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RIPM % Escherichia coli K—12, Klebsiella pneumoniae
NCTC9632, Serratia marcescens T—55 ¥ & U Acine-
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1. EBRMB&ELKUFE
1. FHEKE X CEH
FHEKRE LTRSS LEHEOD E. coli K-12, K
pneumoniae NCTC9632, S. marcescens T—55 ¥ & Ut
A. calcoaceticus Ac—54 A\, FEH & L TiE RIPM
(7703507 Alozig GRT 7=V 7
1) ohBOBELN T bOERA W, EHERKICN
T 5% RIPM ® MIC i3 E. coli K-12i2x L TiZ
0.78 £ g/ml, K. pneumoniae NCTC9632 iZxf L T i
1.56 1 g/ml, S. marcescens T—55 {Zxf L Tid 1.56
¢ g/ml, A. calcoaceticus Ac—54 1Zxf L T id 0.39
©wg/ml TH -1,
2. NHZBAMEEIC K A EHE
254 75 R EIZ RIPM %2& A7 Heart infusion
agar (HIA, = v RA) 74 VL%2ERL, REEE
21T - 1o X B FE B D Heart infusion broth (HIB,
—w RA) BB E HIA 7 1 LALAERICREKL, /87
74 THALK, COEA%E IICHRET, LHEEER
WeE (AR KL OBBNICEEL,

3. BFEAMSIC K AREEK

Tryptosoya broth (TSB, — v X)) THIEE L
Hik%  HIB ic# L, Wb E TREALER,
RIPM OFREDBE%ZRML e, UBRZERIICHKET
BRELL, 1.5%glutaraldehyde THIEE®R, BLOEHE
L, Kellenberger & ik Tiki#, 1 % osmium acid
WKL O ARBEEZET- 120 CORKETILI—ILVRFITHRR
kU, EEREFEUFRMEROGE, Bl V7T 3
WicB#L, BREALBREY ICKDELEET>T. £OD
BA—Ky, SICTERE LEEMETHME JSM-35
(BABF) TREHOXRABEEZEHE L, EANEF
BHEARMER OB E, Bk Luft 5OAEY ITHEL
TR UKEIcaE - EAL. CORBOBEYR %
fEBIL, BelkY o = VEAMBERE LU 7 T VERNBR %=
HWT_E4 e L, Z240EFHHE (JEOL-1200
EX) iIck DBEEIT- 7,

4. Penicillin binding proteins (PBPs) iZx{3 %
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PBPs X33 %5 RIPM OO #%ET L, Spratt @
HEPICEEUTE. coli K-12 4D EHE 4 27351 L,
("*C)—penicillin G EDHEAIT L DT> 70, MBI
I3 imipenem (IPM, BHHRIE) ZHW /-,

I. ERERSLUER
1. MNEEBREEEICLIEE
E. coli K-12 ITHB T A2 BEER% Fig. 1 I1ITR L7
0.39 £ g/ml DYEH TIL, control & BEEDEEE N E
gInis, 0.78 ug/ml (MIC) T3 bulge Kk @ #Hfa
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M, XLIT1.56BLU3.13ueg/ml TRELDBESRE
@B, S marcescens T-55 D& S, E. coli K-12
OB/E L ERR 1.56 £ g/ml (MIC) Ll EDMRBEET bulge
RowpPEE®ER2oHi (Fig. 2o —4. K. pneu-
moniae NCTC9632 ¥ & ' A. calcoaceticus Ac—54 i<
RIPM %{EA X € BOFERIL% Fig. 3, Fig. 4 IX7R
L7dS, E. coli K-12 ® S. marcescens T-55 D& &
B, MIC fEHEFICHE T bulge IROMBIIZBE X
0, REMatREeriRxIn,

E. coli K-12, S. marcescens T—55 & K. pneumoniae
NCTC9632, A. calcoaceticus Ac—54 & D i RIPM
KEDOEREICENRSNADT, RIZE. coli K-12
B LU A calcoaceticus Ac—54 2FHWT, BFBEMM

