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Panipenem, imipenem % EDHNNRALREIIZ LT 2 LRE, RZV) VRELHARD LGBE
WX LT MIC ICHARTR 7 A TORRERNEVPENR TV, ZOBH 2T L& %, postantibi-
otic effect RHMFHBA N L ENENRT VB I L DIED, A NVARRLAZEOEBEIEE BT 2
MENEE L BbN7z, ANASRELREORE N 2 EX BN TRET 5 &, @ MIC #EICH
WH5EN TV S Mueller-Hinton ¥ CllE L72fliL Y 8~16 MENHEHER L2, BRUEBICE
BB S ZRMLU TR L2 Zh, L-V Yy, L-vRAF VY, L-TAX= v o EOEENT 3
BAHNNNRE LREOTRRBAEE L LT ERTUEIEDRW O oT2, ZOMOT I VBRI
COMERIEEh otz WEMT I JEBICE DA MNARRAZEOTGEEIEE O T ILBEKGENTH
2720 imipenem [ % $8HEIC Pseudomonas aeruginosa PAO 1 #5458 L7 OprD RIBZLRHK%T
BIERET IV BROREBEE S Ao o720T, TOBSIE OprD EB/ALASD AN ASKE L
RELEEMET I VBOBHRIZLVRIZDDLEZ ORI, O L) RIRBRIENICE KT K
BT I/BORBIL7 2 2R RV YURE, —2—F U CRE TIJF)aYNRERY
DHEHITIZIROLNT, ANNREALREIHFEOBRTH - 72, “C-panipenem % Hl\> THANDE
DhHEREFLI2E T A, panipenem OHY AAIE L-V) ¥V 2k YIS iz, OprD KIELEKT
X L-V Y O AREIEKL D FELIEL, ALV I VICEIMYAARHED RO ED 57,
b b OBEEEE I 7 I ) BRIBEE IS Mueller-Hinton 353 & ) 227 DK (1/40 12E) T, #
WNR A LR E X Mueller-Hinton 3Gl L7z MIC & ) AKRNTE b BN PUARREENY 2R
FTLEZOND,
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Panipenem (PAPM), imipenem (IPM), cefpirome
(CPR), meropenem (MEPM) & =#t#k XA
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THERLUBKREMA L2, TSRS R TR
il L72o cephaloridine (CER, HAZ S 7 V),
cefsulodin (CFS, RH ¥ T.%), cefoperazone
(CPZ, &ilift#), ceftazidime (CAZ, HAEAZ 527 V),
aztreonam (AZT, T—4% 1), piperacillin (PIPC,
=4t), norfloxacin (NFLX, M), ofloxacin
(OFLX, #5—%3), ciprofloxacin (CPFX, /34 T
3 dh), gentamicin (GM, Tt v 7 ZAHA), 1iEA
DL, BRERTOLEFREZBHOLERE TR
L7z fvie, WHRISEI#ERR Pseudomonas aerugi-
nosa PAO 1 B X OKtkA 5 IPM Mtk % 511558 L
7z OprD RIBERMK 2 bk 3, ZIBIEFTRA Mp
H 5 HAE A IR 7ok N ERIR M bk 18 BRa A L
2o 7 AEEBRHERERIIH L TE, TOHKIZ
L -BRIK 8RR P. aeruginosa 1008, 1872, 2093
D3 /EMHL =,

2. MIC O#llE

HARA b2 # ik R 12X %5 Mueller-Hinton
agar (MHA ; BBL) %MWK EHREDITZD, UT
BN RRICERFREZER L CRMKICHE L 72, %
TEREIL 10° CFU/Ml IZARE L2 1 ARy b (Bul)
L7z FHLARDES (MM) 3RS 1 liter
112 10.5 g¢ K:HPO., 4.5 g KH.PO., 1.0 g (NH.)
S04, 0.1 g MgSO: - 7TH:0, 4.36 g sodium gluconate %
BHL, TIVBROBEZRNDLHEITIE MM 12 50
mM D7 I BERML, 1.5 % agar (Difco) TRHEA1t
L7- &R (MMA) Z2MH L7

