Za—F /0 it b a3 RE T K IR O
norA B2 onT

S VNS SR A TR < L R
UK PR SR P

CERIEET H 31 HZA - 183 829 11 17 5281

= a—F 0 YEHME 2T Staphyvlococcus cpidermidis v norfloxacin (NFLX) i}
HREFEET 2.2kb O Hind NIR@E DNAWH £ 70— =2 7 U t-, Staphviococeus aur-
eus SA 113 12xf¥ % NFLX, enoxacin (ENX), ciprofloxacin, ofloxacin, tosufloxacin £ X
U sparfloxacin (SPFX) @ MIC i, #4#%410.39, 0.39, 0.1, 0.2, 0.01, 3 X 5 0.02 ug/
mlTHo7d, TO7o0—{EDNAKHFOBAKCELY ZnFH 25, 12.5, 3.13, 1.56, 0.2
BLU0.1ug/ml & MIC XS »ic R L 7o, MIC R OB, HHBAM O SPFX
Vi b/NS o7, 70— {E DNA MR Ui NFLX iittE#fa 7 & Bbh 5 1,161 ik H
SBRIBA—TL V=T 47 7v—Ln3Eohn, BIEO7 3 /BEERELY 25T &
218DKRYVXRFFFE2I—-F LTI, ZOKRYRTFFZBANT 3 /BICEORESN
ThHoEMESN, S. aureus D norA BT EV{Eo NS NorA RYRFF R LD 1732/
BERELDZL, MRYRTFFOT I/ B—BEKIZT9%THo1, £, 70— >{tLDNA
MR 28R L LT vio BIRRRICEDIEO NIRRT F FOHFRIZ 42,000 THY,
EiVp ofEES N TR EEMLU T, LEed>T, S. epidermidis £ 70 —=1
7 U7 NFLX Tt B F 13, S. aureus O norA BLF YT 200 EEz 5N, B3
EN=Za2—F a0 ELEROLTFVRBOBERANNOEFMO AAKRBRICIB LT, S.
epidermidis B3R D norA BT 2 HREF T 2 R EEk L, FFREEHEEL D ENX OB DA
A B34 7% &, carbonyl cyanide m-chlorophenyl hydrazone #8532 Z i L DD A& 1L
B »IcEiE Lz, 2RO DL D, S epidermidis 13 novA Bin Fica— K snt:
NorA R _R7F N3, MlE ECHFELTHWT, TAVF—KEN K- 2—F /0 DR
HIZUBHICBS L T aRES SR S N,

Key words: New quinolone resistance, Staphylococci, norA gene, Nucleotide sequence,
Hydrophobic membrane protein

HF, MEREZ RSN 2EREREMRL» S, =2
—F /0 RCHEERTEKOREENEALDOH
20, Zo¥MmER L, FEOAKLT a2 —F /0 r
EVFERAENTOLEENE N BT LR DLNT VB,
LT, OB TRICTHIELSFEL VDR, 7K 7ERE
& Pseudomonas aevuginosa TH 3,

EES L, 1986 EARBEORLI VBN =2
— % /0 v EMM D Staphylococcus aureus H & F Otk
WBELTws EHESNIBETF (norAd) 270 ——
v 7L, Escherichia coli 7z & U S, aureus \Z 8 51
HREBEHE L9, 8512, norA BETFO2EERT
EFREL, Fhica—FanTwb NorA R ) R7FF

OHBEICOWTHLZEO—EHEHS ML TEL, Zho
DOHNTIC & B E, norA BIEFICXRLENERY T F K
B OEOCIREBATH Y, S. aureus DHIFEE i
GHELTOT, TALF—KENZ =2 —F /0 EOHF
A HELI RS (active efflux) 5L Tv 2 2 L o3l
anr,

—%, BAEOR %D Staphylococcus epidermidis 17 15 >
TY, S. aureus LRI =2 —F /o EICTHHEL RS
RS ENED TVD, TOLES5 4T ns, S,
epidermidis G 137 75— Y¥YERYETF VHKE
(CNS) b, S. aureus ® norA LR U & 5 2 BEFH8
FEL, —a—F /o EOMEcBEbLY) #AL TWw27]

¢ BB K 2-11-1
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e EES N, FLTC, Ihe2FHLTWIZL
2, 7RUHECNT A Fa—F /v EOERABFLEZ
OTHMEEEHS LT 2—DDHEEE T,

