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Enterobacter cloacae DOWitk#s [-lactamase & FDOLREM:

FAREE - B FZER - WARKE - RE E-F) OB
b TR MR AT

(FRM6246 A 12 BRA)

Enterobacter cloacae H-27 DOWkPEs X BN (ERIFHK) f-lactamase ERXWET S L &
2, 7y P EREEARHPITKT D B-lactamase DREM: L MB Lo cefoperazone (CPZ) {FMAkKF
CREAERS LUEGAND S-lactamase FEiEIL T b EH TH - 1ehd, cefmetazole (CMZ) fE
FFFIzi2 B-lactamase A Ih, WEARIVESN CHOVWBELED O, ¥/, 79 b
pouch iz E.cloacae H-27 # x4, CPZ, CMZ ¥ ¥h¥h 100mg/kg i.v. #HE&5 LIcKO
pouch B+ S-lactamase fFiki3, CPZ #5BE Tik{Eh » fodt CMZ HEBR TIREMELTL
t20 X HIK f-lactamase DREEY T »  HFEER LA VT in vitro THRHF LR BT
HECH KRS Licht, M, R pouch RBHEH TIZ6 BRI\ T 90% LIEoFEEYH
LT\ ¥7F v + pouch iZis\ T3 B-lactamase (ZHBBIKTEICHFIE LTV

LIk, EMIhic f-lactamase BEEROR G LTEEMSCLBD LR, T 5 FERPICET

HEMBEEICFE L

Key words : S-lactamase, %M, KEW:, E. cloacae

B-lactamase i3 f-lactam #|ic %3 % ME O Bk
DERZEREAEBLELE, EROGHBMBICLER
¥RIELTWBYY, X6z Enterobacter, Serratia,
Pseudomonas XD 75 A2 E O —H T, B-
lactam #jizc X » € P-lactamase N FHBP T EE T
BTENMEEE 5TV B, Z® P-lactamase FHi
B+aWEnt, 1) B-lactamase HMITFHEMH B\
i p-lactam FiM-cE2%H Y, f-lactam HO Tk
© cefmetazole (CMZ), cefoxitin (CFX) »E\ - HHX
BEELTVBYY, 2) BALOFVW KA L Lo B-
lactam #x FERHEMT 5 &, BARFHEIEBRE MIC)
YLD LaRERECERBERNALR ST, 3)
WAA f-lactamase E4 L IEF AR L OB ERRE,
BAEORCEAOKFNE T 5 EBMABASBET T
319, 4) P-lactam FFEET, FHA P-lactamase E
BN SIS B-lactamase ¥ EAE T 5 EREE
RENBRI N 209, & L ERBEL MR > TV B0

- 75 ApeE 0 B4 TS P-lactamase 1LY
73A< Bk FE T BEAME THh b, B-
lactamase X0 MZEL O HEY - THEND
BRAEHRHET 5 Lo TRAEDbR T3, & T
5T, zo PB-lactamase ZHM it HH KA (inducer) DY

KRELVETT A2, HAEE Shic P-lactamase
OHEBEDVTERRALE( PR v, T, R
B-lactamase WAEBRPCEHAEA T b BV EELFEET
B Ly BHREND, SEHME B-lactamase E
4@ D E.cloacae H-27 % A\, EEH &L CEEH
o B-lactamase FEHXPET 5 & & o f-lactamase
DREHXRFL o
I. REHEGLIUVHE

1. EREH

cefoperazone (CPZ, EILU{b%¥T%),
(CMZ, =3t), cephaloridine (CER, A& 757 V) %
Eﬁﬁ L7

2. fEAEEK

U RFTREOHEEKI MR OFL L, BHICLY ce
phalosporinase (CSase) k&4 3 % E.cloacae H-27%
Ao B/NREERHILMEE (MIC) (% heart infusion
agar (HIA, ¥BF) % Buic ERERFRETHEL
-, 108, 108 cells/ml OEi#x 1 =—+ (§ Spl) #E
LB MIC i3, CPZ Tizth£h 0.78, 25 pg/ml,
CMZ it 100, 200 pg/ml TH - 1o

