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PrEFEOF 2 1 2R3 prulifloxacin DGR NM 394 @ type 1T
topoisomerase 1A T2 SARMR A X3 B HUE T

MRS - HETY - il R - B AR
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BRIR 7 Bl OFFIR W 7T R 2 MW & LT, gyrA BX W parC ®F 7 v Y iFtEgtE #HI% (quinolone
resistance—determining regions: QRDR) MDZEHIZAED GyrA B L U ParC O 7 3/ BEE I & Filke
F /1 ¥ 5R3 prulifloxacin OF A NM 394 (259 2 MO R Z MG L7zo gyrA 7213 parC @
BRIZE DT I BREWRAFD S NI 77 #kvb 24 ¥k (81%) fiAE L 720 5 24 BRIZ TR T GyrA
W27 I EBRBEEIED LN, E5ICParCIicd 7 I VEERORD SN LK 18 #kd - 7274%, ParC
DARIZT I BEROBD SNDRIE B 572 SHET I BEOEHR L 72/ NM 394 1263 % &
%ML, ciprofloxacin (CPFX), levofloxacin (LVFX) B X U gatifloxacin (GFLX) %9 % &1
EFHBRICICT LT 7zo GyrA ORICZT I/ BRIEIRAFED SN 7zfkiL, #BF 7 o v RIEITx L CTRE
FIHFEMETH Y, SHICParC T I/ BEHEINND - 2R IEEERETH o 720 ZBRBKITH
9% NM 394, CPFX 5 & U LVFX DMK A ) % LB L 724528, NM 394 1& MIC I B WV Tw
FTHOLEEKIIH L TOERD VRIS T 2RR N EFBRETH o720 —T, 7 I/ REBRIRD S
NBRICH 5 CPFX BXO'LVFEX OB, 73 7 EBREHEI 2 RIS T 2 RE I gg0 -
720 LLEOFEEMN S, type Il topoisomerase Z 52 HRICK 35 NM 394 DK JJ1ik, CPFX B & UF LVFX
DOBBENICHRENRTWDE Z LD S 2% 572

2003

Key words: NM 394, ##l##, gyrase, topoisomeraselV

Za—F 0 YRAEPTRE R 1980 FUAH S IR R,
PREERIERHE % &5  DRRGIEDIHHIE L LTS
T&72. —H, ThooFx /7 u yRIEITH3 5w o8
PIAERL CHRE S, BRMIZOMEE 2o T,
R, BBE O X 7 o VPRIV TIEE  ofEr D 52,
REOX 70 Y TEORTIIENS T TH 5 typell
topoisomerase (DNA gyrase, topoisomeraselV) DZEH(Z
LB BAEDRT, FHEMEDIT B L OFEAIPEL R OTT
H#E% & TH55Y, DNA gyrase i3 KD DNA % [FEEI2Y)
Wi - AT A5 LICL ) DNAICAD A —/S—a f L& #
AT B, AEHFHIZAY T2y b (GyrA) ¢ BHY7T2=v
b (GyrB) D% 25 FCTHRINS 48AT, £ 7=
v MIZhEhgyrA BEX W gyrB I3 — FENTWnw5p102,
% 72, topoisomeraselVi: A DNA % YJif - A9 5
ZLIZLDDNADTAT A= a v EITIMETHY, i
BRETiZEnEnparC BLX P parE 23— FE3 T3
ParC 251 & ParE2 5 T E N TnwabY, 209 b
MBEROF /a0 VI Lo THREDIE, gyrA BL D
parC EoO X 7 0 Vit #I% (quinolone resistance—

determining regions: QRDR) & IFIEIL T 25 HIRIZ )
ELTVLERPELRDDOTH LY,

Prulifloxacin (PUFX) i, HABIEKNSH L HiRRHE
HASchABEESNTO FS v ZERIOF ) 0 v R3
Thbo, PUFX DIEERMKCNM394 137 9 2 HEEB X O°
FetEii ot L CIRIA < BN ZZPH D 2R 3767, 512, ki
WK L THABHNI W D AR L, R T b
BhTwa,

