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Characteristics of Antimicrobial Resistance of [Bgtmic
Bacteria Isolated from Fish Farms

Kwang-Tae SON

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The contamination state of sanitary indicative éaat and pathogenic bacteria
was investigated in farmed fishes, olive flound®arélichthys olivaceus), black
rock fish Gebastes schlegeli), red sea breamPégrus major) and sea bass
(Lateolabrax japonicus), and seawater samples were collected from 10 cadfuse
nurseries located on the southern coastal areacoéakKfrom May to October in
2004. An antimicrobial susceptibility test was penmied by the disk diffusion
method following the National Committee for Clinicdaboratory Standards
(NCCLS) to identify the characteristics of antinoibial resistance of isolated
strains from all fish farms. Total 16%scherichia coli isolates resistant to
tetracycline were examined for the presencetadf A~tet E andtet Y which
code for energy dependent efflux proteins. Charaetiion of tet genes ofVibrio
parahaemolyticus, V. alginolyticus and Enterococcus. spp. were compare with
those ofE. coli possessed tetracycline resistant gene. In addition presence of
class T or I integron was investigated irE. coli isolates resistant to

tetracycline.
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Detection rates of fecal coliform anBnterococcus spp. of sanitary indicative
bacteria in all samples were 38.9% and 23.8%, otispdy. Detection rate of
fecal coliform (41.7%) in seawater samples was rkaidy higher than that of
Enterococcus spp.(13.3%), but there was little differentiatiasf detection rate
between fecal coliform an&nterococcus spp. in the same fish samples.

The detection rates of fecal coliform was highe6t58.3% in Busan, Geoje
and Wando sampling area, followed by Yeosu (33.3%)u (12.5%), Tongyeong
(11.1%). And the detection rate dEnterococcus spp. was highest in Wando
sampling area as 45.8%, followed by Yeosu (33.3¥@9ngyeong (22.2%), Busan
(16.7%), Geoje and Jeju (12.5%). Detection ratefesfal coliform was higher
than that ofEnterococcus spp., except for Tongyeong sampling area.

There was no fluctuation in detection rate of fecaliform from May to
October, but the detection rate &hterococcus spp. increased according as the
seawater temperature gradually rose.

Among pathogenic bacteria, detection rate \of alginolyticus from all tested
samples was highest as 49.2%, followed by parahaemolyticus (36.5%),
Saphylococcus aureus (6.3%), Salmonella sp. (2.4%). But the number oY.
parahaemolyticus enumerated by most probable number method in deaveand
fishes was <3.8611.6 MPN/100mL and <3056.8 MPN/100g, respectively.
However, V. cholerae, V. wulnificus and Shigella sp. were not detected in all
tested samples.

A total of 784 strains were isolated from the fillrms and were subjected
to perform antimicrobial susceptibility test. Thesolated 784 strains were
compose of 316E. coli, 194 V. alginolyticus, 120 V. parahaemolyticus, 66

Enterococcus faecalis, 37 E. faecium, 18 Salmonella sp., 15S aureus and 18
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Enterococcus spp.. Among isolates, 750 strains (95.7%) werésta® to one or
more antimicrobial agents and 293 strains (37.3%rewmultiple antimicrobial
resistant bacteria.

Detection rate of antimicrobial resistant bactdriam isolated strains according
to sampling area was ranged from 93% to 100% amghebt in Jeju (100%).
And detection rate of multiple antimicrobial reaist bacteria was highest in
Wando (48.6%), followed by Jeju (47.0%), Yeosu 286), Geoje (35.7%), Busan
(28.7%), Tongyeong (20.8%).

316 E. coli isolates were tested against 19 antimicrobial tsgemd E. coli
isolates were highly susceptible to imipenem (99,7%efepime (98.1%),
cefotaxime (97.2%) and gentamicin (94.0%), butstasit to tetracycline (74.1%),
cephalothin (69.6%), doxycycline (66.1%), streptoimy (47.5%) and ampicillin
(45.9%). Among testedE. coli isolates, 74 isolates (23%) out of seawater
samples and 101 isolates (32%) out of fish sampbewed the resistance
phenotype against at least one antimicrobial agdfit. isolates (3.2%) from
seawater and 60 isolates (18.9%) from fish samplsowed multiple
antimicrobial resistant to more than 10 antimicabbagents.

The antimicrobial susceptibility of 194 strains W¥f parahaemolyticus and 120
strains of V. alginolyticus were investigated against 10 antimicrobial agents.
Apparently 98.5% ofV. parahaemolyticus and 100% ofV. alginolyticus isolates
were demonstrated antimicrobial resistance agaiast least one type of
antimicrobial agent. The resistance Wf parahaemolyticus isolates to ampicillin
(97.9%) was highest, followed by oxolinic acid @%), amikacin (19.1%),
tetracycline and amoxicillin/clavulanic acid (6.7.96hnd V. alginolyticus isolates

were resistant to ampicillin  (100%), sulfamethoxe#omethopenem (25%),

_ix_



amikacin (21.7%), amoxicillin/clavulanic acid (1%63 ciprofloxacin (13.3%),
tetracycline and doxycycline (11.7%). 20.8% W®f alginolyticus isolates were
multiple antimicrobial resistance, while only 6.766 V. parahaemolyticus isolates
were multiple antimicrobial resistance.

37 strains ofE. faecium and 66 strains oE. faecalis were tested against 10
antimicrobial agents.E. faecium isolates were resistant to rifampin (86.5%),
ciprofloxacin (64.9%), tetracycline (59.5%) arfil faecalis isolates were resistant
to tetracycline (80.3%), doxycycline (77.3%), ergiimycin and chloramphenicol
(75.8%).

Total DNA of E. coli isolates resistant to tetracycline was amplifigd RCR
with six different sets of primers targeting tetrdne efflux genes. 169%. coli
isolates were screened for the presence of gésied, B, C, D, E or Y. The
tet D gene was most abundant (92.7%) followed tey A (88.5%), tet A+D
(46.7%), tet B (40.6%), tet A+B+D (34.5%) andtet B+D (5.5%). Thetet C, tet
E andtet Y genes were not detected in any of the isolates.

The nucleotide sequences tef A, B andtet D genes fromV. parahaemolyticus,
V. alginolyticus and Enterococcus. spp. were very similar to those & cali.

The presence of classl and class II integrons amongE. coli isolates
resistant to tetracycline were investigated throwghplification of the gene with
PCR. It was found that 76 isolates of 165 coli isolates (46.0%) carried class
I integrons, but classll integrons were not found in all tested strains. The
ratio of multiple antimicrobial resistance straims the group ofE. coli with
class 1 integron was higher (82.9%) than that in the graafpE. coli without

class I integron (62.5%).
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Fig 1. Location of sampling stations of pathdgebacteria monitoring.
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Table 1. Number of fish and seawater samples d¢elleat the surveyed fish

farms

Region Sy Seawater flgllsz:ar ro?:llfirsh Sea bassseaRE?eam Total
Busan 6 6 0 0 0 12

Geoje 12 6 0 6 0 24
Tongyeong 6 0 6 0 6 18
Yeosu 12 0 6 6 0 24
Wando 12 6 6 0 0 24
Jeju 12 12 0 0 0 24

Total 60 30 18 12 6 126
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FAF AIFEFE 1L &7 dayd Agste] of/mARS e WY
o7 Az $ukslal, pore size 0.8, 0.432 0.2 yme] H i+ membrane filter
(Millipore, Ireland)z =212 o2 o 343 v} filters ol Ao AL-&3FA
t.odl AR AHA A oA FEAFY e gAY =7 (Sato, SK-250WP)

£ Agstel XA A4 Ao

22. AAAEATY &g 2 T4
221 FAA N
FAo]F 2 ol ik B AN S Recommended Procedures for the

Examination of Seawater and Shellfish (APHA, 1970%=3}lo] A &3l F

A A 8ol = Lauryl Tryptose broth (Difco, USAF, A A o= EC wj A
(Difco, USA)E Zt7t Abgetdth. WA g7 A EC v =]l A
gas ¥4 A # S Y-S Eosin Methylene Blue agar (Difco, USA, EMBY ko
e s S E8 5] IMVIC tests A

Aletol ERANAEY] Fde FsAdd

ki
(=)
=
o2
ot
2
2
of
a2
l" o

of
=
]

%

2.2.2. Enterococcus spp.

Enterococcus. faecalis, E. faecium 5 -2 Ramotar et al. (2008) "
= 9% WEste] &9 - sASAT. F, o7 WA obrkv] FHE AS
sto]l whaj el oS 25 g 6.5% NaCb] g% Azide Dextrose broth (Merck,
Germany) 225 mbl] HF3dtar 35ColA] 244 7F St Fst it Sl oF
1 mLE Bromocresol Purple Azide broth (Merck, Germany) QL oh A %3}

35C o Al 48AzF wfjokdt t}& wjokdo] FAow WM3I Z-S Enterococcosel

agar (BBL USAp| =23}ar, 35Col A 2417 viokaldot. vk & 3 Tol A
TETTFd FAE FEHE deEde HEe d9sie] Tryptic Soy agar
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(Difco, USA, TSApl Altiuietstys AsstAld 2 APl Strep (bioMerieux,

Francel A}8-3sto] 543ttt

23. AT £ R FA
2.3.1. Vibrio spp.

HAA wBg ool Rz % FAHL Bacteriological Analytical Manual
(Elliot et al., 1992; BAMY| =sto] AAlstAT. =, ol 79 A¢ AAgd A
= 25 g& Alkaline Peptone Water (pH 8.5+0.2, 2% Na@i+-, APW) 225 mL
o HE3 L, = 993 T membrane filteg R olA APW 100 mlo] #H
F3to] 35ColA Zhz Farmatdnh. Algr7t HE"d APWE V. cholerae?]
7% 6~8A| 7k, V. parahaemolyticuse} V. wvulnificus= 18~24A]7F v &k 5 nj
ok} & Thiosulfate Citrate Bile Sucrose (Merck, GermanyCBB) ¥ do] =&
ghol  35ColA  18~24+3F wj<ketslth. wiYfg TCBS H#olAd W
alginolyticus®} V. cholerae®] 749+ A3 eS, V. parahaemolyticusel V.
wulnificus= 54 Q2S5 77 #&bo] Triple Sugar Iron agar (Difco, USA, TSI)
of JFete] 35Tl 241 3F vjdt 5, AP A WgS UEle dF<
WA Alg, 42C 25218, ONPG (ortho-nitrophenol R-D-galacto-pyranoside)
Ald 5SS 7171 & APl 20NE (bioMerieux, Franc&® % 4 s}l t}.

A, g et o] FolA AA WE FAH| B d4 WIE Yol
7] 913tel BAM (US FDA, 1992a)| +3ste] Z+ slMadz 37je AldaS

Ab&5l = #H 24 (Most Probable Number; MPM) 2 A #Fsl= Ald % H 8 &}

2.3.2. Saphylococcus aureus

Staphylococcus aureus®] 2] X 574> BAM (Bennett and Lancette, 1992)

_13_



of Fate] AAEATE o7 A9 dAE Am 25 ¢l AAAFI A
(Phosphate Buffer, pH 7.2) 225 rBL # 7}slo] blende® w2 3}3 S 10%
NaCle] @+f-¥ Tryptic Soy broth (Merck, Germany, TS8) {53l 1, 5=
o3} ¥ membrane filteg X olA TSB 100 mlol] % & 3slo] 35Col| A 484 3F
vl oF 5k F. wj oF o2 Baird-Parker agar (Difco, USAY 3ol w=1tslo] 35T o
A 48AIZE v ke v F9ol T kel WA JHE e sto] coagulase
AL Arstar d94d wE&ES UedWe 8T 5F= APl Staph

(bioMerieux, France} 74 3} %lt}.

