KISEIC 5135 % ./ 023D DNA ¥ 4 4 L — & [ E/EFIRYE

H OH ¥ B
NGRS b S SE

(PRC4EE3 A3 AR - TR 445 A 6 HRE)

F/0VEDY v A Vv—AEREHBELMEBET 201, DNAY vy A Vv—2DF /0
MUERBAEASHICL, B+ A V—RABEHERHENLT, YrAV—AEUEBLIUY ¢
A V—RX-DNABIGHET /) *H vy L OKE AR, KBE KL 16 ik * / o Uit
CQrAEREKE (1080 O oA RGETFEOSRERRITMMEE O b Db SIEIC, Ser-83 — Leu
(4#%), Ser-83 — Trp, Asp-87 — Asn, Gly-81 — Cys, Ala-84 — Pro, Ala-67 — Ser BX U*
GIn-106 > His TH > 7:o &6 DERINAIIX GyrA ZEH D N Kigff g B7EL, DNA &
DOHFEREESEAL Tyr-122 ik o 2o KL16#REXR* / o v it gy7B TEK (13%) i3,

RIS 20084 FIEHBENT, Bl A4 TRARLETRTOF / oVttt

AL, Asp-426 — Asn (98k) DERTHo. F25 4 7RBMlEF /o icidfiETh 358
WEF /o i IIERBRZERRL, Lys-447 - Glu (4 #F) OERE2EFL Twiz, g7A, gB
WTFhOERS - F T 3BHOEXBEENE2BET 2 LESs I, BFEMNBIULER
B GyrA, GyrBEHOARBEABRARTER2HEL, HYULLEALSBFHBRLEY v/ v —
ADR—=NN—a4 ) TEEEFANEZ S, GTAERY v 4 L — R (Aleu-834 Bwid-type)
BIUE1I947GyrBERS v 4 L — R (AWNd-typef BAsn—426) 13- RTDF /0y
CiHEEZRLI-DIIHL, £254 7GyrBERY v+ 4 L — R (Awid-tyee | BClu-447) i
¥ /o ii3mERERLI, AEF/ o C3ER2EERL, BV vAV—RADF /O
CUREMRNIGT IEREKOF /o BBt X <HELTVw, Yy 1V —X-DNAKS
B H-2 /¥4y L ORESESNVRBEICEDRIELEZ 3, GyrAZRY v AL —2X
TREFERCHABEERREDLS T BEABEAMIIN /10 1ETL, F£154 7GyrB%E
ROYAV-ATRESRIBVI/TICIETL, £254 7GyrBEREY v/ V—ATIRELER
BIZEAEEDLS ZOBREABRMM RN S EEL Ko T, ZORRIEY v 1 vV —RADRK
SHOEEFELLHBELTWSE, ¥ /0 Y v 4 V—A-DNABEESEADRESIZLD
r AV —AEHEHEEL, ¥ /0 0FEAEB X UHEESBMAM I GyrA 8 X U GyrB EH
EDXRENhTwBELEIZONS,

Key words: DNA, Yv A V—2X, ¥/0v, ¥/0Viith, ¥v4Lv—AEEERARE

F /0 BEIMBERRE OERICHEL S EREATY
BEBEHEHEX I N—FD—DTH %, Gellert 5V 8L U
Sugino 52 283 Y ¥ 7 RBP4 %Y ) VBB DNA Y ¥
IV-AEHE2BEETZ L, +Y Y7 ABETMEER» S
BWLEDNAY v A V—RRF VS 7 AR, A%V ) VB
KMETHB L #RHLTUR, %/ 0 EDERDE
KIEDNA S+ A LV—RTHBILEZONBLIICES
TE, —a—F /0 ZO0THENBEERA—LVF*
JOVEDNA Pv A LV—AThHBLEZONTVEY,
Lhl, # /7o BIEDNAY v 4 L—R L iZESET,

DNA L RBBEETH IS, ¥/ 0 ROERARE
iZDNA L DA THBLDEZLHEIY. ZOHFL
RVICBIAERABFIC OV TREIASRESh3BKTH
%, Shen 5 BBEY v 4 v —A-DNAEEEKICE -2 %
70 VRESHMDET 2 L2 RELY, ZOMEHEE
ERRBICEETHD, F /0B OWMAINCHRL 72
Ikt DNA O—A$EBAHCHEET S EDDNA Ry v + =
FLERHLTWVEY, BRXDINV—TRBRKBEE oA B
T U B BEF LD * / 0 v HHEE R OBEGF MR
B ;me, ¥F/ur-Y¥4 1V —XA-DNA =ZFHEERIC

