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I. # ]

B-lactamase (IBLEE F T  DHEICDWT R
TR INTERLYD, TOFTr 7 ARERO
PO CRATIC L VBENCERIAS 0L LTI,
1966 4£ DATTA r RICHMOND® & % b E.coli strain
TEM » LRI coX A e LT, 19694 1C YAMA-
GISHI B9 X b E.coli %, #*7 1970 4Eic LIND-
QUIST & NORDSTROM!® iz X b E.coli x5, & big,
¥7- NEU » WINSHELLY) & X > T S.typhimurium
L E.coli h LSBT &R T & oo Staphylococcus x°
Bacillus J& © [-lactamase 5% Cephalosporin % @ %
DERIFLEAEHEBLHERVDK BRINLREFTD
B-lactamase @ % < i Penicillinase (PCase) fE /& [
1z Cephalosporinase (CSase) fEfl % 3 LT\ 5%,
& EF x » E.coli strain No. 24 » b BEEERSR L 7o B-
lactamase IR FHED S D Th v, PCase, CSase [
ER%*HT %, © O EH 2H$% p-lactamase 23
PCase & CSase * LCHEELBA DA, MG
BHTAHR—MRCIZONEHL e 3 5 HTH
B, ORSMR TR, T OMEERE L.

II. #MH&SLTHE

1. SRER#H

1) sk

fEIR 4> HE E. coli strain No. 24 & i\ vico Z DB
REF %74 L, Penicillin, Cephalosporin ;% 3E#| 3 X
¢ Tetracycline,
Sulfamethoxazole i %75 LT\ 523, Kanamycin
IR 2R LT g,

2) Bk X OREHE G

W 3% 13 Nutrient broth 1© 0.2% glucose % i
MUt s DRMHEM Lico K53 R X 37°C, W DRk
v, MR L LTI RER R 10% oflicing, 2L
DY 7 A 2T 12 BRER R 2 1TIeDlce K
FOHBAIL, 18 FERINEIHRER L 10% OECERL,
100L % v 7 Cxv2iE 20 TR Do BT
D X b4, 0.1 M phosphate buffer (pH 7.2) Tk
k’%ﬁé{ffﬁ Lo

Chloramphenicol, Streptomycin,

3) [ERIEH

Penicillin RIEFNTBHIRELE S5, Cephalosporin R
FHNIETHRBEN LS E IR NEOH L2 D%
I Lo

4) Tofhoik

Lysozyme (M. W. 14, 600) X H AH 1 b G E I hiz
3, Pepsin(M. W.35,500) i Difco ® & D& {#HFH L
too BT A7 w= L LT, DEAE-Cellulose pow-
der (Capacity 1.03 mEq/g)Brown Co. ¥ X Of Sephadex
G-100, G-75(40~120 &) Pharmacia Fine Chemicals,
Uppsala, Sweden #»{#if L7zo

2. RBFE

1) ERFEMHAE

Bioassay D&Y, # W & LT B.subtilis PCI-
219 #f\~5 cup BT, 4meg DOILEL 37°C, 1 K
1 50% AEIL3 5 &% Lunit & L, Chemical assay
Y. PERRET D G 4#EA5» lodometric assay method
Tfteotco & @ ¥4 0.1M phosphate buffer (pH
7.2) v 37°C 1 [fEC 1 umole @ Penicillin G (PC-G)
# Penicilloic acid W43 AEFEGEHE S Llunit L L
#co Kinetics (X NOVIK ¢ microiodometric assay
method!® % {#H U7zo

2) BEHEOAE

HTar e~ PEMES O E B B, 280my TO
0.D. #HIE L THb Lo EHEDERL bovine serum
albumin KA & EEHE L LT LOWRY 5% 0Jfjp TR
Do

3) MmFEORE

FREUND @ incomplete adjuvant %\ HESEEZ SR
T HEE L CR DR P CRER S m ORI, EHED
PH S 2~