AL T, S. epidermidis iD= 2 —F / 0 > it
Hizlb 2 BEFOI7a—=7E, FOLEREYIOR
E, SRR FOBEFICI—FaR)RTF FOMK
Rz THET %,

I. # 8 & F &
1. BEREH
B R # &M B » 5 9 B & K7z norfloxacin

(NFLX) cBEX OfitE 2R3 38D S. epidermi-

dis #EBIH Wiz, ¥72bb, Tableli/mnd &5
1z, NFLX o3 2t~ s, 1) ftEEDHk
Ay E W TK-1223 #%, 2) & E Mm% O TK-2135
Bk, 3) NFLX CiZBHS it TdH %45, D=2
— %/ u rEIZIERR MIC 23E v TK-2291 £ % 3%
RUTz, WHEREROZAFE L TRHWIE. coli
TG1#, oW S. aureus SA 113 BRI T 5 ==
—% /o v#FEp MIC i Table 2 i27x L 7z,

2. (EAPIEE

FHERCHEAL - HIEE I, ampicillin (ABPC: 5

AR 2 H), chloramphenicol (CP: =3tk
%), NFLX (HFs#EgA <), ciprofloxacin
(CPFX: /v 4 = VE G kR E&4$), ofloxacin (OFLX:
BBk SH), tosufloxacin (TFLX: &Lk
T¥#REH), enoxacin (ENX : KHA&BZEHKA
£4), sparfloxacin (SPFX: K H A 8 # #k X & #1)
DFH 8 HEFITH 2, #Ofthic, KAXRBEHEXSH L
DRSO [“C] ENX & [“C] SPFX 04 5%
21, EBCHw,

3. WEREIRD & DYtk DNA O L P EE#

ERU 7B E bR & DRk DNA L, 3T
WHRE L HEO o7, BB LKZDNA®»SOD
HWEEZEFO 7 —=> 7%, HE? -1, Z
DOEBOZEEICIE, BiIRL I E coli TG1EE%ZRW
2o 7Uu—=v 7 OEBIEFig. 1ZRLIZEBDT
H5,

4. FT7AIVFN

E. coli DWEEHBHICAWILNI Y —=TFAIF
12 pUC19, S. aureus DIEEHBACHWZ DI
pSU 40 (Fig. 1) T& %, S. epidermidis TK 2135
Bk, TK 2291 #8 & UF TK 1223 #k D F2 4 DNA »

Table 1. Quinolone susceptibility of Staphylococcus epidermidis strains used in this study

MIC (ug/ml)

Strain Enoxacin Norfloxacin Ciprofloxacin ~ Ofloxacin Tosufloxacin Sparfloxacin
S. epidermidis TK 2135 100 100 25 12.5 6.25 3.13

S. epidermidis TK 2291 . 6.25 12.5 3.13 1.56 0.1 0.1

S. epidermidis TK 1223 >100 >100 >100 >100 >100 12.5

MICs were determined with serial twofold dilutions of the agents in sensitivity test agar.
Bacteria cultured overnight were inoculated onto the agar plates at 10‘CFU per spot and incubated for 24 h at 37C.

Table 2. Quinolone susceptibility of transformant strains harboring the Staphylococcus epidermidis norA gene

MIC (ug/ml)

Strain Enoxacin Norfloxacin Ciprofloxacin  Ofloxacin Tosufloxacin Sparfloxacin
E. coli TG1 (pTUS33) 1.56 3.13 0.2 0.2 0.01 0.01
E. coli TG1 (pTUS 36) 1.56 1.56 0.1 0.2 0.01 0.01
E. coli TG1 (pTUS 38) 1.56 1.56 0.1 0.1 0.01 0.01
E. coli TG1 0.05 0.1 0.01 0.05 0.01 0.01
S. aureus SA 113
12.5 25 3.13 1.56 0.2 0.1
(pTUS 105)
S. aureus SA 113 0.39 0.39 0.1 0.2 0.01 0.02

MICs were determined with serial twofold dilutions of the agents in sensitivity test agar.
Bacteria cultured overnight were inoculated onto the agar plates at 10‘CFU per spot and incubated for 24 h at 37°C.
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S. epidermidis  TK 2135 Vector plasmid

