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Abstract

Constant use of antibiotic has resulted in emergence of resistant bacteria of it, and
there are several issues increasing social concerns on public health internationally;
raised issues are including difficulty on infection treatment, safety issues with residue
of antibiotic, and transmission of resistant bacteria to human body.

Therefore, this study determined resistant rate of fish pathogenic bacteria isolated
from cultured flounder on tetracycline, typical antibiotic used in aquaculture, and
analyzed the type of resistance genes distributed in resistant strain through PCR
method.

In this study, we isolated and utilized 160 Streptococcus parauberis isolates, 1
Streptococcus iniae isolate, 66 Edwardsiella tarda isolates, 56 Vibrio sp. isolates, and
23 of unidentified isolates (in total 306 isolates) from presumed infected olive
flounder in Jeju island from march 2016 to October 2017.

Antibiotic resistance pattern of each strains is examined on 21 different antibiotics
including ampicillin, nalidixic acid, erythromycin, kanamycin, tetracycline, and
sulfadiasine. The result shows that S. parauberis isolates are highly resistant to
quinolone type, tetracycline type, and sulfadiazine. Vibrio sp. isolates are highly
resistant to penicillin type containing ampicillin, amoxicillin. Similar to Vibrio sp.
isolates, E. tarda isolates are highly resistant to various antibiotics including penicillin
type.

In addition, most strains used in the test were multi-resistance that are resistant to
more than 2 types of antibiotics.

Investigation on antibiotic resistance pattern and resistant bacteria through antibiotic
susceptibility test of isolated strains from Jeju requires continuous study to restrain
increase of resistance on antibiotic and selection of proper treatment. This study will
be basis data of resistance study by strains.

Isolated strains are generally resistant to tetracycline type antibiotic. Thus, this study



analyzed resistance genes in resistant strains to tetracycline and oxytetracycline. Out
of 306 isolated strains, tetracycline resistant strains are 83 S. parauberis isolates, 49
E. tarda isolates, and 15 Vibrio sp. isolates (in total 147 strains). We conducted
PCR and multiplex PCR to check resistance determination in resistant strains. The
result of multiplex PCR to detect tetr (A-G) from gram negative bacteria shows that
tet (D) was found in most E. tarda isolates. And other genes are not found in it.
The presence of tet (B), tet (D), tet (M), tet (B&M) in Vibrio sp. was found in
isolates, and we confirmed various fet gene were distributed in Vibrio sp.

The result of single PCR to detect tet (M), tet (O), tet (S), and so on from gram
positive bacteria shows that S. parauberis isolates contain tet (M), tet (S), and tet

(M&S), and tet (S) is most dominant gene since 76 isolates contain it.
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Table 1. Primer sets used for the detection of isolates in this study

Oligonucleotide sequences Product
Target pathogen . Reference
(5' -3 size (bp)
Streptococcus AAGAGACGCAGTGTCAAAAG 20
iniae CGTTTCTTATCTTGTTACTC
Streptococcus TCCAGTCTTTCGACCTTCTT 07 Woo et al,
parauberis CAAAGAGATGTTCGGCTTG 2006
Lactococcus AAGCAGTCTTTTGATGCAAG 307
garvieae ACTGTGCGCCCTTATTAACT
Edwardsiella CGGTAAAGTTGAGTTTACGGGTG Sakai et al,
415
tarda TGTAACCGTGTTGGCGTAAG 2007.
GTCARATTGAAAARCARTTYGGTAAAGG
Vibrio genus 689 Kim et al
ACYTTRATRCGNGTTTCRTTRCC K
Vibrio ACGGCATTGGAAATTGCGACTG 199 2015
alginolyticus TACCCGTCTCACGAGCCCAAG
Vibrio GTTCATAGCATCAATGAGGAG Demircan et
519
anguillarum GAGCAGACAATATGTTGGATG al. 2006
GTGATGAAGAAGCTTATCGCGATT Kim et al,
Vibrio harveyi 601
CGCCTTCTTCAGTTAACGCAGGA 2014
Vibrio AGCTTATTGGCGGTTTCTGTCGG Kim et al,
297
parahaemolyticus CKCAACACCAAGAAAAGCCGTC 2015
Pseudomonas GACCTCGCGCCATTA Blanco et al,
438
anguilliseptica CTCAGCAGTTTTGAAAG 2002
Tenacibaculum TGTAGCTTGCTACAGATGA Cepada et al.,
400
maritimum AAATACCTACTCGTAGGTACG 2003




2.1, A Ed Al
222l #FS2 tryptic soy broth (TSB, Difco)S AMEdl Tt om, 27°CO]

