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2 R AHML 72 cefcapene (CFPN) ¥ 7-id cefteram (CFTM) % & A7 4 ml ORI
Staphylococcus aureus FDA 209P JC-1 O 40 ul #HiH L, 37 CT 20 ~ 24 BREISBEEE L 72
Che ITMARPERLLT, IV MO VEREEEALEELZRLEEDD bERBEND > & b EV
bOPOFEMRICHERAME, 14 L THRIKEEL 72, BHICHL 0.78 ug/ml TH -7 CFPN OEX
MIC i 5, 10, 14 fREERHKTIXZNZH 3.13, 12,5, >200 ug/ml 1= -5 L7z CFTM T b A4, 3.13
ug/ml 25 Z N Eh 625,25, >200 ug/ml & % -7z, —F, flomoxef X° cefmetazole 7 & PBP 4 |28
MEDE LT 724 ¥ Y REHDO MIC &, B#K2EITLILALAEdo72. ThOOKRKTIE
WD LA ST PBP 4 DEARIMINLTEY, €72 ABOEMZZT2ETII4HFIC PBP 4
VEELRRFZRIZLTVDIEIWRBR I, BHAFALATT 14 RER L HKOMEIIALET, B
Aeza 0B THAMCEMEIET L, MEAKT$2L#EI2 PBP4 OEARLET LK
HbH—F, EEBRVHIIHML72Mb D o720 Lzd-T, 14 FREKHKTIZ PBP 4 OBEICIA TH

MOBERSHHEICHE L Tn5D I EARBI T,
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R=VY) 4#AB5EAYE (PBP) 3HMEEBICEA ST
MR% > T\ b, Staphylococcus aureus TiX PBP 1205 4
FTHD 4D PBP 2sEEEI NS, 2TDH B PBP, 2, 3
WHESFERD PBP T, X7F K77 v EROBRKEET
H B IR O BAE RS % il i3 % transpeptidase EE X 5
hTway, -7 7L IThoOES F&E PBP OV
OPERETLIILICL > THREHZRET S Y. — 4,
PBP 4 (3K F 8D PBP T, HiBfAOXRY ¥ XRTF b
RO D-7T7= v 2 M ELRIZMES 2 car-
boxypeptidase £ ZZ bhTWwb, Zh 4 D PBP 09
L3 T PBP 1, 2, 4 OBIZFH7O—= v 7 ShiEHR
FINRESNTNVE -,

B-F7 % LI THMBAOMMEBMICZL-577 5~ —
YiZk 2 EFAOMAL R, KA OFEE B RE I,
PBP DAL EHidb 575, 77 LHEHEIZE VT PBP ¢
BETARUERBEIEESNMBELZ SO TVD, L2, X
=3 it Streptococcus pneumoniae TIIHIBRIZL -
T PBP #{EFD— &AM streptococci Db D& Ahb
STEBRAMEDENF A 2 PBP 2 ELESNATWVS . S.
aureus \ZBWVWTH, 2 F ¥yt (MRSA) T
mecA &\ ) WKBIETFIC T — F S {KgAED PBP 2
VEASNTVAIEAMOLNATV A%, SHITRETH
B-5 7 % MIREMYED S. aureus ¥ T PBP 1, 2,4 D
EROE(L, 5\t PBP2 LRI - Ttk L72H
BHRESh TV B, KBFETIE, *F ) vEH S,
aureus BHEKE VT X7 VREOL 7 « L EOIEHERE

Td A cefcapene (CFPN)W (239 % AERE NG R
BEiTVv, WMHHERKTIE PBP4 BHETAI L2 RV
L7=DOTHET 5.
L ¥ & F &

1. W K

AFI) VEMEEKRTH S S. aureus FDA 209P
JC-1 ZHw 7z,

2. & Al

CFPN, cefteram (CFTM) 3 & ¥ flomoxef
(FMOX) 133EHRBEMNIEER TER S N7z, cefazolin
(CEZ), cefmetazole (CMZ), cefotiam (CTM), 3
X " methicillin (DMPPC) i3 ZFh ZhEREMSTE,
=3, RHEMLE, BXU Sigma »6HALR.

