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77 AEMAREOEET A RIEMRCHT 55 f-lactam FEH OREYE

 H Bl E ®R-F B # —
BB R T AEERT
WRRFEXBMENERE

(FRFn 55 48 11 A 15 A 2f})

77 HRRMEISE 10 BRE 15 M2 T 5 B-lactam FIRIGLAERICK T 5 &% B-lactam #|,
s Penicillin % 9 #, Cephalosporin % 17 KIOLEM LB L, KDL 5 ek R2 87,

LML, Penicillin RXEHD 5 B, B-lactamase o L/ ¥#1z, PCG, ABPC, MZPC,
APPC, PIPC T, H&MYLEL D, CBPC,SBPC, TIPC, MCIPC Th » 1=, HMEEKkC X »
TR HDENRBDLRT:,

Cephalosporin %3#ITi, CER,CEX,CFT,CXD,CCL,CEZ 5 B-lactamase {2t » T = hh
®3<, CFX,CMZ,CXM,CFS,CTX,CZX, 6059-S,CMX XREWEL FH » 2o CMD,CTM, CPZ
WXATEC 2 RO PRIMER LR L, HEEKIC L D REE,NR -1,

ABRBDOTXTORFEHRCROLRENR O L, 6059-S THoro 1EHEOBECKTHRS
haEH L LT, CFX, CMZ,CXM, CZX Hp b, 00Kz, 2MbH 5\ xthll boss
FRiICX->THMERhI,

Penicillin, Cephalosporin 7g &' B-lactam R4 Piperacillin (PIPC, 915 ug/mg, BIL{L%¥)
WEZ, BREOVILVHAEHEE LT, ARRELTE Ticarcillin (TIPC, 791 pg/mg, BRI
ThHldH, FRABEIETETHER LTV %3, L Cloxacillin (MCIPC, 900 ug/mg, i)
L, 77 2B REOELETS B-lactam H| 1N i 1L B ii) Cephalosporin RI#|

%, T/cbb B-lactamase I REELHENE TIL, Cephatoridin (CER, 910 ug/mg, ¥F#%8%K)
REE~OREARELR T, Cephalexin (CEX, 900 ug/mg, #HHMEK)

chizH LT, #D P-lactamase (/KM TAHH LV Cefatridine (CFT, 843 ug/mg, MAERIK)
Penicillin %3§#), Cephalosporin R¥EH| DRI N Cefaclor (CCL, 960.6 ug/mg, HEEFZHMIK)

T icbh, TTRE"P IR TV BEALESL Cefroxadine (CXD, 881 ug/mg, A& F #{ ¥—)
»5o Cefazolin (CEZ, 944 pg/mg, BERIEL)

FhFh o # 42, Ricamosp OFY 2L 5 B- Cefamandole (CMD, 960 ug/mg, #8230 3K)
lactamase EAEY ATV B L OMHA, Bz E Cefuroxime (CXM, 971 ug/mg, $7 A &EH)
LELTHY, ¥REILTLIA—TIR AV, Cefotiam (CTM, 820 ug/mg, RHEEKR)

R 412, FHELY L EHI: Penicillin % 9%, Cepha- Cefsulodin (CFS, 904 ug/mg, RE¥ESR)
losporin % 17 Fizc2>\C, A—BK T, R ERT Cefoxitin (CFX, 938 ug/mg, H$—H3)
prlickh, ERAROBMERERYHE LI, Cefmetazole (CMZ, 953 ug/mg, =3t)

1. £ B o #H Cefoperazone (CPZ, 947 ug/mg, EL{L¥)

1. (FEEHX Cefotaxime (CTX, 925 ug/mg, ~F A b 4 -2v)

i) Penicillin F&3EH| Ceftizoxime (CZX, 857 ug/mg, BRHEM)

Benzylpenicillin (PCG, 665 ug/mg, EAHHIEK) 6059-S (922 ug/mg, HEEFHHIE)

Ampicillin (ABPC, 911 ug/mg, BER¥ER) Cefmenoxime (CMX, 945 ug/mg, BHIKR)