Chromosomal DNA pUC 19 (2.7 kb)

% Hind 1

L J

Hind Il digestion
Ligation
Transform E. coli TG 1

Hind 11

pTUS 33
4.9kb)

S %
% ¥ Hind 11 N\
BN )
Hind 1l digestion
. Isolate 2.2 kb fragment
o ) ——————
@0 Hind 1l digestion Ligation
pSU 40 Transform S. aureus SA 113
(4.5kb) Hind 1l
pTUS 105
(6.7kb)
Hind
C\
P
\@ o
Fig. 1. Cloning of the new quinolone resistance

gene in Staphylococcus epidermidis. Recom-
binant plasmid pTUS 33 was constructed by
inserting a 2.2kb HindIlll fragment of
chromosomal DNA from S. epidermidis
TK 2135 into a vector plasmid pUC19 for
Escherichia coli. A 2.2kb HindIll fragment
purified from pTUS 33 was ligated at the Hind
11l site of a vector plasmid pSU 40 to construct
pTUS 105 for Staphylococcus aureus.

s7u—=>27 L7 NFLX ittt @z FratetEZ
502 22kbd Hind IIDNAMH BSEA S E
coli 75 A3 Nix, #n¥h pTUS33, pTUS36,
BLUPTUS3 Lda L, 72, TK2135D 2.2
kb DNA WK % E. coli > E U S. aureus ~NRL T2
BizfEs itz S, aureus B7 7 A 3 Fix, pTUS105
Ll iz,

5. BERTIOBRE

pTUS33ic 7 o — vt & n722.2kb D Hind 1l
DNA WiH iz, #OBERTIERET 570D EHIS
1.OKb LA FODNAME ELTMI13mpl8 H5 i
M13mpll ~# 727 o—>{tL, E. coli TG 1#i

Ry & S, Wb S 00 1 AT DNA O,
PEG 6,000 1o & - THFvy, XKW T/x/—n:170n
RV LRI £ D FO DNA 2L 7, DNA Hi
sl oz, TTDNAR Y 2 o - ¥ L [*S]
dATP 2w, Y74 F )00 E0irL . 20
fhod 4% 4d, 9 _T Maniatis ' Ok #C 12,

6. FEHIOULD A B JUR

S. awrcus SA 113 E SA 113 (pTUS105) & 45
Fa=a—F /70 O AAIE, 0.1mM O car-
bonyl cyanide m chlorophenyl hydrazone (CCCIP)
RUSINL B8 &, EERINRE W 550 N [“CI ENX
E[MC) SPFX B2~ 2 Lk b llE L
AR

7. HHINATVIA -3~

K ST BE D CNS 12 B 1) B norA B I BIL 72
BETFOREIL, REAME»OBESNCNS &)
HEEBICHK A R, BEHRICHE-> TIT- 127,

. # R

1. NFLX itt#ifzfFor7o—=>7

NFLX itttk &#Rx L S. epidermidis @ 3 ¥k» &
it L 7-4 DNA 24IRg# 0 Hind I TYIML, #
noEHOWTHWET 2 REFO70—=» 7 %2{T>
7o WTNOHE Y, NFLX 2 ug/ml #&H § 5%
R EwC Rk L b b 20 = —DOFEHEHGE
Hontz, NFLX o3 2 EZMnEbL izt Bb
haZhoepao=——%MERCHELT, Thoh
W77 23 FDNA #fiti L, #iéaA 7 DNA
Wik AT 5 &, BREL I T2 RO E BRI,
FTANT2.2kbD HindIIIDNAWHF 28> 7 A 2
FaRBHL Tz, SEERFEKEXD 2.2 kbDNA li ki
2FO7 I AL N TIREEREN E coli TG1#
DHEME=—2—F /oo 5EZHEMME,
Table 2 27 d, FdzigdL 7z pTUS 33, pTUS 36,
B L U'pTUS38IE, # L & 0 S. epidermidis
TK 2135 #, TK 2291 ##% & tfic TK 1223 Bk &5 D
2.2kb Hind I DNA Wi sS4 A E NI 7T AL F
Thb, IO EEMAKIE, —2—F /o rEox
LTRIL &5 7% MIC #/rL7:, $4bb, NFLX IZ
HLTEZ2EETGC1IE O MICO.1 ug/ml D 16 ~
312D MIC TH % 1.56 5 & 3.13 ug/ml O f# % 7=~
L, ENX it L T 31 D 1.56 xg/ml, CPFX iz
L TIF10~20f%D 0.1 526 0.2 xug/ml, OFLX 12
LTI 2~4ED0.1 55 0.2 ug/ml ® MIC %7K
Ltz LixLZass, TFLX & SPEX 233 2 MIC
WCREBAEED L ho, DFED, JORENS, 7
o—itan-zhFho 2.2kb DNA BrH k2,
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NFLX 2 ¥ 2 =2 —F / u v EORZEE2E
AT 300 »OBIEFHEFEL TV 5 AJREMELIRE &
niz,

