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Ceftezole m 4 f& f-lactamase 1=xf3 % LEH

S

el A # B H i3

JER B R S B
(EfE: BE #35

B-lactam % &#% &3 % Penicillin (PC) & Cep-
halosporin FO/ERA#F I B & ¥ f2 (prokaryotic
cell) ¥ ® murein Z ¥k T3 ARMAE
ZHBDT, TORREFUIEL, WEHICRO-REH%
RTOKR LB T 2HE NIRRT, Licdis
TZODRFEOERNIEYD T v ¥ —OMEERICTNIZ
BREMSERERNE LCERIRLTE, LL, &
FEINLOERTH T sMHEEOL &ML, Z0FA
MEBET L2053 L3 BRI REETH B,

B-Lactam R 2@k Rlicsd 4 2t o F B AL
HIBBEY, TRHHEE A B-lactam JA KARBAZ T 5 BE %,
B-lactamase RELETB-HThsc B oh
T 3%, gram GHEE gram BHETRIE OB
BEARE, EHGRESCERASESEDONG, T3
bHb, WHTIE B-lactamase A (inducible)
o penicillinase (PCase) M KNEBEETHL7-DL
< @ Cephalosporin ¥j% PC ase i£#i#: PC HictkR
EUTREEERTOIRILY, BETRZRIZE MY
TIRWP, Lk gram PR 1<% L < Cephalosporin
HiZBuiE %2 RT5, PC 73 Aminobenzyl-PC
(ABPC), Carboxybenzyl-PC (CBPC), Sulfo-
benzyl-PC (SBPC) Zpwphw 35 PC 23 na
MTHB, chid gram EHAFHEOMIBENAEE (ou-
ter menbrane) #&F 3 5/ vzhiEALE L PCG
FIRBHBTVBOHENRHETERL DEEZ SR
TWw3%, chicini, gram [E#EE O B-lactamase
3£ @B % (prienzyme) T D MEFHIC IR EEYE
DH oL plasmidis (R BF) obod:ichbiddh,
E#EF¥Miciz PCase # & cephalosporinase (CES
ase) ZEHRDONIEEE, HHRICK o THES I
ChIeT» 39, DEoEH»SH UL f-lactam R4k
FREFZHERFM T 2HIC3, SEBICNTIHER
2R %13 ic, B-lactamase, & { ¢ gram [EiHEE
DEFEODIDICH LTEDORERZRITT S C & MBITFE

* BTEPSMUIES S ATRSERT

Th 5,

Ceftezole (CTZ) i3, bBETAR SN, RERR D
D% Lw> Cephalosporin ¥k TH 5, A LTI
Tz CTZ & p-lactamase X3 B RERE %
Bi#Z® PC %, Cephalosporin Jf & bstitat U7z i
ZHOEPIT U,