3. B-lactamase FEHRIERE

p-lactamase {EHEOWEZ, CER 100 M 2 EE LT

cefmetazole

* R T8 2-4-1



726 CHEMOTHERAPY

OCT. 1988

5 UV ECfTleo 19, bbb, XRK3m ¥ 2@
o UV BARELLZAN, —Hi 20 4 OMRE LM
X TERCHHL, #7re—a UV B (A3z 100-
60 % 14 7) =T B-lactam BMOMBUICALS OD &L
260 nm THIE Lic, B-lactamase FE{EIZ unit THb
L, lunit % 30°C, 0.05M phosphate buffer (PB,
pH7.0) HC1 M 1 umol OXBYHET BDITY
BELMXELL > THRA LN,

4. FERWho p-lactamase fEH:

brain heart infusion broth (BHIB, pH7.4, 3BF)
© 37°C, # 14 EROM L3 U7 E cloacae H-27 % ¥
f%7c nutrient broth (NB, pH7.0, kBF) iz 1% ¥
(#7 83x10%cells/ml) LicHfEbic CPZ, CMZ % 2.5,
10, 40 pg/ml X7g% X 5L, 37°C 7 5 v#fic
TRERER Lo 4, 8 24, BReHBICERBEYERRL,
4°C, 1,000x g, 30 3RIDBOLSKEC L b EEXTL-
oo LR 3 VHRT 7 405 — (0.22 um) XHWTEFE
BL, FOEBEIFHK (cell-free medium) @ S-lactamase
ENEYRET A LT X - T EFH B-lactamase 3EiE
3R, units/ml TR Lz, BREPIERAILREFELT
WABAREHIC X - T p-lactamase FiEA AF I
20T, EHXBRETIIDILFRY L8 —RF 5 —
TRANTHYKF T 10°C, 1~ 2 AMET LTIV,
EHRERCTFELNE Lico —FH HLDIEEKI
0.1M PB (pH7.0) C1[E¥%#% L, REHOEREKL
F&DR PB (pH7.0) Ml LcK@BHFHEER (Ul
tra-sonicator, Tomy-Seiko, 4°C) L, 4°C, 10,000x g,
30 SMD WULSRE % Tieotco 86 hic £ (cell
extract) ¢ B-lactamase JEEYRIET HZ itk b, B
{kPy pB-lactamase §EH#E (units/ml) 2 KDI, X HIT,
BifE B-lactamase {FHEIZDU Tk LOWRY 32z X b
EAEXUE L, HiEH (units/mg of protein) % K
<o

5 BHHEEEAE pouch DIFR

SELYE DA HE Utco T 7cbh, Wistar RHEME 5
vy b (fFHE 130~150g) OFMETIC 25 ml DK%
EA%, “hicl% 7=t vlk &R T 5MEH 1ml
FEAL BRAZEI*EHXEENRUERELBTRS R
7co pouch fEEA 5 15 HADZ » b (fKE 200~250
g2) HERRIMHEA Lo

6. pouch PYEEYLEEL

E. cloacae H-27 % HIA T 37°C, 18~20 B[4 &
FEtk 207 gastric mucin (FEHEFEER) BB B
1.5x108cells/ml) L, £ ® 2ml % 5, } pouch B
(n=8~10) &M Lo EWEMD 2 BREkic CPZ 1 X
W CMZ % % 100mg/kg i.v. #5 L, # O 6, 24,

48 FMBIC pouch NBHHY BRI L1, KRic 4°C,
1,000x g, 80 MIDRLAIMEIT X H ML, Bid Dy
BOBE LM WENE XU WS S-lactamase 35
& (units/ml) K RE Lico

7. HMREOME

BHIB T —7is% L 7= E. cloacae H-27 % i ¥ 1c
BHIB 1= 10% #M L, 37°C TC2R:MIREILE L],
Zhiz CMZ % 10ug/ml & e X 5rcdkmL, 37°C
TELIT 2RMIE RS, &ODKE (4°C, 1,000xg, 30
) kX bME L, 0.1M PB (pH7.0) T2[@#%k#
L, #EDF PB (pH7.0) i L CBEHFRBER L
%R L5 KE (4°C, 10,000x g, 30 43) L, EimrEx%
BELTRRIH L

8. [-lactamase DA MERPLTENE

E.cloacae H-27 DHMER1EIC, 7 » b OFM
£k (. R, pouch RBHH, BH) ¥+hE
hoBmx, 37°C 75 v Bhic L, FEBYIC 6-
lactamase FEHEZFANN, ok, HEERKE L UAEG
BLIVAET 7 4 02— 2AOCTEBRFPALIBHERAL
o

