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Staphylococcus aureus N 315 & A+ V) VWt S. aureus (MRSA) ORMERBH LA ) M ¥ &K
M penicillin-binding protein (PBP) 2' OMERIZT mecA D LMt i HIHFRIZTF mecRI B&
VYTV o+ —REF mecl ¥F T 5 preMRSA TH %, S. aureus N315 2% mecl £ f-5 7 5 < —
¥Y 7Ly 4 —RIETF blal #RESEAERK (N 315-LR 5 P) i methicillin, imipenem (IPM)
B X U ceftizoxime (CZX) IZW¥E{L L, mecl UNICLEREAFTHLELAOLONDIERK
(N 315-HR 3 P) (3= ®3%H)IZh X T cefpirome (CPR) 8 XU cefepime (CFPM) (ZRHE(EL /=25,
cefozopran (CZOP) Zxf L Tid ¥tk N 315 L2 IZFBEDEZHER L. CZOP BLUCPR X S.
aureus N 315 & W B o h 7= &#%k (N 315 P-ZR) OMERIE4 PBP 2° 23 LT CFPM 3 X U IPM
Xh¥ets CZX &0 70U LRV ER L. 72, CZOP (X S. aureus N 315-HR3 P (Z#}
LTPBP2 *HETIBELNEY 1 BXU10 ug/ml THHEEM%E, PBP2’ ZHETSRENL
TREERERLZ. ChoDERN S, preMRSA & mecl DERTPBP 2 DEANBERIC D
&2k o T PBP 2" ICEBRAEOEF ICHIELT 525, PBP 2 XH2BREORNBEZF>EFICHT
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DBREIZBNTAF VY ¥ - £ 7 x Atk Staphyloco-
ccus aureus (MRSA) IZX 2BRAEBSEAHERSLILD
TAHHTTIC 10 FULEMEBLA. ZOM MRSA 1284}
AREOELFREY, B2 S, aureus IZIZA LR LV
TeeR=YY y#4&%H (penicillin-binding protein),
PBP 2" DEHXIZHHIENALIICEN~, D PBP 2’
DHWERET mecA 70—t ERTHFLXVTOR
HLEDLNT VB, LI LiAo, EMMOHL
HEICHhhb o THEERED, S MRSA KR L L TREK
ICashTesh, BEA402ERKICLS L 1995 £ LM
i2817 %5 MRSA D25MEPICLEDEHEIX 12.6%, S.
aureus PIZHD HHEIE 61.0%ThH 59, MRSA BREHEIC
BIIHRELZHMBEO—DIIHBHBZMETH > 72 MRSA »f
BEICHHLZf-927 9 2FICL > THEMYE MRSA &
h, B-F7 R EILDMBIEBELBIIEL BB L
THb. MRSA OEHERI%EE) PBP 2 EAOHIH, ¥
tbbH mecA RIZETFOHEIE PBP 2 BLUF-577 9= —
CEEOMIBIZTFTH S mecd BLXU blal Ik ->THb
NTWwa -1, -5 7 % AEKIZL > T OIFIHES
NAaHhINODBIEFICERIELT PBP 2° 2ERICE
HEENDEHICHD LML T Hue-w, GERELICIES
BICT IR a DERVMETHLEZ LM BY,

K4l mecl BLU blal KL, 5 DL-F77 5 LEIC

B %R T preMRSA®, N315 BIUEDERKLAV,
EMp-77 5 LHADRICHT IRERELORRERA
L7

L MHRBLUHE

1. ¥ #

Cefozopran (CZOP), cefpirome (CPR) & U
cefepime (CFPM) RRHAEDBTEHRALSHHAERKE
FrCARSh-#EM%, ampicillin (ABPC, ER¥ER
TEH/KASRH), benzylpenicillin (PCG, BN EHK
A &), methicillin (DMPPC, &# REHKALH),
imipenem/cilastatin (IPM/CS, A& NEH#ALH),
ceftizoxime (CZX, MIREMTEKRALH) BV
cefoxitin (CFX, #H—REAXLZH) BHRZZAV
720 [C] PCG R7v ¥ v ABALHIVBALZ,
B, KRIZIX IPM/CS 2RV 2%, BBORZATO
R IL imipenem (IPM) D#EXIL, XiLd HIC
IPM & L7,

