/pMS 383 (S-1008) 3.13 400 >800 200 8.13 800 3.13 8.25 0.78 0.22
PAO 2142 Rp/pMS 384 (S-1020) 6.25 800 >800 200 8.13 800 3.13 825 0.78 0.59
PAO 2142 Rp/pMS 385 (S-1080)° 3.13 400 >800 200 3.13 800 3.13 0.78 0.78 0.20
PAO 2142 Rp/pMS 386 (S-1046) 3.13 400 >800 100 3.13 400 3.13 12,5 0.78 0.26
PAO 2142 Rp/pMS 387 (S-1047) 3.13 400 >800 200 3.13 800 3.13 12.5 0.78 0.30
PAO 2142 Rp/pMS 388 (S-1051) 3.13 400 >800 200 3.13 800 3.13 12.56 0.78 0.23
PAO 2142 Rp/pMS 389 (S-1086) 3.13 400 >800 200 3.13 800 3.13 12.6 0.78 0.30
PAO 2142 Rp/pMS 350 (GN 17208) 12.5 400 >800 200 3.13 800 3.13 12.5 0.78 0.61
PAO 2142 Rp 0.39 1.66 166 8.13 3.13 560 3.13 0.78 0.78 <0.01

* Imipenem-hydrolyzing activity was determined by the spectrophotometric method using imipenem (100x M) as the substrate and is

expressed in units per mg of protein.
® Strain from which transconjugant was obtained.
© Transformant.
Abbreviasions: See the foot note to Table 2.

Table 4. Expression of §-lactam resistance in Escherichia coli JM

109/pTP 131
Drug MIC (g g/ml) at 10* CFU/spot for
E. coli JM 109 E. coli JM 109/pTP 131

Imipenem 0.2 12.5
Ceftazidime 0.2 400
Cefsulodin 25 >800
Cefoperazone 0.2 200
Cefpirome =0.05 3.13
Latamoxef 0.2 800
Piperacillin 1.56 6.25
Carbenicillin 6.25 >800
Aztreonam 0.1 0.1
Gentamicin <0.2 <0.2
Ofloxacin 0.2 0.1

RTIEKESOEPL: (W 40kb) 77 A3 FHHERD
Ihiz,

S-1051 #kHI%k 7 5 X 3 F pMS 388 2 & IPM 3tk
B-lactamase B4 B{zF %, pHSH 139 #X7 ¥ —¢L
LABEIcza—=Y71L7 (Table 4), IPM 5%
B-lactamase BIEFR AKBETHRAL, 1.24
unit/mg of protein @ IPM M EHRHFHEZ I N
Recombinant plasmid f#F KB&ETix, IPM, 7 =
A%, CBPC ORMMAKTA FRICHR 5 HEUELRA
L7=o ¥7-, PIPC ORtEMED 3 LA LA, AZT
T AREHIZEN L Ld o1

3. p-lactamase B4

IPM 5M#EfE B-lactamase BE4E 9 ¥k 518 7 MBER
DEBHBLAK/ Y — % Fig. 1177 HEICK
B ot fh# CEPase (GN 918 #™ Hi%) ZFRIC
kB L7z, JEFHEFICIE, 9 Bk S-860, S-861,
S-1008, # X U¥ S-1030 #kTid, pl ¥ 9.5 ICHkE S h
51 EX0NY FORNAD b —F, TOMDOHK

TR E OB ak¥ CEPase ICHYTAE (pl=
ca8.7) ICX5ICH ) 1 KDY FAEBRH Iz, KRIZ,
FBROKE) Sy — %, S-1086 B XU S-860 DI
EERFEME LT Fig. 217 T. FFEMIC 2 K<
Y FARD LN S-1086 R TIXFEHEEIC pl 8.7 D/F
YERRRHRHEN, 1 KLY FOBDLIL
o7 S-860 Tit pl 8.7 IcHi=fe/i v FARME R
2o BB, AMTIE, FEFHFICDH CEPase /¥ F2A*
B shi: 5 Bz it fktt CEPase BMIG#E L7225,
wihd PIPC Wt TH - 7o