X5z, MHERBEOED SEETOFEYBERT
LHBT, S. epidermidis TK 2135 8k 70—
{tL722.2kb > DNAWIH % S. aureus HOR 7 ¥
— 75 A3 KTH5pSU L ~FHREEL, ZOHAME
% DNA 4FpTUS 105 T S. aureus SA 113 ¥k % &
Bl 7o (Fig. 1O TAED) . BEEHEKD S.
aureus SA 113 (pTUS 105) #kix, Table2 &=L 7z
K51, ZRE L L SA 113 BRicik~, NFLX ik
#1645 o MIC (25 ug/ml) %7~ L, ENX i i& 32
& (12.5 ug/ml), CPFX iz 1331 % (3.13 ug/ml),
OFLX iz 13 8% (1.56 ug/ml), TFLX IZ %20 %
(0.2 ug/ml) B X *SPFX 2 354% (0.1 £g/ml)
DOMIC D ERZ2FDT, ZOBERNPSAONE LD
iz, BohicEREKE, HENBUKEEwbR
Za—F /o rEicm~, NFLX, ENX &% %\ i
CPFX D & 5 MBI AT D =2 —F /o v Eic
32 MICOLERBEDERHTH > 2o I DORMED
5, za—{&h7-2.2kb ® Hind IIl DNA ¥t i
ki, =a—F/orEomttclb 2ET 5L
2 O5NBBEEFHI— FIN TS A[HEMELREE X
ni,

2. 2.2Kkb ® Hind lIl DNA W HK O£ ERS| DR
E

Bzt L7z pTUS33icza—vib&hnkz2.2kb®

DNA Wik i3, Fig. 2R LIt FERE->TZ02E
HEY 2HREL 2, BiffahERIZFig. 3wl
7o, ERRMCEEL B e ERL, TEICEL.
SNFEREELSBERENDE T I VEBOKSTH 5,
2.2 kb DNA ¥y Eoo 571 FREDOEES» S 1,731 KH
DIFRCLI->T, 1HOA -S> V-T2 77V
—LDEBOSN, TOT7V—LIF3BTHEDOT I/ BH»
SRBERIVRSFREI—-FL T, 72, 2D7
I BERELOHEINDIRIRTFFOSFREI
42,118 Th o120 Invitro BIIRRIC L D EESNIZF
VRZF RO TFERBAETIE, 42,000 L EH 2
(F—F &), 73/ BEVLVHEELSFREER
PLTwBZ s, ERLIcA—=—F V=T 7
TV —AiE, EBICRIRTSFRZ2a—-—FLTnbE
Zzo6hiz,

—FH, ZOBBETICBTLHE 0 E— 5 —HEK
i, Fig. 3@ 7> % —94 v TCRLTHB LD,
HHEEE 453 5 5 458 (TACAAT) L EHEES 429
5 435 (TTGTCAT) RwiZahi, o i
E. coi 833 70&x—%—D—-108 L U—-35%
Besdsarvery Ay —27x A (TATAAT
& TTGACAT) cHflL Tz £, VARY —A
OHEEREEIBAIE, Btha K> (ATG) O ¥ 8
o 4ERDOE ZAHFEEL (AAGGGGG), Shine
-Dalgarno fit%| (AAGGAGGT) W EHE > T
Wiz,

RYRTF R OEERERME U THBiES 2 L 8b

= =
i ; T 3 : 5 iF ;i
R 88 8 8 N 3 S S8
“2;} 3 < B < ¥ 949 & EX

 — l—#‘—uj—-l—u
0 0.5 1.0 1.5 2.0 2.25

(Kbp)
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Fig. 2. Restriction map of the 2.2 kb Hind Il fragment derived from pTUS 33

and the strategy for determining the nucleotide sequence. The arrows
below the map indicate the direction and extent of sequence analysis.



