KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

3t ] 51(4), 397-403, 2018

Original Article

Korean J Fish Aquat Sci 51(4),397-403,2018

MFEXS LAl HX|(Paralichthys olivaceus)dM 22|18t oA LH
Erythromycin Lid |XXI 24

oIt - Ml - P/ - HEH

—_

Analysis of Erythromycin Resistance Gene in Pathogenic Bacteria Iso-
lates from Cultured Olive flounder Paralichthys olivaceus in Jeju

Da Won Lee, Lyu Jin Jun, Seung Min Kim' and Joon Bum Jeong*

School of Marine Biomedical Sciences, Jeju National University, Jeju 63243, Korea
!Central Research Institute, Woo Gene B&G, Hwaseong 48513, Korea

We determined the resistance rates of pathogenic bacteria isolated from cultured olive flounder Paralichthys oliva-
ceus to erythromycin (Em), antibiotic typically used in aquaculture and analyzed the genotypes of resistant bacteria
using polymerase chain reaction (PCR). We isolated and utilized 160 isolates of Streptococcus parauberis, 1 of S.
iniae, 66 of Edwardsiella tarda, 56 of Vibrio sp. and 23 of unidentified bacteria from presumed infected olive flounder
from Jeju Island from March 2016 to October 2017. Of the 306 isolated strains, Em-resistant strains included 33 of
S. parauberis, 39 of E. tarda and 2 of Vibrio sp. We conducted PCR to assess the resistance determination of Em-
resistant strains. Five different types of Em-resistance genes were detected in the 74 Em-resistant strains: erm (A),
erm (B), erm (C), mef (A) and mef (E); erm (A) and erm (B) were detected in 1 (3%) and 24 (72.7%) S. parauberis
isolates, respectively. In E. tarda, erm (B) was detected in five isolates (12.8 %) and no Em-resistance genes were
detected in the two Vibrio sp. isolates.
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M E o 8 Agtato] Al1+<] ribonucleic acid (RNA) &]&4] thil
A gFo 7 A Ag-gtH(Hansen et al., 1999). Em WA

1920 0] FA=Z o] A ol = A= A 2 ool 71302 AA F AR B A glom, U dRAA =R U7

U A7 4 08 ARgE o] A ghou), A 0] @ g o5}
of WY A WAdwHS AW A 59 ol H ok thRol
Ot P Al 55 oF718H AL, F T ARSI H ZAI A HiF
w1 Qe 53], 558 e A Ao ool A
& B2 9ol AbR e} Z3sto] ZhSolu o 7o) A Sl
EA 02 AR oA o H(Lee et al., 2010a), 0|2} -2 L&
H8kaL 3 91 YA AME- 2 & Qlsto] WAt ERolete
A7 A S Qi

Animal and Plant Quarantine Agency (APQA, 2009)°] wh
21 erythromycin (Em)2 0] F4] Aol A 6.3%2] HlS-&
A}A| 51, oxytetracyclingo]] o]0} =2 ARE-E©] 1= Sl
Em-& macrolide#] 3HIAZA, Al++2] 508 ribosomeo] 714

