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B-lactamase IMRAID 2 VL IJBANICEE L h, VT
LBRMETRECESRNCEET S OINL, /708
BTRECESER (FERVTIALAN) CHEETSHIL
BEASNTV»BY, ULarLids, Sanders 52137 5 LK
MEDORY 75 A LN B-lactamase H3IEHVEFRFIC B &
HARETEZLERELT WS, B b, Enterobacter
cloacae % Serratia marcescens s ¥ DZKMXH f-lactamase
BE4 B IZ 81> T cefmetazole (CMZ) {ERIB% I 8-lacta-
mase BEEANSBRICKRE T E 2L, E5iITFD B-lac
tamase SEREF P 7 v MERP TRPMEE ICFEEL,
B-lactam B OBRMYRICKEBEBLIRT I L2 H/EL
7239, B -lactamase &t 12 & b @ B HY, B K", &
%Y, R, REVEL SRS NTBY, BEF
57 3B A IC B> T, Giwercman &'V (3K DR
ELAME LRI B\ T B-lactamase FEEEBD L Z &
» 5, EESNABH S W f-lactamase 32 g-lactam #
PAET 2OMREMETRL T3, LT, BER

D HIx & TSN D f-lactamase b f-lactam R
ERESAZTMERNELOND N, BB T LABREED
®itkH B-lactamase &% f-lactamase D &+ EBPEE
HionTROER+IZRHEBZINA TR, £ZT
4El, ¥4 7DOR% 2% % B-lactamase B4 O EEHN
B-lactamase X WM< 5 L L biZ, £ FEE (OH,
R, B, BiK, BK) $FToD B-lactamase DEEK %
BHL,
I. RRHEEIURZE

1. (ERId

RS WEME T H B Escherichia coli TK-3" (77
A % F % penicillinase; PCase 2 & ), Klebsiella
pneumoniae Y-4'% (Jfaikitt PCase B4 H), Pro-
teus vulgaris T-178'® (F5MA oxyiminocephalospo-
rinase; CXase B & ), Pseudomonas aeruginosa
GN 918'® (4% BX B cephalosporinase; CEPase % &
), B&UE. cloacae H-27'9 (%% CEPase B4
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B AWk, BARWE % KB - 36 7 20iC, Bioassay ¥z THI MG
2. fERR¥EX MURBRHEAZWE E, BLUVUVE TS
CMZ (=3t), cephaloridine (CER, B& 7 5 2 lactamase IEM D Sz 2 L 2L /2,
v) AL, 6. #M B8-lactamase Dt hEEPEEMY

3. RS #-lactamase FHEE

£ %® #h®h Brain heart infusion broth (B-
HIB, pH 7.4, W) T 37°C, 18 REMIMMRIRL
- B ¥ % # 8 & Nutrient broth (NB, pH7.0, %
B w1%EEL, 37C THREERETo N, 28,
#M¥H g-lactamase EEWTIX, 1 VT2 -V -tk
LTCMZ % 2.5ug/ml 27223 & 528U 7:WHEIW
onT HRERRICKRET L 2z, BRI ISEARCERIL,
£C, 1,000xg, 30 2MDOE LM LD EEL 2,
IOLERZ 4N — (0.22um) THEEMBL oW
(cell-free medium) @ B-lactamase {EE*HIE L,
BN EY (extracellular activity) & L7z, 28,
EEBPCEFVBBREL TVIHER, EHCE-T
f-lactamase FHHSHEBEEINZ DT, EFERET
37:»iz, cell-free medium 2NV —RXFa—7
AR TREADT10°C, —EEHZTT\, FEHRR
FHiEErREL e —%, #HE&IZ0.1M phos-
phate buffer (PB, pH7.0) T1E#%¥%, RHK
OERGELrRAXOFRPBBEBL, BEEER
(Ultra-sonicator, Tomy-Seiko, 4°C) L7z, WiREHK
PELDE (4£°C, 10,000%g, 304) LTHsNT:
Lk (cell extract) @ B-lactamase ¥EH: % EENIE
¥ (intracellular activity) & UTHIEL 72,

27, BRUEREO 10 EEFRRTI2EEBRE
ATHER L, Heart infusion agar (HIA, %) ¥
iz 0.05ml ##®AH L, 3TC C—RIERBEL 22
o=—¥b S EBEKEHEE L.

