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6059-S D&M S-lactamase T Y B LM L Penicillin 44
BEIC T 2R L

KE R-BOB TR KT
R KSR A

6059-S @ Penicillin #28H (PBP)— 4 V1 VRRBRN —ICHT 2 ORI B L U4
i G-lactamase iCx3 3 RiE & HAK %, (Lo B-lactam & HBL 1,
6059-S i3 cepbalosporinase-type (Ia XU Ic Z) T#, penicillinase-type (II, III, IV %
. &U V &) g-lactamase ThA L AIMRES NI E7c, ROFARTHS PBP T2, L. coli
® Ia, Ib, IIL 1V, V &0 VI EANCKGAT 220 Ta & I iosbd 2 MAMASH K, Lo Ta-
methoxy HiMtkk v, b jICRHLTEXMAT 20T, MOBBEIEANMRFS L.
6059-S |3 S-lactamase ICIZRETH M, THICHT S Ki HAUE (BRENT), £0
B, 111 & B-lactamase Bt XM T 2 R plasmid % KBRS RIC(ZRT 5 &, MIC {25 T
BB, ARORENNEOOT, FRERLMAIS . 7, 6059-S (3EMmMRIMMIC X2

MIC ERIZHBHIDIT,

(- S VI

6059-S [ Cephalosporin fH&®D S #¢ O kKb b, Tz fir
IZ methoxy EZ#HDF 57 HLOENT, HIFRUEKR
LHTEARINL, AN LEEE, Sics5 2REREIC
EbHTTSMRMAERT YT, FRAD Penicillin

(PC), Cephalosporin (CEP) HMikicxd 2Htbkek, T75b
5 B-lactamase BB bBBUBAKLRAL L SR ML L
EMHSHICENTINE, 22T, ZOEMORED B-lacta-
mase |C3 93 REH: L EABAY, B-lactam EROIERAKRT
&% Penicillin #A4EA (PBP) icd 2RABRNELRY L
T COHEAN B-lactamase EAHEFICX TS WO ES
ERTHAZHLOICLEIE LI, BT TH7{ Penicil-
lin #£AZAI2 murein transpeptidases %X 5hTxYH,
ZOEOEHICH AT IDICKD, KHOREHNR L ON
BhHIBERLI3CENMONDDH 3,

HHEBIUEE

B¥ g-lactamase ELFRITERFILEKBZL DS
5.3 - Entercbacter cloacae Nek 39 (cephalospori-
nase: Ricamonp Ia ®® E 4 B§), Proteus vulgaris
GN 76 (CEPase: Ic R4 H), P. mirabilis GN 79
(penicillinase: I b#&YEELEE), Esherichia coli CSH 2
(RK1) (PCase: M=TEM RIgEHH), Klebsiella sp.
GN 69 (PCase: Vb BUEER) BXU E. coli ML
1410 (RGN 238) (PCase: Va RIEAE) 2R,

Penicillin #2482 E. coli NIHJ JC-2 » 580U |

7z 53 D R (bla) plasmid % #¢- 7z E. coli CSH 2
OFkIT Y HKBILAH Ampicillin (ABPC) fi#: E. coli

B XU Klebsiella GEIE 53 Btk D S HAIC X b BH#BRICR
HL7bDTHBY, %z, 18 #ho Cefoxitin (CFX)
fith: E. cloacse i2IMEREASHREHFRER/ NEF&
BEICNEED S N5 S,

AL EAIL, 6059-S oftr, Cephamycin & @
Cefmetazole (CM2) & CFX, 7-Z (2)-methoxyimino
cephalosporin EMATH3 Cefotaxime (CTX) ¢&
Ceftizoxime (CZX) ¥ X UBRHOMRERLLT Ce-
phaloridine (CER), Cefazolin (CEZ) % k7f ABPC
TdHbo

1. KEEAOD Penicillin £2EEA (PBP) [cHF
AEEMtEoREx

200 ml L 74 3 v 37°C & 515t BUBRi%k
@ E. coli NIHJ JC-2 @ ¥t %= 8 ml © 10 mM
MgCl, fn 0.05 M U vEiRE# (pH 7) KL, XK
BTT 10Ke 30 BFHaEE 10 RIfTSOEREHE
L. €@ 3,000 g 10 430 EfE4 S 100,000 g 30
SOBHELETEORED 2B . RBREHET—REILE
#HOBORBEHRIC BIEEL, Lowry! ETEARMN
20 mg/ml K133 X DICTEEL 1.

