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Detection and characterization of gnr in normal microflora in cultured fish.

Seo Kyung Jeong

Department of Aquatic Life Medicine, The Graduate school,
Pukyong National University

Abstract

Quinolones are broad-spectrum antimicrobial aganets widely usedin both human and
veterinary medicine and they -are among the most widely used antibiotics in the
aquacultures. The extensive use has been associated with worldwide increasing
quinolone resistance. Although quinolone resistance commonly results from
chromosomal mutation, - recent studies indicate that such -resistance can also be
transferred on plasmids carrying the gene responsible, gnr.

Aims of this study was ‘to- confirm the prevalence of quinolone resistance genes
(gnr) in fish intesinal microflora-and identified transfer of gnr.

To investigate the prevalence of the qnr genes in various microflora , we are
isolated normal microflora of imported ornamental and cultured marine fish on
various selective media plate supplemented with ciprofloxacin 0.125xg/ml. Each
isolated were screened for the qnr genes (gnrd, gnrB, gnrS) by PCR. Among the
78 isolates indicated in intestinal microflora of dwarf gourami, gnrdA and gnrS were
present in 24.4%, 21.8%, respectively. Among the 93 isolates indicated in intestinal
microflora of red seabream, gnrB and ¢gnrS were present in 10.8%, 6.5%,

respectively. it is remarkable that dual genes were found in 52.6%, 3.2% in isolates
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of dwarf gourami and red seabream, respectively.

Qnr-positive isolates showed higher MIC levels to quinolones, and ampicillin,
tetracycline. Through this results, a variety of intestinal microflora has been already
multi-drug resistance.

To determine whether the qnr genes were located on plasmids or chromosomes, we
were performed transformation to test the mobility of the qnr genes. QOnr was
transferred from six of the 24 probe-positive isolates selected randomly and
confirmed transformants containing gnrS. Transformants containing gnrS showed 1-
to 32-fold increases in quinolone MICs and 128-fold increases in ampicillin MIC of
two transformants. In this results, gn»S- might be located on plasmid and
co-transferred ESBL genes:

This study was identified prevalence of qnr genes, MICs of gnr-positive isolates,
transfer of qnr gene. We should be made to continuous monitoring and interest of

qnr genes and another antibiotic resistance genes in aquaculture.
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85 S ASH7] 98] quinolenes 7lEFZE2E st A EEC] e
A gkl ol Al e dHEA7E JiE o] gkt quinolone DNA 974 o
Qa3 a2 DNA gyrase (topoisomerase II) T+= topoisomerase IV
&< oAete] DNAS EAl= Adgto = tags e o 2
aHFd A aF33Ad Aol §397F AtHGellert et al., 1976). &
A eyt 4ol ALg% 3= quinolonest « nalidixic acid, oxolinic
acid, enrofloxacin s o] Jom ATA Aol X7 o]&5 i 3]

Quinolone] A A|A YEY= AAA FHY WAZIHAES DNA

Lo
o

gyrase?} topoisomerase IV subunit®! gyrA, gyrB<} parC, parEd A<
A WolZ Qg Aol LA JaL o] Lok FA FE FE o
2 Mz 0 gAY 40 FAEAY Y] porin G Aol H

Aow Fad 7+Ag 23k Aol 4 A At
=

iy

2 WA (Plasmid mediated quinolone

resistance, PMQR)°| &3+ FAEE WA FdAHQuinolone resistance
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gene, Q@nr)T 19903t Wt gANAES  YEeEld=  Klebsiella
pneumoniae ToNX FHAs=EA FAA A &l =2 MIC#HS UERU =
PMG252E A3t A AHS A H Q3 (Martinez-Martinez et
al., 1998), 657bp2] open reading frameg 7HA&= Aoz ¥ AT Qnr
ol A O pentapeptide-repeat family® [Ser, Thr, Ala or Vall [Asp or
Asn] [Leu or Phe] [Ser, Thr or Arg] [Glyle] ©}Al 7l o}m]=4to] Wik
He 7FE2E YekdY. dA7EA] o]¥l pentapeptide-repeat motifs®] A
et 7| AEe deA dA 2ot DNA supercoiling®41S E3] Qurd
Wzl o] DNA gyrase B+ topoisomerase IVol Z %3] quinolone °F&E &
FH AMuE RidlTv o= FA4stal Yt (Tran et al, 2005). A+
of A&aA A" FAATE WA grAzR 88
E AR BES 3AY. gnrAE
AlZro 2 qnrB, qnrS, gnrC, gnrD, qnrVC7}F St A a, HAQ7MA =
qnrAl-gqnrA7, qnrBl1-qnrB74, qnrSI1-gnrS9, qnrC, qnrDI1-qnrD?2,
qnrVCl-qnrV 67} &d A 2t (Jacoby et al, 2008). PMQR = gnr ©]
?]o| = aminoglycoside . transferase -+dAQl AAC(67)-Ibe] H3F A 2
AAC(6’)-Ib-cr (Robicsek et al, 2006), efflux pump®l 2}&3l= QepA
(Yamane et al, 2007), OqxAB (Hansen et al, 2004) So] A% o]
PMQRoI thet AF o] AL s vt
plasmidel] 91A]3l &= qnre HAEEA FAAA A dsiA = F2> AFgS
Kol WA YA FH2 ol s F3 FEA A FAA WA
F7FS Holal 9lS ¥yl o}yl Extended-spectrum B-lactamase
(ESBL)7}F gnr3t &4 Zh2v|= Aol 91A8] dvt= dTE50] 4%
dAAHA FA=EA FAAER olye}t B-lactamAl FA= Ao gl

oft
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WA E Yerdiol gAY A@del tiF5 a2 lohH(Lautenbach et al,
2001; Paterson et al., 2000).

Shewanella algae®] GAAANAY TAH gnrA7F gnrA3e] G+C H] & 9]
A3 AL el tH(Poirel et al, 2005). Vibrio splendiduso A+ =
grav| oA A H gnrSI, gnrS29F 84%, 838%<9 oln| kit HAEAE
Holx= Aow 3Hlw i (Cattoir et al, 2007). L% AT ol FAA

—

o] %= qnr-like peptapetide repeat protein(PRP)e] &Ql= a1, gnrAl,
qnrBl1, gnrS139] 17~22%9] <& ofn|xil A& s Uetw o) Al
A WA AdeA] gnrAl, gnrBl, gnrS13 ¥ 523 WAAEE Hol gnr
Bf 559 Aotz Ul 9t (Rodriguez-Martinez et al. 2008).
A PMQRel dhie B2 A=A A= 197 el @7 50%
ol el Hl&= FQlo] HiL glo] oju WA FHAVE dE gatdo] 3
= As ¢ oAUt g2 dAae AMEeA wEEg E coli,
Klebsiella pneumoniae, Citrobacter spp. ‘s Enterobacteriaceae®] U3l
F2 o]Fojx 1 YtHRodriguez—Martinez et al., 2011). o] FolAdE F
2 Aeromonas spp., Escherichia coli 5o~ gnrol W3k A7} <& A
9l 3L (Alcaide et al., 2010; Jiang et al., 2012), QRDRe| A o] HolE E3}
quinolone®] W/dell digk A o]&e] gnroll diall Haurt AS¥ue &
WAlgtoll A bkt F/79 gnrid el #3F Walvh g o] Fo XA gl
A

webd] B Aol s welel sjatole] ke At EAshe
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1. o7 BUHAZE &4