AR X A )73 MHB 32 (56 C,
45 5P E) L7z AB LU F O 100 % il % 5 it
ELTHOWTHEBRAKGREICIVIWEL 2. ML
MmiFxAVLEECE, WEBFOHEBEDOLEIILD
PRE DOAE O T FBEET MIC ¥ 5E A5 #7235
B ot FOHHFIIEIA 78T L—FOKY =
VINOER A B @ERE M CRIE) & w728 KT
WARECE VHlEL, WIRMRIERAY (107 CFU/ml)
UTOBIZHOEELR LEHAE L. BRFERZEED
BEMEEZRL, HAETO MIC lEICBWTH 100
ug/ml % XA L U7z 2 5B A MO LRI L 2 Hl 72
WRE R 10 CFU/ml & L 72,

3. Edifitkru~ 757 4— (HPLC) (Z& %%
Hirh > PAPM O i

BE#R 12 L 72A% THISE L 720

4. OprD &HE KBk I8

L-broth T IEEY; % L7> P. aeruginosa PAO
1% 10 ug/ml ® IPM % ¢ L-agar (ZHHfEL, 37T
T 24 W& L7z AF L= — 2 UM T
Mite g L CHtMME S, ShODKOAIRGEN &
sodium dodecyl sulfate-polyacrylamide gel #5vkE)
(SDS-PAGE) (& 9 %@L, OprD &Kk E %

WL 7=

5. SEOFEL L SDS-PAGE 2 & 5 54T

L-broth i dmAEMP CHARBEREEL, FK
WHICER L (5,000xg, 20 53). HHk%E
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid (HEPES ; pH 8) T#iH#, FEHBICIPEL T

T (BEEILE UV-40/12 RN10-3B, 10 kHz,
150 W, 3 %) THiM LA, RBEHORKZ EL
(5,000x¢g, 20 4) WX OBRELA%K%, LiEx%x
100,000xg T 1 Ref&E Lo BEL CBEES 2B 20
I&ii 5> % HEPES SIS E L, BRRIRE 1% (wh)
IZ sodium N-lauroyl sarcosinate % #h L<C 30 C, 30
SHEERE L CHRERZ iE{t L7z, 18,000xg T 40
SHEE LS L, tiE% HEPES & ICBE L TH
PR 5 & U7zo MM i3 Laemmli® OB BEIZHE - T
SDS-PAGE %17- 72, ZAEDERIL bovine serum
albumin (Sigma) %##E# L LT, Lowry 5 O}k
Tiro 72

6. Bf-F77v—EigHhoflE

BB O —HEEERZF LR T 1/10 IZHRL, 2
FEIRGE R 2 L /2%, PAPM, IPM %7213 CAZ % 0.2
ug/ml (RABEE) wmML, 3510 2 FHEEEEY
$13720 HH (8,000%g, 10 4) #%, Hifk% 50 mM
) YRS (pH 7.5) WCEREL TEBEEMERL,
Dl L HEEE®RE Lz, f-lactamase HHIZ
PAPM % 7213 cephaloridine # 3% & LT UV &7 T
W L7z,

7. “C-PAPM D RAKNNDH Y A H

MHB THi¥# L7/ P. aeruginosa PAO 1 B XU
DD-11 OB % [HEH T 100 FIZHRL, 37 CTiR
R L OB MM ORI (550 nm OWRNEE 0.6
~0.7) %3720 ZOWWZ 50 mM 2-(N-morpholino)
ethanesulfonic acid (MES) #&## (pH 7.0) T##H
L (1,000xg, 15 %), FEEHHIPHE L 72 (550 nm
DWIEEE © 0.5)0 200 ul ORF#ER (3.3x10" CFU)
(23R “C-PAPM & (140 ug/ml) ZiFmML, 37
CT|RE L 1, 10 BV 30 IS 100 ul
YTV TL, AYT T 7 4% — (Millipore
HA, 0.45 ym) THW#BL”. 74 V% —i3 1 ml MES
RMHT 10 MPEH L, HRBE 1I0ml DO Y FL—L—
% — (Pico-Fluor 40 ; Packard Instrument Co.) HT
BatEYEZ M E L7z (Aloka scintillation counter)o
L-V V0B e s L &3S BT RERE 100
mM L-Y ¥ ¥ Z 3 U CRBRIZIT - 720

