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WA UENF BRI 2 —F 2o L BRI S zoid
1988 4 ofloxacin (OFLX) A Thb. £DH% 10
gL, SHTEZEEMEELLT 6 =2 —F/
O 2 EH T OFROIBIHEOHHUI M S hTw L, A=
a—F /0 BEEREEREED FaEZHTH S oral
streptococei’ (2t L TAR= 3 ) ¥ REUEE (T L of CHURIG
HEAL TR0, Y= a—F 0 Lol
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1. ABRAIfK

1995 A2 KPR B Ttk & i & X 0 o0 i
L. 10% A ¥4 307 THi#ififs Sh7z OFLX &2
% Streptococcus sanguis QS-951, Streptococcus
anginosus QS-701 B L ORI EMYED S. sanguis
QS-95101 %M L7z, $£7z, xHpk: LT S. san-
guis ATTC 10556 & S. anginosus ATCC 33397 & Hjw»
7o B BRBAKONEIE api 20 STREP (bio-
Mérieux) *HWTHro 7z,

2. fEHIBUA %

Ofloxacin (OFLX; % -# ), ciprofloxacin
(CPFX; /3 4 TV #4i), norfloxacin (NFLX; #vFABRLE) |
DU-6859a (#—#4£), ampicillin (ABPC; SIGMA),
LUF Mt o W) & 527 5 EA & w7z,

3. MIC M5 ik

MIC MI5E 3 H A L #8607 el 128w, K
PRARLETI >720 37405 10°CFU/ml (2L 7
WM, SHUNEO 2 fEARRVRIE L 5 5%
7 < BLAkAHE ML N Mueller Hinton medium (DIFCO)
37 u7 7y — (EAREE) 2R L
35 C T 18 MK R L7, WO A LI 7)~

TGN BRI R

)7‘Hz/\1§<1“ & MIC & L 7=
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4. Pk

BERER MR L b 08 L7z OFLX &2 S. sanguis
QS-951 B L U S. anginosus QS-701 % 5% ™7 < Wis#h
eI N Blood agar base No. 2 (OXOID, BL F il
KIEGHh) (ZHEMEL, 357C T 48 MRS &E L. HHL
7B AT & LD, /2 MIC ® OFLX 7213
DU-6859a % & ¢ Ll ML € KATHIZH®IKL, 35T
T 48 WEHRE L7z ] LIRIZ OB F AR IS 3 Ik
RIGELH, BELREH»E LY 1 MIC, 2 MIC,
4 MIC OBUZFBOFEZ MO R L, i 256 MIC
THPEFE %17~ 720

5. gyrA BIZ - ORHT

HREEA SO DNA g, ¥k iftvw 72/ —
V/izaaku LB L%, Y- VikkT AL
\2& D47 >72. GenBank Accession No. X 06744 % &
L 2% FF L 72 primer; forward: 5" -TGGGTGTGA-
CACC(AGCT)GA(GT)AA(AG)-3, reverse: 5’
ATACGTGCTTC (AG) GTATA (AC) CG-3" # W T,
ROBICHERE E ISR T= 2 —F 7 0 ¥ Emtkic
M3 MohTwdFHME ST DNA
(Escherichia coli KL-16 @ sequence 614~380; codon
55~127 IZM1Y) % PCRiLIZX D WIEHL 7=,

1.0 41 Template DNA, 1.0 ul each dNTP (10 mM),
5.0 u1 10 x Tag DNA polymerase buffer (100 mM
Tris-HCI1 pH 8.3, 500 mM KCIl, 15 mM MgCl,,
0.1% gelatin), 2.0 ul each primer (25 pmol/ul),
0.25 ul Taq DNA polymerase (5 U/ul), 40 cycles

(52 °C 1min, 72 C 1 min, 93 C 0.5 min)o

1# 5N 7 PCR MW % LAY O P E X Model 373 A

F—t+¥—27x%— (ABI 1) ZHVTIT-> 7
II. # F

1. FAIEZ

Table 1 {Z/R L7z Y, EEK7 B OFLX iitEtk S.
sanguis QS-95101 (23§34 % OFLX, CPFX, NFLX ®
MIC i3 25, 50, 100 ug/ml & M2 W 3 fin =2
—F /o0 EIIHLTREREER LA, LAL,
DU-6859a @ MIC i 0.39 ug/ml& ABPC & [i]*§ D {K
Wi L7e — 4, OFLX K%M S. sanguis
QS-951 234 % OFLX, CPFX, NFLX ® MIC 3%
hZh 156, 1.56, 12.5ug/ml & ATCC 10556 & (3i¥
%D TH - 7245, DU-6859a ® MIC i 0.10 ug/ml
tbozZa—F /o EIVEALFHEEEZRL, 72,
ABPC & ) VT H » 72,