2 A A= AVFEECA " Heoldd =932 Fr|(Colisa
lalia) 472l E AHsEF AL, sfike]e] Aol =uladA Yd2¥E Rock
bream(Oplegnathus fasciatus), Rock fish(Sebastes schlegeli), Red
seabream(Pagrus major)S 6vF2]A A He At G M +2E 9§
AEFT A7 oAAE st sd= 22t F Al stools Eo}
BHI(Brain Heart Infusion, Difco) Broth o 3 &s}to] 25Col A 24~484]
okt g SA A B e UEll= thFe Al E
Ao E&s| izt - sltl.  Enterobacteriaceae A Hj A<l
CC(Chromocult-coliform agar MERCK, Germany), Aeromonas spp.<t
Pseudomonas ' spp. A% 8} x]¢l GSP(IMERCK, Germany), Vibrio spp.
A u] A 21 TCBS(Difeo, USA), Salmonella spp.2t Shigella spp. A&
w2191 SS(Salmonella- Shigella agar MERCK, Germany)7A] & 47§¢]
WA & AFESEAT. gnre B2 Aol A quinoloned A Aol thal]
2 AL Uetddan g A 7] wEol(Rodrn’guez-Marti'nez et
al., 2011) 2+ ®iA] o= Hordijk et al. (2011)2] = 3} o] ciprofloxacin
S 0.125pg/mee] FE 2 FH7bste] S sttt BHIBO A Apet &
Zb M) ] HEFe & GSP, TCBS, SS& 25T, CCx 37Tl A
24~48A1 3k vl st A T 2 plateol A Ag FHEh2 570 F-AHe| = A€ st
o] BHIBol thAl HEste] 25TC, 37CelA 24~48A17F vl Fstsich. &
oo HEZ 93] 20% glycerol (Sigma, USA)E H7lsk 3 70Tl A
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2. gnr =X &9l

2-1. Total DNA+ &

Total nucleic acid®] 2]+ The boiling method (Roberts et al., 1993)
pZs

£ ol&stitt. 1A APl AEE S BHIBol HFske], e A3

Ao viFAIZ F wi k] Imee FHskel 12,000rpmeoll A 1027F A4

o,
2

=
S}

2 @ F 5N AAGL pellet® 1xPBS 5004% Aeteha thA

12,000rpmell 4 1023F ¥t stttk ol § Aeds dds] AAT

O

< pelletx TE buffer 100xtol]l HEsko] 95~97TCe] ZolA 103
heating3t ¢ 12,000rpmoll A thA] & 3 A4 F2) e & A5 S A28
tube® 83 Wi Egl¥ Total DNA+ PCROl A template® ©]-&3}
At
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2-2. PrimerA| 2+ 2 PCR

qnr gene= 2137 & gnrA, gnrB, gnrSol W3] E.i1¥ primers
ol &sl FHAel EAl FHFE A AHCattoir et al., 2007, Table 1).
3t Vibrio cholerael Xl A5 2AE gnrVCAl talA = &13817] <
o] Genbank(NCBDZHE <& % gurVCl~gnrV(69 47 HAES o
2 3 MACAW program(Version 2.0.5., National Center for
Biotechnology Information, National Institutes of Health, Bethesda,
ND, USA)S o] &3s}o] Hd] degenerated primerES A Z3}A tH(Table
1.

PCR& 10X PCR buffer 2x0, 200uMe] Z+zFe] dNTP, 1uM<e] sense
primer®} antisense primer, Tag 'DNA polymerase (Tag DNA
polymerase, RBC, Korea) % template 1S F7}3+ $ distilled water
2 HZEFN  volumeo] 20u7t HEE k. PCR EIEL

Perkin-Elmer 2400 thermal cycler (Perkin-Elmer, Norwalk, CT, USA)

il

S ARE3SEe], 95T oA 3E7F pre-denaturation A7l % 95T A4 30%
denaturation, 55C | 4]-30% annealing, 72C 2l A 30% extension®] ¥+-%

S 35 cycle 38 3 & 72T A 7E7F post-extension A ZAt}t. PCR %

=
o

Jd

2HE2 05xTAE buffer (40 mM Tris-acetate, 1 mM EDTA)Z
719 %S 93 SdFHo 7 stod 0.5ug/ul EtBr (Ethidium Bromide)©]
A7bE 2% agarose gel (SeaKem® LE Agarose, CAMBREX Bio
Science Rockland, Inc, USA) oA 7] 953 % UV A=Y
(Seoulin Scientific Co., Ltd., Korea)& ©]-&3}¢], ultraviolet’dol A =

¥ band? Zo]E #AAE S gnr gened =4 = el
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Table 1. Primers used in PCR for detection of gnr genes.

) Oligonucleotide sequence Target  Expected
Primer ) Reference
(5'—3" gene size
QnrAm-F AGAGGATTTCTCACGCCAGG Cattoir et
OnrA 580bp
QnrAm-R TGCCAGGCACAGATCTTGAC al. (2007)
QnrBm-F GGMATHGAAATTCGCCACTG Cattoir et
OnrB 264bp
QnrBm-R TTTGCYGYYCGCCAGTCGAA al. (2007)
QnrSm-F GCAAGTTCATTGAACAGGGT Cattoir et
OnrS 428bp
QnrSm-R  TCTAAACCGTCGAGTTCGGCG al. (2007)
QnrVC-F  CGMKCRAACCTYCGMGATACAC This
OonrVC 525bp
QnrVC-R  YTGYTCYTGYTGCCACGARCA study
— 9 —
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3. %A A+ A9

B Ao M= A A ZE Ciprofloxacin(Cip), Enrofloxacin(Enr), Oxolinic
acid(OA), Nalidixic acid(NA), Ofloxacin(OF), Norfloxacin(Nor),
Tetacycline(Tc), Ampicillin(Amp) (Sigma, USA)S A+-&3t5 0. 24 A
Aol g MIC #kel A4S broth dilution methodE AF&3FAtH (Kim,
1997). A 96 wells plateo] Hir¥ MH(Mueller Hinton Broth, Difco)
2 160pt, 7t FEE SAE FAAES 2040, MHo 107 cell/m = AEA

Mo

2 T AS 20u0 PR AL, positive controloll = MH 180ux02} 3] A1 71

ol 20u0E i, negative control-= MHYF 2000 =¥ 1t} 25T, 37C ol

A O18N7 WE Ao FAe me 94 WA BEEs paa
Aol e g FAde] A4 sESMIC o2 A

_10_
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4. 24

4-1. Gel elution

M
=<
mtm

gnr

gold & JX PCR A ES Gene-all'™ GEL SV elution

kitE Al-&3}e] agarose gelZ2HE #7], AAAT WA, A7]dEso=
skelste] st Aol band7t 91Ag 79 gels 22l microtubedl
%7t} GB bufferEs 2kl gel FA9 38] volumel & H7}slkt} 50T

o A 1057F WFgAIZl & gelo] E5F H o™ 2-propanol 100403 78] 49

olF g WS$AS spin columnCE %7]3l 12,000 rpmel A 187 ¢

A& A7t EgAzl Ao vy i GB buffer 500 S H7FsE 3

Al 12,000 rpmol A 183F 9AEE] Al Y. NW buffer 70040 E
3 olHe] WX FdsA ARSI AMAAAHS ARG
1~23] ¢ YAEg3 L A2 microtube® columng &7l

buffergE 50t FH7Feli 15 &< Zo=E FHA =< v, 12,000 rpm

oA 183+ dAEE Azt 94 H samples= 4T A H &3}

_11_
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4-2. 2249

Elution® samplest pGEM®—T Easy Vector System I (Promega,
USA)E A3l 249 Al Elutiong 34 AA¥ PCR AHE 4
WE A ZL microtube® =7l %, 5yl 2XRapid Ligation Buffer, 1u0

T4 DNA Ligase, 1 pGEM®-T Easy VectorE A7}t o] 35

=

A Fe gt &, ligatione 34 12T A 18AIZF HE-GA| 7] &2

g RS A s

rlo

Competent cell (E. coli DH5a-T1) 100 E wWHS-AIZl &3t&E 718t
I GgoA 3087 ¥ES3E 3 42T oA 30%7%F heat-shockA] Z t}. v}
2 dgol 2~387F T, SOCHMAIE 2500 3 7Fskar, 37Tl Al 90
2 A wFA AT w g & aj gl X-gal 40pg/mlF} Amp 50ug/ml