FYBED p-lactamase HE%Z, IPM 2 HEEEL L7
IPM &5k, CET %#3%H & L7: CEPase {24}
THlE L7 (Fig. 3). S-1020 %k Tixb¥ iz, T/,
S-1046, S-1047, S-1051 B X U S-1086 K TixH S
MIZFE ST CEPase {14t IPM 7BHEE L Y Ko
oo FHHEBIZIX, TRTOKT CEPase EHENLRL
7275, IPM BEHICEEB AL o7 T2,
B’ K CEPase 1528 57 IPM #EEIX, IPM KB
o S-860, S-1008, S-1020, S-1030 Ti 3.13~
6.25 ug/ml ThHo722%, TOMROEEREKTIE 25~
50 ug/ml THotzo B, F—FRRI LV,
CMZ THH L /-4, S-861 #k (IPM EERE) &
S-861 (IPM ®EERE) BT CEPase #&#A LAY 2
BEIGEVIIROA R o7,

4. IPM %t B-lactamase DK

WEEER; SRR LR HVEM f-lac-
tam X 2 MK BIEELZBEL 72 (Table 5),
FOEREVTRIBEB L MASTHN Y- 2RL,
AZT CH LT TFhokOBELSBEHEZ RS &H
oo FOMOEFIIHN L TCIRHAL» 2 FREXE LR
L72o Watanabe &2 5B L 72 metallo f-lacta-
mase EAED GN 17203 %D 5 D{5EHK. (pMS 350)
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a b ¢ d e

f 8

pl=8.7(CEPase)

pl=9.5

h 1

The $-lactamase bands were visualized iodometrically. The pl 8.7 and 9.5 bands correspond to chromoso-
mal cephalosporinase and imipenem-hydrolyzing j-lactamase, respectively. Lanes a: S-860; b: 8-861; c:
§-1008; d: S-1020; e: S-1030; f: S-1046; g: S-1047; h: 8-1051; i: 8-1086; j: GN 918 (CEPase)

Fig. 1. Analytical isoelectric focusing patterns of 3-lactamase from Pseudomonas aerugi-

nosa with imipenem-hydrolyzing activity.

a b c d

pI=8.7(CEPase)

pI=9.5

e

The p-lactamase bands were visualized iodometrically. The pl 8.7 and 9.5 bands correspond to chromo-
somal cephalosporinase and imipenem-hydrolyzing f-lactamase, respectively. Lanes a: S-860 (control);
b: S-860 (with induction); c: S-1086 (control); d: S-1086 (with induction); e: GN918 (CEPase)

Fig. 2. Analytical isoelectric focusing patterns of j-lactamase from Pseudomonas aerugi-
nosa S-860 and S-1086 incubated with and without inducer.

B LS. marcescens ? metallo f -lactamase %4 #
EFERAETAREE? AR L - HBEROEETIF
REERIIS 9 ROERLEML TV, 7, HE
#% 4 mM EDTA T 10 ZHRABL7-L 5, TXT
T 92~98 % DEHFHES L, EFFRICESHA T >
ZHEML7-E ZAEEO—BAEBEL 7.

S-861 HrERF# L L TEY, IPM 2#E f-lacta-
mase ZHBEML 72, BB p-lactamase X, H I/
NREAD, RRPA, ¥7 7947, RV Y VBT
7 7ARYY (FFYA43I 7720 %80) %
MADHL7A, AZT CROBERERS Zdh o7
(Table 6) AEZED L7 z AFIIHT 5 Km HiE, ~
ZY ) YR EL, E7 2 2AICHVRALE
FyEEmEAONI, AEEOFELIIN 9.5 T,
SDS-PAGE 12 & o TRD -4 FEIZ# 28,000 TH Y,
@ pH BXUBERRZIhZh 95 BXU 60~65TC
THhol

BRBRECHTAIREHERBLUERA A YO f-

lactamase FETEME % R L7z (Table 7). ZABEDE
1%, EDTA, p-chloromercuribenzoate, 37 %,
FeCls 8L T CuSO« DEMIC L W ZL2ICHES R,
—7%, p-lactamase FE#H|CH 5 TAZ, CVA, SBT &
& ¥ BRL 42715*, & 6|2 KCl, NaCl, CaCl,,
MgSOs, ZnSO« & L U CoCl: DiFEMiI AR E DI
BLALERL Do

EDTA Z& > THESh-BRIER N T 548
BAXICXHEHEEEZRE LA (Table8)o £NER,
CaAFvyBIU Mg £ yOFEMTIRIILALERE
EBEL2d»o72% Zn £+ Y DEMT 40 %, Co 47
YOFEMTI 23 %DIEHAEBEL 7=,

