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Proteus vulgaris 1= %t + % cefoperazone (CPZ), cefotaxime (CTX), cefotiam (CTM),
cefazolin (CEZ) D#{HiiE#: & B-lactamase E4DBIRIZIV- TR LI,

BRI L1 20 gicsd 5@ hiz CTX »MbPih, k\C CPZ oM T CTM, CEZ iti—#
EHARYE - T BB L TR Lo P.vuigaris B4 D p-lactamase 1IZ% LTk CPZ AR KET,
&K\ T CTX, CEZ, CTM DTS » 7o H¥MO¥KT CTX, CTM, CEZ 1T X » T pf-lactamase
NER TN, CPZ i3 P-lactamase FWIEHXRREA EREeh » 72, CTX, CEZ, CTM 0
B-lactamase EABICH TS MWD X EEER Ik %5 @@ v BB LAl CPZ Tk §-
lactamase E4 LHiED L OMICIXFCHBIIIBDbhiEh -1,

B-lactamase EAEMKRICHTHHEIFRAYHBELICL 5, CTX OREAEFAH C—BREAEHB
dohts, ZOREBRSKIT CTX Ik X5 p-lactamase KM L WA T hi- p-lactamase 12k 5 CTX

DOARTFLIL XSS T EMHEEE R,

Proteus vulgaris 25 RUXRERIEL T THRD
B-lactamase ¥ B4 T HHEDO—2 L LTAbAVY,
H8edg B-lactam FICFHETH 5 2, BEMB T h i -
lactamase CRELEAOCH L TCRIFERSELYXT
LT\3, &5 Poulgaris o B-lactam #jic 543
5MEH L P-lactamase E4 ORI OWTOEME
BRERVWEEPEVWISCBbh %, £ TC4HHE, R4
3. cefotaxime (CTX), cefoperazone (CPZ), cefotiam
(CTM), cefazolin (CEZ) % Fi\~C P. vulgaris ©
KFMSH L P-lactamase EHEIOWTRN L,

I. #E & F &

1. (EREEK

ERICHE Lok, TXRTUHRMEFEOREK > Bk
TH%bo

2. (ER¥A

Cefoperazone (CPZ, % L1k % I%), cefotaxime
(CTX, ~F R} 4-3v), cefotiam (CTM, RE¥XSR
T3, cefazolin (CEZ, BEIRERATHR) ¥ A\ 7 o
B, ERIARAN L,

3. BRREMHILRE MIC) ORIE

BRLFEREESEREV TR LT ot L
Hi3% 3% Brain heart infusion broth (BHIB, 8) %*

VT, EMEBILATIERD 100 (53 RA (1 107 cells/
ml) %A\, :2v75vx— (AMMER) ZAV
T#y 0.005m] #EML7,

4. pB-lactamase assay

B-lactamase {EHiz UV #Y CRE Lico £EHAON
EH I LU de (PTFREREDE) BRTLEOLE)
TH%, CPZ (273nm, de=7,700), CTX (264nm,
4e=7,300), CTM (276 nm, A4e=8,800), CER (260
nm, de=10,200), BE¥EiE#E % unit TEbL, lunit
{3 0.05 M Phosphate buffer (pH7.0) t 30°C 14
Mic 1gmole ® XB¥ MALMT 5 DILELHER
L1,

5. p-lactamase DTHHEHY

P. vulgaris T-178 % CTX 10 pg/ml 7T 1= 2BEH
MEXR, BEXPE BSTRERL, ERRORLL
# (10,000xg, 30 £R) HEMEHE L TR Ch
% MATSUBARA b D F Y2 §€ » C CM-Sephadex(C=
50, Pharmacia) %\ CHMMM LI, ZOMBICE
b HIEMEZE 40 £ LR L1,