REFFETIE, TAERER B SN 2ZRIBRE O gyrA B L O
parC ZERMRGHEERE, Fh OERMRICHT 5 NM394 & ¥
J a5k 3 HIOBLMIE I DV TG L7,

I. ##® & F &

1. MEAHEKE

1998 4E IZFIR AT BE & 1) 73l S ML 72 Ak R 77 k& Al
HL7z

2. fEHER

PUFX O HEARK NM 394 i HAFIE L 5531
725 0% L7z, Ciprofloxacin (CPFX, /¥4 T L3
i), levofloxacin (LVFX, #—#3) B X 0" gatifloxacin

A 2 11U vl s A 1X i B BT 760
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(GFLX, #ARE3E) (XA X bR L-2b 0
2R L7z,

3. BRI OWE

H AR b e e SRR e 9|2 #E U, Mueller—Hinton
agar (Difco) % i\ 7z RFHARE TR/ E L
BEE (MIC) %l L7z,

4. JHREHRE

Mueller-Hinton broth (MHB, Difco) 2 T—#%¥%s
2 L 7 BB % ¥ ik MHB T 10°CFU/mL 12 7% % &
ML, & 5I1237C TRERE L7z Hia8MMG 2
WERI R ST B & 20 5 X 9 ICHIRSEZ/m L, Purs
w3 BXoekIcy Y7y vy L, EEE (CFU
/mL) ZHIE L7z

5. PCR 3 X 0" DNA iRy o gesg

Bz T o ¥iEE X O"DNAM & B 5 o 3t 2 13
Mouneimne 5D HFENCH, L2, ThDOHLEEHRID
WL mEDNAZTF Y 7L —bE L, gyrA 121
PSE 1 (5'—-GAC GGC CTG AAG CCG GTG CAC-3",
X7 LFF (nt) 115-135) & PAGA2 (5'-ACG CTC
GAC CAT CGC TTC CA-3’, nt 1281-1262) %, parC
121 PAPC1 (5"-ATG AGC GAA TCC CTC GAT
CTG-3", nt1-26) & PAPC 5(5"-TGG CCC AGT TCG
CTG AGC AGC A-3", nt 434-413) #7554 ~v—& L
T# QRDR % &t 01 % PCR 2 THIME L 720 RS
WIZIEETIA4 < —DXT04uM & TaKaRa Ex—
Tagq™ (Eifiz%) 25U 2@ L7z PCR @ St &M1&
M, 94C, 14, 7=—=1 > 7;65C, 14, MEK
oy 72C, 148, A4 7 vE; 25 & L7z

WMIESIN/-KZ£EET 2B # L, ABI dRhodamine
Terminator Cycle Sequencing Ready Reaction kit (7
TIALFNAF VAT AT Y8 Y) OFEFIZL2H -
THRIERH % P L7zo WERRGITER D754 <=L
LT, gyrA IZ13 PSE1 3 X I'PYO 1 (5'-GCC CAC
GGC GAT ACC GCT GGA-3’, nt531-511), parC I
I PAPC1B X UPAPC5 # W7z ¥ —27 T V¥ —
X ABI A #3700 % H W 720 B Z KR TH B P
aeruginosa PAO 1 #RIZDW T b RIS IS & e E
L, ORI EREL, 73 JBERZE) bOEER
EL7

II. #& S

1. QRDRZERICX 2T I/ BEHOMHERE

T I BEERONY = h S TTHRE 4 7V — T4
L7 17V —T7R3EBRIBEDLNZ OV, T7V—
T GyrA 2 1 ATz S B8k, M7 V— 71 GyrA
& ParC IZZ NN 1 DFTE#RDH L8k, BLUTNI WV
— 7% GyrA 2 2 2 & ParC 12 1 2B OH 55T
»% (Tablel),

gyrA ® QRDR OERIZL 57 3/ BRoOEHIT 24 B
(31.2%) IZ#H BNz, 24 #rb 21 #:1% 83 F H @ Thr

