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Streptococcus pneumoniae \IBITAH ¥ 0 L RECERBFEOBITEEME L, Brox / o FE%
AOWTHHUERRZEBNICERL, ThoZBEICBIAF /0 REDY—F vy b 22— FT58EIE
FOER%RE L 72, Trovafloxacin (TVFX), levofloxacin (LVFX), norfloxacin (NFLX),$ X O
ciprofloxacin (CPFX) (2& o TERINE 1 EBEDOERKIE, parC Bz FICE—OHEREZALTW
720 —7%, sparfloxacin (SPFX) B X UM gatifloxacin (GFLX) (& » TERSNA-ERKIL, gyrA E1x
FILBE—DEEREAEL TV, BEKREEEL CTparC EEKIZZ OEIREF TH 5 TVFX, LVFX,
NFLX B LU CPFX IZH L TOABRZHDOET A D LN, gyrA ERBRITFOEREHNTH S GFLX B
LU SPFXIZtt L TOABREMDOETHED LNz, FE2EBOEREKICBVTE, HFHTAF /0%
B IIhDboT gyrA BEMRD S parC BEKRD, parC BRI O X gyrA BEBKRMERSh, #HRL
LTIRTOE2EBEBOERKIL, gyrA +parC D_EEZRZHFL T, INHLE2ERBEDOLEEKIL,
BIEBOERKRELBELT, $XTOF/ 0y REIIF L TERZEFET LTV, ZhHDERIE,
FEBKIZBITA TVFX, LVFX, NFIXBX U CPFXDE/55—4 v I MRAVAL—ZXNTHY,
GFIX BLUSPFXDF7/55 =y FIDNAV YA L—RATHEILE2RmME LT, ¥/, F1EK
BED gyrA ZEMB L W parC ZRERIIBIFEF /0y REDOELDZ =7 v ML, ZhEh bRV AL
—ANBLIUODNAYV YA L—RATHBEILERBLTVWS, CNOEI1EEBIUVE2EBREOERKDZE
RICBLT, FATAF /0 RBEILL> TERKROBROES ICEVHPRDO LNz, 5121, BEK
PERLEOF /0 REIL, BOMERKIIHTIMABEROKRTONSVEBIPBZDO SN, Th
LOERENS, in vitro BV THHERKEZ BRLEVF /0 RE L, BERNICBVWTDNAY YA L
—Z2EFNRAVAL—ANEEWVLANLVTHET S “Dual Target Quinolone” THA I LAEZ LMLb,
BEPR & 0 SEES M ST S. pneumoniae 99 FRIZDOWT, ¥/ 0V REIINTHIRZMELEZDS—F v b
DBEIZFERZRITLIZE S, 93k (94%) HF /0 v KMk, 568 (6%) 7%/ 0 ViEifthtk
(CPFX ® MIC=6.25 ug/mL) THH, ThoDOWUEKRDI LEHRTHF / 0 REDS -7 v b2 a—F
TAREFIERENADONT, TNOLDFERIE, BRL VEESBESIND S pneumoniae IZBWVT, F
)0y REICHTAMBEELEEENIEERL TS, 5%, S. pneumoniae BREFEIIHTHF /10

VEREOBRKRTOMAICE LTI, MEEE, ANBEBIURENEZERIIANLILIbBLSA, £

DEMMAEBESEL-01C, BREAESICHMHLE 2V ENFERTH Y, EHIZ L 2R ER
DEZHLEZEEL TV LENDHLIDEEZ LN D,
Key words: Streptococcus pneumoniae, ¥ /0> %%E, {Ef#F, DNAY ¥ f L —A, PRA VAL —
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Streptococcus pneumoniae \3iFAti%, BHEFHRB X
CHIEMREAoREB L LTHKR LERLREN1°TH
Bo W, X=) VittED S. pneumoniae (PRSP) %t
REORIEAD 2 RETHBY, AP THEKRL D THS
1% S. pneumoniae ® 40% WL Eiz <=2 Y HHEEL D
FCBEMMEKRDOPRSPTH S LOHEN I T
39, PRSP OBHEIZME, -T2 § LREIZLHLER
EAB kS 5 S. pneumoniae BEAE b |ME S THE D,
BREDOKX ZREE 2o TWh, 29 LAKET, S