III. XBEH&KER

1. BELBRE

Table 1 RTIEFICREN D TER 21T 7027,

Stage 1 iZ# 4 50 mg/ml DYEE D 0.1 M phos-
phate buffer [FEK %> 0°C T3 (20KC, 15 43)
TRV, O 2D (19,500Xg 20 47) L,
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Table 1. Summary of purification of B-lactamase from E. coli No. 24
sure] | pceiwe | Toeacivy TS sty Thesges N o e
1 Ultrasonic disintegration 13,985,000 N.T. — —
g | Precipitate on 80% sat. 14,364,000 1,174.96 100 1
with (NH4)2S0+ A ’
3 Streptomycin treatment 10,657,500 2,956.56 74.20 2.52
4 Sephadex G-100 9,549,600 38,556.20 66.48 32.81
5 Sephadex G-100 repeated 9,205,500 67,119.94 64.09 57.12
6 | Ghromatography on 6,566, 300 412,974.84 45.71 351.48
7 Starch zone electrophoresis 5,341,000 940,316.90 37.18 800.29
8 Sephadex G-75 5,003,300 979,119.37 34.83 833.31
D FERE Do Fig. 1 Gel filtration on Sephadex G-75
Stage 2 =D RFERFILT 80% fAMBKEL, & 0D 280 units
U B A D5 (19, 500X g 20 5)1C X b 4b, 4C 4w
T7EAK, ¥z 0.0016 M phosphate buffer (pH 7.2) ' Y column 2°<4lem (1.v.128.7m1)
PRI 7701 Pl T i, .20
Stage 3 %HHHA¥ % 0.0016 M phosphate buffer % ) EIUI
AuwEHE 10mg/ml i % L, 0°C F 0.5mg/mg o
protein @ Streptomycin!® # %, GE¥h T\ 5% 5
[ 3 S )
Stage 4,5 0.05M Tris-HCI buffer (pH 8.0) < % T P

fifft L7z Sephadex G-100 3 7 & % i\ 7 A {EE% 2
EfT785 0 DB TR OWEMELHE LisWERER
itz

Stage 6 0.01 M phosphate buffer (pH 7.2) T34
{t L7z DEAE-Cellulose » $ & % fi\», 0.01 M, 0.05
M, 0.1M o phosphate buffer, JF# i 0.1M phos-
phate buffer+0.1M NaCl T stepwise IZIEH U7z #
. ¥EM:L 0.05M phosphate buffer ¢4 <X CiEH X
7}1137{:0

Stage 7 Stage 6 T b G M4 H % veronal
buffer (pH 8.0, «=0.05) #H\T, V' — vERKE
F77eo%c0 3X1.5X40cm @ b LA T 10 mA, 24 B3
B Lichk:, EREHOE—27IXRANDL 7 F A2
DY~ 2ieBH, HERSIAEDO C— 27 Lijig—H
L7

Stage 8 CoOEMTHLRLER X~ v % Figl
CRT . BMEAD Y~ 27 LiFHEDOC—~ 27k 5E 2T —FK L
Too LAED X 51 LTHE LR R RE R LRSI E)
BB WT1ADWRKES Eieh, FHEL—FK Lo

2. RBEBRORHEH

1) SFEOHE Sephadex G-75 % fi\» ANDREUS
510 DT HIE L foo Buffer 13 0.05M Tris-HCl
(pH 8.0) M\, ST REEMDOFEE LT pepsin(M.

Effluent volume tml)

Sephadex G-75 column equilibrated against 0.05
M Tris-HCl buffer (pH 8.0) was used. Each frac-
tion was assayed for protein and enzyme
activity (O---0).

Fig. 2 Ultraviolet spectrum of P-lactamase from

E. coli No. 24
6.8/
|
\ .
buffer 0.05M Tris HCT0.1M NaCl
plig.0
sample 0.27myg protein’ml
0.6
o
=Y
=
0.2

O i o020 300 320 340 300
Wavelength (nm)
The enzyme, 0.27 mg/ml was dialyzed
0.01 M phosphate buffer, pH 7.2.

against

W 35,500) 20 mg/ml, Lysozyme (M.W. 14,600) 4
mg/ml Zf\ic, & ORERR, STRILEY 23, 800
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THDo

2) SHES ERFVEBESRKEEC XD SES 47
@ bovine serum albumin % %8 & UCilIRE Ui k58,
HLEML 5.3 THDOl,

3) UVaxz1rJ5a BHEEDO UV RS2 L34
X pH 7.2 123\ T 280mu ISR K % D, 290 mu
1Z small shoulder % ##->, 0.01 M phosphate buffer
dr 1% BEEBW D 280 mu T D extinction coefficient
12 25.4 TH 5o

4) BEERFOMEE PCG »ILHE LKoo EH pH
X 6.2~7.2 Thotco EHFEEL 37°C FHETH 5o
EWFEMCEI LT 80°C 10 T4t 4iE3 528, 60°C
IZRWTIL 20 5 THY 20% DKIE LR bR TR
LT Y RE Thbo £FEAEFH EDTA (ethylene-
diaminetetra acetic acid), PCMB (p-chloromercury-
benzoate), Iodoacetate, Urea (%4 1.0 mM DypE—<
REORLERICEEY L 2 a0y Do FBA A4V
(Cu**, NH %, Na*, Zn**, Mg**) &8 X Of& 1 # v (Cl-,
HPO,, SO,~~, CH;C00~, NOg™) {3 3tic 1.0 mM o jps
TEOLLERCEEN R b s D% L Llodine
1% 0.5mM T 50% [H¥E%/R L7 EDTA, PCMB i
EhZHY, lodine CTIRE#Z1}% M1k, YAMAGISHI
59 @ RGN 14 » PCase D ffid R ATz X % PCase
EFBEDHETH 5o