Talo] 37Tl A 24417F F<F A7)

% gerds sae] e ZAae AL Helatw BA0R UhEbs

_12_
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4-3. FH2NE By 2 GIING BA

Z249 Ao A plated] A&+ colony <, white colonyE #3le], Amp
S50ug/mee] H7Fd LB QA uj Aol HEg & 244130 v FakSivh. vl ey
1.5ml-& microtubedll #7131 4Ceol A 12,000rpm, 103t YA st
Fe AAANN F, AA wMAARES AAGIT. o] Fol Gene-all™
plasmid SV mini kit (General biosystem, Korea)ol| 4] #| A3+ W& o]
&3ote Egav=E EYedd. @71 A9 #4112 Big Dye
Terminator Cycle DNA Sequencing Kit(ABI PRISM PE Applied
Biosystems, Foster City, CA, USA)E A}l&3lo] EaEd Zgxv=
o AdE A7l AEeE W3 5, A4 97l A<Ee MACAW
program(Version 2.0.5., National Center for Biotechnology Information,

National Institutes of Health, Bethesda, MD, USA)= A}-83}o] H]ul3s}
AT
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5. Transformation

Calcium chloride® <& o] &3t A Al e A tHKim, 1993). E. coli DH5aE
Smé LB AAuf Aol HFeke] 24x7F viget AE JAF ol 1%7F H=
= 5m¢ LB A Ao HA] HE 5k ODssocll A F3=7F 04~0.6°] =
7k 2~3A1 3 B S U= iceol A 10 7F WA H Y 1.5mls F 8k

icrotube®] =71 ¥ 5000rpm, 5% E<oF YA Fg sl

=y
AC)
o%
N
>
Y
3

AL AAs, AAE 50mM Cacl, +10mM Tris-Cl(pHS8.0)& 4
WzkAl 7t} 5000rpm, 5% F<¢F ThA
sk AR Y sto HAES A, of7]d gYA] 50mM Cacl, +10mM
Tris-Cl(pH8.0)-&<  100uE> ¥ 4T A 12~24A7F 4|5}
competent cellS #| %3} T}
Competent celle]l =73} plasmid DNAS Y31 2z Ao]&E the jcedl
30%3F WA F 42C9] water bath2 &7 2% &9+ Aot 2
3 1mee] SOCHIAE #H7kste] 37T A 1A & Azl £
ciprofloxacin 0.0625ug/mée]l £ = CC agarel] 100l Z='¢sst). 3

TCANA 12~24A 7F v ok & transformant= A &3} 9t}

_14_
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Zk7ke] isolatesy= AEHjA] Ao dEE UeueE SAAA HE
S 7|02 st aL(Table 2), b el FEol A Zhz 78
N, 93709 FlATSE Ee F AU =YL FEdA s A &

T T GSPAA A=A Hes YEelWE Pseudomonas. spp., CCHIA]
A BEkAe]l FeS ellli= Enterobacteriaceaeol A 7Fg Eol FQlE]
AL, TCBSelA w=atA =54 kS Yell+= Vibrio spp.© w24
2] ek}, SSOl A Proteus spp. Salmonella spp.& YEIW = S
AL Hdets ETukdts= F8 Aeromonas spp.E A EE GSPo A 9
A fehell M 19.2%, 154%9 MlE= gtol UERgT FEolA =
Pseudomonas spp., Enterobacteriaceae®™ F4 ¥+ A3 SSoA A5
A Fets JelWE Enterobacter spp.olA 20%= AA 7+ F ME =
g2 e AT 3 Vibrio spp.] FEho] Aek= TCBS, GSPO
A=A RS Yel = Aeromonas spp. ol E ZH2E 16.1%, 10.8%
2 UeEt = HE sfatelel 2y EEY A AddujA oA o &
Z o F Q= o= ZF AdgujRo H7Fs|= ciprofloxacin®] o

2 gfo] AEkA] ¥& Aow AZtETH(Table 3).

e}

NI
N

M

rlo

iV
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Table 2. Colony color and representative bacteria indicated in different selective media.

Selective . T . .
. Appearance of colonies Representative. in selective media
media
Yellow Aeromonas spp.
GSP _
Pink Pseudomonas spp.
CC violet-salmon to red Enterobacteriaceae
ss Translucent with a black center Proteus and most Salmonella species
pink, translucent Enterobacter, Shigella and some Salmonella species
TCBS Yellow, Green Vibrio -spp.
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Table 3. Number of intestinal microflora isolated in different selective media.

_ Number of isolates
Selective media Appearance of colonies
Dwarf gourami Red seabream
Yellow 12(15.4)* 10(10.8)
GSp
Pink 20(25.6) 20(21.5)
CcC violet 20(25.6) 20(21.5)
Trunslucent with a black center 15(19.2) 8(8.6)
SS
pink, translucent 11(14.1) 20(21.5)
TCBS Yellow, Green 0(0) 15(16.1)
Total 78(100) 93(100)

* Percentage to total number of isolates.
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2. oJF AW MTANAY gnr X

7y Aeuf Ao Al & E]3t7] A BHIBO stools HE & wjgs o
HS o] &3 stoolell U= HA HAE F el SAskE gnre WA &
Atk st =92 kv A vAE FoA= BT gnrBe
gnrS7} &2l 5 Y th(Figure. 1.). %A= qnr geneo| 1w A 9k
3, 2y EFHAA = gnrSTte] EAstA Y. FEdA = F 6vkg F 57
ol gnrA, gnrB, gnrS7F E5F FJAE AL, U A & wie] o] ol
= gnrASt qnrS7F A= AS &

o] & MEHIA & ALt WA wo Aol o]FAN FUA TS U
oz gnrel BEXE FAsHY. =Y FElud A= B F 78
N9 isolates = 77709 isolatesol| A gnr FAAE YEIH= AL &9l
3 4= AR, gnrAE 34.6%, gqnrBY= 42.3%, gnrSY= 74.4% = ekt
e AWA T EYFE Feplel A Bu v 345%% gnr 4
27F ERJAE AL, grBeF qrSTE ZHZE 14%, 9.7%9 B2 HEH Ao
W gnrAE A HA gk tth(Table ' 4). T3 3lto]l qnr genes 7H¢
isolates® 57k oty + 79 gnr gene= B Ao 7FA = isolates® &<l
HAY, A =9 FEv ] G s gnrdA, qnrS7F ZHZ)
24.4%, 21.8% = UEISEI gnrBWF @502 7HX| & isolates® #olEd 4
At FE=o AWM HAAME gnrB, qnrS7F 247 10.8%, 65% = e

.

Wi gnrAe AEHA FAT T IFA] FHARE FAO 7FA] = isolates

= x FEbulol M= gnrASt gnrS, gnrBe} gnrSE B A0l 7HA =
isolates”} Z2t7F 10.3%, 42.3% 5 AL, gnrAt gnrBE 7HX isolates
= 2y x gkokr) A== gnrBet gnrSE B A=
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isolates®Fo] 3.2% = YEFSGTHTable 5). Al 7FA] F3AE FAld 714
© isolatest =9 FrEbveF e RFolA ERIE A eFgkvh Al
THEZO gnr BEXE RW =92 FEtrje) Him BT gpe ol A
gnrel QlE AS & g AT WA == oA = GSP, CC,
SSHfA A BEFsiH wAAM gnrd, gnrS 2 5 7FA

TYRA =(gnrAS} gnrS, gnrBe} gnrS) isolates®= th3E rol A &2l5H
th. 53] GSPAlA A4 Hebs Ul 3 CCollA Hepa et
el = wolA gnrBet gnrSE s A9 YERY = isolates”F 22 90%,
7B5%= FAHAY. FEd A= GSPAA A=A HES YEE
isolates¢} =4 HZS YERH = isolatesol A 47 25%9] gnrB, 40%

o

o] gurSE AT & AR, CCAA HEpd Hegs Hol&= isolatesoll

= 256%9 gnrB, 10%2]. qnrS7F U ESTE SSoll A Sl HE A
S &Wsk isolatesol A gnrBF gnrS7F 3715% % FAlo] el E AT