PBP 0#5ti2 SPRATT ¥ DHEICEEL TS » 700
bbb 30 pl OBEESMC 3 pl OKF/IZ 1L, 553
XU 275 pg/ml OEFKEHEMZ 30°C 10 HRE
L7z zhiC 3 ul @ “C-PCG # (50.Ci/pmole/ml:

~ The Radiochemical Center, Amersham) %j1z X5

i€ 30°C 10 SRR U 70 RIGIZKEE, 3 ]l © 20%
(w/v) sarlcosyl & 60 mg/ml PCG DEERAKDE

INTEEL T, £0RERIC 20 SKEL, MREREE
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Th U tctk 10,000 g 30 )i TA MBS 2 MU0 20
ZO L 30 ]l & 15 1 @ SDS #Biliwk (0.2 M Tris
ML : pH 6.8, 3% SDS, 30% grycerol & 0.002
% bromophenol blue TIWKXIL2) L 5 pl @
B-mercaptoethanol ZBA L Kb 2 2 niL
RE AN g7, €044 10% polyacrylamid ¢
W gel icod, 120 V T TITREIKBETI - 120
7% Wi, 50% methanol HTEEAMTL 7, gel
T L L BORSE MC-PCG &[Tz, T hiC 2, 5-di-
phenyloxazole % L %A/t ¥HkL, Kodak “X-
Omat” v M Y7 4 valtiE#L, —80°CC120 B
M@t X ¥ T fluorography® 24775 /-,

2, B-lactamase DRIFEE

ik G-lactamase EELEMKAE 5 ml DL 74 3 vich:
fiL 37°C —HRMWILEIRL 720 TDLIEA 200 ml D
ftL 74 3 vichiz, 37°C T 3~4 X S iciR@L:
AT 7o STEOHRIE D FifINE SO SR,
0.01 M Y vERiE@ W (pH 7) T—REE#PHK, ikl
# 6 ml ICHERH#L T, KATT 10 Ke ofFiknrms
30 B 4 BTV EMIEM I G, cht 7,000 g
HLLU 105,000 g 60 2T 2 Egial, 52457
o 1: L% B-lactamase OMEFAHE L THHL 120

6059-S = D fth I HI D& G-lactamase iICxtd 2 K5
#£13 macroiodometry® iC & > CHIEL, Vmax QR
ETHDUI, COBAORE (KA ©EIR 5 mM
TdH 5o

RIEHID KL B-lactamase 1CxId 2 4EAEMILEIZ,
ABPC, CER, CEZ %k % 5135 D acidi-
metry (indicator method)” <THLEL7?: Km {HT,
6059-S = ffikif & Wiz FEHD 2 REREIC &,
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PCase i} ABPC %, CEPase Tit CER ZREEL
Prlan Ki TRt 4, Km XU Kilfizz
H#h Lineweaver-Bruk 70y I 5 LU DixoNn 7o
v b SR

3. R (bla) plasmid {ZRICKDEHEMICHTD
ot dicd oY 357

®153 51 @ R (bla: TEM) %10 2 2D R (bla:
Va) %14zt L7 E. coli CSH 2 0 ilitkd 6059-S 1k
Uzt filic ks 2 1% 253 % R- OBlkoch
EHBL -, MIC BIsEIR 11 A (L St i gt
U, RIS 10° cells/ml &L 1=,