6. p-lactamase %N

BEEICHE » Tk »To Thibb, &%EME 1048
ml IChe B X 5 I BUNRmic g, 2RERLR
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£E Lo 0.05 M Phosphate buffer (pH7.0) 1 [
ZRRBERERL, MR ) AT MU L, C
DEMRHD p-lactamase &% CER (100 uM) % XK
pUk UV 3T, ¥EREREY Lowry HOTEhE
hEEL, AEEERDI,
7. P.vulgaris T-178 x5 REER, p-lactam-
ase His X USERMPEF ORE M
BHIB °T—# 3 L7 P. vuigaris T-178 = BHIB ¢
4 108cells/ml KARL, Shdk S0ml Fo=f7 3 2
2 (200ml) RAE LY, ZEF% 6.25 ug/ml, 25 g/
nl, 100 pg/ml 1273 X 5 IREML, 37°C Tk 5 M
Lico BRI, 2, 4, 6 BEMICIE R AR L, LW
¥ EREFRAMES L OW b f-lactamase ik
YHE Lo BRHHEFMBE L Bioassay R THIEL
0, AN BRREELSEOR 227 -k,
PEBIVMRERORELET Lo ¥, MiEA
pHactamase FEEFERX Sml OERE%E 1,000xg,
20 AHORLAMTEE LEBELHREIZ X A
LR E A UV ECfTito 1,
8. XHIMBERE
CPZ, CTX 3 X U* CTM % Micrococcus luteus ATCC
9341 %, CEZ i Bacillus subtilis ATCC 6633 ¥ &E
BETBR—A—=F 4 R7ETRE L, &5 8 G
100 pg/ml 525 D 2 f£FFRF|% BHIB TEHL, Th
EEROB A5 —AEMI b ORI, ek 2 £
I =VEBRETBLDRT 4 A2% 31C D75 vBF
£330 SHEEL TORERFRECEY 31, &
DT CPZ i% 0.39 pg/ml, CTX % 0.2 pg/ml,
CTM i 0.78 pg/ml, CEZ i3 1.56 pg/ml ¥ CRIERTHE
Thol,
II. % % #£ R
L BK2KE P.vulgaris OERIKZH
BERAMED P. vulgaris 20 ¥kicxi3 5 % ¥ #|o MIC
EYERELR TR LY (Fig.1), CTX i+ 8T
#28% RIF ¢k ¢ CPZ O T, CEZ, CTM it}
E¥RTBI BB ® H htc, CTX O MICy, flik
0.26pg/ml CARPRL /PR EEX R LA, £D
MICy, {ix CPZ o 8.0 pg/ml : ABRED 9.1 pg/ml T
Y, LXEE MIC A% R LI
2. p-lactamase g4
HEMMM I & A% 10 pg/ml 1ieB k5% 2
Rl Rtk O@ifheh p-lactamase FEME X BIE L, KA
iR & 1B Lic (Table 1), EFEHEMOBAEIZ T
hOKR®D p-lactamase FEH: b MR RLUT TH - 125,
CTX, CEZ, CTM o@inic X h #¥EB ok &0 E
FIBBL I, Hic CTX 35 XU CTM HMBFICIZE

Fig.1 Antibacterial activity of cephalosorins
against P. vulgaris (20 strains)
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Fig.2 Correlation between MICs and §-lacta-
mase production
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®:The strains showed the enzyme activity of more than 0.1
unit/mg of protein when induced by the crugs.

O‘The strains showed the enzyme activity of less than 0.1
unit/mg of protein when induced by the drugs.
MIC was determined by agar dilution method using -
inoculum of one loopful of 107 cells/ml(ug/ml).

RER 2B XU 4Bk 10 fZLL EORERIEM: O LR
R bhtc, —%, CPZ FpnbFicizb e 1 KRicET
DIEED ERNBED i TH o

3. p-lactamase DEBRHFRMK

CTX kKX » T B-lactamase H FE H X h 7= 10 D
B-lactamase DEBEHREY 7 ~X &= (Table2), CTX
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Table 1 A-lactamase production in P.oulgaris (20 strains)

Inducers Numbers of -lactamase-producing strains with enzyme activity of
(10 pg/mi) <0.1 0.1~1.0 >1.0
None 20 0 0
Cefoperazone 19 1 0
Cefotaxime 10 8 2
Cefotiam 9 7 4
Cefazolin 9 11 0

* pB-lactamase activity (unit/mg of protein) of the sonic extracts from cells incubated
with 10 zg/ml of each cephalosporins for 2 hr. was determined by spectrophotometric
method using cephaloridine as a substrate (100 uM).

Table 2 Substrate profiles of A-lactamases from clinical isolates of P. vulgaris (10 strains)

B-lactamase-producing Relative rates of hydrolysis (%) with®

strains Cefoperazone Cefotaxime Cefotiam Cefazolin Cephaloridine

P. vulgaris
T-130 10 31 166 301 100(2.20)*
T-169 <25 39 204 382 100(0.42)
T-178 <25 49 292 400 100(0.34)
T-185 <25 15 138 308 100(0.15)
T-190 13 86 130 350 100(1.21)
T-247 <25 60 124 348 100(0.23)
T-266 <25 33 123 360 100(0.40)
T-268 <25 50 140 39 100(0.26)
T-269 25 30 133 288 100(0.82)
T-281 <25 <25 41 150 100(0.11)

s B-lactamase activity was determined by spectrophotometric method at 100 uM of substrate concentration.
Relative rates of hydrolysis are expressed as the percentage of cephaloridine hydrolysis.
b Values in the parentheses are the specific activity (unit/mg of protein) of the sonic extracts used for

enzyme assay.

