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Table 1. MICs of macrolide antibiotics against gram-negative bacteria
MIC (ug/mL)
Strain
EM CAM M RKM
M. catarrhalis ATCC 25238 0.10 0.10 0.78 0.39
H. influenzae ATCC 10211 3.13 6.25 125 125
B. fragilis ATCC 25285 0.78 0.39 0.39 0.20
P. aeruginosa PAO 1 >100 >100 >100 >100
E. coli AB 2847 25 25 >100 >100
S. typhimurium TA 2167 >100 >100 >100 >100
S. typhimurium TA 2168 1.56 0.78 25 25
EM, erythromycin; CAM, clarithromycin; JM, josamycin; RKM, rokitamycin;
MIC, minimum inhibitory concentration
Macrolide antibiotics
v Hydrophilic antimicrobial agents
O antigen
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Fig. 1. Schematic model of the cell wall structure of gram-negative bacteria.
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Fig. 2. Schematic model of the cell wall of S. typhimurium TA2167 (smooth type) and TA2168
(deep rough type).
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Table 2. Affinity of bacterial cells for hydrocarbons

% Absorbance®
Strain
n-hexane n-octane p-xylene
M. catarrhalis ATCC 25238 52 36 29
H. influenzae ATCC 10211 56 61 57
B. fragilis ATCC 25285 71 72 70
P. aeruginosa PAO 1 100 100 96
E. coli AB 2847 97 100 93
S. typhimurium TA 2167 97 97 98
S. typhimurium TA 2168 69 69 68

Each value represents the mean of three determinations, and all SE were
less than 10% of the mean.

2Aqueous bacterial suspensions were mixed with 500 uL of each hydro-
carbon and the absorbance of the water phase was measured at 550 nm.
Results are expressed as a percentage of the initial absorbance.
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Fig. 3. Schema of the action of phospholipase C on macrolide-susceptible and -resistant cells.
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Fig. 4. Release of radiolabeled materials by phospholipase C

from whole cells.
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The site of action of four autolysins in Staphylococcus aureus.
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Fig. 6. Schematic representation of the
action of four autolytic systems in
Staphylococcus aureus.
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cephaloridine, cefazolin, cephalexin (CEX), sulbeni-
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Fig. 7. Transmission (left) and scanning (right) electron micrographs of S. aureus 209-P JC cells

treated with cefotiam (CTM).

a; Normal S. aureus cells. The lytic sites at the first division plane (b) and swollen septum (b)
are observed (arrowed). Another lytic sites about 90 degree away from (c) and near (d-right)
the first division plane are also observed. Finally at least three lytic sites on the cell wall (d-
left) could be observed after treatment with CTM.
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%, CET DR EE, SR BEVEH T R R ThH - 720
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FEMfFBLDTH -7z,

3) EBRITET-BEMEEIC X A Bl

FEBH X CET, CEX, CTM, imipenem (IPM) #% %
o7 ¥ o7 BRI 209-P \AEH SRl S 5 ICin
Gl DR DAL % BI%E L 720 Fig 1113 CTM EH
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Fig. 8. Ultrathin sections of 8. aureus 209-P cells exposed to FOM.
a; Normal 8. aureus cells. b-d; The lytic sites in the peripheral cell wall of S. aureus cells treated with FOM

are observed (arrowed).

(=}
J

Cont.
20
=
2 404
= 800
=l 400
g 0 100 200
= 0.5
80 -
ug/mL
100 T T T T T T T
0 2 4 6
Time (h)

Fig. 9. Effect of various concentrations of CET on the growth
curve of S, aureus 209-P.
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75 TH CRUAREE THIKEBEDS L S, BREEER 345 D
BHABIZES NS (Fig lla, b)o LA L, CTM @ 100
pg/mLAEHITIE, WHGIZIEE A CBIR IR (Fig
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d)o B, FSHEWE “C-L-lysine 7 £ 2 VTIN5
EOIGEEEL D L EIEEDIZH A, XD IR S
FHEMEH %773, CET, CEX % IPM/EHBIZS F 572