* KERFFRE L O AHT 33-94
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BOTHMEFELHY FREZORY ¥ I V—RAY T2y
b EOEFEEIORMRME L ¥ /o OLEMETH D
EEHsICL, F/OYEY v A V=AY Ty b E
OMEERARRE L e 7avBry NEFLERBLT
VRO, SE, RAOGHM L ARTERES L UKRE
GyrA 5L UGyrBEH L N THMEL LY v 1V —RA %/
WT, ¥ /o0 RBEEEH~S L, *H-2 /9>~
DY v ALV —A-DNABAKADREHEETN, »wIh
b¥/orRyry FETALEXRT AEREBLOT,
WRET B, (BIRO—HIBRERTHY, B2 MEL
ARRSRRE « LHRERERNK (1991 F6 A) OZK
MEEshkb0tshs,)
L 8 & F &

1. HFHEKBLIUST7RAIF

A BL U grB BRGEFD 70— AW
AR OKABE KL 16 # i3 * — v k% @ Bachmann
wrioitsEans, ¥/ ottt ard ER2&E (N
-51, N-112, N-118, N-119, P-18, N-113, N-97, P
-5, P-10, N-89) 8L U gyvB BEHK (N-U BL U
N-31 %85 T138%) RKLI6»LSF / ov g
OEXFRECT—EETEIRL 12, I STERD
g RROBFEIFER gyr BILFOBAL LB X/
O vBEELACRBRICIDREL Y 77 AF
pPBR322 8 X U pHY 300 PLK 3= E L DAL
720

2. A E

FUVSIARE, AFVIVCE, Y/ FYYY, EO
IFEE, TARAFY, ERIFE, /JNVT7oFHy
v, T/ FHyy, FA7uFHvy, ySuoTzuFxy
vy, PAFHYUBIUASNLTOFY Y VIEKH
ABERFERM R TCER L EMTH S, *H-x
JEHFVRT IV LD SHEAL

3. 7RI FOHAR

Wilkie 5 DA™ & L < i3 Holmes & D HE:'? i
#LTITo 7,

4. BEETIORE

MI377—Y2AVTYTAFVEDCLDITS
720

5. MIC §lE

LB #ERE# £ A, HER(EERE
FH IF B RERIE LS ICHE L TIT o 7o

6. GyrABXUGyrBEHDKELE

Fig.licmLl7z&X 351, 77 X3 F pHTP 318®
WS tp FuE—F —%&tr 1092 dp Pstl-Dral DNA
WE 21D LT, Zhicgrd D& (Fig. 1A)
i& Dral - Sacl 4 4 +, gyvB O %; & (Fig. 1B) &

E3-UN 4

Dral-EcoRl 4 4 b % Tz > & DNA 2EEL
Tetk, HIBREESR Scal THIEL, ENENIISbp B L
U866 bp D DNAMTH 2B L 7o 50T, FEH
A DFE XTI AL F pAW 012V HH%K D 7.3kb
Scal-Sacl Wi Fr, BWEM gvB DBEIX T 7 A 2 F
pJB 11® @3k D 5.3 kb Scal-EcoRI Wil ##%L, L
SEODNAWE 2B L THRBE TSI A I FREHL
fro BERY gyrA B L U gyrB OBE bRBKICL TR
7SR FeERLI, T0O%K, Zhoxso—y
fbgyr REEFOHREXTHITORKBHEKICHEALT
Gyr EOAREEFKRE L, WFhbA VY F—17
7 VLB (20 ug/ml) ZEANL foBEHb T 24 Befdig 5%
LT, BNEA*AREEL T,

7. GyrA BXU GyrB EHDOHE

GyrtAB L UGYBAEHDHE R (£40.5~2
Dy b)) o5 HER, Gellert 5D HFE LD
cleared lysate # %I L, BEEE, FHEXIEOE, 5
)y ML OBEIRICXT LT 4 BFEER L 72, GyrA X
HIZDEAE-* 7 7u—A A7 A (2.6X7cm) B&
U~ v 770—RAAh 75 (2.6X5cm) D7
< ST T74—2&D, GyrBEADBEIE~NY Y
t770—AHT74h (2.6X7cm) BLUEFoFy
TRIA VAT A (IXTem) Q73 v S577 4—
WCEDERL I,