4. CFX jiite E. cloacae FEFE5yME¥ED 6059-S Z
DIt T B BRI OB R

CFX 25 ug/ml Ll Litkd E. cloacae 18 #kico%
6059-S g AIC T 5 BEZYES % B AN
ek T, tih, CFX MEmtkE h%
BEfHE bR 007, 2 o Bkl e KIHC - T, 6059
=S ® CFX MK #EDF 20 EIPOE 12

5. 6059-S (D B-lactamase [;EF{LEADOBEHE

44D clavulanic acid® & DKL S, 6059-S A
A-lactamase % A~E{LL, ABPC 7:& & Hh{EA%R
THEID, MNEAOBRELZHEAICEZ - EREELS
43 7%ED, TOBNFROBRERITL 12,

153 L |

1. 6059-S @) E. coli PBP |c%i3 Bca@fn:
Fig. 1 iciid & 51 6059-S i2 E. coli PBP o la @
ETAHILH - EbEWBIEERL, DT 1b kK &{
AL, 2 &5 6 ommEEehicod, LA
%L 6059-S i3 CMZ, CFX kb 1b icaid 2 Btz

Fig. 1 Competition of 6059-S and other new cephalosporins for penicillin-

at 30°C prior to the addition of 1‘C-PCG

binding proteins of E. co/i NIH] JC 2
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W, 4 5 BIU 6 e 2RO L Htbh
2, CZX ki 1b icsdd 3 BAkiI550 %, Cepha-
mycin ROMIEA L Y EhDERODT, 6059-S S
DREMOT SCHAEFTHEZ LBRENR,

2. 6059-S Q&M S-lactamase (CNFIREM LR
=3 2l S

Fig. 2 itRT X Sic 6059-S i3 CEPase & g-lacta-
mase §75bHH RicuMonp 4k 3 1a, Ic Bicid
ot { HREINS, T, PCase % @4-lactamase
¥75bH Ricumono SH¥E I, Il (TEM), N XUV
(oxacillin JKIFEER) TiCd & HdTRETIKIME
5312 (Fig. 3)o CMZ, CFX s\ ThoBo 6-
lactamase €& - THMRENLVLOT, Bixss CEP
Th-TH 6059-S DkHiL 1 {0 iILEbL->THNT
8, Ta fiic methoxy % &Tid B-lactamase iCxt
LTEREICERLT S C ) hhtbhli. FXAICHE
45 T-Z (2) methoxyirnir}o Hik & A7 B-lactamase
CEETHBH, £hit oxacillin KRR (VR) T
ETMARHAE S5 30T, B-lactamase K xid 2%
ElOmE» ST ELNT 7d—methoxy FMED 125
NFChicbDEER 5.

E. coli CSH 2 iT R (blz) plasmid %iz#l & &
DOBEZHIENESH B L, 6059-S ‘t(i R- BrRicd 5~
TE—7{EH# 10 fSic ERT 2, l,znb, Z DEFIL
7 7 nRERBEICHL ﬁ“ﬁ'ﬂﬁﬂ’&ﬂ‘\?‘d)f R plas-
mid R &3 COBED FE LRI VEDLc b £

Fig. 2 Stabilities of 6059-S and new other ce-
phalosporins against cephalosporinase-
type /3 %actamases (Ia and Ic)

el runiey o
%
200 - ~ oo
b i [ : E.cloacae Nek39
[T : P. oulgaris GN76
160 |- ! i
120 -

Relative‘ hydrolysis

. L ] . N LY
ABPC. CER CEZ CFX CMZ 6059-S

RRYIZE 5 72 (MRS (Fig. 4).