M 18~24MZHEOH HHOIRICE HIYAL AMZUSA ABS S8 10°-10°22
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|23 mueller hinton
agar (MHA, Difco) BEH0| =2t © AWK CIATE FHEO| DEFAIZICEH

Ao AFEE A ClA3E Liofilchem® A ME2Z amoxicillin (10ug,
AML), amoxicillin/clavulanic acid (30ug, AUG), ampicillin  (10ug, AMP),
chlorampenicol (10ug, C), ciprofloxacin (5ug, CIP), doxycycline (30ug, DXT),
enrofloxacin  (5pg, ENR), erythromycin (15ug, E), gentamycin (10pg, CN),
kanamycin (30pg, K), minocycline (30ug, MN), nalidixic acid (30ug, NA),
neomycin (30ug, N), norfloxacin (10ug, NOR), ofloxacin (5ug, OFX), oxolinic acid

(2ug, OA), oxytetracycline (30ug, OT), penicillin (10ug, P), streptomycin (10ug, S),

sulfadiazine (300ug, SUZ), tetracycline (30ug, TE)2E & 2152 ooz AMH
= AL CIAE DAAIZI MHAE 27°COIA  24A17F B = 79| TA



2.2. Minimum inhibitory concentrations (MICs)&5 7

WA ZFE9| tetracyclinelll oxytetracyclined CH®F LHd HEZ= broth dilution
methodE X 8% MIC 22 LIEILHRICE MIC 2t SFES 2I6tA, 2t a2l
SE= 100 pg/me?t ==F THE F mueller hinton broth (MHB, Difco)2 1/2
CHABI M50 ABsE7F 078 pg/me7tX| FH[SHCE O[=, 96 well platedi
MHB 160 pe, THAIE=Z S|Mot eHdlX 20 pe, 10°~10°22 3|4A[ZI & HIYH
2 20 e 21, positive controlofl= MHB 180 wedf = Hi¥H 20 weE 4
O M, negative control= MHB 200 peBt ERACL PlateS 27°COIA 24A|ZH HY

It =, oo AR ME ANHIXIC 2EES |22 =HQIBHY 70| A}

d



3. Polymerase chain reaction (PCR)

3.1. Total nucleic acid 22|
PCRE #IT template DNA= Higene™ Genomic DNA prep kit (BIOFACT)E At
&0t ALt

HXY DNAS| F=EES 510, &2 TSBO Bt 27°COH A 18~24A|7F HY¥SH

ot
Ot

H ¥ 1.5 mE 1.5 m@ microtubed &1, 10,000 rpm0i|A 122t A 22|56t

o pellet2 =&AL Cell Re-Suspension Solution 300 RE €O pellet2 A

ot

EfAIZI 2, lysozyme 2 E HIISHO 37°COIAM 1A[ZH BESA|ZACE BtE
13,000 rpmOflA 127t FMEZ|SIA, Cell Lysis Solution 300 S 20| pelletS
SIEfAI7|11, RNase A 1.5 & HIISHY 37°COlA 30272t BHESAIZICE 18 =
H20)|A A%l = Protein Precipitation Solution 100 W& 211, Z5tA vortexst
Of 13,000 rpmO|A 5&7F HFMEE|SIYUCE HBUEZ 100% Isopropanol 300 pe

7t E”%E= M microtubed] €11 50%| invertingdt0] 13,000 rpmOjAl 127+ &
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H7st = 80% ethanolZ 2 MXst1, 1527 420

R
[
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3.2. PCR 5! multipex PCR

= AFOME tetracycline 8wz W 15572 LGSR0 CHSHO PCR &

EH
=

o

Sl 2MASM, AFEEl primer setsE Table 22t Table 30f LIEFLIRACE

|5104, 0.2 me microtubed| 1 pM2| Zt primer, 2.5 uM2| Z+ dNTP,

Ho

PCR 2425
10x G-Taq Buffer, 2.5 U G-Tag DNA polymerase (Gene Pro Themal Cycler
Cosmo) 3! template DNAE H7I9t = distilled water2 PCR 2&&2| %[F
volumeO| 20 w7t E|=5& SFRACE

PCR ZEAZ2 94°CHA 327t pre-denaturationA|Zl  F, 94°COfA  30%
denaturation, 55°COlA| 302 annealing, 72°COA 30X extension?| EBSS 1
cycleZ 3t0, 30 cyclesE BHSAIZIC 2[1 72°COIM 727t post-extensionAl
ZiCt.