(Table 6). gnrVCeE =Y Fatvol = HAEEH A &g, s Ay
A+t % Vibrio spp.”} A2k TCBSHEIA| o A4 £ 2] ¥ isolates (33.3%)%F
GSPul Aol A A=A HeS YERE isolates (25%) 1A &l = LT}
(Fig. 3.). gnrVC+= X a¥ o) d+= gurV.CL~gnrVC6AFe] 9] variation©]
gl 670 gnmrVCE 2+ A=37] 98l degenerated primers
A Zrste] ALt al PCRS 53 gurVCE #2l® isolatess= F71AM<E
AS AAEAT 1 A E ATl A A" gurVCE GSPHIA] ol A
2] ¥ isolatest qnrVCI, TCBSolA #2] % isolates™ qnrV(C62 Z o
el = A tH(Fig. 4.).

ok FA e QAH YAl 2005 TEHEH 2006 12€71A] Alg

oA Eagk 5079l 2 LAl Staphylococcus aureus (0] 5,

M
o

A

it
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2007) < quinoloneA] ¢FE¢l norfloxacin®] ™3] WA S Hol= 157

TAMNE gnrEdl s Aoy AE5H A Ekth(data not shown).
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Fig. 1. Agarose gel electroporesis of amplicons in PCR for gnr genes in ornamental fish. Lane 1~4 : Dwarf

goruami, M : 100bp DNA ladder, N : Negative control.
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Fig. 2. Agarose gel electroporesis of amplicons in PCR for gqnr genes in marine fish. Lane 1 : Rock bream,

Lane 2 : Rock fish, Lane 3~8 : Red seabream; M 100bp DNA ladder, N : Negative control.
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Table 4. Number of isolates contained gnr genes.

Onrd OnrB OnrS OonrvVC ND*

Dwarf gourami

78y 27(34.6)°  33(42.3)  58(74.4)  0(0.0) 1(1.3)

Red seabream

o) 0(0.0)  13(14.0)  9(9.7)  10(10.8)  64(68.8)

“Number of tested isolates.
®Percentage to total number of tested isolates.
‘Not detected.
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Table 5. Distribution of isolates contained single or dual gnr genes.

Proportion of gnr(%)

Dwarf gourami Red seabream
(78)* (93)
N.D 1.3 68.8
Sub total 1.3 68.8
""""" gud’ (L 244 SN0
qnrB 0.0 10.8
qnrS 21.8 6.5
qgnrVC 0.0 10.8
Sub total 46.2 28.1
"""" grdgneB. . 000 o0
gnrA,gnrS 10.3 0.0
qgnrB,gnrS 423 3.8
Sub total 5216 3.8
Total 100 100

* Number of isolates analysed.
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Table 6. Distribution of gnr gene in intestinal microflora grown in each different selective media. (A)

Isolates from microflora in dwarf gourami, (B) Isolates from microflora in red seabream.

(A)
Selective Colonies in 5 A ELT Dual genes
media selective media gnrA gnrB gnrS qnrVcC gnrd, qnrB  gnrAd, qnrS  gqnrB, gnrS
GSP Yellow 7/12%(58.3)°  0/12(0.0) 0/12(0.0) 0/12(0.0) 0/12(0.0) 4/12(33.3) 0/12(0.0)
Pink 0/20(0.0) 0/20(0.0) 2/20(10.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 18/20(90.0)
CcC Violet 5/20(25) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 15/20(75.0)
Trunslucent with a
0/15(0.0) 0/15(0.0)  15/15(100.0)  0/15(0.0) 0/15(0.0) 0/15(0.0) 0/15(0.0)
SS black center
Pink, translucent 7/11(63.6) 0/11(0.0) 0/11(0.0) 0/11(0.0) 0/11(0.0) 4/11(36.4) 0/11(0.0)
TCBS Yellow, Green 0/0(0.0) 070(0.0) 0/0(0.0) 0/0(0.0) 0/0(0.0) 0/0(0.0) 0/0(0.0)
Total 19/78(24.4)  0/78(0.0) 17/78(21.8) 0/78(0.0) 0/78(0.0) 8/78(10.3)  33/78(42.3)

#Positive isolates/tested isolates

®Percentage to total number of isolates.
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Table 6. Continued.

(B)
Selective Colonies in Single gpag Dual genes
media selective media gnrA qnrB qnrS gnrVC gnrd, qnrB  qnrd, qnrS qnrB, gnrS
Yellow 0/10(0.0) 0/10(0.0) 4/10(40.0) 0/10(0.0) 0/10(0.0) 0/10(0.0) 0/10(0.0)
GSP
Pink 0/20(0.0) 5/20(25.0) 0/20(0) 5/20(25.0) 0/20(0.0) 0/20(0.0) 0/20(0.0)
CcC Violet 0/20(0.0) 5/20(25.0) 2/20(10.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0)
Trunslucent with a
0/8(0.0) 0/8(0.0) 0/8(0.0) 0/8(0.0) 0/8(0.0) 0/8(0.0) 3/8(37.5)
SS black center
Pink, translucent 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0) 0/20(0.0)
TCBS Yellow, Green 0/15(0.0) 0/15(0.0) 0/15(0.0) 5/15(33.3) 0/15(0.0) 0/15(0.0) 0/15(0.0)
Total 0/93(0.0) 10/93(10.8) 6/93(6.5) 10/93(10.8) 0/93(0.0) 0/93(0.0) 3/93(3.2)
— 26 —
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Fig. 3. Agarose gel electroporesis of amplicons in PCR for gnrVC. Lane 1~5 : Isolates of pink colony on
GSP from intestinal microflora of red seabream, Lane 6~10 : Isolates of yellow colony on TCBS from

intestinal microflora of red seabream, M : 100bp DNA ladder, N : Negative control.
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anrVC1  AAG GGT GCG ATT TTT CTT ATG CTG ATC TTC GAG ATG CTT CAT TTA AAA ACT GTC AGC TTT 60
Lo T g2 o 10}
gnrvc4 .G ... .T. ... ... ... .CT.G. ... ..A... ... A .T. ... ... ... .CAGT. ... 60
gnrvés .G ... .T. ... ... ... .CT.G. ... ..A... ... A .T. ... ... ... .CAGT. ... 60
anrVCé 60
RSTYG3-1 ... 60
RSTYG3-2 ... 60
RSTYG3-3 ... 60
LR e e - 0
LR o - 0
LR e e -0

o O o o
— = =

agnrVC1  CAA TGT CCC ATT TTA AGG GGG CAA ATT GCT TTG GTA TTG AAC TGA GAG ATT GTG ATC TTA 120
Lo T 2 T A0]
gnrvc4 ... ... .GT ... .C. .A. .T. ... ... .T. ... ... .C. .GT .C. ... .A. .C. ..T .A. 120
gnrvC5 ... ... .GT ... .C. .A. .T. ... ... .T. ... ... .C. .GT .C. ... .A. .C. ..T .A. 120
Lo T O A0
RSTYG3-1 ... ... vt vvn v e v o B S B . T ... e e e ... 120
RSTYG3-2 ... ... ... it it e AR L RN W Y e N, . . 120
RSTYG3-3 ... ... ... ... ..#. .. . a™=F _~— . T .. A P T
RSGP5-1 ... ... ... ... A, KR . .~ .. e e ol TR N L. 120
RSGP5-2 ... ... ... .JF. ioelly. ... ... . o W e ... .M. am N ... 120
RSGP5-3 ... ... ... jf. e ™ . ... A A . D . TR ... ., iR ... 120

anrVC1  AAG GAG CAA ATT TTA GTC AAG TTA GTT TTG TAA ATC AGG TTT CGA ATA AAA TGT ACT TTT 180
qnrvC3 ... ... .| ma® .| C.. . BN . RS .. BT . . .. ... |.f Xy .. 180
anrVC4  .G. LG R GC. S . TRCTNCAN. G. [N SNC. G.. | . Wl J.. 180
anrVC5  .G. O TC . L T CORNCAT G. Y . C. G. .. .T. ... 180
anrVC6 Oy L. LT T . R S e f ... 180
RSTYG3-1 ... .G. ... ... ... B T T .o U, S I
RSTYG3-2 ... Oy e .. L. L L R L 180
RSTYG3-3 ... WCoWoh. .. e T e e W ... ... ... 180
RSGP5-1 ... ... .G. ... ... ... e .. B =T ... ... ... ... 180
RSGP5-2 ... ... .G. vvh v e e e e T T I -
RSGP5-3 ... ... LG ot i e i e e i e e e e e e e e . ... 180

oo o 6 A -

Fig. 4. Comparison analysis of the DNA nucleotide sequence of
gqnrVC between isolates from red seabream and reference from
GenBank(NCBI).

