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Characteristics Comparisons of Edwardsiella tarda Isolated
from Cultured Olive Flounder and Eel

Eunheui Kim'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

The objective of this study was to determine comparative biochemical characteristics and RAPD
(random amplified polymorphic DNA) profiles of 18 strains of Edwardsiella tarda isolated from cul-
tured olive flounder (Paralichthys olivaceus) and eel (Anguilla spp) that showed diseases between
1996 and 2010 in Korea. In terms of biochemical properties, they showed four patterns with differences
in citrate degradation and production of H,S and indole. All strains were identified as E. tarda.
Characteristics of isolates were not classified according to their host. As a result of PCR with E.
tarda-specific primer, EDtT, the same band of about 270 bp was detected in all 18 isolates. However,
no specific band was detected in type strains of E. tarda or Edwardsiella ictaluri. As a result of
RAPD PCR performed with primer No. 5 and No. 6 of a Ready-To-Go-RAPD kit, the band profile
showed clear differences among isolates of olive flounder, isolates of eel, and E. tarda and E. ictaluri

type strains. It was possible to organize their characteristics according to the origin of host with
possibility to develop tools for pathogen monitoring.
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Edwardsiella tarda= 15 ¥ o}z && )7
2 3 3t g AEE] dds Bt
Rom A ol 35 Add BAARE 04
E 3 th(Davies et al., 2018). Edwardsiella <5 M=
2 1980t 7HA] E. tarda ©Q FolR o, 11 %
g HETSERE FAS #E5°] 2EHY
A Y &Fof &3le MEE FOZ Edwardsiella
hoshinae, Edwardsiella ictaluri, Edwardsiella piscici-
da 18] 3 Edwardsiella anguillarum®] X .31% ST}
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1996~2010

(Mohanty and Sahoo, 2007; Abayneh et al., 2013;
Shao et al., 2015; Bujan et al., 2018). 53] Abaynch
et al. (2013)3} Shao et al. (2015)2 EHEolY #1
A oo A BB E O E tarda® RIEYE B
2 AFES BANETH 7HOE A EFEH
E. piscicida®} E. anguillarum®] M2 FO 2 ¥
St/ Ol & E. tarda® HHENY B FE°]
E. piscicida®| &30 B} o]oj A, & e
AF ANEHJEZL E tarda BT} E. piscicida®l 2
slo] A A ALSES Th(Reichley et al., 2017).
F-Euete] w74 ZelE o E tarda®E B

A 3 FFE o5 Y3l E piscicidaZ A 275
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S THYu et al., 2009; Abayneh et al., 2012, 2013;
Shao et al., 2015; Bujan et al., 2018). 3 Jang et
al. (2020)2 -yt WsH & o FEHH
Edwardsiella®; Ao 7 455 23t E. ictaluri
& X33t F54F WAdoy ol M (dnguilla japonica)
ol A E. piscicida®} E. anguillarum<, g o4t
A (Anguilla bicolar) N 4| E. tardas X313} T},
ol 8 YdolxE b4 Edwardsiellads M-S
o] o2 AE9 AW T3t Y& Al
o9} o] WHAA AdS e sAsL 1

= el Bste, A
53 HstE AR o] By HdA Y A
WA A e 8F, WA

9] o]l F& BYEH =l v]-% F 33} H(Farzad-
nia and Naeemipour, 2020). 18U Al 54 ¢
g BAAESA P ES w2 v &3 Az O

oL

i
N

79 ATy F 3 e
L& dotr 7] 9t A-8-F = random amplified
polymorphic DNA (RAPD)
DNAZ theFeh A4 5919 polymorphism< %
S ARt LotE = A= AAlol ATh(Williams
et al.,, 1990). ol = HAA E4ol AHEH= 2T
9 FH2 54 B 9SS RaE F e &
Al g AT toolZ AAHTHNucci et al.,
2002; Park et al., 2017).