8. DNAY+ ALV —RADA—/—04 Yy TEHE
DRIE

EHEODHEYICEL, HE GyrA B & UGyrB
EARR0BALIVBBEELIDNAY v/ L —2A
EFROCTEERBIEL:, EEDNA LTS 7RS
F pBR322#% & Ui pHY 300 PLK 2 A L 7z, ¥
¥4 L —R 1873, 30°C, 1FMORIGTY 7v7
ARMBEBEDS0% 2 A —/S—aA VB ELsE 8
FRETH 3, GyrA oLhiEM X, GyrB (20 HD) O
FETTGyrADEZ2H 20 i 5@ L, A—
— a4 IESEM 0% ZEOREEELSEHT
L7:o GyrB #4813, GyrA (20 #f) OFETT
FIfRICL TKD 2, B, EARIZIBCAEAT v Y
4% v b (Piercett) #AWT, FMm@E7NV7sv
PIEHEL L TEELT,

9. *H-z /%> kY v 4L —A-DNAKEHK
EDRERDHIE

Shen 5 DRERY #H Wi, 7277L, RIGEK (&
B50 1) @GyrAB X U'GyrBE B (£411
pmol), EcoRI#{tiE$H pBR 322 DNA (1pmol) 8
L UH-x / 4% ¥ >~ (5~500 pmol, 1.8X10°~
1.8x10°dpm) ¥ FL LI L e TOREHEE
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A) Dral Synthetic DNA

AAATTATGAGCGACCTTGCGAGAGAAATTACACCGGTCAACATTGAGGAAGAGCTGAAGAGCT  Sac |
TTTAATACTCGCTGGAACGCTCTCTTTAATGTGGCCAGTTGTAACTCCTTCTCGACTTC

59 bp
pHTP 318 (Trp promoter)
Pst1 +Dral
Pst | =—=——————— Dral
1,092 bp
ligation
Pst] -———————w= Sacl pAW 012
l Scal+ Sacl
1,151 b
P Sacl
Scal Sacl D
gyrA)
Scal =————w Sacl
915 bp 7.3kb
(0.12 g, 0.2 pmol) (1.26 #g, 0.26 pmol)
1 ligation
pGA 613 (GyrA expression plasmid)
B)
pHTP 318
Synthetic DNA
Pstl+ Dral Dral EcoRI
AAATTATGTCG
Pl Y Dral TTTAATACAGCTTAA
1,092 bp |
l ligation
Pstl EcoRI
e
pJB 11
1,103 bp
l Scal EcoRI
gyrB
Scal EcoRI /
——— Scal
866 bp 5.3 kb
ca. 50 ng (0.08 pmol) ca. 700 ng (0.2 pmol)
1 ligation

pGB 120 (GyrB expression plasmid)

Fig. 1. Construction of the expression plasmids for the wild-type Escherichia
coli GyrA (A) and GyrB (B) proteins.
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30°C, 2M5fA4 v Fax— 1k, 777 v 7RG
50 774 (#71.4mlMg) wwkh s LML, void
volume Ei4> (FHFES) OMEHEEEL D HAKE
EE L *H-2 /7 #py v RBRERH LIS

II. # ®

1. KBE oA RETO* /o ViHERR

KB KL 168D + /2 U v ittt oA ZRE& (10
) 26 70— qbL e gyrA RETF OBEETTIRE
kb, ThefEEo grd REFRVTh L AR
BEELTBY, GyrABHOH—7 3 /VBOELI
IhF /oMbl Twa 2 ESHBAL T
(Tablel), ZEREIZFA R F/ oricxfL T 2~125
EOMMEERL TS, MEEORKLE Y SHKDD
b4BRIINKIEHL D 83FEHD LY > (Ser-83) 250
4> (Leu) &, 1#kixSer-8323 bV 77 7~
(Trp) WKWEML Tl ROTHEEDOE L N-113
BRIZ 8T BEHDT AT X V8 (Asp-87) M7 RA/1N7
¥ (Asn) &, HEXMACTERE OB N-97 ki3 81
EHD ) v (Gly-81) ¥ X7 4 ~ (Cys) T,
P5&iz84BEHD7 7= (Ala-84) 7o) »
(Pro) iz, P-10%267&B D7 7 =~ (Ala-67)
»3Seriz, N-89#ki2106 FZH D/ V¥ &~ (Gln-
106) 23t RF Y (His) BELL Tz,