—a—% /0 EETHED QS-951 # OFLX T#HE
L, Wbk QS-951 OFm #1%72. COMEbkIZHV T
RTH=a2—F /0y HIZmPE{tL, DU-6859a
MIC (¥ 12.5 ug/ml, fit 3 EAl MIC 13 XT 100
ug/ml T 72, DU-6859a 2Lk > THELTHOLN
72 QS-951 DUm |, DU-6859a @ MIC 7% 50 ug/ml,
ftb 3 FE#IAH 100 ug/ml LA E & QS-951 OFm LA R
RTO=a—F /70 yEIZitb Lz, 2B, FE0
i #% T ABPC ® MIC (2£1tidA SR d o 70

Table 2 12783 Y, OFLX &% S. anginosus QS-
701 X ATCC 33397 LI L TH=2—F /7 0 &I

Table 1. Drug susceptibilities of ofloxacin or DU-6859a induced resistant mutants of
Streptococcus sanguis
MIC (ug/ml)
Strain
DU-6859a  ofloxacin  ciprofloxacin norfloxacin ampicillin
QR-95101 0.39 25 50 100 0.39
QS-951 0.10 1.56 1.56 12.5 0.20
QS-951 OFm 12.5 100 100 100 0.20
QS-951 DUm 50 >100 >100 >100 0.20
ATCC 10556 0.20 3.13 3.13 12.5 0.20

QR-95101: wild type (fluoroquinolone resistant)
QS-951 OFm: ofloxacin induced resistant strain of QS-951
QS-951 DUm: DU-6859a induced resistant strain of QS-951

Table 2. Drug susceptibilities of ofloxacin or DU-6859a induced resistant mutants of

Streptococcus anginosus

MIC (ug/ml)

Strain -
DU-6859a  ofloxacin
QS-701 0.05 0.78
QS-701 OFm 3.13 100
QS-701 DUm 25 100
0.20 3.13

ATCC 33397

ciprofloxacin norfloxacin ampicillin
0.78 3.13 0.10
25 50 0.10
25 100 0.10
3.13 12,5 0.05

QS-701 OFm: ofloxacin induced resistant strain of QS-701
QS-701 DUm: DU-6859a induced resistant strain of QS-701
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% 4 15&2M T, DU-6859a, OFLX, CPFX B & U
NFLX o MIC ¥#h#h 0.05, 0.78, 0.78 B XU
3.13 ug/ml TH-7:. THOHD OFLX FiGtk QS-701
OFm (283 4% DU-6859a % Br< 3 #AjD MIC X 25
~100 ug/ml & @HWETH - 7245, DU-6859a O MIC
13 3.13 ug/ml 2k ¥ F -7, DU-6859a #&#H QS-
701 DUm (¥ OFLX, CPFX, NFLX (25 L T QS-701
OFm &3NS iziiblL, 7, DU-6859a &
MIC & 25 ug/ml & tHk® QS-701 12K 5% 500 5
F¥ U7z %eB, madEiks § ABPC @ MIC i 0.10
ug/ml T, S. sanguis ML EFR LTS - 72,

2. gyrA LR

Table 3 iZ=a2—F /0o v EEZHD S. sanguis
QS-951 B X U* S. anginosus QS-701 ® OFLX B X T*
DU-6859a (& Z0if k&8 #% D gyrA OERIZOVTR
L7, QS-951, QS-701 @ codon 83 3 LU 87 DT 3
J #iE ATCC ¥k Eh L[k, FH £ serine (TCT
¥ 7213 TCC) B LV glutamic acid (GAA) TH -7,
BRI BE= 2 —F 7 0 L ¥t S. sanguis QR-95101
Tid codon 83 O7 I / 87 phenylalanine (TTC) &
gyrA ODERDBBED LNz, )i, S. sanguis ® OFLX
FiEkk QS-951 OFm (% codon 83 O 7 I / ##' serine
(TCT) 7% tyrosine (TAT) (2%1tL, codon 87 ®
T BIIEEEA SN h 72, DU-6859a fl
¥ QS-951 DUm Tid codon 83 O7 I/ #®D pheny-
lalanine (TTT) ~®OZRIIM A, codon 87 @ glu-
tamic acid (GAA) 7% lysine (AAA) ~&Z{LL, -
HOENDRD LN,
S. anginosus 2BV Tk OFLX &k QS-701