_28_

Collection @ pknu



anrVC1  GTT CTG CAT ACA TAA CAG GTT GTA ACT TAT CCT ATG CCA ATT TTG AGC AGC AGC TTA TTG 240
o T 2 [0
gnrvc4 ... .A. .T. .T. ... ... ... ... .TC.T. .A. .C. ... .C. ... .AAG.. ..TG.. .C. 240
gnrvC5 ... .A. .T. .T. ... ... ... ... .TC.T. .A. .C. ... .C. ... .AAG.. ..TG.. .C. 240
anrVC6 240
RSTYG3-1 . 240
RSTYG3-2 . 240
RSTYG3-3

RSGPS-=1 o . i i e e e e e e e e e e e e e .. 240
RSGP5-2 ... o i e e e e e e e e e e e e e e .. 240
RSGP5=3 ... . L e e e e e e e e e e e e e e .. 240

O 0 00

anrVC1  AAA AAT GTG ACC TGT TCG-AAA ATA GAT GGA TTG GTG CAA ATC TTC GAG-GCG CTT CAT TTA 300
anrVC3 ... ... L e R T A P 11 1)
gnrvcd ... .G. ... .TLX. L TFW.G-".. ... ... .. 8.C. ... ... .GA=T" @F gFAN... ... 300
anrves ... .G. ... AT el G ... . . G . GA LT, T.MAm L% ... 300
qnrvCe ... ... ... f. . D . .. T ... . iR . ... 300
RSTYG3-1 ... .G. ..J .THsai. f. .. .. N SSSEEEEY .. DR, . B .. ... % e 4., 300
RSTYG3-2 ... .G. ..| =, ) ... . BN . SR ... D R . . (. L. 300
RSTYG3-3 ... .G. .| wla®.] ... . BN . AT ... . . . . o ah ] 300
RSGP5-1 ... ... ... ... L. .. .. BEEE . TR . I . . S oo Mg J.. 300
RSGP5-2 ... ... ...h...af. % .. ... WA U .. DN SR, .. .. LT - /... 300
RSGP5-3 ... ... ... 4. iM™a % ... Lo TR . D A . . e S ... 300

o

anrVC1 AAG AAT CAG ATT TAA GCC GTG GTG TTT TTT CGG AAG ACT GCT GGG.AAC AGT TTA GAG TAC 360
gnrVC3  C.. ... ..T ... ... . Ww. .. Al r——rr e .. WP .. ... ... 360
gnrvC4 ... .G. .T. . GG._.T. ..AGC. ... G.. .GT .G. 360
gnrvcés ... .G. .T. .. GG~ T. ..AGC. ... G.. .GT .G. 360
anrVC6 360
RSTYG3-1 ... 360
RSTYG3-2 ...
RSTYG3-3 ...
R 2 T G (210]
R E G (210]
R 2 T G (210]

HoH A
oo oo >
o

Fig. 4. Continued.
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anrVC1  AAG GCT GTG ATT TAA GCC ATT CAG AGC TTT ATG GTT TAG ATC CTC GAA AGA TTG ATC TTA 420

anrVC3
anrVC4
anrVC5
anrVCé
RSTYG3-1 ...
RSTYG3-2 ..
RSTYG3-3 ..
RSGP5-1
RSGP5-2
RSGP5-3

A 444

anrVC1  CGG GTG TAA AAA TAT GCT CGT GGC AAC AGG AAC AGT TA

anrVC3
anrVC4
anrVC5
anrVC6
RSTYG3-1 .
RSTYG3-2
RSTYG3-3
RSGP5-1
RSGP5-2
RSGP5-3

Fig. 4. Continued.
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PR ¢ M

.AGC.A ... ..ACAC A.

A& HRCAL. B et .AA AC

.AA CCA -.. ..A .AC AG

..G'AC. ..AGAA ..A .AA A

L A . ) A A-

% Too ooo CAG A.
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3. gnr< 7HA = AWAE FAA HAE 54

=z Fan et e AWM Fol A gnrel tE FAENEES eI
isolatesE AW¥slo] FAA| JAAH &S <At AT o AgnfA
A 8lE 7ZF isolatest™ Table 7.9 Yeld H3 o] 1

sttt == Famet s Al Az 2470, 2071 ¢
isolatesE A9 = ARete] AR&etitt =9 x FEbr et IE AuiAl
oA sk quinoloneAdl A Ao sl WHAS YEFW I quinolone
AA o]elo] ampicillin® tetracyclineol = % Fx2o MICE e
= AL Yt (Table 8). quinoloneAdl A WA HHE 4 v
Azol wisl WetetAl vhHA A @3 917] whtel EUCAST, CLSI¢
AT S o] &3 A WA HAE 7|+ 2 ciprofloxacin 1pg/me,
nalidixic acid® 16pg/mlS HAAAAEER &0 olHtl =4 Yehtes
Ae WAHS 7HAE ez #sAtHEUCAST 2014; Kim et al,
2011). ciprofloxacin, nalidixie. acid, ampicillin, tetracycline®] tgt A
isolatest™= =9 Fknjeol A Z+7F 170.8%, 100%, 100%, 87.5%=, Fs
of| 5= 95%, 100%, 85%, 45%<] Hl&= 1= A cH(Fig. 5.).
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Table 7. Grouping of isolates grown in different selective media.

Selective Appearance of Name
media colonies Dwarf gourami Redseabream
Yellow DGGY RSGY
GSP
Pink DGGP RSGP
CcC Violet-salmon to red DGCV RSCV
Translucent with a
DGSB RSSB
black center
SS
Pink, translucent DGSP RSSP
TCBS Yellow, Green DGTYG RSTYG
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Table 8. Susceptibility of gnr positive isolates selected randomly. (A) Dwarf gourami, (B) Red seabream.

<A) Dwarf gourami MIC(¢g/ml)
isolates (24)" Cip NA Nor OF Enr 0OA Amp Tc qor gene
DGGY1-1 8 256 16 8 8 8 >256 16 qnrd, gnrS
DGGY1-3 0.5 256 2 0.5 0.5 4 >512 8 gnrd
DGGY1-5 4 256 16 8 8 16 >256 16 qnrd, gnrS
DGGY2-1 4 256 16 8 16 16 >256 32 qnrd, gnrS
DGGP1-1 64 >512 >16 >16 >16 >64 >256 >64 qnrB, gnrS
DGGP2-1 64 >512 >16 >16 >16 >64 >256 >64 qnrB, gnrS
DGGP4-4 2 128 8 4 2 16 >256 8 gnrS
DGCV1-1 16 >512 32 8 8 64 512 64 qnrB, gnrS
DGCV1-2 0.25 256 1 1 0.5 8 >512 16 gnrd
DGCV1-3 0.5 512 1 1 1 8 >512 16 gnrd
DGCV1-4 8 >512 32 16 16 >64 >512 >128 qnrB, gnrS
DGCV2-2 8 >512 32 16 16 >64 >512 >128 qnrB, gnrS
DGCV2-3 16 >512 32 16 16 >64 >512 >128 qnrB, gnrS
DGCV4-1 16 >512 32 16 8 64 >512 32 qnrB, gnrS
DGCV4-3 0.5 256 1 1 1 8 >512 8 qnrd
DGCV4-4 0.5 512 1 1 0.5 8 >512 64 gnrd
DGCV4-5 0.5 256 1 1 0.5 16 >512 16 qnrd
DGCV5-3 8 >512 32 16 16 >64 >512 >128 qnrB, gnrS
DGSP1-3 1 256 4 1 1 4 >256 16 qnrd
DGSP1-+4 0.25 256 0.5 1 0.5 4 >256 64 gnrd
DGSP1-5 4 512 16 16 8 16 >256 16 qnrd, gnrS
DGSP4-2 1 256 0.5 0.5 0.5 4 >256 16 qnrd
DGSB2-1 4 >512 8 >16 >16 32 >256 32 qnrS
DGSB4-1 4 >512 8 >16 >16 32 >256 32 qnrS

*Number of tested isolates.
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Table 8. Continued.