5. IPM & X Uf PIPC W DT

IPM ##t: B-lactamase BEARREICHBIT 2 IPM
B LU PIPC WA L3° L b IPM i L ABIE S
(Table 2), F7:, Table 3 IZR L7 & 5 IZE/RTIX
IPM EER#ES L O PIPC MEARA L kdhol
o, BRSERICME, EBNHEEKEZBAVTIR
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S s-se0 S-861 [ 8-1008
5- - s
Substrate:
4r i - oimipenem
ecephalathin
S B " (100 4M)
2 - L

-

il J

0578 813 125 50 0 078 515 125 50 0 078 303 126 50
8 s-1020 " §-1080 [ S-1048
5 - B
4+ i i
. st L 5

%

e I3 Il 1 i\
07078 313 125 50 0 0.78 3.18 1256 60 0 078 3.13 125 60
S-1086

[ S-1047
5F

S-1051

4+

0 078 313 125 50 0 078 3.13 1256 50 0 078 3.13 125 50

Concentration of inducer (imipenem xg/ml)

Sonic extracts were prepared from Pseudomonas aeruginosa producing imipenem-hydrolyzing
f-lactamase after incubation with various concentrations of imipenem for 2 hours, and their
B-latamase activities were determined by a spectrophotometric method using both imipenem
(O) and cephalothin (@) as the substrates.

Fig. 3. Cephalosporinase and imipenem-hydrolyzing activity in 9 Pseudo-
monas aeruginosa after incubation with various concentrations of imipenem
as the inducer.

Table 5. Hydrolyzing activites of the crude extracts from the transconjugants against various f -lactams

Enzyme sources Relative rate of hydrolysis (%) at 100 x M m:&:;ﬂp&lé;?'
CER PCG IPM RIPM LMOX CAZ PIPC AZT addition of zinc cation (8;) o

P. aeruginosa

PAO 2142 Rp/pMS 381 100 (0.19)* 69 138 127 98 11 22 <4 23

PAO 2142 Rp/pMS 382 100 (0.17) 79 152 124 94 16 15 <3 11

PAO 2142 Rp/pMS 383 100 (0.15) 57 203 172 82 19 17 <2 23

PAO 2142 Rp/pMS 384 100 (0.40) 65 151 123 86 16 8 <2 16

PAO 2142 Rp/pMS 385 100 (0.17) 55 152 112 88 19 24 <3 20

PAO 2142 Rp/pMS 386 100 (0.18) 66 142 110 85 16 16 <4 18

PAO 2142 Rp/pMS 387 100 (0.19) 78 173 128 100 20 16 <3 12

PAO 2142 Rp/pMS 388 100 (0.15) 72 160 117 85 19 18 <3 26

PAO 2142 Rp/pMS 389 100 (0.17) 71 172 132 101 20 10 <2 7

PAO 2142 Rp/pMS 350 100 (0.39) 90 118 137 149 15 16 <2 11

E. coli

HB 101/pSMBNU 24% 100 (0.61) 50 97 111 82 8 4 <2 12

* The values in parentheses indicate activities (units per ml) used for assay.

v E. coli HB101 harbored the recombinant plasmid encoding metallo- 3-lactamase gene of S. marcescens TN 9106 (20).

© The enzyme activities of EDTA-treated crude extracts were determined by the spectrophotometric method after incubation with 1 mM of
ZnSO. for 10 min. Recovery of enzyme activity was expressed as a percentage of the activity before treatment with EDTA.

Abbreviations: CER: cephaloridine, PCG: benzylpenicillin, IPM: imipenem, RIPM: ritipenem, LMOX: latamoxef, CAZ: ceftazidime, PIPC:
piperacillin, AZT: aztreonam
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5 2 F ORIV TRETL 2

NABEE D SDS-PAGE k&R % Fig. 4 ISRT,
IPM CHEREZHETIRVWTFIhS D 2 BEA/CVF
(Figure RISRENTRR) 2SI d o,

D2 HJEMHENT I /BMOMY AAICKEL, HE
BT I/BHIPM ORBERERTI EMMESRT
WM DT, BABRICEERTI VRO VIV ER
mL, IPM RER#E® S-861 L ERERMED S-860
IPM (23325 MIC 2#lE LA (Table 9)o £NKR,
RupIcHEET I/ BMOFEEL2VWIRBTIX, S-860
B33 IPM @ MIC (228D IFO 3445 & [F]
LThotdt, VYVl S-861 (ST 5L
BMLVANCRoR, —F4, D2 R#ED S-861 KTk
VI VENOEEIDbTHIT, VY VOERIIHMD
53 IPM ® MIC i3RI Y KED o7,