Zol| whe} LR Ch A HA = methylaseS E8) Alw+2] ribo-
some®]| Bt A|7F Aol FH1E B 7]= 714 0=, erm
(erythromycin ribosome methylation) G- 2}e} e o] 9l o
o, 7 A= WA o T ol o3 Uojub= efflux pump
ofl oJ3t A1 0 & mef(A) (macrolide efflux), msr(A) (macrolide
and streptogramine B), vag (virginiamycin factor) -2 22} &
#o] 9)tH(Lee and Kim, 2013). A 7| 22| EAJ o u}e} Em W
A FAAE 11 FFE D sh=tl rRNA methylase?] ¢+
erm (A), erm (B), erm (C) 5-0] EAjet= A o= de{A 9o
o, efflux W71 7HA = 54 2+= mef (A)7F ti 3220 A
© 2 2% 9 thSapkota et al., 2006).
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o| 5 Al tgt W3S 7HAl= At vl&o] S7kskaL ik
(Lee and Kim, 2013). A|5=A] oA &= Fe]gt o] A<+ W 3
YA WES vt A3, of 5= HE 2o] 7} 9L o1t Emo]| of
& =2 YAl Eo] FelEdth(Lee et al., 2016). 2016 = Ko-
rean statistical information service (KOSIS) S7Jof ©f2H, 4=
AHAE =8 STkl e pARFAIRRS STIsAL 9lom, Y
Al AR AA S7FsaL Q= FeAlolh. o] whet ohekst +F
FollA] YA WAk el g B A7} o] o] A AL gl
L, = FAlolFoll A E2igt Em W/Adwk B W dR-dAke] o
gk A= A9 o] Foj R A] ¢Far ¢lth(Han et al., 2012; Sung
etal., 2013; Lee et al., 2016). ©]o]] & & Loj| A A|F=2] & of| A]
w2]gt oAt W macrolide| @AY A1 Emell thal] Wi/ 4=

& glska, WAdFEol 7H= WA Hisf 24

a7 s,

A= 20169

I

] 20179 AFA S G2 kAo

Table 1. Primer sets used for the identification of bacteria in this study

olz e Ze|sto] Ao ARSHYITE ARt HFEY &
e Sl Alme] YWi 715 SaFulAlQl tryptic soy agar
(TSA, Difco., USA) ¥ brain heart infusion agar (BHIA, Dif-
co., USA)Q} Alefulz] 9] thiosulfate citrate bile salts sucrose
(TCBS) agar (Difco., USA), salmonella shigella (SS) agar
(MB cell, Korea), glutamate starch phenol-red agar (GSP,
Sigma-Aldrich, Korea), blood agar (KOMED, Korea)tlj =] ]|
Easa, 27°C oA 1824412k wheFste] ol et 94 1 )
B S SIskinh 2elH o= F7HAQ Aol ARgE7] A
7HA] 70T oA Hatskeict

Fxo| 5%

et o5 5 AEulA] SS uijA] Aol A A2 ke 3
1= w55 Edwardsiella tarda 5% 373} |
9 Aelulz)9] TCBS i A] AFof|A] 224 Tl wa2kal 3
GAsl= W5 Vibrio sp. 4= F45IA 24 HFE
23t F 572 Higene™ genemic DNA prep kit (BIO-
FACT, Korea)E AH8-510] w+E52] genomic DNAS &3t
% Table 19 A|A|Et primer setsE AFg-35lo] PCRES £3) &
oI5kt

ol

10 flo M ox

Target pathogen Oligonucleotide sequences (5'-3') Product size (bp) Reference
o AAGAGACGCAGTGTCAAAAG
Streptococcus iniae 220
CGTTTCTTATCTTGTTACTC
) TCCAGTCTTTCGACCTTCTT
Streptococcus parauberis 107 Woo et al., 2006
CAAAGAGATGTTCGGCTTG
) AAGCAGTCTTTTGATGCAAG
Lactococcus garvieae 307
ACTGTGCGCCCTTATTAACT
. CGGTAAAGTTGAGTTTACGGGTG )
Edwardsiella tarda 415 Sakai et al., 2007
TGTAACCGTGTTGGCGTAAG
. GTCARATTGAAAARCARTTYGGTAAAGG
Vibrio genus 689
ACYTTRATRCGNGTTTCRTTRCC
S ACGGCATTGGAAATTGCGACTG Kim et al., 2015
Vibrio alginolyticus 199
TACCCGTCTCACGAGCCCAAG
. ) GTTCATAGCATCAATGAGGAG )
Vibrio anguillarum 519 Demircan and Candan, 2006
GAGCAGACAATATGTTGGATG
. . GTGATGAAGAAGCTTATCGCGATT )
Vibrio harveyi 601 Kim et al., 2014
CGCCTTCTTCAGTTAACGCAGGA
o ] AGCTTATTGGCGGTTTCTGTCGG )
Vibrio parahaemolyticus 297 Kim et al., 2015
CKCAACACCAAGAAAAGCCGTC
o GACCTCGCGCCATTA
Pseudomonas anguilliseptica 438 Blanco et al., 2002
CTCAGCAGTTTTGAAAG
. » TGTAGCTTGCTACAGATGA
Flexibacter maritimus 400 Cepeda et al., 2003