4. p-lactamase DFM

BHIB th 37°C, 18 RERO#H BT %R L B » ¥l
% BHIB iz 10%#8 L, 37°CT 4 BiRBEI % » 1T
o1z, 7B, HHK B-lactamase EHE DB,
REIBMBICA Y TFTa—H%—ELTCMZ %210
pg/ml L 2 B X S HEML fzo BBk, EiooE
(#C, 1,000xg, 304}) CTHEHL, BohHE
#0.1M PB (pH7.0) T2HE&k®L, HEODR PB
CEBEL 7, ZhEADT CEERBRL R, &
LM (4°C, 10,000xg, 304) LTHBshLE
ERRERE L U TEBICH L 120

5. b MEEK

M6 k CRIBERA B~44) »5, Hi (2
~34), Bk @~34), Bk (1~24) TARR
HEhSIIML, EREAGRE CHRERFL. BB,

AW WML BRI (5-lactamase IEE: 49
5U/ml) 0.1mlic, &Mt MEW (MW, R, B,
Bk, Bk 2Fh®h0.9mlin2 THAE, 37°C
75 vRPIzEL, BEMCY SV LT B
lactamase EfE ¥, 28, HBERHEBL L U
IR L o ER L

7. [B-lactamase EMHIEE

B-lactamase IFEM: D HIE &, CER 100 uM % %K
33 UVEY TiTok, T2bb, EEBEIml %2
2D UV AEEEVMIZAN, —H T 10~50 ul DB
RBEEMEATCERLIBBL, ¥V E—LUVE
(H3z, 100-60 # 4 ) & T B-lactam BMDBAR T4
5 OD &1t % 260 nm THIE L 7z, B-lactamase i&EH
¥ mU ©#%L, 1mUix30°C, 0.05M PB (pH7.0)
F 71902 1nmol DEB 2R T 2D ICL BB
xR L7

II. # ®

1. E#|¥ f-lactamase FEE

E. coli TK-3, K. pneumoniae Y-4, P. vulgaris T
-178, P. aeruginosa GN 918, E. cloacae H-27 %,
Fh¥h NBhT2 HHBESERL ROEK B
& UHiIkR D g-lactamase 1&Et % Table 1 IR L 72,
%7z, TORROEEH % Table2 iz/RxL 7z,

kR g-lactamase EEE D E. coli, K. pneumo-
niae, P. aeruginosa T3, ¥ 1 BRI HENEEIL
BIENESE D 15~26%, 2 H#IZ 30~56% & &Y,
BHEMEEREENC LR T 2ERBED S (3B
FIsEIINE) . —F, BSRBELEOD P. vuigaris, E.
cloacae T, WHIMRIEFC 1385 -lactamase
EHIEME (S1mU/ml) 2RU7H, £ 72—
#— CMZ fEFIBFIC BN - S OEMMB ERL,
% 2 BRI EES IS SEENIEY O 36~229% 1 %
TLEHL,

SEEBIL, ER1BRE 2B TKRERENRSK
Brol. BB, T—FRRE&holcts, HE1H
L 2 HETHEER pH t XK EL2ELZBD S hilkdh
2720

2. %% B-lactamase Dt MMEBHREMY

E. coli TK-3, K. pneumoniae Y-4 H¥®D 2 D
PCase, P. vulgaris T-178 ¥ CXase, 8L U P.
aeruginosa GN 918, E. cloacae H-27 B D 2 FED
CEPase iZ2WT, bt MEEAERP BT EESE:
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Table 1. A-Lactamase activity in cultures of various §-lactamase-producing strains
Type A-Lactamase activity” (mU/ml) at the following incubation times (days)
Strain of Inducer® 0 1 2

A-lactamase Intra® Extra® Intra Extra (%% Intra Extra (%)

E. coli TK-3 Constitutive PCase - 5 <1 103 27 ( 26) 88 40 ( 45)
K. pneumonige Y-4 Constitutive PCase - <1 <1 12 3 ( 25 9 5 ( 56)

. i - <1 <1 <1 <1 <1 <1

P. vulgaris T-178 Inducible CXase + <1 <1 37 4 (1) 14 5 ( 36)
P. aeruginosa GN 918  Constitutive CEPase - <1 <1 13 2 ( 15 10 3 ( 30)
. - <1 <1 5 <1 (<20) 6 1(17)

E. cloacae H-27 Inducible CEPase + <1 <1 n 40 ( 56) 35 80 (229)

% g-Lactamase activity was determined by spectrophotometry using CER (100 xM) as the substrate.
® —: Uninduced. +: Cefmetazole (2.5 ug/ml) was added to the culture as an inducer at the start of incubation.

© Intra: intracellular activity (cell extract).
@ Extra: extracellular activity (cell-free medium).

© The extracellular activity (%) is expressed as a percentage of intracellular activity.

