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Cefotiam (SCE-963) @ B-lactamase iZ%t3 3
KB 35 & UF OB AR A 41 I3 A

N - KB M- KEHE
HARE TREK SRR

= 0w

i

BRAZEYORED YRS

B-Lactam #i&MR O HMH iz, KK OMY (R
AREX) “\0oIREEBIUCEANCHTIERNOMS
KXOREXTN BN, EFOENNOTRERIRATE
LB (B-lactamase) O ERAIL & > TETT AL L
ST, B-lactam LR OB b HEFIAMIC H 5P 7=
B LREROBAICIIMIAMIC X 5B BREER
K&o>THETT %,

B-Lactam RH|o EHCEET 5 h o0 ERD S
H P-lactamase KEHUREHERNE T2 L B TETS
b, MEAMERMR 75 2RO S-lactamase
RIFR A & FERRBE D PR (periplasm) ICHFZELY?,
HBIT & 2 RAMK D 8RB MR BIC & 3 Nk £ 88K
BEXONIWW e 2FALTHEN KR ETSC L
MNTEZ, g ENBRCKTIERNR =Y
Y YRARABRNOEME» S BT & 312,

ABECRFAK €7 7 v 22 Y v Cefotiam (CTM,
SCE-963) o iAW O—Be LT, LR=ZERD S
B P-lactamase BEHB LU 7 5 28 ¥ B o MM
FBUYERNULRRICOLTER 3,

RBM S LURBRAE

L. EREK
GN BEBXU TN EE0KIThEh BE KES
JURHARGSTEMRN S PRARFTEHOREL D
N VRS BEVE T 50 IFO BE O KIIMEIEAS
BOIAEFRL D A5 NTce £ DOMOMKIIRER R TEK
RELPIRARFOREHRTH %,
2. % #l
Cefotiam (3 RERQTEKRNSHPRIFARH TEK
Intd O %EHEH L. Cephaloridine (CER) ¥ kU
Cephalothin (CET) 3 &5 BF a8 k&4, Cefazolin
(CEZ) BEERERTEKNSH, Benzylpenicillin (PC
G) i3 s EKN L4, Dicloxacillin (MDIPC) (3%
AREHANSHOTIREEER L
3. MEHOME
Trypticase soy broth (TSB; BBL) T37°C, 1% #

W2 7 Wi % RIS T 1045 8 X U1, 000f5ic HRL,
201 ALBL 2ERRREARTIOR LAY Tryptic
case soy agar (TSA ;BBL) [C# 8 L, 37°CTI85
EREBOREMEILRE MIC) 2HEL .

4, p-Lactamase OMN

a) S. aureus 1840 @ B-lactamase : CY £ #h™¥ 150
ml T37°C, 1R & 5 K% UIBERE RSB T0HIC
ERL, 1ILO=75 2 312K IKHELTIICT25
Kie—%29—v=—5— (220 rpm) 2 AW TKRE
5 ¥ %1%, Dicloxacillin % 0.5 sg/ml 2122 K5 K
MATESIC6 RIS B% St 1) /oo SEMIRO B LHE
(15,000X g 104}) I HLig Ei10g @ P-cellulose %
MR ACTIBR M LIco EEZRBFILLP-
cellulose 2 # 5 &4 (2%X13.5cm) I FEML, 7K500 ml
+XL00.01 M Tris £2M% (pH 7.5) 500 ml TH#H
%, 2M Tris 2®% (pH 7.5) CTEEEEEHUK.

b) E. coli TN 713, TN 649 1 & UF TN639 @ 8-
lactamase 2FMOHFETHNL 20,

c) K. pneumoniae TN 1700, TN 1698 ¥ X U TN
1711 ® B-lactamase : TSB 500 ml T 37°C, 1%&iR:
S ER L EK A RIS TIEICERL, 1L 0=A7
5 23 15KICAHELTITCTS5Hdo -2 ) —v -7
— (220 rpm) % AIVTIRE S B R B E AL RUOER
(15,000Xg, 154}) L7co #Bi% {k% 250 ml 00.05 M
) YESEN (pH 6.85) KEBRLTRERBR (B
TEER4280 R, 2.5A, 20%) %, ERBAEEOBRE
(15,000 x g, 204) L CH&kHBEER .

K. pneumoniae TN 1700 O E{kH#iH#%(20.01 M Y ¥
g (eH 6.0) LT 4CT1 BET %, T¥
FiEfHk CERFILL 7 CM-cellulose [CL2Hh 7470
2+ 7574— (57 &% 4X 3X36cm) T, X
WEOES (A) LRIEEKD 0~1M A O ERNE
BRI VEHINAERES (B) &icpitl. A
HE4130.02 M Tris @ #% (pH 7.5) KxtLT4CT1
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BEITHR, T RRMKT EH{LL = DEAE-cellulose
kA58 202r 23 74— (B9a44X3.1X
S4cm) 1TV, RIS 0~1 M £ HOE R A7 MBE
QR L DB SN BIFHEE 5% A ki, 25ml ©
0.01M U vEiRIM (pH 6.85) K ARL, RIRMHK
%FWT Sephadex G-100iZ X 2 ¥ ViF® (7 7 244
Z4.1X72cm) %o BESIIHAERRHK25 ml ©
0.01M v vESSMYE (pH 6.85) KM L, AHSE
[FI# Sephadex G-100 it &k 3 4 #iF:B% 1T o o

