ek Fvii—&# DNA BAMES BMITIC & 2
BET K YRE grd RMEFORERORH

oI ®-EF F K H
EatA £ v — R RIRBE R IR

(B 549 A 28 ARt - ¥R 54 12 A 20 ARA)

REZFPIRBICBI2F /0 Kttt grA RETFOREREOMEEHAL»ICL,
orA MEFOAEROMELZFEEEOMRS L U2 OHMAME 2 H 5 HIT, 36 BROMK
AMBREZFEVRE (/0 RHEE 2% - BRYEE 75) O oA R{EF % polymerase
chain reaction (PCR) THIEL, BHHMR (RD) £HEALZV»—A# DNA BAMESE
Single Strand Conformation Polymorphism (Non-RI SSCP) ¥ TEROHEMR ERETL 72,
FIE§ic PCR TH##8 L7 DNA Wi K- % HEEERTIREH TR L e, ZORKR, ¥ /o
HLPET 2 4 EED g ARGEFOEAERBBO SN, Tibb (1) Ser-84—Ley;
(2) Ser-85—Pro; (3) Glu-88—Gly; & U* (4) Glu-88—Lys TH 5, D3 b Glu-88
SGClyDEZERBSETCRBEDLWERTH o, BHKT S /JMa kK86 DATT—
ATC TR (7S /7BMRITELEW) B1KOF /o BR2EEICED >, Ihbs ¥

PREBEDRVERTho N, 2HEOF LV A 7OEAERERD L T HAORETFE
REEIZTRT, REFEROZVEFMEK L 1 ED Non-RI SSCP iz & 2 BSkRyic THF
A TH o7 UL D, 2D Non-RI SSCP iz ¥ / o ¥ttt L BIE T 5 gyA RIEETF O
EEROEEL L bt OERVOKE : CUHELF L OAEETH Y, BE, WE, »2F
AtEORVWREERLEX SN,

Key words: Non-RI SSCP, PCR, quinolone resistance, gy7A gene, Staphylococcus aureus

7 B oHKE, ¥ methicillin-resintant Staphylococcus
aureus (MRSA) 12 X 3 BRIE X B R ER NP R T
o SERFEEZMELE RS> TV, A 70FY Y
pyFuzoFYyrERLHETE=a—F /urER
MRSA BEFECOEIE ShTols?, ifiFE=a—F/
o ittt e RS EROMIMER BB Sh, BIZTF
UYREIEBOTELLERESNTVW S, ZhETi,
X /o0vEOTEMFEL LT IBED A Y =X L8HEX
hTw3, 1 OMFL, noA REFCXEERTVLS,
MR T 2 MEAIC X 3, ¥/ oy ROEES)
Heiiil (active efflux) TH 3, F2HBZ, TOF
S IZRBATH 5 b8 cfx-ofx L@H S Mo RIZFRUKIC
$2bDTHBY, FEIDAA=AAIZF /0 EOEN
BXLHFLOA TS, WEMRACSTDNA OER
iZMbH 3 DNA ¥ v 4 V—RA"OMBEELTH 5, K
BETIRDNAY + A V—RAR2BOAY T2y b L
2EDOBY 7=y P CHRENNREMELZL TS
D, EhPh grA 8L U grB RMEFICXEE N TS,

BEF /o ERELBELTVIDORER grA REF
DEERTHIEEN, 7RVRECBVTHWVLL DO»EK
E£XNTVEY™Y, $ETRE, Y7oy vy VREOTF
vEHRELSAEI NI AERIE, Ser-84—Leu; Ser-84—
Ala; Ser-85—Pro; Glu-88—Lys ® 4 BB TH 3,

—#, EERORERE L TRELOHENRESATY
3, SEROHEBERIICHRLAVIZIVAFFET
g—FELTIFINA TV T4 -y a v, HEEE
EFREEY, HIRBEROFDMPAID DNA SR LR T2
restriction fragment length polymorphism (RFLP)'*'"
BETHD, CNODHERERTHZThED, —ROD
EBERECHEAT A EELTRERTAEEABH -

- —AENRS KI5 % R single strand conformation poly-
morphism (SSCP) ##frikiz'*'¥, —Z# DNA »MEXAC
o b £ SV THRT 3 RIS DRV + BI KB DOBE)
BEOEZ:LTRETZ2LDOTHY, REROMELHEEE
Thd, LEArLRHBICRIZERAL TV E»S, 4 —