& ESITRFEIT- 20

2, EENRFHRAMMCLSBRE

E. coli K-12 iz RIPM % {EH & ¢ B0 E A REAR
% Fig. 5, (b), (©), d), (€KL t, Fig. 5 @QIEHR
12 E, coli K-12 T, Fig, 5(b), (c)iz RIPM D 0.78 u g/
ml (MIC) fERi# 2 BsMB LU 4 BEMOBRT, B
EFHY, PRBMELLBNBEEEIN S, Fig. 5
(d), (e)iz RIPM @ 3.13 ug/ml {ER %k 2 B5fl B K UF 4 B
BoRT, d)TIZHRBAY bulge ROMIAN, £7:(€)T
RELOBEBVBEINI,

A. calcoaceticus Ac-54 iZ RIPM ¥ {EH 3 & 7:8D
EHERUEB % Fig. 6 (b), (€)ic/R L7, Fig. 6 (QIRERNK
8T, REMEILsmooth THD, NEBREENR

Control 0. 39ug/ml

0. T8ug/ml

1.56ug/ml 3. 13ug/ml

(MIC)

Fig. 1. Phase-contrast micrographs of E. coli K—12 exposed to ritipenem for 3 hours.

Control 0. 78ug/ml

1. 56¢g/ml

3.13ug/ml 6. 25¢g/ml

(MIC)

Fig. 2. Phase-contrast micrographs of S. marcescens T-55 exposed to ritipenem for 4 hours.

Control

0. 39¢g/ml

0. 78u1g/ml

1. 561g/ml
(MIC)

6. 25ug/ml

Fig. 3. Phase-contrast micrographs of K. pneurmnoniae NCTC 9632 exposed to ritipenem for 3 hours.
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Control 0. 10ug/ml 0. 39ug/ml 0, T8ug/ml 1.56ug/ml
(MIC)

Fig. 4. Phase-contrast micrographs of A. calcoaceticus Ac-54 exposed to ritipenem for 4 hours.

(a) control

(b) 0. 78ug/ml, 2h (c) 0. T8ug/ml, 4h

(d)3.13¢g/ml, 2n (e)3. 13g/ml, 4h

Fig. 5. Scannig electron micrographs of E. coli K-12 cells.
(a) Untreated E. coli cells.
Cells after 2h (b) and 4h (c) of exposure to 0.78 ug/ml of ritipenem.
Cells after 2h (d) and 4h (e) of exposure to 3.13 ug/ml of ritipenem.

B3It 3, Fig. 6, (C)izZH&£h 0.39 £ g/ml (MIC) E. coli K-12iZ RIPM %A 3 ¥ - D& 8BS
fER% 4 BB X U0 1.56 w g/ ml fER# 2 BRI B T, % Fig. 70), (c), @, (€iz/RL7, Fig. T@ZEHER
REMia PRV BREINLY, E coli K-1203 BT, Fig. 70), ©@RW\WFHd 0.78,g/ml (MIC) £
BD & 75 bulge ROMIZIZR S htidh - 12, % 4 B OB/ T, Fig. 7(d), (€3 3.13 u g/ml fEM#%

3. BARBTHMBIC X 2HIK 1B LU 2R OB TS 5, bulge HRiTl - 72980
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(a) control

(b) 0. 39ug/ml, 4h o (c) 1. 56ug/ml, 2h

Fig. 6. Scannig electron micrographs of A. calcoaceticus Ac-54 cells.
(a) Untreated A. calcoaceticus cells.
(b) Cells after 4h of exposure to 0.39 ug/ml of ritipenem.
(c) Cells after 2h of exposure to 1.56 ug/ml of ritipenem.

(a) control

(b) 0. T8g/ml, 4h (c)0. T8ug/ml, 4h

(d)3. 13ug/ml, 1h (e)3. 13ug/ml, 2h
Fig. 7. Transmission electron micrographs of E. coli K-12 cells.

(a) Untreated E. coli cells.

(b), (c) Cells after 4h of exposure to 0.78 yg/ml of ritipenem.