Table 1. Amino acid changes encoded by mutations
in gyrA and parC

Replacement in QRDR
Numb.er GyrA ParC
Group  of strains

tested 83 87 87 91
Thy Asp Ser Glu

I 53 — — — —
3 Ile — — —

2 — Asn — —

1 — Tyr — —

I 12 Ile — Leu —
1 Ile — Trp —

1 Ile — — Lys

v 2 Ile Asn Leu —
2 Ile Gly Leu —

—*.no mutation

Ale ICEIRLTHBY, bor BB Tho7
72, 21RO AR TIEE 512 GyrA ® 87 F H ® Asp
A Asn F 7213 Gly 2B L Tz,

parC ® QRDR OZERIZ X 57 3/ RiE#HIS 87 FH
® Ser ¥ Leu 7213 Trp @B L 72 #k25 17 H & o
EDE K, ZDIENIT91FH D Glu 28 Lys ([ZHEH#HR L 72
1 RAD bNT2e 72, ParCIZ7 I /) BREHL O
D 5N TIETNT GyrA [ BRAED SNz 4
EES L 728k D 7 5 Tid GyrA @ 83 F @ Thr »% e |2,
ParC @ 87 % H @ Ser 7% Leu |2 2 EE I L TW A A
Lol 12HAFELT. STHRHOT I VWL T
X 91 F H @ Glu A% Lys ([ZE# L7242 1 BRFRDO S,
ZOKD GyrA © 83 FHHIZ lle E# &2 fE - T 7z,

2. QRDRZRIZX BT I /REHE MIC & OMR

KRR 77 MR 5 NM 394, CPFX, LVFX B X
" GFLX ® MIC 44 % Fig. 11278 L7z GyrA B X O
ParC 127 3 /BERIADONL W] Z IV —TORKRIZ
X9 A5 NM394 8 & UFCPFX @ MIC i% 0.03~2 ug/
mL 244 L, LVFX i 0.13~8 ug/mL B & UF GFLX
1% 0.06~8 ug/mL 253 4i L T\Ww/zo GyrA X 1 22F7 7
I BROBEIROSNT 7V — T ORI 5 NM
394 B X ' CPFX ® MIC & 1 % % B\ T 1~4 ug/mL,
LVFX 3 & U GFLX ® MIC 13 4~16 ug/mL T& 1,
BERSRICH 3 2 T 7V — T OMROEZIX T 7 V=T D
BRIZH AR A o 720 LT L 72 1S 2 NM
394, CPFX, LVFX B X ' GFLX ® MIC iz #Fh Fh
32, 32, 64 BL U 32ug/mL TH -7z

GyrA B X U ParC 12 1 D7 3/ BRIEH TR0
b7 IV—7TOIIx 3 %5 NM394 & CPFX ®
MIC i 8~64 ug/mL, LVFX 3 X OF GFLX ® MIC i&
16~>128 ug/mL TH 0, M7V — T OO EZHIZ
I7NV—TORICHRESIET LT, ParCO T
IBAPBBRLZDZV—FOMDI 5, 91 FHD Glu
A Lys B L7282 1 BB £ 0887 F H D Ser 28 Trp
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FEDONL D 5720 GyrAZ 2 D7 I/ BEHRO
RO HLNBN 7V — T ORIZRBIH 72T X TOIHEH]
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Fig. 1. Susceptibility distribution of 77 isolates of
Pseudomonas aeruginosa to four quinolones. The
isolates were classified into four groups according to
the presence of QRDR mutations in the gyrA and/or
parC genes. See Table 1 for the definitions of groups I
~1.

Wxh L CE 2 R L7z

3. QRDRZRICX 27 IV BBEHARICHT SF /10
NS YoYeld R T: il

I,IBXUOMZ V=T ORISR L 2% 5 B
LFONZ V=T D 2RI T2 NM 394, CPFX B L O
LVFX ORI W 2 5 L 72. &£FEA D 1MIC &
1/2 MIC o> 3 B[l 35 X OF 6 I 1 7% o0 4k 1 3%
(CFU/mL) ® &4 % Fig. 212 L7ze ZREh ol
&, I,IBXOCMZV—FTiE58, NZV—7Tlid
2 RO ERBOBA % FH L7 TR L7z,

7 IBBROBO NP o721 TV —TOKRTIE,
NM 394 @ 1 MIC i) % 3 W & 086 B /EH #12
FNEN#32B L 3.6log DAERBMDBLIED S
N72o NM394 i3I, IBLUON IV —TO/RIZH LT
HITIZFEFE AR 2 WA S ¢72 (Fig. 2A) » CPFX
DIMICYEHTIZI ZV—7OHHIZNM 394 & 31T