pneumoniae {2 & A BERFIEHEFEIIB VT L-F 7 ¥ LFRED
NOMHEOVEUDN BT > TET 5%, %, S. pneumo-
nige XX L TENCERZETHF /0 RAREOCHE
HEDHLNTHY, PRSP % &8 S. pneumoniae EEIE D
BREO 1L LTHfFEIATYS, BfE, ThoFd /oy
FEDS. pneumoniae (X T HEABFICIOVTIE, & F
SELAELLOOMEIEDOLNTVELEIATH A,

F/ O REOMBEICBTAY—4 Y MIEIDNAY YA L
—ZABLPPFPEAVAL—=AN(FREN)D 22Tdh 5%, DNA
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VXA L—ABIVP IRV ZFhZhYEk DNA OERB
JUHEBEOSRICLATH Y, ¥/ 0 REIINL OB
EREEMET A LIl o THMEEZRY. ThH 2205
=7y b0 L, ¥/ 0 REIH LTI )EZEOEVE
F (FB9—F v M) LXoTHEOF /0 v REIIHT
BEREUATEIIRESNELDEEZONT WS, KBHRIC
BWTIEEDNA VYA L—ANF/a vy REDEL S —F
vy hEEZOLRTEYY, BT FYIKESB LS. pneumo-
niae DT 5 ABHEICBWTIX VRN ELDL -7
v PTHAHLEEZ LN TWAEY, &KilL, sparfloxacin D S.
pneumoniae \IBIFHED Y —7 v FHBDNAY v 1 L
—ATHDEOHEMNLE SN, S. pneumoniae IZHB T
X/ 0 RBIZESTEDERBE =Ty MERBIE
HSHH & A& 72 o T\» %, Sparfloxacin 2A4} Tid, clinafloxacin
NEBZ—5y bHBDNATV YA L—ATH 5T LEVHRE
ERTWwAEY, LiL, FhobitoF/ orREDELS
=7y MIET A HEIIL B\, £Z T, S. pneumoniae
DX /U ViHERKS L OCBRSERICELTF 0%k
EDYy—7 Yy P THADNAV YA L—ADABLUBY
Tazyv b EZFREFRI—-FT b gyrA B X WgyrB EiR
F, B5TIZIPRNOCBIVEH 722y b2 EAER
I—F35 parC BL UV parE BIZFOBIT 2TV, LD
¥ /urvREDELI =y LTI =7y MIT
AEHIZOWT, B OMAL L EbEERZTo 72,
I. M8 & F &

1. fEREH

Gatifloxacin (GFLX), trovafloxacin (TVFX). spar-
floxacin (SPFX), levofloxacin (LVFX), norfloxacin
(NFLX) B & U ciprofloxacin (CPFX) &, W3 hd &
MEBEHRASTIZBOTER SN D2 HEH L7,

2. HFHEKRS L UOTHEEEKDER

¥/ uryEZHDS. pneumoniaellD 553 ¥k (H A&
MEAXSI VDB TRV, S1EBEORMBLERK
&, GFLX, TVFX, SPFX, LVFX, NFLX ¥ X U CPFX
D2, 4, 8, BLU16XMIC % & T 5% 5 i i HE M 7
MIa—9—k b EXEHM EIZIIDS53 4% % &
L, 37C, 48 MU EEET 52 &2 L > TRIRL 72
BONTBIERBEOLEEKRY S, ABICE2EBRBEOE
BB BEIRL 72, BRGERIIARENE OB LD
1996 F 2T BEE N/ 99 E AV 7z, TS ERIR B
HIZIERERFEZTMBEFHZEL ) 5% %157

