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Molecular Cloning and Characterization of Quinolone Resistance gene

in I'dwardsiella tarda

Soon Bum Shin

Department of Fish Pathology, Graduate School,

Pukyong National University

Abstract

Knowing the entire sequence of the DNA gyrase subunit A (gyrA) gene of
Fdwardsiella tarda (E. tarda) could be very useful for confirming the role of
the gyrA subunit in quinolone resistance. Degenerate primers for the
amplification of gyrA were designed by using consensus nucleotide
sequences of gyrA from nine different gram negative bacteria including
Escherichia coli (E. coli). With these primers, DNA segments of the
predicted size was amplified from the genomic DNA of E. tarda and then
the flanking scquences were determined by a cassette ligation — mediated
polymerase chain reaction (PCR). Determined nucleotide sequence was highly
homologous with those of other bacterial species gyrA in both the whole
open reading flame (ORF) and quinolone resistance-determining region
(QRDR). The 2637bp gvrA gene cencodes a protein of 878 amino  acids,

preceded by putative promoter, ribosonie binding site, and inverted repeated
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sequences for cruciform structures of DNA. GyvrA ol . tarda complemented
the GyvrAA mutated to be sensitive at high temperature £ coli KNK453 strain
at 43C. In the analyvzed nucleotide sequence of the flanking region, we could
not find regions showing homologies with those of other bacterial DNA
gyrase subunit B (gyrB). It suggested that E. tarda contains noncontinuous
gyrase genes, gvrA and gyrB, on the chromosome.

In 12 quinolone-resistant isolates examined, there was only a single type
alteration within the QRDR, Ser-83 to Arg.

We also selected the mutants resistant to quinolones in vitro from
quinolone-susceptible FE. tarda by exposure to the stepwise increasing
concentrations of nalidixic acid and ciprofloxacin.  In mutants achieved in
vitro selective steps, all resistance mutants examined showed an alteration
within the QRDR, Asp-87 to Gly. It suggested clinical isolates and in vitro
mutants of E. farda resistant to quinolones is primarily related to alteration
in gyrA\.

Additionally in this study an economical and time-efficient mismatch
amplification mutation assy (MAMA) PCR was developed to detect
mutations in the gvrA gene, and applied to the analysis of mutation

occurred in gyrA of clinical isolates and in vitro mutants of E. tarda.
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upolef 2ut /A% AWk Qe Ady AW A4 olfF G W2t

ANAl ol 9= F (edwardsiellosis)e] @Iyt o shaut a4 2] Akl whd
E28 dovla . B otardadt & b3 &8 o1F9] sea bream (Baxa
et al, 1985), eel (Chen et al., 1996), flounder (Nakatsugawa et al, 1983),
tilapia (Kubota ¢t al., 1981), and stripped b (Herman and Bullock, 1986)%
vhoobuul ziet e HEwE, g, MG sol RESds =5 WHelE

7213t 9ltt (Janda and Abott, 1993). “1g}i o] o] 7l o FE 1 o F

o Baw s o
E. tarda®l A8 oM #}A oxytetracycline (OTC)2F 2-& tetracycline

7l okEo] Wol] A& E|o] gtor} HE @O obAo} U A= tetracycline Al

L~

okLiof ik Attel Z3do] HAEAI tetracyclines® tiAldtE kR =
quinolones”} AF& %A ¥} (Stock and Wiedemann, 2001; Aoki, 1988).

Fardo] Abg 5 4 e A) 23 nalidixic acid (NA), oxolinic acid (QA),

L
ot

norfloxacin (NOR), ciprofloxacin (CIP) 5ol 21od, 2t 5o quinolone 71

('£5] fluoroquinolone) sk 23 Al3= o] &F S=of el ‘o olyby 7%= Jre)al 4=k k2



ol A e ARR R AL len, vhd FabAlSl oF i & shubil erel ] A &
Ak Etardat:s EEEE At el xliie] quinolonesZb wle] o] §loll uh
b Aol A o] FRNE o] AlAle] tigh Wdtto] M gl AF7E g7
Al =bsE e (Aoki, 1988).

Quinolone &AAe] I 7] 2 A F 7hA] Q1o st wAlgho)

A= DNA gyrase®t topoisomerase IV (Topo V)& <F33 sl #2122

glojeol 7lQlstw, F WA= Asmvre] ok wishm Qlaf Azt AHEEhA|

J,H

YAl vl Aoltk. DNA gyrase, & typell DNA topoisomerasex DNA &
A4, DNA2] ATP-dependent negative supercoiling$ 10l 3l= DNA A, #
Z%, Aol H4H ghuA GvrAer GyrBElye 299z FAE o9l

(Hooper, 1998). Topo IViz DNA decatenating '2 relaxing activityS e a1,

GAA Bae] vixjul thAlo| N GAAE Fsh= HaEA AR ParC
o} Parllgls 2992 A4 %o Aok (Adams et al, 1992). Quinolones ©f o

b IS olgel fHEAEe] wWeld oEiM ¥G5xi=d ol quinclone
resistance—determining region (QRDR) ©o|2} E2]& N-terminusg S-0]3<]
el A R BAstH, B colil A e obnl 5t sl F 67~107H 9] QRDR
of sjg3trti hth (Nakamura, 1997, Horii et al., 2003). ZL2l3l E. colis H

23 o] Feld QRDRY] 83 serine 7} 87 aspartate®] Wol7l  quinolone

H-'

R,

vld 2

o

ol olo i 2ol 9lon (Drlica and Zhao, 1997; Capilla et

|.

al, 2004), | A E coli, Neisseria gonorrhoeae, Aeromonas salmonicida,
Klebsiella pneumoniae, Helicobacter pyvlori, Bacillus subtilis, Campylobacter

1

Jejunis v EEsE ol rirel ovieA gene 17D A o] urEl#] 2lvl (Swanberg



and Wang, 1987: Dimrt and Das, 19900 Oppegaard and Sorum, 1996). £ coli
o GyvrA A 8T &9 obv] oA serine@] ol vl HRAE Mgt 2] quinolone ] Ad Tt
off Al AR EZE GyrAZF B2 AirEol o] quinolone Aol 3 WA target
o % AzZtAY (Béhéar et al., 2000, Goni-Urriza et al, 2002). ParC, GyrB,

ParE o] Wo] sl WAl Lo vbAh geks 71X HAoeE HIuFH

s

facs

om,

oelde) @71 A9 A welA vk B coli® 2@ olel 1 &

o

ol A gyrA, gvrB gened 42t parC, parE gened EA S Holye HoZ
et A 9lom (Peng et al, 1993), ol %2 2% chromosomal DNAX el 9] x| &}t
L gyrA9t gyrB gene THA Holxl 9l Wb, parCet parE gened 7H71E-
3toll QA et LA Atk (Wang et al., 1993; Diane and Andrew, 1997).
o2&l 13k {Adolvt FAdel o] el A quinolone ulAdell digh AEr) o] F
oz e Wb oW AMlstell Mz I Q1GEv) ofF RFHe Holn o)W Ao
bl £ otarda®l quinolone WA el s ®= of& ®arml Aol gl
creluE BoAgel A e e vheh Yol o] WolmRY e E o tardall

quinolone WA HAZZE slotalil, E farda® quinolone WA 2422 gyrA

gene?] 7] A4Ae AAS5A 39y}, 123 quinolones WAl Qo] o)

A2 WHolE st 24 quinolone U A o] 71X BB ESIA Q) E A
S g3 arb skl T3 in vitrool A 1S quinolone AR Al <l A o 5

WEAIH oA GyrAe] WolE f-

bol ol AEE mersti BAsY O

ol

mismatch amplification mutation assay (MAMA) PCRS 2 A|ste] 2o} #HE

gk wyloss Ugatel Gyrael Wol 4 serstad shgiut



19941 BT 20033 742 5-2) vheb FA s e] W2 Y el E tarda it
S Fstol g A3 oklel ok WAE Faak stach Alge] ALg g
3= Table 13} 2t}

E tarda @& AEEIAQL S8 Aol Al A& Febs sl Aol 16s

rRNA gene®l Ho]4¢l primert ol &% PCR 23, 5ol WHEL FTE3)

E rarda 9 ®¢] ¥ FE o8 Tryptic Soy Broth (TSB, Difco)tt
Tryptic Soy Agar (TSA, Difco)E AFE3F93 o1 P oo wel 1% NaCls #
7bete] wiekstdvh. Wolii R E Zel¥l K otarda v5E 25T A 16417 wf ok
sb & g EFAS] 98] spectrophotometer (UVIKON, KONTRON
INSTRUMENTS, SP.A, Milan, ltaly)& ©]£3l9 ODsw#ts 3 5T A3

Abgeksdnl, e M2 waks f8 TSB wlgdel 20% glycerol (Sigma)

HoEvbsE & 0T A ’akskedc



Table 1. E tarda i1solates used in this study

Strains Area Year
RED7 Yosu 1994
REDS Yosu 1994
RE! Kwangju 1995
RE7 Pohang 1995
RES Pohang 1995
LE2 Nambhae 1995
LE3 Namhae 1995
JH4 Tongyoung 1996
CS Kujedo 1997
DH Kujedo 1997
KY Kujedo 1997
REI12 Pohang 1998
RE23 Pohang 1998
JHO9 Tongyoung 1999
JDEI Yosu 2000
JDE2 Yosu 2000
JDEI1S5 Tongyoung 2000
JDE21 Tongyoung 2000
JDE23 Namhae 2001
JDE27~JDE30 Nambhae 2001
JDE31~JDE37 Kurtoungpo 2002
CIJEI~CJEILS Jejudo 2003
CJE38~CJE45 Kujedo 2003




2. °FA 1Fa=A Algl 2 Nalidixic acid Ul A7t it

oA A Abgsk A AT ampicillin (Am), tetracycline (TC), nalidixic
acid (Na), oxolinic acid(OA), norfloxacin(NOR), ciplofloxacin (CIP) &, X
T Sigmarbsl FE ) ske] ARESERd )