Table 2, CFU in cultures of various 8-lactamase-producing strains

Type CFU (cells/ml) at the following incubation times (days)
Strain of Inducer*®
B-lactamase 0 1 2

E. coli TK-3 Constitutive PCase - 1.2X107 1.8x10* 1.6x10*
K. pneumoniae Y-4 Constitutive PCase - 1.2x107 6.2x10° 8.8x10°
- 7.0x10° 2.4x10° 1.6x10*

P o .
vulgaris T-178 Inducible CXase + 7.0X10° 3.4X10° 1.8X10°
P. aeruginosa GN 918 Constitutive CEPase - 3.2x107 1.3x10° 1.4x10°
- 1.2x107 4.8x10* 6.4x10°

E. - i
cloacae H-27 Inducible CEPase + 1L.2%107 4.5%10° 6.5%10°

* —: Uninduced. +: Cefmetazole (2.5 ug/ml) was added to the culture as an inducer at the start of incubation.

BAMCHANRT, TOKFE%E, Table3 xRl 7z,

HE_ﬁ-EP B-lactamase {EM X, Wb 2B 1
BUATWBET LI, —FA, LoEBEHRTRWIh b
BYREICHEEL, 8 BRIZBWLTH 60%L EDEM:
BRFEL T, 7, BEHUNAOEKM T L-
lactamase DEEHICKERERR SN » o,

#w o pH Z{tix, Mm% Tid pH 7.9~8.5%» 5 pH
8.0~8.5, JR CixpH5.5~7.1» 5 pH5.6~8.7,
BHTCiZpH6.4~8.2» 5 pH6.4~8.5, B A TIZ
pH7.3~8.7%» & pH8.0~9.2, K TIiZpH7.7~
8.2/,»%5 pH8.3~8.9 Ch-7z

III. % =
ChETRX, 77 LbRBHEBEOERR B-lacta-

mase DEEAN DR L BERNERRE &R0 RE
Ly, AT a—H—REIoTHEREESINTB-
lactamase BSE@FSICRIE LA > T 2 — Y —HERT
YEREBIHFLEL T B-lactam A B2 B X127
ZERBELTERTS, 46, SS5EESIUS-
lactamase D BB % [ VF, B-lactamase DEHES~
O & & FEAEERPEERICOVWTRII L,
R34 7D L-lactamase ¥ E&ET 3 5 HKE
BEL, ZOROEAKN- A0 B-lactamase k%R
T RER, MR B-lactamase E 4 H T IR 2 F
Fa¥2 < THEEN I B-lactamase EHBED 5
h, BHMC LR T 3EASRSh, ZOE®EH S
-lactamase ¥, WiiH 3\ IZERE - THEENN
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Table 3. In vitro stability of g-lactamases in various human body fluids
Residual activity® (%) of §-lactamases at the following
A-Lactamase Body N® incubation times (days)
source fluid
2 4 6 8
Serum 3 101.0% 6.1° 98.5+ 4.1 98.3% 4.1 98.1+ 7.1
Urine 3 89.1t 4.6 74.0t 8.4 66.2t 7.2 61.1+ 6.9
E. coli Bile 3 <1.0 <1.0 <1.0 <1.0
TK-3 Peritoneal fluid 2 95.0 97.1 92.2 94.0
Pleural fluid 1 97.2 101.1 95.0 93.1
1/15 M-PB?® 1 99.0 99.2 97.1 96.0
Serum 3 93.8+15.5 89.0+11.0 88.3+ 8.2 83.2x12.1
Urine 3 98.6+ 4.5 81.9+ 8.6 80.1+ 9.2 79.3 7.9
K. pneumoniae Bile 2 <1.0 <1.0 <1.0 <1.0
Y-4 Peritoneal fluid 3 95.6+ 3.5 93.5+ 8.1 90.9%+ 3.1 81.6%+ 6.0
Pleural fluid 2 96.2 91.1 87.0 84.2
1/15 M-PB 1 99.1 97.0 95.0 92.2
Serum 3 80.9+ 6.9 69.0+ 7.7 65.0+ 3.3 61.2%+ 4.0
Urine 3 91.7+ 7.0 85.1+ 9.3 79.2+ 7.2 77.2% 6.4
P. vulgaris Bile 2 <1.0 <1.0. <1.0 <1.0
T-178 Peritoneal fluid 2 93.8 88.1 85.9 75.0
Pleural fluid 1 84.9 76.1 72.0 70.2
1/15 M-PB 1 100.1 95.0 88.0 83.0
Serum 3 94.1+10.9 92.0+ 6.6 92.1+ 6.6 93.9%+ 4.5
Urine 3 90.2+ 3.5 83.1+ 5.3 72.3%+ 9.2 68.0+ 4.9
P. aeruginosa  Bile 2 <1.0 <1.0 <1.0 <1.0
GN 918 Peritoneal fluid 2 92.2 85.1 80.0 77.9
Pleural fluid 1 93.0 88.8 89.9 85.0
1/15 M-PB 1 89.1 87.0 78.1 75.0
Serum 4 99.5+ 2.3 80.8+ 8.1 78.8%+ 9.8 71.9+ 8.5
Urine 4 102.3+ 1.6 83.9%+ 9.2 78.1+ 8.1 65.3+ 6.7
E. cloacae Bile 2 <1.0 <1.0 <1.0 <1.0
H-27 Peritoneal fluid 3 101.8+ 6.6 101.0+ 4.0 101.4+ 1.9 98.9+ 2.9
Pleural fluid 2 91.3 86.6 76.2 70.9
1/15 M-PB 1 102.2 104.0 102.1 100.1

® Residual activify (%) is expressed as a percentage of g-lactamase activity at the start of incubation.