K. pneumoniae TN 1698 D B 4k 3 Hi#120.01 M v ~
R (pH 6.0) KL T 4CT1RERTEK, Fo
FIEmK CEME{L L CM-cellulose ZFTH 5 42
azb7374— (17444 %3.1X34cm) %FTLV,
AR D 0~1 M AEOEBMIMEAIRIC X D BEXR
EEH LR, I

K. pneumoniae TN 17110 B {kHiH#K(30.02 M Tris
e (H 7.5) LT 4°CT 1 X BITHR, THRE
BEK CERH{LL 7z DEAE-cellulose %= W T # 7 &
7292 r79374— (B 5 &4 4 X4.1X41 cm) 1T
¥, 0.02M Tris 2% (H 7.5) THH I N AEM
E5% gikssRe%, 35ml @0.01M ) vEREK (pH
6.85) TR L CRIKEEK % AV T Sephadex G-100iC
XBF MR (77 244 X4.1XT72ecm) Z{To7,

d) C. freundii GN 1706 3 X U E. cloacae TN 1282
@ B-lactamase : TSB 500 ml T37°C, 1%RE HEH
LBk 2R TI0f5ICHERL, 1L 0=f75 22
BERECHAELTIICTIRMe—-2) —vz—H-—
(220 rpm) Z AL TR E 5 HR%, Benzylpenicilli‘n
Z1mg/ml L1E2KDICMATISIC 2HKMEREK
Bio EERER LS (15,000Xg, 1558) LTHRE
Btk%E200 ml ©0.01M Y v EEH%K (pH 6.0) tc‘@i
BLUTHEER B (5 LEMR42808, 2.5A, 205})‘!1:
7o MBI O B B (15,000Xg, 154) %0.01M
) vBREK (pH 6.0) KL TACTIRBITHE,
THEE B CEE{L L2 CM-cellulose ZFHWTH 5
hAyazb S 574— (57444 X3.1X31lcm) %
ok, AREKD 0~0.5 M AEDOERIBREIRIC
KOWUT AFEUHESE MRS HEB, 15ml ©0.01M
) vERR i (pH 6.85) KA L, EREKE AL
T Sephadex G-100iIC kA7 viFB (h 7 244 X4.1
X72cm) %fTolko

e) P. vulgaris GN 4413 ® B-lactamase : d) & [
BIC U TEE%K# 100 ml 00.05 M Tris $2#% (pH
7.5) KBBLTRELBM (B LEM42808, 2.5 A,
204) L. BERrE# o B0 EF (15,000X g, 1543)
%0.05 M Tris £¥% (pH 7.5) KX LT ACT1HK

ATk, F» RRMETHEHLL7 DEAE-cellulose
2HANTHIAIO b LI 74— (WDt q4X3.2
X4lcm) % fTo7e 0.05M Tris 2% ¥ (PH 7.5)
THHT B 15t ESC KM 80 MR B L 51T
WMEBTve=vatMATHO L LEE 20ml O
0.02M Tris 128 (pH 7.5) IC& M L, FR%K%E
FA\T Sephadex G-100iL kA4 ViFlE (B 7 444X
2.2X97cm) %77 o 7. HEiMA%0.02 M EREiRIHK
(pH 5.5) ICHLT 4CT 1 %BIT%R, FTHRMA®KT
SEH{LL 7= CM-Sephadex C-50iC 1% 2 X+, RIRINHK
t 0~0.5M BHOCERNBEIRLCLEHNFI L0
T S574— (B35 a4 X2.0X22cm) X DBER
ZWHUK,.

5. B-Lactamase FtEDAE

a) £RiC X ARAOREL:5ml @ TSBicz 7 »
PO RBREEEREL, VCTISRINREREELS
B (15,000Xg, 154) LTH@k%, 600 nm OBk
FEEH2.0& 755 L 5120.05 M 1 ~EB Mk (pH 6.85)
TS U e B A M EIK0.05 ml i€ 2mM DORFIEH
0.1ml X TSB 0.85ml %402 30°C T 1 KM KIG
¥k, RISKICSEBRD* 8 7 —vEMATRIGES
1EU7- %, RIERFIME B. subtilis PCL 219 % 8RB
LT BR—rt—F 4 R BRI VBAIE LR,

b) Btk & 2 RADMALHE : TSB 3ml T
ITCIRIRE 5B U B E R T2085ICHERL,
2ADRREIC 6ml FOESELTITCT 3 MRS
SEER%, —HD KB IC Benzylpenicillin % 1mg/
ml (S. aureus 1840Ci30.01 mg/ml, E. coli NIHJ JC-
2, CS2911 kT CS2913Ci2 0.1mg/ml) &753 k5D
ICMATRS I 2RISR EHT oo & BREROHRE
(15,000xg, 103) LTHA<H k% 3ml ©0.05M
vEREK (pH 6.85) IKBBLUTHBEEM (L2
18428084, 2.5 A, 24) L, BHE&KBERZ 80K (15,000
Xg, 104) UTEEERES . 122U, S. aureus 1840
TRERKEDORLLEH (15,000Xg, 103) 2 BEXK &
LTHW. #H0.2 smole Z¥FHEL7:0.05 M ) vE
Bk (pH 6.85) 0.95ml IGES ICARL 1 BEXEK
0.05ml ZfnZ T30°CTIARMRISH, 2ml D2 4/ —
NI TRIGE B Ufc, Cefotiam 22 & U784
{3275 nm, Cephaloridine, Cephalothin # X T Cefazolin
AERE URIEAIR2650m TORGKO R EARIE
U, # 27— VRINSCEERRE MA 7o R KIS %
L DEN S EEIKARBEER U

c) IEMBERIC K B kinetics: €7 yux # ) v%
HHEEULBAI20.06M ) vER B (pH 6.85) iC
R L e RS- 8 ml ICEEFEH 0.2ml £1Z, 30°C
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Table 1 Comparison of antibiotic suseeptibility of bacteria with the capacity to degrade
cofotiam and other cephalosporins by S-lactamase