(A) group I Jig m v I i 1 \i
4

Alog CFU/mL

(B) group T II il h\ I II m N

Alog CFU/mL
=)

|
I\

M control B NM394 O ciprofloxacin [ levofloxacin

Fig. 2. Bactericidal activities of NM 394, ciplofloxacin
and levofloxacin against Pseudomonas aeruginosa
with or without mutations in the gyrA and/or parC
genes of the QRDR. The means of five or two strains
are shown.

(A) Antibiotic concentration of 1 MIC; (B) Antibiotic
concentration of 1/2 MIC. See Table 1 for the
definitions of groups I ~1V.
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FIREEDOERBOMAZ/R L7z, T, MBLPNI IV
— 7 ORKRTIRERBOMAIEINM 394 £ ) Do
720 LVFEX DO 1MICEH TR I, IBL VPN V—TD
WHkOAERBEAE, FIEFABRETH 7225, M7V —
T DRI TIE CPFX & AR A W B D3 %% NM 394
WD h o 72,

F72, NM3M ZWIFho 7 v—TORIZHLTDH
1/2MICRECTHERWE Z WA S €7 (Fig. 2B). 1/2
MIC ® CPFX 1& 1 7V — 7 OO AW H & WA S &7
A%, BEBETIET 7V — T OMIZIERERFE DR HA
Gl o Tl 73/ BEBROFRIIIPDLST 1/2
MIC @ LVFX T NM 394 (2 H~RAER B O WAE A 7%
o7z,

1. == =

EROR S BEARNR TN 77 MR BRIk E LT, ¥ /B VR
FDOREMN 5T Td 5 type [l topoisomerase & I — K3
LHIZT LD QRDRICBIFAERIZL DT I/ BRiE#HR
DA TEF 0 REOYR T & OBFRIZO W THRES
L7z TTHDH %, QRDROZERIZL A7 I /BB
RO S NIRRT 24 ¥k (31.2%) TH Y, ZOHER
WE I TORE LITF—H L7z EROBOLNTz 24
TIETRT gyrA ICERDPEDO LN, parC DIKRITE
HOBD LN DRIZHFLEL D> /2o Akasaka b I3,
KM O DNA  gyrase (2379 2 %/ 0 v RIEO HEN
%13 topoisomerase IV IZxt 3 % FHEEHEIC GRS, F
/0 v REOREMER X % —KAEM 2iix DNA gyrase
ThbELTWVD", bLbNOWETH NM 394 Dk
W2 @ DNA gyrase (2319 % FHE % 1% topoisomerase
VI § % HEE ISR <, —XIEH 51X DNA
gyrase ThH b L EZ b 57, BENRFE»LH, F
Ju hEERERRIRRE CTld gyrA ZROA LK S
Ny, BEEETIE gyrA ZEIZE 512 parC RS
MboTWDZ b, MIRKICEIT5% /0 RHED
—XKVEF X DNA gyrase TH O, ¥/ 0 UiiFEER
X, T oA TRIY, Z0HIC parC SRS E
PR ERT VB8 SO 77T kOB TH, parC
DOHRIERERAETIHREIBOLN o7, Tz,
gyrA DERTII83HFHD Thr ® Iu ~DEIEAD -
Eb%L, TOEROBDONIRITTRTH ) v Ui
e Tniz, ZORRIE, EROME L —FL
7z TOERIZ, KBETIAT vy 7 THERENL 83
% H D Ser 2% Leu ~EIR§ 5 Z 7P L FARIC, BIRO
BlBVTH o L BIRENRTVWERTHLLEERDS
Nb, ToOMIZ, gyrA TIZ87FHFH D Asp % Asn £ 72
X Gly ~OBEZE)EESBOOLN, ZOERDF
Ju YIS L TwaEEZ N5, SRIOKETT
&, 73IBOBERIED LN gyrA DERIZZD 2
DHTDORTH o720 parC TH o L bHENFLREDH
N7z0ix 87 FH®D Ser #° Leu NBITLERTH - 72