AT 2010 ol ket kA A &

42 A9 genomic

Zroleo] WololA Eelst E. warda® 5783
18 79| AJ3}8t2 547 RAPD profiles H
qEo2A o]EY AETH Y-S doli

R e

kORI o

Mz o
ASRF
B Ao AL&H Edwardsiella & Al w2 982
o

QA e 125, W] faf 6+ 1elal AEA
Al EH(Korean Collection for Type Cultures, KCTC)ZE
HE B w2 E tarda®} E. ictaluri 2% 17-50|t}
(Table 1). ¥ % 19961 F-E 2010'd Ato]ol &
Zshe] 70C o) WEael Bastga e 24/
7 AolH, E09-2(F5H)E AL UHAE BT
Aehso] 92T G2l ARG Pol e
2 stsie

Aalety £ 24

Edwardsiella spp.2] 31817 E/4& dolr7]
28] 3% KOH §H o= T3 JAAe 71 3l
3} 9 31, Salmonella-Shigella (SS) agar®} MacConkey
agar (BD, Becton, Dickinson and Company, USA) 4l
A, Z8]3 5% sheep blood”} EZ&H ready-made
BAP agar (BANDIO, Korea) B &0l & 3 F3}]
30Col A 2443F wiFRl Fofl Fete] S4e
ATk Oxidation/fermentation tests= OF medium
base (BD, USA)®l| glucose’} 1% &= =5 A%}
3 HE {5 A 2 A AISEA T Oxidase} catalase

Table 1. Origins of 18 isolates formerly classified as Edwardsiella tarda and their strain names in this study

Origin
Strain Name

Year Host
F96-1, F96-2 1996 Olive flounder
F97-1, F97-2, F97-3 1997 ”
F98-1, F98-2 1998 ”
F00-1 2000 ”
F02-1, F02-2, F02-3, F02-4 2002 ”
E97-1, E97-2, E97-3 1997 Eel
E09-1, E09-2, E09-3 2009 ”
Type-ET (E. tarda) KCTC 12267 Human
Type-El (E. ictaluri) KCTC 12264 Cat fish




7ot ol A

H,S$} indole A4+ 183 Alde] 542 SIM
H] Z(BD, USA)°ll &
2] EXE-2 API 20E (BIOMERIEUX, France) test
E A ZALE] protocolol] wEl AAIT & website
(https://apiweb.biomerieux.com)°l| A A& &3}
p=g

Template DNA &H]|

PCROl| AH-8-2 DNAE HE]A3-S 913l boiling ¥
Ho g FHEATTE 1% NaCle] H7FE tryptic soy
broth (BD, USA)oll & A F3t 30T oA 244
b el et FH 5 mlE 8000 rpmoll A SEZF YA
st IHES AJ o] IHES AR B
2o 8 AHAFHRTE 23] AHAT HFHO=E
TS McFarland No.5 (1.5x10° CFU/ml)2] &%=
ZA3 & BEA 1 mlE 3] 12000 rppmol] A
FEtath A5ds AAs e AA
I 50 ulE go] AFFE F 100C A
583 b0111ng g om, 55U A0 2 tA 94
283t FEATE F3ted PCRY template DNAZ
AL-&-3t ST

E, tarda £0| primerE 0|235}0{ PCR HHiE ZHS

E. tarda®] template DNA 1 pl, Sakai et al. (2009)
o] X3¢ E tarda -] primer (EDtT-F, TTCCGCA
ACCATGATCAAAG; EDtT-R, AGGGCATATATC
CACTCACTG) 7t 1 ulE& PCR premix (Bioneer,
Korea)9} ®E-§-Al# thermal cycler (MyGenie96, Bio-
neer, Korea)2 PCRS S8 3t} 95CAA] 58
pre-denature$t ¥, denature (95°C, 30 sec), annealing
(55C, 30 sec), extension (72°C, 30 sec)= 30 cycle
33k 5 72°Coll A 58 final extensiondt AT A
d ¥ productst= RedSafe (iNtRon, Korea) 0.5 ppm=
Z3}3}= 2% agarose gel (Bio-Rad, USA)o Al 7]
453}l UV transilluminator (WUV-L20, DaiHan,
Korea) “dollA 2F 270 bp $1%12] band= &1} -