(B)

Redseabream MIC(ug/ml)

isolates (20) Cip NA Nor OF Enr OA  Amp TC qnrgene
RSGY2-1 8 64 16 16 8 32 >512 <025 gnrS
RSGY3-1 8 128 32 16 8 32 >512 <025 gnrS
RSGY3-2 4 64 16 8 8 32 >512 <025 gnrS
RSGP2-1 0.5 >512 1 1 8 >512 64 qnrB
RSGP2-2 1 >512 1 2 1 8 >512 64 qnrB
RSGP2-3 1 >512 2 8 1 7 >512 32 qnrB
RSGP5-1 32 128 >32 16 16 32 128 1 qnrvC
RSGP5-3 16 128 >32 16 16 16 128 1 qnrvC
RSGP5-4 32 128 >32 16 16 32 128 1 qnrvC
RSCVI-1 4 >512 16 8 4 16 />512 32 gnrS
RSCVI-5 8 128 32 16 16 16 256 <0.25 gnrS
RSCV2-1 1 >512 2 4 4 32 >512 64 qnrB
RSCV2-3 1 >512 4 2 1 16 >512 2 qnrB
RSCV2-4 1 512 2 2 ] 16 >512 64 qnrB
RSSB2-1 1 >512 2 4 4 4 >512 64 qnrB, qnrS
RSSB2-2 2 >512 2 4 4 8 >512 64 qnrB, qnrS
RSSB2-3 2 >512 4 8 8 16 >512 32 qnrB, qnrS
RSTYG3-1 4 128 8 8 2 2 4 <0.25 qnrvc
RSTYG3-3 4 128 8 8 2 2 4 0.5 qnrvc
RSTYG3-5 4 128 16 8 2 2 4 <0.25 gnrvC

- 84 -
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Fig. 5. Proportion of antibiotic-resistant bacteria 1mn-intestinal microflora identified with gnr gene.
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g DNAE o]&3l gnrel olsds w43 A3 =9 FehvjoA &4
il ol A Eeld DNARE Hol7l dojd e FAsdvh. & 470

o] wtele] DNASF 3709 DNAZF F8AZ Hold S At &
nEAE F 223 DNAo: gnrBet grSE sl 7R3 Jd o
TFEAR Aol & AL guSEolds AS & 4 AdH(Fig. 6). =
3t transformants= 8712l A A (Cip, NA, Nor, OF, Enr, OA, Amp,
Tc)oll A tiF-% MIC7} S 7Fetkdth. Cipelld = 8~32, NA+= =2, Nor
4~16, OF 4~16, Enr 1~8, OA 4~8, Amp 2~>32, Tc 1~48]°] <7} @<=
H A Table 9). o5 && & AolA L AT A gnr
FrAAke] Holds WA Feleglar, o] & Table 8.ol4 e isolates
9] plasmid DNAE o] &38| A2 t2 FoAle] FHA} o] xS &Rls)
ek FEelA s d isolatesel A= gnr gened] olEAS FUE
i, =9z el FEsd FlATol = F 247 T 674

isolates®l| A trasformation®] ¥ A& F2AsAt. + 74 FHAE &

Lo S

Aloll 7FA donor®= 50%7F A o4 transformantsoll A= gnrSHke] o] &
s AL 3keld 4= 9) 2 tH(Table 10). T3 transformantss 8 #¢1 E.
coli DHbaoll A vEbH MICSF ®luws] H S wl 2E quinoloned A4
=4 daA MIC7E F7st, 53] DGGP4-4¢F DGCV1-19]
transformant (DGGP4-4-T, DGCV1-1-T)el| A = ampicillin®l A4 donor]
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MIC #to]l =2 AE=Aqn. 2 gdAA st transformant®] MIC
=7} k& Fig. 7.9 vepaz 9ok
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Fig. 6. Agarose gel electroporesis of amplicons in PCR for gnr genes in dwarf normal microflora (donor)

and transformants. M : 100bp DNA ladder, N : Negative control.
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Table 9. Results of transformation using DNA isolated in Dwarf gourami.

DNA MIC(¢g/ml) of transformants transferred
qnr gene :

source Cip NA Nor OF Enr OA Amp Tc gene
DGI-1 qnrB, gnrS 0.5 >64 1 % 1 8 >128 0.5 qnrS
DG1-2 qnrB, gnrS 0.5 >64 1 2 1 8 >128 0.5 qnrS
DGI-3 qnrB, gnrS 0.125 >64 0.5 0.5 0.25 8 >128 1 qnrS
DG1-4 qnrB, gnrS 0.25 64 0.5 1 0.25 4 8 0.5 qnrS
DG3-1 qnrB, gnrS 0.25 >64 2 1 0.5 8 >128 1 qnrS
DG3-2 qnrB, gnrS 0.125 >64 0.5 0.5 <0.125 8 32 2 qnrS
DG3-3 qnrB, gnrS 0.25 >64 1 1 0.5 8 8 0.5 qnrS
DG4-1 qnrB, gnrS 0.25 64 0.5 1 0.5 4 8 0.5 qnrS
DG4-2 qnrB, gnrS 0.25 64 1 2 0.5 4 >128 1 qnrS
DG4-3 qnrB, gnrS 0.5 >64 1 2 1 4 >128 1 qnrS
DG4-4 qnrB, qnrS 0.25 64 0.5 1 0.25 4 8 0.5 qnrS
Recipient - E.coli DH5a  0.015625 32  <0.125 <0.125 <0.125 1 4 0.5

Collection @ pknu
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Table 10. Qnr genes and MICs of antimicrobial agents for 6 donor and transformants.

MIC(¢g/ml)
Isolates gnr gene(s)
Cip NA Nor OF Enr OA Amp TC
DGGY1-1 8 256 16 8 8 8 >256 16 qnrd, gnrS
DGGY1-1-T* 0.25 32 2 1 0.25 4 4 1 gnrS
DGGY1-5 4 256 16 8 8 16 >256 16 qnrd, qnrS
DGGY1-5-T 0.25 64 1 1 0.5 4 4 1 gnrS
DGGY2-1 4 256 16 8 16 16 >256 32 qnrd, gnrS
DGGY2-1-T 0.5 64 2 2 0.5 8 4 1 qnrS
DGGP4-4 2 128 8 4 y 16 >256 8 qnrS
DGGP4-4-T 0.25 128 1 2 1 4 >512 1 qnrS
DGCV1-1 16 >512 32 8 8 64 512 64 qnrB, gnrS
DGCV1-1-T 0.5 128 2 4 2 8 >512 1 qnrS
DGSP1-5 4 512 16 16 8 16 >256 16 qnrd, qnrS
DGSP1-5-T 0.25 128 2 2 0.5 8 4 1 gnrS
Recipient - E.coli DH5a  0.015625 32 <0.125 <0.125 <0.125 1 4 0.5
*Transformant.
40 -
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Fig. 7. Increased fold of MIC in transformants.
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FEAA FE #2 BT 5 AT RelEs Fo REE OE F
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e deol, shatolol Al of e Ade PEE
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2 =
.