Carbenicillin (CBPC, 790 pg/mg, BEIRIER) 2. fHAKSH

Sulbenicillin (SBPC, 887 ug/mg, BRHEIEA) i) BREHLERE (MIC) RIERSH

Mezlocillin (MZPC, 925 ug/mg, HEHIE) g 71 =2 v (NB, XpD

Apalcillin (APPC, 854 ug/mg, tEX{LE) ETEERE (NA, X5
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ii) Penicillin RIEHKD) MiS0E FIH5 0

RY AT b v (R 0.7%
9% (DIFCO) 1.2%

iii) CER, CEX, CFT, CCL, CXD, CEZ, CMD, CFX,
CMZ, CTX i mEs

Nt vT L avILayv (HIB, P 2.5%
ESN 1.2%
iv) CPZ JJfiijlE Fiksit

RKY_F v 0.6%
A=F 2 (EH) 0.15%
E4f3 =+ 2 (DIFCO) 0.3%
7R RS 0.1%
ESN 1.2%
v) CTM, CFS, SCE-1365 Jy{ijllE i gl

DST agar (OXOID)

vi) CXM JffijflE Fl B

HYRF v 0.5%
Pl A 0.3%
NaCl (FiYeAfize) 0.5%
VES W FNNC 55 )] 1.0%
BN 1.2%
vii) CZX JIfilidlsE ¥

HYRT by 0.5%
= A 0.3%
g S N YT A 1.0%
ESN 1.0%
viii) 6059-S J)fiffiiliE Fl 553

Y SR VA T 7y (SR 3.0%
ESR 1.2%

3. e A EEEE

i) Penicillin $#3##|, CER,CEX,CFT,CCL,CXD,
CEZ,CMD, CXM, CFX, CMZ, CZX Jjfii#i:& F s ik

Bacillus subtilis ATCC-6633

ii) CPZ,CTX JyfililE Mtk

Micrococcus luteus ATCC-9341

iii) CTM, SCE-1365 JyfilfitliE il ik

Proteus mirvabilis ATCC-21100

iv) CFSJIfliilE Bk

Pseudomonas aevuginosa NCTC-10490

v ) 6059-S Jfifi jUlE T B bk

Escherichia coli 7437

4 ANE{LREFRE R

Citrobacter freundii GN-346

Proteus rettgeri GN-624

Proteus inconstans GN-627

Enterobacter cloacae No. 91

Escherichia coli No. 35

Proteus vulgaris GN-76

Pseudomonas aeruginosa No.11

Proteus mirabilis GN-79

Escherichia coli ML-1410 RGN-823

Klebsiella pneumoniae GN-69

Escherichia coli ML-1410 RGN-238

Pseudomonas aeruginosa No. 47

Proteus vulgaris No.9

Escherichia coli 121

Serratia marcescens No. 78

II. ® B F &

1. MIC JusEk:

A AR LR e g9 o #: U, B-lactam FIR
TEALEESRPE LR D MIC % JlliE Lo

2. FEFRWONELERBRITE

B-lactam FIANG/LEEE ) £ E kA NB, 500 ml T 37
°C, 16 IRk & 5 8578 Lok, 8% 38 mawmilia i
X b, 5°C, 10,000rpm T 20 RlE O L, WATHED
Z)o

Hifkd NB 20 ml i L, K THEI L 72205
Sonicater (OHTAKE) 1 X h AR B35 E L, &
ODBET 20 MO ENE I VAT 740 2 =10 X DIFB
W% NB &z 500ml & U, HIEEFER E L7,

HLEEH A NB T1055H 5\ L 100 fHic i L, fF
FAREF L Ui,

ER% e 9-0ml 1o, NB T 500 ug/ml & U7-%
RER O 1.0 ml %02 THYLEE 50 pg/ml & L,
37°C TIEM ¥,

ZThZhoE A% 0.5, 1, 2, 4 K&y~ 7
v 7 1L, 100°C, 14y ® heat shock |Z X hE¥EEANGE
L, {7 4 A 730 X D IO IR IE L,

Mikisnilicix, 100°C, 20 43 heat shock L, E¥E#%
AL U F) DR vy, 50 ug/ml, 10 pug/ml, 2
ug/ml OEF A EEL L, 100°C, 1/)>® heat shock
B didns L O HUEFOFRE2ME L, WA I
L7

