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1. # g

I e, HEOIFFIBEHROKEE No 24 0
43 % [-lactamase ZHER L, TOREEHLMCL
720, rhic X hif, Gram BHBEOBE X —Ke, B-
lactamase % cephalosporinase {Et:% H35 Z & 24
bhTwaidh & KEE No. 24 ©354, penicillinase
$EM L cephalosporinase FEi: 23 F — BB CH— B-
lactamase L X o TREAINBLHEL TV B, Vol
5, Gram B Ec I\ T, E4T 5 p-lactamase (%
penicillinase Wi Br AT sz L hAbLRLTW3Y,

Bacillus cereus 1z 3\~ Ti¥x penicillinase & cephalos-
porinase, 2> @ [P-lactamase % @ 4 L, cephalo-
sporinase XFRAFHL LT Zn"? 2 DELT54&B
BRTHY, TERCEVTIEIEECIZIELVWEZEND
BLBEINRTWEY, 8T, 7 FyRECE W TRE
TERENOOMEI R BHOIE L A & 1% Penicillin-G i©
WLUTHEMELZA L, penicillinase % EE T 5L X
LT\ % A% cephalosporin R E i
RHLUTEEEORZIEL R L TR,

SHEEIBEHEKD 7 Fy RE (Ste-
phylococcus aureus) i cephalosporin

RMEHEC S MR THRE 15RO

Bext LT TH 57T in{, cephalosporin &
EMBECSMETD 2 SHIMEETH 50 = ORI sta-
phylocoagulase & #: % s {/~x L, DNase » 4 1,
Mannit REXET %o
2. BEERLLUCWHERERORRE
37°C, 18 BEMIRTHEE LK% 1%-glucose i@
T4V 10% wisb X EEL, 37°C TiRER
FLAE, £EL, Fig. 10X ik, EEYKEE, O
°C, pH 7.2 ¢ 0.25 M-phosphate buffer & 24 Ffd
suspend Ui EE#HEBRERE LA,
3. RELCER Lickhk
DEAE-Sephadex A-50(Pharmacia Sweden)
CM-Sephadex C-25(Pharmacia Sweden)
Sephadex G-100 superfine(Pharmacia Sweden)
4. FKBRHE
i) EEREEOWE
R, BRELFHE WENERORNCRT E

Fig. 1 Preparation of B-lactamase from Siaph. aureus

Staph. aureus culture

|
centrifuge 9,600Xg 15min.

l

L, *Oo¥oELE T % [-lactamase % sup ppt.
BML, MEELTEToBEBERDOWTHRE extracellular ) )
enzyme wash with dist. water
L?’Co o ]
II. #EEEUHE suspend in OI;{2751\:/ZI-P.B.S.
pH7.
1. EREKE e o0
B hk Staphylococcus aureus No. 24hrs.0
41 xRV, R & L T penicillin centrifuge ]
RPUEWECIEFTED & % b 3k Sta- 9|, 600X g 15min.
phylococcus aureus No. 13 % Fv fo, | |
No. 41 ¥kix B-lactamase &xf L CTLE sup. pp't.
7e4 B penicillin % [& { penicillin, cell bound (COLES et all.)) ) homolglenlize
. . t
tetracycline, chloramphenicol, stre- a-type enz(y?nlg Rl et m r:szeyr::ear
ptomycin, kanamycin, macrolide % Y-type

FAEHBETNTRE, BLALOHEY

(CITRI et al.)
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Table 3. Induction ratio of various
Table 1. Antibacterial activity penicillins and cephalosporins
MIC(ug/ml) 1. penicicillinase activity
drug 227 Nodl No.13 209PJC Inducer 4 hrs. | 8hrs. | 12hrs.
PCG 6.25 | >100 0. 022 None 1. 1 1
ABPC 12.5 | >100 0.09 Penicillin-G 2.8 | 1.4 8.2
CER 12.5 0.09 0. 045 6-APA 2.8 1.3 7.9
CET 25.0 0.78 | 0.09 Ampicillin 45 | 8.1 10.0
CEX | >100. 12.5 | 1.56 7-ACA 41| 49| 88
s o oon St | W) 1| uro
Rt s @itk 1000 1 ZRMMLTRIER LD, Cephalexin 23.2 | 105.6 | 350.0
BELTWAEBED N % Bacillus subtilis PCI-
219 ##RE & L, cylinder-plate ki X b flE T
%1bioassay @, HERRESE, BERFWERCETS Table 4. Induction ratio of various
B F iSO BIE 12 NOVICK ¢ microiodometric assay penicillins and cephalosporins
ZHED -7 chemical assay EE&#H, 2. Cephalosporinase activity

ii) BRAROWE hrs. after induction.