2] Cyprininae®l A== Aeromonas hydrophila,
Citrobacter freundii, Pseudomonas spp. 5 U&¥3F 13 2Ato]
ATt Fo A3t @l Yo (Apun et al., 1999). ajl4kojel Dover
sole?] AW Aol A= Acinetobacer, Alcaligenes, Photobacterium,

Vibrio &°] &e¥ = ez A A H(MacDonald et al., 2002). 3
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ol A A&+ red hybrid tilapia®l A= Vibrio spp. Flavobacterium spp.
Pseudomonas spp.s°l &= At E3E striped bass (Morone
saxatilis)E ©]-&3te] 7] A3 s A FolA e FiA Blu A
S F3 714 AY9elAM = Aeromonas  spp., Pseudomonas spp.,
Enterobacter 2.2, 34 Aol X += Vibrio spp., Aeromonas spp.,
Flavobacterium 2.2 “FWAte] & Eaf o7 A2 g4l w
2 UMl v&e 2ol & YER It (MacFarlane et al., 1986). & <1

TolA ZE gk e Foldd =Y oAM= GSPellA E84
&S wo|lH zeli= Pseudomonas spp., CCHI A oA Enterobacteriaceae

2 FAYE o] 256%E 7HF Wol e HAT. sfatoldd ol A

%= wlz7FR| 2 Psedomonas spp., Enterobacteriacea® F4 %+ 3

rlo

SSo X Enterobacter spp.; Shigella spp., Salmonella spp.=

ol 21.5%= 7 Wol e H AT GSPAA =84 HehS e
H Z2l= Aeromonas spp.© 2]l HEol A (10.8%) Kt} HgoQl
=z FEprlo A (164%) Ha A AL =92 FEvdAE
= S A @2 Vibrio spp.7t FEolM= 161%= 22 5o afikofel A
Vibrio spp.7} w8lH e As FAdS 4 AU G A=3 v =g
FUAo]l et Ae FAHJNIL 2 AT Bl Folet st
ojol o] HAME oF, o« 2 87 S22 wAe] &4 59
ztol 2 tpekgk o] Feld Ao=E AZHETH

FoE g ge® ofF AuAlTolMe gnr XS UolH gty o

Lo
R

g 7HA gnr 78 F 7P weol &8A A FE 53 gnrd, gnrB,
qnrSe}y Vibrio cholerael~l & L7 5
SlE o) A= grVCE A G stk 2Fzhe] isolates E7] Hol| )
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9] stoolell = AA P AAE T Woll gnrel EAst=A & F
Atk AP AFolM = =2
slolx) x] Forot 7F7Ee] isolatesol A& gnrA
o] Ao gnrAE 717 1
o] AA=AGTE deujx]o| A st JFO R isolatesoll A= HE=
Ao AAuY. FFEoMes AP &l Ao A 1ntelE AL
R gnrdA, qurB, qgnrS7F ST AAwE A EufRo A g
isolatesoll A= qnrA7F AE=HA FAd. ol guwdAE Za YW
isolates7} A& ujx|upct A 1elF ciprofloxacindl A4S vEldo] &
gux g2 Aom FAHAUY. o Fre ddels d5-E ol&d u
AN Aeromonas spp.d qnrS7F 37% = JUEM I 9
(Verner-Jeffreys et al., 2009) ©°19 E. colidlX= gnrBet gqnrSel
sl Z+zt 37.5%, 20% = A=53 Av(Jiang et al., 2012). & Aol A

= =92 o= gnrS7F 74.4%° =S E X E YEFI I isolates

ru

W2 258 uo = Aeromonas spp.H.TF Enterobacteriaceaeo] Al © =4
Az=Ho] old AT HE S Holio Utk gnrB= 42.3%,
qrAT 34.6%% HAAH] &2 Jiang et al. (2012) A HT} thAh =2 %
FE BT FEAAME guB7t 14%=E 7V =A YER I gnrSTE
97% =2 At gnrVCie =X Febn| o] Aol s gl XA
ok A= AWAT F TCBSAI A9 Vibrio spp. Jetoll Al 33.39%,
GSPol A A4 &S YElE Pseudomonas spp.olA 25% % A&
o] HAu}. gnrVCT= Vibrio choleraedlxl & &7 o]% Aeromonas
spp., Pseudomonas spp.olA % WA a1 tpekst yelo A HHE=9)

531 QT (Erica et al., 2013). ¥ AFoNME gnrVCIH gnrVC6ZE 11
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%+ isolates7t w2 H A Al T4 an-,-,—%?_] qgnrA, gnrB, ansua Tk olY

2} Vibrionaceae familyolx =2 YElY+= grVCol deid= we 3

Zhol] o] Foizl Aow AzpEojA ckom X&HAQl @Ajo] dad Ao

2 Az, BRE ofyet F 7| o] e gnre 7HAE isolates=
= HER HAEHded & dydAs =92 FEvledA gnrdAet gnrS
10.3%, qgnrBS} gnrS 42.3%, F&olA gnrBSt gnrSE Aol 7HA =
isolates™ 3.2% % el gtl & dAFoAE gnr €19 PMQRO
e = 7 A5 Pt FA=EA FAA | A&t A ol
gk sA B

Hir

72

o] #<l% ) tH(Rodr guez—Marti'nez et al., 2011).
SHARE gnr genesTHS F Aol 7EA = o= WA gfrh & AFelA AL

By EZ s Enterobacteriaceaeo| A gnrA®t gqnrB 6.7%, qnrBS}t
gnrS 1.8~29%= F 714 FH1AE FAd 7}A = isolatesE 2l Tt
(Yang et al., 2008). ¥ AFoA ®Ezak =9 FYAdolrx qgnrAst
qnrS 10.3%, qnrBe} gnrS 42.3%, 3w A5 gurBeF gqnrS 32%=
A dTe vda HE 799 74 2 R o =& HEeE UEud
w3k =9 FEu o] A dual qnr genes’t 52.3% & UEFL & 4kojel -
woll Blal] gnr FAAFe] olFo] wk=A o] Fol A A HAde YT
AL BT weka #AFoJ A A AFE WIE H FE
of Ao AAe AV 2o Ao AlmHEY. Eg 2 AFdAE

gnr-like geneell A vE dH A Qa1 oA 7+3l plasmidel 91*] g gnr
2 oo]lF Ao thek At LR vyl glony 3ol A chromosomal

qnr genes 7} 13k dAlqto] W& E ZHE3le] quinoloned A3
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Aol WS veld 4+ 9JtHRodriguez-Martinez et al. 2008). ©o]# &

150l gnrel 4k B =2 F8A WS vEd F= S

&

E U, dom ¢ B2 AU 28F AR AlRE

gnroll FAWNSS YEMN & isolatesE Hld o= 3 A A4A A
o= vt quinoloned] A A A thal] HAHS YEI= AS &2
3t T}, ciprofloxacine =932 Febr|ol T 359 AU Al isolates
oA =2 HE=Z WS YUEW I, nalidixic acide =5 100%<] Wl4d
S Yerdlth  o]=  nalidixic acid®] L@ 7|7 Algo=wm 2lF
ciprofloxacin®ll H]3 A< AE7LE =4 Yely= Aoz Ho At
o Febn o UMl Tl A= quinolonel A Ao tha] =& A3
S Hola Qi B Eo] ampicicllinel] A 100%, tetracycline®] t3jA =

87502 WATS Yehlol FEAART B thauie B
o]

Btk o2 Bal 5ozt cle K GAA] AFED wmFo] o
AU S thehls dte] o] wel aHe] gl Zlow Azt ol

o 3 gnr2 ciprofloxacinel 3] 0.125~0.25pg/mbe] @2 A S H
o] =d](Martinez-Martinez et al., 1998; Cavaco et al., 2009) ¥ <9
A B89 isolateso] A+ quinolone A EZH ] =2 AIPAHE H