III. % B B #&

1. In vitro i plis

In vitro PUEJ) % 728404 Penicillin F3E# %
Table 1, Cephalosporin ;&35 % Table 2 j2,5 L7z,

L\ Penicillin R3EHFTH5 MZPC, APPC, PI-
PC, TIPC 131> Penicillin FZIEHN 4% & 16D
VR

Cephalosporin &3 Tix, [Efio CER, CEX, CEZ,
R IUHIO B THS CFT, CXD, CCL /¢ X34
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Table 1 In vitro antibacterial activity of penicillins
Drug

Strain PCG | ABPC | CBPC | SBPC | MZPC | APPC | PIPC | TIPC | MCIPC
Citrobacter freundii GN-346 [>3,200 | 3,200 200 200 50 200 100 200 400
Proteus retigeri GN-624 3,200 800 | 12.5| 38.12| 312 12.5| 0.78 50 0.78
Proteus inconstans GN-627 1, 600 400 12.5 3.12 50 12.5 1. 56 12.5 25
Enterobacter cloacae No. 91 (>3,200 | 3,200 100 3.12 12.5 400 25 200 800
E. coli No. 35 800 200 50 | 12.5 25 25| 12.5| 0.39| 312
Proteus vulgaris GN-76 400 400 200 1.56| 6.25| 12.5| 3.12| 12.5| 1,600
P. aeruginosa No. 11 >3,200 |>3,200 800 400 | 1,600 50 400 800 |>3,200
Proteus mirabilis GN-79 3,200 |>3,200 |>3,200 |>3,200 800 | 1,600 800 |> 3,200 800
E. coli ML-1410 RGN-823 3,200 (>3,200 |[>3,200 |>3,200 | 3,200 | 3,200 | 1,600 6.25 | 3,200
Klebsiella pneumoniae GN-69 400 800 | 3,200 ( 3,200 25 50 25 50 200
E. coli ML-1410 RGN-238 200 800 | 3,200 | 1,600 50 100 25 100 | 3,200
P. aeruginosa No. 47 >3,200 | 3,200 400 200 00| 6.25| 12.5 200 |>3,200
Proteus vulgaris No.9 1,600 | 3,200 100 3.12 6.25 3.12 1.56 200 | 1,600
E.coli 121 400 400 | 3,200 ( 3,200 50 100 50 100 100
Serratia marcescens No.78 >3,200 (>3,200 [>3,200 |>3,200 | 3,200 |>3,200 | 1,600 |>3,200 |>3,200

Fig.1 (a) Enzymatic stability of penicillins
Citrobacter freundii GN-346
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Fig.1 (b) Enzymatic stability of cephalosporins
Citrobacter freundii GN-346
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401
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Remaining activity (ug/ml)
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MCIPC 3 HEOET 2 RETRETH» o

CTM
6059-S
CFS

Hr§g<, MIC fHiz&ETHB, LirL, CTX, CPZ,
CZX, 6059-S,CMX 7o &DFLL \%%ﬁi@ﬁﬁﬂ&iﬁﬂi
KEHTHY, MIC {HIZ/PSLy

2. ZEGEFEERC LS ERAOTEL

i) Citrobacter freundii GN-346 (Fig.1)

Penicillin % : PCG RORAEOETRRL o B3,
> ABPC, CBPC, SBPC, MZPC, APPC, PIPC, TIPC,

Cephalosporin % : CER, CEZ, ks XUERD Cep-
halosporin T4 % CEX, CFT, CXD, CCL (17 4h
CHEMSMET L, 4RME#cis, 2ee/m T TE
Flte £ O fii> Cephalosporin FEANZT T 48E
M ¥ OHMEELET, BETH-T

COEOFEEL, Ricamonp type Ia /SR T
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Fig.2 (a) Enzymatic stability of penicillins
Proteus rettgeri GN-624
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Fig.2 (b) Enzymatic stability of cephalosporins
Proteus rettgeri GN-624
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ii) Proteus rettgeri GN-624 (Fig.2)

Penicillin % : = DEEOBRICH L, TXTHKE
ThH-1o

Cephalosporin % : - & b AADETOE L o1

Fig.3 (a) Enzymatic stability of penicillins
Proteus inconstants GN-627
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Fig.3 (b) Enzymatic stability of cephalosporins
Proteus inconstants GN-627
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 oix CEZ T, ¥t CER, CCL T4BMEIzE LA