3. X=V ) yHa&HHE (PBP) LRy V57 HD
fE M

L-broth T 37 C T MMM £ CREEEL - H
EHOTEE>ZHAB L, #RTH5LHICP3 LTS
HIZEAMESBRELLT VWD, ThbokzHV
Hr &iX, ¥9 CFPN /-3 CFTM % & &3 TR
WLChHiEEL, EO0ERL THE L%, BixEEs
o> 20 FEROREMICEE L T EONMEN ¥ TIRE &
Lo BifKIE 1 BIEH L7, 0.01 M MgCl # &t
0.06M YV Y84 Y 7 Akl (pH 7.5) I[CEEL,
lysostaphin (Sigma) % &#RE 12 U/ml %5 & 91
MA72. 30 CT 10~20 4 v FaxX—}F LXKHT
FIRHOICIERR 2 BB EHEMTHI &2 3 MERDEL 7.

KBRS R 3 TH1H 1%
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4C, 5300% g T 15 #R&E 0 L TREROBAE K
&, kiE#% 100,000 g T 30 R HEL L CEE S %
a7, 1 EPE L%, 0.01 M MgCl % & 0.05 M
VCBAY) 7 AREEW (pH 7.0) 127 87 BEEA 10
mg/ml 2% 5 X ) ICHEL, —80 CITBREL. %35,
RS S IIIRER/RTH, B2 ERERIC
MELTao=—%E54, 10~20 2u=—I28T 5
MIC #HIELCTIZL A LOHEMBTIIMEIMRFS L
TWbZExRMRL,

50 ul DEEWHIZ 5ul @ [#C] "R=¥Y) » G (1.85
MBg/ml, Amersham) %#Mhl%x, 30 CT 10 %54 v ¥
a2~X—pFLT PBP %7~V L7, 10 % sarkosyl (60
mg/mlDR=I) ¥ G 2&tL) 2 5ul MATRE%21E
LU, EiliZ 20~30 5 EBE L7, 10 T T 19,000 x
g T 60 ZH#E L L%, LiF 30 ul # loading buffer
15 ul & 2-mercaptoethanol 5ul &Y, 2 R
L72#%, SDS-KUYT72UYNLTIFF L (9 %) BRIk
Bl 7v40s 57 4 —8T PBP ##H L, BAS
2000 (EXBEE 71 VL) TERL:.

s 7 BRAHT 5HE1, 50ul OBEESIC
10 %sarkosyl % 5ul MZ TS ¥ 37 Z&WiB{LL,
LT, PBP OB& L RAIBIZCERKXE L, Coomassie
brilliant blue T% ¥ /87 H & §ta 7,

4. MIC fil €

RBREANREEEREBICBVWTIX 2 BRIARL
¥H) % &t Mueller-Hinton broth (MHB, Difco) H
THEEETLIOT, ASMBEL 2h - R/NEH B
B2 REEPOBWD broth MIC & L7z, 0D
BERIUTOX ) ICEREHRARET MIC 2HllE L
720 —& MHB HCH#EL-HEHIE%E 10° CFU/ml 25
ML, 2 fBRFARL 7-%4) % &L Mueller-Hinton %
K¥EH# (MHA, Difco) I 1ul ML 72, 37 CT 18~
20 By #E L7228 MIC 2 EL 72,

II. # F

1. ABRENHEEEKROTHE L HEOREN

2 fERYIAHM L 72 CFPN ¥ 7213 CFTM #&%¢ 4 ml
@ MHB 2 S. aureus FDA 209P JC-1 O — & EH
# (# 10° CFU/ml) % 40ul #ML, 37C T 20~24
BrRSESEEL, Chay 1 RERELT, BHER
TR T L - ERE ZEZFRCEE2HEOHBED S
HLH oL LBVIBEOEHZ S LW 40 ul % FRRICHE

H
o
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Fig. 1. Development of resistance in Staphylococcus

aureus during passage in the presence of cefcapene or
cefteram.

