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(1) # #

fERE—RIX 1988 SRR KRB ToOBE S hicEIR
SEERIBE 96 B\ ico ¥ EMARERISEED

s LU SR OERIRDBERR TY 553 RAER RO
Lo

(2) &,

FARZHRARIBRZHENERE (BK) AW
—BETF 4 A28 (BMF 4+ A7) Tfiltotoe ¥l
PR X A B/NEHEIRIERE (MIC) JE:, B
HES M 2 vis X0 B NEXRSE (HK), #HH
4~6x109ml # F\: B A L3R S A MR L

-6)

{E A imipenem (IPM, 5FABI3K), aztreonam
(AZT, BARA 7 ¢ 7), ceftazidime (CAZ, WX,
cefmenoxime (CMX RE#R), cefotaxime (CTX, #
#8I3), cefuzonam (CZON, € —F 4 —5 X&),
cefsulodin (CFS, FME3KE), latamoxef (LMOX, %%
2%8U3%), piperacillin (PIPC EL{t2), carbenicillin
(CBPC, ¥ —% , »35), cefoperazone (CPZ, Ell
{b2), ceftizoxime (CZX, RFEIR 2K &), gentamicin
(GM, EF#%SBIFK), norfloxacin (NFLX, AHBE.
(MINO, HA v & J—), cephalotin
(CET, #¥F#%8I3%), ampicillin (ABPC, FHEEK.

minocycline
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cefmetazole (CMZ, =3%) penicillin G (PCG, FHH
BWE) THD, WThIEOHERTIT iz,

B-3 7 & = —EEEHEIL, 37°C BP0 mEE
iy, 50mM Y VERS L 7 >R (PHT7.0) B L,
CThEKECTBEWBPIE L, 4°C 30,000 g 30 4yRs
DL, FOLEREBEEE Lic, B-7 7 % ~—¥EMT
cephalothin % FEH & LTH L, 36°CUV iz X b #l
ElLio I8k -7 7 2 = — ¥ D HFEMIT 1SNy
1pmole ZINKSHET HER 1 B (U) & LEARYY
(mg) TR LT

BREBERFELT D 1 ORFBEOEKSHE ERCE
BOHB LR % 0.1 ml %47 L 37°C 18 ByRikE %
T B LA ML Lz 0 MIC % X Uit
BOERRERD T (FRE) -

D 2 O3FAIEFEFRCER S 0.1 ml &7 L,
COEREREHET 1+ R 7 %B & 37°C 18 Brfsfiz % LE
EMOPIZHEME LCE R RS, Throhriit LR
2 MIC & XOTHHEOERRE RO (F 1+ A 78,

ok, BRIIELAFR LM LIEK R 0L B A
kD, FREOBEILT v — + Lo Lol
BE, 74 A7 BEOBEIRLIEFIPICHEE U,/
FHIEAA OB & Lz, (Table 2 £R),

TAAZERCR T B FEBENEE D RSN
(AKA1S) i 10° B OBy BM LE 2 o
REBBTF LI AZ LMD B-F 7 ZLFF 4 A2 %TF 4
AVROE#EY BEL < Ex TEE 37°C 18 REflRHT
%o BHEEOFHIAIEFAORG BV LHE LESH
HEDRE L RDIco EHFHWEELT 4+ A 7 BHIEFIE
B S EFRBTIES D% MIC BRE L, »2OFD
5 bOR/NBE TR LT,

%
100~

g
T

Cumulative percent of strains inhibited

A : aztreonam, B :imipenem, C : ceftazidime
Fig. 2. Induction of f-lactam resistance by disc
method in Pseudomonas aeruginosa

II. # 7
(1) BERSEERBECR 5 EHOHEN
W& PR 7> W #% IR 8 96 £k © imipenem,

piperacillin, ceftazidime, cefsulodin,

aztreonam
cefoperazone,
norfloxacin, ofloxacin, minocycline £&IEF|ixi3 55
E% FiRETRD, Z0ERO REESR% Fig.1
TR Lico ZBRD 90% %FHET %4 EH OEILRE
(MICgo) 1%, imipenem T} 12.5 pg/ml, ceftazidime
TI% 50 pg/ml THoto L LMD B-F 7 % 2H D
MICqo 1% 50~200 pg/ml T@H - =, F 7z, norfloxacin
B X O ofloxacin @ MICq %, 3.1 ¥ XTF 6.25 pg/ml
TH Y, FOHEINT imipenem T HERETFERIfER
~ LT