8. XU AEHBEEET I

ddY RHEtE~o X 4 @# (202 g3 HA SLC) I
Trypticase soy broth (BBL) THijs# L#NIZI Uil
HARL 7AW 0.2 ml ZBHEMICERL 2, B
BB XU 4 RpHED 2 MEERIEH 0.2 ml % K Tk
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5L QB 7TR) HELE. B 5 BEOTY 204%
D5 Probit HIZX Y 50% H3EE (EDw) B &
O 95% EHBERZ2KD, 1E%-)0RER
(mg/kg/dose) TR L7z
IL. # 3

1. RBEICHTEHIVANRRAAREORE ) & R
HEb-ZIE S

Table 1 IZi& PAPM, IPM ® 4 VNN i LR 2 #H|
EXHREE CAZ, CFS, CPZ, AZT OBz 2
MIC £ T AEHBRERTOERNE (EDs) %57,
Mueller-Hinton broth (MHB) HCHlE L7 MIC &
&, CPZ ZERIFTIEANNRALRE 2 H LW REL D
BICIRKREZENE 2D, CPZ 12 2 BICHT 5
MIC 7% 12.5 ugiml BLETH D, 20HEH 285 -
2, FRUNOTBEIIHINANRLE 2 F L AR
5& MIC i3 4 BEUHDOENTH o720 —F, ThdD
RIBE 3 BRiC X B RYIH LT PAPM, IPM X 0.4~
1.3 mg/kg/dose @ EDso N L7278, HED EDw 12
WEFRBZD 10 FULDETH -7z, FPiZid=w X
FEBLIE Z AR E LCHEL: MIC EDRL
720 TOBEHITIIE, INVIRZILZRE 2 H o MIC i
MHB TR®7:AED 1/4~1/16 DL %2 o 7255, 3ERE
RIEEALEDEHAE MHB TROEL D KEL o7,

2. ANNARILRED in vitro PIRRBREIEHICE X
BI&EET I BO¥

P. aeruginosa PAO 1 & 9 IPM itttk % EIR$T 5 =
EICkY, SVEEBE OprD OXRIBERKEZSBEL
Fig. 1 384 B X OprD REZEKONEZEOED
BRIKE Sy - 2RT, EEM DD-13 BX U

DD-62 BBHKITIEA SN B 5 FEH 43 kDa ® OprD
EHEDSY FERBLTEY, SEEHE B8
BT SDS KN 7 2 U7 I FPLVEBRIKBIZIT- 7
BAEICH, OprD YT 25 Fidii SRz d o 72,
¥ 72, P. aeruginosa PAO i3, L-broth HCH#EL 7
BEZH, TIVBEEILORIERTEERLE
FIZS OprD BHE OB L ELIZR S dh o7,
Table 2 ICIZH NV NARR L REOGIFBEERICB &
FTEMET I VBOBEERFETLEANT, kb X
O'IhHD OprD RIFERKICHT 5 PAPM @ MIC
EHRMEREREHCTHELLERE R, MHA

97.4— ~ e L
662— ¥ "y F= 5 & I5
bl el AR —
LA R B B N
31.0 —
W WS W S e —

AR 8 & & &
Fig. 1. SDS-PAGE showing the outer membrane pro-

teins of Pseudomonas aeruginosa PAO 1 (A&D) and
its OprD-deficient mutants, DD-62 (B&E) and
DD-13 (C&F), grown in L-broth (A, B&C) and in
minimal medium (D, E&F).