FNISAST 74— KEAEBTIEWIRANRD o2,

* FOERch R X e 5-1-1
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BGE, Rl 2 HE VHEREBCEVHET S L TEOM

B eMk L fo$i LuoRIEE (Non-RI SSCP) »iMfsh

721, &E, RL 2T Non-RI SSCP k% #+ / o » Kifi

HEMEOENY v 4 V—AABHDI PV 84~88 LK

35 EERDHECSAL, dheTENTLORERD

HERH| 2 REL, *OHANEMODOTHRET 5,
I. # 8 & F &

1. {EREK%

B0 A £ v & —hRiREE & BALKZ MR FHTR
RNEHC 8T, BRREM D S 2K S iz 36 ¥
D S. aureus ¥ FKRRICB T,

2. MEHAE

EFI—F A2V (BEXRZ T4y F2Y
VEBRESH) LA MBEEEBEREERAVT
MIC 28IEL T Y 7u7uod4 Uitk At 7o
4y UiittEid, £FhFh MIC #84 ug/ml, 8 ug/ml
UEELTHEL I,

3. DNA o#i

R S DORtatk DNA iz, 3 Tic#id
LIz AECE-S 12,

4. AVIRXRIVAFFOER

FI3A4A— L TERBLIAVIXZ2VvEF R,
S. aureus gyrA REEFDHEERF'OC b LT ERKET
L, 418 —7v 7B6ASHICEHEKBLEAL Iz,
FhoDEERYIX Fig.l1icRLk, =a—F/0
VEMMR o ARGF7 I /Ba P 8405880

5-ATGAACAAGGTATGACACCGG-3
i 5-CACGTATCGTTGGTGACGTA-3

| E 3'-CGTTACCATGCATACCGAGT-S
primér GA1l

primer GA 3 primer GA 2
124bp 2+
- 97 bp y _37bp

83 84 8 8 87 88
GAC TCA TCT ATT TAT GAA

Asp Ser Ser lle Tyr Glu

Fig. 1. Primers for polymerase chain reaction
and direct DNA sequencing. A pair of primers
(GA 1 and GA 2) yield a product of 124-bp
gyrA fragment after PCR amplification. The
presence of a Hinfl site (wild type)generates
a pair of Hinfl DNA fragments 97 and 37 bp
in size, whereas its absence because of
mutation yields a 124-bp fragment. Under-
lining denotes a Hinfl site (GANTC), and
numbers identify the positions of the deduced
amino acid residues. Primer GA 3 was used as
a sequencing primer.

WA LA H D ENHSNT VLA, OB
EMBEF B LS T4 v— kB LT, 7747~
GA1E:GA2ickh 124bp ® PCR EVIHBS5h 3,
GA 3 BHERERFIRERAD 7 IA4 7 —L LTRL,

5. PCR

Kz, DNA thermal cycler (Perkin Elmer
Cetus) %A\, KItH#%4 X denature 94°C, 30 %,
annealing 60°C, 30 ¥, extention 72°C, 1% 1%
47NV ELTI0HA 7 VEBL T,

6. RFLP

PCR EY) % %IBBEX% Hin fl1 12T 37°C 1 FMIIEL
tetk, %727V NTEFFAAARARKERBL,
ethidium bromide {8 LN T > 7T TREL 1,

7. SSCP

PCREY 1oL T10u4 DIS5%FENVAT EF
% &2 loading ¥ £ X, 80°C 5 £3M denature L
Tk, %7 7INT ISV B0:177YNTE
F:ERAZ7ZYNTIF) 2104 %2 apply L, 25
mM U R, 192mM 7V ¥~ %2 &t buffer 2 Av
T 200V 2 RISk EI L 72, HWHEREAM LA
LY NVOBES ITCT—EICL 3 & 5> EREKB LI,
KRR TR by vE LA CBL, BRERAE
(B—t) ATV FERELL,

8. HEKIIORE

PCR T##E L 7z DNA Wi OH BB ERCTIRE R,
TA4RVX2VvAFEFF—¥E [yPP] ATP" B
SUFS74<—GA3IZRAWTYA INY—TIXIV/R
BTt YNV TMERFEELXZB6%T 7
VA7 S RHFNICT, 1,800V 2 Bflioklh Lk
— b ITATTT7 4 —%{To 1