9. pouch WiZHit B B-lactamase DLETEHE

7 » b (n=4) @ pouch Piz, EEEIF:@ L7 E. cloa-
cae H-27 O¥EEK#K (B-lactamase {5 : # 10 units/
ml) ¥FEAL, &£ pouch B H # s f-lactam-
ase FHRRE Lo

II. % B & %

1. E.cloacae D%+ p-lactamase 5

E. cloacae H-2T7 O kR X O Eks p-lactamase
% Fig.1 & X U212/ T, CMZ Hnes o EkA
B-lactamase {3 2.5 35 X UF 10 pg/ml Tit 4 B,
40 pg/ml T\ 8 Brf#i 2. 1~2. 6 units/mg of protein
DERBEER L, 48 BFHEEIZI 0. 10~0. 28 units/mg of
protein [Z{ETF L, ¥ 7o, & DB DS} p-lactamase
TG 2.5 pg/ml T 48 BRI, 10 xg/ml Tk 24
FFRES, 40 pg/ml Tix 48 BRI 0.08~0. 42 units/
ml O EEEYRL, EEA LR ) BEHEEIET
BT LA LRBERICDH -7 —F, CPZ FHiFFICIX
CMZ FmimEsrictb~XWTFh HEVEEER L, BEAN 8-
lactamase fE{£i% 0.2 units/mg of protein LIF, &
44 B-lactamase §F{Eix 0.02 units/ml LA FCHh -7 &
BEITILRE s 5, BERBETEE (R4-tFK:H
3 x 108 cells/ml) (XF#I3E, 40 pug/ml ¢ 105 cells/ml v
SAREA Lich oD 2.5, 10 pg/ml TIEESET, W
ThOBE T\ Th 24, 48 B I L 2x10°
cells/ml 3hn Lico ¥ 7z, ISEHhBRAIEKE CMZ
D 2.5, 10, 40 pg/ml TixEhFh 4, 8, 24 KK,
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B-Lactamase activity (units/mg of protein)
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Incubation time (h)

CPZ or CMZ was added to the cultures at the start of cultivation. A-Lactamase activity was determined
by spectrophotometry using CER(100xM) as a substrate.

Fig. 1.
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B-Lactamase activity of cell extract from the culture of E.cloacae H-27

cpz
0.4}
o~ 40ug/ml
8- 104g/ml
0.3F —A~ 2.5ug/ml
-O- control
0.2
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0 4 8 24 48

Incubation time (h)

CPZ or CMZ was added to the cultures at the start of cultivation. g-Lactamase activity was determined
by spectrophotometry using CER(100:M) as a substrate,

Fig. 2.

SRR (1.56 pg/ml) LIF, CPZ i 8B5S IcIz %
hEh 0.78, 1.2, 12 pg/ml L WFRLBE LT b
24 BRBZIT R ORHEBA (0.78 pg/ml) LITFCH -
T

3bikk CMZ fRRRF OEAN, BEAR IV —2 1
O B-lactamase {EiEA, EEEWK 1ml 4 CHERLIE
R¥ Fig.3 wirdo, F—xAEMIT 2.5 pg/ml Tit 4
FEMI%8, 10 pwg/ml ¢ 8 BSR4, 40 pg/ml Tit 24 B
Bzt h#h 0.10, 0.26, 0.40 units/ml %R L, %
DRIZF—FIHB L1, b — X LiEHI D 2 E S}
BEo®ma2 2.5 ug/ml X h 3 10 35X TF 40 pg/ml T
B, 4BRETiz 2.5, 10, 40 pg/ml TER LA 4,

B-Lactamase activity of cell-free medium from the culture of E.cloacae H-27

93, 99% Thotco WHEAREEX, CMZ © 2.5 kX
U° 10 pg/ml Tit 8 BERIEE, 40 pg/ml Tid 24 BRI
BEELZRL ZokuThi 4 icfET L