MIC (ug/ml) Antibiotic degraded®* '
e E‘g CTM | CEz | CET | CER | CTM | CEZ | CET | CER
Escherichia coli
IR A E A I % A e
CETCRE AN I B N
CrT R R T N
R 7T I ] R A A
oo A T I Sl I I R
TN 639 1o AT A A - - - +
e A I I M A RS
oo I I A N RN
I R a8 | = |
7 0] 32| a8 | abo g0 | * |+ |+ | H
Klebsiella pneumoniae
bt | <o) vl vl ue| - | - - | -
TN 1429 1o 03| 33| em| 1| * = | = +
ox s I I G W RN
CITRE AN | L S N
ST [ P B NN R
IR A W N N N
i e e Bl AR
Proteus mirabilis
CI R T I Y R
ON 4574 0 okl gl &l wel - | - | - | -
ON 4758 0| om| s | eal e | 2 | | -
ON 4345 i B RV S - O o I R i
ON 4364 i I RV B - I el I I M

* A loopful of bacterial suspension (approximately 10® and 10® cells/ml) was inoculated.

*#* Approximately 10® cells in 1 ml of Trypticase soy broth(BBL) containing 0.2 pmole (approximately 100
pg) of each antibiotic were incubated at 30°C for 1 hour. After the reaction was stopped by the addition
of 4 volumes of methanol, the remaining activity of the antibiotic was determined by the paper disc
method using B. subtilis PCI219 as a test organism. The degree of antibiotics degraded was expressed
as follows : (=)0-5%, (£)6-20%, (+)21-50%, (+)51-80%, (t)81-100%.

*+* CS 2911 and CS 2913 are resistant strains obtained from E. colt NIHJ JC-2 by repeated exposure to
cefotiam and cefazolin respectively.
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Table 1 Continued
g MIC (ug/ml) Antibiotic degraded**
Culture ?,a
83| ct™ | cEz CET CER | CTM | CEz | CET | CER
Proteus vulgaris
10° 0.20 6.25 3.13| 12,5
IFO 3988 10* 0.39 | 50 6.25 | 50 + J‘*’ +
10° 0.20 3.13 3.13 6.25
GN 5207 10° 0.39 6.25 6.25 | 12,5 | * - x -
10° 0.20 3.13 3.13 8.25
TN 227 10° 0.30 | 12.5 6.25 | 125 | T - - -
10° | 100 400 200 200
GN 4420 10° [>1600  [>1600  [>1600 |[>1600 | Tt H H#
10° | 400 1600 1600 1600
GN 4413 10* [>1600  [>1600  [>1600  [>1600 # H H +
Proteus rettgeri
10° | =0.05 0.10 1.56 1.56
TN 338 100 | =0.05 0.39 | 125 50 + + #
10° 0.39 | 50 100 100
GN 4733 10° 1.56 | 1600 400 400 x + * +
10° 0.20 1.56 | 25 12.5
GN 5224 10° 3.13| 50 200 400 + H + H
10° 0.10 | 25 400 400
GN 4424 10° 6.25 | 1600  [>1600  [>1600 H H#t H# #
10° | 12.5 | 200 400 200
TN 344 10° | 200 1600 800 800 + H + H
Proteus morganii
10° 0.39 | 100 1600 400
IFO 3168 10° 3.13 | 400 1600 800 + # #
10° 0.20 | 400 [>1600 800
GN 479 10° | 200 [>1600  [>1600  |>1600 - * + +
10° 3.13 | 400 1600 800
TN 374 10° | 800 [>1600  I>1600  |>1600 H Ht H# H
10° | 12.5 | 200 [>1600 400
GN 4794 10° | 400 [>1600 [>1600  [>1600 H # H# Ht
10° | 50 400 [>1600 400
GN 4715 10° | 400 1600 [>1600  [>1600 H Ht # #
Staphylococcus aureus
10° 0.39 0.20 0.10 | =0.05| _ .
FDA 209P 10° 0.39 0.20 0.20 | =0.05 * -
10° 0.39 0.20 0.20 0.10
1840 10° 0.78 0.39 0.20 0.20| * + - *
Serratia marcescens
108 3.13| 1600  [>1600 800
IFO 12648 10° | 1600 [>1600 [>1600  [>1600 + H + 1
108 1.56 | 800  [>1600 400
TN 61 10° | 1600 [>1600 [>1600 1600 + + + +
108 6.25 [>1600  [>1600 400
TN 69 100 | 400 [>1600 [>1600  [>1600 + + + +
10| 25 1600  [>1600 800
TN 24 10° | 1600 [>1600 |>1600  [>1600 # s + #
10° | 1600 [>1600 [>1600  [>1600
TN 86 10° [>1600 [>1600 [>1600 |[>1600 * + ® +
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Teble 1 Continued
g MIC (ug/ml) Antibiotic degraded**
Culture
g‘é CTM CEZ CET CER | ct™ | cEz | cET | CER
[
Citrobacter freundii
10° 0.39 12.5 25 50 | -
GN 99 10° | 125 | 1800 400 400 i * +
108 0.78 | 100 50 200
TN 522 100 | 50 1600 400 1600 x # + H
10° 1.56 | 200 400 200 _
TN 630 10* | 50 1600 | 1600 800 N + #
10° 1.56 | 400 400 400
GN 1706 10° | 100 1600 © | 1600 1600 N + #
10° | 100 16007 [>1600 400
TN 515 10° | 1600  [>1600  [>1600  [>1600 * # + #
Enterobacter cloacae ¢
10° 0.39 8.25 | 25 25
TN 603 100 1.56 | 200 400 200 + * x *
10° 0.39 | 200 200 800
TN 580 100 | 50 800 1600 1600 # # £ #
10° 0.39 | 100 200 400
TN 594 10° [ 100 [>1600 1600 1600 + + * #
10° 3.13| 800 1600 1600 ~
TN 1282 10° | 400 1600  [>1600  [>1600 + + #
10° | 800 [>1600  |[>1600  |>1600 ~
TN 613 10° [>1600 [>1600  [>1600  |[>1600 * + +
Enterobacter aerogenes
10° 0.39 | 12.5 50 100
TN 570 10° | 100 1600 400 800 + + - +
10° | 200 [>1600  [>1600 800 ‘
TN 582 10° | 800 [>1600 [>1600  |[>1600 #* # | * #
Enterobacter
liguefaciens
10° 1.56 | 400  [>1600 400
TN 577 100 | 400 [>1600  |>1600 1600 # H + d
Acinetobacter
calcoaceticus
10°] 50 200 400 100
TN 1140 10° | 200 800 800 400 * = * -
10° | 100 400 800 400
TN 1125 10° | 200 1600 1600 1600 x - * -
Pseudomonas
aeruginosa
10° [>1600  [>1600  |[>1600  |>1600
TN 1373 10° [>1600 [>1600 [>1600  [>1600 - - * -
10° [>1600  [>1600  |>1600  [>1600
GN 3407 10° [>1600  [>1600  [>1600  [>1600 - * * +
10° [>1600  [>1600  |>1600  |>1600
TN 1347 10* >1600  >1600  [>1600  [>1600 + + +