2.3.3. Salmonella sp.

Salmonella sp.e] #2 2 FA> BAM (Andrews et al.,, 1992) =3slof 2
Aletgth ol 7o A$ dAgd A8 25 g% Buffered Peptone Water (0.5%
NaCl g+, pH 7.2£0.2, BPW) 225 mll H <3, si4+= o3 & membrane
filters X ol BPW 100 mlell g Fsto] 35CelA 2443 Fatul ekt
Tl g H(l mL)> 10 mLe Tetrathionate broth (Merck, Germany)
Rappaport-Vassiliadis broth (Merck, Germany)zzt 5 & 3sal 35T ol A] 244
Fovjekelith. Zb wiekole Bismuth Sulfite agar (Difco, USA, BS), Xylose
Lysine Desoxycholate agar (Difco, USA, XLD), HektoeEnteric agar (Difco,
USA, HE) ¥ Rambach agar (Merck, Germanyj &l 7}z =23t t}& 35T

NA 2447 WFsm AGH Feje] FFe welsad. BdE R
TSI Ab wi Aol Eshel 35CoIA 2447 woFd ¥ BEEFI gL WS

jus)

< YEU = Salmonella sp. YAl T+ TSA AR rfA] o v kst = APl 20E

(bioMerieux, France} 74 3} %lt}.

2.3.4. Shigella sp.
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Shigella sp.e] #2 2 %A BAM (Andrews et al., 1992) =3lo] 24|
Atk ol F9 A% AARE AE 25 g BPW 225 mlo] % E3h3 35Co]
A 2417y Z3F aieksldth. vk 1 mLE Shigella broth 9 mbl %381
445Co| A 7 202 24X wjofet & Meujx]2 BS agar, XLD
agar, HE agard o Z=dsh o5, g 4d Hghs Adsto] TSI AL v A
of HJFskol 35TolA 2443k v kst vk, TSI AbHu) Aol A 23 22l wEG
S UeE Shigela sp. A FF = TSA ALl A o] ZFoFujekasto] APl 20E
(bioMerieux, France} s 7 s} t}.

>

o (

24. ZYAFol A FAA FFA

e - eAY w5 ¥

|
4 A9 Acar and Goldstein (199%)

2
i

s
g2 Zg2bH3} vl National Committee for Clinical Laboratory Standard
+ Miuller Hinton
Wl oF o o] 35
& McFarland No. 0.3} =5 A3t 34d #42 1% NaCle 37}

(NCCLS, 2004y <=cto] AAjstidn. =, 499 72 #+5
broth (Merck, Germany) ~/] 35C o] /] 18~ 24A] 7+ w3t o}

dlo

stal 77 4 mm=z =3 Miller Hinton agar (Merck, Germany, MHAY] 3} o]
Bom =Sttt ddol FFH MHA H3d> oF 5zt A= WA e}

of #AE FFA F A v2=(d 8 mm)ys ] & A (dispensorE ©

st o] AN FA vrart nFE MHA B3-S 35Co A 1

6~18A1 7+ wleket o Al dxa FRed FAE A5 A di(inhibition

zonep] A& SAs A ZAd G55 BESAT wEd T At

A A Y Ax+= NCCLS 7]+ wek WA (R; resistance)} 74 (S;

susceptibley. = &3} 31 t}.

HeE HAAFAT B A AT A A 7

"/I:
a4 t]~=a%= Sensi-Disc (BBL, USAE A&t on, #E2u= A g &
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Aol ek §EF2 Table 2 vebW Lt}

2.5. Tetracycline WA F+ A2 54 Al g
2.5.1. Polymerase Chain Reaction(PCR)3-
2.5.1.1. Total DNAZZ

A Ete TSBel HFate] 35CeolA 18X3F v ¢fg vh5 i Fed 1 mL=
A4+ 2(20,000xg, &)ste] HetAdoh Jodd dA= 200 ube TEG &%
24925 mM Tris- HCI, 10 mM EDTA, 50 mM glucose, pH 8.0)= & ¥ 3k
oS 94 (20,000xg, F)3tol G A& Al AB T Lysozyme (Sigma,
USA)e] 2 mg/mLrt #7Fe 200 uLe] TEG €58 o] dgsle] 30CoA 2
Ay Eok WS A Wkg-olo] 150 pLe] 10% sodium dodecyl sulfate

(Sigma, USA) &S 1% = %2 H7lsto] 70CAHA s FHeA 2 u

N
2
_>|J_'4
i
ol

o
ki

, 300 uL¢] 3M sodium acetate (pH 48) H7}3+ & 0Tl A
107 WA 3 o 942 (20,000%g, 2@-)3F Atk G H 500 b 3k
I FaF(viv)e] PCI (saturated phenol : chloroform : isoamylalcokol25 : 24 :
1, Bioneer) & 4-& H7iste] @Azl the U4 i 2](20,000%g, 3@)3}H%
A7)l 400 pLel RNase A (Sigma, USAF 200 ng/mL 5 == #H7lsla 30C
of| 4 1A%k ®F&-AZ Tl WS- 3 proteinase K (Sigma, USA) 50 pg/mL 3 7}
Skal 50T A 1A 3 RES-AIA @id g A A S

de] W] Ewel PCl §US HiAse] @ EFE F ANEY

& Arbeka 70Tl A 1417F HAA AT ol & 91414 2)(20,000%g, 36)
dto] A AL AAsL HAE(pelletye 1 mLe] 70% ol g&= 13 A H g
e 1023F 7] FollA AxAA oees w5 AAsAT AHES 50 ub

¢h% g (10 mM Tris- HCI, 1 mM EDTA, pH 7.4y1 @47 total
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Table 2. Antimicrobial disks used for the suscadlityptest of the bacteria strain

Contents -
Antimicrobial agent ( Jdisk) SaFr{n%Oellllaorsp. S. aureus Enterggg(.:cus Vibrio spp.
Amikacin (AN) 30 ug . . .
Amoxicillin/clavulanic
acid (AmC) 20/10ug ) ) )
Ampicillin (AM) 10 ug . . .
Cefazolin (CZ) 30ug .
Cefepime (FEP) 3Qug . .
Cefotaxime (CTX) 30ug . .
Cefoxitin (FOX) 30 g .
Cephalothin (CF) 3Qug .
Chloramphenicol (C) 3Qug . .
Ciprofloxacin (CIP) 5ug . . .
Clindamycin (CC) 21g .
Doxycycline (D) 30ug . . . .
Enrofloxacin (ENO) 5ug .
Erythromycin (E) 15ng . .
Gentamicin (GM) 10ug . .
Imipenem (IPM) 10ug .
Norfloxacin (NOR) 10ug .
Oxacillin (OX) 1ug .
Oxolinic acid (OA) 219 . .
Penicillin (P) 2units .
Rifamfin (RA) 5 ug .
Streptomycin (S) 1Qug .
Tetracycline (TE) 5ug . . . .
Sulfamethoxazole/ 23.75/ . . .
Trimethopenem (SXT) 1 25 g
Vancomycin (VA) 5ug . .
Total 19 9 10 10
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DNA= A g3tglow 4@ A7x -20Ce04 a3

251.2.PCR ¥3x2

PCR %32 PCR Thermal Cycler (Takara, Japan)94Co|A w©]z] 587+
o ¥ Al (denaturation)#] 71 5 94C 1%, 62T 1%, 72C 1# %$23 1 cyclez
stel 30 cycle ¥H-&-A1F o, 72T o Al 43 37F Al % (extension}] Z1 th.

PCR ¥ =Z4l2 & 0.5 ghL Ethidium Bromide (EtBr, Sigma} #71¥ 1%
agarose gel’dolA A7 Fsto] sttt & Aol AMEE primers
tetracycline WAl - Az} o] B X ZALE ¢]3lo] National Center for Biotechnology
Information (NCBIpIl A &3t %223 (Genebanky. = F-€] E. coli - =
9] tet A, tet B, tet C, tet D, tet E, tet YO A5, 28] 3 class I integron
¥} class I integrore] X XALE $lste] FHAASPo =R E coli 29
integrase I (int7) % integrasell (int/7)E A M3lo] zZ4zte] d7|AdES &

A2 o] A ZEFdtH(Table 3, 4).

2.5.2. Tetracyclined] A4 -+ % 2} ] cloning

ol

Tetracyclinel] WA S YElW = #F T 54802 3= F+4A= cloningst
7] $lstel PCR T%AtES AAstE gel elution ©A 2} vector] A4S
(ligation)s} 1 competent cell E. coli DH5a)l transformation}= TAIZ ¢
o] sttt

PCR 5 %A=L Wizard SV Gel and PCR Clean-Up System kit (Promega,
USA)E Al§3to] agarose gety-E el - AA 3ttt PCRALE & 520

2 3% DNAE #date] microtubell & 7131 7Z(gel) 10mg ¥ membrane

binding solution 10uLE # 7}sksict. 65Co A 1027 wH3-AA 2AS =59 F
A & (columnpll #7131 A4 22 (16,000xg, E)sto] A HS Al AR
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Table 3. Primers and expected sizes of R@RIlicons for varioudet genes

_ tet _ _ Expected Accession No.or

Primer Oligonucleotide sequence (5'-3") ,

genes sizes (bp) reference
tetAPF gCT ACA TCC TgC TTg CCT TC

tet A 210 Ng et al, 2001
tetAPR CAT AgA TCg CCg TgA AgA dgg
tetBOF ATg AAT AgT TCg ACA AAg ATC gC

tet B 1206 J01830
tetBOR CTA AgC ACT TgT CTC CTg TTT AC
tetCOF ATg AAA TCT AAC AAT gCg CTC ATC g

tet C 1191 J01749
tetCOR TCA ggT CgA ggT ggC CCg gCT CCA Tg
tetDOF ATg ATA AgC AgT TTC ATA CAA Cg

tet D 356 AY528506
tetDOR TCA gTg CAT TgC CTC CAA TTC
tetEOF ATg AAC CgC ACT gTg ATg ATg gC

tet E 1218 L06940
tetEOR gCC ATC ATC ACA gTg Cgg TTC
tetYOF ATg TCA AAA TCA CTT ATA ACC gCA C

tet Y 541 AF070999
tetYOR TTA AgA TCg CAA TAA ACT ggC Tg

_19_



Table 4. Primers and expected sizes of R@Rlicons for integron

. . . Expected .
Primer Integron Oligonucleotide sequence (5'-3") , Accession No.
sizes (bp)

EintI -F TCA gCA CATgCg TgT AAA TCg TCg

class 1 951 L06822
EintI -R ATg AAA ACCC gCC TCT gCG CCg TTA C
Eintll -F TTT ATT gCT ggg ATT Agg CgC gTg g

class II 536 AJ0018146
EintII -R TTC TAT ACg CAC ggA TAT gCg AG
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Membrane wash solution 700LE #7}sle] T U3 wy oz JAE s}
EEES AAT o Ao 187 Ax354 . DNA £2 = nuclease-free

water 50uLE A7ha 5, QAR e -207

@)

ol ®ystaAs Ao AR5}
A

A #¥+ DNAE pGEM-T Easy Vector System kit (Promega, USA)A}-8- 3}
o] cloningr|Zth. A Al¥ DNA 3 pL, rapid ligation buffer (x2) 5uL, pGEM
vector 1L, T4 DNA ligase 1ulL, =73 10 uyLE #H7lsle] 16TolA 4A] 3+

&<k ¥k3-AlZ o}, Ligationr] 71 ®EE-8-9 10 uL ¢} competent cell E. coli DH5

=

a) 100 uLs AojAx L& oA 307+ wkSA| 7oL, 42ColA 90% 7

heat-shockA] 71 5, thA] W &bl A 2E-7F k3 A] 7 o},

Hk-g- 3 SOC medium (Sigma, USA) 900LE % 7}star, 37CeolA 60% 7t
28 wjkAl AT, wekde X-gal (5-bromo-4-chloro-3-indolyB-D-galactopyra-
noside, Takara, Japan) 2F/mL¥} ampicillin 50 ug/mL7} % 7}¥ Luria-Bertani
(Difco, USA; LB) ¥ #uj o] Z=wtalo] 37Col A 24A17F Hot kA7l &