A} gt gAAe] st WA YA Kim. (19979 w2l MIC (minimum
inhibitory concentration) g2 & WER SIS ™, broth dilution method& A}-&3}
ol FA43tAct WA 96 wells plateo] Bd TSB 160 E € e 2t ¥ x
oS g FAAE 20w BFE F TSB 107cel/m 2 AEAZ #9820
wt AT Positive control& TSB  180utol] 3|4 A171 R 20uE P,
negative control<> TSBRF 200p¢ 23tk o well& 25TCeoll A 18417+ w3k &
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3. Total DNA ¢

TSBell 25T 3= 377C, 24418 wigd s, v} 1omes FH3te] 12,000
rpm, 108 ¢ 44 Egskal, TE 5 9 (10mM Tris/Cl, pH 80, ImM EDTA)
of AAEAIZ T 20% SDS2 20mg/mé 2] proteinase KF H71sbed 37T A 1
A ZE REG- AT T

9ol lysatesol 5Mel sodium chloride (0.1 volume)g #7}g % phenol

chloroform : isoamvlalcohol (25 : 24 @ D& 33] FZ3}o] DNAZF Holde &

o =
oH

o

vhab s gd Ykt flel a8 AF  absolute ethanol (2

Ol\.

volume) S #7Fete]l DNAE FAdAl715, €4 &t A AAES 70%
ethanol= M H gt & ZFAe M 11:AA St &3 A4
1% UV spectrophotometeri2 260nmell A &3 58 543 U8 2429l DNA

w5 gustol Aol Agstelh



4. DNA gyrasc subunit A (gyrA) gene 971 A4 W4

A F= AHFE F S E otarda GE1S AHEstsion #fR el ¢ 7]
ME AR A AR et

y1A fAze] QRDRs MES ZAAsks, 1l thg o] AM4E9 flanking
sequences Frolrlzlow] whxjulo g WA {FHxtel AV MEES L 3%

tt.

4.1. Primer 412t 2 PCR

E. tarda GE1°] gryA QRDR-& 2glstz] 9fsl ojdef Hidl =&&

my

%3}
o] degenerate¥l 4702 sense primer®t 2709 antisense primerE A 2}l ch
(Musso et al., 1996; Okuda et al., 1999) (Table 2).

219l primer (Table 1NE AF&35te] £ tarda GEl genomic DNAo] 4 &3 4
o 7l sl PCR AbEo] AA = A g ottt

e oful b vl el AEA o R RE A ZEAW o] M2 degenerate primer
(Table 1)e}+= 92 A E coli, Aeromonas salmonicida, Erwvinia carotovora,
Klebsiella pneumoniae, Neisseria gonorrhoeae, Pasteurella multocida,
Pseudomonas aeruginosa, Serratia marcescens, Vibrio parahaemolyticus
(gene bank accession number respectively © X37174, L47978, X30798, X16817,
L08317, AR006122, 1.29417, US6906, AB023569)2] gyrA gene®] 7bY R FEH

Welol 9] M EAE thA] FFESEG U (Table 3. Fig. 1).



Table 2. Oligonucleotide primers  used the study (Musso et al, 1996;
Okuda ¢t al., 1999)
Piner Direction Positions Base Sequence

VOGYRI-S Serse GyA 4146, PaC, 8348 F-NACGG HANAGCOACG CAC TXAOGS

VOYR2S Serse G, 572 F-AACTIGACTIREAAC DA AGGOCS

VGYR3S Serse PaC, B F-AAANGTACTCACTQACGTCACTIGS

VOYR4S Artsense CyA, 24119, ParC, 127-12 F-TAOACOTGIAGTAACGTYX GDCARAVCGTYXA ™SS

Gl-S Serse GrA21-28 F-TAATTATAGATGA TXCGCOGT-3

@R Artiense GyrA, 127-120 S-CAGHACGGTYAGCHTICOGTATANG3

" The position of VGYR1-S, VGYR2-S, VGYR3-S, VGYR4-S, G1-S, G2-R

degenerate primers correspond to amino acid residues of FE. coli GyrA and

ParC.

Table 3. Oligonucleotide primers used in the determination of QRDR regions

Priner Direction Positiors * Base Sequence

DGYR-| Serse oA, 2025, parC, 211227 - ATGOXGTAANGTACTICACCCS

DGYR-2 Serse oA, 316332 S-CAAGAQCDAACTIARC DTS

DGYR-3 Artiense A, 536517, parC, 511-530 S-ACARAYGOOGTOANTIGTOAOANGATACS

DGYR4 Artierse oA, 8283 S-ACCAQA TTOTAOANGOXANGATRRCTITROTTC3
[XGYR-S Artserse oA, 10881060 F-CGMACGAQGTOACTIOAGCOAGOAGIG3

“ The position of DGYR-1 ~ DGYR-5 degenerate primers correspond to

nucleotide sequence of F. coli gyrA and parC.



TGTGETC -GG TGACGTARET

prneumeniae
qonerrhc

asrugincsa

BAIC 2

TAGGGGATGT
<l GATC

GGGA

A= -CA-GTC STATGAC T
AC-
ACT-
A-T-
ATTC

TGTCCGCTIGG &

. oaerugine
.o omaltocida

CGTGCGCATGG 310
( ATGG 277
2 3 IACACGETCA=T-A-GTGCTG SGTATGS 277

Rk r ok ok Ak kkk wwx kA Ak P e I A L I L T

TCATGGTGA-T-A-
YGCACGGTCAC -~ AC

DGYR-2 —P»

Fig. 1. Alignment of conserved gyrA gene seguences In gram-negative
hbacteria. An asterisk indicates identical residues. Arrows above the
nucleotide sequences correspond to the orientation and positions of DGYR-1
~ DGYR-5 degenerated primers (Table 3) used to amplify the QRDR
regions of E. tarda gyrA.



4— DGYR3

salmonicl

TTAGTCARCE

G s GO T
CTGETATCOCEET -REE AT

R T

AGGTGAACAAGGCGC-GE-TTGATIGA
GGTGAACAAAG
J-AGGTAARACARAGCGC

AGGTGAACAARG

salmornicida
A AVoIIra

GTGARCAR TCTGATCGABARGATCG-COGR- -
G~ GAACRAAGCTC -~ TCTGATC S AGARGATTG -l s

I S T S S SN e N 2

carabaemclynicus

SARAAAAG - =T
= -ACGCGTGG?

WMGANAG--TT

salmonicida
carotovera
aoll 1067
¥. pneumoniae
N. gonorrhceae
F. cerugincsa

1118
1115
1115
1115
1142
1134
1146
1115
1113

CGTCGT
CGCCGTA-(

1
1¢

60

T T e S S 2 - > P e

Fig. 1. Continued.



A<k bl 2le] Primer DGYR-1F DGYR 39 gvrA gene vl ol e} pard
ol BEHY Ao, DGYR-2, DGYR-42 DGYR-52 gyrA geneol9t &
o] Aol lth.

PCRS AAste  4& PCR 4FHE2 vector (pCR 2.1-TOPO, Invitrogen)®
cloningd t, Big dye terminator cycle DNA sequencing kit (ABI PRISM,
PE Applied Biosystems, Foster City, CA, USA)2} automatic sequencer® A}
ote] 7] MES R

PCR< 200uM (each) deoxynucleoside triphosphates, bacterial total DNA
10ng, Z¥Zre] primer 240, Gene Tagq huffer (Perkin-Elmer, Germany) 5uf 9}
Gene Taq polymerase (Perkin-Elmer) 25U % FA%E 50009 whg-Hofja A
stk PCR #38% & Perkin-Elmer 2400 thermal cycler (Perkin-Elmer,
Norwalk, CT, USA)E AF£3}o] thermocycling& 95T, 587}t pre-denaturation
A1zl F 95Tl A 30% denaturation, 55Tl A 30% annealing, 72°Cel| A 30%
extention®] ¥F2S 1 cycle® 3t 30 cycled whSA 7T 28)a 72TColA] 7
i {F post-extention A1ZATH PCR ¥ AAd4¥  cloningd & ¥97] AMEg 39

(A 4)sk At



1.2 QRDR e Upstream 2t downstream ¢ 71 41 ¢l -t
QRDR 2] upstream™ downstream sequence®  tE37] 91381 cassette

ligation-mediated PCR 71 & o] &5ttt o] PCRYS G7] AEE& €43 UE

o
—_il

/1% e} DNA 9o =78 vl of 47 MEE SHssbes Welth

4.2.1. Template DNA 4]

s A eskddnh A E

[‘J"‘J

E. tarda DNA (25p¢)& ®2ake) 30 unite] #|3E

2x Ael¥ DNA: ethanol® HAAIZ 3 ligation ¥H&¥E (Takara Shuzo
Co., Shiga, Japan)S #7}lat2dch ligations $18F Aleko 2 = |igation solution
I, 15x¢, ligation solution II, 7.5u0, =12]3l DNA Ag¢te] A}8% |8 § 4ol A
S8 cassette’t H7FEIITE 1 & 16T oA 3087 wRSAIZ) 3 ligation
nucleic acid® thA] A 29 ethanol 200ueell 2 QA ZAch thgo 2 94TolA 10
-4t heatingdlo] ligase$ inactivationdt Tl-, cassette ligation-mediated PCR
o

9] template® AFS ¥ AT o) AHANA ALEF ATEAE EcoRl, Psil, Sall,

Xbal, Sau3A 1 o™, zZtzhel Asta 47 A ely) DNA 858 =18t

4.2.2. Cassette ligation-mediated PCR

419 AsoA AA4E 623 bpd 9471 AEEEH upstream® F7] LS
HA37] 9ete] GYRSIRY GYRS2R primerE Al #3190t} o] = gyrA genel
5 end WEko v A7Re Al 466 refsl 399904 374 912l el sldsii, o]

primer et ¢4 C1oF C2 primer?F PCRefl o) 4] 9l u},



Cassette primerS! Cl1 vk (2 (Takara Shuzo Co., Shiga, Japan) iz ZF
cassetteoll U 9lv] MAL P AL 9load qlv] A vheab )
Cl: (5"-GTACATATTGTCGTTAGAACGCGTAATACGACTCA-3")