TERATBRIROLEE% Gilford 4B Model 2000
ZRLTEEL, BEEOE/LRD S MKHRERE K
Bz (UV e R=v ) v2ERHE ULBAOFHEGER
B2 70a39FEHEWTIT oo Km 3LY Vmax {3
LINEWEAVER-BURK OHFHES ICL D EH L7,

6. A OMBEIMET R

5mM @ MgSO, 2&tr TSB TH# L 7o 5iumag
Ok ERLEE (7,000Xg, 104, 25C) L, 5mM
MgSO, 2810.05 M Y vEZ#H K (pH 6.85) T1
EIEAE, 600 nm DR EEH3I.0& 723 & 5 iCHEER
HICHR L oo BREROBER BRI EMRETO 8-
lactamase {E#:% Gilford SR EH%2 B/ UV &



VOL. 27 S-3

CHEMOTHERAPY 09

TR L, SAWAI LWk XU ZIMMERMANN 5190
% B i o T periplasm SIOIRH M B d & UHANRSH I
FERFEWE R 1%, A-lactamase DEIEKARH%E
B ¢ 7e)ic 5mM @ MgSOy MEETCHOER X
VERRIEETT - 108, Bkd S OB ROREETL
ICMIET 2 3°0. 1~0.5 OB ENR HL TV AODT,

BB & 3 3RO kS 5 B3 KB R R DS A
SRR A RO U TEEERE L ELROTERE
ZLUELTRDR.

x B B M

1. EHOERFIRELDH & BRBRH

Cefotiam, Cefazolin, Cephalothin # XU Cephalori-
dine Z 1 HWERULEBE EEMIT, v+ax—tL
TARE{LEF~ = (Table 1),

S. aureus B LU P. mirabilis TREXHLThO+
7ruzdty) YHRERELEINT, ChoOHCHL
T4EHE bTBH %2 RUK. E. coli, K. pneumoniae
$ XU C. freundii Ti3 Cefotiam 3 XU Cephalothin
{2 Cephaloridine, Cefazolin X b RiF{L I h LK,
zh o DI LT Cefotiam MR LED EHI%ERL
<o P. morganii, P. vulgaris, Enterobacter 3 X U S.
marcescens T3 4K ESRFB LI NPT » o,
EHEERM D ILVEA (10°CFU/ml) i3 Cefotiam
WD 3 FICHEE S RO BLICHLTH B HNERL
feo —H, 4%HE S A. calcoaceticus TRIRFE(LIH
3, P. aeruginosa THARTFLINIL Aot TH
5 DHEICH LTRIENERS B 570

% { DLET Cephaloridine &b RiF/L S hoT
¢, &WT Cefazolin, Cefotiam, Cephalothin ®JET®H
570 Cephaloridine # X U cefazolin Tid A. calco-
aceticus LU P. aeruginosa 2B A ETHENER
BB ORI 2 1IZ B H M B 5 i, Cefotiam
{2 P. rettgeri 35 & U Enterobacter O X 5T HBHIR
FEEHOBMOEICH LTS HEHE RTERANED,
cephalothin {2 ICRIBILNDOHBOEICH LT TR
B U RIBODERDNS > 7o