Beere Aestel A Qs

R

ok

N,

2.5.3. Plasmid DNA® 2 3 DNA ¢7]4 4 &4

Plasmid DNA= «-Z-2] &3 i (alkali-lysis)o. 2 2] 5} ¢l t}(Birnboim and Doly,
1979). A A7t FfrE LB qA Aol #& FFsto] v o A
(20,000xg, &)ste] #AlS Htatdrk Jwd wA= STE 45§01 M
NaCl, 10 mM Triss HCI, 1 mM EDTA, pH 8.0) 200uL& A}-g&3lo] A3 t}
<, lysozyme] 5 mg/mL 350 3= TEG ¢+5 8 Ao 300 uLE 3 7}shof
e A ZA T 0C, 1027 ¥ 5 300 ule] 1% SDS-£(0.2 N NaOH 3H5)
= #7kstel 0CeolA 5&3F &aiAZ . W&ol 300 pLe] 3 M sodium
acetate & (pH 5.2)S H7}ste] 0ColA 1087 AA g e =

Al
o

o
f
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(20,000xg, 1€)stdtt. A He HAstel o] PCl &S Hrbshe] AL

#](20,000xg, 1€-)3}Ach 474 A4S microtube &7 20 F(viv)e] WolEe S

A 7kste] plasmid DNAS @Az AdEE 94]%2(20,000xg, 1&) F

oA Azxsta 50 ube] TE ¢35 49(10 mM Tris- HCl, 1 mM EDTA, pH
1 Aol A&k

Sequencing- plasmid] %> miniprep plasmid isolation kit (Qiagen, USA)

7.4y @EA A -20C o B T3} X

9} plasmid extraction kit (Bioneer, Korea) A}-&3&}o] 3= 3131},

DNA 71449 2484 9so] Dye terminator cycle sequencing ready kit
(Applied biosystem, Forster City, CA, US&) Al-83t9 09, Zt7te] d7)A4d
< NCBIol| A4 ¥4 3l:= BLAST (http://www.ncbi.nlm.nih.gov/BLAST)%! European
Bioinformations Institute (EBBIA %3l FASTA33 (http://www.ebi.ac.uk/
fasta33p| databas& o] §3}o] 43} t},

2.5.4.E. cali?] tetracycline WA fd & 3 A}

Tetracycline] WA < YeElg = E. colis iAo 2 tetracycline W) 4 & 4 2}
(tet genesy] EEZFALS A A&t = tetracycline 1A 714 F efflux H=
7150l 93 tetracyclinel]l WA < veEld= WA FAAQ tet A, tet B, tet C,
tet D, tet E % tet YO X FAE 9|35t tetracycline 4] E. coli 1657+
25 ¥ total DNAE &5l PCRHES o]&35le Table 3 veldl 77k

primerz &1} t}.

255, ] FFAA T L FWA T tetracycline A A2} 54 A
AF gAY ¥ #F F tetracycline] WS 7HA = @ FAA

A1t V. parahaemolyticus, V. alginolyticuse} 7} A+ Enterococcus spp= o4+

o % Table 3 el primer2 PCRE S o] &3l tet genes] E¥XE %

sttt 2+ FFo A HE9 tet genes A7) e W o2 cloningdt T 7] A
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4 ww ¥43le E. coli, Enterococcus spp. 5 S

2
parahaemolyticus, V. alginolyticus 5 & &F4F A Al ot 0. 2 2] oAl WA =2

Aol b5 e zAek

2.5.6. E. cali9] integron &3 XA}
Tetracyclinel]l WA S 7FA = E. coli 165755 thAto
WA A R7F 2389 cassette A A7 Ao =M

s WS WE = integron

Ruf
2
ro
ok
EY
2
i
2

% class 13 1o ZZE zAstdt
Integrore] %= Table 41 el primerz PCRYS o] &38to] #elstgle
o, integrorr] EAFdozA BAEE AN AEZ s 8]
integrorp] EA|3lE w39 EAEA W= #F AEne AU ArEs

NERE R
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T
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o

20043 54 %-E 1097bA S vhet

5671 A9

= =
T

G

i

Al ) 3F, &5~ (Enterococcus spp.) 52, 18

=]
Skl

Al et &

A
It

947

o}

A n] B8] 9 (Vibrio parahaemolyticus, V. cholerae, V. wlnificus, V.

2]

At ¥

alginolyticus), =+ Salmonella sp., Shigella sp., Saphylococcus aureus 5 <

baa et

S

o=

23!

o

i3

EREES
Aol

ol o

111 A5 A8A

]

T

=0

nE

11. o

Ay
-

-
st

wK

gubet deksle &Al 67 Ao A% g

& Table B Ve AT

(0]
-+

<1.8~49 MPN/100mL, <1820 MPN/100¢>. =

7F5 9 v

AA A 5o

3

Dz

HoZ

=
;O*

AL
OO

H] ol

} <1.8~350 MPN/100mL, <18-1,100 MPN/100g

o
BH
of
Mo

~

I

Nfo

=
K

¢+

=
)

g <]
<1.8~17 MPN/100mL, <1840 MPN/100¢. =

oF &I =z}

7] o2 Agdd. 28y dXx

1

r

Z

i

)

iz

R

o
gl
iz}
N

o}

.
Bo

o

Bl

B
ol

f<=oll A <1.8~2.0 MPN/100mL, % 3] & 2ol A] <18~<18 MPN/100g, 3} ol 4]

9]
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Table 5. Ranges of fecal coliform in seawater amdnéd fishes collected

at different geographical fish farms

. Fecal coliform Number of
Sampling area Samples
(MPN/100g or mL)  samples
Busan Oliver flounder <18~20 6
Seawater <1.849 6
Geoje Sea bass <181,100 6
Seawater <1.8 350 6
Oliver flounder <18-40 6
Seawater <1.817 6
Tongyeong Black rock fish <18<18 6
Red sea bream <1820 6
Seawater <1.82.0 6
Yeosu Sea bass <18460 6
Seawater <1.87.8 6
Black rock fish <18-45 6
Seawater <1.82.0 6
Wando Black rock fish <18 3,500 6
Seawater <1.8 540 6
Oliver flounder <18-16,000 6
Seawater <1.8170 6
Jeju Oliver flounder (A) <18 2,400 6
Seawater <1.8<1.8 6
Oliver flounder (B) <18-20 6
Seawater <1.81.8 6
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Table 6. Detection rate ofalmonella sp., Shigella sp. andSaphylococcus aureus

in seawater and farmed fishes

No. of positive sample(%)

Samples No. of

sample Salmonella sp. Shigella sp. S aureus
Fish species
Oliver flounder 30 1(3.3) 0(0) 0(0.0)
Black rock fish 18 0(0.0) 0(0) 0(0.0)
Sea bass 12 0(0.0) 0(0) 1(8.3)
Red sea bream 6 1(16.7) 0(0) 0(0.0)
Seawater 60 1(1.7) 0(0) 7(11.7)
Total 126 3(2.4) 0(0) 8(6.3)
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Table 7. Detection rate of pathogenic Vibrios @awater and farmed fishes

< I No. of No. of positive sample(%)
amples

P sample V. V. V. V.

cholerae  wulnificus  parahaenolyticus  alginolyticus

Fish species

Oliver flounder 30 0(0) 0(0) 6(20.0) 11(36.7)
Black rock fish 18 0(0) 0(0) 5(27.8) 7(38.9)
Sea bass 12 0(0) 0(0) 3(25.0) 2(16.7)
Red sea bream 6 0(0) 0(0) 0(0.0) 2(33.3)
Seawater 60 0(0) 0(0) 32(53.3) 40(66.7)
Total 126 0(0) 0(0) 46(36.5) 62(49.2)
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Table 8. Detection rate of pathogenic bacteria éawsater and farmed fishes by

sampling area

No. of Salmondlla S Vibrio spp.

Area Samples
samples  sp.  aureus v/ parghaenlyticus V. alginolyticus

Busan  Fish 6 0(0)Y  0(0) 16.7(1) 66.7(4)
Seawater 6 0(0)  0(0) 66.7(4) 83.3(5)
Geoje  Fish 12 83(1) 0(0) 8.3(1) 33.3(4)
Seawater 12 000) 16.7(2) 66.7(8) 75.0(9)
Tongyeong Fish 12 83(1) 0(0) 16.7(2) 41.7(5)
Seawater 6  16.7(1) 0(0) 66.7(4) 66.7(4)
Yeosu  Fish 12 0(0)  8.3(1) 25.0(3) 25.02)
Seawater 12 0(0) 8.3(1) 50.0(6) 83.3(10)
Wando  Fish 12 0(0)  0(0) 50.0(6) 33.3(4)
Seawater 12 0(0) 33.3(4) 50.0(6) 58.3(7)
Jeju Fish 12 0(0)  0(0) 8.3(1) 25.0(3)
Seawater 12 0(0)  0(0) 33.3(4) 41.7(5)

Y Number of sample detected.
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o dFol wek WA AR @Al TR vh2r] wiel X

ol Wl HEo] ¥R 1 WA f¥S AR Favt vk aHA

FElvbel delel Aot A 67 A o FEFEAFAAN e - E
SFAFA) Al 3+ % V. parahaemolyticus?t 194w 5=, V. alginolyticus7} 12057} 7}
b ZYEAed o= WAdES 72 98% 31 100%e] 9l o v (Fig. 8), o1&
ek 2 A WA Y2 Fig. 1101 el
4% V. parahaemolyticuse} V. alginolyticus7} @vtA] WA &o] =
U AL A Gl AHEE oy 7HA] FHEAE F A 1AW FEA] ampicillin
of thal 98~100%°] WA &= WEFH 7] wZ o] Tt

g A FFE WA dolA = V. alginolyticus7t A wkE o 2
parahaemolyticusell Hlslo] thFgt s S vetWiglar, A WAEs= o
=2 Ao ® Ueutth. Vibrio sppell ek Al A Aldoel AbgdE 3

A FRE BT 10MAGen, A8 FF5 10% o 4o e e

10

(

g
b <

l

ot

A= V. alginolyticusell A = ampicillin 2] ¢l sulfamethoxazole/trimethopenem
(SXT), amikacin (AN), amoxillin/clavulanic acid (A@), ciprofloxacin (CIP),
doxycycline (D), tetracycline (TE)s 7%+ ¢! %9, V. parahaemolyticusel A =
ampicillin ¢ ol oxolinic acid (OA), amikacin (AN)5 =% 3% /9 Aoz 1}
Elytth. V. parahaemolyticus 2 V. alginolyticus= 3 Al 7H-A Al @ ol A=
o & gt Ao Hste] ampicilling} amikacirel]l tielo] WA o] =& ZHAow
EFuk

Vibrio spp2] ampicillinel o st WA 2> Ul 9] ofe] AFAEe] 93 B
Ha ged dTAgde Aued, e 48 F
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Fig. 11. The antimicroial resistance patterns\6brio parahaemolyticus and
Vibrio alginolyticus isolates.
SXT, Sulfamethoxazole/trimethopenem; D, Doxjiog; TE, Tetracycline;
OA, Oxalinic acid; CIP, Ciprofloxacin; AN, Afkacin; CTX, Cefotaxime;

FEP, Cefepime; AmC, Amoxillin/clavulanic acidM, Ampicillin.
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parahaemolyticus 167 < 1275 (75%)7} ampicillinoll t3sle] WA S e
o7 ®uEYoun(Son et al, 2003),FaHet 37 FtAENA EedE W
parahaemolyticus 187 2] ampicilline] WA &2 72%(13+ )% L Elskth(Lee et
al., 2001). =3, A<ksk s Fol A ®el g V. parahaemolyticus 18+ F 9vf
=, V. alginolyticus 113+ % 10 ol A ampicillinel] tj st W2 o] z+7zF 50%,
90.9%= e Aol RE® vE oS Aol F= ampicillinel
T UNAAET =L Aoz Hustgdti(Lee et al., 1998).