2. B #

S. aureus N 315 (X MRSA O R %4> PBP2
DHEERIZTF mecA O LHICHFHHEFHE MecR1 B &
Y7V yd—&H Mecl # FhZha—-F¥53
mecR1 B XUV mecl #FLTw5b preMRSA Td
Huwsw, . KREIL-F575y<v—¥SFRIF%

KRN X+ =48] 2-17-85



VOL. 44 NO. 5 MRSA O R BRI 277

ALTBhww F523IFEICIZA-F2797—¥D
WG R(ZTF blaZ O LKICHEBETFEH BlaRl 8L U 7
Vv ¥ —%&H Blal ¥ #h®ha—F¥2 blaRl BV
blal HFFEEL®, = mecl &V blal Ht& I PBP 2’
LB-2 79 —E¥MAEDEELAML TV B,
DMPPC 23 ULDBELDP-3 27 % A EIIBTHERT
preMRSA T& 5N 3151, £ 0D mecl KR
N 315-LR5 38X W' N 315-HRS3, ¥/, Thookk
Dp-529<—¥75RIF&KREL~ N 315 P,
N 315-LR 5 P BXU' N 315-HR 3 P #[Hw7,
N 315-LR 5 3 X Uf N 315-HR 3 i N 315 ® mecl &
BFEENREAREBIVAREZLOHRTH 52,
N 315-HR 3 i% mec] RIZFUSNMHLEREATHLE
Abhd, PBP 2" ORMICIEB-5 7 y~=—VCHELE
T PBP 2" ZHERMICELET D N 315 P-ZR® 2w
7

3. WHEOMBIME

WHEHOMBIEE % population SIS X Y AN,
E# % Trypticase soy broth (TSB, BBL Microbiolo-
gy Systems) T 37TC, —BEREFAFTHEHCHAER
RLT 2 EHERRERTOEH % &L Trypticase soy
agar (TSA, BBL Microbiology Systems) 7L — + |
ML, 37T T 40 RHAS#EEI o —HEZWMEL
7

4. MIC D#E

HAR(CEREEINEE TR ETHREL. &R
% TSB T 37 C, —HERKFANBZHLTH 10°
CFU/ml IZ#HRL 7z 7272L, ABPC \ZLTixp-7
2 5<—CBOEBYHMEICT 5720128 10 CFU/ml (2
FRL-BAEH V. CORFBEOH 5 ul 2 2 EHFR
BERNOERZEEL TSA 7L— b LICEEL, 37
T T 20 S REHBRACICI VRN EEFHILRE
(MIC) ZXR¥7=,

5. RETEH

37C, —HiEEE W% F#E TSB (C# 10° CFU/ml 2

RAHXHICHML, 37T T 1 el %%REN i
mL7. RRBHICHEERO—-HKERNLEEARLT
TSA FIVWTRIERL . 37T T 40 R MR HE D
Do—-HEMELEEKRERD .

6. PBP OB L UK A BB E

X EOHAN £ T TSB &2 AT 30 C TRl %
LE»o6REIC-TRES>ZWRL, (“C] PCG
T 10 4 MiR#, SDS-PAGE i 70Fu”r 57
1 —TPBP ##H L%, PBP I3 A RHDKSH
iR, (“C] PCG & DRUSHIICHE 7 %2 %M & 30 C
T 10 MK iE &€, PBP ~® [“C] PCG D&%
50 %RHET 2K ME (ICo) XML TRD,

II. & ]

1. S. aureus N 315 P & Ot il i BLME BE

ELDP-F7 5L EIIBREEELRT S. aureus
N 315 P (Table 1) »5® CZOP, IPM, CPR B& U
CFPM MO M BEE 2 AX/z (Fig. 1o

Log CFU/ml
- D WA Ol ® O

i 1
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1

039 156 625 25 100

Fig. 1. Emergence of clones resistant to cefozopran
(CZOP), imipenem (IPM), cefpirome (CPR) and
cefepime (CFPM) from preMRSA N 315 P.
Staphylococcus aureus N 315 P was inoculated on
agar plates containing serial two-fold dilutions of
CZOP (@), IPM (a), CPR (O), and CFPM (&).
The MICs of CZOP, IPM, CPR, and CFPM for S.
aureus N 315 P were 1.56, 0.025, 1.56 and 3.13
ug/ml, respectively.