%
100~

50

0.2 0.8 3.1
MIC €urg/ml)

125 50 200 800

0.2 08 31 125 5 200 800
MIC (ag/ml)

IPM : imipenem, CAZ : ceftazidime, AZT : aztreonam, CFS : cefsulodin, PIPC : piperacillin, NFLX : norfloxacin,

OFLX : ofloxacin, GM : gentamicin, MINQ : minoeycline
Sensitivity distribution of 49 strains of clinically isolated Pseudomonas aeruginosa

Fig. 1.
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(2) Imipenem (fad -7 7 x sFlfFicED LR
LENES

BIBEO REURREY 71 A 7% BV ARKE,
imipenem F 4 A7 ZBET S B-F 27X LFFT 4 A7
ORI, FEAMOBEEYEX Az LRI VEAR
TR B, Wb BRRIEFAORENBE SN GRS GE
B 30 #keh 28 BRi) WMo bhic (Fig.2), ¥, T
RUBRKOBD LR IH» CEYEIE L, BERRKRC
LTEOMHIEARARCEZ A, ZOEEAMITIIER
BROBRTH oo Tihbbz OHEIEFAOKERESL
THHTHotcZ &b B-7 7 5 <—XD FHL HE
Lic, RIBE TYS553 #T, ZoB#g25ERZZh
% imipenem ODREHEAFFHIEARNLRDICLTA
0.1~0.78 pg/ml FiiETH - to BE7 = AR T -7
7x<—Y% BHETHE FHHHF L LT imipenem,
0.01 pg/ml, 0.1 pg/ml, 1.0 pg/ml, LV 75 2[aHE
D -7 72=—¥n L TOFHEED HWEH L LT
e T\wb cefmetazole 25 pg/ml, 100 pg/ml, 500
pg/ml DFBEY 37°C T2 BRHINBIIMOEEE (&
BE TYS553) wiFB&e, -7 7 x=—¥EErHAN

too TeRfEREE (RIBE TY553) w35 imipe
nem, cefmetazole ® MIC i, £h L4 0.78 pg/ml, >
800 pg/ml TH %, Imipenem % 0.1pg/ml AEq
B-5 7 ® = —EFEML, 2.906 p/mg protein Th b, »
DOEMGIEFHER O B~ 200 £ ER LT
(Fig.3), L#»L imipenem 1.0 pg/ml AFEFED g-5 »
&< —EiEHE, 0.719 p/mg protein THoteo LinL
cefmetazole »EFH#F| L L7-34 cefmetazole DRE D
rRIFE B-7 7 2~ —EEEED ERN LbH, &
= cefmetazole 500 pg/ml \Z3:\F % B-5 7 X = — ¥EH#
(%, imipenem 0.01 pg/ml {Ef LIcRs DiEM: L i3iZAR
EThoto

—H B-7 7 2= —YFHBEL T+ RAI7DKH
RO 2 #HME 2 BHIEAEY MIC w®hET5:
LY RDBT ENTER, REE TYS g v
cephalothin 7 4 R 7 % %M
F & LT, cefotaxime 7 4 A 7 R EE X2 5 CEARE
HEPT) ZLRLY B-7 7 27— EOFEES IV
DRDOBREXFTHNIo & -7 7 2 21 K0 EHFERE
B, ampicillin 25 pg/ml, cefmetazole, 12.5 pg/ml,

ampicillin, cefmetazole,

Inducer(ug/ml) B-lactamase activity (U/mg) R;}a:c‘;ei‘.i'gfe
Original 1y5530 0.013 1.0
0.01 F 1501 115.4
IPM| 0.10 223.5
1.00 0.7192'906 55.3
25  pr—().242 18.6
CMZ| 100 0.431 33.2
500 9.4