TG FERER TN S,

4)  NERBLG OBk

Mg DG A -7 27 & AFECTHE SN2 T F ok
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RifERERE OB X (Fig.5) 12X ) BEfFoMiluRE s L S h
LIEDPULETHD, INHLDOZEZRAMIIERETSH
LT ROERNEED 7T AR TBIZR I NS -7 7
¥ WIEOFEBRIE, p-F 7 ¥ LEOEREEH DI
ASHIBE G LT X D sV HEZ R TICS b b
T, KBEAH LY IBEECK AT N7 A b
ARSI W E W) FENS, EREEHICEIDE
CLRIRRER AT & 0O 5B % 2\ 72720 IHW B L O
WAHEIN-ZLICL 2D LHENING, HE, H
CRRBEFZRD—DTH b L T I ¥ — BifitkH® penicillin
DEWRERHBLEERTF K7 ) YOS THh 5 N-
acetylglucosamine \2 & ) FHE X LA Z &M ST
W5, ¥7, Hartmann 513, penicillin ® KEH~D1E
FHERAOT XM BE & %% 3% transpeptidase 72137 T4 <, H
CRIEREZICODMEHT 5 &) RS 2R RZ2HE LT
W e BT 7 & AFEDHCRRREFE 2 BHE T 55
DWW I, penicillin OfE&EHSSHIfBEERTF N7 ) H @
MR 5> T & % N-acetylmuramic acid (2B L TWw 3
7ol HOBREZD L S 3 ¥ — X H penicillin & X
BT HZEIILD LD LGS NLPY,



VOL. 62 NO. 2 H SR T PR B O R 1 185

Fig. 10. Scanning electron micrographs of S. aureus 209-P JC cells treated with CEX.
a; Untreated S. aureus cells. b; Cells after 4 h of exposure to 20 ug/mL of CEX. Many lysed cells are
seen. ¢; Cells after 4 h of exposure to 800 ug/mL of CEX. Cellular lysis is not observed.

Fig. 11. Transmission electron micrographs of S. aureus 209-P JC cells after 4 h of exposure to CTM.
a, b; Cells after 4 h of exposure to 0.2 ug/mL of CTM. Many spheroplast-like structures and lysed cells are
observed. c, d; Cells after 4 h of exposure to 100 ug/mL of CTM. Retention of the cell wall is seen in almost
all cells, and only some cells are lysed. Swelling of cell wall septum (d) is observed.
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R % 4 2 (lipoteichoic acid : LTA) 2T 5. H

CRIERFR X7 YRR OS5 - BIHICLERBRTH
/O
o
/Cont.
/ ’
O
1.0 /
£ O
= / * + alanine-free LTA
3 CT™M g o=8 ° °—o
= + /’ AN
a ®
o ] ‘\ [ ]
/ N \CTM(039)
05 - N al
o \ N one
\ AN
B ~
[ ] AN
\_ T native @
\. -LTA
\»
b ~
500 nmol/mL —e
1 1 1 1 1 1 1 1
0 1 2 3 4 5
Time (h)

Fig. 12. Effect of native-lipoteichoic acid (LTA)
and alanine-free LTA on the growth curve
of S. aureus 209-P JC treated with CTM.
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Fig. 13. Transmission electron micrographs of S. aureus 209-P JC cells after 4 h of exposure to the com-
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O THCHER (autolysis) DK & 74 528, IEHHREICIE T
RAEH DL I LTADRB LB EEZ LN
%% F 7= polyanetholsulfonic acid (PA) % heparin
HEDOT ==y ZYWEITHCRRRESE 2 HE LY,
RNase % lysozyme 7 & D A1 FF = v 7 ¥E 12 H CBl#
WEE LT 2 2 bR T Wb,