RAPD analysis
RAPDE Ready-To-Go-RAPD kit (Cytiva, USA)
2 AA AT A Z=AR protocololl W} template

B85 Edwardsiella tarda®) E4 8|1l 33

DNA 3 ul (5-50 ng), primer 51 =& 6 5 ul
(25 pmol), 7 17 ulZ kits} £33 & PCRS
2 A 5}93 tH(Pre-denature, 95°C-5 min; denature 95°C
-1 min, annealing 36°C-1 min, extension 72°C-2 min
< 45 cycle). PCR 4F&-2 RedSafe 0.5 ppm= 23}
3= 2% agarose gel2 7] ¥53+ UV transillu-
minator ¢l YE}L}= DNA band pattern©. 2 H] 1
3+t DNA size marker= 100 bp ladder (Bioneer,
Korea)E A3l oW, FF RAPD profile2]
AA=E ME FFE5 93] SPSS (Sigma, USA)
ol A Euclidian A& <43} dendrogram S 2
S8kt

27t % o3
E. tardaQI AH;}%I-I-I EM
Ao A+ 83 Edwardsiella spp.c 5F 1%"
A+ O 2 oxidase ——/“‘JJ- catalase ¥l A T
32 Z7)o BT Hl&d Aol o ik Azt
| 73 73FH A a}lg EAS BT MacConkey
agar ¥} A| o} SSHRA| oAl BT RS P S
L}, SS WA A= X oA B&g +3 E. tarda
KCTC 12267 ®F 24 o= ey th(data
not shown). 2] T2] API test A3= 4714 typel
2 FEFH A S (Table 2), citrate #3)|(CIT), H,S ~L
2|31 indole A4 AFol] Zpo]E Y oHE EA
S FdEAH 9A FAEe 2EF F 107F
(F 91%)7} ID code 454400002 <42 0|91, =
TS5 47440002] codes R P =d o= Al A
F:NE E. tarda KCTC 12267 T59F Y|}t
(Tables 2 and 3). W&o fF& FoAAE 675 F
757} ID number 414400002 -7 2 o]t}
Park et al. (2017)2 Aol ALE3 Fx B 4E
L nE #Y3 EAL BY o citrate £33 SA
S 7‘]’°]€ A JstH dEANA RAH E tarda®} &
Uttty Busgth 1Eu B AFAE 107
F F 2709 #5771 API testoll A CIT FAHO =
EbLt Part et al. (2017)%= Th 2 AFE BT 9]
S T3 AEstE 549 ztolo] ZA3t E.
tarda’s 2 groupl. 2 UT= AL A¢SIEE Joh
et al. 2011)3 o] AEF HSE A4t d A

Ofo
et oo

[*]
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Table 2. Biochemical characteristics of isolates formerly identified as Edwardsiella tarda showing four patterns

in API 20E tests

Olive flounder

Eel

Characteristic -
10 isolate

F97-2 and F00-1 E97-1

5 isolate

ONPG -
ADH -
LDC
ODC
CIT -
H,S +
URE -
TDA -
IND +
VP -
GEL -
GLU +
MAN -
INO -
SOR -
RHA -
SAC -
MEL -
AMY -
ARA -
(0):¢ -