. & ®

SEOERICHERBLIS. aureus36 kD35, 29
I A E L AR 4= DA E L IR RN
Thote, ¥/ 0 Hlitt LBEFKT 3 grA BETO
7I/BOEE, 7/ BES4EHOEY Y
(Ser-84) »5 88 EBD I/ V¥ 3 B (Glu-88) %
TOEEEMESNTVEDT, FOELSHESN
25774 v—%FELL (Fig. ). PCREEL
DT RTOEH S FES iz 124bp O DNA KA
Bont, MEBEHDOT I /BYa—FT5 grAl
FOREROEMZ, PCREY % FHIREER HnflT
WMEF5 itk DHEL, b5 Fig. 10T
BTRL I Hinfl ISR osHEET B &, 9Thpt
37bp DA EZX D250 DNA E BB SN B, J=3
FRIZLD Hinfl YIS LT 5 & 124bp D
DNAWK D3, RILI6KHEDI B, 14
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BIZHnflllLET2 DODNAW R B s N2
(Fig.2A), ThoDRDS B THRIZ* /) v riitET
B0, B8BEHDT : /BEa—F T35 grA REFO
WU AERYET2ERKTH- 2 (Table 1),

FRENODHER % Non-RI SSCP & TAHL 12
r2%, TORBEOEC L) SEHICHERNL
(Fig. 2B), ZXROKHET TR, —WB/ELZ
ZHDNA (124bp D¥ 4 XD/ ) & isoconformer
(F Y CRBIE b 30 R - il /v F)
BAD oSN, FhENLORE/ Y- T& 2K (&
7ZLa R 86 DERKIZ 1BR) DOF 15 5%, HEE
BEEFIREHRC LI ORTLIEZ S, 2o D¥kEY
-V OBELRTRT oA REFOAERBFRL
8y, BUKE I —YOBETREERLVE—TH
-7 (Fig. 3), Tablel RL K & 5, MERRK
B2 grABGETFOSRERIIS, 85, B8FBHODOT
I/BaARCREELTBY, ZEAFRVMAB L
BEOER Y-V ENTz, 2 F 8 DE
213 CoT transision T2 iR e6hiz, 2 P8
OERIZ 2R 51 T—C transision Th-o> 7z —
HFarkrv8BicAshERi2GAA-GGA £ 7213
GAA—AAA O transision TH - Tz, ¥ 7/ 0 i
29250 L 3BT 1 PFAOADERTHY, D6
BRiZ2 pRCRERSRED OGN, 2R84 L 85D
THAZEN2KTIN U84 LB DEAT RN
BCREEhT, ¥ /o0 Sk 1flica Py
86 D ATT-ATCEEMNED S, U7/
B%3— FL TWw5silent mutation TH-o7z. 6 &
RBEFCERORWEERTY /o B2ETh-
2o

Inr. = %

¥ /0 rEOERBES X Uittsg, BUHK
BEOMECHHASNT E ], ZORBEISHEEXN
S. aureus D gyrA BILF b 7u—vtbdh, ZTOE
ERIIbBHAS iz s, SEELZ 1, 36850 S.
aureus % Non-RI SSCP & THIF L 2R, ¥/ 0
CEMmit LBIET 5 6 BEOERERHOhIZ LI, T
O, (1) a¥ >80 TCA-TTA;(2) 2 Fv
8D TCT-CCT; (3) a2 P> 88D GAA—-AAA X
TTCRBEENTWES A FLAKETHH Y, Fh
SICIMZT (4) a3 F> 88 DGAA-GGA; (5)
F8 dTCA-TTA L a2 F 88 D GAA—AAA
D_EEER (6) aF>84DTCA-TTA L ¥
V88 DGAA-GGA D _EFEE RS I TCRHED
BubOTHol, X5, /0 ERZHO 14
EBWTaRY86 D ATToATC t wWIHLLEE