Column chromatography i3s3} % £ fraction o 280 Inducer 4 hrs. | 8 hrs. | 12hrs.
nm OW i Hitachi UV-VIS spectrophotometer % None 1 1 1
FICTRIE L, BEW o © % 4 B Bovine serum Penicillin-G 16| 1.3 1.3
albumin % standard :-3% LOWRY DOFERR L T 6-APA 1.3 1.3 1.3
HE Lo Ampicillin 28| 3.3 2.4

i)  HLm R 7-ACA 13| 1.6] 1.6

FREUND o complete adjuvant LB UAEEE 0.2 Cephaloridine 2.0 2.4 9.8
mg/ml OREBERBERY) 0-2ml LTEHL, 4 BB Cephalothin 2.8 22| 3.1
5 1 EkER 38R ico T 0.2~0.5 ml B # Rk Cephalexin 140.8 | 141.0 | 145.0

&, To6 A 1ml EH LK, 5 B L FMmy
75 LW5 HETRREYRE L
III. s B # R
1. p-lactam RIAEPRICH T DY
No. 41 ¥kix Table 1 wiR$ X 5, penicillin, ce-
phalosporin RFTAEMEICHELR LTV %,

LU, FEFEROE L BIHEBRERORTER
H:FMY, cephalosporin R¥i4YHE, & {1 cephalo-
ridine (CER) st LTiX No. 13, No. 41 #¥D E4A$
% B-lactamase r 31T penicillin-G % 100 & L 7o &
x, 5780 L6 LIEL, MEKRCRT 5ERIALRT,
HHBZM L O—BxH b higd oo

Table 2. Enzyme inducibility of Staph. aureus no. 41 and 13
Strain None-induced | PC G -induced CER-induced ;iz:i;z;:’fob“ﬂi A
Staph. PCase 12.0 1040.0 11000. 0 Frebb, BSHORLAEKC X 5%
aureus CSase 1.55 8.0 147.0 B, FLCHEEOEBC X 5ER L
nodl | TS 7.44 130.0 74.8 WORR LT £, BHRIC X 5 2R
CSase 13 PCase/CSase (penicillinase &/
PCase 450.0 9600.0 74000.0 cephalosporinase yE#:) {EM L THE L
Staph. | CSase 1.8 30.0 148.0 1oB§, Table 2 Rd X 5, WHRC X
HTEES | Pease o THBMAEIC I b 2 s BN A B R
no. 13 ﬁ; 250.0 320.0 500.0 27 No. A1 FEIC I 5 SEBIC L 23

ug/ml hydrolysis of PCG, CER

B X 5 EEFEROZERIT OV TR
LickE B, penicillin-G, cephaloridine
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Table 5. Summary of purification - lactamase from Staphylococcus aureus No.41 CER-induced
Total activity Specific activity | Recovery(%) | Number of
Procedure purification
PCase CSase PCase | CSase| PCase| CSase| 55 PCase
1. 0.25M-phosphate
buffer suspension 36,000,000 | 1,024,000 667 19.0 100 100 1
2. Salt out
0.3—~1.0 sat. 25,200,000 764,000 | —— — 70 75
3. Chromatography on
DEAE- Sephadex A-50 17,640, 000 321,000 768 14.0 48 31
4. Rechromatography on
DEAE- Sephadex A-50 7,637,500 125,205 810 13.2 21 12
5. Chromatography on
CM- Sephadex C-25 1,183,000 14,378 | —— 3.2 1.4
6. Gel filtration on
Sephadex G-100 702,000 11,280 | 3191 51.3 1.9 1.1 48