C2 + (5'-CGTTAGAACGCGTAATACGACTCACTATAGGGAGA-3")
Cassette ligation-mediated PCR-S nested W4l 0.8 A 33} 9t}

First PCR2 400uM (each) deoxynucleoside triphosphates, template DNA
(EcoRl cassette-ligated E. tarda DNA mixture) 500ng, Cl primer (10pmol/
@) 1gt,  GYRSIR primer (10pmol/ut) 1p¢, Takara LA PCR buffer (Mge')
5u¢¢F Takara LA Taq polymerase 25U°¢] ¥%% 50uf reaction mix®
Perkin-Elmer 2400 thermal cycler oA A A&9ch PCR £ E2 94ToA
108 7t predenaturationA] 71 & 94T -30%, 55C-30%, 72TC-30%7F w22 |

cycle® sto] 30 cycle WHSAIZ oW 1 ¢ 72Tl A 42 7F extention timeS

Second PCRE 400uM dNTP, first PCR product 1p¢, C2 2 GYRS2R primer
7k 7k 1, Takara LA PCR bufferll (Mg" ) 5u09F Takara LA Taqg polymerase
25U0] ¥3El 504l reaction mixolA AAEHJA oW EAH A7) PCR product
b A Ee] G271 Mde] A= on, QRDR® upstream 7] A do] 2=
it

th& QRDRE downstream®| F7] A A& A 8t7] ffste] Pstlzt Sall 22
¥ cassctte”} ligation¥! DNA templates FuHdvt “1glar A= A 2HE
primers (GYRST, GYRS2, GYRS3, GYRSH:t ol §afol 70 whAo] »p4gu 7t

ol PCR % 171 Ml el

,14,



32l fragment?} %% Q) 5L

;A A gvrA

¥l primers= Table 4° e

it gk,

Table 4. Primers used in cloning of gyrA

Name Sequence (S > 37) Dircction Position Object
DGYR-1 ATGOGGTAATTACTICACCC sense 220bp~-236bp Screening of gyrA
DGYR-4 ACCAGAT CTCAGIGCAIGATCMTTOTITC anti-sense 842bp-§25bp Screening of yirA
GYRS] TGCGCATGGCGAAGATTGCTCATGAG sense 374bp~399bp 13" end walking *
GYRS2 CGGCACTGAACAGATCCCCGACG sense 430bp-472bp 13" end walking
GYRSIR GCAGGACGTCGGOGATCTGTTCA anti-sense 47%bp-436bp 15" end walking ¢
GYRS2R CTCATGAGCAATCTTCGCCATGOGCA anti-sense 299bp-374bp 15" end walking ¢
GYRS2 ACATCCGATCCGATCATTGAGCTGATC sense 1166bp-119ibp 24 1" end walking ?
GYRS4 TCCGGAGTGGCTGGAGCCGCAGTA sense 1299bp-1322bp 23" end walking *
SGYR-] ATCAACTTGCCGGAGGCCA sense 1X13bp—-1%31bp Sequencing
SGYR-2 AGAACGGCTACGGCAAACGC sense 2246bp-22635bp Sequencing
SGYR-3 TCGCACCACGOTCAAGGT sense 2K60bp-2%77bp Sequencing
SGYR-4 TGTACATTGCCTCGCCG sense 3468bp-34x4bp Sequencing,
SGYR-5 CTGGCTGTTITGAGCGCA sense 3X50bp~-3k66bp Sequencing
GYRQ GATGTTCGGGATGGCCT sense H06bp~122bp Detection of gvrA QRDR
GYRQR GCCAACAGCTCATGAGCAAT anti-sense 407bp- 38&bp Detection of gvrA QRDR
WGYRS CGTGAGGCGACGGCTTCAAACTTG sense (-}29%bp-(-1274bp Cloning of Whole gyrA
WGYRR AGACGAAGTATTTCAACGTGGCGC anti-sense 2855bp-2832bp Cloning of Whole gyrA

! Cassette ligation-mediated PCR.



1.3. Cloning

4.3.1. Gel elution

PCR AAES , Pre-A-Gene DNA purification kit (Bio-Rad Laboratories,
Hercules, CA, USA)E Al-83to] agarose® P E] 2e]-AAddct WA A7l
Fo 2 3el%l DNAZF 284 gele] band® #Atrsle]l A microtubedl] %71 F,
binding buffer 500utE HA7Fsto] 37T A 1087 HES-A1AH PCR A Eo] &
o] 3= gelT HAub 18] i matrix 153 H7psta, Aol SEZF 9S4

12,000 rpm, 137 914 g skso).
Gel A Ro] Edtd AANS 7% A Askar, UhA] binding buffer 3754& H 7}

stol, g o AN Relsn, dgoe AAst: 44 28 A

o

=,
pellet2- Ao A 1023 A9 HAEAAY. Az AAE elution buffer 20
pdE H7bske] dEbAlgl F37C A 1087 kg AlZoh o thg 12,000 rpm
ol A 106 A e, DNAZE 5oF v 42 Al microtube® &7,

ARE W 7EAL 20Tl M Bbsk At

4.3.2. Cloning

A3 DNAT TOPO-TA Cloning Kit (Invitrogen Co., Carlshad, CA, USA)
= Abgste cloningstSith 94 A A DNA 4pE A microtubed] &3 F,
salt solution 1p¢, distilled water 4u¢, TOPO vector 1S H7bste] A& A
304EF WEG AL Sn Flell competent cell (F coli DH5a-T1Y OR) 50p0 % 4

71slo] deeolt A 2048 WS AT 427Col A 3034 heat-shockS ESIU)



[eat-shockel FAvFar FA] dceslh 2-330¢E &2 0b7h SOC WA 250 & 31 718t
of 37 Co A Q0NEE Jul ekt el el X-Gal W0gg/mé, ampicillin 50gg
/mée]l H7F¥l LB plateo] w=@dsto] 24A)7F w3t e] blue®t white colonies?}

debz AE wEsAc

4.3.3. Plasmid 2|

nj k¥l blue/white colonies 5ol A white colony® F 3ll, ampicillin 50ug/mé ©]
A7kl LB brothel HEg ¥ 37C, 2447 widekdch v 15mes
microtubeo] #7131 12,000 rpme 2 4T, 1087 24 Bgste] #8& HAAA7Z
T el AR AES AlAsI 7t pelletell 10040 ice—cold solution [
(50mM glucose, 25mM Tris/Cl, pll 8.0, 10mM EDTA, pH 8.0)% 411, vortex

ghol ekA s e A AT 200u9] solutionl (0.2M NaOH, 1% SDS)E ¥, 5

,d
m&

HoAdstE Fld oy 23 4 oiceo] SE7F dE-A Y 15 150u8 ice-cold
solutionlll  (60m¢ 5M potassium acetate, 11.5m¢ glacial acetic acid, 28.5mf

=l

L=
o
o}
F
I
=2
R
ol
S
N
-
T
==
oo
>
)
o
el
L
f }01
tio

distilled water)& Y1 &3
12,000 rpm, 4C, 1033 A +28ko], FA H2] plasmid& 4 S A microtube

of &t} Plasmid £N3 0% phenol/chloroforme Y1, &3

12,000 rpmel A 108-3F 914 #e)ske] 43 h& A microtube] & Aok 2e)aL

Aol yolume2] 28 9HE cthanol® 2 1L, 0.3M sodium acetate® 3 715to] ¢

q

obefiz Alols=aL 70Tl A 1A1RF Fd A Zth 12000 rpm, 4T, 1024 £14]
elate], g el gbads] A7 ¥, 1083 el A Akl e Al

UFC-002 20pe/mt RNase?F #7150 5040 TE bufferis DNA 2 5o wol oy



S 370 A 3037 kg AR wbgo] viyk gl eliell 250 NaCle]l 7t
¥120% PEGRO00 30gei: dolAM 42 510 dccol A 90t whgA1zl % 47,

12000 rpmell Al 103 A4 Zelsto] A dE A ASkaL, 70% ethanol 10040

-

% Akl Al g o :

=

Mow 14 weletdl 4AAS A7 plasmid

1

I

DNA FH=5 1063 Ao Al dxstedch 112 % TE buffer 50u¢0]

nl

detete] AV Mg &A= o ALg ksl

434. 971 A4 +4

Big Dye Terminator Cycle DNA Sequencing Kit (ABI PRISM PE Applied
Biosystems, Foster City, CA., USA)& A}&38}o] F2]% plasmidiiell insertion
A7l MEE wrel F 7bzte] 4l A Ee MACAW program (Version
2.0.5., National Center for Biotechnology Information, National Institutes of

Health, Bethesda, MDD, USA)E& A}&35}o] ®) wlaksdch,



14 Nutant Leoliol A 2] 2 rarda Ger A ¥EE

ek

Table 421 WGYRS/WGYRR primer setis o] &8 PCRE gyrA gene?] %3
3371 MEs F2 3}l vectoroll cloning 3} %1 tt. o] plasmid&
temperature-sensitive gyrA mutant, E. coli KNK453 (Kreuzer and Cozzarelli,

1979)ell transformation*] 7 t},

4.4.1. Transformation
Calcium chloride W& o] -&3}lo] A A3t (Kim, 1993). E. coli KNK453-8 5

me LBuj el 4 Eato] 244130 widah e HFE ol 1%

)

1% 5m LBH) Ao
Al HEde] ODswoll A &3 %7F 04~0.601 2 wf7bA 2~3A17F wjeksl o} &
iceol] 10%3F Wz A Ak 15m& FHske] vlg] @¥zbA1Z] microtubed] %7 %

glsto] AN A7AsaL, A dE] 50mM CaCl, +

M

5,000 rpm, H¥ZE 914
I0mM Tris-Cl (pH 8084 750ptS 713+ thg icecll A 1583 4A#

Al
1

rfo

gste] FAHES Aa, ofv]o] rhAl 50mM CaCls

Shid

5,000 rpm, 5% Fof
+ 10mM Tris-Cl (pH 80)8< 100xt W2 Z 4TolA 12~244 7 vFx| 8l
competent cell S A} 23k o}

Competent cellell %2 &= plasmid DNAE 932 2 Aol&E o2 iced 3057
W21 g 42T 9 water bath® %A 2% FoF Agsdot 71 v 1me9
SOCWI A & H7pabed 37Cal A 1413F 5 vldAlzl 5 ampicillin 50pg/mee] &
o] Q- LB agarol 2004 w'3heich 37C s 42Ce) 2b2b 12~2442F W)k &

transformant ¥ 3k )



. Quinolones YA 2] mutation 34 A

Sroll A AA¥ gyrA gene? U7l MES RO 2 mutation BAE A 37
?13te] Table 494 A% primer (GYRQ, GYRQR)Z PCR ¥, QRDRS <
71 g shelstar A4S Kol gk vl BAEdc)

1

6. Quinolones WA E. tarda ¥WolF A2 (In vitro)

A3 dF 2= E tarda PPD 130/91 (Ling et al, 20000 ¥ +5 AH&3H%ov
A7 H7FE Mueller Hinton (MH, Difco) agar Wi #|o] wAEzZ 2338t
th.