VOL. 39 NO. 11 KT K IEREIC BT B nord BRI T 1005

1 AAG CTT TGA CTG GTT TGA ACA ATT TTA AAA GTA GAC AAA GTT CAA A6 18
49 GCA CGT ATG CTA AAA ATA AAT TTA ACG TCA TAA AGT TAA AAA TAT 616 96
97 ATT CAG TCA TAG ATA TAA CAA ATA AGA TAA TAA AGT ATA TTC TTG CAA 144

145 AGT AAC GAG ATT GCA TAA CCA CGC ACT ACT TTC TAT AGA G171 TGA TAA 192
193 TCG AGA GTT AAT GAT AAC TTT TAC AGT GAG GCA TTT CAA ACA AT TGA 240
241 GGT GTT TTC TGT TTA TAC AGA TGT GAA AGC GAA GAA AAA TTA TAC CGT 288
289 ATG TTC ATT AGA CTT TAG TCA ATT GGA TAA AGG TTT TG CGAAAG 1T 336
337 ATG AAG ATA CAG GTT CGT TTA ATT ATA TGT TAA ATT TTT AAC TAA AAA 384
385 ATT AGA GTT TAG TGA AAT TTA AAA ATT AAA GTT TTT CAA AAT GAT J( .'ll 432
-10
433 CAT GTC ACG TTA AAT TGT TAT _ACA ATG TAG AAA CTT TTA GTA AAG TAA 480
481 AGT TCT TAT GTG GGA CAT TAA AAA TAA ATT TGC GAT AAA TTT CAA AAT 528
SD
529 TAT TGG TAT GCT TAC TAT ATT AGA AAA AAA GGG GGG GTT CCT ATG AAA 576
1 Met Lys 2
577 AAA CAA TTA TTC ATT CTT TAT TTT AAT ATA TTT CTT ATA TTT TTA GGG 624
3 Lys Gln Leu Phe Ile Leu Tyr Phe Asn Il¢ Phe Leu Ile Phe Leu Gly 18
625 ATT GGA TTA GTT ATT CCT GTA CTT CCT GTA TAT TTG AAG GAT TTA GGA 672
19 Ile Gly Leu Val Ile Pro Val Leu Pro Val Tyr Leu Lys Asp Leu Gly 34
673 TTA AAA GGT AGT GAC TTA GGA ATG CTA GTT GCT GCT TTT GCA TTA TCA 720
35 Leu Lys Gly Ser Asp Leu Gly Met Leu Val Ala Ala Phe Ala Leu Ser 50
721 CAA ATG ATT ATT TCA CCA TTT GGT GGG ACA CTA GCT GAT AAA TTG GGT 768
51 Gln Met Ile Ile Ser Pro Phe Gly Gly Thr Leu Ala Asp Lys Leu Gly 66
769 AAA AAA TTA ATT ATA TGT ATC GGT TTA GTA TTC TTT GCT GTC TCT GAA 816
67 Lvs Lys Leu Ile Ile Cys Ile Gly Leu Val Phe Phe Ala Val Ser Glu 82
817 TTT ATG TTC GCA GCC GGT CAA AGT TTT ACC ATT TTA ATC ATT TCA CGT 861
83 Phe Met Phe Ala Ala Gly Gln Ser Phe Thr Ile Leu Ile Ile Ser Arg 98
865 GTT TTA GGT GGC TTT AGT GCA GGC ATG GTC ATG CCT GGT GTA ACA GGT 2
99 Val Leu Gly Gly Phe Ser Ala Gly Met Val Met Pro Gly Val Thr Gly 114
913 ATG ATT GCA GAT ATT TCT CCA GGA GCT GAT AAA GCT AAA AAC TTT GGT 960
115 Met Ile Ala Asp Ile Ser Pro Gly Ala Asp Lys Ala Lys Asn Phe Gly 130
961 TAC ATG TCG GCA ATT ATT AAT TCA GGT TTT ATA TTA GGA CCT GGA TTT 1008
131 Tyr Met Ser Ala Ile Ile Asn Ser Gly Phe Ile Leu Gly Pro Gly Phe 146
1009 GGA GGC TTT TTA GCT GAA ATT TCA CAT AGA TTA CCT TTC TAT GTT GCT 1056
147 Gly Gly Phe Leu Ala Glu Ile Ser His Arg Leu Pro Phe Tyr Val Ala 162
1057 GGA ACA TTA GGT GTT GTT GCA TTC ATT ATG TCA GTT TTA TTA ATT CAT 110
163 Gly Thr Leu Gly Val Val Ala Phe Ile Met Ser Val Leu Leu Ile His 17
1105 AAT CCT CAA AAA GCA ACT ACA GAT GGA TTC CAC CAA TAT CAA CCT GAA 1152
179 Asn Pro Gln Lys Ala Thr Thr Asp Gly Phe His Gln Tyr Gln Pro Glu 194