CFX fit¥d: E. cloacas lTs4d 2Rt Fig. 5
RT XSk CFX, CMZ khidzahicE &b, REK
DRk 25 ug/ml LITD 6059-S TG &tz

choopkotns CFX 3,200 ug/ml OREE

Fig. 3. Stabilities of 6059-S and other new ce-
phalosporins against various penicil-
linase-type B-lactamases

%
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80F
. W : P.mirabilis GN79
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S 6ol BB : E.coli CSH2(RK1)
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Fig. 4 Shift of sensitivity distributions of 53
subclones of E. cols CSH 2 carrying var-
ious R (bla) plasmids to 6059-S and
other newly developed cephalosporins

E.coli CSH2 (R) 53 strains
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Fig. 5 Cumulative sensitivities of 18 clinical
isolates of FE. cloacase resistant to CFX
against 6059-S and other newly deve:
loped cephalosporins

E.cloacae 18 strains 10° cells/ml

Percent of strains inhibited
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W
Table 1

Bk 400 pg/ml DHSETEALRU, €O Bk
Wt S ikici > T CFX, 6059-S dspaknEnd0%
Z7oDs Table 1 T %%, CEPase iClLB#IIEL
Cephalexin (CEX) t$+3MAIMEND X5 URHT
(c oW CER 12 CEX @ 10 (k0 RETAMSNE)
T, ¥HoOMEKOMi¥ S 6059-S, CFX ix& A
LML IS 120

6059-S |2 {GH;Mitids clavalanic acid iICEITV 548,
W% B-lactamase B4 M LU 1R F-lactamase &
HEMicst L ABPC 38 xU CEZ LMKBHEAERYE
7", B-lactamase zcﬂmx?mmxmmmww
HDERDbLND,

Table 2 it 6059-S oL \> CEP %¥kop Ki
HAHBL 7o CEPase, 1a BicT 3 Ki diz+~

Stabilities of 6059—S and CFX against a large amount of

p-lactamase prepared from E. cloacae moderately and highly

resistant to CFX
Strain of . Relative Vmax
enzyme source Induction
# | MIC of CFX CEX | CER | CFX |6059-S
- 100 1,035 | 2.46 041
NS3 3,200° + 100 | 1,030 | 0.72 0.41
NS1 400 + 100 1,035 | 0.94 0.47
* Expressed as ug/ml

Table2 Affinities of 6059—S and other newly developed cephalosporins to various types of g-lactamases

v
1
i

Enzyme Specific Ki (uM)
Type Source activity | Km* | 6059-S | CMZ CFX czx CTX
la | E. cloacae Nek39 | 21.4 |323 | 0.0036 0.004 0.002 0.26 0.012
Ic | Pvulgaris GN76 | 41 |111 | 65.7 12.0 54 3330 |1860
| Wb | P. mirabilis GN79 | 158.1 | 148 [503 2960 (6,230 11,200 N.D.
E. coli  CSH2 :
mb ®K 1) 1,;00 54.0/158 960 3,160 15,500 gs,aog
IVb | Klebsiella GN 69 84.7 | 61 | 363 [1,200 5,100 10,100 - N.D.
E. coli ML 1410 '
Va (RGN 23 404 | 35 | 54 80 191 120 58.5

* Km indicates for amplclllm to the types I, II1, IV and V g-lactamases, and for cephalondme to the types

Ia and Ic g-lactamases.
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TORKMNE (, HEBAHEN T EERL TS,
CEPase. | c BC L TH2 6059 i3 \7-Z (2) methoxy- | |
imino F¥{k X Dl;,,]\éb\t.am. CMZ % CFX Xb
RAZV KifERL, COMRERET P, vulgrms
ICHARE ISR TS B-lactamase 1T T 5 K
AR LENDOTT S RAERT OOEERS
hico PCase, I, [, VR&U VEICHL Tid 6059-S
REBOEM L D b/hEN K fERL, LBHNAERM
BHBNC Ehtbh ot

B 3

[N .
. 6058-S Rkl HREAN%ESDOLIR CEP RMIUKHIT,
i 7 ARERICHT 28 h 0T ST 2. fEAR
T&3 PBP it 2RAERMYE E coli 24> TH
~ick s, CEP 0 —-BHETHS la & 3 ity