WL, 4 REFTEELHYERL/ (Fig. 1)o CFPN %
7213 CFTM &A3E# T 5 7213 10 REREELLH
WEFNRZENRLPL P2 323 T1, T2 L&,
-80 CIZHR#F L7 (Table 1)o P1 & P2 OHBAICKE
EIREH TH S CFPN O MIC 2BHRDBED 0.78
ug/ml 75 ZFhZhn 3.13 ug/ml H 5\ it 6.25 ug/ml
12, T1ET2 O%BAIZiE CFTM @ MIC 2F 3.13
ug/ml 2 HZENEN 12.5 ug/ml & 5\ it 25 ug/ml i<
FRLZ, EHRLABREORER 2L, Th
SOBWASLFREN 3 au=_—% 5L, EX%s
F%w MHB T 4 REF THRREEL TLOBER L EH
D MIC B L7225, Z8id 1 EUNTHY, #EEL
T RBNRETH S Z Ldbh o,

CFPN Z7:13 CFTM HE T CHRAEL EHIZ 14
RETHIT-L A, BIREHO MIC 2 ZFhZh 400
ug/ml 7243 200 ug/ml FTLEA LA, ThODHEHR
¥ H%EEFT 2\ MHB T 1 REEEL 2%, MHA Lk
T, CFPN itk 6 5 au=— (5b 1 #%% P3 ¢
%), CFTM Wt#» o 1 au=— (T3 k) ¥
SHEL7: (Tablel), Thonan=——%ZFhZFhMiL
WCEFZET R MHB TS 512 4 REREEELL
#%, MHA L THUKHEBILIZ 5 au=—%257REL,
Zholltd % MIC #BXFWETHE L7z (Table
2)o 5 /213 10 A L-did (P1, P2, T1, T2
BR) LIRS 14 RER L 22pk TR LR

Table 1. Resistant variants of Staphylococcus aureus used in this study

Resistant variant

Origin

Single colony isolated after 14 passages in the presence of cefcapene or cefteram, respectively, and one passage in the

PlorT1 Passaged 5 times in the presence of cefcapene or cefteram, respectively
P2orT2 Passaged 10 times in the presence of cefcapene or cefteram, respectively
P3orT3
absence of the drug
P4orT4 Single colony isolated after 4 passages of P 3 or T 3, respectively, in the absence of the drug




VOL. 44 NO. 8

S. aureus D+t 7 z Ljittk L PBP 4 » i

585

FEIARET, ¥A%EEE%\ MHB THIZ L
TEMEEDTE S T2 bk S bk & (2R £ ¢t
POBET L7BRETHA RIEEOMAS B L, #
NZZBY) TEWMHENE DL LIRS T DA% D - 7
2, TORFXELTT3 HEOK (T4 #) #, £/,
BARLANVETHEDE T LAME LT P 3 kot
(P4 #) %EV (Table 1), X5IZFHLLMEA AN

2. MBI T 28 B-5 2 5 L %D MIC

Rl ORI T 28 B-5 7 ¥ LEDER
MIC % Table 3 /R L7z, MPEMIF#ETIZ CFPN %
CFTM i) T% < CEZ % CTM ® MIC & EH L7z
FIZP3R T3 #/]TIIIhSDEH O MIC ix 50~ 100
ug/ml IZETER L, —7, PBP4 IZBAMO &
7774 Y ROEHTHSH FMOX % CMZ O MIC
i3 0.78 ug/ml H 5\ 1.56 pg/ml LLFTH Y, MIC
DEFIE 2EVHTH o720 72, DMPPC O MIC
2~3EBEREDLRIZEET 57,

Table 2. Stability of resistance developed in Staphylococcus aureus passaged 14
times in the presence of the drug