gk, Aok A E 19804 $-wbol= Zztol A 2% V. parahaemoly-
ticusell /1 ampicillin WA o] A% #3751} (Matsuzaki and Tanaka, 1987]
TulAlobe] B YWy AALskAie] A V. parahaemolyticuse] ampicillino] g WA
L 199539 67% A4 2001 9] 100%= Z7}slithar XM s 8l o v (Tjaniadi
et al.,, 2003),o}Ao}x] 9] {4 FA Aol A & H V. parahaemolyticus
o] ampicilline]l 3 WA X 97.4%] vt B 1159l th(Wong et al., 2000).

kA el A 2 eld V. parahaemolyticus W ol el g4 YT
ampicilline]] tjgt WA & Jds] =& 3oz =gl

V. parahaemolyticuse= 5=l A 14505, o] FollA 497 F7} ztzt &5
A, o5 wF F el wEE 3wFrbe] BE Al 10F e ok
S vedd e, ymA 191 F+= ampicilling 238t g 7pA] o
Zeo] Aol tisto] WA S el AG(Fig. 12). & E5F 5 Al AHS
A F FX ampicillinel st WS JEld = AT TE 1127
T2 AA FHTFe 67.7%= A=, o] W&ol V. parahaemolyticus®]
W&ol =4 YEde Fa9 ddo=z Fx

st A o A 22 5 &= Vibrio sp.e] ampicillin W4 & <l x4 Ao} Jakarta Bay
ol 4 ¥z ¥ V. parahaemolyticus:= 9 97%, V. alginolyticus= °F 67%e] i th
(Moritori et al., 1985).722] a1 o] &g o} 2] Northern Sardinia?l ¢toll A ¥ ] €
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Fig. 12. Antimicrobial resistance pattern \drio parahaemolyticus isolates according
to the number of resistive antimicrobials.
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Vibriog Alwre] 80% o]/do] ampicilline]l WA S YEeE AT H o
(Zanetti et al., 2001)/ 9 AAWAA 7H7he A= HAES UHEHH AT
a2y AW A S YERE V. parahaemolyticus T F & kA o] Foll A T4

F(EIEFGNA 3dF, FolollA 43t F), Gl 5 FrF wElEo] WA

gl th(Fig. 13). o]= V. parahaemolyticusoll A ¢ vlz7bx =2 B8 7}
ampicilling v %3k g 71A] o]o] Al s WAS JdEtlr] WEow
ampicillinel disiA s WA S YegdieE dF5 5ol 57 F(47.5%), 34
ol ol Al 197 F(15.8%yt e H el ol 5ol HA ZEd F AA = v & ol
69.2%= dF S AA AT AW S UERN = V. aginolyticus 5=
ol A 9F F(7.5%), F2] o] Foll A 1675 (13.3%y} 2tz AEwo] AA B
20.8%= V. parahaemolyticusoll H|&l¥ thh =& WA &S YERY

%.
Rou te BT 2 AAATAF WY ST £ oy Ao
s

E. coli= 67} A9 ofFFAFolM F 316d 57 F2lHo] EeldF

0o FEoRAME F Be #FE2 Agsgod, ampicillin T 199 g

o

o~

i

H A S tetracyclinel /] WA &0l 74%= M =g ULl
cephalothin 70%, doxycycline 66%, streptomycine 47&mpicillin 46% 5 ¢ <
o] o, imipenem, cefepime, cefotaxime 2] 11 gentamicin 5o A= W

d &l 0.3~6.0%= EY
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Fig. 13. Antimicrobial resistance pattern ibrio alginolyticus isolates according
to the number of resistive antimicrobials.
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Fig. 14. The antimicrobial resistance patternEofcoli isolates.

AM, Ampicillin; AmC, Amoxillin/clavulanic aid; AN, Amikacin; C,

Cephalothin;  CIP,  Ciprofloxgci CTX,

CF,

Chloramphenicaol,

Cefotaxime; CZ, Cefazolin; D, Doxycycline; ENO, Bfioxacin; FEP,

Cefepime; FOX, Cefoxitin; GM, Gentamicin; IPM, Ireipem; Nor,

Norfloxacin; OA, Oxolinic acid; S, Streptomycin; TETetracycline;

SXT, Sulfamethoxazole/trimethopenem.
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Algdoll AlsE E coliv ol Al 139¢ 5, of Fol A 177571 77 &2

HE, o5 F 247 F(7.6%E RE FRA BaAS YEhpga:, 4%

o] e F Al e YEE AW TS siFol A 74T F(23%), o
ol 4 101#F(32%)2 7+7+ Uebukth(Fig. 15). 3] E. colio] A @€ &34
F 19% T A 10% o149 dwtA dste] WA ved #5071 35
oAM= 107 F(3.2%yF ¥l oy, of Fol A= 60w 5(18.9%yt i ] ¥ o
oAfFolA i =& WA %S UEHAH. oA H 2dF =9 FuAd e
2 FAdA fFUdslE E coliol A tAWA &l ¥ WAAIEFS S 74

A Aoz WAJAZE dold 7te Ak doernm FAoAY e

2.2.2.3 Enterococcus spp2] Al WA 5A

m

s L olFolA Ez¥ Enterococcus spp. ol A= E. gallinarum,

m

durans, E. avium S % ®HAXT Fz wo] == E. faecalis,
faeciumwt Hesto] A A FS Felste] 2 Aa= Fig. 16 e Sl
faecalisel E. faeciumol] thsto] 1059 dAlE Agste] 4 ANdS §
A3 121it5F 5 118EFol A WA S detlio] 97.5%] =2 WA &S e
YAt E. faecalis®] 8 sarAd gk YA &2 tetracyclinel /1 80%= 7}

m

_>~.L

= e YA, o2 doxycycline 77%, erythromycit chloram-
phenicol 76%, ciprofloxacin 74% <o 2 WA &o] =4 YEh e &
gt FrE o] vl T @Al skl AdS dEL e & F 3
k. 22 ampicilline] 3 WAL 1.5%2 7 =

o™, gentamici} amoxicillin/clavulanic acid] 4] = Z+7} 12.1%, 13.6% H]
WA e grAe e

E. faeciume] 3t A WA A gL rifamfinol A 86.5%= 714 =2 WA ES
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Fig. 15. Antimicrobial resistance pattern Wibrio alginolyticus isolates according
to the number of resistive antimicrobials.
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ety a1, oo =2 ciprofloxacin 64.9%, vancomycir! tetracycline 59.5%,
erythromycin 51.4%% 2] o= eyttt Ampicillin®} amoxicillin/clavulanic
acidel Wl A= E. faecalisoll A 9F vlz7FA = A &0 Z+ZF 5.4%, 16.2%:

Hlw A g2 A &S el vk, gentamicind vancomycir: WA & o] Zb

2 a7 WAAS e E dd4 5 24d E. faecaliset E. faecium
TEER 47 1334 2E sdAdo dste] A S JElSla, 4% o]

Feol @Al didte] WS detlls BAlAd &S E faecalis7t 77.3%

(51/66), E. faeciumoe]| 62.2%(23/37%] 21 t}(Fig. 17).
A AbE I 7FSo) AAAAA FWAlEFol AN HE FaT Hdd
o=2% 9Ax 3 9 ri(Tailor et al., 1993).% 7ol o3 7dZF9o Xz

penicillin?} aminoglycoside &5 & A Al & A}-&3l=dl, B-lactanvd] 2} aminogly-
cosided] Aol WAS 71 #F7F Ed5H7] A FEHE A, vancomyci -
lactanll &3t Ao Wxke Ay B-lactanvll Al WA ol diske] AL
g o]z ¢rh(Schwalbe et al., 1987)z#v} H < VREZL 2AE 7] A &390
H, "= HYdZd 757 (National Nosocomial Infection Surveillance; NNIS)
of Azl waw maolA g o® A3 VRES T Eo] 19894 9
0.3% A 19934 7.9%% S 7Fetdvta gk, oAl oA WA S 71X VRE
of ¢g 8 ZF(bacteremiayt HHE AAELS A9 T0%] o221 Qi
VRES] WARFHA7F & agdd Fdo= dojg =4 vancomycin
resistant Saphylococcus aureus (VRSA)9] =do] $H¥ddx sH(Gin and
Zhanel, 1996).5=3F Vancomycire] #| %% 0l A&y} AlgHlE o] F7l2 VRSA
=d9 FHo] $HAHL L, olHF FFel o3 FAFT A=Y FAV
4] z} s} o} (Christensen and Gubbins, 1996).% VRE:= vancomycirl] 7+ WAl &
7WA = Aol oyl o2 7kA] Aol WA Hol=d, o vhAl Al WA
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o] VRE #del og AtwtE F7bdl dd& Alwsta glrk(Hagman and
Straubaugh, 1996)0] A3 A2 A WUF oA FaAol L4 9
= dFo] FAMA FeE dedn Jx, AW TY] HEeE A F
Zbahal e Aoz v A Ee] g S 8 vk obye WA AR

Holo] SHolME Wt=A] el Hojof d dF o AZ4HEn.

2.2.2.4. SAlmonella sp. ¥ S aureuse] Al WA 54

B oA Egd Samonela spet S aureuse zHz 1875 W 15 R
ool gk 1959 7t IdAd WA 4 FS Fig. 18] el ATt Salmonella
sp= 1959 FAA F 759 FHAdAT WAEAe vedded, os F
non{3-lactanl] @3t A Q1 tetracyclineg} doxycyclinel A z+Z} 66.7%, 55.6%
o YASES v oew, teow B-lactand #F A2l cephalothing
cefazolin 33.3%, cefoxitin 27.8%, ampiciliih amoxicillin/clavulanic acid 11.1%
o] =o & yeElutth. L3 cefotaxime, cefepime, imipeners 3% <] B-lactanv
3}t Al 9F amikacin, chloramphenicol, ciprofloxaciz- 9% 2] non{3-lactanv] &}t
Ao thal A= 100%2] A S eIt

19994 78 20013 7kA] f-2juel A& Al AAFSEel A 22 Salmonela
sp. 71&+ F tetracyclinell ojs WATFT7F 32.7%= 7 =g
streptomycine 28.0%, ampicillin 12.4%, chloramplehi7.5%, cephalothin 4.0%
solon, 90% o] HFAS uEkd A= amikacin, cefoxitin,
gentamicin, amoxicillin/clavulanic acid, cephalagthiz-©] it B aH 81} glo]
(Park et al., 2002)2 A2 3o} w528k 7 kol lvh. HE3h, 199347 ¢ 2001
d7HA =l frE
75.6%= 717 =9to ™, ampicillin 65.9%, tetracycline 61.0%, chlorampiceh

AEo] A Eeld drda= streptomycine]l o WA o]

9.8% 5 o = YElyk o}, amikacin, gentamicin, cephalothig ¢] @<t Ao i 5
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AN, Amikacin; CC, Clindamycin; D, Doxycyok; E, Erythromycin; OX,
P,

The antimicrobials performed &lnmondla sp. isolates same as thoseEofcdli.

Tetracycline; VA, Vancomycin.

aureus isolates.