AAATACCTACTCGTAGGTACG
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Em W/d+t &2 2 o5 W &

5 9J5}o], A A A1 E2 clinical and laboratory stan-
dards institute (CLSI, 2017) 7]z=0] wje} AA|algl o, 1 vt
e o gk 2elate] St $15}o] tryptic soy broth
(TSB, Difco., USA)E AME-8F% 0™, 27T oA 18-24 4|7 Hf
FotoAct. v 10°-10°C.2 3]45to] Aol ARg-stC.
o, HFst HE-S 0]-2-3] mueller hinton agar (MHA, Difco.,
USA) gito] =gl 2, oA 235 F2A]7]43L 27T
Al 24A17F vl okttt YA Tl AT B Liofilchem®of|
Al T 381%0. 1, amoxicillin (10 pg, AML), amoxicillin/cla-
vulanic acid (30 pug, AUG), ampicillin (10 png, AMP), chlor-
amphenicol (10 pg, C), ciprofloxacin (5 pg, CIP), doxycycline
(30 ug, DXT), enrofloxacin (5 pug, ENR), erythromycin (15
ug, E), gentamycin (10 pg, CN), kanamycin (30 pg, K), mi-
nocycline (30 ug, MN), nalidixic acid (30 ug, NA), neomycin
(30 ug, N), norfloxacin (10 ug, NOR), ofloxacin (5 ug, OFX),
oxolinic acid (2 ug, OA), oxytetracycline (30 ug, OT), peni-
cillin (10 pg, P), streptomycin (10 ug, S), sulfadiazine (300
ug, SUZ), tetracycline (30 ug, TE)S.2 F 215 AME5FS S
o, Wo 5 ZAI AN SHelsto] WS Bl stk w3,
Em WA +9] WAl4=-2 broth dilution method & #]-8-3F min-
imum inhibitory concentration (MIC) testZ 53 20154911,
Lee et al. (2010b)2] ®:3} FARSHA AAIst] tha3k Zt
AR N1 FE7} 100 pg/ml7}t HES lo] 2% S
7}0.78 png/mL7} %% mueller hinton broth (MHB, Difco.,
USA)Z 124 A S| Ast3lomd, ot vl el o] 5= 10°-10°
o] H=5 3|Asto] FH[sIITh w52 MIC 5 plates
27°CoNA 24A13t Bl fsto] o] 4] of ol whE HAf|Hf A <
EELEE gelsto] gto] AfetA] 2 s R AT

oN

4 At

-
|

O

Erythromycin LH{EFXXL A=

E22H Em WAHFE erm (A), erm (B), erm (C), mef
(A) % mef (BYE $-: 44 3o PCR& 53l Aol
S AuEgron, 7 WA W A HES 9I3F primer A
&2 Table 20 YEFHSIth PCR £415 9l5to] 1 uMe] 2t
primer, 2.5 pM®] Z} dNTP, 10x G-Taq Buffer, 2.5 U G-Taq
DNA polymerase (Gene Pro Themal Cycler Cosmo) 2 tem-
plate DNAS #7}5F & distilled water® PCR 2§H5-2] 2%
volume©| 20 uL7} H =& 3} PCR ¥H-2 94 C o) 4] 3£
7} pre-denaturation A AJgF 3, 94°C 30% denaturation, 55C
30% annealing, 72°C 30% extenstion HF-3-& 1 cycleZ 3}
30 cycles $F 5, 72°Cof| A TEZT post-extension A| F T}, 5=
AHEE 1% agarose gel AollA A7]19-5A171 &, UV HE7]
(UVP, USA)of| A band®] =7]& &Felsto] W/dF-4AFe S5
= sl