Table 1. Therapeutic effects of various antibiotics against murine systemic infection

caused by Pseudomonas aeruginosa clinical isolates and their sensitivity in

Mueller-Hinton broth (MHB) and heat-inactivated mouse serum

Challenge dose L EDso MIC (ug/ml) in:
Strain Antibiotic
(CFU/mouse) (mg/kg/dose) MHB  mouse serum

1008 1.9x10¢ panipenem 0.4 6.25 0.78
imipenem 0.5 3.13 0.39
ceftazidime 16.1 3.13 3.13
cefsulodin 14.2 3.13 12.5
cefoperazone >100 6.25 50
aztreonam 62.4 3.13 12.5

1872 1.5%10° panipenem 0.4 1.56 0.10
imipenem 1.0 0.78 0.10
ceftazidime >100 3.13 3.13
cefsulodin >100 3.13 12.5
cefoperazone >100 12.5 25
aztreonam >100 3.13 6.25

2093 1.5 %107 panipenem 0.8 3.13 0.39
imipenem 1.3 1.56 0.39
ceftazidime >100 6.25 3.13
cefoperazone >100 25 100
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Table 2. Sensitivity of Pseudomonas aeruginosa PAO 1 and its

OprD-deficient mutants to panipenem in various media

MIC (ug/ml)
Medium

PAO1 DD-13 DD-62
MHA® 3.13 25 25
Trypticase soy agar 3.13 12.5 12,5
Heart infusion agar 6.25 25 25
MMA" 0.39 6.25 6.25
MMA + 2%casamino acids 3.13 6.25 6.25
MMA +50mM L-lysine 6.25 6.25 12.5
MMA +50mM L-histidine 3.13 12.5 12.5
MMA +50mM L-arginine 6.25 12.5 12.5
MMA +50mM glycine 0.39 6.25 6.25
MMA +50mM L-serine 0.78 6.25 6.25
MMA +50mM L-asparagine 0.78 6.25 6.25
MMA +50mM L-glutamine 0.78 6.25 6.25
MMA +50mM L-glutamic acid 0.78 6.25 12.5
MMA +50mM L-phenylalanine 0.78 12.5 12.5
MMA +50mM L-methionine 0.78 12.5 12.5
MMA +50mM L-proline 0.78 6.25 6.25

~ Mueller-Hinton agar,  minimal medium agar

Tid PAPM @ MIC 3 ##ki2x LTl 3.13 ug/ml TH
7275 OprD RIEERK 2 KRIZH L TdWwTh 25
ug/ml TH Y, OprD DKI;AIZ X WML R SNz,
Trypticase soy agar (TSA) B & " Heart infusion
agar (HIA) 2B THREBEOEMPR SN, &
VIR (MMA) % HWw7234121&, MHA, TSA,
HIA%Z EDORFBE LI PAPM O BRI T
% MIC X 1/8~1/16 &2 572c MHA D 1 5 TH Y,
RET I/ BEEAELTVAEHIY I )BE MMA 12k
L3R T BARICH$ 5 PAPM © MIC i
MHA &% LW EZR L7,

MMA (2 50 mM O &M7 I B2 R L :5trh T
&, BRI 5 PAPM @ MIC ZiRmL727 3 /&
DHEIZIWRLE-TO, EENT7 I/ BTH5 L-
Yy, L-kXAF TV VERIE L-TAX = v ERNLE
L &2i%, BEkICH3 A PAPM @ MIC (& MMA &4
DRIz 8~16 fERK& fliZ/RL, MHA THl&E
L7 MIC &5 LwWlit koo —FH, BEWEUSNDOT
I ) BOFRMMTIE, PAPM O#KIZNT S MIC idi3&
ALEBES T ol THICH LT, OprD RIAZE
BERIZ$ 5 PAPM @ MIC ZiRmUL7=7 3/ BOM
HIZhhrboTRBEEZ T b ol

Fig. 2 121 MMA o L-Y) ¥y OREL EL S 27
B4 o PAPM @ MIC % #kkE OprD RIAZE Rtk
DD-13 IZ2WTRT . BékoBEE, Hiho L-U Y
VIBEMME T4 5200 PAPM OB OREAR S
hi=. —J%, OprD KBAZERKIIH L TIIEHH D L-
)Yy OBENZELL TS PAPM ® MIC I2E#E %8
XIZE ol