3. ¥/ 0tk #E (QRDR) Y & &4 @& F
EIF DR

DNA V%A L—2ADGyrA B L U GyrB #7212 v
FMeEhZEFha—F§5gyrA B L OV gyrB ®iZF,
LU P KRVNDParC BE U ParE} 722y b&%Fh
Fha—F§5%parC B & U parE #&1zF D QRDR %
HEULRETHEBE PCRICTHIEL. 7514 <v—L 1L
TPan HAWMEY L TV EEERIZEFETLHF ) ITX

pLAF RERAVE, SRO6DTI4 -, HIEXh
7 BIZFH gyrA, gyrB, parC 3 X U parE @ QRDR
CHYT AEREEL L) ICEET SN TV %, PCRD
%13, DNAZYE (94T, 30%), 7=—1U v 7 (55
CT,308), 794 ~v—nfk (12C,24%) &L, 25
B4 7 NITo72

4. WEHEIIOUE
MIEsSh-BEFEHBEL, 55 KREELTF 1L
LAV TR LA FKETIAT—LTEHALA I VY
— VLU AETFole SBIZRYTIZINVTINIVE
RikB R fTo %, 74N N—T6KTA4T7vay
o b (Z2a—A4 752 FNLF 5K BLUX
W74V aER, LERERICI ) ZBIZF D QRDR
DIEHEFNERE L5 Kmx A F L fLL72 774
< —ZBEHRTICH DX, gyrA & LT 5 -AAATCTG
CTCGTATTACAGGGGATG-3', gyrB & L T5-CA
GGGAAACTAGCAGACTGTTCTTC-3', parC A& L
T5-GACAAGAGCTACCGTAAGTCGGCCAAG-3’
B LU parE A& L T5 -CAGCCCAATCTAAGAATC
CTGCTAAG-3" % Fi\ 7z,

5. BAEBMHEIEBE (MIC) DHlE

Sa—5—br b yEXEREHVEERERAR
EOICH ED0%, HMEITC TI8~20MFMIEHEL 2%
DREXBETLL oL LEVEHBEES MIC L L
72

I #& 7

1. E1BEEERERIBILIHEGRFEREF /0y
&2

RO HBREE % Table 1 1IRT . £ 1EED
it 25 R 4% 13 16xMIC L F @ SPFX, 4xMIC AT @
TVFX, CPFX B X ' NFLX, 2xMIC ® LVFX &R
WX o TE SNz, 2xMIC LA GFLX &R Tl
HERKIIBONT, IxMIC DERIZE > TOA 1K
DOHEEMRIBON. ZDEHIIF /7 urREILL
> TIHHERKOBIRO LLT SHRZ - TV
BEEATERINI-ERKRE EEL IR, gyra,
gyrB, parC 3B X U parE &1ZF D QRDR DER DO
Fregfis ) oy REINT2EEROBELITo 7
TVFX TEIRSNAZERKIZBWTIE, BB L UHO
EREKRL VNS I0 - 2R T 2HRMPREL TV
o, J—<LVEROI U= — %R T AR ENERD
O=— %KY 2D ZN BT 2IZoW T Z
To7zo 72, GFIX TRIREN-#IZ 1B THo
7, TO1IKRIZOWTEN %2175 7
EEKRIIBIAKBEETFOLERE X ) 0 v REHS
5, B1IBEBOERKIIZOD Y 4 FIZHEERT
(Table2)o %1 D% 4 7DERKIE, TVFX, LVFX,
NFLX BX U CPFX (2L » T#IR&h, FRNVD ParC
H721=v +%3— K75 parC BIZF D QRDR IZH
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Table 1. Frequencies of appearance of the mutant strains by selection with various quinolones
Selecting Frequency at the following multiple of the MIC:
Mutants .
quinolone 2 X MIC 4xMIC 8 x MIC 16 x MIC
First—step mutants
from wild—type strain GFLX <1.1x107? <1.1x10°° <1.1x10°° <1.1x10°°
SPFX >2.2%x10°° >2.2x107°° >2.2x10°° 1.1x10°7
TVFX >2.2%x10°° 6.2%x10°° <1.1x10°° <1.1x107
LVFX 1.5x10°7 <1.1x10°° <1.1x10° <1.1x10°°
CPFX >2.2x10°° 1.1x10°° <1.1x10°° <1.1x10°°
NFLX 2.6x1077 2.2x107° <1.1x10°* <1.1x10°°
Second-step mutants
from gyrA mutant GFLX 4.3x1077 <2.9x10°° <2.9x10°° <2.9x107°
SPFX >2.9x10°° >2.9x10°° 1.2x10°* <2.9x107°
TVFX 2.1x1077 1.3x10°7 1.2x10°7 2.0x10°7
LVFX >2.9%x10°° 6.6x1077 4.8x10°7 <2.9x10°°
CPFX >2.9%x10°° 4.4%x10°7 3.1x1077 3.2x107°°
NFLX >2.9%x10°° 1.1x107* <2.9%x107° <2.9x10°°
from parC mutant GFLX 3.7x1077 2.1%x1077 8.5x10°" 2.7x10°°
SPFX >2.7%x10°° >2.7x10°° >2.7x10°° >2.7x10°°
TVFX >2.7x10°° 2.6x10°7 2.0%x10°7 8.6x10°°
LVFX >2.7x10°° 2.2%x1077 8.1x107° <2.7%x107°
CPFX >2.7x10°° 1.5x1077 <2.7x10°° <2.7%10°°
NFLX <2.7x10°° <2.7x10°° <2.7x10°° <2.7x10°°