0.5 1.0

IPM : imipenem, CMZ : cefmetazole

Fig. 3. Induction of B-lactamase activity by treatment with
imipenem and cefmetazole in Pseudomonas aeruginosa

Table 1. Induction of B-lactamase in Pseudomonas aeruginosa TY 553

' by the disc method

Concentration of inducer
Inducer . range (uzg/ml) optimal (zg/ml)
ABPC ~0.12~>50 25
CER ~ 0.1 ~>100 -12.5
.Mz 0.12~>50 12.5

Cells were selected by CTX..-. ' .
ABPC : ampicillin,
CTX : cefotaxime

CER : cephalothin, -

CMZ : ceftmetazole, -
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Fig.4. Cumulative curve of MICs of imipenem
against Pseudomonas aeruginosa

cephalothin 12.5 pg/ml §igk D BE TH -7, (Table
1) L L penicillin G 213U & Lok -5 7 »

AT 4 A7, fck 2 W ceftazidime,
aztreonam 7 &4y, B Hh Tg%ﬁﬁﬁﬁx

12

piperacillin
23D bt h -

(3) % B-57 % LRI X ARRERKOER

FaAVER L) RBEO BEURBRY Fi-c B
imipenem ®°, DO K B-F 7 X 2FF 4+ A7 O FHIE
AR BEEZ HR L &= (Fig.2), ¥ 3 D HE%
imipenem % A\ A~k = A 96 ik 82 fk (85.4
%) CIOBRENBED LI, ZD5 b 49 HRiTOWT
[E#k & imipenem oFHIEFIRIEHEE O imipenem 3

T% MIC %FA~XO#RY Fig. 4 R L,

J

Imipenem %mzﬁﬁm Eﬁb" B2~ £ 5 W
MIC #7RL, ZhizREE LTLEETH- to %

WTZ D2 LERIC3 BREEY T 4 A 7 R LUER

ERIY B-77 ﬂ"A@Jigmu;t 5 BRKO HBHAE,
¥ l?fﬁbht K%ﬂ%@ MIC HKL TO#ERY

Table 2 1% Lo ﬁv7 a Z LItk O MBAREE L,

A FROERITL, FaR Y 1x107~2x 107, FiR

# 1.5x1074~4x 10" y tmi~§k Lico BHLRRER

BROEIRBE L, f4zﬂ¢ulbm¢HWL%mLt

%%%if@ﬁ%&ﬂi?b Lo RdBRB, =
hOERKDE 12, MIC 04~ HBETELN

STRD] ZOBERTERE O LCBEORE Li3iE—

B Ut WIERICRAKERAMRBEL TY 53 >
L& B-7 7 % sFRHIEFAPMIC MEB Lic RRERKY L
NENBETORY, £ MIC %JIE Lic, DR

aztreonam, ceftazidime, cefotaxime X h BHNT-E

BHRIZOMERLD 2005 — v B LR, L

'L cefuzonam, ‘cefsulodin, latamoxef, piperacillin,
carbenicillin, X W BOhI-FREKISHETRTRA—
NE=VTHoIe D TZhHDS L HLEED BRieo
WTD MIC O #ER% Table 3 IWRL o £ DR
imipenem ZR#kD MIC ¥, FE#kizt -~ imipenem D
% 16 F“m MERR LTco LML, D -7 7 2 2K %
o, gentam1c1n norfloxacin x5 MIC 12w h
@ imipenem ﬁﬁa‘{ﬁ%’c LFEHEBOINERABETH » 10
" Aztreonam, ceftazidime, cefotaxime, cefuzonam,
piperacillin ;B Rz X b B 5 h i cBRER#k TY 551-1,
TY 556-1, TY.557-1, TY 558, TYS61 3, Ei& TY
553 i f X imipenem, gentamicin, norfloxacin fit i
DERIBDBRILA 51 LA L imipenem LA
B-7 7 2 »FlD MIC FELL _l:ﬁ- LT Wi, % 7o,
.TY 55:) -2, . TYSSG 2, TY 557~ 2 TY 559, TY 560,