MIC (lug/ml)
Subculture Passage number”
CFPN CFTM
1 (P3) 1 400 >200
5 0.39 (0.39—1.56)" 1.56 (1.56—6.25)
2 1 200 200
5 0.78 (0.78—12.5) 3.13 (3.13—50)
3 1 200 >200
5 1.56 (1.56—6.25) 6.25 (6.25—25)
4 1 200 >200
5 6.25 (1.56—6.25) 25 (6.25—50)
5 1 200 100
5 1.56 (0.78—1.56) 3.13 (3.13—-6.25)
6 (T3) 1 >400 >200
5 1.56 (1.56—6.25) 6.25 (6.25—50)
209P JC—1¢ 0.78 1.56

Bacteria were grown in MHB after 14 passages in the presence of CFPN or CFTM

and inoculated onto MHA. Five (subcultures 1to5) colonies were picked up from

CFPN culture and one colony (subculture 6) from CFTM culture.

These

colonies were further passaged four times in the MHB and five colonies were iso-

lated on MHA for each subculture.
method.
*’ Passaged in drug-free MHB.

MIC was determined by the agar dilution

* Median MIC and MIC ranges against the five colonies are given in parentheses.

<’ Parent strain of S. aureus.
CFPN: cefcapene, CFTM: cefteram

Table 3. Agar dilution MIC against Staphylococcus aureus strains passaged in the presence of the drug

MIC ( .g/ml)
Strain
CFPN CFTM CEZ CTM CMZ FMOX DMPPC
P1 3.13 6.25 0.39 0.78 1.56 0.39 3.13
P2 12.5 50 3.13 6.25 1.56 0.78 6.25
P3 >200 >200 100 50 1.56 0.78 6.25
P4 0.78 1.56 0.2 0.39 0.78 0.2 1.56
T1 3.13 6.25 0.78 0.78 0.78 0.39 3.13
T2 12.5 25 3.13 6.25 1.56 0.39 3.13
T3 >200 >200 100 100 1.56 0.78 12.5
T4 1.56 6.25 0.39 1.56 0.78 0.2 3.13
209P JC- 1 0.78 3.13 0.2 0.39 0.78 0.2 1.56

Inoculum size: 10° cfu/ml

CFPN: cefcapene, CFTM: cefteram, CEZ: cefazolin, CTM: cefotiam, CMZ: cefmetazole,

FMOX: flomoxef, DMPPC: methicillin
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3. RO PBP LY VX2 BOFHT

Fig. 2A (2B H#D PBP /8% — v &R L7z, WthsE
BHRTIX PBP 4 OEAERMPHIML Tz, o PBP
KRAROZIRED LN D o7z Fig. 2 A TiX PBP
1 BRELTVE IR IHEDH - 7225, Thilid
EBRILOEL2ENALK, FELRELEEDN
Bhrotze RICPBP4 2ERL, ZOMNELZ CFPN
D MICHEIZH LTy P L7z (Fig.2B), P1, P2,
P3#HR T, T2 T3#ICBWTIZ PBP4 EARN
MEMEEDO ER LT LISHBE LA, &8, P1, P2,
T1, T2 ROBEIMIENLZEHBZODOZFEHL

TWwWbMDT, Fig.2A TRON% PBP 4 ORI, ¥ -

ABEoMML-au=—-2BRGEEL 2720 TIERL,
RBFPOZ OB TEEE ML 220LEZ S
N5, PBP 4 MM E Y FMOX # CMZ T,
HDOH-EBBVP3RTIHAIIHLTS MICDLEA
»2EBUATH 2oL eEZabE5bL, PBP4 D
HERIWHHLBIFSLTwAEEEZ NS, B,
CFPN, CFTM, XU FMOX %M\ T P 8 #k& Htk
< PBP B2 B LA EOZIIRD SR h

(A)
PBP

1— -
27.-.--.-..
3

4— P -

— - -
N T ¥ N ™ <
a0aasSikrFFRF
E Y
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(B) i}
< o T4
% 15}
% ®P3
£
o 10}
E ®T3
o
2
3 5+ opr2
= T2
ors QP!
.P T1 L - § L L
0.39 1.56 6.25 25 100 >200
MIC of Cefcapene (4 g/ ml)
Fig. 2. (A) Patterns of penicillin-binding pro-

teins produced in the strains of Staphylococcus
aureus passaged. (B) Correlation between
the resistance level and the amount of PBP 4.
MIC was determined by the agar dilution
method. The amounts of PBP 4 are expressed
as values relative to that of the parent strain.
Parent (P) and resistant variants (P 1to P
4and T1toT4) areindicated in the figure.