Table 6. Kinetics of 3 -lactam hydrolysis by the purified 3 -lacta-
mase from Pseudomonas aeruginosa S-861

B -Lactams Km (u4M) Relative Vmax”
Cephaloridine 21.6 100
Cephalothin 10.1 102
Cefuroxime 9.2 36.2
Ceftazidime 36.5 15.5
Cefoperazone 22.9 122
Cefsulodin 3.2 5.0
Latamoxef 22.2 151
Cefmetazole 2.7 31.8
Imipenem 33.3 115
Ritipenem 38,5 116
Benzylpenicillin 485 574
Carbenicillin 406 304
Piperacillin 139 55.5
Aztreonam >100 (Ki)® <1

* B-Lactam hydrolysis rates are expressed as percentages of
cephaloridine hydrolysis (enzyme activity: 1.83~3.43 units/ml
at 100 » M).

* The Ki value was determined using cephalothin as the substrate.

PIPC |c R WM 2 #kid Fig. 1 [SRLZA&EICw
hd CEPase BEAMRAMBTH 2. £C T,
CEPase N IMIE L & PIPC MIEL DRFRE & HIC
BT bHic, IPM 3E f-lactamase B
MM a3 2 IPM, CAZ, AZT B& U PIPC ¢
CEPase [l ##/® BRL 42715 & DOERRRZ 6T
S-861 # 5137- PIPC mEMEARD MIC BXUF -
lactamase ¥4 % W~X7: (Table 10).

IPM B & ¥ CAZ Ti3, BRL 42715 BERIB§IC MIC
MOE(LIZA LN H o ods, PIPC BLU AZT Tid,
CEPase BN E A% T MIC HOETHALNL,
%7/, S-861 25137 PIPC WEERKETIIAAD
S-861 s Sz H 5 7= CEPase (cNIET S RIC

Table 7. Effects of inhibitors and cations on the activi-
ty of imipenem-hydrolyzing 3 -lactamase

Inhibitor or cation Inhibition (%)
FeSO. 71
FeSls 100
CuSo« 100
KCl1 0
CaCl: 0
NaCl 0
MgSO. 0
ZnSO. 0
CoCla 0
EDTA 100
p-Chloromercuribenzoate 100
Iodine 100
Sulbactam 0
Clavulanic acid 0
Tazobactam 0
BRL 42715 0
Aztreonam 0

The purified enzyme (5.25 units/ml, substrate:
CER (1004 M)) was incubated with various
cations and inhibitors (100« M)

Table 8. Recovery of activity of imipenem-hydrolyzing J -lactamase treated

with EDTA
Treatment Relative activity (%)
EDTA Dialysis Divalent cation (1 mM)

- - None 100
+ - None 0
+ + None 0
+ + Ca** 2
+ + Mg

+ + Zn** 40
+ + Co* 23

The purified enzyme with imipenem-hydrolyzing activity of 0.707 unit/ml
(substrate concentration: 100« M) was incubated with 4 mM of EDTA at
30T for 10 min, and the reaction mixture was then dialyzed twice against
1 liter of 50 mM MOPS buffer (pH 7.3) at4T for 24 h. The dialyzed
enzyme solution was incubated with 1 mM of cations at 30T for 10 min
before enzyme assay. Recovery of enzyme activity is expressed as a per-
centage of the activity before treatment with EDTA.
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94K

67K

43K

x g
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[ a e

Outer membrane fractions were prepared from P. aeruginosa with imipenem-
hydrolyzing activity and from PAO 1 strain. The arrow indicates the position of

Ds-protein.

Lanes a: Molecular weight markers; b: PAO 1; c: S—860;‘d: S-861; e: 8-1008; f:
$-1020; g: S-1030; h: 8-10486; i: S-1047; j: 8-1051; k: S-1086

Fig. 4. Outer membrane proteins of Pseudomonas aeruginosa with

imipenem-hydrolyzing activity.

Fleny FABRHM S h, CEPase BEANKEESMEERD
PIPC WHE#k & MARICBIHIRIC B L Tz,

6. MEM, Y o MBIU77r—VH

SERF L7 9 iz T RTRARBBMICARPOF
NWEhRE2BFLLSBSN-Z RS, A—HKD
FHRARENEZ SN 0T, miERH, ¥4 08B
X7 7 — YME RSz, Table 11 [ZZDEFE %X
WSS - EBITRT.