Fig. 18. The antimicrobial resistance patternSafmonella sp. and Saphylococcus
Oxacillin;



Ae #5AE etz 2ad vk glof(Chung et al, 2003)8t4, 2 o
T oA+ Park et al. (2002) =gk Awrdete] A& Hlulste] & o
tetracycline] 66.7%= 24] o]/ =& WA &S YeEU o™, cephalothin]
33.3%, cefoxitir] 27.8%, amoxicillin/clavulanic acid 11.1%= H] w4 =2
&S JeERN 2 o, ampicilling ¥ 223 A 8-S e QL

a3 Salmonella sp7F WA S yERA Al Sl ol A W gt A el
st A4S YEd dFE 3T F(17%)pe] o, kA o] gt Aol U
gt WS UEd #F7F 8 F(44%)= VY B2 HlE&S UEUA L, 4%
ol o A WASs UeWe dAWA #FE B 53 F(28%)= Hl
=2 WA &S Yebd loh(Fig. 19). 199 F-5 20013 7-#] Skt A& Al
o] /] @ Samonela sp. 7185 5 45%7} WA o], o]
E W4T F T 24wt ANA S YeEd At Basgl=u(Park et al
2002), o] = & ATA I FAE B o] AT,

S, aureust= B-lactanv]] 3t Ao 435 penicillinA] 2] penicillin?} oxacillin
ol A Z+7} 66.7% 3 60.0%°] =< WAEES YedAt. 2 9o A=
25 non-lactamv] @Al 24 vancomycir] 4 = 53.3%= H] A =2 A
&S YeE 3, amikacigt erythromycirell 4] 40.0%, tetracycling] A 33.3%=
el Sl om, clindamycire} trimethoprim/sulfamethoxazof o 3 A = 100%2]
dad S UeEtSdth(Fig. 18). 183 WA e UBde A Fol wE
AeEd 4T FatAlel A WS detll= F5F7F 40.0%(6H )= 7HE
ES HES YE o, 459 A WS YEd AW TTFE= 8
T (53.3%)] 2 tH(Fig. 19).

2 AFolA F8E S aureuse 157t Foll Bt Al @A T FFwtA
4SS FE8 d9stvl= oddey, wdd #59 53.3%) vanco-

mycin WA & Ay = AoZ e o] ol o3 & FA Al o

:‘T:

=
X,

(o
2o
2
2
o
N
N
o
s
i,
i
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3. £ FF9 tetracycline WA A2 5A
o FA gl A FHAsA AHEEH T Y& tetracycline] WAL YEly &

£t

E. coliZ thAa o2 tet genes] X ZALS AA st =8 & A A A

Ry

V. parahaemolyticus, V. alginolyticuse} <42l Al i+ Enterococcus sppoll A = tet

N
=2

genes] X FXALE A Astal, E coli g A AEY tet genglt] AF
d ZAFE ot S FAAT I S FFAAT e Al WA ol
7bed e Fdetaa sklvk. el WA AR £FE cassettesi 1 At

b @8 &2 ol i Ee] EFoEA vgFd FAsel W WA=

FFA A F H AFEFESYE 8% E coi T otet genes:
B&3 E coli 165 o] tE  FH A4 9 A% = (Minimum  Inhibitory
Concentration; MICE =# 3 A7, 7 ¥+ 16~128 ug/mL= el oh(Fig.
20). 95% o] /o] W27} tetracyclinel] tjsle] 32~64 ug/mLe] MIC &%=
E uEtdie] mluF vre Ao w FlHth. a2y S {A oA E
F T FFo Ao MIC FE=i 128 ng/mL(1.2%)K] # o & &% g},

3.1.2. tet gene 7 =& primerd] 7 <

Tetracyclinel WA S UElWE= E. coli 165759 tet genesEEXALE 9
sle Table 2| el primer2 PCRE A3 A3, tet A= 210 bps,tet B
+ 1,206 bps,tet D= 356 bpsl s TFste THAES SAT F dAoH

(Fig. 21),tet C, tet E, tet Y= = o] Rals E coli 1657 F A= &4
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Fig. 20. Minimum inhibitory concentration pattern$ the tetracycline

resistanE. coli isolates.
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A e Aoz yelyth #1E% 210 bps] tet A, 1,206 bps] tet B 2

Ao w g tet genel A =elatr] $fsto] cloningel ©f g
d71ME BAE Foto] FEdS Z90% 23, E colid tet A 7S] B
¥l S typhimurium MSPS4, P. aeruginosa, A. punctata®] tet A}, 2183 E
colio] tet B9} tet D= S typhimurium, S flexineri 5 2] tet B, tet D& U A g
S ¢ 4 3%l ti(Table 9~Table 11).

3.1.3. PCR: ©]§-3% tet genes]

Tetracyclinell WA < Yel+E E. coli 16575 9] total DNAZ %31l o]
= Ao 2 tet geness efflux 752 Faq st FA A9 tet A, tet B, tet C,
tet D, tet E, tet Yol tha 2X 2 391317] ¢ 35to] Table 2] ElA primers=
PCRs A A3k t.

Tetracycline] WA S YelWs E coli 16545 F 2 dAgolr A3
tetracycline 44 242 657 = tet A, tet B, tet Dt EAjsl= Aoz 3
A= dom, tet C, tet E, tet Y= BE EEdFoA EA81A e o=
ey th(Fig. 21). Tetracyclinell A 2= WA 71 o wet =24 efflux
proteins, ribosomal protection proteins, enzymaksactivations 37} 4| & G & ¥
™, 38% <] tet genes] EAlctE Aow dHA S, °lF T ot A~E
o X3k 237 A= tetracyclines: Az wro = wjE3h= efflux protein

o Agol o) WAL AR, TFEA ATAA Y AnHoR WAL

rr

1 o] t}(Roberts, 2005).
Tetracycline A 122 243 E colidld @ WA AR A} F 7o)
Aol B3 YA AANAESY §FEE Folsly A9y BIE ZAE YT &
£ tet genes] % et

&S tet BE Al9stas Aol A sbg wgkow, t

d=
A F(75.0%)5 Al ¢ st 90.3~100%=, tet A= 83.9~100%= A 9zt & Aol
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< tet B, 1,206bps

< tet D, 356bps
< tet A, 210bps

M 1 2 3

Fig. 21. PCR amplicons to the effliet genes inE. coli isolates.
M, 100bp Plus DNA ladder; Lane t& A; lane 2,tet B;
lane 3tet D.
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Table 9. Homology analysis of thet A in E. coli isolates

Strain (plasmid or transposon) Gene Identities (%) Accession No.
Salmonella typhimurium MSPS4 tet A 100 DQ205472
Pseudomonas aeroginosa (plasmid RP4) tet A 100 X75761
Aeromonas punctata (pFBAOT6) tet A 100 CR376602
Escherichia coli WYPES31 tet A 100 AY947640

Table 10. Homology analysis of thet B in E. coli isolates

Strain (plasmid or transposon) Gene Identities (%) Accession No.
Escherichia coli (Tn10) tet B 100 J01830
Escherichia coli (pGBG1) tet B 100 AJ277653
Salmonella typhimurium (plasmid R64) tet B 100 AP005147
Shigella flexineri (Tn10) tet B 99 AF005147

Table 11. Homology analysis of thet D in E. coli isolates

Strain (plasmid or transposon) Gene Identities (%) Accession No.
Escherichia coli (Tn10) tet D 100 AY528506
Shigella flexineri (Tn10) tet D 100 AF162223
Salmonella typhi (plasmid R27) tet D 100 AF223162
Serratia marcescens tet D 100 BX664015

_68_



Ll

Holx ¢kokti(Table 12).tet A= FAky A FolA RE ZgdF7) tet A

d
@
Py
a’;

Aoz Yelgow, thgox o4 90.3%, ¢%= 86.9%, A Al

_C’L
ow, thFo R ofF 64.5%, %% 46.4%, Al T 37.5%, AA| 22.6%2] o=
Ast B, Z1e]al D7} Aol AEd w5 A4 54.8%

W dzel WA e, A A el A
A4 A5 wshe] vlmA e PES Vel

3t tetracycline] W4 & UeEldl= E coli 16505 % A& @¢d WA

AARA2 Tl A= tet D7 163w F ol A 92.7%= HE=F o 7M1 we FEE
veglon, o w tet A7l 1467 Fol A 88.5%, tet B7l 67¢ 5ol A
40.6%°] HAE=&S UHERUAT F 7FA o] tet genes: W fEd 3 A
AARR/NA FolAe tet A%k D7} Aol HEd dFE 774 7(46.7%) 717
2o E¥xs Ygudon, gdSo R tet AS B, 18l D7} FAld A

= 577 7(34.5%), tet Be} D7} Ao HEH #F v 997 (5.5%)= LE}

Tetracycline W3 A= At o] F3 Lol W} =27 2xst= Ao=
a4 2o (Roberts et al., 1990)H) A = efflux proteine] =80 <]af
A& YElN = tet genesT ZHSA Aol FE tet A~E o] 9o tet G7}
Bxsle Zo® By 9lth(Chopra and Roberts, 2001¥ # & 1o} kA
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Table 12. Distribution of tetracycline resistancengg in the isolated strain

Types of No. of isolates detected from sampling area (%)

tet gene Busan Geoje Yeosu Wando Jeju

tet A 117119100 26/31(83.9) 28/31(90.3) 73/84(86.9) 8/8(100)
tet B 3/11(27.3) 18/31(58.1)  7/31(22.6) 36/84(42.9) 3/8(37.5
tet D 11/11(100)  28/31(90.3) 29/31(93.5) 79/84(94.0)  6/87Y5.

tet A+D  8/11(72.7)  7/31(22.6) 20/31(64.5) 39/84(46.4) 3/8E37

tet B+D 1/11(9.1)  1/31(3.2) 1/31(3.2)  7/84(8.3)  0/8(0.0)

tet A+B+D 2/11(18.2) 17/31(54.8) 6/31(19.4) 29/84(34.5) 3/BE)

Y No. of isolates possess the tetracycline resistateterminant.

2 No. of isolated strain .

¥ Percentile (%) of isolates possess each tetrayaigsistance determinants.

_70_



oA BEa® 28-S A Aol tet genes] B X = tet A, tet B, tet EV}
44%= 2} A 519 1 (Miranda et al., 2003)0] 7 kA Aol A E 29 Vibrio sppal
] tet B, Photobacterium sppeoll 4 tet B9 Y, Salmonella spp} Alteromonas
spp. 123 Citrobacter sppellA tet D7} ®¥3stE 2oz Hiwo] g
(Furushita et al., 2003).

AsEEe gd WA 2A4j0aAE FoA 29E=sS A9stie tet D7t
90.9~100%% 7} =2 #AE&S ey, 3o g tet A7l 83.0~96.3%,
tet B7} 33.3~63.89®1 A o= ey tH(Table 13). 18y Xy E =o)X = tet
Ao HE&

20.0%] wo= uyeud. 7 7k ol B3 WAZAAIAEY AEE

A& Astas tet A9t D7F FAlol AE¥ o Fol A 50.0~63.0%= 7%

o] 88.0%= 7} =¢kow, 3o =2 tet Do} tet B7F 7H7F 84.0%,

e
flo

Hir

ko, oz tat A9t B, 1¥]lal D7t FAlel HEH T Tl 16.0~
45%2] o7 eyt

33.3%, tet B2} D7} EAlo A=H dFolA 0~
Jol A= tet A9t B, 18]3 D7} Ao A&HE #FoA 51.1%2 M =<

N

HEES YEHUA L, 4302 tet AS} D 27.7%, tet Be} D 12.8%] o]l

e

Furushita et al. (2003} o] F o2 Aol A &3 2H3SA AFoA tet B7}
43.9%, tet Y9} tet D7} Zt7 6.1% HES vt Baustg o, 2 dolA
= tet Y7F & e AEHA &%

al
solsgleh, T tet Be REE B AFANSE fAE Aoz vhehyh

o, A& 7tz 25%, 80%, 25% # o & ilelyiti(Christine et al.,, 2003).
ok AALS Ao A 2 F tetracycline |4 E. coli 108t Fo A = tet A7} 6

7(5.6%), tet B7} 957 7 (88%), tet D7} 17 F(0.9%)l 4] 22t HE 5o,
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Table 13. Distribution of tetracycline resistancengs inE. coli isolated from seawater and fishes

Origin of No. of Types oftet genes
E. coli isolates isolates et A tet B tet D tet A+D  tet B+D  tet A+B+D
Seawater 66  59(89.4) 23(34.8) 60(90.9) 337507  3(4.5) 20(30.3)
Oliver flounder 47 39(83.0) 30(63.8) 45(95.7) 13(27.7) 1488) 24(51.1)

Black rock fish 25  22(88.0)  5(20.0)  21(84.0)  14(56.0) 00  4(16.0)

Sea bass 27 26(96.3)  9(33.3)  27(100)  17(63.0) 0(0) 9(33.3)
146 67 153 77 9 57
Total 165 885  (40.6) (92.7) (46.7) (5.5) (34.5)

Y No. of isolates possess each tetracycline resstaieterminant.