AR UICHE
1. B : NER B KRR I B RS R R A e
BOTEENLFHI 7 ABPC 100 gg/ml LI _I-fit
D E. coli 48 #, Klebsiella spp. 43 ¥k, Ent.
cloacae 51 HRIT /NEH BN D HFE5Ihiz, ZhbD
5%, E. coli X0 Klebsiella spp. Dichizit
Cepharosporin #giz 100 pg/ml U EoEaEmEsR3
DL 1L ITD BRI Topd, Ent. cloacae Nek—
39 #ki% PC 4, Cephalosporin ${4XCizxtL, 6,400
pg/ml L EDEXbdTEWiEL R LIz, PC G fifi:
D Staph. aureus JU-5 g /NEHHIM LT E53h
TEREDERTH D,
2. fEFEHK: PC L Lt PCG, ABPC, SBPC
(RHEZRETH), CBPC (HiREMATE), Cloxacillin
(MCIPC : BH¥a#u3%) %, Cephalosporin ¥§& L
Cephaloridine (CER), Cepharothin (CET), Ceph-
lexin (CEX), Cephaloglycin (CEG, 1g#Fsamusk),
Cefazolin (CEZ, JERIEETE) wrot Ceftezole
(CTZ, wrsfsist) %M LI,
3. BUNEBHIEBREOME : £HH0 MIC ofjm
AR{CEREFSBEEN T L, TiobY, iR
RD 743 2 1 R A B E AT AT 100 B3R
L, ZD1A&BEE% %4 HREE ORI &1 B2 M
ABRAE (kB ORRPHIC BfHL, 37°C, 1%
BRLT, TOMEOEE,ILHE L,
4. R plasmid oOfz% : BRSO EED ABPC fifit E.
coli & Kiebsiella, 35X 108 ABPC & CER Iz ESEETi:
DEnt. cloacae % donor & L, E. coli CSH 2 (F-,
met B) ¢ Nalidixic acid (NA) 100 zg/ml Ttz
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RE (nal) % recipient & LT R plasmid® ofzE
R4, Tibb, donor $sX X recipient » L-
T4 3 U1 EEREREFNFR 0.1ml X 1ml &
Bkt L-74 3> 4ml #EFL, 37°C T4RERE
BF#ELIOL, 0 0.1ml % NA (Z—#i3) 100
pg/ml Xt ABPC %7:ix CER 25 pg/ml %#&%c
Mac Conkey FEX (BF) K kicgfil, 37°C 1%
1##%, NA fiitED recipient = ABPC % #-1% CER
MEPNEE I W EFOR Y FE Lic,
5. p-lactamase MEEFE DAL : R plasmid 12X 3
pB-lactamase DHEEEL, TRTZh bR E, coli
CSH 2 (met B, nal) \iZ& LIcHED HHAB LI,
Staph. aureus JU-5, Ent. cloacae Nek-39 ¥ Lk
OFER D E. coli ¥721% Klebsiella spp. 5% R
plasmid #%1} & - 7= E. coli CSH 2/R* oOxtE875H
H, F~PEDOT 4 3 /HEFRYFELEREL, 0.0IMY »
EirEm (pH 7.0) T 1 [EG Lict, REERCZ
iz, THEXKE LA HEXK sonicator (10 Kc)
EALT 30 3o 3EIFRAE L CHEleL oL,
105,000 G 30 ZrFHlABE.L Licth, T kxR ML
LTHEALY, BEEDOERIL LOWREY 10T /-
o
6. p-lactamase EM:DHIE : Macroiodometry %
F& L, ThiC bicassay® #ftH L1, T/ 0.1
MV ERER (PH 7.0) iweA L7 10mM o PC
7ok Cephalosporin $H# 5 ml il (BEE
10~50 pg) # %, 30°C 20 HRIG XD, 0.0166
N 03— FERE L TERC 10 FREKE L. =0
KISHKRFPDOLRE DI — F& 0.0166 N O F + 558 | Y
U AR THEERL, p-lactamase ok > THRH LT
B-lactam ik % 3 — FIEBEX RS, Fhob PC ¥
72tk Cephalosporin S 4 #ERE 23 L7z, 1 mole ®
PC Hrma ki hict &0 a— FEBERIFYEK
OB Yt 4mole THB Z L ITEFbRA T
%510, Cephalosporin 3§z o\ TiL B-lactamase iz
L O GREINIC 1 G FRMIGFRED I — FEHEETS
/i Cephalosporin C DBAW %R\ T BARE L STHE
NRMBIV, £ TERMICE Cephalosporin 3
K5 D 3 — FIHE R KD, Cephalosporin
Fix PC HEBRAHWYTAH Y AEBTRTEKFETE R
W Lo oD T, Bk Ent. cloacae Nek-39
o CESase %{ffl L TEBENCEESRLICLDOE R
Wiz, ZOBELThFho Cephalosporin fgd 0.1
mM~20 mM 27 B R 4 DFEEOHEIK 5 ml ([Z@EH
o CESase #x CRIEX¥, TERLAKEIRIZ L

% bioassay CTHEZELDOL, I— FHEEYRD, &
BINIEEREE 3 - FHEENHRABEGRCHLZ L%
LI,

5%77 Cephalosporin ¥ bioassay ¥ B. subtilis
ATCC 6633 #REHE L L, #F disc Ik TfT 72 »
<o
7. Ent. cloacae Nek-39 o Ysfafkit & R plasmid #
®D pB-lactamases D&M HBD L-71 3 o CIgE
Xhitc Ent. cloacae Nek-39 odxd i o fmia 4 &
LHEEL, 0.01 M ) o EEER (PH 7.0) T 1[5
L7=Db —20°C 2fR@7F Lic, BElDERICILE DEY
B L oML, BLAEHSOPRT, TrIFHrmeT
BilLl, PEOLRE) VEMEHH THEBL, o
105,000 G E L EEDOER 1 mg L 3 mg © pro-
tamine Zfnx THM#fRELIcDD, Sephadex G-
75 #15 ATHVERBLIC,. £DFE K % CM-cellulose
#7524 (001 M V) o EEEK, pH6.0) 2@+ & PC
ase #lp p-lactamase TTLFE I NTIZHEHL, VWoilF
5H#EX Nt CESase #oLDiL0.22051.0M oD