Y&i¥E LTz, CXD, CFT, CEX i1 2 Bt BRE NI
A4 35 ug/ml Ligotoht 4B % ik, CFT,CXD
iz 15 ug/ml, CEX it 30 ug/ml OBRFHf%ZED

ZDFEEL Ricuvonp type Ia R BEIhTE DY,
RADERTEWTH type la KEShic, LiL,
PCGHARI R T\ icWEARIL» T h, ¥/, CEZ



870

CHEMOTHERAPY

AUG. 1981

Fig.4 (a) Enzymatic stability of penicillins
Enterobacter cloacae No.91
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Fig. 4(b) Enzymatic stabilty of cephalosporins
Enterobacter cloacae No.91
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DFHs CER X DA RENLTVEERTH - 1o
iii) Proteus inconstans GN-627 (Fig.3)
Penicillin & : IfiOEFEAR L o1k, PCG 2T
THY, WOFEFNITNTERETH 75
Cephalosporin 7% : CER, CEZ, CFT (x 1 BfH#1z,
CXD,CCL i1 2 Bifiifkicse 4 kiE L, CTM, CEX (x4
RERI T IGED E m Lt CTX 1L 1R Tl

Fig.5 (a) Enzymatic stability of penicillins
E. coli No.35
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Fig.5 (b) Enzymatic stability of cephalosporins
E. coli No. 35
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TIETH - 120y, ZOERBTHMOE T %2 57, D9
FULE - 7o IR T 2 5Reb 7 - 7

COWDOFEET AEEFEIT Ricavonp type Ia /08
SNRTEHD, FxDfFTBWTY type la /78S
Nie LasL, Citrobacter freundii GN-346, Proteus
vettgeri GN-624 L Xi7c b, CTM, CTX 2o fidhT
BYH, ORI > TWT,



VOL. 29 NO. 8

CHEMOTHERAPY 871

iv) Enterobacter cloacae No.91 (Fig. 4)

Penicillin & : +XTRECH 1,

Cephalosporin % : CER, CEZ 13 &KIC &S L1245,
CXD,CTM, CCL, CEX, CFT 3% 4 ic DilidMETF Lico
ZOMOEFINEOET X & o - REFRETH -
o

COBRIIRADRRIER X b, Ricumonp type Ia
OIS, PCCHASMINTERLT, ¥4, CTM
DRAMENTVWBZE 2 b, fid type Ia L1z R7icB
BRTHDLEbh3,

v) Escherichia coli No.35 (Fig.5)

Penicillin 5% : PCG 2 0.5 B¥1#&ic, 50 ug/ml m 6
2 ug/ml LIFicAffisM€F L, MZPC, APPC, PIPC,
ABPC I HlDET A Hhbhic, CBPC, SBPC,
TIPC, MCIPC i3 &LETH » 1

Cephalosporin & : CER, CEZ, CCL, CEX, CXD i
TRAELLIZATMDOETAALR, 2RMEICIIELITE
&L%o CMD, CFT, CPZ 34 hfli {E T L,
Cephamycin R¥EHITH5 CMZ,CFX AKX ixig\
PHEPE T2 ZBH 1z, CTX, CXM, CTM, CFS, CZX,
6059-S, SCE-1365 iX&KETH > 76

COEBKRDOESET S8 FE 2, Ricaxonp type Ib &4
| LA, type Ib Tix, ABPC 2RI h D T
type Id kBT EBAMERLH D, L L, BREL
BRI EbELORD, TOMETIE, &<
Cephamycin R¥#|TH5 CMZ,CFX #3, HEEXEL

Fig.6 (2) Enzymatic stability of penicillins
Proteus vulgaris GN-76
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vi) Proteus vulgaris GM-76 (Fig.6)

Penicillin % : TXTEETH »

Cephalosporin % : CEZ, CCL, CER,CTM, CFT, CXD
BHEDOETRFR Lich,, EOREIRRFEI o1 TDOML
DEFIRETH > 70