) B-5 2% ARMEMKEOT KRB OER - B
RT3 B ORI EE 3 B 0 o 2

T RIS LTA 24, H# L, Z O native-
LTA % & D-alanine % HX 1) B> 72 alanine-free LTA %
TR L 722, 2LC -5 7 % 250 CTM % 7 K 5k
WA RICBRINLER - REBRIC
alanine-free LTA, native-LTAR 7 =4 =v Z7YWHD
PAXRED L) 2% RITTHh% CTMEM 1 BEf#
WKINLOWEEZEH S EEREEZITo72 25, CTM
2 & % %W A alanine-free LTA R PA 12 X D 52412/
EXNDL I EWbD 572 (Fig. 12), —7, alanine = &4H
3% nativeLTA 3L LA CTM IS X 2R 2 e 3 5
ZEBbholz,

N O b % Z AR T BRI X D Bl L2k
2% (Fig.13), CTM OfE %5\ 727 F 7 BRI MR
BEQGASHE SN, REERMVAE LIBEL, o
BRI A LW L T L EasBlgE s 7z (Fig. 13b). —
77, alanine-free LTA R 7 =4 =v 7 WHE® PA %1

bination of CTM and alanine-free lipoteichoic acid (LTA).

a; Untreated S. aureus 209-P cells. b; Cells after 4 h of exposure to CTM. Many lysed cells are observed.

c, d; Cells after 4 h of exposure to the combination of CTM and alanine-free LTA. Only some cells are

lysed. Many cells are observed with swelling of the cross wall.
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Table 3. In vitro antimicrobial activities of faropenem and other f-lactam antibi-

otics
MIC (ug/mL)
Organism
Faropenem Amoxicillin Cefaclor Cefixime

S. aureus 209P JC-1 0.1 0.1 0.78 100

S. pyogenes S-23 =0.025 =0.025 0.2 0.2

S. pneumoniae Type I =0.025 =0.025 1.56 0.2

E. coliK-12 0.78 3.13 0.78 0.39
K. pneumoniae KC-1 0.78 1.56 0.78 0.2

P. aeruginosa PAO1 >100 >100 >100 100

L7234, CTM OFEHIC X 5 FREEERAT DB R IZ A 5
N2 705, WREBEIRALA S OBWWIZHE ST/ (Fig
13c, d)o DLEOKRERPS S B-F 7 & 2R THITLREASH
EINZZTTIRT FYREIER - BE3hd, WH
BAMRAET 5 HORREERE ) X HER - BB ICLET
HY,LTABZOMER & LCTHCRMMERZOW X %
WICHRE L CTWB 2 EATRIBE R BHY,

7275 LR, BT YRS p-5 7 ¥ 2% L
~2054 FREEDY V87 GKPUEWE Z 0 L7z
WA B-TF 27 7 DX BAREMERPHEEZ 2T, »
DOLETBIRBALNL ZEPHLL L DASN TS
AT I F oy FREEETAEYRIC L ) B CRR
BHEIVPHEZZTL72DICHHUTILIEEZLNTY
638)0

L /X% L3 Faropenem |3 7 EHRIRE 1
MEHERSEVDOH?

AL HRED faropenem (FRPM) 13775 A G H R
%L D7 I LEMREICH L TENTENERT, &
PER IR LCTiiZ & A PRI %R S %2\ (Table 3)¥,
H VISR A L FRFED IPM, panipenem, meropenem,
biapenem, doripenem 7z E AR MEE 126k L CTEN PR
TZRTH, ERELRISHRIRR I UTHRE T 2R
SHRVOPEHLPIIT L72DIZULTOME 2175 72
— I BT 7 F L RED TS LB T B
g, OFVEDZEEME, @PEE Y A7 4, 3)B-lactamase
T B, OB THLR=2) VG5 v
327 % (PBPs) 69 28k, Zhbd 400K TICX
DIEEZTEIEDPMOENTNEDT, TNH 4900
HF DN 24T o 720

1. AMBE D FEBRREEEIZ DOV T

75 LB OMRLRE E A OIME XY E O % m R L
LTI 728, RO —D2I2h - T b, FFICkEE
WO D2R=Y VIEANNRILRT I ORI 7
EBILT, 2O TFRERIREAIMRZ LMo Tn
5o Z OHVEZE MEERE AR S 572012, RERAHE
DFEHLER=Y & VX7 E OmpF % #mFWN % Fik
W TRIBREICES S872, OmpF OEAIIRAS LR
@ FRPM B X UF sulopenem DAL EEBRZ Fh ZFhn