2. 5, }® pouch P§ B-lactamase {EHE

5, b ® pouch WIZ E. cloacae H-27 #BY{u X1
#, CPZ X0t CMZ %#4%& 100 mg/kg i.v. #& 7=
B¢D pouch WEHEKH B-lactamase JFH X FITE Lico
FOfR, HEHNEME: CPZ #5653, CMZ ®#5%
control ## (EAIFEHER) oLThIELTHRHR
A (0.02 units/ml) LIFTH - 7=D T, B} (cell-free
exudate) DEMHRB Y Fig.4 &iRT, CMZ #5880
EHEFR S 6 Frfdi#tic 0.04 units/ml 7R L, 24 B
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cell-free medium

cell ext.ract

0.5¢ 40ug/ml

0.4p
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o5p  2:Sua/ml 0.5p  10wa/ml
~ 0.4p 0.4
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g
; 0.3p 0.3p  total
g 0.2p 0.2
§ total
& 0.1p 0.1
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048 21 8 048
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o
&

Incubation time (h)

CMZ was added to the cultures at the start of cultivation. 8-Lactamase ncnvxty was determined

by spectrophotometry using CER(100M) as a substrate,
Fig. 3.

010 (mean+S.E.)

CMZ-treated

0.05

control and CPZ-treated
-

Sensmvxty 11m1t of assay

B-Lactamase activity (units/m])

06 2 18
Time after administration (h)

CPZ or CMZ was administered intravenously to rats 2h
after infection. The B-lactamase activity was determined
by spectrophotometry using CER(100zM) as a substrate,

The f-lactamase activity in the pouch in the control and
CPZ-treated groups was below the sensitivity-limit of
the assay. —@— control and CPZ-treated, —O— CMZ-treated.

Fig. 4. p-Lactamase activity in rat pouch after
intravenous administration of 100 mg/kg of
CPZ or CMZ in pouches infected with E.
cloacae H-27

FILIE 124 0. 08 units/ml T—EITHEB L1z, CPZ 5
BOFEER TXTKRERA (0.02units/ml) LT TH
b, control F L FERKETH > 70 7t pouch NEHIL,

5 6 RERIE 1 CPZ 53 TIX#y 2x108 cells/ml,

CMZ 5Tz 1x107cells/ml Th h CPZ H5E
12 WA Licds, 24 Bz WwITFhi £ 1x108
cells/ml THoto F7:, pouch REABRE X CPZ T
12y E 2 BRI 4 xg/ml, CMZ Cikfrs 1 B

B-Lactamase production by CMZ in the culture of E.cloacae H-27
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The residual activity of A-lactamase in various rat
body fluids was determined by spectrophotometry using
CER(100uM) as a substrate.

Fig.5. In vitro stability of B-lactamase from E.
cloacae H-27 in various rat body fluids

Iy 7 pglml OBBEEL R L, WThb 8RR #
2 ug/ml T 24 BERIESICIZNESK Lo

3. p-lactamase 0 in vitro TEH

B-lactamase D F » + FEPDOLEHKEY Fig.5 ©n
To BB eREE, miF R pouch RRHEH TIZK
TBICHFEL, 6 BEICH\WTH 90% L EoBRFEEY
iR Ulco &4 pH 2, MiETIX 7.42:569.0,
RTix 7.3 »h 7.8, BHifs JUBET TR 7.4 b
9.0 ;L LT\

4. pB-lactamase @ pouch HZEEME

5w b D pouch Pizisi} % f-lactamase DREHRZ



VOL. 36 NO. 10

E.cloacas g% P-lactamase DMkt 4eEy: 729

o
(2]

[ (mean+S.E.)

(=]
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B-Lactamase activity in pouch (units/mi)
o
I

I I

=3 4
Days after injection

o

The A-lactamase activity in the pouch was
determined by spectrophotometry using CER (100uM)
as a substrate.

Fig.6. In vivo stability of f-lactamase from E.
cloacae H-27 injected in rat pouch
Fig. 6 wmdTe 1HBRIEAR O 61%, 2AAT
38%, 4B T 26% o B-lactamase {H{EXR LT
h, HEMEEFE LI,
I1I. *# »