A AA A A= wild typee] 55 MH brothell A 16 ~18A17F wjgf &
z} plated MIC %9 1~16819 nalidixic acid?} #7F8 MH plateo] =935}

At colonyE HolE Hi %

—~

col BHAAl WAl e e Ren T F

shrte]l 52 MH brotholl w9k 3 t}& whAlS A A3t MH brotholl A €]
Wt o] FHRol EA4S 71E = AL FE 233 AuiEFe 52 broth

WA = agarl el Aw A @A smel ge el FAdAE e

- “

oA S HE MIC %9 2~32819] ciprofloxacine] H7Fd MH plate
off & wwstlon A Howrol FAA v oA A colonvE A E
gl Agle] ARgY wi: e ODaeoll Aol S FAsEaL, colony

o 4F countingdhol  mutation frequency i A4Skl (Table H).



L3

wild tyvpe

Table 5. Stepwise selection of quinolone

VA

! quinolone WAy nlal A

Wil el A v gene?] QRDR SV

i

ko) e

O

resistant mutants

e

Selecting agent

Ste No. of cells No. of colonies Mutation
lep plated (| /me]) : frequency ?
191 10" NA (16) 2 1.05 x 10"
2.77 < 1" NA (16) 7 2,53 x10M
il 113 x 10" CIP (0.06) 242 2.14 x10°
i 1.57 <10 CIP(0.2) 110 0.70 x10°
1.55 x (O CIP(0.2) 24 1.45 x10°
Y 1.53 x 10" CIP(]) 29 1.89 x 10
v 1.42 X 10" CIP(4) 7 493 X109
CIP(6) 6 422 x10*
VI 1.30 X 10" CIP(16) 230 1.77 x10*

* The mutation frequencies were calculated by dividing the number of CFU
per milliliter selected on agar plates containing the respective selecting agent

in the concentration indicated by number of CFU per milliliter plated in

total.

I e A, . .
"’ NA, nalidixic acid; CIP, ciprofloxacin.
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7. Mismatch amplification mutation assay PCR (MAMA PCR)

Wild type?l gyvrA gene?l 97 M vlwsled shife]l 9 7]E mismatch?|
7l reverse primerE # #a v}t (Qiang et al, 2002). 83 & opv| =4k 21 Y
N7y At AGCo A g el WA ol e CGCHF AGAZ  ¥shts

A8 olol A3

= REA 1o

13} gelsloltt. o] & o] &3t primer?] 97]E TCGRE st

m

I o @ A71E shud vbARo] reverse primers A #sFSIch (Fig. 2). o]
2l A 2Fgl primerts 839 ofnj:=atel @717E AGCS! HaA e @1t §)
Lk upre] lormiz PCR Ay i primerd) A-&3tE productE A 3R

CGCY AGAR “1 947]e] WolzF Sl

’(r
3:‘.

WeTES A 2709 47)7F sk o
glo] product® HAISEA kAl @k 87 olulwal Aviel Woli= GACe)A
GGCR el Wol7t #aE 9 o primers GAC BFE Uv}g9] 97|¢l AE TR
vparel S=aL, 87 opul kel dviel GAC & ACe Fuzel TCe «H71&
VA A A ARG (Fig. 2). PCRE Table 3 2] WGYRSSF GYRS1 Zz2gli1 o

714 A2 e Zhzhel MAMA primers @74 A28 2| annealing %% 5

218 Axt o} s]s: PCR product®] 542 ohg-3 ok 944, A2 e W
ol7b §li g4 AHTe WGYRS,  GYRSI®  MAMAGYRAS3
MAMAGYRAS7S primers PCR 5 725 44 776 bp, 484 bp £+ 776 bp,
497 bpel ¥ 719l productE & & Ao|v} shAR|wk 83 oL} 87 o] o] At
of wWleoli:r Moli= quinolone WAt MAMA primer7b 283814 Srslof,

WOGYRSSE GYRST) Al 49t 776 bpel productWho- F %5 slo]ul},

,22,



+—— MAMAGYRAS3

3 -TCGTGC CAAATACTGTGATAG -5

GEl 5" - GAC AGC GCG GTT TAT GAC ACT ATC GTG CGT ATG GCG CAGCCG - 37

3

5" - GAC AGA GCG GTT TAT GAC ACT ATC GTG CGT ATG GCG CAG CCG -3

RE1

wn

" - GAC CGC GCG GTT TAT GAC ACT ATC GTG CGT ATG GCG CAGCCG -3

In vitro

wn

- GAC AGC GCG GTT TAT GGC ACT ATC GTG CGT ATG GCG CAG CCG -3

mutant
3 -TGCGATAGCACGCATACCGC G5

4+ MIAMAGYRAS7

Fig. 2. Comparison of DNA sequence around the codons for amino acids of

insult in GyrA in quinolone susceptible and resistant isolates.

,23,



m. 43

1. Nalidixic acid WA 59 &7

1994 ~2003 3 7k #] -] vhel Aol A el K rarda F v7F nalidixic

L.

acidefl Wl moliz AE 2 4 A%k ol WA S Role dEE

A

136

or

W F D2y R 38%Z LEFY o o]E 2 nalidixic acid ®WF ol

quinolonesol 1= thekdt WA A& B Al (Table 6).

pries
HE

Quinolone WA &5 9lo] plasmidete] ¥HAE Lopr 7] 9] s) o] A3

S d9ste] plasmidg 23 . transformation @S A A&k Ax

test¥l M.3= E. tardat= plasmidZ 7FA130 1A o} transformatione] %) x) ¢
[ oo

L}, transfomation$ #8]¥ plasmids gvrA geneS 7FA 3 A ekgkolk 2

2] L2 quinolone? WA o= plasmid7}t W8t #&S 4 4 9l

_24,



Table 6. Quinolone resistant isolates i Korea

Resistance(alter 1day)

Name

NA 0A NOR ClP AMP TC
RED7 > 480 2 031 008 25 -
REDB = 480 t 031 008 5 -
RE1 60 05 008 004 10 15
RE7 =480 4 031 008 25 -
RES = 480 4 031 008 10 -
LEZ =480 2 031 016 125 -
LE3 240 i 063 008 083 -
JH4 = 480 1 016 008 2E -
CS 60 05 031 008 5 094
DH 120 1 063 0086 5 094
KY 240 1 063 008 5 094
RE12 =480 4 031 008 - -
RE23 60 05 008 004 25 30
JHS =480 2 0.16 008 5 -
JOE1 240 1 063 008 10 -
JDE2 240 1 063 008 10 -
JOE1S 240 1 063 008 5 30
JDE21 240 05 031 008 5 -
JDE23 240 1 063 008 10 094
JDE27 240 1 125 008 10 15
JDEZ28 240 1 125 008 5 30
JDE29 240 1 125 0cs 10 30
JDE3C 240 1 125 008 5 60
JDE31 240 1 125 008 5 60
JOE32 =60 2 125 031 20 60
JDE33 =60 2 125 031 20 30
JDE34 > 60 2 125 031 10 =60
JDE36 =60 4 - 063 20 30
JDE37 =60 4 125 063 20 =60
CJE? 240 1 003 013 8 16
CuE2 240 1 003 013 8 16
CuES3 240 2 003 013 8 32
CuE4 240 2 003 013 8 32
C.E5 240 1 003 0.13 8 16
CJEE 240 2 003 013 8 16
CJUE? 240 2 003 013 8 16
C.E8 240 2 003 013 8 8
CJES 240 2 003 013 8 8
CJE10 60 1 003 013 =1024 512
CJEN 240 2 003 013 8 16
CJE12 240 1 003 013 8 16
CuE13 = 480 2 05 025 8 256
CuE14 60 1 006 0c6 =1024 256
C.E18 = 480 2 05 025 8 256
JDES8 > 480 2 013 006 8 16
JOE39 > 480 2 025 013 3 16
JOE40 240 2 025 013 8 32
JDE41 > 480 2 05 025 8 128
JDE42 =480 2 025 025 8 128
JDEA43 240 2 013 025 8 128
JDE44 > 480 2 05 025 1€ 128
JDE45 = 480 4 05 0.13 g 16

*NA, nalidixic acidi OA, oxolinic acidi NOR. norfloxacin: CIP, ciprofloxacin:

ANMDP, ampicillin: TC, tetracveline.
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2. DNA Gyrasc subunit A (gyrA) gene®l 7] A< 4

2.1. GyrA gene®l QRDR 9471 N4 24

Nucleotide 4=Fol A A28t primer (Table 3)& ©] &3t E rarda genomic
DNA® PCR % & g ZitE Fig. 3o vtebigdch DGYR-19F DGYR-4
o] primer® gyrA QRDRel| dlaiAiz 623 bp. Z12]i DGYR-1, DGYR-3¢
primer® parC genedl thal4 320 bpel PCR product® 2 + At gyrA

geneoll HolAoldd 623 bp PCR At&-¢] 7] AdL& A3 Ay o2& g

A4 Aol gyrA gened ¢ S AEAS RAFAOUR E tarda®)

T1

=

gyrA geneY S EQlg 4 o] crek O Al el gyrA9t parC gene B

e

Fol A 71EF 7He Ayl 320 bp PCR A2 & cloningstel 947] A4S w3l A},

off
(o3

|

clone I ol A= th& 13 &4 A9 gvrA gened} v $ =S HEAME HoF

il

HHE Cclone Dol M= parC genedt vl §- =2 %48 el 9l

_26;



Fig. 3. Electrophoretic analysis of PCR products obtained by the
amplification of gyrA and parC QRDR regions in E. tarda. Lane 1, gyvrA
(623 bp); lane 2, parC (320 bp); lane 3, pCR 2.1-TOPO vector digested with
EcoRl (insert 623 bp); lane 4, pCR 2.1-TOPO vector digested with EcoRI
(insert 320 bp); lane 5, gvrA with M13 primer; lane 6, parC with MI13
primer. Lane M, DNA marker (100 bp ladder).

v27_.