Cells after 1h (d) and 2h (e) of exposure to 3.13 xg/ml of ritipenem.
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(a) control

(b) 0. 39ug/ml, Zh

(@) 1.56xg/ml,2h

Ritipenem i & 3 B OREE(L 5

Fig. 8. Transmission electron micrographs of A. calcoaceticus Ac-54 cells.
{a) Untreated A. calcoaceticus cells.
Cells after 2h (b) and 4h (c) of exposure to 0.39 pg/ml of ritipenem.
(d), (e) Cells after 2h of exposure to 1.56 ug/ml of ritipenem.
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streched constriction ()% S &I 75 bulge K D # Ka(d)
bEEINI,

A. calcoaceticus Ac—54 i RIPM 2/EH X ¥/ B D
EBBHEB % Fig. 8 (), (¢), @), (€)icinl 7. Fig. 8@)
BIE# S A. calcoaceticus Ac—54 THBE DAl iz KK
BMENEEINS, Fig. 8 (b, CidEhZFh 0.39
wg/ml (MIC) fiB#% 2R X4 BHOBRT, B
BERSMLICEREOPIREERCONVR SN S,
Fig. 8(d), ©RRWTFh b 1.56 £ g/ml fEM% 2 B DHK
THELFI N 7= spheroplast G PLBEKRENIRE
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4. PBPs icxt3 230

E. coli K-12 ® PBPs icxtd 3% RIPM Ot %
Fig. 9 icR L7 XBEEL LTHWK IPM & EH#
RIPM & PBP 2 it L CHEWHRAIEEB L TED, &R
\WT la, 1bs DIETdH >7. PBP la, 1bs, 2, 3,

4, 5/6 1209 5 RIPM @ 50%HEREIZhTh
0.025, 0.030, 0.016, 0.500, 0.069 ¥ & U 0.102 u g/ml
TH-t

LiEo#gER LD RIPM 3 E. coli ® S. marcescens
T3 bulge 2 L, A. calcoaceticus Ti3 bulge %
R LEWI EN - T EIREBRBANVAIRX LR
HEYHE D panipenem (PAPM) % E. coli & Psudo-
monas aeruginosa {{ER S BICBREINTED,
E. coli TREEMEN, £ L T P aeruginosa T
bulge IROMIEMBEEINILEREINTVWEY, 0D
BRISEELR{LDOEIR, @EEICNT S PAPM © PBPs
g AHMEOEICTHRLTED, RIPM b E. coli
& A. calcoaceticus @ PBPs i< U TRK - /- gfui
EATAHIDIC, KEELTHENRONIL DD LHE
Ihs, LirL, RIPM EEIRGSHEIEEZRT IPM T
i3, E. coli Thulge BRRIZE OB W, TDERRDS
{ PBPs icx{d 28 f0tkid, B LA-MBEERES %
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Fig. 9. Fluorography showing competition of ritipenem for '‘C—-labeled PCG binding in E. coli K-12.
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Morphological alterations of various gram—negative bacteria by ritipenem,
the active compound of ritipenem acoxil

Takeshi Nishino, Mayumi Tanaka, Shoko Nagatsuji and Masako Otsuki
Department of Microbiology, Kyoto Pharmaceutical University
5 Nakauchi—cho, Misasagi, Yamashina—ku, Kyoto 607, Japan

The antibacterial effect of ritipenem (RIPM) against Escherichia coli, Klebsiella pneumoniae,
Serratia marcescens and Acinetobacter calcoaceticus was examined by phase—contrast, scanning
electron and transmission electron microscopy from the viewpoint of morphological alteration.
Moreover, the affinity of RIPM for penicillin—binding proteins (PBPs) in E. coli was evaluated.

When E. coli and S. marcescens were exposed to RIPM, bulge cells, spherical cells and cell lysis
were observed.

Against K. pneumoniae and A. calcoaceticus, RIPM induced spherical cells and cell lysis.

An inner membrane defect was observed at the swollen site of bulge cells in E. coli and at
spherical cells with swollen septa in A. calcoaceticus.

RIPM showed excellent affinity for PBP2 in E. coli.

These results agree with the morphological changes in E. coli treated with RIPM.