Table 9. Susceptibilities of Pseudomonas aeruginosa S-860 and S-861 to
imipenem in the presence of lysine on Davis’ minimum agar
MIC (ug/ml) of imipenem at 10* CFU/spot

Strain
with lysine (50 mM) without lysine
S-860 25 0.78
S-861 25 12.5
IFO 3445 3.13 0.78

Table 10. Effect of BRL 42715 (a g -lactamase inhibitor) on the
imipenem-hydrolyzing activity

miFEE§XT B MTHoA, ¥ UHTR 2
oMM, Th77—YVHTIE 6 HOBARLAL,
¥ty ov®, 77 —-VBN—HL7-KkIE, S-860,
S-861 B X U S-1046 kD 3 BRDATH - 7225, ZD 3
BOEFWBEN Y-V BHLIITRE STV 28
RBEEF S VBBIT 77— VRIZIIBICHEIZR
b d oz,

7. FEAMEARR

AR BT 2P IR EYE f-lactam FD 1987
END 1993 FICBITLHHAREPESLICEFT LK
R#% Fig. 5 IR7T. fiRBREH, 52 IPM 0fEHE
121991 E£FTHML, TOBAMIRAI L. CAZ
X 1990 FICHANHBER T, /=, AZT &
1992 £D 1~6 Alcb TR ShTWw=%%, CFS
BIUFza-F /)0 HolERI L7 2R
D GM FRELLMEPTXTTEbA T, Hikk

activity of j -lactams against Pseudomonas aeruginosa with

MIC (uzg/ml) combined with 20« g/ml of BRL42715 at 10* CFU/spot

A -Lactamase detection
by isoelectric focusing

imipenem ceftazidime aztreonam piperacillin before induction

alone +BRL42715 alone +BRL42715 alone  +BRL42716  alone +BRL42715 pI=87 pI=95
S-860 6.25 6.25 400 400 3.13 1.56 6.25 3.13 - +
8-861 100 50 400 400 3.13 3.13 6.25 6.25 +
§-1008 6.25 6.25 400 400 3.13 3.13 6.25 3.13 - +
$-1020 25 12,5 800 400 6.25 3.13 50 12,5 + +
$-1030 6.25 3.13 400 200 1.56 1.56 6.25 3.13 - %
5-1046 100 50 800 400 125 3.13 400 25 + +
§-1047 100 100 800 400 25 6.25 200 25 + +
S-1051 100 100 800 400 25 3.13 400 25 % +
S-1086 100 | 100 800 400 12,5 3.13 200 25 + +
S-861PR 100 NT 400 NT 50 NT 400 NT + +

pI=8.7; cephalosporinase, pI=9.5; imipenem-hydrolyzing g -lactamase

NT: not fested
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Table 11, Serotype, pyocin type and phage type of Pseudomonas aeruginosa with imipenem-hydrolyzing activity
Strain Sero- Pyocin- Phage-type Resistance pattern
no. type type
S-860 B 1c 21/118X/Col111/2 IPM - CEP - GM
S-861 B 1lc 21/119X/Col11/2 IPM (H) - CEP - GM
S-1008 B 10b 31/21/119X/Col11 IPM : CEP - GM
$-1020 B 1c 81 IPM - CEP « PIPC - GM
$-1080 B 10c 81/119X/Co111/Co118 IPM - CEP
S-1046 B 1c 21/119X/Co111/2 IPM (H) - CEP - PIPC - GM
S-1047 B 1c 81/21/2 IPM (H) - CEP - PIPC - GM (H) - OFLX
S-1051 B 1c 21/Co111/2 IPM (H) - CEP - PIPC - GM (H) - OFLX
S-1086 B lc 31/21/119X/Co111 IPM (H) ‘- CEP - PIPC - GM

IPM (H): high imipenem-resistance (MIC=1004g/ml); GM (H): high gentamicin-resistance (MIC>800/ g/ml); CEP:

cephalosporin-resistance

IPM: imipenem, CEP: cephalosporin, GM: gentamicin, PIPC: piperacillin, OFLX: ofloxacin

12

cefoperazone

—
o
T

B piperacillin
[] ceftazidime

[
T

. imipenem

>

Amounts of the drug ordered (kg)
o

N
T

0
'89/7-12 ’90/7-12 '91/7-12 '92/7-12 ’93/7-12
'90/1-6 '91/1-6 '92/1-6 '93/1-6 '94/1-6
Period

Fig. 5. Amounts of antipseudomonal agents
used in the neurosurgical ward from
July 1989 to June 1994.