2. ARl mic & 5 EHOMKS 7

S. aureus 1840i2 penicillinase &/ B-lactamase EEAE
BThaH, HEEEPCR 7 raxfy vicdd s
BEEHIIRHEIN 180 o 2o A. calcoaceticus TRE
FEMIIRE XN, P. aeruginosa DOEBEFRFHDFH
o720 E. coli CS 29118 XU CS 29132 E. coli NIH]

JC-2 2 zh#t Cefotiam ¥k U Cefazolin I?E"‘F'C’
RRIERE U TE in vitro TREEMRT 5508 FHKEDd
B-lactamase FEHEIZBRI I NI oo TOMOEET

1€ 770xRY) yBERTHREEMNBLLAHEN
1S o e DiCxt L, Proteus, Enterobacter, C. freunddi,
E. coli 38 XU K. pneumoniae L ¥D 770 AMRY ¥
TR TIZROBREEIRE 0.

E. coli BXU K. pneumoniae 1S DEELT 5 pen-
icillinase & A-lactamase T3 Cefotiam, Cephalothin
$ LU Cefazolin {2 Cephaloridine X hinAkK4HEh
i€ &, P. vulgaris %% & 4 ¥ ¥ = [l ¥ Proteus,
C. freundii 33 £ U Enterobacter 15 ¥ DEHT 5 cepha-
losporinase % P-lactamase T3 Cefotiam {3fth 3 BHA)
L DIKRENIC S DERER LA (Table 2),

3. B-Lactamase Et$( kinetics

KM B-lactamase {Lx4F 2 Cefotiam DRRE % W~
B1oHIC, MUBXICXS Km XU Vmax 2JE
L, Cefazolin, Cephalothin, Cephaloridine % &k U
Benzylpenicillin & (g L7z (Table 3),

S. aureus 1840 penicillinase Tz WL F D +7 7
azx#) yOEDTHKS B I hIC» oo E. coli
TN 713, TN649 3 & U TN 639 @ B-lactamase i2 &
heh 18, I&BXUVE penicillinase TH2W¥,
=y vtk E. coli OREFANELT 5 1 £ peni-
cillinase {€ & - T Cefotiam, Cefazolin 33 X ¥ Cephalo-
thin i3 Cephaloridine # X ¥ Benzylpenicillin X v n
XS BENICL» o7 K. pneumoniae TN 17003 &
755 220 R-plasmid {CHRF 28 ED I & penic-
illinase (A) &{EE#D penicillinase (B) &% HFEL,
K. pneumoniae TN 1698 3 XU TN1711 i3 A, B3
NE SR 2 EELDOH EZEY penicillinase ZEEL
7=o Cefotiam {3 K. pneumoniae D EXET 2 O THD
penicillinase L& > T MK EINIL Do to

—%, Cefotiam (2 P. vulgaris GN 4413 @ cephalo-
sporinase T+ 7 r o x # ) YA KRN
DFhotehs, C. freundii GN 1706 35 LU E. cloacae
TN 1282 @ cephalosporinase Ti2fhd €7 y v 2 #Y
Y& OIKFBENIC D o1,

4, MBEOMMAII PGS BME

HE (Table 1) L¥HiHisk (Table 2) & TOEAD
AR RERE LT 5 &, KBLOEETI
Cephaloridine H$& & KD I NPT L, KOT Cef-
azolin, Cefotiain, Cephalothin DT > =D icxf L,
A C i3 Cephalothin @A Cefotiam X b imik
SBEINDP T, Thid Cefotiam A% Cephalothin X
DR E BB LPT VDD EEIO NG, COCE
ZHeH® B 7o %, R-plasmid Hi3k® I & penicillinase
ZEHT 5 E. coli TN 7138 X UFEREMD penicillin-
ase ZEHT 3 K. pneumoniae TN 1698 2 Fi\> T
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Table 2 Hydrolysis of cefotlam and other cephalosporins by S-lactamases