Multiplex PCR 245 2[5}0{, 0.2 m¢ microtubed| 1uM2| Zf primer, 2.5 uM2|
Zt dNTP, 10x G-Taqg Buffer, 2.5 U G-Taq DNA polymerase (Gene Pro Themal
Cycler Cosmo) 5! M9 template DNAS H7I9t =, distilled water2 %|F
volumeO| 20 w7t &= o1, O|™o| E1nEl 2tZ2Ho| tetracycline LH-E X}
o Cisi SO0|Mo= HEst= EHY forward primer@t 6702| reverse primersE

H0] MA[SHRACE PCR U2 2 SLUSHA| HA[SHIULE.

o
ret

SELMZE 1x TAE buffer (40mM Tris-acetate, T mM EDTA)E M7|8&s=2 ¢
AFHOZ 10|, 0.5 pug/m ethidium bromideZt B7tEl 1% agarose gel 2H0f|Af

M7|¥s Z, UV Ad=7|0|M band2| 37|E &QI5t0 tetracycline W-&-FHXQ



Table 2. Primers and expected sizes of PCR amplicons for detection of fer genes using multiplex PCR

) Oligonucleotide sequences Amplicon
Gene Primer i Reference
(5" to 3" size (bp)
tet (A)
to TETF GCGCTNTATGCGTTGATGCA
tet (G)
tet (A) TAR2  ACAGCCCGTCAGGAAATT 387
tet (B) TBR TGAAAGCAAACGGCCTAA 171 Jun, 2003
tet (C) TCR3 CGTGCAAGATTCCGAATA 631
tet (D) TDR3 CCAGAGGTTTAAGCAGTGT 489
tet (E) TER ATGTGTCCTGGATTCCT 246
tet (G) TGR3  ATGCCAACACCCCCGGCG 803

_10_



Table 3. Primer sets and expected size of PCR product of various

tet genes

Oligonucleotide sequences

Amplicon

Gene Primer . Reference
(5' to 3" size (bp)
TKF GTAATGGTACCTGGTAAATC
tet (K) 329
TKR CTATTACCTATTGTCGCTAC
Kim, 2004
TLF GATCGATAGTAGCCATGG
tet (L) 480
TLR CTTCTATCAACAAGTATC
TMF GAATCTGAACAATGGGAT
tet (M) 1,099
TMR CTAACAATTCTGTTCCAGC
TOF AGACGGAGCAGTATTAG
tet (O) 200
TOR CTGCCCAACCTTTTGCTTCAC
Jun, 2010
TQF GACTCTATGGATATAGAG
tet (Q) 835
TQR CCATATCCTCTACAATCG
TSF CATAGACAAGCCGTTGACC
tet (S) 667
TSR ATGTTTTTGGAACGCCAGAG
(32) tet32 F GAACCAGATGCTGCTCTT 620 Claire M. Melville
tet
tet32 R CATAGCCACGCCCACATGAT et al., 2001
37 tet37F AGGGATATTGGTTGGAGA 390 ML Diaz-Torres et
tet
G7) tet37R ATCAGTCTCATATTTCGACA al., 2003
(39) tet39F CTCCTTCTCTATTGTGGCTA 701 Y Agerso et al.,
tet
tet39R CACTAATACCTCTGGACATCA 2006

_11_
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2016 3EFE 2017W 107K MFX[F GX| AAZ0M ZEo HEE A
C2 FPEl= BXERH T 3060FE 22510 A™0| AFESHRILCE

=2|72 MEEiX| 2l TCBS, SS, GSP, Blood agarg AMEdI0 2%t & £E0|H
primer sets& AtE%ct MEHQ ZFS HASIACL O AL, 2016H =0
Streptococcus sp. 94T, Edwardsiella tarda 28w3, Vibrio sp. 2173, 0|&%
o3 207F 2ElERACH, 2017HE0|= Streptococcus sp. 6703, E tarda 38T
=, Vibrio sp. 350, 0|878 #F 37F7t 22l JACHFig. 1).

PCRE Sl A+

rio

1A

i

MEHE AN S parauberis?t 16003, S. iniae
2 SQIE|ROM, Lactococcus garvieaes BEEIX| AUCHFig. 2).

E tarda #3F= MEHHIX|Ql SS HIX| 0N H2M ZE0| HHE 66nFE K
Hotgien, Hefot 382 fIet PCR ZA0ME ST ZNE P2 = AU
(Fig. 3).