BECRARNESED SHEOHE ST, 1b iKbb |
DM RATZ L Mhi o, PBP K45 Bl

#6882 F ¢, murein transpeptidases FFELH
BEBKTILEZONDDT, COEFVBRARFESE D
ED~& CMZ % CFX &b 1b icxdd 2 BAMHH
Vi, o bDLVEWRELE b OBEDV LD
& bEZ Shize 1b I3 BHAIRD (R L FEL murein
EREETHD?, CENBLBELEHOREPEAIC
BTN TBLES EDNBDT O Bk MELE
Ve

6059-S RA~ShIcED TR, 1HHSVEICH
-3 15 5% D CEPase, PCase iZ ik S s
e ZHIZT DEH B-lactamase BEAFIC L {ERT
ZCLOREEEBTHS. LhL, EESIZTTITK
RENROEXTH B-lactamase icxd 2 EA8Y
BRI, EBREBRELTEET S 5 skl
BRETI, BREEFOKAICKD, —BOB3E R
BEMERD, ERAMSERAICEELE > TRMLT2
HiB DD 2 LEHSHICL TS, 6059-S i3
PCase #! B-lactamase icsdLC Ki {ACHEIMXD,
grEO AR E D (K HIWNEWD) DT,
COESEDICX BT ERNS ZBERS SN, B
%2 TEM %! g-lactamase E4 % &4 3 R-plasmid
% E.coli CSH 2 itfp#d 5 &, COBEICL->TIR
6059-S 3% -7 KBEhZWiIZh Db ST, T
10 oMt ERMED 5h3. LHL, 6059-S 05
LAEHRRICY T 2 BN 0.1 sg/ml DTFEVSH
WHORDT, B3Itk 10 FERELRL T,
MIC 2% 1 pg/ml icZ{LL T HERMNTITTRIZILL,

£{ ® g-lactam EHicHT I RKAENKOR 1a

& CEPase %(k% E. cloacas iCcfLT o, HUEE
BFSRMAERL, CMZ © CFX X h ¥ < hr ik
ERTOR, L ORAOAROLMAHH 125, B

,tbmxb&aﬁ&ﬁ&mtﬁuré SAMICIEE L

OPAILVBRICEYES1DTH B,

6059-S o tkAIRINEL b B-lactam KL b F ¢
fn, MOMPME E ROERIIE SO L XL HbE
2&, TORKIIAA DBRYIEE, LI T AR
k2 ehicl, T <Chic(tERERIE LD C &
R&¥hz,

X L4
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6059-S, ITS STABILITY AND AFFINITY TO VARIOUS B-LACTAMASES
AND THE AFFINITY TO PENICILLIN-BINDING PROTEINS
OF ESCHERICHIA COLI

TAxesHI YOKOTA, Reiko SekicucHl and Eixo AZUMA
Department of Bacteriology, School of Medicine, Juntendo University.

The stability and affinity of 6059-S against various types of 8-lactamases were compared with those of
other @-lactam antibiotics, together with the affinity to penicillin-binding protein (PBP) of E. coli NIHJ JC
2. It was found that 6059-S is completely nonhydrolyzable either by cephalosporinase-type (types Ia and
Ic of RicuiMonp classification) or by penicillinase-type (types II, III, IV and V) g-lactamases. Although
6059-S was confirmed to be quite stable to @-lactamases, its Ki values to the enzymes were rather low in-
dicating that the drug possesses a high binding affinity to §-lactamases. In fact, the transfer of 53 different
R (bla) plasmids to the CSH 2 strain of E. coli resulted in 10-fold increase of the MICs by 6059-S in aver-
age. This evidence, however, will not interfere the clinical value of the drug because of its marked anti-
bacterial activity. Another word, the 10 times increase of MICs is much lower than the ordimary serum
level of 6059-S.

Competitive binding experiment of 6059-S with C-penicillin G to PBP of E. coli indicated that the
drug possesses high binding affinities to the Ia, Ib, III, IV, V and VI fractions. Since 6059-S shows higher
binding affinity to the Ib fraction that has been believed to be an essential crosslinking enzyme of the cell
wall murein, than other 7-a-methoxy derivatives, its strong bactericidal activity is expected.