BH#EYE p-lactam FHILA T CTM (BERMICZ 7 ~15
kg), CEZ (1~7 kg), FMOX (~3 kg) BV
LMOX (~3.5kg) Y MREIHEHEN TNV, 4B,
FMOX O &IZ LMOX OEHEBORAICE D W
W7z,

m. % %

RBH BT S IPM 7H#E f-lactamase DEA (L,
ChETHEFAND LS ELOTEALEILTHS
H, BARZ-F-FR—HRBICARPORLS 9 4D
BE» OSSN RBEA IPM S f-lactamase
REALTVWAILERVWAELY, SEKH LA IPM
SEYE B-lactamase EARBEIX, ¥ 3 EMICbA-
TH—FHBICABRTFOZERENR L2 BE»ORBRL
ThHmMEsh/-2 &, IPM I 100 ug/ml OB ERELZR
LB 2h#@BoidAcbEZ RTHREE T
Tk, $72. Tho 9 BRIZTERBIAFHFLL R
HizohZHmMEL RERMELT2EA ZDON
ez ¥, ThETILRVRLEAEZER OGN

IPM 54t f-lactamase N ERIFRES L FERA
ERAFFLMR, SERFLE 9 KRiIZFA—DBEXLE
HELTwadLEZ LN, S-861 KO LHRL-BX
DOHIRIZ Watanabe 52 OBEL-bDEZIZ—-HKL
TBH, 72, BEEEBI LGB/ HEEOERER
#1X Watanabe 52 3 X1 Osano 6 O L7
metallo f-lactamase & (22— L7 612, wTh
DEEFD EDTA AHBIZE W BEFE KD, &
FBICHESA 4 ViRMICE Y ERO—BAAEBL 2.
UEDKERY S5 EIRE L7z 9 KD IPM 7L S-lac-
tamase & class B® & %\ i function group 3% IZR
¥ % metallo f-lactamase & #x Hhi=,

SHEBRL-BEEOHERKIC Osano 5P BT
Marumo 52 O#$5 L7: S. marcescens H¥® metal-
lo f-lactamase & —M—-H L2 VAMR O, T4
bH, Km EBIUSBEATH S, SEABLI AR
¥ Y@ Km fiiZ Marumo 5 O#EFH L HPL TV
72b DD Osano H® DWEL TV HHEI YV KED o7
RFE S X, P. aeruginosa HI¥ D IPM 7MW -
lactamase D EBIEZFDEEAHIZ Osano 5 D
HLZEBEODD LRI L EHELTWSEE
EHh6, Km HOL—HKiZ, BEREEAOBVIZE
LUEENREVEEX LN ZA. FHMILAHTH L,
T, RAOHMREBEOHEIN 95 LEEFSI
#%, Watanabe 5 O#5{ (9.0), Osano 5™ D#t
% (>9.5) BXU Marumo 5™ O#MEHE (8.7) &
REz-oTWw7, Thid pl PAELREISGEVETH-
LD EEZTVAS,

LIAHT, HAENERRREICD LI EARTER,
RNERZI7VT I ABRBZES L2 ICHEEREL S
STREATAEENS%w, D2 ZAXKAICL S IPM
DHBHNEBEDET 14 L 275 2BHBD p-
lactamase D3t IPM WERBICL - TLETHS
CEHFTTIHE M S hew, D2 BHRBIzRmEN
CEPase Lt HlAEDLE LN THOTHMEMEO LR ELT



VOL. 44 NO. 4

79 A 3 N4 Class B f -lactamase M - kg% i 209

RASNBLEZOLNTVE, RAYIRTTICD2 &
HXAE IPM SMB¥% B-lactamase DIEFEAS IPM R
WEZDOF L 2HOMIILTVE, SERML
7= IPM REM¥%E®D 5 ko v$h b IPM ¥ p-lac-
tamase B4 D 2 ARG Mb oL bDTH o7,
B4 DORED IPM %2\ CEPase #¥RiRT,
Livermore O#t#® LRI D 2 REHICBITIIRH
FEBLRDILDDO IPM BNMREN D 2 RAKREI VK
WIEAH LRI oN, THiZ. D 2 REHKTO
IPM OHEGHNERRMENOFELELRL TS LERL LN
5, ¥/, IPM OGN ERIIERTIEEbh D™
BEMTI/JBEETIS, D2 RE¥D MIC 2¢D 2
REHRLAVANVICETERALL, Thbid, D2 EA
KD IPM OXBORPE L H L, IPM % S-
lactamase DHFEL L LICHERMELLEL LT W
VEXREXIRTHELDTHAH, —F, RKBRLZ L
CHERT I /BB FEELLAVWEROER ETIX, D2 &
B%®RET 5 IPM St B-lactamase E4¥D IPM
T REHEIIEERLEFAL ARV TH 572, 2R,
IPM 5tk B-lactamase EZIZX 5 IPM WERHIC
B2ALGHIDET IPM OFEBRBENSULELRILZRL
TWwaEZEXOLNME, SEIORL OREK R, IPM
HMURBICBIT2ERREL2VT7 5V ABBOMBR
2EZDZLECHBCRBIIBUEKLZL 6N S,