Vibrioceae2| 878 FA| PCRE &8l HA|ZR2D, 560F2| Vibrio sp. & V.
alginolyticus?t 403, V. harvey?t 2T = =QIEJUCL LIYHX| Vibrio sp. 507
FE2 2 AF0M SEEX %2 CHE B2l Vibrio dFE FHESHULCHFIg. 4).
St 306mF T 23dF= & HTFOAM ARESH MEHHIX|RL primer sets2= 2

eIZ|X| Eot 0|5 32 2FIRALHFig. 5, Fig. 6).
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unknown

Fig. 1. Number of bacterial isolates from cultured fish in Jeju.
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1,000bp
500bp

100bp

Fig. 2. Detection of Streptococcus sp. by PCR using the specific primer sets. Lane 1-10, S. parauberis;

Lane 11, S. iniae; Lane 12-14, L. garvieae, M, 100 bp DNA ladder.
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1.000bp

500bp - R e @R e W e W W e
100bp

Fig. 3. PCR products with the specific primers for identification of E. tarda. Lane 1-10, E. tarda; M,
100 bp DNA ladder.
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1.000 bp
500bp

100bp

Fig. 4. PCR results with genomic DNAs of Vibrio isolates from Jeju island. Lane 1-4; V. alginolyticus;,
Lane 5-6, V. harveyi; Lane 7-9, Vibrio sp.; M, 100 bp DNA ladder.
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1,000bp
500bp

100bp

Fig. 5. PCR products with the specific primer set for Tenacibaculum maritimum. Lane 1-15, unidentified

isolates; M, 100 bp DNA ladder.
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10 11 12

1,000 bp
500bp

100bp

Fig. 6. PCR products with the specific primer set for Pseudomonas anguilliseptica. Lane 1-15,
unidentified isolates; M, 100 bp DNA ladder.
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Tetracycline Wd #F&= AHLsd HEOAM tetracycline X oxytetracyclinel

ol SMYME Yo He w22 FEoel, #5529 W

A
i
i

HEE Z, S parauberis 830F, E tarda 491F, Vibrio sp. 150@F7F LA

N

T2 = ALy Eoh SFYEX| B2 0S¥ ©F 7h2H tetracyclineO|Lt

tetracycline LdwF=2 HFz W FMXHE Z2EZE HdEHEJAS O, HMFAl
L otd, ofE, =8, 71zt 52 FHZUAM ZElE 83vF & HduFE 40

on, du, 5 U8 2 MAZANM Z2[E 2238F T 1

—_

4352 K|

ESH EAAIZ|YE ZOl8 A3 tetracycline LHE #FE 20169 T 1632F 5

79T TE 48%, 2017H 0= 14308 F & 750 F 2 52%=2 ZAL7|LF tetracycline
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deldrso ddH Wddes Loter] fioh Mg ta3a =Hitgs
sof 285 el, 1 2= Chaat &L

BE S parauberis 3= gentamycin0 CHSHO Zi=d2 EJ2M, nalidixic
acid (90%), oxolinic acid (87%), sulfadiazine (79%), oxytetracycline (49%),
streptomycin (44%), tetracycline (41%) =22 &2 WG ES LIEILHRUCEH £
amoxicillin, doxycycline, enrofloxacin, kanamycin, minocycline, neomycin,
penicillin S2| Z-dH 0 CHsiA= 10% O|Fte| LY SES LIEFLH RACHFig. 9).
20161 20173 AO] EO|H o=z LWdE2| Byt 2EE M= AUAACH
=2[8t 56@F2| Vibrio sp. @F= HFE amoxicillin, ampicillin, penicillin &
penicillinAl X0 CHsH 80% Oldel =2 Wdss EeH, 1 <
ciprofloxacin, enrofloxacin, oxolinic acid & quiolone A 2| &’ A0l Cisto] Z

=g AL HiHez ®2 WdE

mjo

= 9ICHFig. 10).
Vibrio sp. @3 W sulfadiazine0®f CHgt LHEE2 2016H 0= 5%RA 2Lt 2017

HZols 31%2 L0l S HS BT

>

E tarda 66uT= CHet A€ol SUAO COisf =2 WdES ER=M
penicillin (76%), oxytetracycline (74%), tetracycline (73%), doxycycline (65%),
amoxicillin  (64%), ampicillin (59%), erythromycin (59%), nalidixic acid (55%),
minocycline (52%), sulfadiazine (45%), streptomycin (23%) =AZ =2 LIEFG

Ct. Chlorampenicol, oxolinic acid 2| M0 CHsto 10% OJRte] Z2 Lid

o

EZ2 BEQCL 3 BE £ tarda @F& ciprofloxacin, gentamycin, enrofloxacin,
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kanamycin, neomycin, norfloxacinOfl CH3l Zf4=dE LIEILH RACHFig. 11).