GFLX: gatifloxacin, SPFX: sparfloxacin, TVFX: trovafloxacin, LVFX: levofloxacin, CPFX: ciprofloxacin, NFLX: norfloxacin

—DHERTAFEL T, ITh5 parC BEKILEIRE
#Td 5 TVFX, LVFX, NFLX 3 & Of CPFX (2 #f ¥
DREMNFAE/RELBEL T, ZhZFhd, 2, 48X
C4EETLTW, LA, L, SPFX B X FGFLX iZ
FTHEREEOETIIED LN h o7,

$520% 4 7OEEMITISPFX BL INGFLX 2 & -
TEREK, DNAVY A L —ADGyrA% 721 =v b
$3—F35%gyrA BIZFO QRDRICHE—D I ER %
BELTWwWi Tho gyrA EERITBRAAE TH 5
GFLX 8 X OFSPFX IZxf L, BAKRELEBELT28 X
P8O EZHIETHERD SN —F, TVFX
LVFX, NFLX B X ' CPFX |28 ¢ 2 EZHOE T iE
RO LN h o7

53054 TOERKIITVFX IZX - TEIRS R,
FROORETAan=—3/NEL, TVFXB IO
SPFX 2O RIZTiHEERR LTz THKIy—7y b a—
F¥2BIZFD QRDR ICERIIAD LN h o7

2. BOBMERKIIBILIEETFEREF/ UY
RZH

BoOBMOLREKLBIRT 51ldoT, THKER
2EI1BROLEREE L TgyrA # (Ser 81—Phe) ¥
& U parC ¥ (Ser 79—Tyr) 2 ZhZh M7z, %2
BEEOLTRKIL, gyrA ZEMAS S GFLX O 2xMIC T
BIREA, fhoF ) o v ZETIZ4xMIC H BV IEZN
DEnmEcBIRE N parC ERKED 513 NFLX
Ko TEREKILBIR SN 2 o720, TRUADTA
TOEH T 4xMIC H BV IZF N EORETERI N

2o BLIEBOERMOBREFMKIZF ) 0 v RE
Lo THHBERKOBIROHEZ MR %2 > T\/z (Table
Do

BroX /o v REILE > TRIRSNE2ERD
EEK2HET IOV TI =¥y b2 I —-FT5K8
EFEBILIZLIA, TRTOKRICBVTgyrA+
parC DZEEENBD LN (Table 2), T4bbH,
parC BREEN 6 Id gyrA BEKSERE N, gyrA R
A 513 parC BEKEMEIRE NI,