RicuMonp type Ic /XM TV 510 & ORI,
BADKRICE\TEH type Ie &4 % L 1o 5%, PCG,
ABPC 2B X his\ bR -»Tis b, CBPC, MCI-
PC, CEX MM s\ Ai—K LT, Zhi,
BATIER LAEGERE ATV 5100, BRE
ERIPlieh ol b EL OIS,

vii) Pseudomonas aeruginosa No.11 (Fig.7)

Penicillin 5 : PCG X H{lDETHMEET, 0.5 (S 3iD
H®iITizz=e %S L, ABPC, MZPC i3 4 MBI BREN
{fiss 2 pg/ml LAF &7c - 720 APPC, PIPC % Affin{E
Fa -4, CBPC,SBPC, TIPC, MCIPC 3&RETH »
o

Cephalosporin 3 : CER, CEZ, CFT, CXD, CCL,
CEX,CTM 3EsREASK 0.5 Hh5 X 1REM K iz
2 ug/ml LUF ¥ THMAIMET L7zo CPZ (X 4RI
HEDETF R Bbteo FDHOKH, CMD,CFX,CMZ,
CXM, CFS, CTX, CZX, 6059-S, CMX RLETH Y,
NBEDETIZE 7 {BDIEA o7

Z DRk DEAT HBEFKIL, Ricamonp type Id L5585
Ihts,

Fig.6 (b) Enzymatic stability of cephalosporins
Proteus vulgaris GN-76
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Fig.7 (a) Enzymatic stability of penicillins
Pseudomonas aeruginosa No.11

50 .
\ CBIC
‘}‘\ \ SBPC
N : TIC
VN \‘ MCIPC
10 \1 \"\“.\\ \
[IAYERN \PIeC
. I T T A
EBNEER N \
w30 \y \ R
X \
SN RN S
Z | N p \
:_.:J | \\-\. - \\ :
Zoa0 \1 \\ \\\ \\
; SO .o
\\ ABPCN N NS
\, N \\
1 |ree ~ N N
\ \\\‘ x
| N
\ NN
0.5 1.0 2.0 4.0

Incubation time hr.

Fig.7 (b) Enzymatic stability of cephalosporins
Pseudomonas aeruginosa No.11
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viii) Proteus mirabilis GN-79 (Fig.8)

Penicillin % : MCIPC PIA0#EHL T TaE Iy
fRXhicn, MCIPC 721X 4 W] & CTHRETH » 7o

Cephalosporin & : CFS 750132 4 BRI H 249 29 ng/
ml ¥ THMAMET L2y, ZOMOFEFNITXTLRE
THoT

= OFEFEIE, Ricamonp type Ib 2/ X h T W

Fig.8 (a) Enzymatic stabitity of penicillins
Proteus mirabilis GN-79
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Fig.8 (b) Enzymatic stability of cephalosporins
Proteus mirabilis GN-76
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B, fhx DR ISTEH, type TiTH I Ty,
CBPC 23Tk b, type Ta i35 AHE
ML Hb, %7 Cephalosporin FH¥gsITix, CFS #2113
PRt LIRFRE

ix) Escherichia coli ML-1410 RGN-823 (Fig. 9)

Penicillin ;& : MCIPC 7233l DIET 23 % 05
Thh, TOMOIEFNTZHECRE LI,
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Fig.9 (a) Enzymatic stability of penicillins
E. coli ML-1410 RGN-823
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Fig.9 (b) Enzymatic stability of cephalosporins
E. coli ML-1410 RGN-823
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Fig.10 (a) Enzymatic stability of penicillins
Klebsiella pneumoniae GN-69
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Fig.10 (b) Enzymatic stability of cephalosporins
Klebsiella pneumoniae GN-69
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x) Klebsiella pneumoniae GN-69 (Fig. 10)
Penicillin 5% : PCG, ABPCYMZPC, PIPC 1. 0.5 B¥
B8z A 2 ug/ml LIF ¥ CET LA, APPC,
TIPC, CBPC, SBPC (3 4 IZ{ETF Lico MCIPC i2&%E
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Fig.11 (a) Enzymatic stability of penicillins
E. coli ML-1410 RGN-238
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Fig.11 (b) Enzymatic stability of cephalosporins
E. coli ML-1410 RGN-238
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Fig. 12 (a) Enzymatic stability of penicillins
Pseudomonas aeruginosa No. 47
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Fig. 12 (b) Enzymatic stability of cephalosporins
Pseudomonas aevuginosa No. 47
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xi) Escherichia coli ML-1410 RGN-238 (Fig.11)