2

M=ol 22| & 53

20164 3456 20173 104 714] Al5=2] S H 2] 418 ol A
Ao AHE Ao S = GA 25 E F 3065 &
ool Aol ARg-steitt. A=ulA| 2l SS, TCBS, GSP, Blood
agars AR50 B2 FFESE A1}, Streptococcus sp. 161
¢, E. tarda 6611-=¢, Vibrio sp. 564, Z12] 11 50| 291 | A
B8 23355 He|5ktE. PCRS 53l st ] Ul
2 &olst A, S. parauberis7} 160+t-=5, S. iniae7} 19t+2 &
o1& 1.0, Lactococcus garvieaer A< A Ut} E. tarda

T AUl A 21 SSHA] Aol Al 24 Fl 2ol B/ 664t

A5 A3}= H T} Vibrioceaed] 574 <A PCR £-4]S
AN E|Qlom, 563+5=9] Vibrio sp. % V. alginolyticus?}

Table 2. Primers and expected sizes of PCR products of various erm / mef genes

Gene Primer Oligonucleotide sequences (5’ to 3) Product size (bp) Reference
Em (AF GTTCAAGAACAATCAATACAGAG
erm (A) 421
Em (AR GCATCAGGAAAAGGACATTTTAC
Em (B)F GAAAAGGTACTCAACCAAAT
erm (B) 639
Em (B)R AGTAACGGTACTTAAATTGT
Em (C)F GCTAATATTGTTTAAATCGTCAATTCC
erm (C) 572 Jun, 2010
Em (C)R GGATCAGGAAAAGGACATTTTAC
mef-F ATGGAAAAATACAACAATTGG
mef (A) 646
mefA-R GTAGTACAGCCATTCCTTIC
mef-F ATGGAAAAATACAAACAATTGG
mef (E) 812
mefE-R CCTATCAACATTCCAGATGC

PCR, polymerase chain reaction; erm, erythromycin ribosome methylation; mef, macrolide efflux.
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Fig. 1. MIC value distribution of erythromycin against Streptococcus parauberis, Edwardsiella tarda, Vibrio sp. isolated from olive flounder

Paralichthys olivaceus.

4413, V. harveyri7} 2452 EFQI=]Qic). 50712] Vibrio w5
£ & AT 5HL S5 AMEE primer sets®= 2H1E ]
ot V. alginolyticus, V. anguillarum, V. harveyi, V. parahae-
molyticus 9| V2 Vibrio 5% 333t ®3, 30645 =
237 & Aol TS Slsh AREE A x| 2} primer
sets = SIS = glo] M5 o= EFSHTh

Al W AR A o ko] whE o= A Abo] Fele 9
off At A 225 ZRIstelon, Aol &3
U= FAAREH, oh Y, 23, -2 -5)0l4 AA| 306+t F
F 99t AF2EA ofl HAISHL Sl FA TR, E¢, &
A, A 5)0N A S. parauberis 1195, S. iniae 14+-5, E. tarda
46+t Vibrio sp. 3835, HIE4 o= 39t =2 20757 &
2= 5= eIkl
Erythromycin &3 22|