2.2 QRDRe] upstream¥ downstream 71 A< 44
QRDRs region®] 7] Aol A4yl 0 QRDR2 upstream¥}t downstream
sequence”’} A A = A},

§-71 QRDR2] upstream sequencel~ FcolR I digestel Al 721 bpel PCR
product7b A F At Downstream sequenceoll A= A @GAZ ATdgAr F
Pst I digestell Al 943 bpe] PCR Ah&S AAdulel |71 Mol ZA= U Pst

[ fragment2l 97| MEE& 7FA 3L primer (GYRS3, GYRS4)E A 2tsle] PCR3F

A Sal 1 digestll M 2885 bpel PCR product® &

tjo

T ddel (Fig. 4). z+zt
o] PCR XX EE cloning¥el 97 Mdeo] 4™, gyrA genedl A
A7) Mol AR

Tk BoAe] Aygo]l gyrA geneolA FTE

1 2

1
rlr

A &

fuft
ol

gHletz]l ial
QRDR ¢ A A geneS nucleotide®t deduced amino acid A D2 A F 71 A
Mgl o2 At E9 gyrA, parC3 BlaLE Aty 23} gyrA gene L o
Ate] gyrA genedt ol §- w2 AEAS VERNRIEE (Table 7, Fig. 5).

320 bpel parC gene A4 v ryte]l AEAL Wwd AI E o coli

Salmonella typhimurium, Pseudomonas aeruginosa, Shigella flexneri, Vibrio

parahaemolyticus, Neisseria gonorrhoeae, Serratia marcescens®l 2}z 81, &4,

83, 82, 72, 43, 871%¢] ¥ ded5 HALh



2885bp
943bp

721 bp

Fig. 4. Electrophoretic analysis of LA PCR products obtained by the
amplification of upstream and downstream of gyrA QRDR regions in E.
tarda. Lane 1, EcoRfl digest (second PCR, 721 bp); lane 2, Pstl digest
(second PCR, 943 bp); lane 3, Sal 1 digest (second PCR, 2885 bp); lane 4~6,
pCR 2.1-TOPO vector digested with EcoRl (lane 1, 2, 3, respectively). Lane
M, DNA marker (100 bp ladder).
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Table 7. Identity of the nucleotide and deduced amino acid sequence of the

gyrA in E. tarda compared with those in other hacterial strains

Organisms Accession number * .Nucleotide sequence Deduced amino acid seqrence
Whole vA  QRDR Whole ggrA QRDR
Escherichia coli X37174 78(49)p0 84 83(30) 100
Aeromonas salmonicida 147978 71 83 71 93
Pectobacterium carotovoriom X80798 78 83 85 97
Klebsiella pnewmoniae X16817 80 84 86 97
Gram (-)
Neisseria gonorrhoeae 108817 39(49) 77 51(29) 85
Pasteurellu multocida AE006122 64 88 72 95
Psendomonas aerugimosa 129417 68(52) 78 63(32) 97
Serratia marcescens 1156906 83(53) 91 86(31) 100
1ibrio parahaemotviicus AB023569 70(50) 85 7731 100
Streprococcus pnewnoniae AY 137689 32(49) 63 46(34) 68
Gram (+) Campylobacter jejuni LO4566 48 63 45 70
Mycoplasma hominis U39880 15 65 39 75

a

The nucleotide sequence has been assigned accession number
(GGenBank EMBIL database.

" The numbers in parentheses indicate the identity to parC gene.

_SO*

in the



Serratia marcescens
L Edwardsiella tarda

l— Pectobacterium carotovorum

‘__Ji Klebsiella pneumoniae

L Escherichia coli

Aeromonas salmonicida
Neisseria gonorrhoeae
Pseudomonas aeruginosa

Vibrio parahaemolyticus

Pasteurella multocida

Streptococcus pneumoniae

Campylobacter jejuni

l Mycoplasma hominis

0.1

Fig. 5. Phylogenetic tree showing the relationship between the E. tarda
gvrA gene with other known gyrA sequences. The accession numbers of
the gyrA sequence are as follows: Serratia marcescens, U5H6906;
Pectobacterium carotovorum, X80798, Klebsiella pneumoniae, X16817;
FEscherichia coli, X57174; Aeromonas salmonicida, 147978, Neisseria
gonorrhoeae. UORS1T: Pseudomonas aeruginosa, L29417; Vibrio
parahaemolyvticus, ABQO23569; Pasteurella multocida, AE006122; Streptococcus
prneumoniae, AY137689; Campylobacter jejuni, 1.04566; Mycoplasma hominis,
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2800 tarda gy geneel AV A9 -4

Complete gene #4380 43 gyvrAd gene 8787/ 2] ofi] Lo ak-S oF 5 3154+
ORF (open reading frame)& 7FA13L QlSith (Fig. 6, 7). ATG start codon®. 2
YE]L 16 bp €E o= K coli®] Shine-Dalgarno consensus sequence (GAGGQG)
e A8 ribosome-binding siteZb UERSEOH o] sitey™  ribosome 308

A

i)

t

Ol
rr

S
=

subunit® 165 rRNA<SH Zgste] vl A4 /fA]o) Fa3h o

©

a

22 4 A 9tk ribosome-binding  site®] 8 bp Pole E coli®l -10
promoter (TATAAT)®t= o4 zkel7F AAWE A, salmonicida®) -10 promoter

FAl= egAIvt H

ol

b= 22 TAATTASL @717F vErstch o %oz 4
pylori®l -35 promoter (TTGATT) (Moore et al., 1995)¢} FAFsk TGTATT

HE HED

i3
d‘l"

T AAYCr FARE E coli, (Swanberg and Wang, 1987), K.

m\\J

pneumoniae (Dimri and Das, 199009} Bacillus subtilis (Moriva et al., 1985)
o]  -35 promoter (GTTACOY ATTTTCC (Serratia  marcescens),
GTTTGCC (P. aeruginosa), GTTTCCC (FE carotovora), GTTTAAG (A
salmonicida) 9F 22 @71 &2 & 5+ gldrl (Kim et al, 1998; Kureishi et

al., 1994; Rosanas et al., 1995; Oppegaard et al., 1996).

ft

83;&

d B

Off

E. tarda gyrA gene®l S How HMAb v A F AP FxE
inverted repeated sequencei=db 2#ko] A EQITE o] E & ATG start codon?
oF Zog -I03/-85 Ao ddat= AAAGAC/GTCTTT 9 -109/-16 YA 9l
ACCCTC/GAGGGT el @712 z+2F 1183 1832 ¥ 7le]  unpaired loopE 7}A|
oAb e s sk f

olir inverted repeated sequences © S AdAc Eocoll (Tlorowitz and Loch,

._82_



1988yl A1 =53 4= gliiel gvrA U AR supercoiling dependent regulation©]
I rarda AN lolsks dpekuid olir Aeromonas salmonicida,
Pseudomonas aeruginosa and Klebsiella pneumoniae®l gyrA promoterol 4] =
THE S (Oppegaard et al., 1996; Kureishi et al., 1994; Dimri and Das,
1990). &= 3k 29| inverted repeated sequence! AAGGGC/GCCCTT 7} TAA
stop codon?| ¥ 46/63 9=l vtElyro ™ ol 17719 unpaired loopS & Al gt
oA MAle] TR Mz EA AL delA Aot (Oppegaard et al, 1996).
o] A3 A gyrA genedl @3 ORFolLel = thE ORF7F A5 A
H ol gvrA gene?] 3’ end WAL R E coli®]l RCSC genedt 49% U x)&H&

EN
et & 9l

S

E. tarda GyrA2] otv]hzal M98 vladt Ay £ coli Bub 3709 olm]n Ak
W15 o 7HA s AR e} C jejuni, P o.aerugenosa, H. pylori SolA wAE
1* intragenic stretches (7AWl &)= §ldlom, E colisel thE At

(Horowitz and Wang, 1987)olA19} Zro] DNA &4olv} ajA S A s+

catalytic Tyr-122 T3 78 5= o)
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EcoRIl Pstl Sall

Sal 1 fragment (2885 bp)

>
Pst 1 fragment (943 bp)
—)

FcoR | fragment (72 1bp)

R )

— agyrA (2637 bp) = — - RCSC

1 1 1
DGYR-1 DGYR-4
N ol | | I | I | |

5C0 0 500 1000 1500 2000 2500 +363 +863 +1363 +1863

Fig. 6. Restriction map and organization of the E. tarda gyrA locus. Vertical
arrows indicate positions of the degenerated primers (DGAR-1 and DGAR-4)
used for the cloning of gyrA gene. Thick horizontal arrows indicate the
produced DNA fragment with the used restriction enzyme and the walking

direction.
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FITCCTRCAGATOAACGTT TG GACACCTO T GACTOCTTTAATCTAGCGE CTGAGGCGATTATA 270