[ lactamase activity®* i te of hydrolysi
.§ upmoles of |ufstrate hydrolysed per minute per Remwe(é;zﬁ: 10(’)') oy
Source of enzyme g mg of bacterial dry cells ‘
E CTM CEZ CET CER CTM | CEZ | CET
Escherichia coli o
- <0.01 <0.01 <0.01 | <0.01
NIHJ JC-2 + | <o.01 <0.01 <0.01 <0.01
s ool — [ <o.01 <0.01 =0.01 <0.01
+ <0.01 <0.01 <0.01 <0.01 S I S
Cs 2913 — | <o.01 <0.01 <0.01 <0.01 | |
+ | <0.01 <0.01 <0.01 <000 (b
——— — | <0.01 <0.01 <0.01 <0.01
+ | <o0.01 <0.01 <0.01 <0.01 - s
= 0.02 0.03 0.03 0.17 8
TN 639 + 0.02 0.03 0.03 0.17 13 18 19
- 0.05 0.11 0.14 0.68 17 20
TN 713 + 0.09 0.24 0.29 1.22 7.1 20 24
Klebsiella pneumoniae
T <o.01 0.01 0.01 0.04 | <20 32 2
TN 1429 + | <o.01 0.01 0.01 0.04 | <20 24 3
- 0.02 0.04 0.03 0.12 4 | 35 2%
GN 3835 + 0.02 0.02 0.03 0.14 14 16 23
- 0.06 0.12 0.15 0.77 ) 15 19
TN 1700 + 0.07 0.13 0.16 0.69 10 18 23
- 0.03 0.37 0.20 1.49 2 25 14
TN 1698 + 0.04 0.39 0.21 1.76 2 22 12
- 0.33 1.47 1.26 1.16 28 | 127 | 108
TN 1711 + 0.34 1.66 1.29 1.18 29 | 141 ! 109
[
Proteus mirabilis '
— T =0.01 0.01 =0.01 <0.01
GN 4359 + | <0.01 0.02 0.02 <0.01 |
GN 4364 - 0.02 <0.01 0.01 0.02 | 109 | <57 82
+ | <o.01 0.02 <0.01 0.02 | <71 79 | <59
Proteus vulgaris
— [ <o.01 <0.01 <0.01 <0.01
IFO 3988 + | <o0.01 0.02 <0.01 <0.01 ’ |
— | <o.01 0.02 =<0.01 <0.01 :
GN 4013 + 1.27 3.41 1.16 079 | 160 | 430 | 146
Proteus rettgeri l
— | <o.01 <0.01 <0.01 <0.01
GN 4733 + 0.04 0.20 0.20 0.21 20 98 98
= 0.09 0.23 0.24 1.09 9 21 22
GN 4424 + 0.09 0.23 0.29 1.10 9 21 2
Proteus morganii
— | <o.01 <0.01 <0.01 <0.01
IFO 3168 + 0.03 0.04 0.09 0.07 43 61 | 119
- 0.25 0.55 1.14 1.16 22 47 99
GN 4715 + 0.24 0.58 1.26 112 21 52 | 113

* The bacteria grown to the late logarithmic phase in Trypticase soy broth (TSB ; BBL), were incubated
for 2 hours with(+) or without(—) 1mg (but 0.01 mg for S. aureus 1840 and 0.1 mg for E.coli NIH]
JC-2, CS 2911 and CS2913) of benzylpenicillin per ml of TSB to induce B-lactamase.

** The sonic extract of bacterial cells except S. aureus for which culture filtrate was employed, was used
as enzyme. The enzyme was incubated with 200 M of each substrate for 10 minutes and the reaction
was stopped by the addition of 2 volumes of methanol. The enzyme activity was determined by the reduction
of ultra violet absorption caused by the hydrolysis of the 8-lactam bond of cephalosporins.
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Table 2 Continued

* B-lactamase activity™* : i
.§ umoles of substrate hydrolysed per minute per Relatwe(é%tle{:fl%groly s
Source of enzyme g mg of bacterial dl‘y cells
E CTM CEZ CET CER CTM CEZ CET
Staphylococcus aureus
1840 - <0.01 <0.01 <0.01 <0.01
+ | <o0.01 <0.01 <0.01 <0.01 B -
Serratia marcescens
- 0.02 0.05 0.04 0.03 63 155 138
IFO 12648 + 0.05 0.32 0.20 0.12 45 | 266 | 169
TN 24 - 0.02 0.13 0.08 0.05 54 285 184
+ 0.11 0.87 0.57 0.28 38 311 204
N 86 — | <0.01 0.03 0.04 0.07 | <er | 50 | 53
+ 0.02 0.04 0.06 0.04 58 120 152
il
Citrobacter freundii
- 0.01 0.02 0.01 0.02 82 107 84
GN 1706 + 0.02 0.29 0.16 0.21 10 | 139 7
- 0.05 0.92 0.43 1.00 5 91 43
TN 515 + 0.04 0.77 0.45 0.85 5 90 53
Enterobacter cloacae
- 0.02 0.02 0.02 <0.01
TN 603 + 0.05 0.03 0.19 0.04 115 78 | 452
TN 580 - <0.01 0.01 <0.01 0.02 <60 74 <73
+ 0.02 0.15 0.06 0.20 10 72 30
TN 613 - 0.02 0.03 0.03 0.10 78 27
+ 0.01 0.06 0.04 0.07 14 ‘ 85 62
- 0.02 0.01 0.02 0.01 109 | 86 171
TN 1282 + 0.03 0.03 0.12 0.05 54 | 67 | 241
Enterobacter aerogenes
- <0.01 0.02 0.02 0.02 <60 77 112
TN 582 + 0.02 0.08 0.06 0.09 ol O 63
Enterobacter liquefaciens
- <0.01 <0.01 <0.01 <0.01
TN 577 + 0.01 0.03 0.05 0.03 39 87 | 184
Acinetobacter
calcoaceticus
- <0.01 <0.01 <0.01 <0.01
TN 1140 + | <ot <0.01 <0.01 <0.01
Pseudomonas
aeruginosa
- <0.01 <0.01 <0.01 <0.01
TN 1373 + 0.02 0.12 0.08 0.06 36 | 206 | 143
GN 3407 - <0.01 0.02 <0.01 0.10 <12 19 <14
+ <0.01 0.02 <0.01 0.06 <22 32 <31
TN 1347 — | <o.01 0.02 0.03 0.10 | <16 | 20 | 30
+ <0.01 0.04 0.07 0.12 <16 36 63
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Table 8 Kinetics of hydrolysis of cefotiam and several @-lactam antibiotics by S-lactamase

Vmax* Km (uM)