18 5B L 1851 f5 L H &+, FRPM % ritipenem 7% £
*9 % Kz % 16~32 1%, sulopenem (ZxF§ % &= M
Z 128 f5 B €72, 2 NUE OmpF fL25 1 D DB E
#HDOFRPM X V) 2200 BEMEL 1 DORENES
b O sulopenem D&\ EIREFH W & 2 KBLL 72
HRESZ 5. 2D X I OmpF FLIHEEE O~ A L%
WP B R LA SR8, KR O~ LRI
FTHEZMIEILF TR EA S TR A7

2. HEH ¥ 25 2 MexAB-OprM O RZIZ DWW T

TR QWA T L DT PIHEAEL TSP Y AT
2 MexAB-OprM OB HIZDWTHIND 72012, FRIEHE
PAOL ¥ED* & mexA BEEMRAIER L72e €L TENLD
EZMEE T2 L 25, MexAB-OprM ¥ A 7 A O 1
FA LRSS B E 2~64 f5 B S 8, PlEHk
#F L7z MexAB-OprM O B# Ak (OCR1) (X4 2%
T R 1/4~1/8 1K T ER722En 6 D,
MexAB-OprM ASEIRE O R R A RIK$ 5 HARI D
HHNDO—2THAHZ LA RENT,

FRIEWE oYk EIZIE RND BIw v Fa v R—% v b
PE ¥ A 7 20589 10 FEAFTE T 5 2 LAVRIR S LT W»
LH, Ao v X 5 4 THbH MexAB-OprM,
MexCD-Opr] B & U MexXY-OprM o HJH BE A ¥k o X
DLRICKT HEEZEE AR 2H, REALRIIHT
5 PEH G O B WIEIZ MexAB-OprM >MexCD-Opr] >
MexXY-OprM TH 5 Z & ARIBE I N7,

3. FEHIEREE B-lactamase DBH DWW T

AL RITARNRE B 2R @ B-lactamase & &% { O
B-lactamase \2K L THWEEMZ R L2 L0 5,
JEE DA &% O BRI AmpC B-lactamase 13
HLlaweEz bz, F%, IRE PAOL #k® ampC
AL THRALRIIHT LRI EAEES R
Molze LA L, ampC BEIEDHENL ¥ X 7 4 O MexAB-
OprM ORI L F7p % 2 & TR LRI 5 K1
64~512 5 L7 L 7=,

Z D5 F 1T AmpC B-lactamase b FRIEH O <A AR
KT 5 HRMUEERO—>ThHhbI 2R LTS
A, XA LRHFENER D B-lactamase 12 & B NS
fRICHEPIEZ R T L V) WG EFIET 5.€ 2T, AmpC
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Table 4. Susceptibilities of P. aeruginosa PAO1 and its isogenic mutants to penem antibiotics
Phenotype® MIC (ug/mL)?
OmpF MexAB AmpC Faropenem Ritipenem AMA3176 Sulopenem Sch29482
PAO1 - + + 512 128 128 32 256
PAO1/pKMF010 + + + 32 8 8 0.25 8
KG2225 - - + 32 64 8 4 4
KG2225/pKMF010 + - + 4 1 0.125 1
KG2504 - + - 256 32 64 16 128
KG2504/pKMF010 + + = 32 4 16 0.25 8
KG2505 - - - 2 0.5 0.125 1
KG2505/pKMFO010 + - - 2 0.5 0.06 0.5
E. coli (MICs) 1 0.5 0.063 1

2 MICs were determined in experiments with L-agar containing 1 mM IPTG. The presence of pPKMFO012 (vector control) alone in the tested

strains did not change the susceptibility to any agent in this table.
b+, wild-type level; —, non-expression

MIC of penems

. . high resistant
against P. aeruginosa A
v

MIC of penems v v

against E. coli |—‘| v
or susceptible
MIC of imipenem P. aeruginosa

against P. aeruginosa OM barrier + -+ - -+ —
ABM + + - - 4+ - —
AmpC + + + - + - - —

Fig. 14. Model representing the relationship between the MIC and the inhibition of the outer

membrane barrier, MexAB-OprM or AmpC f-lactamase.