Table 3. gyrA mutation of ofloxacin or DU-6859a induced strains of

Streptococcus sanguis and Streptococcus anginosus

Mutation in gyrA

Strain

codon 83 codon 87
S. sanguis

QS-951 TCT (Ser) GAA (Glu)
QS-951 OFm TAT (Tyr) GAA (Glu)
QS-951 DUm TTT (Phe) AAA (Lys)
QR-95101 TTC (Phe) GAA (Glu)
ATCC 10556 TCT (Ser) GAA (Glw)

S. anginosus
QS-701 TCC (Ser) GAA (Glu)
QS-701 OFm TTC (Phe) CAA (GIn)
QS-701 DUm TTC (Phe) AAA (Lys)
ATCC 33397 TCC (Ser) GAA (Glu)

QR-95101: wild type (fluoroquinolone resistant)

QS-951 OFm: ofloxacin induced resistant strain of QS-951

QS-951 DUm: DU-6859a induced resistant strain of QS-951
QS-701 OFm: ofloxacin induced resistant strain of QS-701

QS-701 DUm: DU-6859a induced resistant strain of QS-701

Ser: serine, Tyr: tyrosine, Phe: phenylalanine. Glu: glutamic acid,

Lys: lysine, GIn: glutamine

OFm 3 X 0f DU-6859a %tk QS-701 DUm @ codon
83 M7 I /M3 E T serine (TCC) »*% phenylala-
nine (TTC) (2, codon 87 i3 # 7% glutamic acid
(GAA) 75 glutamine (CAA) I, & X lysine

(AAA) ~E “HERDED LN
. % =

Za—F 0 EEs T LENRTS T T LEER
FCIEVIBEARZ b I L4 THIENLDDPED
K OB CIE I S Tw b, FHITRE R8I
BTHOORTOLRIHARED L ATHLFE= 2 —
oo r¥ENLOEGIRENE, EREDHV
SNTELR=ZDY) Y RIUAEIZOBT 5, FICEE
SN ZZEOEF L F /o rEid, KFRoki
EBAPLDL - S HEE T D oral streptococci
Wi L ABPC L LOBHTFEN 2 AT530bH 57, £
72, Streptococcus mitis X Streptococcus oralis 7% &2
AHN5E ABPC B2 O A8 P> Rt pko
PO BLORZY) YT LAX—0MEL ED SBIK
B =a2—F /0 BoAHMEPHEIR TV 2,

L2L, hoBEORIELVOTHEL ZD, =
a—=F /0 yEREEOHBBRIZOVTIES L oHED
bHmw, Za—F /0 Y EHIZHETLEELE LTI
AKEDY -4y b THH DNA gyrase x 2 —FF 5
gyrA BIZFOERY HET, 77 LBREHIIBIT5H
AREDI T RLPEH AR 7 efflux OFEHBe, F 7230k
Tl topoisomerase VAL T+ (parC) HER" A3t
MALICHES T 2L 0HEDH L. bbb OF T,
1995 AEIZHIR T8 S 72 S, sanguis R S. mitis (ZW
Ohhza—F /0 EREHhRoOMBEZHELAL TV,

Ml = a—F o EMYERRIE in vitro 1281 TE)F"]
HLOEMIZEI>TERBIIELLZZEX SR T
LW, ZOX)nfEeH LiZbhubiug, oral strep-
tococei D T%E 2 Whl S. sanguis B XV S. anginosus
D= 2—F 0 EERHHRE R in vitro THifTEF 4
Zirv, ZOBL LB TH L gyrA OER F L
Bl 2 iro 7z, ZORE, WML LI sub-MIC ®
OFLX B XU DU-6859a & O iy 2 iz & - T,
Za—F /0 ¥ MIC FIC LA T A LA R
SNz, 26T, OFLX L oMz X %o 2wk
kR & DU—6859a W&o TR ST m A O
MIC "R 7% b2 L Zdiz, SO ENS, FEITH
l,\f‘:.;L——:\: /0 yEIEEREN gyrA O 5 73U

PR AR ZER L IR X, SThoo
KB YRR D gyrA OEWN &2 WR74EW, S, sanguis,
S. anginosus & 12 DU-6859a (12X - T oMokl
MW Pk codon 83 D7 I / #75 serine A% pheny-
lalanine (2, codon 87 7% glutamic acid #* % lysine (2
S DERD A SNz, T4DE, codon 83 DT 3/
AR A codon 87 DT I /REAENIE, ThODH
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¥k DU-6859a x4 ZiPE(bic i 2 fedlZ R7-L T
WwhEllbhr,