CROSERKOF 0L REIIHTHREMIX, Fh
FNNEAETEIERIZLI>TETER > T/ (Table
2) gyrA (Ser 81—+Phe) +parC (Asp 83—Tyr) ® —
BEEEYA T AL, GFLX, TVFX, LVFX 38 X ¥
CPFX 1T A2 REREMMMOE 2ERERKE LB L
TRRE L, gyrA (Glu85—Lys) + parC (Ser 79—Tyr)
D_EERZEFT A%, SPFX B L O LVFX 123 ¢
BRSSO 2 BRRERKR L B L T2 - 72,

3. BRTHRIBIAIBETFERL X / 0V RT
%

Table 3 IZFRR MRk 99 RO F /1 v REIIN T 2
BEZM AR L7z0 MICw B XU MICs flE% b & 1216 %
T 5L, TVFX Db - & BN, RWTGFLX B
L SPFX & % b, LVFX, CPFX 8 X I'NFLX 1z =
no IPHE L D EHEOKCBEmAEED Sz, $77,
FRAR 7 BERE (99 #R) IS CPFX 22X Yy, ¥/ 1
v %M B (CPFX ® MIC #°3.13 ug/mL L F, 93
¥R), % Btk (CPFX @ MIC #%6.25 ug/mL, 4
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Table 2. Gene mutations in the quinolone resistance—determining region and antibacterial activity
of various quinolones against the resistant mutants
Selecting No. of Mutation (codon) MIC (pg/mL)
Strain quinolone B
(conc. pg mL)» SRS gyrA parC GFLX SPFX TVFX LVFX CPFX NFLX
Wild-type strain (IID 553) none none 0.39 0.39 0.10 0.78 0.78 6.25
First-step mutants
from wild—type strain
TVFX (0.20) 3 none Ser 79(TCT)—Tyr(TAT) 0.39 0.39 0.39 1.56 3.13 25
LVFX (3.13) 1 none Asp 83(GAT) —Asn(AAT) 0.39 0.39 0.39 1.56 3.13 25
2 none Ser 79(TCT) —=Tyr(TAT) 0.39 0.39 0.39 1.56 3.13 25
NFLX (12.5 or 25) 3 none Ser 79(TCT)—~Tyr(TAT) 0.39 0.39 0.39 1.56 3.13 25
CPFX (1.56) none Ser 79(TCT) »Tyr(TAT) 0.39 0.39 0.39 1.56 3.13 25
none Asp 83(GAT) —~Asn(AAT) 0.39 0.39 0.39 1.56 3.13 25
SPFX (3.13 or 6.25) 3 Ser 81(TCC) —Phe(TTC) none 0.78 3.13 0.10 0.78 0.78 6.25
GFLX (0.39) 1 Ser 81(TCC) —=Tyr(TAC) none 0.78 3.13 0.10 0.78 0.78 6.25
TVFX (0.20 or 0.39) 3 none none 0.39 0.78 0.39 0.78 0.78 6.25
Second-step mutant
from gyrA mutant
TVFX (1.56) 1 Ser 81(TCC) —Phe(TTC) Ser 79(TCT)—Tyr(TAT) 6.25 12.5 6.25 25 25 50
1 Ser 81(TCC) —~Phe(TTC) Ser 79(TCT)—~Phe(TTT) 6.25 12.5 6.25 25 25 50
LVFX (6.25) 2 Ser 81(TCC) —~Phe(TTC) Ser 79(TCT)—~Phe(TTT) 6.25 12.5 6.25 25 25 50
NFLX (25) 1 Ser 81(TCC) —Phe(TTC)  Ser 79(TCT)—Tyr(TAT) 6.25 12.5 6.25 25 25 50
1 Ser 81(TCC) »Phe(TTC) Asp 83(GAT)—Tyr(TAT) 3.13 12.5 3.13 12.5 12.5 50
CPFX (12.5) 2 Ser 81(TCC) +Phe(TTC) Ser 79(TCT) —+Phe(TTT) 6.25 12.5 6.25 25 25 50
SPFX (25) 2 Ser 81(TCC) »Phe(TTC)  Ser 79(TCT)—Tyr(TAT) 6.25 12.5 6.25 25 25 50
GFLX (1.56) 2 Ser 81(TCC) —+Phe(TTC)  Ser 79(TCT)—Tyr(TAT) 6.25 12.5 6.25 25 25 50
from parC mutant
TVFX (6.25) 2 Glu 85(GAA) —Lys(AAA)  Ser 79(TCT)—Tyr(TAT) 6.25 50 6.25 50 25 50
LVFX (12.5) 2 Glu 85(GAA) —~Lys(AAA)  Ser 79(TCT)—Tyr(TAT) 6.25 50 6.25 50 25 50
CPFX (12.5) 2 Ser 81(TCC) —+Phe(TTC)  Ser 79(TCT)—+Tyr(TAT) 6.25 12.5 6.25 25 25 50
SPFX (6.25) 2 Glu 85(GAA) —~Lys(AAA)  Ser 79(TCT)—Tyr(TAT) 6.25 50 6.25 50 25 50
GFLX (3.13) 1 Glu 85(GAA) —~Lys(AAA)  Ser 79(TCT)—=Tyr(TAT) 6.25 50 6.25 25 25 50
1 Ser 81(TCC) =Phe(TTC)  Ser 79(TCT)—Tyr(TAT) 6.25 12.5 6.25 50 25 50