Table 2 MICs esnmated by —dlSC mthod in; Pseudomtmas aerugma:a

i3

« - [} e

. Disk method Plate method
Strain |Original N Mutation MIC of | . Mutation | MIC of
i : X o I
no. | strain MIC ; -* | frequency 2 R-- mgtapg M C (requenpy mutant
28 28mm  |1.564g/ml 40 1107 16mm | 12.54g/ml| 3.1pg/ml ;\I.SXIO;" 25 pg/ml
8 28 1.5 60 2x107 20 6.25 31 l 4X10‘5 12.5
;s |7 1% R e It I U E U B Al I

R : Distance -between.disc and mutant (mm)

* No of mutants in mhnbntxon zone

i

Mutation frequency

.~ =No. of mutants in inhibition zone/No. of cells

. which plated in inhibition_zone
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Table 4. B-Lactamase activity of Pseudomonas aeruginosa

. B-lactamase activity
Strain no. Relative rate of activity
(ug/ml)
TY 53 wild type 0.013 1.0
TY554  (IPM") 0.007 0.5
TY535-1 (AZT") 0.171 13.2
TY555-2 (AZT") 0.024 1.8
TYS36-1 (CAZ) 1.402 107.8
TYS556-2 (CAZ") 0.010 0.8
TY557-1 (CTX") 0.238 21.8
TYS557-2 (CTX") 0.010 0.8
TYS560  (LMOX") 0.101 7.8

IPM ! imipenem, AZT . aztreonam,

LMOX : latamoxef

CAZ : ceftazidime,

CTX : cefotaxime,

Table 5. B-Lactamase activity of Pseudomonas aeruginosa

B-lactamase activity*®
Strain Before induction After induction Relative rate of activity

(A) (B) (A/B)
TYS53 (wild type) 0.013 ( 1.0) 2.906 (1.0) 223.5
TY555-1 (AZT") 0.171 ( 13.2) 2.853 (0.9) 15.1
TYS56-1 (CAZr) 1.402 (107.8) 6.453 (2.2) 4.6
TYS57-1 (CTX"} 0.238 ( 21.8) 5.309 (1.9) 22.3
TYS560 (LMOX") 0.101 ( 7.8) 3.810 (1.3) 37.7

* B-Lactamase was induced by 0.1 #g/ml of imipenem
¢ ) Relative rate of activity
AZT ! aztreonam, GAZ : ceftazidime,

TY 562 3 TY 555-1, TY 556-1, TY557-1, TY 558,
TY 561 oh,~X imipenem %BR D B-F 7 X £ FD
MIC @ Egi3A ted - foht norfloxacin @ MIC A3REE
RER LT Db Abhi, OB ERERD §-
77 8=~ BEEL THROERE BERABETH- 1
B0

(4) ZRERKO -5 7 5 —HFH

REZ o0 REPERT 2WTED -F 7 X2 <—
CiE#E R F~7- (Table 4), Norfloxain @ MIC iz %
feiBmd P, Ao imipenem FERL A2 2 % oK
B MIC %R L 7= TR TY555-1, TY 556-1,
TYS87-1 @ -9 7 2 = — € HEEIL B~T 7 X 2 FIRM
Bo&4T ¢ E TY 553 O BREY Q013 p/mg
protein = M < AERHERAME T 13~100 £ER L T
Wiz, ¥ 72, norfloxacin ® MIC » & Li Rk
TY 585-2, TY 556-2, TY 557-2 X OF imipenem @

CTX : cefotaxime,

LMOX : latamoxef

MIC »EL oD B-F # %2 aF|*® norfloxacin D
MIC wBMEATb b ieh - B R TY 554 0 §-F
7 5= —EiEEER, BEkERE ARETH -, Lata-
moxef DEREE TY560 0 p-7 7 x#<—EiEM,
SHEME CRERICEN 7.8 %R LI, ik, ZOER
o norfloxacin ® MIC HEEEOMMELR Lo