5) KEHEEE D Kinetics ¥EHLESE D 5 # 0 Penicil-
lin $%3E#|3s X 0 Cephaloridine (CER) i %3 % Km
6, Ki f, Vmax % Table 21273 hbDED
¥ 7z DATTA 5® ® RTEM, RGN 149, LINDQUIST 10
@ RI @ PCase & X < RIfHI %R LTW5o

Fig. 3 1% CER %}H L Lk Cloxacillin(MCI-
PC) o Ki % RDIHHEREER LTV B, ZDH4 Ki
fEIZ80uM TH b, I H% PCG iz L4 o MCI-

Table 2. Kiretics of hydrolysis of various penicillins
and cephaloridine by purified 3-lactamase

Substrate Vmax ’ Km («M)
Benzylpeniciliin 1.42 X 10° 42
Ampicillin 1.24 = 10° 71
Phenethicillin 2.2 % 10° 38
6 ~Aminopenicillanic acid 0.3 X 10* 313
Cephaloridine 3.7 > 10° 300
Cloxacillin - Ki 40

Vmax values are expressed as moles of substrate hydroly-
sed/mole of enzyme min. at 30°C and pH7.2. Incubation
was performed at 30°C. The amount of product was

determined at room temperature hy using NOVIK's method.

Fig. 3 Inhibition of B-lactamase by cloxacillin

/
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N(mole enz. X min/mole S)

g}i/. (®) CER
Y (0) 0.03mM MCIPC
(X) 0.06mM MCIPC
1 1
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s is the concentration of cephaloridine.
Symbols : (- ) Cephaloridine, (X) Cloxacillin
0.06 mM, (0O) Cloxacillin 0.03 mM

Fig. 4 Stoichiometry of substrate and inhibitor

A
: ’/M——’”O/M
7, 10F .
% Substrate CER
5 Enzyme  B-lactamase
—E 3.4X105mM
Inhibitor MCIPC
L . . .
0 0.01 0.02 0.03 0.04 0.05 0.06
i(mM)

7 is in mM concentration of cloxacillin.
tration of cephaloridine is 0.6 mM.
Symbols : —— theoretical curve.

+ :1/v values at each concentration

Concen-

PC o Ki filitk 40 uM T Dtz £ DIHEARIT I
HEAETH Do

FREAic MCI-PC % f\~C#H CER L o Stoichio-
metry ORBRFERY Fig. 4 1TR$ PLEHDOLLE L
1/v ik, RWEREETRL, HEMNRS IO r0HE
EH Ki 2%, Z OIREFOREEHEC sV TEL L
ELTHRLRDERER (EHR) I —KL T\,
D EEEFY C ORERBAN TIENIEETH
b, Ki fE3ZH06T, 1 5FOEECI1ISTFORE
FIDRBE LT BZ Ehbnd, EH%E PCG & L3
B HFEBEOBRENE BRI, 2Dz &b PCG, CER,
MCI-PC DiEWHMARA—TH % 2 LIVRE I R 5o

IV. ZEBSVCHER
1. FEOFEMN MRERTQCHEELTWHEE
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%1%, Osmotic shock ¥ # #-1% Lysozyme-EDTA 41
HTHRHIR T B LBMbRT W51, = E.
coli strain No.24 @ p-lactamase ¥ i 1% 5 FHIRK
LA CHKH & h T, Lysozyme-EDTA B TR 7
tRTFAMERIZED, 13EALTNTOFEEI G
INTL o WMNDTZ D B-lactamase LR ATFD pB-
lactamase 23 K#45% 5 THh 5 X 5z surface enzyme
ThHhHT L2 b,