NS DERDEET 2, Thbb7 I/ BE
S67EE»S 106 BB TOHEE MUK, /o
Tt MR ESEE EFRT %) 12 GyrA BE D N Kk <
ZHY, Tr4Av—ADERIC L) RIS h
7:DNA Lt OHEREAHMTH 3 122FHDOFa v

VIO DIFL Rl TVw S, GyrABED* / 0 Ui
HREWBEFHEDORFTMELEI a2 —F—2HNT
T s L, TRIZFEALDHE, §F— VR
BLTHEY, BAEOBAMBULDIEIL THo 2 (7~
SKIE), TD&DREMLIKBERFTRIEAORE
EMRLTwaEELONS, LithoT, ¥/0V
MUERC L 37 3 /BMELIEGyrA BEADORBEH
s TwstEIOND, £, THEEORVE
R rRFBRMEDELDOK S WEFMBR Sz,
2. KBE grB MEFO* /o VERR
KBEKLI6kkD ¥ / o Vit B EREK% (13
) 13, BRSNS b05 2 MBICABENT
(Table2)o BE1 D547 (9¥) RBRITXRTOD
F/oviciitEsRL, B2D547 4% X+
SORE, AFVY EREOBEY o vicitEE
RTH, ERIFEPHVDLWE=—2—F /02D
mEEF /o iU LOBERZEE R, EEE
BIOREWL LD, B1DIA 70K (98%) BTXT
Asp-426 — Asn, FE2D5 1 70K 4£) BTXT
Lys-447 > Glu DERTH 5 Z L H3HEAL 720

* /o rittEgEsEE 12 GyrB BEHD X IZH R
rBL, vEHB (GyrBEHOD C KinfilhH (73 /
BEE 394-804) TGyrAZEHEHRWKA—/—14Y
VIEEDRONEALA Y AT—EI REKTB) O
N KEELWWEELTWS, Iy a—F—@HT
12, GyrBEAODO* / u T ER b BAESY — V8
OEL HBLTWE I LS, Th6DERICL
DEHEBRLOESELTWELEZSND (T

Table 1. Quinolone-resistant mutations in the gyrA gene of Escherichia coli KL 16

MIC (xg/ml)
Strain Nalidixic Oxolinic ) Mutation
. . Enoxacin Sparfloxacin
acid acid