Penicillin % : TXTOEHFH, 4EHEHKIC 2 ug/ml
T % CTHMAMET L1 & iz ABPC, MZPC, APPC,
PIPC, MCIPC 2 0.5 B IZF e T R L1,
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Fig.13 (a) Enzymatic stability of penicillins
Proteus vulgaris No. 9
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Fig.13 (b) Enzymatic stability of cephalosporins
Proteus vulgaris No. 9
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Fig.14 (2) Enzymatic stability of penicillins
E. coli 121
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Fig.14 (b) Enzymatic stability of cephalosporins

E. coli 121
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xii) Pseudomonas aeruginosa No.47 (Fig.12)

Penicillin % : APPC #2132 EFHBEIich, £D
T EETH » 1o



876

CHEMOTHERAPY

AUG. 1981

Cephalosporin % : b 7S <3\ o 12 CEZ
Z OIS T L3z CTM, CFT, CCL 2% b,
AL LEETH - 1o

Z O Ricuvonp type V 23 EI L 725,
PBEEBD DI T, 13- % ) LN TET,
CHEIhDA[REtEL H 5,

xiii) Proteus vulgaris No.9 (Fig.13)
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[
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xiv) Escherichia coli 121 (Fig. 14)
Penicillin % : PCG, ABPC, MZPC, APPC, PIPC (%
ZHEAMETF L, 0.5 BERgIIziEses i &k L
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BE R S b
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Fig.15 (a) Enzymatic stability of penicillins
Serratia marcescens No.78
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xv) Serratia marcescens No.78 (Fig.15)
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Fig.15 (b) Enzymatic stability of cephalosporins.
Serratia marcescens No.78
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Table 3 RicaMonD type of enzyme producing

gram negative bacilli

RicumoOND type
Citrobacter freundii GN-346 Ia
Proteus rettgeri GN-624 Ia
Proteus inconstans GN-627 Ia
Enterobacter cloacae No. 91 Ia(2)
E. coli 35 Ib
Proteus vulgaris GN-76 Ic
Pseudomonas aeruginosa No. 11 Id
Proteus mirabilis GN-79 Ib
E. coli ML-1410 RGN-823 m
Klebsiella pneumoniae GN-69 v
E. coli ML-1410 RGN-238 Va
Pseudomonas aeruginosa No. 47 v(?)
Proteus vulgaris No.9 v
E. coli 121 NborNc(?)
Serratia marcescens No.78 ?)

Fig.16 Chemical structure of penicillins
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Fig.17 Chemical structure of cephalosporins
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STABILITIES OF VARIOUS B-LACTAM ANTIBIOTICS TO THE
INACTIVATING ENZYMES PRODUCED BY GRAM NEGATIVE BACILLI

Isamu Yosuipa, MasatosHt Ocawa, SuuicHr Mivazaki,
KEeiko NisHikaTsu and Sacuiko GoTto
Department of Microbiology, Toho University School of Medicine

Stabilities of f-lactam antibiotics (9 penicillins and 17 cephalosporins) to the inactivating enzymes
produced by 15 strains of 10 gram negative bacilli, were investigated and the following results were
obtained.

Among penicillins, the drugs that were inactivated by many B-lactamases were PCG, ABPC, MZPC,
APPC and PIPC.CBPC, SBPC, TIPC and MCIPC were comparatively stable to the many f-lactamases.
But their observed many varieties in the enzymes produced by different strains.

Among cephalosporins, the drugs that were inactivated by many p-lactamases were CER, CEX, CFT,
CXD, CCL and CEZ.CFX, CMZ, CXM, CFS, CTX, CZX, 6059-S and CMX were almost stable. CMD, CTM
and CPZ had the stabilities between the former and the latter, and showed the different stabilities to
the various inactivating enzymes.

6059-S was completely stable to the all inactivating enzymes. The drugs that were inactivated by
only one enzyme were CFX,CMZ,CXM and CZX. Other B-lactam antibiotics were inactivated by two
or more inactivating enzymes.