Fig. 3-1. Nucleotide sequence of the 2.2 kb fragment containing the norA gene. The nucleotide
sequence of the sense strand of the norA gene from the 5 (left) to 3’ (right) end is shown. The
amino acid residues of the norA gene product are given below the DNA sequence. The —35 and
—10 sequences of the promoter, the Shine-Dalgarno (SD) sequence, and a possible transcription

terminator are underlined.
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1153 TTA
195 Lcu
1201 ACA
211 Thr
1249  TTA
227 lLeu
1297 (T
213 Ala
134 ™rr
209 Phe
1393 TCA
275 Ser
1441 GGT
291 Gly
1189 GAT
307 Asp
1537 AAA
323 Lys
1585 GGT
339 Gly
1633 TTA
355 Leu
168 ATC
371 Ile
1729 AAT
387  Asn
1777 GAC
1825 TTC
1873 GT1
1921 TGT
1969 ATC
2017 TAA
2065 AAA
2113  GTA
2161 CAT
2209 GAT
Fig. 3-2.
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TTT
CTT
ATA
AAC
TGT
AAT
TTA
TTT
TGT
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N
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Lys
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GOT
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cCr
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Tyr
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GGG
CTT
AGT
AAC
AAT
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AGT
TTA
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TTA

TGO
lrp
(HeN)
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GTA
Val
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TAT
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AT
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CTl
Leu

ATG
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1
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ATG
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ATT ACT CCA GTC ATA TTA 1200
Ile Thr Pro Val lle Leu 210
11 GAA ACA TTA TTT ICT 1248
I'he Glu IThr Leu Phe Ser 226
CC'lAAA GAL ATT '1CG ATA 1296
Pro Lys Asp Ile Ser Ile 242
TTA 1TTC CAA GTA I'TC 171C 1344
l.Leu Phe Gln Val Phe Phe 258
CHEOAANT T AT GCA TGG 1392
LLeu Asn Phe 11e Ala Trp 274
CATG OTTA GG CTTE GCA AAC 1440
Met Leu Val Leu Ala Asn 290
G GTT ErT ATA GGT T 1488
Val Val Phe Ile Gly Phe 306
T TCG AAT ATA GCA GGC 1536
Phe Ser Asn Ile Ala Gly 322
TCA ACT 11T ACC AGT AlG 1584
Ser Thr Phe Thr Ser Met 338
GCA TTA TTC GAT GTT AAT 1632
Ala Lc¢u Phe Asp Val Asn 354
GTT TCA TTA AGT GGA ATT 1680
Val Ser Leu Ser Gly lle 370
TCA CGC CGT AAA GAA GCA 1728
Ser Arg Arg Lys Glu Ala 386
TCG C(G AGA AAT TCT ACG 1776
388
CAC_ AGT GTT CAA GAC GAA 1824
Transcription terminator
TTG TAA TGT AAA GTT GAT 1872
TGA GTT ATT AGT GGT TTA 1920
AGT GTT ACA AAT ATT ACA 1968
TAT TAA AAG TTG TTG TGT 2016
GGT AAG GAG ATG AAA TTG 2064
ATT TTA TCA ATT TGT TTA 2112
AAT GCA TTA GCG AAA GTC 2160
AAA ACA GTA TCT CAT AAC 2208
GTT GCT GAA GCT T 2251