(5) BECIBPERKD -7 72 <—HEEHE

L EBRRERRERKCOWT, f-7 7 5~ —~LEE
BN BEE,S D BREAL B0 E5h%
L, Z0fER%Y Table 5 KR Liso HFHAFNE LT
imipenem (0.1 pg/ml) #BVAIEZ B, WTFhoO
FRERCKE VTS, BEREE: FEIO FHER X
5~38 EER LI, T, ThHo BREO FHED
B-3 7 x = —¥EMY, BHROFBEROLH LERTS
L HARHET0.9~2.2 TH - foo —77 imipenem fif thik
D B-3 7 & = — CEEIT TR L FHEEVTRE
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104 ¢

B-lactamase activity (U/mg protein)

NS T R B S
0.010.1.1.0 5 10 20
1 , _*-% IPM
25 100 500
0—o CMZ

* Inducer (ug/ml)

IPM : imipenem, CMZ : cefmetazole

Fig.5. Induction of B-lactamase by imipenem
and cefmetazole against Pseudomonas aeru-
ginosa TY 554

ZOEEERD BEE, BHKD -7 7 2<—HE
HERAUTH oo LA L imipenem TR TOREFED
FBBEITB R 0.01~1.0 p#g/ml T H~ 0. 1~20 pg/ml
L, I EVCEERYNEL L, Zhiex L cefmetazole
% imipenem Rk, EHVThizE\WTh -7 7 %
~—LHEOEFBECIELRRDLN 7D » 7o
(Figs. 3,5)
) II1. # -3
BREEOEARZIUARET oo B BROETH
RITEL T4 AZERYD B-F5 7 2 2Hic X% B-5
7 2 = —EFBOFE BBHIBHHITE, b
FOREIEART LY -7 7 2= -~ YHHEOEHBE,
XHIERD B-7 7 2= —HieT 5 REHED @B
EMTEIB-F 7 2 AFF4 A7 OERBRRILS
ReMiz X b, 3 T Proteus mirabilis, Staphylo-
coccus aureus THREIN TV 5o RIBE T, imipe-
nem DAL X BB S % TAUSK LMIHE LT\ 5,
IFRBNE, 7 e AR K ) —TERE Dcefoxitin 2 FHH
FE LT BBEY QB LI L A aztreonam T 34.5
%, cefsulodin 10% DE|& TH&ERD MIC 22 EH L

ERRT B, T4 A 7RI X % imipenem DO#HiRS
(% ceftazidime, aztreonam #giE LRy, RIBE T,
30 kb 28 Bk (93.3%) K@ bhic, BEHBEOHE
EHEIFEFE LT AVS -7 7 % 2KID B, Hi
DEBWVZIHNTUWSALRILBEVZ X 5,

BRAZECBRIMETT n ABERLIS B-572~-
LOFBZOVTRE L. ZoOHEEZAY cefo-
xitin & FEERBE N LIE I DF5\ cefmetazale 25
pg/ml, 100 gg/ml, 500 pg/ml ZREERXFHH L LA
WAL A, FOD B-F 7 X< —EEMHEL, 0.242
0.431, 1.227 Tk b, 500 pg/ml fEFH &R o8 ORI
MEVTIESE R D 94 50 LR Xt Cefmetazole 7 4
A 7 & ceftazidime 2 A\ 3 aztreonam £ 5 4 R 7f
DOIEMEA T2 52 LT X hEEORILILY FEHASM
b bhic, Hic cefmetazole IZTE DT 4 A 7D
EAESH A LI X Y ZTOBETMEN o, TOTE
BFAARAIBERI->Th B-7 7 % —EFEHITH 10 £
ERL, TOKRB-FI7E—CRERELINTEL
ceftazidime, aztreonam, cefsulodin 24 {EEEEOH
PRI R X RBRIE# AVINE & fe B T LR BT
Bo & DEEIFMRET MIC %R 58, EROEL
ThbbBEREORNEL Ltic MIC 0EbLBRESL
—F L1, '