CCCGTTGTTCCGCGATGGLAAAGGGGCAGT CGGCGCT AAGGCTACGATCGCGOTGTGCAT T TCGCACAACCCCGGCCT TTGTGGTATCAT - 180

<LK
TATCGTCTTTGTCATCGTGTATGCGCCTGGT TCTACTCGATGTATTGAGGGTAGCGGCAGATGAATAATTAGTAGAGGGATAGCAGCTCC -0
<<

ATGAGCGACCTTGCCAGAGAGATTACGCCGGTCAATATCGAAGAAGAG TTGAAAAACTFATA(CTGGATTACPCCATGTCCqTTATCGTC 80
MSDLAREITTPVN L EEELKNSYLD AMS VYV LV

qGTCGTGbGCTGCCGGATGwTCGGGATGGCCTGAAGCCGGTACACCGTCGCGTCCTGTTTGCGATGAALGTACTGGGCAATGACTGGAAC 180
GRALPDVYRDG K HRRVLF AWM vV L GNDODIWN

AAACCATACAAAAAATCGGCCCGTGTGGTCGGTGACGT EACACGGTGACAGCGCGGTTTATGACACTATCGTG 270
K PYKKSARYVVGDYVY HGODOSAVYDT LV

I G K H P

”GTATGGCGCAGCCGTTCTCCCTGCGCTATATGCTGuTCGACGGCCAGGGGTAACTTTGGCTCCATCGACGGCGACTCCGCuGCGGCGATG 360
iMAQPFSLAYMWLVYDGQGNEFGS T DGDS AAM

<« GYRS2R GYRS1 >

CGTTACACCGAAG TREGEA A ; TGTTGGCCGATCTGGACAAAGAGACGGTGPACTATGTGCCCAACTACGA@ 450
A YTEVRARMAKIAHETLLULADLGDOTEKETETYV

GYRS2_ P> & GYRSIR

GACCAAGGTGCCCAACCTGCTGGTCAACGGCTCTGCCGGTATCGCGGTGGGGATGGCGACC 540
TKVPNLLVNGSAGI AVGMAT

AACATTCCTCCCCATAACuTGACCGAGGTGATCAACGGCTGCCTGGCCTATATCGATGATGAGAACATLACCATCGAAGGGCTGATGGAG 630
N I P P H N L 0 0 E N

CA'ATCCCGGuGCCGGACTTCuCGACGGCGuCGATCATCAACGGGCGCCGCGGCATTGAAGAGGCTTACCGTACTGGGCGCqGCAAGATC 720
PGP D T I N RR G I EEAYRTGRGK

TACGTGCGCGCGCGCGCCGAGATCGAGGT TGACGATAAAAATGGCCGCGAAACCATCGTGGTGCATGAGATCCCCTATCAGGTCAACAAG 810
Y VRARAE I £V DO 0OKNGRET I VVHE I PYQVNK

<4 DGYR-4

GCGCGTCTGATCGAG
A

BEEGAAAGAGAAGCGCGTCGAGGGCATCAGCGCCCTGCGCGATGAGTCCGATAAGGACGGG 900
L i E K I A K D G

¥V K EKRVEGI SALRDESTD

ATGCGCATCGTTATCGAAGTCAAGCGCGACGCGGTGGGCCGAGGTGTGCTGAATAACCTCTACAGCCAGACGCAGATGCAGGTCTCCTTC 990
M A VI EVKRDAV GREGVY LNNLYTQT @MV SF

GJTATCAACATGGTGGCGTTGCACCAGGGACAGuCGAAGCTGCTTGACCTGAAAGAGTGCCTGGAAGCCTTTGTGCGCCACCGCCGTGAG 1080
G I NMVALHQGOOPKLLDLEKET CLEAFV

GTAGTGACCCGCCPCACCATCTTTGAACTGCGCAAAGCGuGCGAGCGTGCCCACATATTGGAAGGCCTGGCCATTGCGCTGGTCA
VTRRTIFELRKARERAHILEGLA! ALVN

JBATCCGCCGTGCGCCGACGCCCGCCGAGGCCAAGGCTGCGCTGGTT T CCCAAGCC T GGGCGCTGGGCAACGTG 1260
I R R AP TP AEAKAALV S QAWALGNV

S

Fig. 7. Neucleotide and deduced amino acid scquences of the E. tarda gyrA
gene. Potential hairpin loops upstream and downstream of the open reading
frame are indicated by the symbols > and < in inverted repeats. Nucleotide
position for the restriction enzymes (underlined) and primer (shadowed) used
for the preparation of cassette-ligated 2. tarda DNA and the cloning with
cassette ligation -mediated PCR method, and stop codon (hoxed) respectively

also shown.
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CTGTT, AuAGbAGATCGCbGCGCTGATC*TCATCCTGCAaAGCCCGGAGCGCCTGATaGAGbTCATCCGPGAAJAGuTGATCGCCATCCGC 1530
LLeEa 1 AALTF I LQSPERLMEY I BRE LI A IR

GAGCAGT TTGGCGATGCGCGCCGCACTGAGATCACCGCCAACACGGCGGATATCAATATCGAAGATCTGAT CGAGCAGGAAGACGTCGTG
EQFGSDARATE I TANTADI NI EDLI 2 Q&0DVYV

620

GTGACCCTGTCGCATCAGGGCTACGT GAAGT ACCAACCGCT GAGCGACTATGAGGCTCAGCGT CGCGGCGGTAAGGGTAAGTCCGCCGCG 1710
vV T L SHQGY VKYQFPLSDYEAQRRGGEKT GKTSAA

CGAATTAAAGAAGAGGACCTTATCGATCGGCTGCTGGT GGCCAATACCCACGACACGATCCTGTGCTTCT TCAGCCGGGGCCGCATGTAC 1800
F I K EEOLIORLLYANTHDODTILCFFSRGRSMY

TGGATGAAGATGTATCAACTTGCCGGAGCCAGCCGCGGTGCCCGCGGTCGTCCGAT CATCAACCTGCTGCCGCTGGAGGCCGACGAGCGC
WM« MYQLAGASRGARGR®PI I NLLPLEATDEHR

890

ATCACCGCTATCCTGCCGGTGCGTGAGT ATGCCGAAGGGGT CAACGTGT TTATGGCGACCGCCAGCGGTACGGT GAAGAAGACGGCGCTG 1980
' TA T LPVREYAEGVY NVFEMATASGTVKKTAL

AbCGAGTTCAGCCGTCCGCGCGCCGCCGGGATTATCGCCGTGAACCCCAACTACGGCGATbAGCTGATCGGGoTCGATCTGACCGATGGC 2070
TEFSRP AG | A N P N GO EL I GV L TDG

AACGACGAGGTGATGCTGT TCTCCGTCGCCGGTAAAGT GGTGCGCT TCAAGGAGGACGCGGTGCGT GCCATGGGGCGTACCGCRACCGGG 2160
NDEVMLS=SVAGKYVRFKEDAVRAMGRTATG

GTGCGAGGCATCAAGCTGGCCGGAGAGGATCGCGTGGTATCGCTGATCGTACCGCACGGCGAAGGCGCTATCCTGACCGTGACCCAGAAC 2250
VRG! KLAGEDRVY VYV SLIVPHGEG GAILTVTA QN

GaC*ACGGCAAACGCAGC GCGTGGCCGAGTATCC ACCAAGTCACGCGCuACCCAGuGGGTTATuTCCATCAAGGTGACCGAGCGTAAC 2340
G Y G KRS vV A E Y P KSR ATQGV S 1 £V T ER

GGCAGCGTCGTCGGCGCGGTGCAGGT CGAGGACT GCGACCAGATCATGATGATCACCGATGCCGGTACCCTGGTGCGCACCCGAGTATCC 2430
GSVVGAVAQVEDCDIQI MMI TDAGTLVYVRTRYS

GAGGTCAGCATCGTCGGGTGTAATACGCAGGGGGTTATCCTGATCCGTACCGCCGAAGACGAGCACGTGGTGGGGCTGCAGCGGGTCGTC 2520
E vV S | GCNTQGY P LI RTAEDEHYYVYGLQGRY

GAGCCGGTTGACGACGAAGAT CTGGACAGCATCGACGGCAGCGCCGCGGAGGGT GACGATGAGATCGTGCCGGAAGTGGAGAGCGATGAC 2610
EPVDODEDLDSI!I CGSAAEGDDETI VPEVESTDD

GATGCCGCCGAGGACGACGCGGAA AGCGATGACGATGCCGCCGAGGACGACGCGGAATAAGCG TGACGCAGGTGT CACAAGGGLE +53
DAAEDDAETE S>>

GGTTACTCCGGCCCTTTTTTTATGCCGCTGACGTGCCCAGCTATCAGT TCGACGCGCTGAT GCCGCCCCCRGLTGAATCACGCTGACGCGE +143
<KL

7

Fig. 7. - Continued.
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24 GyrA mutant 5 coliol I rarda gyrA gene?] wEE b3 Ak

I coli KNK 4533F9=3 > temperature-sensitive gyvrA mutantst 43T o] 4ol A
= grA geneol 71%5& Rol ol AEkA 24 Hek o] ARNME E tarda

1

o
ol

2] gvrA gene® EFTL A plasmidE transformationA 3 224 £ tarda
gvrA genel] E. colilAe] BA X Z whzbeldvy Hd A3} transformation

¥l FE coliw 30CE#RE o} 43Tl MLk 2 o] Aebiz o] FEH

iﬁ!