KL 16 (parent) 3.13 0.39 0.1 0.0125 wild-type
N-51 400 6.25 1.56 0.2
N-112 400 6.25 1.56 0.2
N-118 400 6.25 1.56 0.2 Ser-83—Leu
N-119 400 6.25 1.56 0.2
P-18 400 6.25 1.56 0.2 Ser-83—Trp
N-113 200 3.13 1.56 0.1 Asp-87—Asn
N-97 50 3.13 0.78 0.05 Gly-81—Cys
P-5 25 1.56 0.39 0.025 Ala-84—Pro
P-10 25 1.56 0.39 0.025 Ala-67—Ser
N-89 12.5 0.78 0.2 0.025 GIn-106—His
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— S HEIg), BLDY A SDERTIINTE & RS
e 3 DR S h, H2D5 1A 7OEKRTR, FHED
Q
E g 7 B ORI S B Ll SN D (F—5EW).
g ii 5 3 3. W GyrA 8 XU GyrB BEA O & LLiEYE
= =7 % KB KL 16 # (BF M), N 514 (ewrA % R
), N-248k (88154 7 gyB EHR¥) BLUN-
" ~ 31k (B254 7 gwBERKE) L ru—fbLi
£ 2 g g : QAB LU grBRETFEETET 7RI 05,
% | & s = g M e FEOE TR LS, REFTALF i
| . 2 HLLGyrABLUGyBEH®AMEEL, HML
S = BN = s 1
| 2 < < & g
. Bl ° ° . FFA AR KL 16 #k35 & U+ / 0 “iittE grd
. x| 8 = & R#EN-51 0 gyrA BIEF b o & E s n 7 GyrA EH
= gl = 5| E (8 AR 5 & UFAM & 32 B & UKL 164,
g 3 % * /v Vit gyrB Rk N-24, N-31 0% gyB i#t
3 Blxl. . 8 E fEFmoEES AL GyrBEE (Mg B, B 5
R 2151 S 2 i : L UBY L3#) ESDS-KVTZUNT I FFL
& s < BRWKEICE2F 2y 7 TR, 0% EDOMETH -
B ;F? = B g < 720 (Fig.2)o Lt»L, DNAR—s8— a4 U ¥ /iE
g Ble = s | 3 PETRIE L 7 BB QLG i3 A% 2.0 X 10° BAL/
Q y . |EZ mg, AM':3.6x10° #ifi/mg, BU1%:8.5%10* #ifi/
8= 22 2 g |E: mg, B¥:2.3X10* 8fi7/mg, B¥':3.6X 10* &{i/mg
E E, | e = = 12 THY, GyrBEADIEY X GyrA BEH DO HLFEME O
é ; | & i & c:r % 1/20~1/100 BETH > 720 T OFER X GyrB B
5| = B~ o s |gE
: g|ls 3 g |23 ? W =
@ il B . = | E .
@ o =
5 £
.| = £ 2
E o | & S 3 ES 92.5Kk - SRR s
& £ g g 66.2k = -
_— o
o 2l = - o | S 45k -~
2 52| & o & . Z
2l 12|° - T |gH 31k~
b G =
<l<| 8 8 g |2 E
S| s i R 14.4 %
g 8 . -
£ =
b e
25 s 2 g)— =
) § Fig. 2. SDS-polyacrylamide gel electrophoreto-
= £ _ 2 _ & o gram of purified GyrA and GyrB proteins of
& S f£2 S |g% Escherichia coli. About 1~2 ug proteins each
2 = E % E % % ;:’ were subjected to SDS-polyacrylamidegel
@ f 8= § =% g electrophoresis. lane 1, GyrA of KL 16; lane
2 £ &~ ; & 2, GyrA of N-51;lane 3, GyrB of KL 16; lane

4, GyrB of N-24;lane 5, GyrB of N-31.
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BPCITEERASSREET 52 L, GyrA EH
BIUGyrBBEAOLEMEZVTRY * /0 ViR
BRI RELERLEVILERLT VS,

4. BB DNAY YA V—ADF /O VBRYE
Table 3 i3, 2 OHEMES * A LV—ADA—/¥—
A4 YU SEREOF /o ick BRER 2O Ty
2 ADNA BB L L THARLLDOTHE, A—/3—
a4 ) v IENDOF o BB, pBR 322, pHY
300PLK WFhD 75 A FDNARAWTHKE
BEEEDONT, SrAV—ADF/ o rBRER
DNA S FOfEEcZIZ A KB IR L » o T,
—%, GyrAZR Y v 4 L — R (AN +BKLe) 3
TUE1 914 7OGYBERY v+ 4 L — A (AF-io4
BN 3FANRI-TRTOF 7 a izl T,
¥ 7, 284 7DOGyBERY v 4V — A
(AKL'e 4+ BYY) 3+ ) Y7 AR, AF VI CBOLD
REMEF /o iCEEERLEY, =/ F v,
AN 7aFHy Ok d R/ o EEER
MERLT, ZHid Tablel 8 & U2 iR ¥ MIC {#
Do REEERKOF /o BEHL L SHELTY
3,

5. H-z /%%y kY v 41V —X-DNAKREHK
L DS

S H-z /%%y oDY v 4LV —A-DNAHEKLED
BEEESVIBEIC L D~ (Tabled), Yvr AV
—R, H2itpBR322DNA #HITId, FEIIFE
AERGNRID T, —H, T/ FH VeV AV
—A-DNA &KL DRERIIX, GFrAZRY v A1 —
A (AN 4 BKUS) TREBEMOHELIZZFRRD
Yy UyDRENR NN, BEBENEIZ1/10
WIETLTW, B1 4 7OGyBERY v v —
A (AKLI+ BV TREBEROH1/7TROEE LD
Bonlhot, MitE* / 0 CiBBREERTE
284 7DGYBERY v+ 4 L —A (A5 BYY)
TRFHESRIFER L ABRETH - 7208, BEBAME
BEFEM LD SERLR> T, ZhoeDEiRY
v A V—ADF /0 yBEMOEE L SHMELTY
%,

1. = ”