» No. of samples used.

© Mean + standard error.

9 Phosphate buffer (pH 7.0).
BitshizbDeBbhd, ki, BEREBEIOWT
REREFAREOEEA - 4+ B-lactamase IEHEEECEH L
o teds, VEFEERD S WIZFDREC X > THK
HAD B-lactamase WL DBERRLZ 50T, &
FHCRN L TRETHTFETH B, —7/, FHE
CXase # X f CEPase B4 B OB 1L, FHIEER
Ci3EkS f-lactamase ¥EMIZEM (=1 mU/ml)

THoleh, 47 2 —%—HRINFFCIIEENC 8-
lactamase {EHEHFD Sh, BEREEOBE & FKIC
ZHMN LR T 2ERETRL

UEEXD, 77 ABM%E O B-lactamase HSFEHI/E
b3 wizREFMOEERC & > THES B ENS
ZEBRENT, Th b B-lactamase K E ICTFE
TH26E, BESD bIEEAL TV LI, M E
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Wbz 38\ THfk4 B-lactamase 2 EMMAEL T 8-
lactam FIMMIC W ES XL SFTHEM B L 5 2,
27T, 2hb B-lactamase Dt b FMEEPEE
EERNLE TORKR HEHP2rReER6-
lactamase iR ETH D, 5 MDD f-lactamase
MicKE22BWH o2 ho e, &8, E. cloacae
H¥ CEPase Dt MM PREMK IR, 7 v MM
(1, BR, pouch NH M, IHH) HEREMOK
| 2L Tk,

JEHH T D 8-lactamase DEE M iZfh DA D &
DEohkedt, EOREREODVTRAATH 2. 5,
2ALEMO T — R &g o e dt, HHPL-
lactamase {EM x4 > F 2 X— b+ 1 FEM%TIZH 15
%z, 1HBRTIZ1%BLUTIET LR, LitkoT,
FEH#Rthrh DB kS B-lactamase IEM O HIE 12, B
R, ERMAICITO LERHS D, EI5T,
BHASY ZBHBRRE B E DN F §-lactamase IE
% HE L, PCase & CEPase {EtE 2@ T
308, MERIEOHIE : CORMER, BEN (R
) 75 X AWN) B-lactamase DFELE, H 3V IiZfEH
RS DEAL R ¥ 5 BH t f-lactamase IS i L
TVAAREMBEL S5, BFRICLTH, BEHH
T B-lactamase IFHE DB ZEEBLEBETH 5
Do

Bk, 77 sBtEE D f-lactamase i3, FEHI1ER
H5VIIRFEOEEC L > THEEN LB D SN,
BHUNDE r EMWEERPICB VL TREMEETH >
720
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In vitro stability in human body fluids of various #-lactamases
from gram-negative bacteria

Harumi Araki, Naoko Ogake, Shinzaburo Minami,
Takashi Yasuda and Yasuo Watanabe
Research Laboratory, Toyama Chemical Co., Ltd., 2-4-1 Shimo-okui,
Toyama City, Toyama 930, Japan

Shigeru Hagino and Teisuke Hirono
Department of Surgery, Toyama City Hospital

Extracellular and intracellular g-lactamase activity in culture was studied using Escherichia coli
TK-3 and Klebsiella pneumoniae Y-4, which produce constitutive penicillinases, Profeus vulgaris T
-178, which produces an inducible oxyiminocephalosporinase, Pseudomonas aeruginosa GN 918,
which produces a constitutive cephalosporinase (CEPase), and Enterobacter cloacae H-27, which
produces an inducible CEPase. In the cultures of the three strains which produce constitutive 8-
lactamases, extracellular 8-lactamase activity was increased (without any drugs), and amounted
to 15~26% and 30~56% of intracellular activity on days 1 and 2 of incubation, respectively. In the
cultures of the two inducible g-lactamase producers, on the other hand, extracellular §-lactamase
activity was low (=1 mU/ml) without an inducer, but upon the addition of cefmetazole (as an
inducer) extracellular activity increased to 36~229% of intracellular activity on day 2. The ix vitro
stability of the S-lactamases from these five strains was studied in various human body fluids
(serum, urine, bile, peritoneal fluid, and pleural fluid) . All five enzymes were stable in these human
‘body fluids, except bile, and their residual activity was greater than 60% after incubation for eight
days. All of the S-lactamases used were rapidly inactivated in bile.