A0 AFBE 306WF F 2620 F7t 25 F 0|49 &0l CHs LidS ZHX|
= CHMILl SR OIR 2, S parauberis 15213, E tarda 6203, Vibrio sp. 48
FRCE 2016 201730 CHMWE2l HIE2 S parauberis @F7F 2424
95%, 96%, E tarda @F 96%, 92%, 2|1 Vibrio sp.0lM= ZZ 86%E ZE|

Sigth

o3 W CHHUdo ol 2ol X0ls =X §0F Z=AZ|ZEESe &+

o =

ﬂ_

M
-
=
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Fig. 9. Antibiotic resistance pattern of S. parauberis isolated from cultured fish in Jeju.
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Fig. 10. Antibiotic resistance pattern of E. tarda isolated from cultured fish in Jeju.
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. Antibiotic resistance pattern of Vibrio sp. isolated from cultured fish in Jeju.
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2.3. Minimum inhibitory concentration

AN LN AAME Sl =RIE 1543 F2| tetracycline S oxytetracycline L4

S. parauberis 830 F & 47T 7} tetracyclineOf| CHSH 100 pg/me O| 4, 557F7t
50 pg/me, 23@F= 25 pg/me 2| 17F7F 12,5 pg/me O[5e| MIC 2te LIE
A2, oxytetracyclined| CHSHA= 7237 100 pg/me O|&, 497F7F 50 ug/
mg, 23737t 50 pg/me, 47t 12.5 pg/m@ O[5t MIC 7t 2 LEFLY A ChFig.
12, Fig. 13). & MO CHSt S parauberis @ZF2| MICZH2 CHEE 25~50 g/
me2| He|o| =3tIALCE

E tarda 497F = tetracyclinel} oxytetracyclineO| CH3{ Z+Zt 4572 F, 460F =2
y y y

CHE=2] @FS0| 100 pg/me Ol =2 WdES LIEIWE AS &g +

Vibrio sp. #F& HF& 25~100 pg/me2| MIC gt=2 LIEIWO £ tarda #FELCH
He2 Heol d+E2 LEIHRISH, 7837t tetracycline® CHSH 100 ug/me
Ol4d, 50 pg/m= 3TFASM, 25 ug/me, 12.5 pg/me 2 2 47F, 125%
Ct. OxytetracyclineOl| CHSF 2f2 10=F7F 100 pg/me O|4, 50 pg/m= 3TFA

Ol 27 F = 25 ug/m=2 =QIZ|RALCE,
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B S parauberis T E. tarda W Vibrio sp.

" Resistant Sensitive
100% ; L
| Yol |
30% -
g 60% -
E
b
=l
£ 40% -
20% ~
0% i T T
100 pg/me O] A 50 pg/mé 25 pg/m 12.5 ug/me 0|5}
MIC value of tetracycline

Fig. 12. MIC value distribution of tetracycline against S. parauberis, E. tarda, Vibrio sp. isolated from

olive flounder.
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B S parauberis W E. tarda W Vibrio sp.

Resistant Sensitive

o A
100% A w \

80% -

60% -

%% of isolates

40%

20%

100 pg/m@ O At 50 pg/mé 25 pg/ml 12.5 yg/mf O}
MIC value of oxytetracycline

0%

Fig. 13. MIC value distribution of oxytetracycline against S. parauberis, E. tarda, Vibrio sp. isolated

from olive flounder.
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3. PCR

Tetracycline 3! oxytetracycline®| CH3{ LiEES 7tX|= WE #FS=5FH total
nucleic acid& £2/8t &, PCR X multiplex PCR2 S3l tetracycline L7 Xt
of FFet 1 FRE QlstALCE

Tet (A), tet (B), tet (C), tet (D), tet (E) X tet (G2 AES <Ish O Jun
(2003)0| HM|ZSt primer sets& ALESH multiplex PCR Z1t, £ tarda 497F &
457 0| A 500bp0l 2ET bandE 2Ol = AURACHFig. 14). 5, E tarda T
T Woll= 6572 tet gene & tet (D)7t TO| EXSIU2D, ter (D) M 2T
LIMX| SHEZXL tet (A), tet (B), tet (C), tet (E), tet (G)= AEEIX| UL

Vibrio sp. 15030 M= tet (B) 1o, tet (D) 3T, tet (M) 1dF A tet
(B&M) &0| 2572 LHEFEAE 7HX= #F= 10232 U Vibrio sp.
o3 WoME CHYS tet geneO| 2XESt AZS =QISHIACH (Table 4, Fig.
15).