Fig 1 Purification procedure of penicillinase-
type and cephalosporinase type B-lacta-
mases from bacterial cells

Cells were disrupted with aluminum oxide
Treated with protamine
Gel filtration on Sephadex G-75

Chromatography on CM-cellulose

|

(not adsorbed) (adsorbed)

Penicillin- Cephalosporin-

B-lactamase B-lactamase

Gel filtration on
Sephadex G-75

Chromatography on
DEAE-cellulose

Table 1 Confirmed R* strains in aminobenzyl
penicillin-resistant bacilli

. Number of Number of | % of R*
Species strains tested | R* strains | strains
E. coli 48 28 58.4
Klebsiella spp. 43 33 76.6
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#ifo NaCl BiEEEAIREAHC X #HH I hic
SugEX hic PCase H4HLX 5z DEAE-cellulose
A7 4 (0.01 M Y EEER, PH7.5) k&,
0.3 M~1.0 M NaCl & At cisiL, CES
ase H 4 XFE Sephadex G-75 (0.01 M V) » Fh#RE
&, PH7.0) ¥ LFE®fTto T, KEHEL RIFLA
(Fig. 1)y LR HTL70= b0 574 —CKTH %
fraction FhDEEEEIL ODy T, B-lactamase 7%
#ix ABPC (x08 CTZ ##HEL+5 macroiodo-
metry 12X b fTle- 7,
£ B K %
1. PC 1t v Cephalosporin fiftt R plasmid o
RER
Table 1 iz ABPC #7zi3 CER ittt E. coli ¥k
O Klebsiella spp. b %D Titteps E. coli CSH 2
(F~met B, nal) \ZEINDEHBOE AL R LI,
ABPC it D E. coli 3s X U8 Klebsiella spp. Dighs
it CER 100 pg/ml Ll EOBEEMwMMEY T 18
L7c, ElheFhFho ABPC fittt% E. coli CSH 2
CEZELEEIC L, Fo—8obos CER 25 pg/ml
DT ot R B/ LI T Hotc, FiC
Ent. cloacae oichicit. PC 3 kvt Cephalosporin
FIRTCEEMEA TTIONETR DAL, &
RBOEM D E. coli CSH 2 wfz3&mgEr ok PC
e+ 5 EE ke Cephalosporin 3Hizxt3 5 &
EmttEtkicl oh, =B Cephalosporin i +~XTJE
& ThHote ZDi3h, Cephalosporin fift:d
Serratia, Pr. vulgaris, Pr. mirabilis, Pr. morganii,
Pr. rettgeri %3, Cephalosporin it Dfz&E%
K, WTFho4a d Cephalosporin iz B
x 5% % R plasmid OFEXERTHZ LIXTER
Motte Licdlis T CTZ oW Th EDEEMMEAE
#7% R plasmid (X1 ¥ RO bhiehoic,
2. Macroiodometry iz 3si+% Cephalosporin 5
DERME

Table 2 Iodine equivalents of cephalosporins
Consumed mole of I,
Drugs
Mole of hydrolysed cephalosporin