E. cloacae H-27 O ERWE = 335 EER & X U8
Bt o B-lactamase JEHEIZ, CPZ Tt FHENE
WSO CEE TH - 7ot FHEOKL CMZ Tt
BT Lo Ticbd CMZ Hinks 0@ hA B-lacta-
mase fEMEIT, 4~ 8ERREIRICERRMELYR LIKRD L
e, BEAREIEAE T LA LR T AEANED
bhl, ZOWEEPA p-lactamase JHEHEDOHEBIL, T
CMZ =k b & gD B-lactamase 1NEHEARCHEH, BK
Ihat L —HKH OO BEC X b Bkitic
B-lactamase 2L X, BEERNHN D B-lactamase = X
2T CMZ »fR&hici=®, inducer DEEBIZED
B-lactamase EAEIMET Licb DL HEEIN B, —F,
B B-lactamase FEHL, WHALTI FEC X -
TERLEbDE Ex bR D, ZOFHIIC 2WTIL,
NIEGEL &% (3B D7 4+ 5 A v MEICEEWSHED < Y +
~BiErBcbh TRz 522 L ¥BXTEkh, CMZ 3
747 AV MEERE B LTWAM 2 & b b BT
bh3e

C 0 P-lactamase DEE RS-, Fig.3 iz T
I3k Iml ¥poEETED L, +—F AERZESE
PiEENR e — 7 1c# Lo R iE—BIEB LI, Th
1% WA D p-lactamase HEBHNHICHEIh 50T
P2 BTIR L A EBEMIRNZ EERR LTV B,
Lihio T, FMELE X hi- B-lactamase (ZEAH T
PUCHEBNCFET 5 LRERTRETH A 5,

ek, WHEPHEEGRAMABICET Lcs &b, &
LR MRBZREOBRIRD 12X B4 D TRV b
DEBBLID, 7 v PEFAVI in vivo IZ8\VThH in
vitro LEBOKRY B5h, CPZ 4%t pouch
M B-lactamase JFMIIEH - feopt CMZ HEMTIE
WA MBS D Bt ¥7:, T B-lactam-
ase |15 » F HMWAWREn vitro) B LUV'F » b pouch
A (in vivo) CRBIHE LI, ok, BHFTORE
& pH M CiaBiCE Aot o o T, R TIRIEE
KEBEEARLA, ChLDBEHIOWTIITH TS
BRI P> TR ERIALETH %,

& = 5 T, OKONOGI 5! 3 inducer #44:# S-lactam-
ase RS JUOBEORZIUNERAN O L AL IR DD
T, B-lactamase FEX I - RFEEFCIIHBLILWT
D55 ERRT VB, L, BRADBRRETCIIBREE
X hi:- B-lactamase (ZEEHLAN S KA LTH Bt
FEL L RPCHEBNRETHH Enb, f
DHEBEOHVEFDOBE T T k5K (8-
lactam #) i EEXRETRREELEL bhic, Zhic
DUWTIIBRERNF TS 5,

Llt, ##ac f-lactamase K EAT 5 B OBYEFIZ
FREOHVWEH VRS ShIcHE, RERICHKTB-
lactamase MEGHMICKE Ih, ThXKRECHEEL.
BRICEE Y RIETREBELSRE I T,
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EXTRACELLULAR B-LACTAMASE ACTIVITY OF
ENTEROBACTER CLOACAE AND ITS STABILITY

Harumt ARraki, SHiNzaBUuRO Minami, Yasuo WATANABE,
TakasHt Yasupa and Isamu Saxawa

Research Laboratory, Toyama Chemical Co., Ltd.
2-4-1 Shimookui, Toyama 930, Japan

Using Enterobacter cloacae which produced an inducible 8-lactamase, we studied f-lactamase activity
in cell-free medium and its stability in rat body fluids.

When cefoperazone (CPZ) was added to a broth culture of E.cloacae H-27, B-lactamase activity in
cell-free medium and cell extract was negligibly low. However, with the addition of cefmetazole
(CMZ), B-lactamase was induced in large quantities and its activity in cell-free medium and cell
extract increased. When CPZ or CMZ was administered intravenously to rats at a dose of 100 mg/kg
after their pouches were infected with E.cloacae H-27, B-lactamase activity in pouch exudate was
low in the CPZ-treated group, but high in the CMZ-treated group. The results of an in vitro sta-
bility test of B-lactamase in various rat body fluids showed that more than 90% of S-lactamase activity
remained six days after the addition of B-lactamase in serum, urine and exudate other than bile.
B-Lactamase injected into the pouch was stable in vivo as well as in vitro.

These results suggest that the induced B-lactamase remains at the infection site long after the
disappearance of S-lactamase-producing bacteria and consequently influences the concentration of B-
lactam antibiotics.