LS multiplex PCRE &3 =RIE Z4249| tet gene multiplex PCR 2t OfL|
2t conventional PCRE HAISIRE Mo St AutE 2S = URUCL

O ddd Wotet (K), tet (L), tet (), tet (Q), tet (M), tet (S), tet (32), tet
(37), tet 39)2] AEZ %t single PCR B, S parauberis T M= tet (S),
tet (M)O] AEE|USH(Fig. 16), tet (M)O| 1TF, tet (S)7t 767FZ2 HEE9

T F7t tet S)E KL= A2=E QT ACHTable 4). £ tet (MRS)EO| 2T F

S. parauberis W@ 22 Z2F/E #F T tet genel| 2HQIE|X| Q2 57#FF O
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MO 2 tet (K), tet (L), tet (O) & CIESt ter genel| HEZ A|LSIRSLE, ofH

tet genel HAEE|X| ARUACHFig. 17).
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Table 4. Detection of various tet genes in tetracycline resistant isolates from cultured fish in Jeju

Isolates No. of isolates tet genes
1 tet (M)
S. parauberis
76 tet (S)
(n=83)
2 tet (M&S)
E. tarda
45 tet (D)
(n=49)
1 tet (B)
Vibrio sp. 3 tet (D)
(n=15) 1 tet (M)
10 tet (B&M)
total 139
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10 11 12 13 14 15 M

1,000bp
500bp

100 bp

Fig. 14. DNA amplification of tet genes in tetracycline resistant isolates of E. tarda from cultured fish

in Jeju. Lane 1-12, tet (D) in E. tarda; Lane 13-15, tet (M) in E. tarda; M, 100 bp DNA ladder.
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1,000bp
500bp

100bp

Fig. 15. Agarose gel electrophoresis of amplicons generated by the multiplex PCR. Lane 1-5, fer (B) in

Vibrio sp.; Lane 6-8, fet (D) in Vibrio sp.; Lane 9-15, tet (M) in Vibrio sp.; M, 100 bp DNA ladder.
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1,000bp
500bp

Fig. 16. Agarose gel electrophoresis of amplicons generated by PCR of tet (M), tet (S) in S.
parauberis. Lane 1-12, tet (S) in S. parauberis; Lane 13-15, tet (M) in S. parauberis; M, 100 bp DNA

ladder.
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9 10 11 12

1.000bp
500bp

100bp

Fig. 17. Electrophoretic analysis for detection of tet (K), tet (L), tet (O), tet (Q), tet (32), tet (37), tet
(39) in S. parauberis. Lane 1-3, tet (K) in S. parauberis; Lane 4-5, tet (L) in S. parauberis; Lane 6-7,
tet (O) in S. parauberis; Lane 8-9, tet (Q) in S. parauberis; Lane 10-11, ter (32) in S. parauberis;

Lane 12-13, tet (37) in S. parauberis, Lane 14-15, tet (39) in S. parauberis; M, 100 bp DNA ladder.
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0 & 30635 H0 AHESHRULE.
M M FH2H2 Lactococcus garvieae, S. parauberis, S. iniae, Enterococcus

sp. SO 2o YECH 2nE|leLf, & AF0A Za[et 7=l MFH2

S. parauberis?| BEBIEZ7L FE5HAH 71510 U= AS 2l = AUUCHLee
et al, 1994; Lee et al, 2001; Oh et al, 1998). O|™ XM= Lj AMAZH Ql
el &8 At S iniaeRt S. parauberis?| BEZEO| ZtZt 46%, 54%E H|XGIY
Ct= Ell(Jeong et al, 2006)2t ZEE0AM XtO|E ER=0 Ol= O™ S iniae
w0 Cigh orgXeol diflol JHEES| 2t WHEO| HOtEe=z Jlf S
parauberis @301 2ot AL HO| CHEStD QU= Ae=z EAFICE

LS Thompson et al. (2004)2 6550| E= Creot H[EZ|2 M0 2[df HE

2|RHOo| LY, ASHM M2 J0| EA= FMZ 2asged, 2

e

TOIME HEE X Q] TCBS HiA| &OlA L2tM = ZEM colonyS

ogt
ox
o
rir

ozt
fd
of
2

ZHoz2 253t 3 O|F Kim et al. (2014), Kim et al. (2015)2| &HE

ul

62| Vibrio sp.2| MEH sdE HAISIRALE. 1 Zil, V. alginolyticus?t 4
o3, V. harvey?t 2732 =HQIE|JACE Ol MF= W Vibrio sp. #FE2 &
Mg dAst 2Z0E HEHES™, Vibrio scophthalmi, V. harveyi V. anguillarum, V.
fischeri V. pelagius, V. pomeroyi Photobacterium damselae 0| HEL|0] &
TOHAM SEE HASHK| RAUYE CHESH FF HEEZL #FS0| HMFE W
of 2=t AZS =g 5= AUARALHJo, 2007).