A°M12345678

2 3 4 5 6 7 8

4]
(| =

o
(

— o N S ) — ——

[

Fig. 2. A, Polyacrylamide gel analysis of PCR-
amplified DNA digested with Hinfl. PCR
products were digested with Hinfl at 37°C
for 1 h and subjected to electrophoresis thro-
ugh 12% polyacrylamide gel at 20 mA for 40
min and subsequent ethidium bromide stain-
ing. B, Detection of gyrA mutation by Non-
RI SSCP analysis. Eight types of bands with
different mobilities were separated. In all
lanes, renatured ds DNAs appeared at posi-
tions of 124 bp in size. Lanes: M, molecular
weight standards of 123bp ladder plasmid
DNA (GIBCO BRL); lane 1, mutant with Ser
—Leu (TCA—TTA)at codon 84 and Ser—
Pro (TCT—CCT) atcodon 85;lane 2, mutant
with Ser—Leu (TCA—TTA) at codon 84;
lane 3, mutant with Ser—»Leu (TCA—TTA)
at codon 84 and Glu—Gly (GAA—GGA) at
codon 88; lane 4, mutant with Ser—Leu (TCA—
TTA) at codon8 and Glu—Lys (GAA—
AAA) at codon 88; lane 5, wild type; lane 6,
mutant with Glu—=Gly (GAA—GGA) at codon
88;lane 7, mutant with Glu—Lys (GAA—
AAA) atcodon 88; lane 8, mutant with ATT
—ATC atcodon 86 (silent) Lanes1 through
4, 6 and 7 were quinolone resistant strains.
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Table 1, Mutations of the gy»A gene in Staphylococcus aureus detected by Non-RI SSCP

Codon Nucleotide Amino acid Hinf1V No.?

Resistant strain®

84 and 85 TCA, TCT-TTA, CCT Ser, Ser~sLeu, Pro - 2

84 TCA-TTA Ser—Leu - 16

84 and 88* TCA, GAA-TTA, GGA Ser, Glu—Leu, Gly - 2

84 and 88* TCA, GAA-TTA, AAA Ser, Glu—Leu, Lys - 2

88* GAA-GGA Glu—Gly + 2

88 GAA—AAA Glu—Lys + 5
Susceptible strain

86° ATT—ATC lle—Ile + 1

None + 6

* novel mutation

Y 4+, Hinf1 site present
—, Hinf ] site absent

» number of occurrences

¥ resistant to ciprofloxacin and ofloxacin
susceptible to ciprofloxacin and ofloxacin

1 2 <) Bl
A A A \
A ATGE B ATGC G ATGC A\ ATGC
G G \®g © A\ B
T OLZ R T LG T - 1 -
A - A ? A A -
T K% T - T T -
T - i = 7 N
T - i P Z T -
A - - A
;T\ oo 2 T T T T -
c W C = @ C c
c - o v e T %
g A 5 A
AT s AT T T
I T T T
A 5 A 6 A 7 A 8
A\ ATGC G\ATGC A \ATGC A ATGC
G - G » A - G =2
T - T - T T ke T 2
A A £ A = A
T T T - ¥ -
T e T 7 7 - c ,,
T T - T by T 00
A i A . A . e -
T i 4 T = T 2
c s © - o & C 2
T e T i T - T oo
A A A il A i
(o (¢ e c
T T i T

Fig. 3. Mutations in the gyA gene from clinical isolates
identified on DNA sequencing gels. PCR-amplified DNA was
sequenced by the cycle sequencing method. The numbers at
the top of the gels correspond to those of lanes shown in Fig.
2 A and 2 B. No.5 shows a sequence of wild type, whereas
the others have either one or two base substitutions at”
codons 84 through 88.
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25T, COERRI-—FT27 I/ MCREL
D\ silent mutation THol, THSD T7TRED
ZEPizFig. 2BRT & 5, Non-RI SSCP &
i 1EONEBTHFIEh, EOXRYF CHEETRE
THol, SEDOKRHTIE, BHDOI N 84D
TCA (Ser) »~GCA (Ala) D 5% & % £ mutant 233
Hohzd oD T, site-directed mutagenesis D
FEPEHWT O mutant 2/ENL, FRZEET
TNon-RI SSCP & 2MfT L 2 3, fhod 8 MK

LHRCRANTER (F—FRTET), SEOER
TIEL ORBERME, FIZESVORE, Sy 77—
O, BE, BESE2EX THKEBE2ITo &R, £
NERDONY —VDENY - L bEASLICXFITREL
RBEXDWHRBEEHREL 2, SSCP & TIXHRAIC I
QRO FELTREEANZIZTTH 548, X%
TCRBEES L7 —4&8 DNA ¥ isoconformer 235%
wohtz, Lal, BRSO DNA ORADTHENE
i, ACH 7% L) ERTHXEIT 5 & isoconfor-
mer BHELT2EXKDNNY FE L TRETHEICR 5
ZE (RRLERTIhDNNY - DEBDZLZ>T
L%3), Fig.2A, Fig. 3 TbBMEUSND /v F B3
BOWIELWWEDEEENZ ELEZONS,