"'Concentration for selection. All of the strains possessed no mutations in the QRDR of gyrB and parE genes. The codon positions of gyrA
and parC are designated according to the numbering of Balas, et al.” and Pan and Fisher””, respectively.
GFLX: gatifloxacin, SPFX: sparfloxacin, TVFX: trovafloxacin, LVFX: levofloxacin, CPFX: ciprofloxacin, NFLX: norfloxacin

) , BEmMEH (CPFX @ MIC %525 ug/ml, 28) ®
3DODTN—TIZHEENT, &8, CPFX E2HH&RD

"1 SPFX & %\ i3 GFLX 2t % R gyrA 4 7

DRIGFRD LN d 572,

Table 3. Susceptibility of 99 clinical isolates to various quinolones
MIC (pg/mL)
Quinolone

range 50% 90%
GFLX 0.05—- 6.25 0.39 0.78
SPFX 0.05-25 0.39 0.78
TVFX 0.025-6.25 0.20 0.39
LVFX 0.05-25 1.56 1.56
CPFX 0.05-25 1.56 3.13
NFLX 0.20-50 6.25 12.5

INOERIRDBERRD A S, BT X ) BEBIE
RU7220 %k, PEEMMEK 4B L OEEREHK 2 K
ZonTHF/ urRENDY—47y hThsbDNA VYA
V—ZABXUMRN%Za2— F¥ 5 8EFD QRDRIZD
WCENT 24T 72 (Table4). ¥ /7 0 > &ZMbk 20 B

GFLX: gatifloxacin, SPFX: sparfloxacin, TVFX: trovafloxacin,

LVFX: levofloxacin, CPFX: ciprofloxacin, NFLX: norfloxacin

BT, ZFBETFOQRDRIZERIZAD NP
2o =7, PHEEMMERTIE parC CERBAD LN
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HAS2HK, parE \ZERMFBD SNtk 18, WTFh
NRIET D QRDRICHDERDVRBD SN o 724kAT 1
REELL. BEMERTIZ2HE D, parC BE O
grA Z1 DT OOERBAD LN, Th ok
WiEtks L CEERE/RO X ) o v EEHIX, 2hEh
in vitro TEINS N/ 1 BB ERKB L UE 2 BERE
RHOF /0 BEW LML T/ (Tabled),
Im. * =