22|E #FE9 ampicillin, ciprofloxacin, enrofloxacin, nalidixic acid, oxolinic
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acid, chlorampenicol, tetracycline, erythromycin, kanamycin, penicillin & =&

o

2139 &l of CHet X" Zat, S parauberis 3= quioloneH &
MHQl nalidixic acid, oxolinic acid?t tetracyclinell Z’EX 2l tetracycline,
oxytetracycline 12|11 sulfadiazineOf CH3H ZtZt 88%, 44%, 79%2 =2 WEE
2 LIELLHQICE 2HHO| ampicillin, penicillin 2 M0 CisiME 2 90%2|
UaHe ERULCE CF2 A= nalidixic acid, oxolinic aciddl CH3{ Zt2t 64.8%,
58.1%2| L{EE0| =HQIx[RCt= O|Fe] ENHLE J710h WEEO A2
O, amoxicillin, ampicilin & penicillinA 2’dH o s X2 WEEO CHSHO

O|™el Bl =1 LX|St= ZIE =olg = ARUCHYang, 2008; Jeong, 2006).

0%

562 EE|El Vibrio sp. @F=2 ampicillin, amoxicillin 2| penicillin|

Ao s 83%=2 =2 WEE EO O Son et al. (2005)1F Kim et a

(2010)0| C}ASE Vibrio sp. @3 LHOIAM ampicillin®ll CHEH 90%7F 2= =2 U

=
SE

mjo

HIC

—_

= E2No| ZAnet: [FASIYLCE EDH Vibrio @& penicillinA
QI CHE Aol &Moo CHsiM = CHHIACSZ 10% OS2 E2 LHEES EX
=0, Ol CtYst A Cisll Vibrio sp. @3 L LAz ZIoM 2=

SUAAL 2 2 W3E

mjo

HOl o|Mel Aot SSIRULCHLee et al, 2009).
otH, Vibrio sp. #3F W tetracyclineAl 2dA0| Cigt W == FOICH X0

7t e ALz =2Qlk[0f ol MEH T 81t e =AEEH 2ed

Y

o=z

E tarda W@FE= Vibrio sp. @F2 FASHA penicillind AKX E

i
ngt
rot

X

oot

=1

of =

rlo
-
ox
M
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ototol Chet 7| x=XtgE #8E A2 At=EICE

LA A W Fa Mad ZYe oMFTd, HEZ|Y, oEQIEYOl RN
=2 TN WddeS A2 A1, 37FE0 ofsh s8FeE =2 WWEEO
HEE SEH = tetracyclined ZENE ZHQIZ|UCE 2 AFOM= 10f 2t

tetracycline R oxytetracycline W-d=F W WE7TX0| CHsl 242 HAISHRA

Ct.

M LY SAYOM 223t 3062F & tetracycline W@ = S parauberis

83w F, E tarda 4970 F, Vibrio sp. 153 FE 22l & 1477FE WEAFE
TE2SIULCE O WERFE2 MIC testE Sl LHd-FE2 HOE £, oFS

Of AL /U= WEFTEAS SF X BXEE PCRIF multiplex PCRE &3l =0l
SHRALE

Chopra and Roberts (2001)= HIF& AESEMT0M tet (A), tet (B), tet (C),
tet (D), tet (E) X tet (G) 6B 72l tet geneO| LIEFACID HNGHRACM, Jun
(2003)2 Chs Z tet genell AE2 2dH XM AT specific primersE AHESHY

IFSYNE U WHRTRY EEE AHEYUCL 00 2 HAROIME SO/

__

primer sets& A&t multiplex PCRE &3l MFX|<Y AAGX|0M Z2|eh 2
M T0M tetracycline HERFHXE HHEQJUCH O AL, £ tarda 4973 U
OlM 4577t tet (D)E AIHL Ae AS SSIYU2H, O|H £ tarda ©FOf

N tet (A2} tet (D)7t LAEICtT E18 Roberts (1996)2 Z et S AMSHILE.

Tet (M)2 AL HN 70 SEMTEEE OtL|2F mycoplasmad Mz HAECHD

Chopra and Roberts (2001), Roberts (2005)& E18tA2H 0|0 tet (D)7} HE
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S|X| %2 E tarda 470 OS] ter (M)Q] BES 2Tt single PCRES MA|SHY

OL} tet (M) ZQIL|X| QUULCt tet (D)7t BEE E tarda 450FE°| MIC

mjo

AoEH 25 100 pg/me O|HQl =2 MIC #2 XKWL}, tetracycline 3
oxytetracycline®| CHS ZtZt 25~50 pg/me2| MIC 2fE XY ZFOAN £ tet gene
O| &QIZ|X| RULt Ol= E tarda @F U tetracyclineOfl CHSH MIC 20| 25 ug/
mg O|O|AS W ter geneO| HHQIE|RACt= EQt HIWSIYS M, 2 AFOA