Nucleotide sequence of the 2.2 kb fragment containing the norA gene. The nucleotide
sequence of the sense strand of the norA gene from the 5’ (left) to 3’ (right) end is shown. The
amino acid residues of the no7A gene product are given below the DNA sequence. The —35 and
—10 sequences of the promoter, the Shine-Dalgarno (SD) sequence, and a possible transcription
terminator are underlined.
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1 10 20 30 40 50 60
A: MNKQIFVLYFNIFLIFLGIGLV!IVLPVY[KDLGLI( DL(LLVAAFALbQMlISPF((I
B: MKKQLFILYFNlFLlFLGIGLVIPVLPVYLKDLGLKGSDLGMLVAAPALSQMII PFGGT
1 10 20 30 40 50 60
61 70 80 90 100 110 120
A: LADKLGKKLIICIGLILFSVSEFMFAVGHNFSVLMLSRVIGGMSAGMVMPGVTGLIADIS
B: LADKLGKKL]ILIG[VFFA\ hFMFAAGQ\FFlLII RVLGGFSA(MVMPGVI(MIADIS
61 70 80 90 100 110 120
121 130 140 150 160 170 180
A: PSHQKAKNFGYMSAI INSGFILGPGIGGFMAEVSHRMPFYFAGALGILAFIMSIVL-1HD
B: PGADKAKNFGYMSAI INSGFILGPGFGGFLAEISHRLPFYVAGTLGVVAFIMS-VLLIHN
121 130 140 150 160 170 180
181 190 200 210 220 230 240
A: PKKSTTSGF-QKLEPQLLTKINWKVFITPVILTLVLSFGLSAFETLYSLYTADKVNYSPK
B: PQKATTDGFHQYQ-PELFTKINWKVFITPVILTLVLAFGLSAFETLFSLYTADKVNYTPK
181 190 200 210 220 230 240
241 250 260 270 280 290 300
A: DISIAITGGGIFGALFQ[YFFDKFMKYFSFLTFIAWSLLYSVVVLlLLVFANGYWSIMLI
B: DISIAIIGGGVFGALFQVFFFDKFMKYMSELNFlAWbLLYSAIVLVMLVLANGYWT]MI]
241 250 260 270 280 290 300
301 310 320 330 340 350 360
A: SFVVFIGFDMIRPAITNYFSNIAGERQGFAGGLNSTFTSMGNFIGPLIAGALFDVHlEAP
B: SFVVFIGFDMIRPALTNYFSNIAGKRQGFAGGLNSTFTSMGNFlGPLVAGALFDVNLEFP
301 310 320 330 340 350 360
361 370 380 390
A: IYMAIGVSLAGVVIVLIEKQH--RAKLKEQNM#*
B: LYMAIAVSLSGIIIIFIEKGLKSRRK-——-EAN-*
361 370 380 390

Fig. 4. Amino acid sequence homology between NorA polypeptides from Staphylococcus aureus (A)
and from Staphylococcus epidermidis (B) . Matched amino acids (:) and gaps (—) introduced for
optimal alignment are indicated.
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Table 3. Amino acid composition of the deduced NorA polypeptides of Staphylococcus epider-

midis and Staphylococcus aureus

S. epidermidis S. aureus

Amino Acid Count Mol% Amino Acid Count Mol%
Gly G 41 10.59 Gly G 40 10.31
Ala A 32 8.27 Ala A 28 7.22
Val \% 27 6.98 Val \% 28 7.22
Leu L 46 11.89 Leu L 47 12.11
Ile I 43 11.11 Ile I 45 11.60
Ser S 25 6.46 Ser S 30 7.73
Thr T 16 4.13 Thr T 15 3.87
Cys C 1 0.26 Cys C 1 0.26
Met M 16 4.13 Met M 17 4.38
Asp D 11 2.84 Asp D 10 2.58
Asn N 14 3.62 Asn N 13 3.35
Glu E 8 2.07 Glu E 9 2.32
Gln Q 8 2.07 GIn Q 9 2.32
Arg R 6 1.55 Arg R 5 1.29
Lys K 20 5.17 Lys K 19 4.90
His H 3 0.78 His H 6 1.55
Phe F 41 10.59 Phe F 36 9.28
Tyr Y 12 3.10 Tyr Y 13 3.35
Trp w 3 0.78 Trp w 3 0.77
Pro P 14 3.62 Pro P 14 3.61
Asx B 0 0.00 Asx B 0 0.00
Glx Z 0 0.00 Glx VA 0 0.00