Em U5t S04 A1el4 Emol chsl 541 el Al
2 P i o PRSI Belw 8 Bm WA
2 8. parauberis7} 3315, E. tarda= 39+1=¢, Vibrio sp.2 3
AE et 92 I WA= A= W &
AR EZ S AT ESES o, Al A Y g, o, 2,
2} 59 Aol A 22l 999t 5 WA+t S. parauberis
5a3, E. tarda 109+, Vibrio sp. 1d-F2 % 165-77(16.2%)
7 gl om, A4k Je, thA 9 A4 EelE
20745 5 WAAHF= S. parauberis 28v1=F, E. tarda 291,
Vibrio sp. 8952 & 650-5(31.4%)7} 2] 5] o] 2| o] u}2
WAte] Edof AtolE Hylon, Wildtse FAlddol 1
o] A= AFEA] A o] Wol E25kAL 93-S 4 4= Q)
ATk 3, 2AF A7 0] ThE Ao HlES Al o,
2016 E o] Balgt 16375 % 49 WA #5(30.1%), 2017
Teof| E2eh 143+ 5 32 WA(22.4%) & Em W g+t

Minimum inhibitory concentration (MIC)

EA|7HAl HAL Aol &Jste] Emoll YA 71A]= Alo] &
o1 81 AHES At & MIC testE A A5k A4ES
skels}glct. S. parauberis 3335 % 2437+ 100 ug/mLo)AY,
16957} 50 ug/mL, 107435 25 ng/mL18] 3l 57457} 12.5
ug/mLo|ske] MIC & YebSithFig. 1). E. tarda W d+t
FollAl= 5957 50 pg/mL, W A] 34+527} 12.5 ug/mLo]
81o] 2He VeR Itk Vibrio sp. 995 E. tarda T459F %
AFaHA T@#E7) 125 ug/mLolate] g vhehiglon], 29
7} 25 pg/mLe| MIC g5 UEhiSich & A3 oA 223t S.
parauberis -5+ 132491 E. tarda, Vibrio sp. ol B]5}¢,
Emol| i3] 5-2 #9]2] MIC 31 7H4 St ol g} vl a2 =
2 W] 3 7HE A skt

SRSt

A=A A FAVE W ol =R e 223t S. paraubers, E.
tarda 4 Vibrio sp. v+5=°f tl5}o] macrolider] 3AJA] 2]l
I penicillins, tetracyclines 52 Z3F3F thofst A H o] gAY
Aol tish FAAANE FAHHA e d7E WEAHETE F
2ot o 7t o= 1 WA 74 k2] A= Table 3] LER S
t}. S. parauberis w5 quinolone#|(91.9%), sulfonamide|
(79.4%), tetracycline#|(50%) FUA A2 =2 YAHAES &
&0, E. tarda w0l A+ penicillinF](80.3%), tetracycline
A(75.8%), quinolone|(54.5%), sulfonamide?|(45.5%) 343
A7F A= =S WSS UEhl o] 2o o] «
o] 574 Aol = A] AL vheket AG o] YA o
ol W= 7HAl= 21 =1 4= QISiTh. 18U, Vibrio sp. <
S0l A<= penicillinA] FEAE ALl U x| Al D] 3HEA|




Erythromycin WA §-#AR} £4] 401

M 1 2

3 45 6 7 8 910 1112 1314 15 16

1,000 bp
500 bp

Fig. 2. DNA amplification of erm gene in erythromycin resistant
isolates of Streptococcus parauberis, Edwardsiella tarda and Vibrio
sp. from cultured fish in Jeju. Lane 1, S. parauberis-erm (A); Lane
2-9, S. parauberis-erm (B); Lane 10-14, E. tarda- erm (B); Lane 15
and 16, Vibrio sp.-not detected; M, 100bp DNA ladder.

off thaf thAl = 2 W&ol W= oH, Ao AHgH &
£ 3= chloramphenicol A &Y Aol Tl m]-¢- W2 A&
< 23k