2 Percentile (%) of isolates possess each tetragyaiesistance determinants among isolates.
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tet A+B7} 6¢FF HE=¥ v B asol(Yuko et al, 2005),5 Ak oFoll A =
Ao =Z tet B7F 22X &0 =2 o= yEygy. 181} Beatriz et al
(2003)> 2, HA, 7taF SolA FEl¥ tet genesH - E. coliof Al tet A7}
66%, tet B7} 42%= EFWTII Halslo] tet genes] X A 97 EolAde

Sl ZAo=w drEch

A W AATOR tet genes] Aol AT AW HU AHSAE FI Ak
o RN WA 24 AYPAMFEel AT oY 2 AnE %
Fol wet o FRAgol A ATES AR

WAdol ol Al E Aotk wekA ol WAEE] i tet genes| &
It

b

B g Aoz WA Hold #E

2
-

32. @& F 3 tet genese] e XA
3.2.1. FE| it Foll A9 tet genes]

Tetracyclinell WA S el V. parahaemolyticus 67F =, V. alginolyticus 4+ =,
Enterococcus spp. 28+ 5 414 5lo] tet geneg] E XS FAFES tH(Table 14).
V. parahaemolyticuse} V. alginolyticuse= W+ 471 Add #AZ HFS
vtetslz] olE ¢l o, Enterococcus sppe ©Y WA ZAAHAA F otet Db
7.1%°] A =&S e AT Enterococcus sppi= tet DY HEH F 5 9
e BEF BF WAddA-8AAs] &xs dow SeHded, 1 T tet

a8 3 C7F BAd AZ"E #F7F 57.1%2 MY =4 AEHA 1,
o2 tet Be D7F 32.1%=2 Y ElY T o] = tetracycline] WA S Y EY
+ E. colidl A ] 7} 7+ A&E& 34.5% H 5.5%e w5t thi
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Table 14. Distribution of tetracycline resistan@nes detected iN. parahaemolyticus, V. alginolyticus

andEnterococcus spp.

Types oftet genes
Strain

tet A tet B tet D tet A+B tet A+D tet B+D tea A+B+D

V. paraheemoiyticis  07/62(0)°  0/6(0) 0/6(0) 0/6(0) 0/6(0)  2/6(33.3)  4/6(66.7)
V. alginolyticus 0/4(0)  0/4(0) 0/4(0) 0/4(0) 0/4(0) 3/4(75) 1/4(25)

Enterococcus spp.  0/28(0) 0/28(0) 2/28(7.1) 0/28(0) 1/28(3.6) 9/28(B2. 16/28(57.1)

Y No. of isolates possess each tetracycline resistateterminants.
? No. of strain isolated from each sampling area.

¥ Ppercentile (%) of isolates possess each tetragygigsistance determinants among isolates.
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<= HEr AT

3.2.2. =7 tet genes] A EA g9l
V. parahaemolyticus, V. alginolyticus % Enterococcus sppol X A& tet
genest, E. coliel A 71 &% tet genegte] 4544 S ERlst7] $lste] 2t &4
L tet A, B, D= cloningslo]l A5 A4< xAs 23 E coli 2 9
tet A, tet B, tet D9} "% =& A FAS el AU (Fig. 22~Fig. 24). tet B
tet D= 2 7]9o] Tnl0o. 24 Shigela flexneriol /] A @A E A, 1

e

< E. coli, Klebsiella sp., Proteus sp., Pseudomonas sp., Vibrio spp., Salmonella
spét 2 AT AT EAA FHaE v lon, o] Tnl0e plasmick}
= AARA Al H@ol oA dolrt o] Fojtta BauEa 9]
t}(Chalmers et al., 2000).
o] FoFa Aol A Buld awgA Al e tetracycline ] 4 A 4 <1 A} tet A, tet
B, tet D 223 tet Y& A F9 tetracycline iy ZAA Ao g7 IS
|

SRR

3} tet genesll thgk 7]€do] FUsA oW, tet genes H T
Vibrio spp, Photobacterium sp., Alteromonas sp. 22| 12 Pseudomonas sps & =
HFE E. colio] tet B, tet D 12|31 tet Y7} Holdth= X% ) th(Furushita
et al, 2003).18]12 =9 WA FAFE o FF2 el oxytetracyclinel 43
Aeromonad&. -] F%3 plasmid 5 2] tetracycline |4 ZA A= F H A&
o A 7 tet At S5t AR FelF gl o, restriction fragment length
polymorphism (RFLPJ} DNA provingS E35to] 43 A3 AdH =710 ~5
W=t 2ol o] of {FFA el g Aeromonads, 123l Yo H
QozHE s E coligt 7190 Hdsrt= ®aux 9 tl(Rhodes et al.,

2000). o] gt Aol A S Al E. coligl 3 kAt ¢l Aeromonads]
o] F 7 T A FAAFoRZRE AAH YT OZ tetracycline i A & = A
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CATAGATCGCCGTGAAGAGGAGGGGTCCGACGATCGAGGTCAGGCTGGTGAGCGCCGCCA
CATAGATCGCCGTGAAGAGGAGGGGTCCGACGATCGAGGTCAGGCTGGTGAGCGCCGCCA
CATAGATCGCCGTGAAGAGGAGGGGTCCGACGATCGAGGTCAGGCTGGTGAGCGCCGCCA
CATAGATCGCCGTGAAGAGGAGGGGTCCGACGATCGAGGTCAGGCTGGTGAGCGCCGCCA
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GTGAGCCTTGCAGCTGCCCCTGACGTTCCTCATCCACCTGCCTGGACAACATTGCTTGCA
GTGAGCCTTGCAGCTGCCCCTGACGTTCCTCATCCACCTGCCTGGACAACATTGCTTGCA
GTGAGCCTTGCAGCTGCCCCTGACGTTCCTCATCCACCTGCCTGGACAACATTGCTTGCA
GTGAGCCTTGCAGCTGCCCCTGACGTTCCTCATCCACCTGCCTGGACAACATTGCTTGCA
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GCGCCGGCATTCCGATGCCACCCGAAGCAAGCAGGACCATGATCGGGAACGCCATCCATC
GCGCCGGCATTCCGATGCCACCCGAAGCAAGCAGGACCATGATCGGGAACGCCATCCATC
GCGCCGGCATTCCGATGCCACCCGAAGCAAGCAGGACCATGATCGGGAACGCCATCCATC
GCGCCGGCATTCCGATGCCACCCGAAGCAAGCAGGACCATGATCGGGAACGCCATCCATC
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CCCGTGTCGCGAAGGCAAGCAGGATGTAGC
CCCGTGTCGCGAAGGCAAGCAGGATGTAGC
CCCGTGTCGCGAAGGCAAGCAGGATGTAGC
CCCGTGTCGCGAAGGCAAGCAGGATGTAGC
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mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

22. Comparison of DNA nucleotide sequencetebfA in E. coli, Enterococcus

spp., V. parahaemolyticus and V. alginolyticus isolates.

1,E. coli; 2, Enterococcus spp.; 3,V. parahaemolyticus; 4, V. alginolyticus.
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ATGAATAGTTOGRACAAAGATCGRCATTAARTAATTACGTTACTCRATACCATARARATTREC
ATGAATAGTTCGACAAAGATCRCATTARGTAATTACGTTACTOGATARCCATGRGGATTRGC
ATGAATAGTTORACAAAGATCRCATTARTAATTACGTTACTCRATACCATARAGRATTRGEC
ATGAATAGTTOGACAAAGATOGCATTGARTAATTACGTTACTOGATROCATGRGGATTRGEN

P Y N Y R T T YT Y Y
R R I I I B S b S I R I I P I R R R I IR G b S I I I P I S I R I P I I I 4

CTTATCATGOCAGTOTTGOCAACGTTATTACGTGAATTTATTGROTTOGGAAGATATOGROT
CTTATCATGOCAGRTOTTAROCAACGTTATTACGTRAATTTATTAOTTOGGRAAGATATOGROT
CTTATCATGOCAGTOTTGOCAACGTTATTACGTGAATTTATTGROTTOGGAAGATATOGROT
ATTATCOATGACAGTOTTAROCAACGTTATTACGTRAATTTATTAROTTORRAAGATATCOROT

P Y s T T T YT T Y
PR I b I I I S I I IR R I I I b S I R R I I G b I I I I I I I I I I I R I I b I I I I 4

AACCACTT GARORTATTGRATTACACTTTATACGTTAATACAGATTATOTTTROTACTTRRE
AACCACTT GGOGTATTGOTTRCACTTTATRCGTTAATGACAGGTTATCTTTROTOOTTRGE
AACCACTT GARORTATTGRATTACACTTTATACGTTAATACAGATTATOTTTROTACTTRRE
AACCACTT GRCRTATTGOTTGRCACTTTATAROGTTAATGOAGARTTATOTTTARCOTOCTTRG

P N Y R T T YT Y Y
RS R I I I I S S S IR R R R I S S IR R R I IR G b S I I I I I S I I I P I I S 4

CTTRGAAAAATGTOTRACCGATTTARGTOAGGROGCCCAGTGATAGTTATTGTCATTAATAGG
MPTTARGAAAAATATOTRACCGRATTTAGTMRAAGROCCARTARMTATTATTATCATTAATAGRN
CTTRGAAAAATGTOTRACCGATTTARGTOAGGROGCCCAGTGATAGTTATTGTCATTAATAGG
MTTRGAAARAATATOTRACCGRATTTAGRTAGARMGCMCARTGMTATTATTATCATTAATARGC

P Y s T T T YT T Y
PR I b I I I S I I IR R I I I b S I R R I I G b I I I I I I I I I I I R I I b I I I I 4

GOATOROTARRATTACTTATTAOTARACTTTTTOAAGTARCGATTTRARATAATATATTTAGR
GOATOGOTARGRATTACTTATTGOTGRCTTTTTOAAGTARCGOATTTGGATGATGTATTTAGG
GOATOROTARRATTACTTATTAOTARACTTTTTOAAGTARCGATTTRARATAATATATTTAGR
ROATOGOTARGRATTACTTATTGOTGRCTTTTTOAAGTARCGATTTGGATGATGTATTTAGG

P Y N Y R T T YT Y Y
R R I I I B S b S I R I I P I R R R I IR G b S I I I P I S I R I P I I I 4

CGTTTGOTTTOAGGGATCACAGGAGRCTACTARRGRROTATCRCGRCATOGARTCATTACOCGRAT
MfRTTTAOTTTOARGRATCACARGARCTACTARAAROTATORCRACATOGATCATTACCGAT
CGTTTGOTTTOAGGGATCACAGGAGRCTACTARRGRROTATCRCGRCATOGARTCATTACOCGRAT
MRTTTROTTTOAGGGATCACAGGARCTACTAGRRACTARTORCGRCATORATCATTACCRAT

P Y s T T T YT T Y
PR I b I I I S I I IR R I I I b S I R R I I G b I I I I I I I I I I I R I I b I I I I 4

AC ACCTOAGOTTOTAAAMNGOARTARAAGTAGTTORRTTAARTTARGRACAAGTTTTAGGRNTT
ACY ACCTCAGCTTOTOAACGCRTGAAGTARATTCRGTTGATTAGGGRCAAGTTTTGGRGOTT
AC ACCTOAGOTTOTAAAMNGOARTARAAGTAGTTORRTTAARTTARGRACAAGTTTTAGGRNTT
ACC ACCTOAGOTTOTCOAACGOGRTGAAGTRATTORGTTARGTTAGGGRGCAAGTTTTARGGRLTT