10 pg/ml THEE LIcHEEE Y AV EAHMEE 100uM D
R DR MK IREE % Rod 1o, T-281 BEw B\ 7o 9 Bk
0 p-lactamase DB FRIEIEBAHBEL LTV oo o
hooEER CEZ, CTM, CER #R<{MKIWL,
KT CTX DJET, CPZ iz b mAaMEhic X
BTH 1o T-281 kD f-lactamase Zfp Dk & LR
A EBEBREXR LI, BT — 23R otent
CEZ XU CTM THELIEROERERM T
Uh CTX THEELCEEO AHERHELA—TH-
o

4. Cephem Hlieit1 5 P.vulgaris T-178 ¥k

B-lactamase @ Voo, K

P. vulgaris T-178 (kR OMAI WXL BV, £ X
AR TS Viax, Km ZR¥7: (Table 3) CTM 1©
3D Vimax fHESBSKZ L, KT CTX, CEZ OJE
T, CPZ R L TR 4FPROPIRER R LI Km

fliix CPZ LIS DEMIcH LTIz 110~270pM ¢ i35
TREL L% R L, CPZ il Tiz13aM ¢
PEIpEEAR LI

5. p-lactamase g4 ¢ MIC {&

£%FD MIC ffiL p-lactamase E&: OHHFY
Fig.2 (o Lo AV 4 B0 H0Pp e L b 1A
<, HXEIhI-HXEE 0.1 unit/mg of protein LLE
D¥k# B-lactamase E4#k s LIz, CEZ, CTM, CTX
Tit B-lactamase EAHRICHT 5 MIC fHRIEEERI
KA bk 2 iclidRT EEan@d bhich, CPLT
XfOHIZEEDBERAILBEE TR, -1

6. P.vulgaris T-178 ¥kicxi3 5 BE(FA

P. vulgaris T-178 i3t 5 £ EH O REIE AL KA
#EE 100 pg/ml, 25 pg/ml, 6.25 pg/ml fEARFOEEM
B Ll (Fig.3), 21, S ERRTE L AR
RAEHEFIMEE, Whp p-lactamase FHES WELE
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Table 3 Stability and affinity of cephalosporins for the purified 8-lactamase
from P. vulgaris T-178
Cephalosporins Vma® Ka(uM)? MIC(ug/ml)¢
Cefoperazone 6.6 13 3.13
Cefotaxime 61.0 190 0.39
Cefotiam 235 270 200
Cefazolin 33 130 400
Cephaloridine 100(11.5)¢ 110 400

d

Relative rates of hydrolysis ( Vm) are expressed as the percentage of Vass of cephaloridine,
K values were determined from Lineweaver-Burk plots using cephalothin as a substrate.
MICs against P. vuigaris T-178 were determined by agar dilution method using 10° CFU

per spot.

The value in the parenthesis is the specific activity (unit/mg of protein) of the purified

enzyme.

Fig.5 p-lactamase activity of P. vulgaris T-178 treated with cephalosporins
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(Fig.4 XU Fig. 5

CTX, CPZ BRWThORECKVTLR MM i {F
gLk, BEfFAORE LR & B ORIt B
dose-response 12 B B high -1 % CTX it
6.25 pg/m] WIBFOLBMBIR A2 25 pug/ml FHARF X H

V2L, RERRSBED I, —7%, CEZ, CTM
oRBfrARN=H X Y bHL2KEH, CTM © 100
pgiml R H T I MERERL RS bhi,

EREFTIX CPZ 2 MLRET 6 RMk D M 7F X
i, WThoRETS 75% LETH -1z, CTX Tk
WThOBETLEME & L RBFELRI L, RiRE
BEAZEBVEELR LI, CTM %X CEZ 2\
ThoBBRE SV TH EohKKEL, CEZ TiX2R
MLAR, CTM Tit 4 MR TTRHBRUT

Lot

#ilkh p-lactamase FEH:iX, CTX, CTM, CEZ o
WThOBERSWTH ERRED b, HEFHE
it 2~ 4B CREICRL, CTX 25 pg/ml Finky
ERLEEYR Lo —%, CPZ Tik 25 pg/ml Hinks
CETORKOERANRBD bhich, OME CiiEH
KBS L2 LA ERABEOHEER LI,