57:0T, PBP OBAMOZILAFRELORE L ]
bhiho 725

P 3 BRERTEHEELABE T CHEESET LA P4
BTid, AR PBP 4 OEERDBET L, 2FY,
P 3 #Tiz PBP 4 BABROWMZ DD DHBLRET,
WEARRERZ L LB L2, —F, T 3 BREE
THUERTEP LB T T 4 BRTRBEESMETL
b d b b3 PBP 4 OEARIZE S ICHML,
L7225 T, TOHEFIMEEL PBP 4 OWERIZHE
Lidore. TA4HBMFHBALLEW)IZ LI, P3RT
3 BRICR O A BEMEILICIZ PBP 4 O¥EICMZ T
kHMOBFORAMMBD 2 VEBRAIDIEETH L,
X512, CORBMBOEMIFECLRRET, WEH
ARSI TRIRAZEEZRB LTS,

RICEY YR 7B ZREBE B L (Fig. 3),
45 kDa D —h—L W LG TROKERNVEIIER
BTEBwAY P23z, PBP 4 D5 FEid 48 kDa
T B HIETBDT, TONY FAPBP4 L Bbh,
avw V- TH PBP 4 OMEIHERATE 2, T,
P3RT3HTIZ62kDa Dy Y 27 BEOWELZDHS
h7=hs, BMILLZ- P4 R T4 BTREKREIILAL
Ebbhdholke LEALENS, ThZITJOF—%T
BZDF ORI ERLERORMEATFTH 5 0ELER
BHThH b,

L. % =

770 AR VIZiHEERT S. aureus DEBKT
BRDIZL AL MRSA TH 5, MRSA X f-57%
LZESMEO PBP 2° #HACEALCRMEE &
Twh, —%, PBP 2 WKXbhuwigthtkdmizsdi
WABEEhTw5, ThSDBRTIRERD PBP 09
L PBP 1% 2 BSWMAL T2, HB\id PBP 4 &
BELTWAw, ¥, ERSBATHE S WK
LTi, PBP4 » B L7k, PBP 1,2 5k 4
DEEERDOEIL L4k, PBP 2 BPHERERITT
BEAMEE o8k 2EBASNA TS, RKFREIR
BWTHMEE N S, aureus 4T3 PBP 4 23 E

kDa :
-4 8 -8 3§ = & |

- — D

45 —

Fig. 3. Analysis of membrane proteins from passaged
Staphylococcus aureus strains. The proteins were
subjected to SDS—polyacrylamide gel electrophore-
sis and stained with Coomassie blue., Molecular
masses of standards are indicated.
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LTz, bo & biHEORE,» -7 P 3, T3 KRIZxL
Tix CFPN ® CFTM 7% & O@R%# o MIC i3 200
ug/ml LA ETdh 572%%, CEZ & MIC & 100 ug/ml T
»Y, MRSA ZADWMUETH 72, 72750, 77
<4 ¥V ROEHTH D FMOX R CMZ I2I3EMTH
ST ERHENIEFIIHRFE LR T h o722 & 28
MRSA L IZR% 5Tz,