Pan 5%, SPFX B LU CPFXIZ & o TENFNE
RENizgyrA B X WparC ZE ¥ H. CPFX B L U
SPFX I L TENENRAMEE L RE LBV Eh s,
SPFX O S. pneumoniae (BE#k) ZBF2E75 %
=7y MIDNAY ¥ A L —2THhY, CPFXDE 3
Y=y PEMRVNTHAZ LEZBHLAIZLTWVAEY,
AHEIZBVTY, SPFXIZX > THAKD S gyrA &
RHEMEIREN, CPFXIZL 5T parC ZREBAGEIN X
hTEH, ThbdgyrA BL U parC ZE4IZ CPFX B
LU SPFX ZNZENICHE AR S L h otz ThHED
#RIL, SPFX D S. pneumoniae (BFH¥E) 12811 5
¥7:5%—%v MZDNA V¥4 L—XTHYH, CPFX
DE-BS—7 Y PEMRNTH B LT 5 Pan b D
HREXFTHLDTH S, ABOEHHNS, CPFX I
Mz TVFX, LVFX B L O’NFLX OB 4B 2 £
7255 —7v M bKRNTH Y, SPFX 2/ 2 GFLX
DEB5 =7y MEIDNAYV YA L—RThorELEEZ
bhad,

E1ERED gyrA B X U parC ZRKD 513, NFLX
EBRAVThoXF ) o RECTRRLTYH, §TAET
AERIIMZ, ThZhparC BX UV gyrA DERL 7=
FoRBOERKDSBR SN, $72, ThOHZEE
REATHLE2BBERKOTRTOF /0 v RE WL
MY HREMIE, F1EEOKREEBKLTETLTY
o STNHDEERNS, 8 1EED parC ZEKIZB
BRBLITRTOF /) usREDFLL5—7 v M

DNAY XA L—ZXTHY, gyrA EEWKRIIBIT 2 F 7
2=y MEMRNTHLEIENTREIND,
F2BRBEOERKOX /o v REHIE, ZhZhd
BYBERIIL > TETRLR > TV7. gyrA (Ser§:
—Phe) +parC (Asp 83—Tyr) D " ELREH T D4k
B T, GFLX, TVFX, LVFX 3 & F CPFX (24} 3
BREEZUPMOE2BEBERKELBEL TRRE L,
gyrA (Ser 79—Tyr) +parC (Glu85—Lys) O ~ &%
BREBTAHHRIIBWTIE, SPFX B L ULVFX 244
HREZUIMOE 2BRE R E B L T A 5 72
CDEI Ry —7y VERDERNRYy— X uL
EETHOENE, ¥/ 0rREOHFFLANMIIBITA
TERBEF 2 T 5 2 L CRKRIH-NABRTH 5,
ARFZETIX, ¥/ 0 %EIZL > THHELEKRDER
DGV RLRDLIEEFHOHE LT, 7, HETRK
TBIRLECERL, ZOEATERINIMUELESK
WY BEEOET /NS W HAIZH 5 720 GFLX %
BICRTABE, #1BREOERKI 2xMIC UL L0
ETIZEIRINT, IXMIC DIREBETOBERSI N,
F7-GFLX TEIR SN 5 gyrA TEKRIIN T 5 KZH
DET X, MIC T2 TH o 72, Th b0 RIE, GFLX
RDNA VXA L—ZABIPIMEND2OD Y -4y b
EHVWLARLVTHET LI LICERTADEEL SN
% (Fig.1)o T7%bH, GFLX I3, gyrA ZEHKIZB W
TREUEAHETIHARD VRV %, FAEKRIIBWLT
BERERETIHARMODNA Vv 4 L—RIEVL
NVTHES L7290, WHk (@rA ZEK) %2ERL
BVLDOLEZOND, $72, 72k 2 gyrA BREIGE
REN72ELTEH, ERDEBY gyrA ZEBKRIZBWT
GFLIX DREZEWU*HET B EB5—4 v Mit, TR
BDODNA VYA L—RATRLBERDO RN ER BT
O, MHERKE @rA ERK) CBF2ERIHOET
i3, MICT1ERELLL2bDEEZOND, E2E
BEOEEMERICEL T, NFLX Tid parC ZE#K

Table 4. Gene mutations in the quinolone resistance—determining region and antibacterial acitivity of
various quinolones against the ciprofloxacin-resistant (MIC=6. 25 ug/mL) clinical isolates
MIC (ug/mL)
Strain Gene: Mutation
GFLX SPFX TVFX LVFX CPFX NFLX