CHOOBGIZMEL T Janoir 5 I3,
coccus pneumoniae T= 2 —% /0 v 0 ML
W2 gyrA W2 A parC OERPLETH L ERLTY
%o Flz, INHOFIEMTERKD gyrA BIL FIZBT S
codon 88 #%, glutamic acid (GAA) #*5 lysine
(AAA) IZHFSRAGICAER L Tw D 2 & [ HIRE W E
THs. l, 50 gyrB 22V THFIZIT->Tuhv
A%, Tankovic 5" OHHIA S S. pneumoniae MWD
streptococei D= 2 —F / 0 v HEMPEILIC gyrB 3d £
DG LTwAawEEbha, $4bt, HAIDHS
H DD Streptococcus D=2 —F /) 0 »HEEEMHPEIZIZ
gyrA @ codon 83 X D THBOLR M EE LT
HIEDNRBENDE, ChoO$ELD, Strepto-
coccus IR IZBWTHBEIfibh/l oo —F /0O
YEIZE o TREICEYEILL, R L LA OB
Lo TEERBMVARLIBHEOMUKELELS L E
ZHNb, EBIZGMMW S sanguis D=2 —F/
o v PR IR 5 BEFR 12 OFLX, CPFX, NFLX (2%
Lt (MIC: 25 ug/ml L L) #,RFH DD, DU-
6859a (2xf L Tid ATCC 10556 & [l bk 2t (MIC:
0.39 ug/ml) T, gyrA O% %X codon 83 @ pheny-
lalanine (TTC) OATH »72. ZOEKKIE 1995 H i
SHEINHT, RS h i —F /o I
ToTHELtkTHL EHMS D, #HRITITR
Xhholzd, bhbhA#EITHEKEL TE7: oral
streptococci D=2 —F /0 Y EIRTHERATIE S.
anginosus % &1 Streptococcus milleri group 2= 2
—F/u yEEEKREEDO TRV LA L, 4
DEEEN S S. anginosus b=a—F /0y EIZX 5T
BHIMMHILT A LI, BIEETIEIZO
WA LA 2 HWNE T E RS, AR E
TOAAERN R =2 —F 70 Y HEITHT LG, F7-
3R 7 &AM oral streptococei & (X B DM
L, ZhoodiEid5# oral streptococei
Za—F /0 ittt FNT SO ATHEELMET
HrrEZOLND,

A I 44 b A L AHRE S W T AR RIS
BLTREL, BRIV PEEIEFBTLIIOHERE
ZFLOTH B,

Strepto-

X 18

1) Kaneko A, Sasaki J: MICs of 407 oral streptococci
strains isolated from closed abscess of odontogenic
infection. Chemotherapy 41: 1049~1055, 1993

2) Chin N X, Neu H C: Ciprofloxain, a quinolone car-
boxylic acid compound active against aerobic and
anaerobic becteria. Antimicrob. Agents Chemother.
25:319~326, 1984

3) Bantar C, Canigia L F, Relloso S, et al.: Species

4)

10)

11)

12)

13)

14)

15)

16)

17)

belonging to the “Streptococcus milleri” group:
Antimicrobial susceptibility and comparative
prevalence in significant clinical specimens. J.
Clin. Microbiol. 34: 2020~2022, 1996

Piddock L J V: Minireview: New quinolones and
gram-positive bacteria. Antimicrob. Agents
Chemother. 38: 163~169, 1994

Tankovic J, Desplaces N, Duval J, et al. : Notes: In
vivo selection during pefloxacin therapy of a
mutant of Staphylococcus aureus with two mecha-
nisms of fluoroquinolone resistance. Antimicrob.
Agents Chemother. 38: 1149~1151, 1994
HAfbE# 2 MIC MEEREIRE & RAVEH
B (MIC) WA R B &ETIZ2 v To Che-
motherapy 29: 76 ~79, 1981

Marmur J: A procedure for isolation of deoxyri-
bonucleic acid from microorganisms. J. Mol. Biol. 3:
208~218, 1961

PO AR, ARARBERE, WELICRIEE, b Levofloxacin
O in vitro YW JI, WHHBITE, 1 X OIS RS
S BT SEIKMARYEICH T 5%, Chemo-
therapy 40: 336~347, 1992

Ol Dh, EHHHE, SEUKE, b KRN
ek Je > st R I BL%E: UTI EAh b4 JL#E & IDSA
ik L o HE, N LHEZak 44: 896~902, 1996
Doern G V, Ferraro M J, Brueggemann A B, et al.:
Emergence of high rates of antimicrobial resistance
among viridans group Streptococci in the United
States. Antimicrob. Agents Chemother. 40: 891~
894, 1996