31, 9]

mﬂ‘

o= I FH o2 control?]l TOPO vector-& transformation A1%! KNK 4533

e BCANE e g AL ol

rﬂ?“"

),
O
e
o
=
&
%

IFig. 8. Agar plate growth at 43C of £ coli KNK453 transformed with the
following: untransformed (A), Topo vector (B), Topo vector {nserted FE.coli

avrAY (O, TOPO vector (Inserted I rarda gyvrA) (D).
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3. Quinolones WA 2] mutation

-
©:

Aol 22l ¥ nalidixic acid WA & 4 S dejHom Mesteinh

=3

v

erellq A Adxl gyrA geneol 971 MEE e QRDRE 97 AEE &4

Ol

{

'+

i
i
ol
ol

2 A 253 gene®l mutation 5%

wFol Al GyrAel 83 ofusibo] A A Yo

T

(Table 8). A¥l¥ BE #2 83 o} %4k¢] serine©] argininel. & Ho)7F &

vk AL o 4 AV oW nucleotider= AGC7F AGAY CACE ¥3 AL 3hel
5 Ak

Table 8. Susceptibility to quinolones and mutations in the QRDR of gyrA

genes of FE. tarda isolates

Strain Isolation MIC (e - - Mutation in gyrA o
NA 0OA NOR Cip amino acid bace change
GEI 1994, Kujedo 2 0.13 0.03 0.008 S3(Ser) AGC
RED7? 1994, Yosu 2512 2 0.31 106 S3(Ser —Ary) AGA
REI 1995, Kwangju 64 0.5 .08 0.03 83(Ser—Arg) CAC
RES 1995, Pohang 2512 4 0.3] .06 83}Ser—Ary) AGA
LE2 1995, Namhae =512 2 0. 0.13 83(Ser ~Arg) AGA
JH4 1996, Tongyoung 2512 1 0.16 0.06 §3(Ser—Arg) AGA
KFE 1997, Gampo 04 2 013 0.06 53(Ser ~Arg) AGA
H9 1999, Tongyoung 2512 2 0.16 0.06 S3(Ser ~Arg) AGA
JDE2 2000, Yosu 236 1 0.63 0.06 $3(Ser—Arg) AGA
IJDE30 2001, Namhae 256 1 1.25 0.06 S2(Ser *Arg) AGA
IDE37 2002, Kuryongpo 2512 4 1.25 1.25 S3(Ser—Arg) AGA
CIEIR 2003, Jejudo =512 2 [ (.25 S3(Ser -*Arg) AGA
JDE4S 2003, Kujedo 2512 4 0.3 0.13 53(Ser—Arg) AGA

“ NA, nalidixic acid: OA. oxolinic acid; NOR, norfloxacin; CIP, ciprofloxacin.
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A. In vitro Wol5=2] gyrA mutation 54 ¥4

Wild type?l E. fardai nalidixic acid 2 ciprofloxacinol] & 694& 713 U

Vd

Jol reEsder we o mutantE ¥ 5 At (Fig. 9).

SGAAZE A7kel MH agarol A A = Adesl #52 MIC test 2 QRDR2

=

271 Mol EARE B Al ] WolF 5ol GyrA2] 878 ofn| h-Ako] Asp

ol A Glyzel Hol&E BHIdE & 4 AU} (Table 9).

Table 9. Charateristics of quinolone-selected mutants of E. tarda

Strain R MIC /™ . ...Mutations _
NA OA NOR CIP OF PEF 83 87
Wild type 2 0.13 0.03 0.02 - - Ser Asp
PN-4 64 1 0.13 - 0.25 2 Ser Gly
PN-B 64 1 0.13 - 025 2 Ser Gly
PC1-2 64 1 0.5 013 0.s 4 Ser Gly
PC1-4 64 1 0.5 0.13 05 4 Ser Gly
PC2-3 128 2 2 0.5 2 8 Ser Gly
PC2-5 128 2 2 Q.5 2 8 Ser Gly
PC3-1 128 2 2 0.5 2 8 Ser Gly
PCa4 s12 16 Z16 8 >16 >16 Ser Gly
PC4-6 s12 16 =106 8 =16 =16 Ser Gly
PC4-B 512 16 Z16 8 =16 =16 Ser Gly
PC4-F 512 16 216 8 216 216 Ser Gly

NA, nalidixic acid; QA, oxolinic acid; NOR, norfloxacin: CIP, ciprofloxacin;

OF, ofloxacin; PEF, pefloxacin.
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pavent
l\kal(16)‘
| [ L

1 step =TSN VN BT
Op(aas)|
I I I |
2 step [Bci=11 [pcr2l [Pcra)
le/7 (]
[ | T I ]
39 step

[pco-1] [eee-2] [pc2-3] [pco4] [PC2-5]

op(z)‘ ke

4" step I I I I s 1 = _

ap(4)

[ I I I ] 1
50 step [pca-1] [pca2] [Pca3] [Pa-4]; [Pa-5] [PC46]

Qo(6)

| I T I I 1
[Pa-a] [Pap] [Pa—c] [Pa-d] [Pca-e] [PCat]

Gi(16)

f I I I I |
[Pes-1] [Pcs2] [Ps-3] [Pcs4] [PC55] (P56l

6" step

Fig. 9. Relationships between FE. tarda PPD 130/91 and quinolone-resistant
mutants PN1 to PCH-6 sclected stepwise expose to nalidixic acid (NA) and
ciprofloxacin  (CIP). The number outside a parenthesis indicate the

concentration (gg/m¢) used in the selection steps.
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5. MAMA primer A4 W PCR

Aol AP in vitro WMol 2] gvrA genedl 971 MEES A A3 A
walol ol whEer = Qledv) 83Holup 87 el ofv| kel wol7p By

$iglch ole

H 1. 1L

gy
L
ikl
DY,

ghm 83, 87H ofm]l-Abo] W

i
B

o A2 g

\.1“‘
+r

71 Slef M = 2 ot mbrke] vl A Aol dgsta Al Mol AR
o 7] AgE BA7de AP o g vl g4 or Hyo] mpEn), T1efA
o] A&l A= mismatch amplification mutation assay (MAMA) primer® o©]
&% PCRY o= ghehata gaat Al GyrAel opv|imsh Wol & 3harzt &b,

WGYRS, MAMAGYRS83, GYRSIR primers o] &% PCRelA #sA 2l
GE1® 776 bpel productet 74 484 bpel product® A&} oo Hsf
3 A ofw At Zk7lo] ®olvt 9l ulAdrel KFE, RELIS! 484 bpel product

1.

% A eko 83W olulnb zkv]e] Wo] §¥E $AW 4 AUtk

o

WGYRS, MAMAGYRS87, GYRSIR primers ©] &3 PCRAM Y @54
PPD 130/912 776 bpel product®} &7 497 bpel products A A sk 2wk 87
HA olm| Ak A7)e] W7l 9 E tarda ol FE 497 bpol productE A
kA ekekvh (Fig. 10).

ol x5 upgom oM EAMEA 3 At FE in vitro WMolFE testd
A} 90%0] ko] S vhEhidlon, testd RE AP F A FE 83H
A oobul N in vitro’d el WMol FES TR opv)nstke)l we)rzp gelE it
(Fig. 11). 8bAIvE 83, 8701 ofn]i-Ake] gho] Wk =1 b3t 4= glglon

L R R B e I I BT S SNe) e B (N D DR o R



ciprofloxacine] hasFAlA S3we] o] & K7 ofuf ko] o] P4 1L Qrolyd 514}
stoivh A1el Ayt KEES: 2vbolel 72 a] Mol 7l 12 vl o MAMA PCR

A} 83%lel] ofef 871e] ofvw]ngl oAl wWel7h WA E AT (Fig. 11).

776 bp —
565 bp —

Fig. 10. Agarose gel of E. tarda MAMA PCR products. Lane 2, 3 5 6
indicate the 776 bp PCR products obtained from strains with mutation in
gyrA, respectively (RE1, KFIE, PN1-4, PCl-4 respectively). Lanes 1, 4
indicate that strains without corresponding mutations generate two fragments
(GE1 776/484 bp, PPD 130/91 776/497 bp, respectively). Lane M, DNA
marker (100 bp ladder).

AAZA



(A)

(8)

Mg, 11. Agarose gel of I tarda MAMA PCR products. (A), Products tested
with MAMA primers from clinical isolates (quinolone resistance isolates) and
in vitro mutants. Lane 1~6 indicate clinical isolates. Lane 7~12 indicate in
vitro mutants. (B), Products tested with MAMAGYRE7 primers from in
vitro mutants (KFEE Mutants), Lane | indicate KFE. Lance 2~ 12 indicate

KL mutant.
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Ha ool *A Aol Qo] Fdwardsiella tarda, Vibrio sp., Aeromonas
hydrophila, Streptococcus sp. 52 7H el 213 AfA AWHox A= ZHAH
=28 A7veke, o Foll Edwardsiella tardas 4 2 wol A s A A &)

vheh A4

N

g e Fi Ak Edwardsiella tardas E3sbe Aatd 2 9
et thx wes F2 FAATE Ao shizd AR FAEE AE

o wulgtel Aol A WA F7h ulgel Mol 2 vAl WY 15

o|

'o
b

]
ol
1o

be] Aol Azol ofel & 713 glrh

1929%d EF gl ol penicilline] WAE o]F =2 Fwe FAA L NukE ok
Mk Zlol s Alvtolul wgolel A W] FAlste] ARt o, HTd e #
Aol shehA el ol gt FAAZE wo] AHEA Jut (v 1988). ol g A
A F el quinolonest™ nalidixic acid9] 7AEe Al&o =z oe] A
FAA7E EEd e AN s v Folth AR 2] vet Faddl A& e
quinolonesy= nalidixic acid, oxolinic acid, norfloxacin, ciprofloxacin, ofloxacin,
pefloxacing ©l 2.1, E. tardas X33t AvAd AWl x4 AH8=5 1 o)
thostARE -7 vepel s v sl vls g g qrA 2 WA
el Al Wi Aok SR A elvt. 58] Eorarda®l oFAl Aol @
oJabiz Bl Mok QAR (Heb 7, 1994, 1996), quinolone AlH & A 2]
g el wist Aotz A ol A A B

elma Bl $e) ) ojabe] Woln Ry Reld F rardan

B oquinolonesof WA & mAbskal Wl 2o 9191 dskanal skelv)
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1994 200881 7] §-w] vpek edqbel qfolxdkel el b 867 el [ rarda ot