CER 2.8

CEZ 4.9

CTZ 5.1

CEX 3.4

CET 2.5

% Cephalosporin VKX WD 3 — FIEBEE
W PCHOBELRILY, HBRAZ LCEEOMEELTT
AL oo (Table 2), ZofEix FHHALT
BHL7-H% p-lactamase DZFEEHT 2 Vmax
fE1x, RIRRCIREREE% bioassay kX hHIIEL, Zh
POEHLICELE-HRL, RVWEERODB 0
VIS hic (Fig. 6), #l5t& LT CEG #i}i% mac-
rojiodometry i X 23R RKICHERL , & DHET f-
lactamase ¢ X % W4 MBERAFET D & L1L AT
Hoteo CTZ O3 — FHEEEIT 5.1 moles/mole Tb
-1,
3. R plasmid iz X % B-lactamases icxf3% CTZ
DEEM:
EGK it ABPC itttk E. coli 33 X 18 Klebsiella spp.
M HEB LI B3 61 4D R plasmids (Table 1) »
BETHE, E coli )50 R plasmids o# 40 % 13
PC |\ it % 5% %543, Cephalosporin iz
WTik CER Mt & B E O 2 (EEE LR X2 5303
TR D EETHofce W 24% DO
PC e+ 5 &\ ittt & CES i3 5B\ itk
525 &byt (Fig 2),
Zh b R plasmids % 32 E. coli CSH2/R* i
PRI LA p-lactamase DFEIFEMIT Fig. 3 kIO

Fig. 2 Resistance levels to various penicillin
and cephalosporin derivatives of E. coli
CSH 2 carrying different R factors found

in E. coli
#g/ml
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Fig. 3 Substrate specificity of S-lactamase isolated from E. coli CSH 2

carrying R-E 66 factor found in E. coli 66
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CSH2/R-E66 = ) 23, 23, . .
CSH2 (R7) 5 62 62 625 313 L5 156 625 625

Fig. 4 Substrate specificity of f-lactamase isolated from E. coli CSH;2

carrying R-E 45 factor found in E. coli 45

%
5201 %
?F 7
100 %
/ %
801 /
" Z
‘% ¥
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4RTRTERDT, EBLHLOMICETS B-lactamase
<% PC G, ABPC k¢t CER &xf4+% Vmax 2%
K%<, CTZ, CEZ, CET, CEX, SBPC, CBPC iz
4% Vmax 3/ph&v, LALZhD R plasmids
i3 SBPC, CBPC i@\ itttk 5xl. I HIHY
7z kic CEX, CET, CEZ izxt4% Vmax 3%
BHT/HNI s B-lactamase # AT % R plasmid 232
hooFERCxT A (MIC) % 4 5B ERIES
 EIRBEBRZE
Klebsiella spp. -8 Hh iz ABPC [t plasmid
OEF L HizEEEICHEE D Cephalosporin ikt
TrmErRARCS 2, PC HexdamtiididEsx
% L Ok Th 10 % FBE T Xy (Fig 5), BiEIC
B3 % R plasmids #fZ& I hic E. coli CSH2/R* 2
BEoD p-lactamase DEEFFREH R LIcL DA% Fig. 6
IO 7THB, Klebsiella spp. 755N % R pla-
smidso p-lactamase (¥ PC G, ABPC ¥ k-0 CER
b3 5 Vmax fiiaikx ¢, CTZ, CEZ, CEX, CET,
SBPC, CBPC izxi3% Vmax DL DHE,
LhLohbo R plasmids 23 PC RT3 5
EEmtes, CER, CET, CEX w33 hEEmM:
52 Bz Lt E coli Bl R plasmids o

Fig. 5 Resistance levels to various penicillin
and cephalosporin derivatives, of E. col:i

CSH 2 carrying different R factors found
in Klebsiella

pg/ml
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Fig. 6 Substrate specificity of f-lactamase isolated from E. coli CSH 2
carrying R-Kl factor found in Klebsiella sp. 1
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.
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WA LARKT, pf-lactamase T A REM L KD
HPERE & 2L L FABIMRIC VW 2 L R LTV 5B,

WEDOTETHS CTZ o R plasmid 4 p-lacta-
mase ZxtAREHEL CEX X » 2FEL, CEZ,
CET LtRBEETHBH, CTZizzhbo R plasmid
HMEEI W REEEOMME EREIR L DI VEEIT
HaH LFEEIh,

4. Ent. cloacae Nek-39 pyufafkit 35 L O plas-
mid {4 B-lactamases X3 % CTZ oLEH

Ent. cloacae Nek-39 |3 Table 3 [ 73T X 51T,
FTARCD p-lactam HAEHHEIT 6,400 #g/ml Ll E o
EhDTEWEE R T, = DEKL SHMOE~DOmE
EEERAICL 5, E. coli CSH2 (nal) AREE e
236 PC Hicx3+ 5 EEM L, Cephalosporin ¥gHic
X35 p~EEMEL EE S hics’, Cephalosporin
Fioxtd 5 BEMED EEix Bobhichotfc, Fic
Ent. cloacae CL 12 (FMERR) ~OTRMEEZIIRIIL
o toe