Atk ol T EE P AEufx|o] FH7les ciprofloxacin®] ¥

iV
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A4S JERY = isolatese] A
T A 7oz 2§ 3t

gyrA, gyrB, parC, parEollA ¢ F Wo]7} dojt isolates?
o g Akl H3HA

g4 v Ao FAFed. 1

=0
i A T

°]

il il

oft

fgow

| =42 s

A A ¢+ quinoloneA A

MIC %=

44 tollA et Topoisomerase f+A#He] %= A o] Fo] Aok
Bt A3 quinoloneAdl Al 3t ofF HUATY EA FA o]

o]Fo]d  FHolt}. quinoloneAd FAEZA  o]9e]  ampicillin %
tetracyclinedl A = WA S YEH = isolates7} EelE=d FwHET
= Fer o] FUYAA T o B H &S Ho FEo o]Fsle
HAo FAA ] A& Algoz =9 Fehulofa] ¥ W A
isolates”} WEfU= Ao 2 AlgHT

Fgtau=o fA 8 dE FHAES A 5 olFo] JMesta U
4 FAAE VHAA A e AT o2 AR AEES S8 FAA
WAy w=E5 S7HAA AT Fies st gus PIRPHAR E
gtav =5 wiyfE kel o]Eske | 5ol Qlan ol E &ela] Kzt

transformationS A At ALA 2le Ao HET
o] &3] olsAdE FA3t AAA = gnrSRE o skt

sl 217 9] isolatesE tow 3 Ao x
A

&
=
<)

FARE

i
rlo

o] 25% 2 transformantol]l A ElE Q)1 o]
WAl isolatesoll Al ol Ao =
gkl gk S esa=
qnrS, qnrB%} gnrS) isolatesell ws]A =

gnrSyvto] ols3d AINE FI =

71‘:

1‘
i
Lo

Al ot
Alell

PN
T

=

ol 5= e

7HA
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27 A 2 gnrSRE
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AT A sl isolatesoll A F A
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o WAH gnrASt gnrS, qnrBet gnrS+ 22 plasmidol ¢ A3 U A
g g2 AFoAE
conjugations E3 gnrd, gnrB, gnrSe FHEA olFS el
(Briales et al, 2012; Yang et al, 2008) =3t gnrBet qnrS7}

oA F AV vE Etav =] A U= Aom FH gl
S (Hu FP et al., 2008). & Aol A= conjugationd @o] X = &

of dol¥ A @2 FHAe &I FHA olF VHAES & gleny

5

I
2

(e} e) = S e
e FAZ F AW g AolE

transformation®] ¥ %] &2 FHAAE A X3 o] o]Fo] H
A ALY F=gA7F F83H7]0 plasmide] A7) 7F YT A FAA
dol7b dojur] 2 Aow FHHEAZIh

gnrAl< 7H FgarnEs AR dolE Felsta g AEEs F
& transformantsoll 41 ¢] A A WA o] F-8A oA Hu} ciprofloxacin<
125~250¥, nalidixic acide 48] S7Fele= AL AT + dJx
(Rodriguez-Martinez et al., 2007), Briales et al. (2012)9 4+ E. coli,
Klebsiella pneumoniae\ A gnrAl, gnrBl, gnrB6, qnrS1E 7}A]+=
transformants®] Cip, NA®] s Z+z} 308 o]k 4u) ©]/d2] MIC Z7}F
e HYgrh B APl M = ciprofloxacinel A DGGY1-2-T,
DGGY1-5-T, DGGP4-4-T, DGSPI-5-T7} 169, DGGY2-1-T,
DGCP1-1-Tell X 328]2 MIC?] Z7}S R 9L, nalidixic acidel ohahA]

1

= DGGY1-5-T, DGGY2-1-TelA 28, DGGP4-4-T, DGCP1-1-T,
DGSP 1-5-T7F 4uje] MIC <7} #s 4dHeds A& gl
ESBL¥} gnre]l #A= o8] AFEolx wol dAFHojxs=d o F
e 22 Fehavsd AAE QoA olF s FA st FE&A

A %= Extended-spectrum B-lactam# A& Zo] s =& MICHS
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Ueto] At e] 2ol thdk f1dAde]l wtiFEIL AL gnrA,
qnrB, gnrSolA  CTX-M-14, VEB-1, CTX-M-15, SHV-12, TEM-1%
t}orsl ESBLAA A7 A selw a1 ¢)th(Cheung et al., 2005; Hata et
al., 2005; Mammeri et al., 2005; Jacoby et al., 2006). & AF-oA % 2
W€l transformant(DGGP4-4, DGCP1-1)°]A quinolone® %t o}y e}
ampicillin®] a4 % donor isolates?} o] >256ug/mle] w2 MICH =
el o Hol ESBL geneo] &7 olg3 Aow FAHHAT =3I
670 & 2719] transformanto] A%k ampicillinel] WA S UElll= Aoz
Ho} donoroll o] E=E ESBLo| gnrd} &7 o]&3dte= A ofd Zo=w
gl ojdt}. ol YAflidE e ol Fo = s A
yet o yvolrh AAgel A 7HA S mATE ok 3 AlEA HY
d FEy = gE SH2ns S Aol AT s Y] o
woll 44 A fFraxkel gk A& RUE o] Had Aow A

doh

ox,
u)
=2
2
M
l-‘lj

o
=

L3
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V.8 %

o ATAAE ofF FWATS E2ete] quinolonel A Aol o)
WS YeEtl = gnr genes 18t ATh gnr gnrA, qnrB, gqnrSell o
golstdal, A=% gnr genes FE(gnrA 0.0%, gnrB 14.0%, gnrS
9.7%)ol A Ht =9 F&v)(gnrdA 34.6%, qnrB 42.3%, qnrS 74.4%)
o FUATtel A B w=& vHleR HAEHJT =3 F M A E F
Al 7FA = isolates® Bl EQlow o] rra = rotu]o] At
oA H =2 WEE YEIWHTH(52.6%). gqnrVCE s Ao A uk
108% = RIE oy ol&2 AVINE +4S T3l gurVCI, qurV 6

Fastgity. A T FAol o) FolHA ok T FFE X 5
2l

o

w22
=32

lo
>
o i
e

=2

a)
L2 M
2
Jﬂ_ﬁ‘

gnro] &AW isolatesi= quinolone] A Ao s WAHS YENH
quinolone A€ ©]9 ¢ ampicillin®} tetracyclined]| A= =& Fx¢ MIC

& YUeldl= A& sk, ol& &3l ofFe WA o] oln Ay

HoApgoA s thdd gnr FAAE BAE 1 dE isolatesdl

sk A Aol A= =9z FeproA] ] sd Gl Al ool A
= 3t

= Z 2470 = 6709 isolateso] A trasformation©]

FEold Edsidl Aol = 74 dolE A 5 AL,
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Aol Aol= BEF gnrSWE dojykrth T3 transformantstT R
quinolone] A=Al dldlA MIC7} S7FslHar, 53] DGGP4-4<}
DGCP1-19] transformant (DGGP4-4-T, DGCP1-1-T)9l 4= ampicillin
ol 4 donor®] MIC Zteo] 2|2 dE¥o] gnr¥l B-lacatamase gene©]
A ol Ed Aom FH3kaL Q)

w dA7E 8 oAF FHATlM qnrol thekstal, Bard Aol ]
3 =2 HER FAHAL, Ee dE5S tiFE A ] =2
MIC#S E 3tk §28x o] Aol e gnrST ol 53t Aoz e
Wl transformantsoll A & & Ao Hldl WA HAa oA t

&2
A st Ae & 4 AUk FHAY AEH AHEOE RS

@ At FAA DY Rl BE HEL Bl \WaF Row

AP
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