BRI L UCHIE L-84, penicillinase jE#:13 Table
BWRT IO, FHLEVWEALY 1L LI, peni-
cillin RHAWE T 10 #2E, cephalosporin R4
BT 100 LA & w5 Eifii% R L, cephalexin(CEX) >
cephalothin (CET) >cephaloridine(CER) D JETH 5%,
Z %t LT cephalosporinase jE#iY penitillin 21
EME T ThIFE LS & 1.5 BE, cephalexin
% { cephalosporin ZIAMETILIBERE Thota
A3, cephalexin Tl 145 W5 EWELRR LTV %
(Table 4),

O ENLEKRC X HFEEE, T UTHEOELY
FHETHRANC X A FEECHL N RERNR LD R, 3
FIRSZ M L B ERRI — i A& b huico

3. p-lactamase QiFHL

FEL Fig. 1 wRHBR L& THl LIOHEER?D
HFE LTI o0 (1) ZOHEEED 0.3~1.0 KA
FnsrEwE Y, (2) DEAE-Sephadex A-50 % A\ T
A 4rE L, (3) DEAE-Sephadex A-50 % B
— buffer TEH L7 #%, (4) CM-Sephadex C-25 T
4+E L, (5) Sephadex G-100 superfine % fi\C% /v
WOl Lico L EoksslEfE% Table 5 RTo & DFE
=L carrier ampholine ¥\ CHESABLKKEIZ1T
feolcth, 74 A2 BSIKE)TH— band #87c, D
B TSR B #iE O T2 17 7 » 7 (Fig. 2, Fig. 3),

4. BREROHEME

1. STFEROWUE

VEREE B R O T X 2 TE DR ], e b OIS
sephadex G-100 % Ji\>, pepsin, ribonuclease % refe-
rence k3% ANDREWS L DJjEED X HWT 4 #t Lic
MR, COMRILEERW 2.3S, MHESF & 22,000
~24,000 LHEE Lico

Fig. 2 Disc electrophoresis at pH 6.0

2.

Fig. 4 w/R7T X 51T, carrier ampholine % A \» 7
EAESKBTHELCH R, SEAIN 9.5 Tho
ety

3. EERFMME

Z DEFFEOEWRERIT penicillinase {E#4:, cepha-
losporinase {E#: & i 37~45°C T H 5%, F# pH
Bt Fig. 5 WRT X5, MEHECSWTETO £
bt FlBuTH T ALEM 1L, cephalosporinase
¥EMIX pH 7, 37°C T 60 3812 70% 4% L, penicillin-
ase {EMILFE&MTRI40% 4G Lz, LA L, cephalo-
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sporinase {EMIL pH 4 B \WCESEMHT 100% EHT

B L, kT, £MEEEH], b0l 4 v oEy

BE LiciE B, PCMB, Urea, = — FEEMR, EDTA,
Fig. 3 Sedimentation pattern

The buffer used was 0.05M-PBS pH 6.0, 5
min. after reaching a speed of 60,000 rpm.

Fig. 4 Focus electrophoresis of B-lactamase
from Staph. aureus No. 41 on carrier
ampholine. (pH 3~10, 0.7%, 110 ml)
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Fig. 5 pH-activity curve for the [-lacta-
mase from Staph. aureus No. 41

100

O~
(%) o %
L \ Penicillinase
[ o
X X

B &ephalosporinase
50 —

X

Zn*2, Mg*?, Ca?*,Na*,Cl~, &4 1mM Ci34 < BEEE
texblEeY, 1mM =2~ FFC X » T penicillin-
ase JEMEiL 61%, cephalosporinase yE:IT 42% FH &
T,

4. YEBEZFE O kinetics

Z DFEFE D penicillin-G x4 % Ky 13 20.8 uM,
Vmax (% 30°C, pH 5.8 -C 10X 10% mole of substrate
hydrolyzed/mole of enzyme/min. “CH » 7z, F7z,
penicillinase {E#:Zx 4% 2 — FOPAEX Fig. 6 0 X
5 IREMMOAEY R LTS, Zhick LT, cepha-
losporinase JEM:Cxt 52— Fo pHE 1% Fig. 7 o &
S, HHRMOEELRILV. ZLTZORERT »
ATV v 2 IsBE TR 5 7o