P EDBEFRIEEN S Ent. cloacae Nek-39 (1
R plasmid i© Xt % PCase #lryufafhktt:> CESase
L D250 p-lactamase TfFo TV 5 Z & AEFE X
RicDT, TOGEXRARIC, BB UICEEME R
Sephadex G 75 TH LV FR/LIcH & CM-cellulose #

SLou<w by 574 —%475&, Fig 8 @xRdX&
51z PCase EM#FTHEMIY T LCERFEINT
w¥EH L, CESase jEMESIR Licdkhe NaCl i
BEQEAE CThHhil S hic, PC ase EHTS % H 0w,

DEAE-—cellulose @& Z#7cD® NaCl EELRIA
HeFe5 s, Fig. 9 0X 5, MOoBEHEL FHEX
hice Woi¥d CM-cellulose # 5 4225 it X hic
Ceph ase 4% HE Sephadex G-75 TH LFET
%&, Fig. 10 @R$+X51c, BEHEED peak LEEE

Table 3 Sensitivities to three penicillins and to
four cephalosporins of Ent. cloacae Nek-39

Drugs MIC (ug/ml)
PC G 26,400
ABPC "
SBPC "

CER ”

CEZ "

CTZ "

CEX "

CET "

Fig. 7 Substrate specificity of f-lactamase isolated from E. coli CSH 2

carrying RK-45 factor found in Klebsiella sp. 45
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Optical density (at 280nm, e—e )

Fig. 8 Chromatography on CM-cellulose

0.01M Phosphate buffer pH6.0

0.8
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0.2

Enzyme activity (ABPC units/ml, =)

Enzyme activity (CTZ,units/ml o—o)

)

7501

500

oo
o
(=3

Molarity of NaCl (~

|
150

Fraction number

|
100

Fig.

type S-lactamase on sephadex G-75

0.01M Phosphate buffer pH7.0

750

500

250

Fig. 9 Chromatography on DEAE-cellulose
~ 0.20 = 1,000
0.01M Phosphate buffer pH7.5 I
I £ 0.15 -
o : (=3
I o = n 8
> 1501 l ®
g 2 4.0 | ~0.10 .
S 5 1 ~ 2
g 0¥ o -~ 3) a
G 2 100 \ - 2 .
= -
< < \_ -~ . ~ 0.05 -
E 0.2+ ., - » ::;’
§ s -~ 105 5 &
—_ ° L = 0-0-0-6-0-0-0-0-b I 0-0-0-0-b
T = O | X = 010 20 30 40 7m0 %60
& E Fraction number
A 1 AL\ IN
80 100 120 140 160
Fraction number
Table 4 Summary of the purification of cephalosporinase-type
pB-lactamase from Ent. cloacae Nek-39
Specific activity
E(t)age Procedure (units/mg of protein)
: ABPC CTZ
1 Cells were disrupted with aluminum oxide 44,1 250
2 Treated with protamine 54,3 330
3 Gel filtration on Sephadex G-75 89.0 410
4 Chromatography on CM-cellulose <1 6, 200
5 Gel filtration on Sephadex G-75 <1 9, 800

10 GEL filtration of cephalosporinase-

Enzyme activity (CTZ,units/ml o—o)
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EME peak X—EL, RHEADOILVZLERLT
\w5, Table 4 wzp#» CESase 4 HtkislbEiEo
specific activty DOZ{LE R LA 40 £ HBHlX
h, » > PCase FEMINZIEAELBINI-ZEERTRL
TWhb, \Wol¥5 PCase @ DEAE-cellulose #5
LTz I T T 4 —HROBREILK 30 BFTHho T,
DD X 5z, Ent. cloacae Nek-39 |1 plasmid o
PC ase &l gufafkito» CESase %l 2f&¥Hm B-lacta-
mases ZREIRHCELELTOWAHETHSD Z EN LM
Teotzo

Fig. 11 iz[@&» plasmid #: PC ase # p-lacta-
mase DEERREMY, Fig 12 wZzoffafkit Ceph
ase MDEHERLI,