Table 1. Sensitivity of preMRSA N 315 and its derivatives to § -lactam antibiotics

MIC (ug/ml)®

Strain
ABPC DMPPC CZOP

CPR CFPM IPM CZX

N 315 12.5 1.56 1.56
N315P =1.56 1.56 1.56
N 315-LR 5 200 12.5 1.56
N 315-LR5P 6.25 12.5 0.78
N 315-HR 3 800 100 6.25
N 315-HR 3 P 12.5 400 3.13
N 315 P-ZR 12.5 400 3.13

3.13 6.25 0.05 1.56
1.56 3.13 0.025 1.56
3.13 125 0.39 50
3.13 12.5 0.39 1,600

50 200 12,5 >1,600

50 200 12.5 >1,600

50 200 12,5 >1,600

) MICs were determined by the agar dilution method using Trypticase soy agar.
Inoculum size was 10* CFU/spot except for the assay of ABPC MIC which was determined at

10¢ CFU/spot.

ABPC: ampicillin, DMPPC: methicillin, CZOP: cefozopran, CPR: cefpirome, CFPM: cefepime,

IPM: imipenem, CZX: ceftizoxime
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S. aureus N 315 P i% 0.39 ug/ml (1/4 MIC) @
CZOP &A% MIZI3!2 100 %4 H®L, 0.78, 1.56,
3.13 BXU 6.25 ug/ml FHEHRICRENEN 107,
1075 10 BEU 10'DHIET I 0 = —AH B L 8,
12.5 ug/ml (8 MIC) » CZOP A KMIciian=—
PHBRLEHh o4 —F, IPM X 0.025 ug/ml (1
MIC) U ETau=—Hmz il Ldeemikici
50 pg/ml (2,048 MIC) 2% L7, ¥/, CPR % 125
ug/ml (8 MIC) &3 AREMIC 10 DHEET, 25 ug/
ml (16 MIC) S#EMIC 10" DHETIO=—HHHR
L7, CFPM Ti& 12.5 ug/ml (4 MIC) &AM
10 DOHET, 25 BLU 60 ug/ml (8 5 &L U 16 MIC)
SEREMC10DEETI D= —AHAL .

F—F R T DMPPC, CZX 8 & UF CFX
KOV THMRAE T A, 400 ug/ml (256 MIC) @
DMPPC, 200 ug/ml (128 MIC) @ CZX # X U° 200
ug/ml (64 MIC) @ CFX &ARHIC 10"DOHE T
oo —AHBR L.

2. S. aureus N 3156 B U ZDERKOEA BT M

mecl BXU blal #RET S S. aureus N 315,
N315 KD 75 AIFOBREICLD blaZ L L BHIC
blal #B#1L7: N 315 P, blal BLU blaZ IREL
TW52 mecl ERL/ N 315-LR 5 BL U
N 315-HR 3, mecl, blal 3 & U blaZ HER TR
% L7-N315-LR5P XU N315-HR3PDB-57
¥ LA ERZHEEZ AR/ (Table 1),