B-lactamase & TEH S 725 DR 1 LR OFREIG % #%
RSN A T v A TR L7222 25, A LRITN
MoRBeE EDICHHMEIND Z LIS IR 72,

4. PERYEESE PBPs (24609 5 BRI

KRR @ PBPs 12X 3 2 % & BAE: o i) T,
FRPM @ PBP1b B X I°PBP2 I3 % 50% BH 4= % B
ICo!Z IPM & K& 2 IIFH HNT, 15~181fF& b
PIZEWETH o720 £72, OmpF D%, MexAB-
OprM B & O° AmpC B-lactamase D KK H 7 - 7235
# @ FRPM & IPM D JEZENF L THhH - 722 &1,
PBPs (23X 9 % #5 & BAE ASTRIR I O < A A F 0 H IR
HOFELRBEREE RSBV EZRIEL TV,

5. BEEOEKNOEE.

U EofRENEERRR Sl 2768 L0
AmpC B-lactamase DSEEIE R O~ A 2RO B KT O 5
HWTHbHIEERLTVDED, WIhd BB
TIEARNRE R D~ A RO BRI EZ ST 2 1234155

THHOT, TNOLOEKNOERICL 2 BZMOZEE
Wit L7z (Table4),

FE IR O XA A RISHK T 5 &2 M X AmpC B-
lactamase DRI & MexAB-OprM ORIV FE LR B Z &
T 64~512 %, MexAB-OprM &K% & OmpF B HE %
HT ETR2~2561 A L7ze X512, MexAB-OprM
DRY:, AmpC B-lactamase D KKB X U OmpF FEH O
3OVEL S 72 HEITHRD A LRI T 2 K2 L
AL, ZLAEDRALRIIHT 5 EZMA AmpC B-
lactamase % K& & & 7=k IR @ IPM (2§ 5 &2 1
HHVIIKBRONRA LRI T REEZHEER U -
7z (Fig.14),

YL O RATARIRE O~ & 2RISR 5 BRI A
i o B RE, HEH > A 7 4B & 1Y AmpC B-lactamase
BHILTHIERILTWAEI EZRLTWASY,

Iv. # b W
MR EE OER CETHEMSE Y —oOREF L
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LTz iffii LC& F L722S, ZOBTHEBEEDHEH
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i 3
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Studies on the mechanisms of antimicrobial resistance
—Elucidation of the natural resistance mechanism in bacteria—

Takeshi Nishino
Kyoto Pharmaceutical University, 5 Nakauchi-cho, Misasagi, Yamashina-ku, Kyoto, Japan

In my life of study for about 32 years in the Department of Microbiology at Kyoto Pharmaceutical Univer-
sity, I was able to obtain a great deal of data on the resistant mechanism of antimicrobial-resistant bacteria.
In this review, I would like to explain about some of the experimental results of the following studies, ®Most
gram-negative bacteria are resistant to macrolide antibiotics, but some gram-negative bacteria such as
Moraxella catarrhalis and Haemophilus influenzae exhibit hyper-susceptibility to macrolides. Why are macrol-
ides so active against some gram-negative bacteria? @Regarding the tolerant phenomenon observed with
Staphylococcus aureus treated with B-lactam antibiotics. @ Pseudomonas aeruginosa shows high susceptibility to
carbapenem antibiotics such as imipenem, meropenem and doripenem, but P. aeruginosa exhibits high intrin-
sic resistance to penem antibiotics such as faropenem, ritipenem and sulopenem. Why are penem antibiotics
not active against P. aeruginosa?

Finally, I would like to express my deepest appreciation on winning the “Shiga Kiyoshi-+Hata Sahachiro
Prize”, and to express my sincere thanks and appreciation to our laboratory staff members and all the people
who made such continuous efforts both day and night.