P R Y N Y R T T YT Y Y
b S S R IR I P S I SRR R IR P S b G I I P G P I IR R SR I I S 3 S IR R IR I S b b I I 4

GETTTAATAGCGRGGOCTATTATTAGTARGTTTTRCAGGAGAGATTTCACCGCATAGTOCC
AETTTAATAGCGAGROCTATTATTAGTARTTTTRCAGGARAGATTTCACNCGMATAGTOCM
GETTTAATAGCGRGGOCTATTATTAGTARGTTTTRCAGGAGAGATTTCACCGCATAGTOCC
ARTTTAATAGRCGRGGRGRMCTATTATTAGTRGTTTTACAGGAGAGATTTCAMNCGRCATAGTOCC

P Y s T T T YT T Y
PR I b I I I S I I IR R I I I b S I R R I I G b I I I I I I I I I I I R I I b I I I I 4

TTTTTTATCROTARCATTACTAAATATTATC CTTTOOTTATRATTATATTTTGATTOCRT
TTTTTTATCGOTARCGTTGCTAAATATTATC OTTTCOTTATGATTATATTTTGGTTCOCGRT
TTTTTTATCROTARCATTACTAAATATTATC CTTTOOTTATRATTATATTTTGATTOCRT
TTTTTTATCGOTARCGTTGCTAAATATTATC OTTTCOTTATGATTATATTTTGGTTCOCGRT

P Y R Y R T T T Y Y
R R I I I I S b S G I R I S P S R R R I P O S G I I R I I ISR R R I I b I I I 4

GAAACCAAAAATACACGTRATAATACAGATACCGAAGTAGGGARTTGAGACGCAATCGAAT
GAAACCAAAAATACACGTRATAATACAGATACCRAAGTARGRATTRAGACGMAATCOGAAT
GAAACCAAAAATACACGTRATAATACAGATACCGAAGTAGGGARTTGAGACGCAATCGAAT
RAAACCAARAATACACNGTRATAATACAGATACCRAAGTAGGGRATTRAGACGMAATCRAAT

P Y s T T T YT T Y
PR I b I I I S I I IR R I I I b S I R R I I G b I I I I I I I I I I I R I I b I I I I 4

BON= BN PRONS PN RO BN RN BN PN

=N =

Fig. 23. Comparison of DNA nucleotide sequencetebfB in E. coli, Enterococcus
spp., V. parahaemolyticus and V. alginolyticus isolates.

1,E. coli; 2, Enterococcus spp.; 3,V. parahaemolyticus; 4, V. alginolyticus.
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Fig

TORATATACATCACTTTATTTAAAACGATGOCCATTTTGTTRGATTATTTATTTTTCAGCOR
TOGATATACATCACTTTATTTAAAACGATGOCCATTTTGTTGATTATTTATTTTTCAGCG
TORATATACATCACTTTATTTAAAACGATGOCCATTTTGTTRGATTATTTATTTTTCAGCOR
TOGATATACATCACTTTATTTAAAACGATGOCCATTTTGTTGATTATTTATTTTTCAGCG

P R Y Y R T T YT Y Y,
B R I I I I S b I G I R I I P I R R R I IR G b S I I I I O I I S b I I S R S

CAATTGATAGGCCAAATTOOCGCAACGARTATARGRTGOTATTTACCGAAAATOGTTTTRGA
CAATTRATAGGCMAAATTOCCRCAACGATATARARTAOTATTTACCRAAAATMGTTTTRGAA
CAATTGATAGGCCAAATTOOCGCAACGARTATARGRTGOTATTTACCGAAAATOGTTTTRGA
MAATTGRATAGRGCCAAATTOCCGCAACGRTATGGATACTATTTACCGAAAATARTTTTARGRA

P s T T T YT e
PR P I b I I I I I IR R I I I b I I R R I I I b I I I I I I I I I I R I B b I I I I

TRGE ATAGCATGATARATTRACTTTTCATTAGCARARATOTTAGTATTTTACACTCAGTATTC
TGGE ATAGCATGATGATTRGOTTTTCATTAGCGGGTOTTAGTOTTTTACACTCAGTATTC
TRGE ATAGCATGATARATTRACTTTTCATTAGCARARATOTTAGTATTTTACACTCAGTATTC
TGGE ATAGCATGATGATTRGOTTTTCATTAGCGGGTOTTAGTOTTTTACACTCAGTATTC

P R Y Y R T T T Y Y
MR KEAKARXERERKXKXRKXXXERKXERKXAKARXXERERXREXEREREERRKXARXRKXRERKRRXRIEX

CAAGOCTTTARTGRARCAGGAAGAATAGCCACTAAATAGARGCRAAAAAACGRCOAGTACTGROTO
MAAGCCTTTATARACAGGAAGAATAGRCCACTAAATAAARGCRAAAAAACGROARTACTGROTO
CAAGOCTTTARTGRARCAGGAAGAATAGCCACTAAATAGARGCRAAAAAACGRCOAGTACTGROTO
MAAGCCTTTATAGCAGGAAGAATARCCACTAAATAARRGCRAAAAAACGRCOAGTACTGEOTC

P s T T T YT e
PR P I b I I I I I IR R I I I b I I R R I I I b I I I I I I I I I I R I B b I I I I

GBGEA TTATTRCAGATAGTAGTRCATTTARCOCTTTTTAGCGTTTATATOTRAARGTTRATTA
GGA TTATTRCAGATAGTAGTRCATTTGROCOTTTTTAGCGTTTATATOTRAAGGTTGGRTTA
GBGEA TTATTRCAGATAGTAGTRCATTTARCOCTTTTTAGCGTTTATATOTRAARGTTRATTA
(GA TTATTRCAGATAGTAGTRCATTTGRCOOTTTTTAGCGTTTATATOTRAAGGTTGGRTTA

P R Y Y R T T T Y Y
MR KEAKARXERERKXKXRKXXXERKXERKXAKARXXERERXREXEREREERRKXARXRKXRERKRRXRIEX

GTTTTOCOTAETTTTAATTTTATTGARCTARGTARATRGGATCROTTTACCTARCATTACAGRGA
ATTTTOCCTATTTTAATTTTATTRACTARTARATRAARATORCTTTACCTACATTACAGRRA
GTTTTOCOTAETTTTAATTTTATTGARCTARGTARATRGGATCROTTTACCTARCATTACAGRGA
ATTTTOCCTATTTTAATTTTATTRARCTRATAGTAGRGATCORCTTTACCTARCATTACAGRGRA

P s T T T YT e
PR P I b I I I I I IR R I I I b I I R R I I I b I I I I I I I I I I R I B b I I I I

ATEATATOTATCMAAACARAGAGTAATMAGCAARATARCTTTACAGRGRATTATTRATRAGH
GTGATGTOTATCCAAACARAGAGTOATCAGCAAGGTARCTTTACAGGGATTATTGARTGAGE
ATEATATOTATCMAAACARAGAGTAATMAGCAARATARCTTTACAGRGRATTATTRATRAGH
ATGATGTOTATCCAAACARAGAGTOATCAGCAAGGTARCTTTACAGGGATTATTGARTGAGE

P R Y Y R T T YT Y Y,
B R I I I I S b I G I R I I P I R R R I IR G b S I I I I O I I S b I I S R S

CTTA CAATGRCAACCGRTETTATTARGCCCATTACTGTTTARCTATTATTTATAATCATTCA
MTTA CAATRCAACCARTARTTATTAGONCATTACTATTTACTATTATTTATAATCATTCA
CTTA CAATGRCAACCGRTETTATTARGCCCATTACTGTTTARCTATTATTTATAATCATTCA
ATTA CAATRCAACCARGTETTATTARGCOCCATTANTATTTARCTATTATTTATAATCATTCA

P S s T T T YT e,
bR I B S S I D I P I R R R I I b I I R I I G b G G I I I I I I I I R I B b I B I I B

CTACCAATTTRRARATAGOTARGRATTTRRATTATTRATTTAGCGRTTTTACTATATTATTATC
CTACCAATTTRGRATARGOTARGATTTGGATTATTGGTTTAGCGTTTTACTGTATTATTATC
CTACCAATTTRRARATAGOTARGRATTTRRATTATTRATTTAGCGRTTTTACTATATTATTATC
CTACCAATTTRGRATARGOTARGATTTGGATTATTGATTTAGCGTTTTACTGTATTATTATC

P R Y Y R T T YT Y Y,
B R I I I I S b I G I R I I P I R R R I IR G b S I I I I O I I S b I I S R S

CTGOTATOGATGACCTTCATGTTAACCOCTCAAGOTOAGARGGAGTAAAMAGRAGACAAGRT
MTEOTATOGATGACCTTOATATTAACCMCTOAAAROTAAGARGRAGTAAAMAGRAGACAAGRT
CTGOTATOGATGACCTTCATGTTAACCOCTCAAGOTOAGARGGAGTAAAMAGRAGACAAGRT
MTAROTATCGATGRACCTTCATATTAACCCCTOAARCTAAGARGGAGTAAAMAGGAGACAAGT

P s T T T YT e
PR P I b I I I I I IR R I I I b I I R R I I I b I I I I I I I I I I R I B b I I I I

ROTTAG
GOTTAG
ROTTAG
ROTTAG

s oM oW oW wow
HERKRKKXK

. 23. (Continued).
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ATGATAAGCAGTTTCATACAACGGTTATCAAAGATGTTCTATTATGGATTGAACATAATT
ATGATAAGCAGTTTCATACAACGGTTATCAAAGATGTTCTATTATGGATTGAACATAATT
ATGATAAGCAGTTTCATACAACGGTTATCAAAGATGTTCTATTATGGATTGAACATAATT
ATGATAAGCAGTTTCATACAACGGTTATCAAAGATGTTCTATTATGGATTGAACATAATT
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TAGATCAGTCTTTACTGCTTGA GATGTGGCGAATAAAGCGGGTTATACCAAGTGGTATT
TAGATCAGTCTTTACTGCTTGA GATGTGGCGAATAAAGCGGGTTATACCAAGTGGTATT
TAGATCAGTCTTTACTGCTTGA GATGTGGCGAATAAAGCGGGTTATACCAAGTGGTATT
TAGATCAGTCTTTACTGCTTGA GATGTGGCGAATAAAGCGGGTTATACCAAGTGGTATT
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TTCAGCGGCTGTTCAAAAAAGTAACAGGGGTCACACTGGCTAGCTATA TCGTGCTCGTC
TTCAGCGGCTGTTCAAAAAAGTAACAGGGGTCACACTGGCTAGCTATA TCGTGCTCGTC
TTCAGCGGCTGTTCAAAAAAGTAACAGGGGTCACACTGGCTAGCTATA TCGTGCTCGTC
TTCAGCGGCTGTTCAAAAAAGTAACAGGGGTCACACTGGCTAGCTATA TCGTGCTCGTC

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GTTTGACGAAAGCGGCTGTTGAGTTG GGTTGACGAAAAAAACTATCCTTGAGATCGCAT
GTTTGACGAAAGCGGCTGTTGAGTTG GGTTGACGAAAAAAACTATCCTTGAGATCGCAT
GTTTGACGAAAGCGGCTGTTGAGTTG GGTTGACGAAAAAAACTATCCTTGAGATCGCAT
GTTTGACGAAAGCGGCTGTTGAGTTG GGTTGACGAAAAAAACTATCCTTGAGATCGCAT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

TAAAATATCAATTTGATTCCCAACAATCTTTTACACGTCGATTTAAGTACATTTTTAAGG
TAAAATATCAATTTGATTCCCAACAATCTTTTACACGTCGATTTAAGTACATTTTTAAGG
TAAAATATCAATTTGATTCCCAACAATCTTTTACACGTCGATTTAAGTACATTTTTAAGG
TAAAATATCAATTTGATTCCCAACAATCTTTTACACGTCGATTTAAGTACATTTTTAAGG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

TTACACCAA TTATTATCGGCGTAATAAATTATGGGAATTGGAGGCAATGCACTGA
TTACACCAA TTATTATCGGCGTAATAAATTATGGGAATTGGAGGCAATGCACTGA
TTACACCAA TTATTATCGGCGTAATAAATTATGGGAATTGGAGGCAATGCACTGA
TTACACCAA TTATTATCGGCGTAATAAATTATGGGAATTGGAGGCAATGCACTGA

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

24. Comparison of DNA nucleotide sequencetedbfD in E. coli, Enterococcus

spp., V. parahaemolyticus and V. alginolyticus isolates.