S. aureus N 315 75 blal B LU blaZ HHHET S
f-927%3=<—E¥75AIF#RELTH (N 315 P),
ABPC VAN DO EAIIH T 5 BEHIIELRL 2dh o
N 315 ® mecl IZERMB-BHL (N 315-LR 5),
DMPPC B XU IPM iZ 8 #%, CZX T 32 &L L,
COBNPLL-F75v—E¥TIRIFERETSHL
(N 315-LR 5 P), CZX 28 5HIZ 32 {5tk L7 L
2L, mecl 723 DERTIX CZOP BX U CPR 12X
#it¢4, CFPM I T A2RHEILLDDLTHITH -7,
—F, mecl UHICHEREZAETHLEZOLND
N 315-HR 3 i3 8i#k & h IPM B L U CZX I 200 f&24
F, DMPPC, CPR B XU CFPM (I 16~64 f&W#E T
Ho72h, CZOP IIH L TIREBHBVBREEEZRL
72

3. S. aureus N315P BXU* N 315-HR3 P ITx ¥
% CZOP B & U IPM DEHEH

S. aureus N 315 P 3XU* N 315-HR 3 P DRFIZ
4 2 CZOP B L U IPM OHB# A (Fig. 2).

S. aureus N 315 P i3t L T 1 ug/ml ® CZOP i34
HOHIER %, 10 ug/ml THRHOWBREEHAEZRL. &
Bz 1BL0°10 ug/ml @ IPM THRE I N/zA 24
BfI#.2 10° CFU/m]l YA EICEM L. —4, S.
aureus N 315-HR 3 P ORFIIH LT 1 BXT 10

Log CFU/ml
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Fig. 2. Effect of cefozopran and imipenem on the growth
of Staphylococcus aureus N 315 P and N 315-HR 3 P.
S. aureus N315P (A and B) and N315-HR3 P (C
and D) were grown in the presence of cefozopran (A
and C) or imipenem (B and D) in TSB at 37TC. The
antibiotic was added at 0 h. @, control; A, 1
pg/ml; B, 10 yug/ml; ¥, 100 xg/ml.

ug/ml @ CZOP i 24 Fefi#e $ THEMIC/EAL, 100
ug/ml TREWREMFEHEZR L. IPM 2AEIC 100
ug/ml TRRIICHREEREZRLZA, 10 ug/ml BT
DBETIRF 7 EBEBLIZE Do T

4. S. aureus N 315 P BX U N 315 P-ZR @ PBP
N5 B-77 % 2F0OBAN

S. aureus N 315 P DB ES#H\WTPBP1, 2, 3
BLY 4195 CZOP, CPR, CFPM, IPM B U
CZX oMK%, -9 9= —¥% K%L PBP 2
THHRMICEET S S. aureus N 315 P-ZR OBES
ZHWTPBP 2 x4 % 8% R~7- (Table 2)o

CZOP BXU'CPR I PBP 1 Iicb-: b B, &Y
TPBP2, 3DMICHVHBALELE/RL, PBP2 IZxL
T CFPM BXTFIPM & h 6~71, CZX X b 70 %
DUEEVBAEEZRLA, CFPM X CZOP B U
CPR [Z¥BLL 7 PBP BRIt/ ¥ — v &R LA,
CZX 3 PBP 2 LD AR REOE VW BAELZRKL, IPM
& PBP 2’ L5} PBP 2 CZOP 8L U CPR L W &
BAItEEZR L7, %238, PBP 4 I LTz CZOP i
CPRBXU'CFPM & b 10 M LR VWBAEZRL =,
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Table 2. Binding affinity of § -lactam antibiotics for PBPs of

Staphylococcus aureus

ICw (ug/ml) for PBPY;

Antibiotic

1 2 2 3 4
Cefozopran 0.0419 43.1 0.102 0.820 4.24
Cefpirome 0.0363 340 0.216 131 60.4
Cefepime 0.108 241 0.178 13.7 >68
Imipenem <0.03 246 0.0786 <0.08 <0.01
Ceftizoxime 7.85 >3,000 0.908 831 >100

*’ Concentration required to inhibit [“C] benzylpenicillin binding
by 50%.