N
2
‘o
~

8- 4= glu} (Table 1) o4y 3645 & nalidixic acidoll ok A8 ol

“

ol #E5& MeEE o] quinolone WA AEZ MICZEe & YelW Zy 2003 <
2 A2 Uddte] TS o 4 d%lon, o2 quinolonesol| wWE|AE o
ke MICZS HE & 4= ATt (Table 6). ®£3F o] 3t 7 &2] plasmid ¥

ol o8k transformation 23 ZA3}ZHE plasmidel]l 23 WA 5L gle

quinolone®] wgk WAde] 1S 437l f18kd quinolone WAl et
FrAAel bl gyrA gene2l @71 MES Fsla ol HAERE webslarzt
stk 9% o] 18k SAGAM gyrA gened HlwEte] A ZE degenerate
primers 623  bpe] 7] AMEES AAFT £ 9ddoew,  cassette
ligation-mediated PCR=Z dA @7] MES AAHT 4 A} o474 2H=
E. tarda®) gyrA gene t& WA AT E2 gyrA gene 2 parC genezl 4%
e RYgem o] AR VA 9l geneo] gyrA genedS AT AR
t} (Table 7).

a8 g ad SA7e) E coli® gyrAE  wlwE Ax 3719 ol
WARS © AR oL Yd ey C o jejuni, A salmonicida, P. aeruginosa®l 35, 48,

A3 A ofv| wabo]l  AFS-3F=  intragenic stretchesE

el

ghatar ol

52
o)
)

(Wang et al., 1993; Oppegaard et al., 1996; Kureishi et al., 1994). ¥47] 4425
2% Ay supercoiling-dependent  transcriptionel  #o] 8k putative

}

promoter, ribosome binding site, inverted repeating sequencess whagh 4= 9l

Lo, catalvtic Tyr-12200 5130 8E = lel) (Horowitz and Wang, 1987).
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el v gene®l upstream 21 downstream@] §F 71 A4S W AEh Ha)
ol Ul vfel oyl gened A A S Molx] gkokrl o]uldk WA o
gyrA  gene?t gyrB gene FHEA EE5S 4 7 AN olep 22
Noncontiguous gyrase genesi= W+ T2 19 &4 A Wt (Dimri
and Das, 1990; Kureishi et al, 1994, Wang et al, 1993). 89 gyrB-gyrA®
43 gyrase genesy Mycoplasma pneumoniae 53 2 AR ol D1k ofA
Aol A B ¥t (Colman et al, 1990; Moriya et al, 1985).

(ryrA gene?] complementation 232 9135l promoter & EislE= E
tarda gyrA gene2l @A E plasmidel cloningdle] temperature-sensitive gyrA
mutant?] E. coli KNK453°) transformationAl Zth. Transformation® plasmid
1= L coli KNK4530]  43ColA 2 4= A don o Auts 1) ¢hHsd
gyrA geneol dEFH o2 EAFEAubE A 2) K tarda gyrA gene® promoter
W17V E coli systemoll M= #2HE8 St A 3) E tarda GyrA-E. coli
GyrB holoenzyme 23§37} 7158 oz FA&dvtes A5 velhye Az &
S =

ParC gened dA¢ 97] AE& &A= EetAAR v LA e
o] the wE e sluFosg REAQ fd7] AEE A & 9

OJL‘]_'

AX

thH o % Quinolone W7ol W& gyrA genee] Hol 54 2 Ang dopr

l

71 skl 7} genes 2l QRDR2! 47 M4

e
Az

SEE

—-

E ocoli®]l 49 GyvrA2l Ser-833F Glu-872] ofu]n4k2] ol 7} quinolone 1)

Aol 71 sk ol ekl o (Vila et al, 1994 Yolanda ot al,
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008), ol U1k sk upE ol M4 o GurA el QRDRS A e Aab s
iadqrell A 83 okt v Ak Sere] Argileol sbrl wkawigde) (Table 8). o] %
2l ofu]u At #7) 9} Ser-839 Argo i o w Woli= Enterococcus faecalisS
A. salmonicida®] quinolone WA sFellAl v gl vp iy} (Korten et al, 1994;
Tankovic et al., 1996). ¢]<]2] GyrAol A 2] tf& wWo|7} # x| =] kR o]
i YT o2 quinolone @AYAlS] thekdt MIC#HS Btk olF GyrA<
Wolo] ok Ui g 5o] opd thE felo Azket = 9o, ParC, GyrB,
ParEe] ofn|nik Rlol7h m1 f19l 5 sfubst A3 4= vk s o2 83
We] Wolvto 2= A F55 dysty] tha £ Hol 2o, wild type?l
E. tarda &% in vito A quinoloned) el A& FEE AFHL AAE)
Art o] A FAAZ HrE MH agardl 7L Ao zM Aoz
gene®| WolE FEahe Ao R F 6vtA= Asidvt 4 dAe 75
delHor MeEsle] GyrA ofnu4l WHol& R-AEdut (Fig. 7, Table 9). 2
W GyrAol M= BE Al A 87-Asp 7} GlyR #He]® B} o] elo A
A WA I s 2 WHol2 E coliol Mot @o] ofr Ak 833 kAl 87W
w3k WA el 56 dodES g & Ak ShAgE 83, 87 9] ofwimite] 7
of Wol& Holyr wFEyE AT 5 gy, ol 1 WAV thE A
wASHA =4 @7 Wil Holet Fgun, FrEAd dPgo s 83 ofn] w4k
o] Wol& Holiz HHFS thAl in vitrodtoll A WolE Gk Aaf 83wy} K7

el ofn|yike] gho]l WakE AS FHSlEd o n ovitro WMol E A& Ao

o Ao v E A 2o Aabit mel feleba FAslh

A

ek W Qe At GyrAel 83 R7UEl obvlnesbel elv] Mels ubgro
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NANA primerts Al #sbeivh of = SkreffAfol 21l 2y “ Hle] 9lv)v) 5y
Aot el A8 vpgo s A Ar o, Wolir Kol o] vl Alelaliz 2
Aol @71E uptel Fog ol gl koA HelH <l productE A &
Al Sk A et o] primers testdt 719 ME oA G EgE AE WolFQd
o} (Fig. 9, 10). B2 2] samples cloningdtel QRDRO ¥7] M g& 438}
el vk wpEw ) ejeigk PCRY S olelgh »d glo] PCR Axpito

GyrAe] Wo] Axg siobst 4 lomz heksta dlg

rﬁ
o
T
9
it
o
W
)
ol
o
+r
o

c}
2 A e AHEoZ E rarda?l quinolone WA el #osteE gyrA
gene2l 97] MEE AAsN ™ quinolone) WA Fi:¥ gyrA geneol ol

shol 712 Awatn

-

1

ero g o]2{d gene?l Wo] oo quinolone WA o] folo] HE=
parC, parE, gvrB gene &, efflux systemol]l #Hod3}i= geneo] w3t Afw =

Q8 Ao 2 AR ET £ jn vitro AE flNE E tarda S o Foll #aE A

By

i)

7130 FAAE Folste] A3 A Felsle E tarda®l WA F 5] HEe
g Fell yoldhis gene®l WolE A= in vivo BE H3F FhE oo 3

At
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Quinolone Al¥ A A= 2L bAoA ol o] &%= A F dhrfold,
E tardas X8z ov MdAl dulel Ao o] gxo ). kA ur

quinolone A Aol thak WA +Fel ZHdo) waxr] N&AHT E coliE EE3)

1= ode] dEe walA oA AT Ee] AFE 7] Al 2E el Quinolone WA E
% DNA gyrase Y} Topoisomerase V& 93 38}l6}+= geneol wolo] 2od #
ol & o]Fy o]|F DNA gyrase subunit A (gyrA) gene2l WHol7b F23 U

4 7)Aol o] 2]dk ®Wol+= quinolone resistance—determining region (QRDR)
olg} &2l N-terminus®] 5ol Al oo Al o & WAl ghc)

Aol M K tarda®l quinolone W #5e] f191e A EH7] flste] o
ul gt A e vl 59 gyrA genes Hildle] degenerated primerE A
A5kl o] primer® ©o]&#3% PCRE QRDRe 97 MaS ARG o,
cassette ligation-mediated PCRH 22 gyrAQ] Az 47] AES 443 5+ 9
otk

GyrA gened 878702 oln|:=Ak8 943 3}3F= ORF (open reading frame)<
?F#l5r 2l9l 2] ribosome binding site %! putative promoter, inverted

repeating  sequencel=  #leh 5 Al S E coli KNK4h3o e

transformation 2% R vt& gEuel 7] MY 6luZ L tfarda®l gyrA
genes 918 = A} olg A HAF gyrA gened upE o2 1994\ K

2003517k 4) -2 vpel gkejbe] 7ol by Atelyl K otarda®l QRDRS G4

shouh g3 ehilnbe] ol salat 4 elelon], <19l 48l Halel ola 4]
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87T obn kel el it kRl gk A= QlQlu) ot [ colint
SEFhekis Uba frwb SR et b gbe oAbl GyrAe] 83, 87 opbi] ko] wle) )
quinolone WA & 5o =273

bl o] sl o

2 g Ao R ATl Aol GyrAQ

&t mismatch amplification mutation assay PCR (MAMA PCR)E

9% A3k Gyrael 83, 8789l obnlwb WolE hdska AaEA
%3 5 A

2 A= E tarda gyrA geneol thidt 3 x o] Walojy o=

L Ho s gyrA gene
o] YA B=e ¥9lo] By gvrB, parC, parE gene %, efflux system

off ¥od3dki= genedll thdk AT

3

i
hil

Q. sk 7

? = }l‘_o-_‘--_ 0—171 75_]1:]-

(O
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VI, ghAbe] o

Uk 20 B9 giaks) 239 Azl oAl th Eibzbn Utk et
Aete oldAl A4 wF T3 glol BYsta NUAY Holuw hHyd

AFEEell iRk eRgbe] ofF o] vk oAl A EshARE oA gte

=

i A REE AAbe] vhee AFUTh aem ey FeE Ao
itel B AAFA L FuE obA WoMW ANE wFd wFd @

Gl WAom gasee QA Be A5 AAREN 4E7] wed
HRE Wi, 4Fd wedAs e Agde
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