7734 ¥ ROEHR imipenem I3 PBP 4 23]
MERBEVZDIC, E7 22 BEHEHLEE X,
MRSA I LHEMIERTA I L MbATW
B, ZORABERIE-XY) L, £ 72 2%
DERICMATEY7 774 Y %I2L 5 PBP 4 OHE
BmbdE, 72z PBP 2 HEEELTWTHHEIZE
BETaRl b Bbhz, #HIZE XX, PBP 4 24F
BERFELTONIEIEIYBETELZ2OTHEH,H, &
O PBP E PBP 2" (HILTE7 2 AEHIHICEZ S
BBEZ2HAIRERBLTVREELOND, 512,
AFETHONIHERIE, PBP 2 ZEALLVASF
) VEMRIZBWTY PBP 4 AMERTHIEET7 2 4
FIZEDHEEHEHLRERNTEDILERLT
BY, XRTIF 7Y A VERRIZBWT PBP 4 28%7:
TREAOBEEMEZRKELL TV,

T4 BKTREEALSERLLZ I 2HDOT
PBP 4 OEARIZ T 3 BRE D E5IZHmML, Labi
HERIETLZ. SOZE»S, Sl bEEmt
L2 P3 R T3 HIZBWTIZ PBP 4 OWEIZIZ
THORFIHWMHEICHEES LTWwE I EARBINI,
CHEBEBLBSIIAF Y VIS LHD PBP 2
BT BHOND, 2FhH, MRSA DEEMMEA
\Z2IE PBP 2' ICMATIHOKETILETH LI LM
LRTWBED, ¥5|2, fem R llm DX I, PBP 2’
WKEBAF ) VIEEEZRFETL2DICZDOENEZ L
BLID2BETFOLIHFMLET S22, $£72, Escherichia
coli TiX PBP 2 DiGMHBUC RodA & ¥ 7 HPLE
ThbIENMONTWA, PBP 4 O¥f, HOH
FOXBEZZTADORMEICHESTHHENOEEZT
THLONENEIFRALED, 0L H% PBP OO LD
ThbrLBEbIAB,

P3 % T3#TRONEEMEIERDOIEMZLD
72 ZITIEERICHELEDT, £0 L) REER
UHRABEOEH TSI LMBEICAT L EIZBbhiwv,
EB, BRTOMIhAMEKIZIZEAY PBP 2 %
%35 MRSA ThY, @EHD PBP OERKII LB
BEAMMEV, X512, MRSA BHEFEVIEETY
BEECEERYHKEELLDOTY, ZONTH -7
I LEIBENILEAEZRIRTVEERLON L,
S. aureus \2B\WT, BHD PBP D% R &
LTS HEDBREREELXNBZLEDLZNEDNLEW
A, BB AT, PBP2 EAOHMFEETHLHLEED

b,

A B

AWRED—ERIXH 5 ] kWG ZREASE - LRkt
T E OB % 2T TIrb /. BF%Ed, #Aa R
LTw7a2& £ LRI RRE () HHIEF LB
BHLETFET,
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Staphylococcus aureus FDA 209 P JC-1 was passaged 14 times in Mueller-Hinton broth con-
taining serial two-fold dilutions of cefcapane (CFPN) or cefteram (CFTM), as follows. A bacterial
suspension of 4041 containing the highest concentration of the drug which allowed full bacterial
growth was inoculated into 4 ml of broth containing the drug and stationarily grown for 20 to 24
h at 37C. CFPN MIC increased from 0.78 ug/ml for the parent to 3.13, 12.5 and >200 ug/ml for
strains passaged 5, 10 and 14 times, respectively, in the broth containing CFPN. Similarly,
CFTM MIC increased from 3.13 ug/ml to 6.25, 25 and >200 ug/ml. In contrast, only up to
four-fold increases were observed for the MICs of cephamycins such as flomoxef and cefmetazole
which had high affinities for PBP 4. In the passaged strains, the resistance increase was associ-
ated with the elevation of PBP 4 production, suggesting that PBP 4 played an important role in
bacterial survival after exposure to cephems. The high-level resistance observed for strains pas-
saged 14 times in the presence of CFPN or CFTM was very unstable and the levels tended to
drop during passage in the absence of the drug. The reduction in the resistance level was accom-
panied by a decrease of the amount of PBP 4 in one strain, but not in the other, suggesting
that, in addition to elevated PBP 4 production, there was some unknown factor involved in rais-
ing the resistance to such a high level.