(Total 387) (Total 388)
Molecular Weight Molecular Weight
=42,117.9 =42,263.1
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Fig. 5. Hydropathic profiles of the predicted

amino acid sequence of the NorA polype-
ptides. The hydropathy was calculated
according to the algorithm of Kyte and
Doolittle!” A, Staphylococcus epidermidis;
B, Staphviococcus amreus .
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Fig. 6. Uptake of ["'C] enoxacin by Staphylococ-

cus aureus cells with or without 0.1 mM

CCCP @, S. aureus SA 113 (recipient
strain); O, S. auwrcus SA 113 (pTUS 105)
containing the norA gene from Staphylococcus
epidermidis .
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Uptake of [*'C] sparfloxacin by Sta-
phyvlococcus  aureus cells. @, S. aureus
SA 113 (recipient strain); O, S. awureus
SA 113 (pTUS 105) containing the
gene from Staphvlococcus epidermidis .
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Fig. 8. Southern blot hybridization of Hind III-

digested chromosomal DNA isolated from
coagulase negative staphylococci. Purifica-
tion of total DNA from each strain and subse-
quent hybridization procedures were done by
the method described previously'”. The sam-
ples in each lane are as follows: A through H
are from Staphylococcus epidermidis; A,
TK 2135 (NFLX"); B, TK2291 (NFLX");
C, TK1223 (NFLX"); D, TK1166
(NFLX®); E, TK2198 (NFLX®); F,
TK 2155 (NFLX®); G, TK 2214 (NFLX®);
H, TK2331 (NFLX®);: I and ] are from
Staphylococcus  haemolyticus; 1, TK 2384
(NFLX®); J, TK1350 (NFLX®); K and L
are from Staphylococcus simulans; K,
TK 1284 (NFLX®); L, TK 1286 (NFLX®);
M, 5.5kb DNA fragment containing the
norA gene from Staphylococcus aureus; N,
probe DNA containing the norA gene from
S. epidermidis .
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THE norA GENE CONFERRING NEW QUINOLONE RESISTANCE
IN STAPHYLOCOCCUS EPIDERMIDIS

Kimiko Ubukata, Mutumi Sugiura and Masatoshi Konno
Department of Clinical Pathology, Teikyo University, School of Medicine,
2-11-1, Kaga, Itabashi ku, Tokyo 173, Japan

A 2.2-kb Hind Il DNA fragment containing the norfloxacin (NFLX) resistance gene was cloned
from chromosomal DNA of new quinolone-resistant Staplivlococcus epidermidis. The cloned DNA
fragment was introduced into quinolone-susceptible Staphylococcus awrcus SA 113, for which MICs of
NFLX, enoxacin, ciprofloxacin, ofloxacin, tosufloxacin and sparfloxacin were 0.39, 0.39, 0.1, 0.2,
0.01 and 0.02 ug/ml, respectively. The resultant transformant was resistant to the above new
quinolones with MICs of 25, 12.5, 3.13, 1.56, 0.2 and 0.1 ug/ml, respectively. The cloned DNA
fragment has an open reading frame of 1,161 base pairs that encoded a polypeptide of 387 amino acid
residues with the molecular weight of 42,118. This polypeptide was rich in hydrophobic amino acids
and was estimated to be membrane-associated. The amino acid sequence of the polypeptide was one
amino acid fewer than that of the NorA polypeptide of S. aureus in numbers, and showed 79 %
amino acid identity with the latter polypeptide. The polypeptide produced by DNA-directed transla-
tion using the cloned DNA fragment as a template showed the molecular weight of about 42,000
which was consistent with the estimated value. Therefore, the open reading frame was considered
to be the norA gene of S. epidermidis, a homologue of the S. aureus norA gene cloned previously .
The cells of S. aureus SA 113 having the S. epidermidis norA gene uptook less enoxacin (about 50
% of S. aureus SA 113 lacking the norA gene) and the uptake was recovered to about 70 % when
carbonyl cyanide m-chlorophenyl hydrazone was added. These results suggest that the NorA
polypeptide encoded by the norA gene of S. epidermidis is located in the cell membrane and concerns
energy-dependent active eflux of hydrophilic new quinolones.