Erythromycin L4 SXXt 2M

Emof| tfal] WS 7R = A2 25 E total nucleic acid
£ 223 %, PCRS 53] Em 4 $8412 SHelalich. em
(A), erm (B), erm (C), mef(A) 2 mef(E)%] &2 3 PCR
2 o] Jun (2010)& arste] 423349 01, S. parauberis 33
B3 % erm (B)7} 24T5(72.7%) % BRIE| QL 145(3%)
oA erm (A)7} HE= A cK(Table 4, Fig. 2). Emol| Hisf W
<& 7FAI= E. tarda 39 W/t 5 51H7(12.8%)0ll Al erm (B)
7 RRIEIRLOw, 7 9 The AR WAEA sttt Ea,
Vibrio sp. w529 7, & AolA HES A=dt 5572
erm/mef -3 2= HEEA] 2T

S~

2 A A8 9tk T % Emo) 54k A o)
ol 273 ARE-E2 6.3% oxytetracyclined] ©]of =y oF
Aol A ghol ARSE| AL Q= AR Gl A JITHAPQA,
2009). o] o] 2 Aol A= FAIE 2 of| A E2lgh o Aol A]
Em YA #55 £2]51aL, PCRE F3fl Eme tf 3l A= 7
Sz A 1A SHlstin stk

201615E 201797kA] AlF= W g2 FAelA S
parauberis 1605, S. iniae 1=, E. tarda 661, Vibrio sp.
S6d W |54 #5238 5 F 306255 welso] A
of ARgsFTt. oA AMFE S L. garvieae, S. parauberis,
S. iniae, Enterococcus sp. 50l 23} @AY Tty B %] gl oLt
(Domeenech et al., 1996; Eldar and Ghittino, 1999), & &1L
of|A] Fefgt Aafjtat o] AFA Q1 54 A, S. parauberis <+
F7F 1602 FeHA dEvert S71skl = AL &
Qlskeict. o] Al W dAfi4twt 1A o] 5 A, S.
iniae®} S. parauberis®] 7 Z550] H|523lth= H 1l (Jeong et al.,
2006)2} HEEA AFolE BH=Hl o= | S. iniae ¥
of thet eHg 2Rl WiAlo] Fkg of whet W Eo] Holrle®
SARY S. parauberis w501 23t ALt o] Tl 9l A
© 2 Bolt} E3H Thompson et al. (2004)2 B H 2] 2 o] 60
Fo| Hiz theet Bl Ee| o] ofsf A e m, AL &2
Fo| HAEE= A Bastgom, 2 Aol A= A E|
¢1 TCBS HijR] ol Al =gkl = 25 -2 sk
0o g JLE3} 5 0|4 Demircan and Candan (2006), Kim et

N, fo of

7

Table 3. Number of bacterial isolates from cultured fish against various antimicrobial agents

Antimicrobial agents

Isolates

- Tetra- . Amino- Sulfon- Chloram-
Penicillins . Quinolones . . .
cyclines glycosides amides phenicols
Streptococcus parauberis (n=160) 11 (6.9%) 80 (50%) 147 (91.9%) 70(43.8%) 127 (79.4%) 4 (2.5%)
Edwardsiella tarda (n=66) 53 (80.3%) 50 (75.8%)  36(54.5%) 15(22.7%) 30 (45.5%) 0 (0%)
Vibrio sp. (n=56) 49 (87.5%) 15 (26.8%) 5 (8.9%) 10 (17.9%) 12 (21.4%) 3 (5.4%)
Table 4. Detection of various erm / mef'genes in erythromycin resistant isolates from cultured fish in Jeju
) ) Genotypes of erythromycin resistance factor
Resistance isolates
erm (A) erm (B) erm (C) mef (A) mef (E)