Table 3 \ZIZPifILEHETEICB LIZT L-) ¥ VDR

FEB. 19938
(ng/ml)
/i
12.5 T 13'(0 D:if' ') ’
DD- prD-deficient
625 9
3.3 [

Parent (PAO1)

MIC of panipenem

156 5/
0.78
039 —ff

0 625 125 25 50 100
Lysine (mM)

(determined in minimal medium)

Fig. 2. Effect of L-lysine concentration in MM on the
sensitivities of Pseudomonas aeruginosa PAO 1 (O)
and its OprD-deficient mutant DD-13 (@) to
panipenem.

Table 3. Sensitivity of Pseudomonas aeruginosa PAO 1 and its

OprD-deficient mutant to various antibiotics

MIC (ug/ml)

Antibiotic PAO 1 DD-13
MMA MMA+Lys MMA MMA+Lys

Panipenem 0.39 3.13 6.25 6.25
Imipenem 0.20 1.56 6.25 12.5

Meropenem 0.012 0.20 0.78 1.56
Cefsulodin 0.39 0.39 0.39 0.20
Ceftazidime 0.20 0.20 0.39 0.20
Cefpirome 0.78 0.78 0.78 0.78
Piperacillin 0.39 0.78 0.78 0.78
Norfloxacin 0.20 0.20 0.20 0.20
Ofloxacin 0.39 0.39 0.39 0.39
Ciprofloxacin 0.05 0.05 0.05 0.05
Gentamicin 0.78 0.78 1.56 1.56

BEANVNARILRE 3 HABIOCZDMMOHEHR IO
WTKE L2# R %2R T, IPM, MEPM O A V/3X %
LRETIE PAPM THRONWAOLRBIZ, BHTIE L
VYU E ) MIC o EAMBR SN, LAL,
OprD RIEZEKTIIBMRL D MIC I3 ERA LTVt
L-V Y ryRmoEBEIR N o2 —FH, 72
L %% (CFS, CAZ, CPR), =) »%¥ (PIPC),
—a—%/0r%¥ (NFLX, OFLX, CPFX), 73/
7Y ay FRE (GM) TiEWwFhd L-Y I Vigmic
X% MIC DB ERS51Y, OprD REBERTO
MIC ® LR RSN Ah 72,

3. “C-PAPM D RKN~DHY jAH

Fig. 3 121 “C KZifk PAPM O#kIE R BANNDOIY
AAH % BH/B XL OprD RIBERKIZOVTHREF L
BRERT, BHRIIHT 5 “C-PAPM O Y AARIE
L-V VY HEHFAET TRNMOZHIC L2 - THmL
720 D “C-PAPM O A& 100 mM L-Y) ¥ v %
Brpicimmy s itk -oTELLHBI SN, —
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Fig. 3. Uptake of “C-panipenem in Pseudomonas aerug-
inosa PAO 1 (@, O) and its OprD pro-tein-deficient
mutant, DD-11, (&, A) in the presence (O, A) or
absence (@, A) of 100 mM L-lysine. The experi-
ment was run in triplicate and the results are shown
as means * standard errors.

Ji, OprD RIBERMKTI, L-V YV VEHEETICBW
TH “C-PAPM OWENR Y AARIHLTHITH Y,
100 mM L-Y ¥ YEHETICB VT “C-PAPM O b 2
AIBEALEBEZ T o7

4. FEMLe FFERTOHINARELREOHRES

Fig. 4 (33Efb v bIiE 2353 & U Rk B R 7B
BIZH3 5 PAPM & IPM © MIC %##il# L, MHB T
WEL7-EE B LERERT . REF L 12 KW
I LTH PAPM, IPM & MHB & 9 JE{Lini
TELAbiRBEEEZRL, MIC & PAPM T 32~
250 1%, IPM C 8~62 ffEN T\ 7=,