No.7 none 0.78 0.39 0.39 1.56 6.25 25
No. 15 parC: Ser 79 (TCT) —Phe (TTT) 0.78 1.56 0.78 1.56 6.25 50
No. 82 parC: Ser 79 (TCT) —Phe (TTT) 0.39 0.78 0.20 3.13 6.25 50
No. 88 parE: Lys 442 (AAA) —Arg (GAA) 0.78 0.78 0.39 1.56 6.25 50
No. 55 parC: Ser 79 (TCT) —Tyr (TAT) 6.25 25 6.25 25 25 50

gyrA: Ser 81 (TCC) —Tyr (TAC)
No. 58 parC: Ser 79 (TCT) —Phe (TTT) 3.13 12.5 3.13 12.5 25 25

gyrA: Ser 81 (TCC) —Phe (TTC)

GFLX: gatifloxacin, SPFX: sparfloxacin, TVFX: trovafloxacin, LVFX: levofloxacin, CPFX: ciprofloxacin, NFLX: norfloxacin
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Fig.1. Model of the target—inhibition of gatifloxacin and ciprofloxacin.
Arrows indicate the primary targets of the agents in each strain.
The MICs of the agents seem to be mainly determined by the
inhibition of the primary targets. Top, wild—type topoisomerase
IV; Gyr, wild-type DNA gyrase; Top', singly mutated topoisom-
erase IV; Gyr', singly mutated DNA gyrase.
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Genetic study of the mechanisms of action of fluoroquinolones
in Streptococcus pneumoniae

Hideyuki Fukuda
Central Research Laboratories, Kyorin Pharmaceutical Co., Ltd., 2399-1, Mitarai, Nogi,
Shimotsuga, Tochigi 329-0114, Japan

Fluoroquinolone-resistant mutant strains were sequentially isolated from the wild—type Streptococcus
pneumoniae IID 553 by selection with various fluoroquinolones. The first—step mutant strains, which were
obtained by selection with trovafloxacin (TVFX), levofloxacin (LVFX), norfloxacin (NFLX) and
ciprofloxacin (CPFX) , possessed single point mutations in the parC gene. These parC mutant strains had
decreased in susceptibilities to the selecting agents. Other first—step mutant strains, which were obtained
by selection with gatifloxacin (GFLX) and sparfloxacin (SPFX), possessed single point mutations in the
gyrA gene. These gyrA mutant strains had decreased in susceptibility to GFLX and SPFX but not to the
other fluoroquinolones. The second-step mutant strains obtained from the first-step parC and gyrA
mutant strains possessed additional gyrA and parC mutations, respectively. As a result, all of the second-
step mutant strains possessed both gyrA and parC mutations. The susceptibilities of the second-step
mutant strains to all of the fluoroquinolones were lower than those of the first-step mutant strains. These
results suggest that in wild—type S. pneumoniae the primary target of TVFX, LVFX, NFLX and CPFX is
topoisomerase IV, whereas the primary target of GFLX and SPFX is DNA gyrase, and in the parC and
gyrA mutant strains the primary target of all the quinolones are DNA gyrase and topoisomerase IV,
respectively. The frequencies of appearance of the first— and the second-step mutant strains were different
among the fluoroquinolones used for selection. Moreover, the fluoroquinolones which selected mutant
strains with a low frequency showed slight decreased activity against the mutant strains obtained. These
results suggest that the fluoroquinolones which select the mutant strains with a low frequency inhibit both
DNA gyrase and topoisomerase IV at nearly the same levels in S. pneumonice. Among 99 recent clinical
isolates of S. pneumoniae, only six fluoroquinolone-resistant (MIC of CPFX=6.25 ug/mL) strains were
observed. This indicates that fluoroquinolone-resistance is not prevalent in recent clinical isolates of S.
pneumoniae in Japan. Therefore, in the clinical use of fluoroquinolones for the treatment of S. pneumoniae
infections, it is important to consider the ability of the agents to select mutant strains in addition to the
profiles of antipneumococcal activity, pharmacokinetics, and safety.