Streptococcus parauberis (n=33) 1 24 0 0 0
Edwardsiella tarda (n=39) 0 5 0 0 0
Vibrio sp. (n=2) 0 0 0 0 0

erm, erythromycin ribosome methylation; mef, macrolide efflux.
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al. (2014), Kim et al. (2015)9] rel2 w5t} 7+ 0] A
F2Q1 4 AAsT 21 A3,V alginolyticus?t 4w,
V. harveyi7} 242 Sl =] Qc). oA A|FE= W Vibrio sp. o+
FEO AIF-A £ 3Holst A, V. scophthalmi, V. harveyi, V.
anguillarum, Photobacterium damselae 50| &% 0] £ AL
oA A= AABHA] ot thefet SRE] BlEY e HrE
o] A2 Ufoll #3131 9.8-& 32l 4= 212k, 2006).
Y2 25E E2gt oAl W Em WA= A=A
= 53l SAAAHE CLSI(2017)014 W] 7o = B
13 mm olal2 FAelot YAS Rol BE Fos £
AR NS FAsHA] L3ket. L A} S. parauberis 334, E.
tarda 39+, Vibrio sp. 992 & 8195 WAHSFZE -5
shelet. 201612 2017 ol 22| g o P Al W WA=
ZY2y 4743(30.1%), 329F5(22.4%) = Em WA WA E©]
gt AL SRISHAT olofl 2AZ|IZE W 5 1 WA &=
ZAVSE AW, E. tarda w52 201691} 2017 o) 242 42.9%,
56.3%92] Aol EelE gl o, Vibrio sp. %= 10.2%,
12.5%% E. tarda 5t} FAHA| 2A717HsF Wdtel &
Fol Z7ke AL Selg o Ugich. T} S parauberis 7
F= 4 dxof glaf 23:F(46.9%), 10:+7(31.3%)2 4
ek A ERlstit. 2 +F 1 WAl EAG S 2APIZE
o] Zol 774571l ojefgo] glom, 25 Em W/t T4
of thet X420l mUE|Fo] AAEojAof & Ao Frhe
k. Em WAWFES MIC testE 53l WAF-aS AHE &
w750 AYAL = WA 435 PCRE F5f 24
SFTE CLSI AT 7]5(>8 pug/mL)of whet W/ d+t5=5 -2t
92w, Vibrio sp. 7 W &1 Em WdF= 5 245,
2 Aol A HES AT o] w3k gene'= SHRIE| ] 24Tt o]
7 Luna et al. (1999)&} Portillo et al. (2000)-& A--72] WA
o == erm (B) A7} TolstH, AR o)A erm (A)7} EA
Stohal B sk B Atol| A S. parauberis o 4 erm (B)
72455, e (A7} 1792 BRI E]o] o] de] W st fAkH
ANE 3Hels 4= 9Tt E. tardas tAFC. 2 Emeo]) th3t WA
Hl &5 RARSL FAAL 245 AR o] 9] A= glsle
™, & A7k ol Ao A Baretar o 4= Qlek E. tarda®)
399t5=7F Emoll tisff WA= H AR erm (B)= Se0llA]
qt golsl 4= QI Ath(Fig. 2). E. tarda®} Vibrio sp.2] W45
o] S. parauberisol| | Eth WA e b= 212 Ema} 22 4y
A7 Tebedat it ATl 2 S itk B
319} o] S AL & o] AZtH(Hiroshi, 1996). E3T, U
AL 7HA AL QAT erm D mef F-RAAE BRI 4= gl ok
= = Q7oA HES A=A G ohE FARoIu A2
FR0] Y4IA 2d 50 A2 4g 4 9o, Leeetal,
(20102)2] Aol A= Em W/A-H-82F &2 918l ermt mef
A2 @) msr - AARE F7H 0.2 AFS AAsk o U HE
=17 F9ko ), e (B)S} mef (A7} 3 W& Shels)gic}

Haskglet ofof & Aol A= 1 d<toll vl msr 3
AFo] primerE A|Ztete] EAFFE SHele a7t Qlokar A
Z}Eleh, 3L, B B ] @ o) A= mef A} ] mph - xFe]
Qlo] Hirxlo] glom S5 ofof gt eRlf-F e e Ao
2 JohEti(Nonaka et al., 2015).

= AR A= &=l Blsf BlwA AGEA A
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