Source of enzyme CTM | CEZ CER | PCG | CTM CEZ | CET | CER | PCG
S. aureus 1840 0.007| 0.17 0.003 0.07| 100 1.7 3.8 1.0, 1.7 8.8
E. coli TN 713 16 17 114 100 | 1350 555 270 | 862 |20
E. cols TN 649 45 14 41 100 4.1 18 25 {120 1.7
E. coli TN 639 1.2 0.8 17 100 562 175 300 (483 |17
K. pneumoniae TN 1700 (A)** 7.0 |12 79 100 | 1150 690 333 (1000 | 24
K. pneumoniae TN 1700(B)** 1.7 | 2.6 30 100 | 241 200 49 | 308 |22
K. pneumoniae TN 1698 0.9 8.9 60 100 18 11 39 (208 |19
K. pneumoniae TN 1711 8.9 |29 32 100 105 44 9 |172 |67
C. freundii GN 1706 1.7 |200 100 3.3 15 1370 17 | 556 3.1
P. vulgaris GN 4413 274 774 100 11 238 313 48 | 130 7.2
E. cloacae TN 1282 16 277 100 10 87 4350 93 | 671 8.8

* Vmax is expressed as relative rate of hydrolysis taking the rate for benzylpenicillin (penicillinase) or

cephaloridine (cephalosporinase) as 100.

** R-plasmid mediated conjugatively transferable enzyme.

Table 4 Ability of cefotiam and several cephalosporins to penetrate the outer
membrane of Escherichia coli TN 713 and Klebsiella pneumoniae

TN 1698
- So E. coli TN 713 K. pneumoniae TN 1698
Antibiotic
(M) | Vo/Vi | Si/So P Vo/Vi | Si/Se P

20 5.4| 0.097 0.26
Cefotiam 50 | 2.6 | 0.37 | 0.3 2.3 | 0.17 0.32

200 | 2.6 | 0.35 | 0.35
20 116 | 0.0031 | 0.14
Cefazolin 50 | 8.0 | o012 | 0.22 50 | 0.0037 | 0.15

200 | 7.2 | 011 | 0.18
. 50 | 59 0.014 | 0.048 | 182 | 0.0024 | 0.019
Cephalothin | 555 | 37 0.016 | 0.040 | 56 | 0.0027 | 0.022
N 5 | 16 0.059 | 0.62 30 | 0.027 0.51
Cephaloridige| 555 | 5 0.072 | 0.66 15 | 0.035 0.58

So : Antibiotic concentration in the reaction mixture

Si : Calculated antibiotic concentration inside the outer membrane

Vo : Velosity of antibiotic hydrolysis by sonically disrupted cell suspension
Vi : Velosity of antibiotic hydrolysis by intact cells, which was corrected for

the activity of leaked-out enzyme

P : Permeability parameter

Cefotiam, Cefazolin, Cephalothin 5% ¥ Cephaloridine
DR BEERIE LT (Table 4),

AEBTIE Km HL O {ELRARECEREET
BT ENEFE LKL, K pneumoniae TN 1698 B-lac-
tamase Tl Cefotiam ¥ & U Cefazolin ® Km &
WOT (Table 3), Th 5> DA 20 4M HXUS50
MM TREL, i3 dT~XT50 4M XU 200 «M TH

E Lo

RAOMEIN BB LRI P 12 MEEKIC BT Cepha-
loridine kb K& { XRIOT Cefotiam, Cefazolin DM
T& Y, Cephalothin {2 Cephaloridine ®1/10 DI F €
Hoto T K. pneumoniae TN 1698°Ci3 E. coli TN
TIBX Y EBUNEREL S PPEDL o —F, HE
K RS RAIRBEIC X 2 BEPY (periplasm h) 3%
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HIMB2 E. coli TN 713 T3 Cefotiam 36%, Cefazolin
12%, Cephaloridine 6 %, Cephalothin 1.5 ¥ T¥ b,
K. pneumoniae TN 1698 T3 Cefotiam 10~17%, Cef-
azolin 0.4 %, Cephaloridine 3%, Cephalothin 0.3 %
THote

x ®

4 HhDHEIC f-lactam RAEEA X EBE, peri-
plasm IC B-lactamase 2§27 3 2 R M T3, FR
NEE BB LPT L, hDA-lactamase ICARRELIRA
BERELINPLTVLY, TABREROROLEFITI
4v%a~—va yPCHREREISBES UERHGHEC
b, BA L S-lactamase EOEMBLNWE BT
BEEHOBLRAICKN, FEAILPTLZLE
AoNBe RO TEMPTRALERE LM VY +a~<—

F LB ORRIRIE(L £ B~ /- Table 1 ORERIIRHF
@ B-lactamase iCx}T & KEtt, MIABEERS X
URHEEHEORAINESOORBEEL LN B,

P. aeruginosa 3 LU A. calcoaceticus {34, Bk
HEVL T HIC B TORAREFELH3FEOH, Cefotiam,
Cefazolin, Cephalothin, Cephaloridine V>3 it LT
bERHETH Y, T O FAMEER I/ D R R
£, RANCHT IENREORESZHEO E ok
REFCERT2LEZON B, —H, TOMOETIE
f-lactamase FEHDEHVLEIZZHLTNOEFICHLTS
HHENE L, LE-_EROfIC f-lactamase HEE
RHEERTH 2 C EBREINT,

Cefotiam {2{fiD € 7 » u 2 # ) v Wit HO—IiCxt
LTHHiEH%ER Lo C OB HE LT B-lactamase
T, MIEAESEHE X CENERCHT AERN
O=ZERANEZ SN %,