BEZHEROER, YrAVv—RALDF /ovf
HERIIF /o UEEREERE (GyrA: 7 2/ BE
£ 67-106, GyrB: 7 3 /BE& S 426-447) L AfTU 1
Sy AV—R¥ T2y + LOBDTRSNIBEKKE
HEL Tz, GyrA O F 7 oV ittERERK i3 — K
1% £ DNA L O£ AR SO Tyr-122" OiE< K H
308, TOZErF/urhyEhi: DNA OFL

Table 3, Quinolone sensitivity of wild-type and mutant Escherichia coli gyrases in the supercoiling reaction

Derivation of

IDso (ug/ml) for supercoiling

Gyrase ——MMMm— DNA
Nalidixic Oxolinic Enoxacin Sparfloxacin
GyrA GyrB . .
acid acid

wild- KL 16 KL 16 pBR 322 50 3.13 3.13 0.39
type pHY 300 PLK 100 6.25 6.25 0.78
GyrA N-51 KL 16 pBR 322 >200 50 25 3.13
mutant pHY 300 PLK >200 100 25 6.25
type 1 KL 16 N-24 pBR 322 >200 100 25 3.13
GyrB pHY 300 PLK >200 100 50 6.25
mutant

type 2 KL 16 N-31 pBR 322 >200 50 1.56 0.2
GyrB pHY 300 PLK >200 50 3.13 0.2
mutant

KL16: E. coli KL 16 having the wild-type gy»A and gyrB genes.
N-51: E. coli N-51 having the mutant gy7A gene (Ser-83 to Leu).

N-24: E. coli N-24 having the type 1 mutant gyB gene (Asp-426 to Asn).
N-31: E. coli N-31 having the type 2 mutant gy7B gene (Lys-447 to Glu).

pBR 322 and pHY 300 PLK: plasmids for E. coli and B. subtilis, respectively.
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Table 4. Binding of *H-enoxacin with the gyrase-DNA complexes

. EcoRI-cleaved *H-Enoxacin Kd*
Reconstituted gyrase
pBR 322 DNA bound (pmol) (M)
Wild type
(GyrAX-'+GyrBxte) + 0.62 ca. 5x1077
- =0.025
GyrA mutant
(GyrAMs'+GyrBXt'e) + 0.63 ca. 5%x10°°
- =0.046
Type 1 GyrB mutant
(GyrAXt'*+GyrB"») + 0.091 -
- =0.023
Type 2 GyrB mutant
(GyrAXt'¢+GyrB™*) + 0.53 ca. 1x1077
- =0.071
No gyrase + <0.065

* Kd values for the binding of enoxacin were estimated by Scatchard plot analyses.

BEHETIBER 2 EZ HbY¥ B L, MERIE
BERIC OB L T 2 AR E Vv, GyrB oD * /
oV REREEIE DNA hRA VY AT —FII' DY
Tazy b THB vEH (GyrB 0 CKiglrhs) 1729
DN KBANCHRIBE T 525, ZDZ £I13DNA + £4

VAS—FII' EEBF /ool VEEShSEH
D LEFZENH LD L LRV, ¥/ 0 ViR
EFRIEI V2 —F—BTc LY TRV EHED
REBHAICAHEL, ERICL D 2h o ORFTERES
PEHERESET 2 2 e sfEES LI,

BAERNB L UERENGyrA 8 X UByrBEH 2 #
GFIENCKBEEL, BECHERBELTA—/—2
AV 7ERERAET S L, BER, EEMO GyrA
EHIRWIN b 2~4X10° Bil/mg DE W EEE M %
AL T, GyrB EH 2~9X10* HEL/mg OFHENHIZ
BOEE SR U, SDS-RV 727 VLVT7 I K5
BEREKB T, WThoEAD 0BLULELOMELD
T, BEA+4 ke GBS EWATREME XD R v,
GyrB EH R AERRBRABILT 20T, ZoHE
BREDEBICTERHENTERTVLO» b Ltk ,
/O Vit ERICEIDRY T2y P DB H F
DNEbLRWILR, ThODERENA—/—T4)
YIEMBHBICRKEREEEBIIRERVIEER
LTw3,