III. & =

#EO p-lactamase 4 b f-lactam FYMRS iz O\
T, EFEMEN p-lactamase KHEN AR IAI-Z
thb, BREEBRSYREEh T3, B-lactamase
BELEARZEE 0 H ML, HNSYW IUEA
LYDRSIC X T Staphylococcus aureus, Haemophi-
lus influenzae, Escherichia coli, Bacteroides fragilis
RETHEVEMAZED M B M OEBTIZL T LN
b2 Tk, PIBIRZ DERD — 2 & LT p-lac-
tamase EEDFE X D bt oEEROSP ) EHKZ
BEHBL, HicFBMYc f-lactamase ¥ ELETHE
ATt p-lactamase FAL LN ICEBTHILED b 5
LLRHBKL TV B,

48, RAIZFEHE f-lactamase ELEWD—> T
&% P.vulgaris % Fi\ T, B-lactamase %M & KK
#ioVTHE Uiz, f-lactamase g4Iz 5 CEZ,
CTM, CTX o MIC ffid Je4bkic o~ Bl%x =~T
ARBEH SR, CPZ Titemd HFA X EE Tk
kot Zhit p-lactamase EE4#kizis\ T CEZ,
CT™, CTX FAT TRE B f-lactamase FEpii
C58%, CPZ i3 p-lactamase FHEHEEZ Hitd W\
CRREL #x Hhic, K%l B-lactamase &4k
Th% P.vulgaris T-178 ## A\ 1=K TH, CPZ 12
mLtL\f}LO&EV&%ﬂ vT % B-lactamase %I L A
CENLY, mphT L RE CREMNCIER L, —

7, CTX TREOHMERCRERRNBD LT,
Thebd, 6RMUBDENK L 6.25 ug/ml & 25 ug/ml
W CHET S L, 6.25ug/ml D KA WAYTH -
Too T ORRIL, 25 pg/ml FRINKIT S-lactamase B
E2%<, SOCKREPEFIOBRERORD LF LV
&S b Bbht,

CEZ, CTM ®Rmf§TH CTX Mk S-lactamase 1%
MM ER LREHCED TREMCEEN DR,
Thd P ooulgaris T-178 #hiosi LB ARSI -
oo DX B-lactamase ¥ RS M 5 RAUZE A
¥ L7 B-lactamase IZ X » TRIFEILEh, WRELT
ERENL D LEEMITHNT 2 MO L b0 LS
Abh3,

Bk, &HFRCIWERS-lactamase EEMIHT5
XN OHiMtEX, CPZ DX 5 /g p-lactamase FHXiEE:
DEV-EHTIE p-lactamase D LEWY FFcl vz &
NELMh Lol B -lactam FMDEHRRIE
BZh, TOFRADO—2IC B-lactamase HEHEx b
hTW509, ¥ -BAKRRTONEERCHLTY
HAR p-lactamase HNEEWELTHZ LY RAIR
RHLTWAMZ Lhb, 4%, EFOBRFHEOEN
BAmie B-lactam FIPFAMECIVTEDIILK
BT 50 REAEI D,
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ANTIBACTERIAL ACTIVITY OF CEPHALOSPORINS
AGAINST PROTEUS VULGARIS

SuiNnzaBuro Minam1, Hiromi Naxasuiva, Haruma Araxg,
Nosuyukr MaTsusarA, YAsuo WATANABE, Tarasur Yasupa,
Isamu SAikAwa and
Susumu MiTsunAsu*

Research Laboratory, Toyama Chemical Co. Ltd., Toyama and
*School of Medicine, Gunma University, Maebashi Japan

The correlation between antibacterial activity of cephalosporins against Proteus vslgaris and f-
lactamase production was investigated using four cephalosporins, i.e., cefoperazone (CPZ), cefotaxime
(CTX), cefotiam (CTM), and cefazolin (CEZ).

A half of the tested strains produced S-lactamases which were induced by CEZ, CTM, and CTX,
and showed almost the same substrate profiles. Against the hydrolysis by these B-lactamases, CPZ
was the most resistant, followed by CTX. CTM and CEZ were easily hydrolyzed by these enzymes.
B-lactamase-producing P.vulgaris were more resistant to CEZ, CTM, and CTX than non-f-lactamase-
producers. CPZ hardly induced B-lactamase production for these inducible strains and its antibacterial
activity was not affected by f-lactamase production differing from other drugs.

Although CPZ and CTX acted bactericidally against a §-lactamase-producing P.vulgaris, CTX was
inactivated in the culture of this strain. Because of this inactivation, the bactericidal activity of
CTX did not respond to the increase of the concentration.