5. OprD A, p-97 /< —YEALREICBIIZ
TL-UYVORE

B L-) YV UBHEELRVEE, OprD OEL
BB L THIVARARALAREDSNEEBIRE S
P2l ANNARRAREOHRBEEE I HR SN
7= EEM % RETT 5 BT, L-broth XU MM TH
#1172 PAO 1 #%® OprD BRICEAVBR LN LD ED %
Bt L7 Fig. 1 (lane D) /R @Y, P. aerugi-
nosa PAO 1 @ OprD EARIE, L-V IV Y2&I%0V
MM ¥ ciEg L7235 E1C D L-broth THEBLZSE
(lane A) EHARTEHALELIZIR O Do

$72, B-I7 I —EBIUR=VY VHEERAR
EECBLET LYY VORBERALEY, wih
LEELEBEIRON R o7z, RO L-) Y U8
ANNRAAREORER CHBEBLETIELN %
BEBkro< b7 1 —RERAVTRE LD, K
XREBIRLh Lo (TR F— 5 W),

. = &=
BEBENED OprD BHEORBI AN NNRE LR

in Mueller-Hinton Broth in Human Serum”*

Strain

433 EESEEEEIE
638 PRATEAEOTNT

1008
1609
1872
2093
2290
3359
3596
6361
6394
8465

*inactivated at
56C for 45 min

0.0250.10 0.39 1.56 6.25 0.0250.10 0.39 1.56 6.25

MIC ( ug/ml)
PAPM: panipenem, IPM: imipenem

Fig. 4. Sensitivity of Pseudomonas aeruginosa clinical
isolates to panipenem and imipenem in
Mueller-Hinton broth and inactivated human serum.

Table 4. Sensitivity of Pseudomonas aeruginosa clini-
cal isolates to panipenem in MMA and MMA
containing 50 mM L-Lysine

) MIC (ug/ml) Change in MIC
Strain
MMA MMA+Lys (fold)

1872 0.20 1.56 8
2287  0.20 1.56 8
2396  0.20 1.56 8
1611  0.20 1.56 8
1594  0.20 3.13 16
2394 020 3.13 16
3725  0.20 3.13 16
1601  0.39 6.25 16
1602 0.39 6.25 16
1615  0.39 6.25 16
1599 078 6.25 8
1874  0.78 6.25 8
1875  0.78 6.25

3498  0.78 125 16
1573 3.3 125 4
1584 3.3 12.5 4
1583  3.13 125 4
2400  6.25 125 2

EOMEAICHEES LTwWAZ LU SEHENT
Wizv, —F, BAIZANVAREAREOHFEEIES
BT 28T OprD DEEHRZRTIENTE I,
WP OBEERET I BRRELZETI®LILICLD,
ANNNELREOGRRBAEEAWERL, ZORR
IZ OprD HEEMMEE LTWB I EBHLNMIE o
IPM it PR AR MR B RRAR 53 MEVK Tl OprD REHEOEAR
ETFHALELITEHESH, OprD #° IPM OZBILTH
A9 LR IN T2, Trias 52 (K E OprD Z# A
RATEYRY — LD swelling assay 12X 9, OprD &
BILZERATEDIDIZIPM L EDHANNREALRED
EPRHNVNARELREERERICEHP T A2 EA L HRE
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Table 5. Sensitivity of Pseudomonas aeruginosa PAO 1 and its OprD protein-defi-

cient mutant DD-11 to panipenem, imipenem, and ceftazidime in MHB and

biological fluids

Strain Medium MIC (ug/mb
panipenem imipenem ceftazidime

PAO 1 MHB 6.25 1.56 3.13
Biological fluids
Human serum 0.20 0.20 12.5
Human serum + Lys” 1.56 1.56 12.5
Mouse serum 3.13 0.78 3.13
Mouse serum + Lys 3.13 0.78 3.13
Mouse ascitic fluid 0.2 0.1 1.56
Mouse ascitic fluid + Lys 6.25 3.13 3.13