Fig. 6 Inhibition of penicillinase by iodine

1v)

0.1
1 1 1
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Fig. 7 Inhibition of cephalosporinase by
iodine
1/V]

CER Hlodine BV

X Wx
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-—0
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Fig. 8 Double diffusion test by OUCHTERLONY
agar diffusion
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5. feiEFRyRREt

No. 41 & No. 13 (kD EATHEThEThOEE R IT
M HAFEMEXFREL, &4« 0FELYHERELLT
OUCHTERLONY DEIKHIKIC X % 5 v NILRE KIG %
fTicwBEt LIck R, URERITECRE L, REFEDN
ZRIIR BN o7 (Fig. 8),

IV. ¥ ¢& &

1. BFEEXO cephalosporin RFTEMEICTELH
THTVUREOELET S B-lactamase % 15 BTk
L, B—EaxBis

2. BEFEEORRIOEARZN L BERELFE
BEIT—3( L, F 7 cephalosporinase {EM:FEIRIT I8\~ T
18RRI inducer S RMENENN T &, F 7 cephalexin
O U S EHEENE T L2bh T,

3. %7, Z® P-lactamase ¢ penicillinase 7F#,
cephalosporinase FEMEIC O\ TCHRNTCHER, =8 pH K
CETOERR LD, &4V, HERORET
DVWTHENRIHER, AEERL2— PR »THEY
FiF, ZOMHERRAL penicillinase FHEH:DPH AL FEHT
FTH -7t cephalosporinase FEM:DFE, EHE ©
PEE# /R X3, cephalosporin ¥ penicillinase % ¥ %
REAMCIEEL, ¥z~ FOEELTRAT ) v
7 IR E TR o o

4. B OBM M\ penicillinase {E#:;, cepha-
losporinase {EM:IEAIKE  7no T2 DAh - 1,

5. = ® P-lactamase DIEER T K 2.3S, 4F
£ 22,000~24,000, £E 5 9.5, EHREE 37~45°C,
Z 3 pH 1% penicillinase {E#:1L 6 £, cephalospori-
nase JEM 5 MR D - 1o

6. Cephalosporin FitthDZEBU, EEFERM: LA
REMR—HK LRV LAED R 5 X 5 g, B-lacta-
mase LIHC ] B DOl O EB L E T 5 2 &
HELZL BN %o

B &

EKHEChich, WROBLEELRHEGHS L LW
LHERRFERBIFEWEN AELERLE, BERZEL,
BAFEREMEMEYHEZCEH - LET,

5l A X #&
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PURIFICATION AND PROPERTIES OF A B-LACTAMASE FROM
CLINICALLY ISOLATED CEPHALOSPORIN-RESISTANT
STAPHYLOCOCCUS AUREUS NO. 41

Masato Matsupa, Yasunisa Hamasu, Tosurtsucu HaNaMURA,

Axira Hamao and SHozo Nakazawa

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

The B-lactamase from clinically isolated cephalosporin resistant Staphylococcus aureus strain No. 41
has been highly purified and characterized. The enzyme was purified by the following procedures:
chromatography on DEAE-Sephadex A-50, chromatography on CM-Sephadex C-25, gel filtration on
Sephadex G-100 and disc electrophoresis. From ultracentrifugation and gel filtration on Sephadex G-100,
sedimentation coefficient was estimated to be 2.3 and molecular weight to be 22,000~24, 000.

The isoelectric point was estimated to be 9.5 by electrofocusing on carrier ampholine. The optional
pH range of penicillinase activity showed at around 6, while cephalosporinase activity showed at

around 5.
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The enzyme inducibility was proportionated to the MIC of the substrate, cephalosporin derivative
had very high inducibility of the penicillinase and cephalosporinase activity, especially cephalexin
had the highest inducibility,

Iodine inhibited the enzyme activity, acted as a competitive inhibitor to the hydrolysis of penicillin-
G, not as a competitive one to the hydrolysis of cephaloridine, also this inhibition was not allosteric
one.

The ratio of enzyme activity as penicillinase and cephalosporinase expanded through the purification
step. But substrate specificity was not proportionated to the MIC to the substrate, and an existance of
other mechanism of resistance to the cephalosporins was suggested.