Shalit I, Berger S A, Gorea A, et al. : Widespread
quinolone resistance among methicillin-resistant
Staphylococcus aureus isolates in a general hospi-
tal. Antimicrob. Agents Chemother. 33: 593~594,
1989

Tanaka M, Kumazawa J, Matsumoto T, et al.: High
prevalence of Neisseria gonorrhoeae strains with
reduced susceptibility to fluoroquinolones in Japan.
Genitourin Med. 70: 90~93, 1994

Goswitz J J, Willard K E, Fasching C E, et al.:
Detection of gyrA gene mutations associated with
ciprofloxacin resistance in methicillin-resistant
Staphylococcus aureus: Analysis by polymerase
chain reaction and automated direct DNA sequenc-
ing. Antimicrob. Agents Chemother. 36: 1166~
1169, 1992

Fukuda H, Hosaka M, Hirai K, et al.: New nor-
floxacin resistance gene in Pseudomonas aerugi-
nosa PAO. Antimicrob. Agents Chemother. 34: 1757
~1761, 1990

Zeller V, Janori C, Kitzis M D, et al.: Active efflux
as a mechanism of resistance to ciprofloxacin in
Streptococcus pneumoniae. Antimicrob. Agents
Chemother. 41: 1973~1978, 1997

Neyfakh A A, Borsch C M, Kaatz G W:
Fluoroquinolone resistance protein NorA of
Staphylococcus aureus is a multidrug efflux trans-
porter. Antimicrob. Agents Chemother. 37: 128~
129, 1993

Tankovic J, Perichon B, Duval J, et al.:



VOL. 46 NO. 9 = a—% /0 HMHE oral streptococei - jzi

Contribution of mutantions in gyrA and parC genes 19) Janoir C, Zeller V, Kitzis M D, et al. : High-level
to fluoroquinolone resistance of mutants of Strepto- fluoroquinolone resistance in Streptococcus pneu-
coccus pneumoniae obtained in vivo and in vitro. moniae requires mutations in parC and gyrA.
Antimicrob. Agents Chemother. 40: 2505~2510, Antimicrob. Agents Chemother. 40: 2760~2764,
1996 1996

18) Kojima T, Inoue M, Mitsuhashi S: In vitro activity 20) kA ACKES, REARH -, B, il B BERLTH
of AT-4140 against quinolone- and methi- ¥ /1 ¥ balofloxacin DL IUER B ZXH T HHHE N
cillin-resistant Staphylococcus aureus. Antimicrob. LOMER - BRI ITIC oW T H b#EERE 43: 490
agents Chemother. 34: 1123~1127, 1990 ~494, 1995

Mechanism of resisntance to fluoroquinolone in oral streptococci

Akihiro Kaneko', Jiro Sasaki”, Mitsunobu Shimazu*, Akiko Kanayama?,
Takeshi Saika® and Intetsu Kobayashi*

" Department of Oral Surgery, School of Medicine Tokai University, Bouseidai,
Isehara, Kanagawa 259-1193, Japan

“ Department of Genetics, Mitsubishi Kagaku Bio-Clinical Laboratories Inc.

" Chemotherapy Division, Mitsubishi Kagaku Bio-Clinical Laboratories Inc.

Mechanisms of resistance to fluoroquinolones in oral streptococci such as Streptococcus sanguis
and Streptococcus anginosus were studied. S. sanguis QS-951 and S. anginosus QS-701, suscepti-
ble to ofloxacin, were serially transferred on agar, with each sample containing gradually
increased concentrations of ofloxacin or DU-6859a. Although the resistances of these strains to
fluoroquinolones were markedly induced with both drugs, MIC values of DU-6859a-induced resis-
tant strains of S. sanguis QS-951 and S. anginosus QS-701 were 4-8 fold higher than those of
ofloxacin-induced strains. The gyrA was analyzed to elucidate the mechanisms of resistance to
fluoroquinolones in these strains. The mutation of serine at codon 83 to phenylalanine or tyrosine
was found in each of the resistant strains and occurred by inductions with either ofloxacin or
DU-6859a, and the additional mutation of glutamic acid at codon 87 to lysine was found in
high-level resistant strains by induction with DU-6859a. Marked differences in types of gyrA
mutation and in levels of resistance were found in the in vitro resistant strains of oral strepto-
cocci, when different kinds of fluoroquinolones were used as the inducers.