1,E. coli; 2, Enterococcus spp.; 3,V. parahaemolyticus; 4, V. alginolyticus.

_79_



st plasmideg] deolol 93| tetracycline W8 24 A7 gabd 5 us
S 4 5

upela] B Fo A AU Al el E. coli, Enterococcus sppst, @l Gk A) Al 1
V. parahaemolyticus, V. alginolyticusell ] tet A, tet B 12|31l tet D7} H=
¥ AL FAFUHAT B A FFAAT A FF Z& o] Fghel Kt

o] 3 tet genes] =4 Hojo] g Aow AZHRIH.

33 FF9 integron X

3.3.1. Integroniyd =& primere] 735

Tetracycline] WA S Yel= E. coli oA %3 1657 F 2 total DNA
Ao 2 Table 3 YEH primers o] 8319 integrase gerd =S &

i

o

integron?] EA o] F-9} class I integron ¥ class II integrore] ¥ & XA}

0

st itk. PCR 23} E. coli Wol class I integrore] =413 7% 951 bpsi 3

oft
OlA

v PCRAMES 203 4 doen, class I integron> X & 3 5o A]

EA 54 ol PCRAHE S ol = ¢k okrl(Fig. 25).

3.3.2. Integrog] 3

Tetracycline 41 E. coli 16575 oA 761 5(46%)°l A1 7 integrore] <=
Aste S g 4 9l om(Fig. 26), &2l¥ integron® X5 class I integron
A Aoz AW HSth Integron® kg okl A EeH FFA HAETEE

A 1 PEI FAPoRA FuA dolE BH FitA WAFAA ol F

A aaRA Fad 985 g1 = Aol dF=5 vt class I integron
& oY E RokidA EAlete AoE HuEI ed, HAAME 4o &

oF s xo] EWolA Feld E colidlA Z el 59 59%([Du et al., 2005)
2} 64.2%(Kang et al., 2008) 4 class I integrore] EA1st= Aoz H %
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< Class I, 951 bps

Fig. 25. PCR amplicons of the clads integron inE. coli isolates.

M, 100bp Plus DNA ladder; lane 1, clabsintegron.
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M\ =

Fig. 26. Integron possession rate of tEecoli examined.

[J, Integron absence€?, Integron possession.
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o gk olyel dAFEokl A EEE 23 A Aol A class I integrong]

X &= Taiward A 54% (Sallen et al., 1995), Framdeq] 59% (Chang et

A

al. 2000), Australigl 5] 49% (White et al., 2008 X 3% o class I integron
of AAAAw FHHAGA SFitE A= Ao=m WA .

Class I integrore] E=Aj3l= Ao =2 &% PCR F%4HE 2 target genel
A AFE Felst7] Aste] dA7IAEE E4% A3 class 1 integrore]
A7 gde 7]Fo ®ad P. aeuginosa, S typhimurium, S enterica,
Acinetobacter baumannii 53 4 st AS AT = AJY(Fig. 27,

Table 15).

3.3.3. Integron® -+ 3} ctA WA I ABAH HE

Tetracyclinel] WA S el = E. coli 16575 < integrore] &A= o
Fol A A e FF3 gdAWA AEES FA35t9}. Class 1 integrore]
A= E coli 767t Fol A 47bA] o]4Hel datAlel WS dEde o
AWA #+F= 637+ =2 class 1 integrore] £ = 7+ 5 82.9%= e}
W wkA class 1 integrore] EA13kA] ¢S E. coli 887 F oA & 55
(65.2%)to] A WA o2 el class I integrore] &3l E. coli ¥
7F AW o] 24 e e F98 = A ATH(Fig. 28).

g5 1650 & 7k Alsel uig class 1 integrore] HEH &S A5
B gdxoA 52.1%=2 713 vl &o] =doy, to g d|FoA 47.0%, =
J Eeto A 42.3%, F ool A 36.0%= HEFU LT

Integron> AWtz o7 FF7F Ayl = integrase ifit /) genel wzt 4
=79 integron class -+ % =t (Recchia and Hall, 1995), clas$ integron
o] Aokl A ZHF Wol EEsta Jow, dAWAE Y LHIT BAE
o] =11 9 th(Martinez-Freijo et al., 1998)%3 % & 3 & o] F o] A 7tHo]
integrore] =33 A WA TS dEde WA FHAA} dAWA o] Sk =

N

_83_



1
61
121
161
241
301
361
421
481
541
601
661
721
781
841
901

TTTCAGCACA
CACGGTTCGA
GTGCGGTGTG
AAAGGTCTGG
CGTGTGCTGC
CTCAAGGGCG
TGCCCGTGCA
GGCCCGATCC
ATCCTTGACC
GGCGAACAAA
CAGCACCACC
ATCCGTGCAC
GGAGACCGAA
GCCCAAGGTT
ATAAGCCTGT
CAGAACCTTG

TGCGTGTAAA
ATGTCGTAAC
GCGGGCTTCG
TCATACATGT
GCAAAAACCC
TCGGGAAGCG
CGCGACAGCT
TTGGAGCCCT
CGCAGTTGCA
CGATGCTCGC
GGCAAGCGCC
AGCACCTTGC
ACCTTGCGCT
GCCGGGTGAC
TCGGTTCGTA
ACCGAACGCA

TCATCGTCGT
CGCTGCGGAG
TGATGCCTGC
GATGGCGACG
AGAACCACGG
CAACGCCGCT
GCTCGCGCAG
TGCCCTCCCG
AACCCTCACT
CTTCCAGAAA
GCGACGGCCG
CGTAGAAGAA
CGTTCGCCAG
GCACACCGTG
AGCTGTAATG
GCGGTGGTAA

AGAGACGTCG
AAGGCCGTC
TTGTTCTACG
CACGACACCG
CCAGGAATGC
GCGGCCCTCG
GCTGGGTGCC
CACGATGATC
GATCCGCATG
ACCGAGGATG
AGGTCTTCCG
CAGCAAGGCC
CCAGGACAGA
GAAACGGATG
CAAGTAGCGT
CGGCGCAG G

Fig. 27. Nucleotide sequences of claksintegron
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GAATGGCCGA
GCGAACGAGT
GCACGTTTGA
CTCCGTGGAT
CCGGCGCGCG
GCCTGGTCCT
AAGCTCTCGG
GTGCCGTGAT
CCCGTTCCAT
CGAACCACTT
ATCTCCTGAA
GCCAATGCCT
AATGCCTCGA
AAGGCACGAA
ATGCGCTCAC
GCGGTTTTCA

GCAGATCCTG
GGCGGAGGGT
AGGCGCGCTG
CGGTCGAATG
GATACTTCCG
TCAGCCACCA
GTAACATCAA
CGAAATCCAG
ACAGAAGCTG
CATCCGGGGT
GCCAGGGCAG
GACGATGCGT
CTTCGCTGCT
CCCAGTGGAC
GCAACTGGTC
T

in E. coli isolates



Table 15. Homology analysis of the clags integron {nt I) in E. coli isolates

Strain Gene Identities (%) Accession No.
Escherichia coli int | 99 AY214164
Pseudomonas aeruginosa int | 99 AJ877225
Salmonella typhimurium int | 99 AJ746361
Salmonella enterica int | 99 AJ628353
Acinetobacter baumannii int | 99 ABA289190
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18
16 Integron possession
14}

g

©

2

©

)

z

cInlP=

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

18

I ntegr on absence

W

No. of isolates

6 7 8 9 10 11 12 13 14 15 16 17 18

No. of resistive antimicrobials

Fig. 28. Comparison of the antimicrobial resistafedween integron possessive

and absent strains.

[], Seawater;4, Oliver flounder; N, Black rock fish;&, Sea bass.
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o 7 @949 Faog AztEox 1 9Jti(Chandler and Claverys, 2001;
M

Rowe-magnus and Mazel, 2001).
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20044 59%E 1087b4 $eibet gt Aete] o F¥A ol A
P 6 AGEA, A, F9, %, $E, AF) §F F24 L A4

Tl FA Y 10420 FHolF R AKEFl N AYLNE shersts] 9

45 e gitA|l S tetracycline] ™3k WA S 7FX Escherichia colis A

A stol tetracycline WA A A4 LEx2ALE Fato] FAabE Gl Abgo

fo
d

R HAE A NE2AER ALES A s aga ofFi g gew
el Egld E coli, Vibrio parahaemolyticus, V. alginolyticus, Enterococcus
spp. 5ol w3 tetracycline WA A4 A FEZXALE Fslo] Y &2 tE
TEH] WA A el 7heAdS Felstdon, wAdd T thAuA el

#Hol 8k integrone] #F A= A A S

\%
parahaemolyticus®} V. alginolyticus®] #&&-2 7H7} 36.5%, 49.2%] 3l t}.
A1ZF = A<l Saphylococcus aureuset Salmonella spel #AE=&S 77
6.3% 3 2.4%= AN AlEol AT HE5 o
th. 28y V. wnificus, V. cholerae, Shigella sp= Bt AlgoA A=
W 2] ¥ gkt

2. FAoF B sl V. parahaemolyticuse] €' RSS20 A
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s 69 E F7shs] AASel ofi 8del, 1dn st 9dd 7

7 56.8 MPN/100g¥ 11.6 MPN/100mIZ 714 =& #42 el

&Yl
2
o

A F H SRR 2 - A4E T

T BF 784t 5= E. colizl 316w 5=, 3 F A Al 2l Vibrio spp. 314t

Z, Salmondlla sp. 1873, S aureus 157 5ol glow, A ZFAHA

Ay F T84t F 7501 (95.7%yF & 7hAl oo Al s v

AL e AL, 1A o)ake] Aol tia WAL JeEhgE gAwnA

& 2933 (37.3%)] 3l T}

CEYE A EAT 2 HAAATY] #EE WA LS 83.3-100%2 &
Aol & yERU A ko, AW &S SR AT E coliek g

o = 57.6~77.3%= uj-$ =2 vk, & FAA

flo

o} V. alginolyticusoll A &= 6.7~20.8%= =42l Al ol uvlatd m§- o
o2 ueyukt.

A]

. V. parahaemolyticuse] 3}t Al & < ampicillin 97.9%, oxolinic acid

A&
26.8%, amikacin 19.1% %< o= yEyka V. alginolyticusel A =
ampicillin  100%, sulfamethoxazole/trimethopenem 0%b. amikacin 21.7%,

amoxicillin/clavulanic acid 15.8% ¢ <= o] ¢l t}.

. Tetracyclinel W4 & YElU = E. coli 1657 F oAl tetracycline @ W
AR A= tet D7} 153 Foll Al 92.7%= 7Hd =& HAEE&S UEUS
o, tFo R tet A7} 146u T ol 4] 88.5%, tet B7} 67+ ol A 40.6%2]
ojom, tet C, tet E, tet Y& EE wFolA HEHA FUurh 18

o

53 A ZA AR = tet ASk D7} 77 ol A 46.7%2 AE&0] %O
o, Fo 2 tet A9 B9 D7} 57uFFol Al 34.5%, tet B} D7} 93t ol A
55%=2 =5 At
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. Tetracycline]l W44 JYellE= E coli 1657 F 5 767 F(46%)l A class
I integrore] A== o1, class I integron= R = #3504 A9 A
erokh. =3k, class I integrore] EA%tE BT UAWAHES

82.9%= class I integrore] &=74)3# % EFFo 65.2%] Hsle] =

ot

| oF A2 Al Q1 V. parahaemolyticus, V. alginolyticuse} - 4|+t <1 Entero-
coccus sppoll Al A &9 tetracycline WA 244 5 tet A, tet B 2 tet D

of Ul Q71D e E colil A 3 2 qAFAAe d7]4 A 99%

o) AAFE AOE Ueh} BF & o]F FT 9% tet genes]
FAA Aol AE4e FAsAh
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