The membrane fractions used were from N 315 P for the assay of
PBPs 1, 2, 3 and 4 and from N 315 P-ZR for the assay of PBP 2’,

1. = »

S. aureus N315 i3 MRSA O#ERBICLEL PBP
2" OMERIET mecA ZHELTVAIZL»DOLTS
KDB-52 5 hHEEPRICHBHRCBEEERTY,
AHROBBERBE PBP 2 DY 7L v H—HH Mecl
LB-5245<—ED) 7L yH¥—FHABlal IC&oT
AR shTwaLE2o0h0, CFX %04 v Fa—¥%—
THhoNLDOEEZUBT 2 LAHMAMBIRT
DMPPC (Z##1td 5. DMPPC, IPM 3 & UF CZX
D MIC 2% mecl DERDATLERLAEZENS, Th
SOEFICHTIMERAOA L L b —8i mecl T
PBRHENTVWEIEBHLNTDHY, mecl DERITM
2T blal DBFEIZXH MIC A% 50 ug/ml 5 1,600
ug/ml i LR L7 CZX DA, blal IZX > THRHE
REFAREhTwELELONS, T/, f-52%
T—EBIFEDY TV vy —%#BRELZ N315 P A
B-5 7 % =—EIIREEL ABPC USNDOFEHIIZ N 315
ERUESHEZR LS ENS, Blal £ ) Mecl DK
A PBP2" DRBZHAFLTHEEXZLNS,

—%, mecl DERDATIRLERALEZVIDTFIDELE
RI28 % - 7- CPR B X U CFPM ® MIC & mecl Y5}
DERXMbLAI LI > TKIBIZERA L2 (N
315-HR 3 P), PBP 4 IZ CPR &£ Y &< PBP 2’ B4
U* PBP 4 iZ CFPM & ) BV ZR$ CZOP D
MIC DLERIICHOERIZESTHDLTNTHo
PBP 2’ #FHE$ 5i8FE LT T CZOP #* N 315-HR 3 P
DEFZAF L2 E18bEDHE, CZOP i
PBP 2’ 3 XU CPR, CFPM W ICLHELZHAFOIEH
CHHEAENEA LTV ATESENEL, S0
CZOP I+ 2 BERMEIHMAL Lo dbDLE
Abhs,
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Emergence of highly resistant clones from preMRSA
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Jusohonmachi, Yodogawa-ku, Osaka 532, Japan
¥ Department of Bacteriology, School of Medicine, Juntendo University

Staphylococcus aureus N 315 is a preMRSA which is relatively sensitive to many f-lactam
antibiotics owing to its possesion of the mec regulator genes mecRI and mecl, which encode a sig-
nal transducer and repressor, respectively, upstream from mecA, which encodes penicillin-binding
protein (PBP) 2’. This strain harbors a f -lactamase plasmid which contains blal and blaZ,
repressor and structural genes, respectively, of f-lactamase. S. aureus N 315-LR 5 P, a deriva-
tive of N 315, has a mutation in mec! and lacks blal and blaZ. It was found to be resistant to
methicillin (DMPPC), imipenem (IPM) and ceftizoxime (CZX). S. aureus N 315-HR 3 P, which
has an additional unknown mutation, was resistant to cefpirome (CPR) and cefepime (CFPM) as
well as DMPPC, IPM and CZX. Both mutants, however, showed almost the same sensitivity to
cefozopran (CZOP) as N 315. CZOP inhibited [“C] benzylpenicillin binding to PBP 2’ of S.
aureus N 315 P-ZR, which lacks f -lactamase and produces PBP 2’ constitutively; the ICs value
was 43 ug/ml. The affinity of CZOP for PBP 2’ was equal to that of CPR, 6 times higher than
that of CFPM and IPM, and more than 70 times higher than that of CZX. CZOP had a bacte-
riostatic effect on S. aureus N 315-HR 3 P at 1 and 10 ug/ml, concentrations lower than the
ICs for PBP 2’, and was bactericidal at more than the ICs. These findings suggest that
preMRSA becomes resistant to f-lactam antibiotics with low affinity for PBP 2’ by the mecl
mutation converting the organism to a constitutive producer of PBP 2’, and that additional muta-
tions are necessary to become resistant to antibiotics with higher affinity for PBP 2'.