KkEC B 2HmE LAMKC, BECBWTIHF /o
CEMMEROK¥EEIX, a2 F> 84D TCA-TTA D
RERPETIERKTH -, ZOXERRBRF /O
EMECBNTLo L b—KRNTLOEBELEILLE
2&d, SEOWRERIE, * /o rEmtk: grA #iG
FOIF Y 84~88 DML DSER L SEESBEL T
WBRELSIERICLETWTED, EE, BRLI:
VHROMMET RTIR I OFEK PR Ed 1 o
DEERERBL T, 12720, BLIGBEEFDO—
ROBEO HELRTIERE L 12D T, WOERCE
ROGET AR RBTETE LW, L LSEOKR
HT, grABEFOI R 84~88 DEUDEERL
¥/ 0 KL OBENEETH S I LD HRE
ERotz,

—7, BENBA»SATH S, aureus B 5 Z
DRENLREEREHB I LIERATHS 5, T4b
% MRSA OBt NRHDOBRSRE, BREAEBERET S
ROOBEZMIEEL LT, 77—VH, a7 /5—¥
"B, RMWE Yy —>, Y5 AIFDNA SO 4 —
Ny VRZ A S, 7SIVAT 4 — ) FESKEE»|RE
INTERDD, 205 b THRFEMENFES
Fiv>7: DNA @i 3B 0 RE % # 3 DIz ENL TV
SEEZ 5N TW3H, Non-Rl SSCP ¥ & 5 i
RBECHEL S 2, —BEEBROREEMITE

3, 1FiORNOAT 8 MB/HMHATRETH -2
Ed, WOHLDEROMFLEAEDbEDL I LI
DAL AMKORFADOYENTREL LS S,
Non-RISSCP #&ic & 34/ ¥ 4 7 D538z, MRSA
2RUD LT ARABROFBLER, GRIERE, HEO
BIRCBOWTEARARE LSS, RAKYD /S
F—VRENPIORERICHMN LD, BAIOK
RIZOWTIZDNA OBMEDOHKDATEDERY
FOHETHETH 2, LHrLRADERIIBLTH,
LEBROREGE (s I ERTIRE T & 2 O ERKD R
2V —=v e LT HFIATRETH 5, ULERRTE
7z& 312, Non-RI SSCP i ¥ / u v ¥ttt D HRE
REEERLLTOAZ ST, HEHHARO—FRLEL
TLYERL, REZZBWTLFAMELZFH L LKRE
FEEEZX L.
I
AT DO—ERIZE 4 B LHGSBIE « {LERE
REHE (1993F6 B) O®Bhic L DiTbh/, E
HOZHENRE L - LR, RIEKEHBRERTRE
B (R, NEZREHER) KB TITbhkbDOTH
D HEMEETH 2 ELEEL, ERREECRHHE
LET,
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Detection of gyrA mutations in Staphylococcus aureus by nonradioisotopic
single-strand conformation polymorphism analysis

Yutaka Tokue and Kokichi Sugano
Division of Clinical Laboratory, National Cancer Center Hospital,
1-1, Tsukiji 5-chome, Chuo-ku, Tokyo 104, Japan

Thirty-six clinical isolates of Staphylococcus aureus (twenty-nine fluoroquinolone-resistant
strains and seven susceptible strains) were studied for the presence of point mutations of the
gyrA gene by non-radioisotopic single-strand conformation polymorphism (Non-RI SSCP)
analysis using silver stain. Direct DNA sequencing analysis of polymerase chain reaction (PCR)
-amplified DNA fragments confirmed the results obtained by Non-RI SSCP analysis and revealed
that fluoroquinolone resistance is closely associated with six types of mutations in the gyrA
gene, three of which were newly identified (one point mutation and two double point mutations):
Ser-84—Leu and Glu-88—Gly; Ser-84—Leu and Glu-88—Lys; and Glu-88—Gly. Furthermore, a
novel ATT—ATC mutation at codon 86 (silent mutation) was seen in only one fluoroquinolone-
susceptible strain. All of these seven mutational types were separated from the wild type in a
single electrophoretic run within 3h after PCR amplification. Thus we conclude that this new
technique is a rapid, simple and useful screening method for the genotyping of gy»A mutations
associated with fluoroquinolone resistance.