B ERROE RS S, IPM W, CBPC @
JUTt 72 AR 7IAIFLICI-FERATWS
IPM 78t pf-lactamase I2H &I T EMEAE L
2o LA L%AS, IPM 38t f-lactamase EERRE
BWICBIT 5 PIPC WiEB L U AZT W3 (mE4 7,
IPM W, CBPC WiiB LUt 7 » AWtE L IZPER
X RE o T, T4bb, PIPC BHEIREFED
CEPase ODBMIBIRIEAIZL DD TH o7z RIBET
X IPM 4t p-lactamase EEZ BT HZ LT
PIPC W REHET, L KBECORMEMES LA
CAZ BTRuho/oh, HUERTHCWIMAKSRX
DN Cix, PIPC @ Vmax/Km (X IPM 7% B-
lactamase 4 CHEMMELT S CAZ EHEPL TV
(Table 6) o ABFEICH L Tid, PIPC iX CAZ IZHA~L
TLOEVWEETIE AL, WiEED LAY CAZ BET
HoTHLABEHETEEVEZEZONS, PIPC IZBIT2
Z Dk 5 7% discrepancy PFHEE LTk, IPM TRSL
hi= X9 ZEERA~NOZBBRD 7 77 5 —DB5HE
Aohad, FMIEAHTDH 5

SE5HEL7- 9 BRPICIE, mMiER, €AY VB, 7
T—IVRBLUEHRE NS — v DFTRTH KL
kRiZOOLNT, LT LOA—KRORBRABRELZE
AONBEVERTHo2. LALEMS, 3 HRTIIEHA
WESy - 2REFEHERIE—HLLE, ThiZ,
IPM 5@k p-lactamase EAE T T A I F2 BB L-H

PeAS, D 2 RHICE D IPM ICREERMEILL, & 5%
k¥ CEPase BA: A HEABBRICEILT A LICLD
PIPC 2% it {b LIRS IR AS - AT BB 2 7R L T
WHEb#ERXAOLND, —F, IPM WMEAMZEET 7 R
IFEICI—-FERTWAILMHRENLTENS,
RBNICBWT, IPM 4% p-lactamase # 2—F L
27 AIFAMEBLATBELELONL, £72,
FFEH S B3 LU Arakawa 5@ AHELTWAH L H I
IPM 5r##t: B-lactamase RIZFA1 ¥ 770 v il
BTV AEILEDIORIZTFEEBB LTV 2 M
bEZONS, BE, S. marcescens Tlifeth LB
SUZ77RAIFLOMIECEDRIEFHHFETSHL
VHE»PD LR TVE27, SESML: 9 KROEHFE
TR F2RBRIFT A LIZE - T, IPM 5%
B-lactamase |Z& % f-lactam HIFEDEBJICBL &
CICHMZAR B ONEIDLEZ LN,