F 4 ATETIE BRFRECERAORERARNTE
b1, BHCERK»EBRTE, 20X ORORED
TRRY RDBZ LN TE, SEANREETO
B-7 7 & ENC X % HRKED HBHEIL K 1074~107
B HANEC L bbbt ¥ X0OKO
TR BIRBEY IEMEE» bROLFE, HLT
MIC @4~ 8 ENFEWUTH T = DRE ERTH
B X AERBRORIRBE L3I LI,

EEPE ) HERIBE TY 553 hb&a D f-7 7 % 28k
DERGRABE LI LT A, MIC 0B W Rich4E
B B-5 7 & ATitERRH B Hhtc, Aztreonam, ceftar
zidime, cefotaxime \zxi3- 2EREIL, B-F 7 57—+
DRBE L BTN 0T, Eie, BONLRHERD
BEREL L, KRABEYNCHY, BHHFET COMR
T, BRI 5~22 f5 LB Lico Bl H
E 513, EEERAEE Proteus vulgaris 0, p-5 7 3 7 =%
Bl BEFEET T 1.5 EUEERLEVIOE
BN BED -5 7 & v — CEERETFLRBHE K12
s a— vt Lice TOKE p-7 7 & < — vl
FMAEET T 16 M E ERT 5 BN RRTH
Dl BB LTV B, —HARET -7 7 57—
B B LT B-5 7 & < — CEARBE TS0 BIER
(amp D E7ci3 deb—) I -7 2.5 <= — LEARL
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SFEFANEELIEVEE THLE AR (deb+) wwh~E
B4k (deb—) (3, 20 EREEATHLBE LT B,
ThbbEERTBBREEREL Bbhd g-772 <
—VEEBEL -7/ A —YBREFOERED DX
D, ThUADOREFOER (deboramp D) 12X 5}
OThHH LHEELT VD, SEGRBPED FT -7 7
- FYELICHE FFEROFERICEL~X2~5
BERELECERKZ, -7 7 2 v —YEEOBREL
Bnh HVEKBETHREZI R TV5 amp D, deb—
BUOERKLEELZLNR X 5,

Aztreonam, ceftazidime, cefotaxime [Zxt3" 2R ek
ofiiy, p-7 7 2 2%l L norfloxacin @ MIC 233k
b ER Lic BREN DS hice Z0 ZRKD
-7 7 s =—XEHIFEREABRETHHZ Lnvb, &
OERBRIIPILIPE X O HIRAI AR E LTV 5
EHOMBEABEEOET L B D ETFRSI I, —
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INDUCTION AND SELECTION OF p-LACTAM-RESISTANT
MUTANTS IN PSEUDOMONAS AERUGINOSA
ISOLATED BY DOUBLE DISC METHOD

Ayaxo TakanasHi, Sacuie Yomopa, Sayurr Iriva
and You TaNamI

Clinical Laboratory, Gunma University Hospital,
3-39-15 Shyowamachi, Maebashi 371, Japan

Hanme Hasuimoro and Matsunisa INoue

Laboratory of Drug Resistance in Bacteria
Gunma University School of Medicine

To examine the effect of 8-lactams on the induction of B-lactamase in Pseudomonas aeruginosa,
we used the disc method. When an imipenem disc was placed adjacent to a B-lactam disc the inhibition
zone produced by the f-lactam disc was truncated on the side closest to the imipenem disc. When enzyme
synthesis was induced by these double disc tests, the activity of most B-lactams was antagonised
significantly against B-lactamase-inducible strains. Ampicillin, penicillin G, cephaloridine and cefme-
tazole in addition to imipenem also induced B-lactamase production in P.aeruginosa. In more than
90% of clinical isolates of P.aeruginosa strains, B-lactamase synthesis was induced by S-lactam disc.
Using the disc method, we estimated the optimal concentration of S-lactam for 8-lactamase induction.

B-Lactam higly resistant mutants were isolated at a frequency of about 1075 to 1078 by the disc
method. Most of the mutants selected by the B-lactams produced inducible S-lactamases at a high
level. However, the mutants isolated by imipenem disc were resistant to imipenem only, and the
enzyme activities of these resistant mutants were almost the same as those of the parent strains.