CTZ 1% Ent. cloacae » plasmid %l pf-lactamase
TR LTI hEEL, CET ® CEZ LREEECE
ETHotcht (Fig. 11), MUEHOEATS @ F i
CESase # p-lactamase =X % Vmax {Hi3flzd
Cephalosporin HHF#ERE >, LivL CER & CEZ
X v BRosokEREY R L (Fig. 12),

5. Staph. aureus JU-5 ¢ B-lactamase =335
CTZ ozt

EEpR St PC G fift: Staph. aureus JU-5 ORI
g oMias» b FHRAET X - T i Lic p-lacta-
mase ¢ PC #fi X 0 Cephalosporin H/k %% Fig.
13 R L1z, CTZ 2> Cephalosporin R X4
DTERETHY, E¥ww PC G itk Staph. aureus
JU-5 w3 2 HE 1 b5as - 1o

Fig. 11 Substrate

isolated from Ent. cloacae Nek-39

specificity of p-lactamase
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CTZ i CEZ iR\ 5% H 3 5% L\~ Cephalos-
porin FHETHB, ZDEFE PC G W7 FUE
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Cephalosporin (EAKEEHDTEET, TOBECXT
% MIC {4 /N& e Licdio THEIME 7 F o BREE
BECR LT Ebd THEN I LFERERID 128725
TTREMEDSES Yo gram [EME o f-lactamase [Lifikere
PCase # o exoenzyme Thh7lcd, MiPEEEE OB
MNHERIAT, PC #7:1% Cephalosporin oD f-

Fig. 12 Substrate specificity of p-lactamase
isolated from Ewnt. cloacae Nek-39
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Fig. 13 Substrate specificity of f-lactamase
isolated from Staph. aureus JU-5
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lactamase 1Zx3 % ZEW: & WERICHT5 HIEIO
I NFTTHBAIL Y,

gram [EHEE T E. coli F¥it Klebsiella =
% plasmid ¥ ¥ cixgefafkibo PCase #o S-lac-
tamase 2% epienzyme & U CHFETAIHEESNDH DY,
DL XDEFEFD p-lactamase KT HLEEEL T
DECHTAHEOETE ORFL 7 FUKEDOE A
(2 BT,

Tl b 112 gram [EMERE O MBIEESCIT A
Bt PC F 71z Cephalosporin HHaMEM &L (il
BEFEOMRER R 5 ) \CBET B edIiziz Z D5k
BEr@ELcTuieb i, —i&ic Cephalosporin
Fix PC HIviELBALEGVOT UHEOEEME
¥ penetrability &\ bHIHHIEEBEDE G permea-
bility & XA h, FEEMITIXE p-lactamase
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STABILITY OF CEFTEZOLE AGAINST VARIOUS B-LACTAMASES
FROM GRAM-POSITIVE AND GRAM-NEGATIVE BACTERIA

TOSHIYUKI NEHASHL* TATSUO YAMAMOTO,** and TAKESHI Y OKOTA **
*Research Laboratories, Chugai Pharmaceutical Co., Ltd.
**Department of Bacteriology, School cf Medicine,

Juntendo University, Tokyo

A newly devised cephalosporin-derivative, ceftezole (CTZ), was investigated for its stability to various
B-lactamases.

Though about 60% of clinically isolated, ampicillin resistant £. coli and Klebsiella spp. were found to produce
penicillinase type g-lactamase mediated by conjugative R plasmids, CTZ was still highly effective against them
because of its nonhydrolysable character by such types of g-lactamase.

On the other hand, some strains of Ent. cloacae, Serratia marcescens and Pr. vulgaris were highly resistant not
only to penicillins but also cephalosporin derivatives including CTZ. Ent. cloacae Nek-39, one of the resistant
strains, was confirmed to produce both plasmid-mediated penicillinase type and chromosomally originated
cephalosporinase type p-lactamases, by means of Sephadex G-75, CM-cellulose and DEAE-cellulose column
chromatography. CTZ was tolerant to the former g-lactamase but not to the latter one.

CTZ was not hydrolysed also by penicillinase produced by penicillin G resistant Staph. aureus, and it showed
marked antibacterial effect on that.

It may be concluded that CTZ is one of the excellent chemotherapeutics for infectious diseases caused by
ampicillin resistant E. coli and Klebsiella, and by peniciilin G resistant Staphylococcus as well.