SRR L 9 MTROMREAAF LU CRER
AL - SHWELT2EENRON A, CDEH LXK
AMEOEITIHEROEHRLBEL TS LER
bhad, EBRICEFFHREIRAELLAKR, Cchboo
RIBED S W RABRRBICBWTIE, IPM 28
ChRRIBREBNER OFEHREA 1990 £ 6881, ¥
129 B 6 kA Bl X /- 1991 £ IPM R IZHA
EHHF DL DE 2 oTw, T/, S-1086 #At
SRES N7z 1992 FELUHIE, IPM 28 -HikBEH
HRERSEOERRIRASLTEY, F4H-% IPM
EYE B-lactamase BAKD I TV, Sh
51X, IPM O HEEmREILR IPM 2t f-lactamase
EEROTHERBOMNAEFOFEHARICHEL TY
AU BEEMRRTIREEVIZ L), LAL, A
EHHFICBWTIE, PIPC OEHBICHICKE LB
3%, ¥/, AZT i3 1992 EIARMBH SN 25T
ThHY, PIPC BLU AZT Wk OMBL L XXEH R
EOMICHELBER R o7 T4, BERHLTH
THhoA, ¥/7u #O OFLX IIH3 2 BEEAET
L7t COBRBTRF /IO VHAOERERNLL, F
20 YHIOBRZBEAKEDL ) ZRECLIIOIR
KV b, FRMOARBER, ZTORBOKE
EARAEMICDY, FALIELIEREARYET
ZEnn, HEL%REZZT IR MBOFEOR
BIVBwEEZOND, ERLAEAEHABICME,
CDX) R ARBEOHELREAHAOERICE 5
TWHUEEIEZONS, &8, BELRUKKET
SFHESNAIRBREICOVWTIEHEIFATLHFEL T
A%, 1992 4 1 HIZ S-1086 Hkx S BEHIBE (1995
£ 6 A) £T, #Hi-% IPM 7M. p-lactamase 4
REFIEIh TV RV, Fui I Eii—BROK
TTho72bDEEDbLNS,

PE, B—mBAL)RERBICoIESNIS IRE
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LMY B-lactamase B A:AREE M DRSO VTHE
HL7m BE, FRLANVARRLKDEIKEASH
TEY, CORMOEFNOMARRDOMKINTFHENS
CEAHH, SHRELBENORYMICIZ TS %E KD
LETHAH,

(FRL EERKZTRERTE LT 2H Ak
T EMARL2ZbDTH D)

& O

RERZDIIHAY, REZTHILZWOILAK
Wt TREXSNEAMREF HA%H, KBELM
WL, T, BFRRBRITICH Ao THHERERE
LTWAREFLATNE® LSO L D 84LE L LY
TTo EOIW, REZEKRECRBHES T LALHR
RFELRMEZESX)IERBERIREVALE
To 28, AR, BLETEEARXLHESHRE
B RAHFEXEMNL, LHNK, AREFE, BIDT
K, NEETR, BHEBK HE0REOEKOH
Hob e, ERBSHBEE - LEREFREHES
PODEBICI VBRI A EEMHREL, LEOVR
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Studies on imipenem- and cephem-resistant Pseudomonas aeruginosa carrying
class B f -lactamase plasmid
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¢ Episome Institute

From October 1988 to January 1992, 9 strains of Pseudomonas aeruginosa carrying a transfer-
able plasmid encoding imipenem-hydrolyzing f-lactamase (pI=approx. 9.5) were isolated from 9
different patients hospitalized in the neurosurgical ward of Toyama City Hospital. Six strains
were isolated in 1991, and the amount of antipseudomonal agents (especially imipenem) used in
the neurosurgical ward increased considerably during the same year. All strains were resistant to
imipenem, carbenicillin and antipseudomonal cephems such as ceftazidime, cefsulodin, cefpirome,
etc.; 4 strains of were susceptible to piperacillin and 5 to aztreonam. The imipenem-hydrolyzing
B-lactamase appeared to be zinc-dependent class B f-lactamase with a molecular weigh of
28,000, pI of 9.5 and broad substrate specificities similar to those of the metallo- f-lactamase
from P. aeruginosa (Watanabe et al., 1991) and Serratia marcescens TN 9106 (Osano et al.,
1994). The gene encoding imipenem-hydrolyzing B-lactamase was located on the transferable
plasmid of each isolate. The manner of production of these enzymes was constitutive. Both
low-level imipenem- and high-level cephem-resistance were cotransferred to P. aeruginosa with
the production of metallo- f-lactamase, but piperacillin-, aztreonam-, and high-level imipenem
-resistance were not. Esherichia coli harboring recombinant plasmid encoding imipenem-hydrolyz-
ing fB-lactamase exhibited a pattern of resistance similar to that of transconjugants of P. aerugi-
nosa. Production of chromosomal cephalosporinase in piperacillin-resistant strains was derepressed,
and production of outer membrain protein of D2 was diminished in highly imipenem resistant
strains. The serotype of all 9 strains was type B, but only 3 strains of them had the same
serotype, pyocin-type and phage type. Above results suggest that the continuous isolation of
imipenem- and cephem-resistant P. aeruginosa producing metallo- f-lactamase was related to the
use of the antipseudomonal f-lactam agents such as imipenem.