2. flio B-lactamase & DIEF 4 HNERL L o B
FiLG TR 23,800 L#fEESh, DATTA 50 RTEM D
PCase %% 16,700, YAMAGISHI 5@ RGN 14 @ PCase
A 20,600 THDDILL bRADLKAE W H & RT3,
LINDQUIST 5»® RI @ PCase(M.W. 22,000) & X<
LeFFREZR LT WD, 2L, MEHERRRD D
bHAHDTIEIDED LI LIXE 20\ %EAHL 5.3
DBEMEERTHY, RGN 14  PCase DEEFEEOL
I XS BT Bo = pH I 6.2~7.2 1dh D,
BPBHReNnIeh—7 R T Zhik, RTEM © PCase,
RGN 14 © PCase LEBILTW %o BAEHNTHT % 2%
Bjic35\~C, EDTA, PCMB % 24, lodine ©
PEERZ 2 5%, 4FTHEIRTVWARETIR X
% B-lactamase & F#EDHEHE &R LTV 5o RGN 2389
@D PCase (% CI7,NO,~ Dfa 4 A v T JEE R Z1T,
RGN 14, RGN 238 o PCase |} ¥ 7= Cu?* T3 [HER %
Ta5, WeAORBE LR, chAblAvickoT
FHIR bRl ohe, HEFRMZE LT RGN 140
PCase, RI @ PCase, %¥7: RTEM ¢ PCase L [f@ED
fHE %R LTW\W5h, 7L Km fHiz B8 L Ti%, RTEM
@ PCase 1z X PCG, Aminobenzylpenicillin (AB-
PO I3 21323 D 5 72T\~ B, F 7= RGN 238,
DALE®™ = X % R-1818 o B-lactamase & ®icbh, =
DEEFRL MCI-PC %13 & A ETRIE(L L 78 o KSHBIEESR
D UV A2} F 41X LINDSTROM 519 o ampA %

Table 3. Comparison of specific enzyme activity as PCase and

CSase in SB-lactamase from E. coli No. 24

Fgo E.coli ®» PCase DFREC L LI X EHLL
T\ %,

3. PCase, CSase m %[E FAr i LicEER
PCase & CSase OW{EA%E LT\52, DO RFI
BILTHU EBONICERERELD, ROL D57z EMNE
Z %o

i) ERIKZHE E. coli strain No. 24 1370 R
Hz k8T PCase, CSase WEHZE2LDTH B, =
D PB-lactamase DRFEATRIC 313 % FEH O AR E M
k% Table 3 T3,

BELBRIC R\, AR 5 S cERER
DORTHIIRE—EDEER LTI, & D 2 &Ik
PCase, CSase \~5 2fED | 2 DEEFEMNIIET % DT
Ried B—FRAMERE AT A EER LTV 5,

ii) MCI-PC iz X 5FHEEREREN D PCG, CER [
HEE e MCI-PC i X b Fo7c R L EY
ZiT b ZhbDZ &b, HEACH T BMOHET
Lz w3, PCG, CER, MCI-PC I3[R —{E ML TR
BTHLEELDR D,

iii) Stoichiometry D (Fig. 4) bR Ih b X
5IHE 1 5 FEIIEER 1 5F & 4B KIGT 5
ENbhb, toZ EIXIEEM PCG,CER &b H D
BEXDOWTHE 2 Do #EHA>THEE PCG & CER 0
TEHE AL IAZER] MCI-PC O iEMA & ARETH Bo

BB, 1)iDiii) Dz &2, F a2 k58 Ui f-lacta-
mase |2 X % PCase, CSase DfEHFEHIL, FhFhRKk
LMRSFIREDDOTNIL, WS FAWERE
BTDH, »OZOERASHMIE—TH5 52 5N b,

Eil i

AP LI OB E W RIBE, BERELTF
MERCESEH LI, Fh, BRoOKBCHLY, &
BB E VW R R K EER PR O R IRiE L,
WHEBLCREEL 3,

X ik
1) POLLOCK, M. R : Enzyme destroying
penicillin and cephalosporin. Anti-

Specific enzyme PC micr. Agents & Chemoth. 292~301,
activit; Alase

Stage Procedure Y CSase 1964
PCase | CSase 2) TE-WEN CHANG & L. WEINSTEIN: Iso-
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PURIFICATION AND CHARACTERIZATION OF A p-LACTAMASE
FROM CLINICALLY ISOLATED E.COLI STRAIN NO. 24

Yoriko Yamanaka, Masazo Tanma and Suozo Nakazawa

Department of Microbiology, Kyoto College of Pharmacy, Kyoto, Japan

The B-lactamase mediated by the R factor in clinically isolated E. coli strain No.24 has been purified
and characterized.

The enzyme was purified by the following procedure : gel filtration on Sephadex G-100, chromato-
graphy on DEAE-cellulose, starch gel electrophoresis and gel filtration on Sephadex G-75. The mole-
cular weight was estimated to be 23,8000 by gel filtration on Sephadex G-75. By starch gel electro-
phoresis, the isoelectric point was found at pH 5.3. The MICHAELIS constants for benzylpenicillin,
ampicillin, phenethicillin, 6-aminopenicillanic acid and cephaloridine were determined.

The enzyme showed a broad specificity of the action against both penicillin and cephalosporin deri-
vatives, and the ratio of this activity as penicillinase and cephalosporinase did not change through
the purification steps. Cloxacillin, the semisynthetic penicillin, acted as a competitive inhibitor of the
hydrolysis of benzylpenicillin and cephaloridine.

These results and other our studies suggest that botn activities as penicillinase and cephalosporinase
present in the same active site on a single enzyme.