P. aeruginosa, A. calcoaceticus YA D £ 7 7 a 24
) YTHEROTRA & 3EIE#ED B-lactamase ZEHEL,
Cefotiam {3 P. vulgaris 254 25> DE®D B-lactam-
ase LXLTHIDE7rux R Y YIVDREETH
72 (Table 2, 3)o ¥z Cefotiam @ E. coli TN713 &
LU K. pneumoniae TN 1698 T O HHFE 4\ [ 2 B k12
Cephaloridine' X 1) {2 4% 5 8 Cephalothin® #104%,
Cefazolin Dy 245 TH b, choDETD Cefotiam @
#BIA (periplasm oh) EEIKIRMREDOZNLENIS
~THELUI0~THICEL, {tiZEFDREBAEED 3
~0ETH 2 L HEE X e (Table 4 ), FRRAREAIR
EREAOMIABREERED» D T L, Alactamase
Tt 2 2t (Vmax, Km) 3 X URIEROMARE
FIREICS £ 2N, Blactamas [Tk E RiC
(U (Vmax p/hE{ Km BEW) EHIZ L, ER

ETRELAIIZ & ROMAAREICRL 2 7 110,

Cephaloridine D4, KA MEBEIENL T A,
B-lactamase € & ZHKARBEHA & 22, T
Cephalothin D4 I2HERLA MBS 5 o o MEFEPY
WMENFL 558 LDIEHL, Cefotiam (3 MB
BN T B EIC E. coli TN 713 Ti3 B-lactamase
X BIKAMED Vmax 2/NE L, 2 Km @
¥, e K pneumoniae TN 1698 T2 Vmaxht/h&Ld
TeHiRAX D FOMEAREICELB S EEALN
3o &5 CHAMEBM:S K UENEBERDBZED —HA
DA THRABRSHMN BREZIN S B-lactamase FEEEEHK
iTxt LT, Cefotiam (34} BE @D S N TS L HE
AN 3 Cephaloridine X H#EMH%ETRT (Table
1) 2&»b, Cefotiam AFMERERIC L THRWIERAS
EHOCENTR AN, CDL &L E. coli D=y
) YREATABK 1 BLU 3D Cefotiam DA
ftid 3 AL » B> € & & RT NOZAKI 5 DRERN
R0 b RHT S,

B-lactam 3RV £ DIEFAMEYOH S EXT, A
(ERATO)REND Z—EV v, —ERMRRSH
TRUDTHEAL LTRASNELEXLNE0T,
BOMEAREICETACERENEGREALVLIE
HOREFNCML 3T TH 5. MRARZBHENELL,
M B-lactamase {CHERRIRE S 72 ¥ SIETARBEHH
{IsBT &, ENEEICHT2ERANORELEE
THD €7 ruzaty yIHEEICHL TH Cefotiam ¢
FENERTRRCE>TRAbDEHEEI NS,

# ]

Cefotiam (SCE-963) D& # B-lactamase {C %19 5 RBEE
BXU 77 BB ORISR ZEBIEE Cephaloridine,
Cephalothin %5 & U Cefazolin % xEZEKI & L THER
2T

1, Penicillinase # p-lactamase it Cefotiam {3
Cefazolin ¥ & ¥ Cephalothin & [F# Cephaloridine X
DiNASRE N IC L &, P. vulgaris 2 { BED ceph-
alosporinase & pB-lactamase Ti2{hid =KX v i2im
KR INIK ot

2, RALEREEIEMP T A v+ <~ L RBAIKC
{2, Cefotiam {3 Cephaloridine ¥ X 7f Cefazolin kb
RETH o7t Cephalothin & D BRFEIN £ TH
oo

3. Cefotiam @ E. coli TN 713 ¥ X U K. pneumoniae
TN 1698 T OfHIESIRBBHRRI Cephalothin D710
&£, Cefazolin ¥y 24ETdh -7 Cephaloridine kb
BANEd ot
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4, Cefotiam DORIKIA (periplasm d7) WML E. coli
TN7 13 THIBUAMBE D 35~37%, K. pneumoniae TN
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CEFOTIAM (SCE-963) STABILITY TO 8-LACTAMASE
AND ABILITY TO PENETRATE THE OUTER
MEMBRANE OF GRAM-NEGATIVE BACTERIA

KenJ1 OkoNoG1, MakoTo Kipa and MasaHIko YONEDA

Central Research Division, Takeda Chemical Industries, Ltd.

SusuMu MITSUHASHI

Department of Microbiology, School of Medicine, Gunma University

The rate of hydrolysis of cefotiam (SCE-963) by cephalosporin A-lactamases from various bacteria except
Proteus vulgaris, was smaller than that of cefazolin, cephaloridine and cephalothin. Cefotiam as well as cefa-
zolin and cephalothin, was hydrolysed more slowly than cephaloridine by penicillin f-lactamases. When
incubated with intact cells in the medium, cefotiam was more stable to degradation than cephaloridine and
cefazolin but less stable than cephalothin. The ability of cefotiam to penetrate the outer membrane of Escheri-
chia coli TN 713 and Klebsiella pneumoniae TN 1698 was estimated to be ten and two times greater than
that of cephalothin and cefazolin, respectively, but smaller than that of cephaloridine. The calculated concen-
tration of cefotiam inside the outer membrane of Escherichia coli TN 713 and Klebsiella pneumoniae TN 1698
was 35 to 37% and 10 to 17% of the concentration outside the cells, respectively, and was three to seventy
times higher than that of cefazolin, cephaloridine and cephalothin.