Z oIz, 87%F H @ Ser 7 Trp ~, 91 % H @ Glu »°
Lys ~NiE#t U 728055 1 BRRRD O L7z, ARIR I Tld gyrA
DI parC OEHEMDB I EIZEI D EBICF /1
YRBEITHEEDISRHEMMEE 2D, parC ODERIZF
0 YR T HEEMTLICEETHL EEZON
%o

IS OERRICH T 5 NM 394 ® MIC 1, CPFX
B LU LVFX © MIC & BRI LA L, NM 394 i3 fi1 ¥
Juay RELFEOTMIAEH T E 265, L
L, WREEREDZRET 2L, NM39%4 131, IBX
CM 7NV —TDENENDOHEKIZH L TRREREDORRE T
ZRL7ZD, CPFEXBLUOLVFXTIXI 7 V=7 O
PREWIEL TB LT 7V — 7 ORRICK§ 2B
KT LT, ZoRRIE, MIREISTT 53/ 025%
HOBKE NI MIC IZBET 5K F & 1358 % - 720+
G- L, NM394 & CPFX B X U'LVFX & T3 £ h
T AEAR 2 WL ZRIZL TW5, ZOHIZ
DWTIEE ST R LI TDH 5o

FREOF /o VT & LT, B oOERD
I, SEAPEMBERE OB G- 253 5 o Tw 227 AR
BCHE LK 7V —TWICS, B o v k3ot
T HEZMEPRE S RGP L T2 SRS
DENIZIE, DNA gyrase B & U topopisomeraselV D
QRDR DA DB DOZE R B X OEHOI Y Ak - HEl
B OB G L Cw A it dEZ 5N b,

Dk, &% o QRDR OZEKIZH 35 NM 394 @O
MIC @ LRI F ) 0 v R L FAETH - 7245, NM
394 DEIFHIFRHE 11X QRDR ICB T 2 LR DBE L %
FIZ WS EPHLNE R 572,
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Antimicrobial activity of NM 394, an active form of prulifloxacin, against clinical
isolates of Pseudomonas aeruginosa with a type II topoisomerase mutation

Minako Araake”, Mariko Tani”, Kazunori Maebashi’, Tetsuro Hara’,
Hiroomi Watabe”, Hiroshi Takahashi®”, Yutaka Tokue”, Shigeru Fujimura”
Kazunori Gomi® and Akira Watanabe”

YPharmaceutical Research Center, Meiji Seika Kaisha, Ltd., 760 Morooka—cho,
Kouhoku—ku, Yokohama, Kanagawa, Japan
?Department of Respiratory Oncology and Molecular Medicine, Institute of Development,

Aging and Cancer, Tohoku University

We examined mutations in the quinolone-resistance—determining regions (QRDR) of gyrA and parC
genes in 77 clinical isolates of Pseudomonas aeruginosa and compared the susceptibility of these isolates to
NM 394, an active form of the prodrug prulifloxacin, with those to ciprofloxacin (CPFX), levofloxacin
(LVFX), and gatifloxacin (GFLX) . Ofthe 77 strains, 24 isolates exhibited an amino acid replacement in
the GyrA or both the GyrA and ParC regions as a result of mutations in gyrA or both gyrA and parC,
respectively. All of the 24 isolates had amino acid replacements in GyrA; none of the strains had amino
acid replacements restricted to ParC. Amino acid replacement in GyrA but not in ParC was found in 6
isolates whose susceptibility to NM 394 was decreased; the susceptibilities of these 6 isolates to CPFX,
LVFX and GFLX were also decreased. Amino acid replacement in GyrA and ParC was found in 18 isolates
that were highly resistant to NM 394, LVFX, CPFX and GFLX. The short-term bactericidal activity of NM
394 at the MIC concentration against strains with or without amino acid replacement in GyrA or both
GyrA and ParC was similar. The short—term bactericidal activities of CPFX and LVFX against strains with
amino acid replacements in GyrA or both GyrA and ParC were lower than those against the strains with no
amino acid replacements. These results demonstrate that the bactericidal activity of NM 394 against
strains with a mutation in their type II topoisomerase genes was higher than those of CPFX and LVFX.