Ho

=2|8t E tarda @3 UO| CtE JFFQ| tet geneO| 2ET 7tsM40| U= A

rir

hu

=Y5HRUCt.

rir

Vibrio sp. @F0M =QIE Wd |FEX= 22 tet (B), tet (D), tet (M), tet
(B&M)O|RALE. Jun (2003)Z} Kim (2004)2 O|F Vibrio sp. @3 WOIX tet (B)2t
tet (B&M)2| 2EZIt SHQIE|QUCt Bt on, 1o SYstH & ATFAMQ
tet (B)2t tet B&M)2| 22X O[Tl ZAUS1 YX[SIALLY, ter (D)2 HE2
O|™O| =HOl=l Ziat #0|st tet geneQ| EEE 20IT = QUQUCL ESH Vibrio

sp. W tet genes X|LIE @FS2| tetracyclineDt oxytetracycline®f CHEF LiAH

T E ¥oIst 2}, tet (B), tet (D), tet (M) &0| 153F9| tet gened X|L& &

ol

N
rlo

HME 12.5~50 pg/m oD, 2559| tet geneS XlL= ZF0AM 2| MIC

50~100 pg/mZ 2ZF9| tet genex X|L= @FO|A Sl MIC #40] O &2

e
mjo

2+OISHICE,

= L

k-

Tet (K), tet (L), tet (M), tet (O), tet (S) 52 AL LM TUHA FTZ =TTt

LHM A2, S parauberis 3 W tet genel| =S ¢t PCR 21,

oo

3wt

ol

W tetracycline LHdZFO0M ter (S)7F 76@ T 2M, tet M)t tet (M&S)= 2t
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2t 12, 20 T2 Z0lE| ALt

O™ MFXIY W S parauberis 2| tet genes QIS AU AM= ter (S)E
Ct tet M)Q| BEEO| O 52 A2 QSR Lt 2 AFM= S parauberis
o3 WHOIM tet (S)7F 7t dominant®t genel 2 =QIE|0f O|MO| ZAntet CA

XtO|Z7F UL ULCHPark et al., 2009).

rr

058 o0 et WSREA ZAE o3 2 AL s WIRTEAE o

got7| o2g0| AN =20 #F=

10

HEHel SHE HAIR = 0|Z0{Xof

g Aoz ALREICH

|0

OFNZ =4 HAF 2O A tetracycline 3 oxytetracyclineOfl CHs LH&ES E
Lt PCRE Sl tet geneO| =QIE|X| %2 S parauberis ST, E tarda 4@F =

= AFOM AESE primer sets2& HERTAE olg = QIRUCL O 9

—

0 CHoiM= 2 HAFO0A =Hels A

H
Ot
Ral
el
rlo
_lTl_
i
O
Jn
lo

| tet geneO|7Lt,

M2e S8R0 WHRNA 5% SO AM=z MY + UYL

= ATOA tetracycline] A= SAHEX|M 22l M LM &2

Li-dH[20] =IO, tetracyclined] WEE2 f[Ust= LHEAZTAXQ
tetracycline &R A= M=ol S0 e ChAh ter geneO| EA|THCY H1

£ QAL

O

I FAHTOMLE A0 Ble| HRE AFEH SMHE Sofstm 7| o

=0 =4 LAAFAM Z2let M LHOIM Z|E0 EASCED ST 7

b olQlel M2E M WEdZ2ZAR7L e 7tsd0] 20, O|F EX|
St7| fleh XEHQ A7 Easitt Wt F20ls 2 TN HAS S
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parauberis, Vibrio sp., E. tarda @3 0|2/9| CtF

AME S WY ZHEEO0| HAIE[OfOF g A2 A
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V.8 ¢

-—

FHAFUAM = Med 282 MAHE ?ldl SEHE XNEH2=2 A&sta bt
agiu AN 2 Mgz Qb AN Wdde Eeogts EHHY E

Azt BAstRen, dEH HWd2Me Wdwlz 2t HES Xzl oHE,

L

o fuE oI BHRE I AF2E MO HolZ 54 SO £
M7IEID QICk Ofof £ AROIAE 2Lt YA MAZO T8t 0|42 XpX|B
TOYE HFERY YAYNZEE 223 OHHMT L S AN LYY

ekt tetracycline L d@ 32| H[EE ZARSID Lfdd W O typel| WEFH

Mol H88 ZtZt 52% 68%, 27%Y S =0Qls 4= QQICt ESH 2|

rok

LH-g o

F W oM ZF]9| tet geneO| EZEStD JY=X
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