BHERLCBER, FRUS A V—ADF /0>
REM% 2D DNA 2HEL LTHIELLEZ 3,

WTFRDY v A L—ADF / urBeHy DNA OfF
HBR A IZIRELC TH o7, DNA OFEHIC LD
YIrER A DIEEERY 3R B LR SN BEDT, ZD
#3212 DNA YIS (I DB EETIB Y v A L—ADF
JOVBEEMICIIZEALEEL RO I L ETRBLT
w3, —H, PrALV—ADF /0 rBREITI v A
V—ADEEBLUF /o EOBEICL D AKELE
Ltz b GUrATRY YA V—ABIUE]
4 7DGYIBERY v A V—RARARLTRTDF
oy iZfEEL T, 25470 GyrBER
Tr ALV —Ri3EEF /oMb 2 & ERICE
HF /o i BEREMELEL Ty, ZhiEXET 3
¥ /o0 vitEERKDOF /o i & B EMEEECET
BEER—FARAOELTH S, £/, BF /urE
D IDs, X MICHE & X <HBIL T, Liztdo
T, S¥AV—ADF /0 VBIEHREIY 2= +D
FRF /u yEOBEIIKELTVWREEZ SR
%,

SH-z /¥4y eV v 4 v —A-DNABEBORE
ST NVHEBEIC L DARLER, BEEM v AL
—ZADF /o vEREOEIE, ¥v AL —Z-DNA
HEKDOF /o BENED 3L IESROE L HHEE
LTWwa Z e ALz, 70, BOIEREHTT
i, *H- /%% iZDNA B, Yr {1V —R#
MEIFIFEAEREERETY, Yv4 LV —X-DNAKEAE
HizF /o v EEHAOHERT S 2 L EEZEIN
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72
DNARY Yy bEFAYEX /20 RTy FET
MO 3x )ay-Y v 4 L—A-DNA ZEMAE3E
BEhsETIR—BL T3, HTFVIVOMHEE
AR EVWICRZ->TWS, Thbb, HIHETIEF
7/ a v Ii3gIk S hi: DNA O—FE S 0EE L KFK
BETaLHfIcF 7 urDFREDERZDEVICLY
HMEFEANEDONZ EEZLDICNL, BETR
DNA L DREARBELRZVWLDOD, ¥ /0vkJx
AV—A¥Ta=y b EOHEEABLIDVEETHS
LEZDBDTH2, ¥ 72=y b LOFRICLD */
oDy vy 4L —A-DNABESEADHEERDH B
REAMSKE CELT 5 &) SEIO KRR I,
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Mechanism of action of quinolones on Escherichia coli DNA gyrase

Hiroaki Yoshida

Bioscience Research Laboratories, Dainippon Pharmaceutical Co., Ltd.,
Enoki 33-94, Suita, Osaka 564, Japan

Seven point mutations were detected in 10 quinolone-resistant gyrA mutants of Escherichia coli KL
16, i.e., Ser-83 to Leu (4 strains), Ser-83 to Trp, Asp-87 to Asn, Gly-81 to Cys, Ala-84 to Pro, Ala
-67 to Ser and GIn-106 to His. Among 13 quinolone-resistant gy»B mutants of E. coli KL 16, 2 point
mutations were detected, Asp-426 to Asn (9 strains) and Lys-447 to Glu (4 strains) . The former
mutation (type 1) confers resistance to all the quinolones tested, while the latter mutation (type 2)
results in resistance to acidic quinolones and hypersusceptibility to amphoteric quinolones. Almost
all the gyA and gyrB mutations are believed to occur on protein surfaces, based on cpmputer
analysis. Mutant DNA gyrases reconstituted from wild-type GyrA (or GyrB) and mutant GyrB (or
GyrA) proteins were resistant to or hypersensitive to quinolones as expected from the MICs for the
corresponding mutants. *H-enoxacin was bound to gyrase-DNA complexes but not to gyrase alone
or to DNA alone. The amount of enoxacin bound to the GyrA mutant gyrase-DNA complex was the
same as that bound to the wild-type gyrase-DNA complex, but the binding affinity to the former was
one-tenth of the binding to the latter. The amount of enoxacin bound to the type 1 GyrB mutant
gyrase-DNA complex was one-seventh that bound to the wild-type complex. Enoxacin was bound
to the type 2 GyrB mutant gyrase-DNA complex in the same amount as to the wild-type complex
with five-times greater affinity for the former than the latter. These data suggest that quinolone-
resistance of DNA gyrase can be explained by the decreased amount of quinolone binding or
decreased quinolone binding affinity to gyrase-DNA complexes.