DD-11 MHB 25 12.5 1.56
Mouse serum 12.5 6.25 1.56
Mouse serum + Lys 12.5 6.25 1.56
Mouse ascitic fluid 12.5 6.25 1.56
Mouse ascitic fluid + Lys 25 6.25 3.13

» Biological fluids were inactivated by heating at 56°C for 45 min before use,

* Supplemented with 10 m mol of L-lysine

B ETHRERAMREZR LAY THL I L EZR LTS
7, ThHDEEWD OprD »HDERIT L-Y ¥ >,
L-LXF TV, L-TVXF= U EOEREET I ) BIC
Lo THESINAEZ NS, OprD 3EEMET I VBO
ZBILTHY, BERTIVBLEVEEEETLH
WNNRALRERLREALRENZOEBILZ BRI
AT 2bOLHERE L, T2, OprD EBILOKIEIC
IRBREIEICAS OBMICWELT L EER L,
LA DVE-RERD OprD BBILAIEREMET I/ BEAH
WNARRALREDORBRWEBILTHEILERLTY
Bo HAZI T, BHPDEEET I VBEHAN AR
FLREOHMBAFEE LK T SETEBY, EXMET
IVBBERETIRAILIZEIDINVARFLRE
DB EEE 2 MRS ELIENTELIERRL
oo COTENEELZBREFEODIX, BRI ES
e UTHEEMIZHW SN TV 5 Mueller-Hinton 3531
WIEAFIVBELTHRECEENST I/ BM¥EE
NTWEA, AERNTIRCOLILBREDOERET 3
JBRIHEEETE, TORDHNARELREIZ MHA
THlE L7z MIC 26 FHl Sh b LU BRI EERNR
BRERTOLOLERSND, B, ¥t~y 2B &
e ME 2w E LT MIC 23&E L25A,
M7 IV BRIEAEBRARICBELHERIPB O
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Outer membrane permeability and effect of basic amino acids on antipseudomonal
activity of carbapenems

Satoshi Ohya, Nobuhisa Masuda and Eiko Sakagawa

Biological Research Laboratories, Sankyo Co., Ltd., 2-58 Hiromachi 1-chome,
Shinagawa-ku, Tokyo 140, Japan

Carbapenems, such as panipenem and imipenem, showed better therapeutic efficacy against
murine systemic infections caused by Pseudomonas aeruginosa than the activity expected from
their MICs determined by using Mueller-Hinton medium. The mechanism was investigated and
concluded that outer membrane permeability of P. aeruginosa played important role on carbapen-
em’s antipseudomonal activity as well as existence of postantibiotic effect and strong bactericidal
activity of carbapenem. Carbapenems showed 8 to 16 times lower MICs in low-nutritional media
than those determined in Mueller-Hinton medium. Basic amino acids, such as L-lysine, L-histi-
dine, and L-arginine, were responsible for the decreased antipseudomonal activity of carbapenems
in Mueller-Hinton medium. Other amino acids had little effect on antipseudomonal activity. The
effect of basic amino acids on antipseudomonal activity of carbapenem was concentration depen-
dent. OprD-deficient mutants were isolated from P. aeruginosa PAO 1 and examined for their
susceptibility to carbapenems with or without presence of basic amino acids. It is concluded that
the decreased antipseudomonal activity of carbapenems was caused by competing permeation of
carbapenems and basic amino acids through OprD channel of P. aeruginosa. Such influence by
basic amino .acids was specific for carbapenems and it was not observed for cephems, penicillin,
new quinolones, and aminoglycoside. Uptake of “C-panipenem into P. aeruginosa PAO 1 was
almost suppressed by 100 mM L-lysine, and the inhibition of *C-panipenem uptake was not
observed in the OprD-deficient mutant. Concentrations of free basic amino acids are much lower
in human serum than in Mueller-Hinton medium (less than 1/40). This is probably one main
reason for carbapenem’s stronger antipseudomonal activity than that expected from their MICs
determined in Mueller-Hinton medium.