+ +

+ +
+ +

ID code 4544000
Identification E. tarda
% ID 99.9

4744000
E. tarda
99.4 99.2 99.9

4104000
E. tarda

4144000
E. tarda

OPNG, f-galactosidase; ADH, arginin dihydrolase; LDC, lysine decarboxylase; ODC, ornithine decarboxylase; CIT,
citrate utilization; H,S, H,S production; URE, urease; TDA, tryptophane deaminase; IND, indole production; VP,
acetoin production; GEL, gelatinase; GLU, glucose; MAN, mannitol; INO, inositol; SOR, sorbitol; RHA, rhamnose;
SAC, saccharose; MEL, melibiose; AMY, amygdalin; ARA, arabinose; OX, cytochrome oxidase. +, positive reaction;

-, negative reaction.

wild type .2, H,SE A4 b= W
< biogroup 122 FEH T Tt
Ay8tet 54 2Ho] 2 host origing 54
FE e 282 2 A7 dAEA
e strain?l E. ictaluri KCTC 12264 4F+=
2] API 20E testoll 4] 40040002] codeZ U-E}
Aol A Fskon, F7F Aol wE 9zt
= 400400057) 5 A&3l9S WX E tarda
(53%) = AR} ZEg FAgo] o] Fo XA &gk
THTable 3). E. ictaluri KCTC 12264% lysine de-
carboxylase, ornithine decarboxylase, acetoin pro-

duction (VP) & mannitol &3] &4 SANA E. icta-

o

o

R )
- Y
S fo

ui-

4 oo XN e o Ae
offt

uris 3% & A+ ZAFBujan et al., 2018;
Jang et al., 2020)¢} Zto]lE EHTE Shao et al.
(20152 MEA WHEA E anguillarum sp. nov.<]
E4E O340, FEA HE g% &5,

catalase, indole, H,S A4+ %A, oxidase, B-galactosi-

s

dase, arginine dihydrolase, tryptophan deaminase (TDA),
gelatinase, urease =739 S0 2 FA3H =0,
£ Aol AE o9 ARk #FIE ST

E. tarda £0| primerE 0|2%t PCR Z1}
Sakai et al. (2009)-2 fimbrial gene cluster®] up-
stream sequences 7| B O E 3= 3 A ES PCR
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Table 3. Comparison of biochemical characteristics between type strains of Edwardsiella tarda and E. ictaluri, and

three isolates with different RAPD profiles

Characteristic E. tarda E. ictaluri Isolate

KCTC 12267 KCTC 12264 F0O2-1 E97-1 E09-1
ODC + - + + .
CIT + - - -
H,S + - + _ R
IND + + -
NO, + + + + +
N2 - - - - -
MOB + + + + +
McC + + + + +
OF-O (6] (0] o o o
OF-F F F F F F
ID number 4744000 (57) 4004000 (57) 4544000 (57) 4104000 (57) 4144000 (57)

ODC, ornithine decarboxylase; CIT, citrate utilization; H,S, H,S production; IND, indole production; NO,, NO, pro-
duction; N, reduction to N,; MOB, motility; McC, growth in MacConkey agar; O, oxidation; F, Fermentation;+,

positive reaction; -, negative reaction.

primer (EDi, EDtT, EDtA)E A& 3R on o &
primer= 242}t E. ictaluri, 48 E. tarda (motile) ~1
2|3 WA Y E tarda (non-motile)ol| A #F o]
Q1 DNA band (470 bp, 268 bp, 230 bp respectively)
2 gAstty B sk EDT primer® 2 AF
o] #Eol| tiste] PCRE A 18 Rl EFolA
ok 270 bp2] FYLF band7t AEHUOH 1 YR

8 10 11 M

Fig. 1. Agarose gel showing a PCR amplicon of about
270 bp produced using typical Edwardsiella tarda-spe-
cific primer, EDtT (Sakai et al., 2009). Lanes: 1, F96-1;
2, F00-1; 4, E97-1; 5, E97-2; 7, E09-1; 8, E09-2; 10,
E. tarda KCTC 12267; 11, E. ictaluri KCTC 12264;
M, 100 bp DNA ladder.

£ Fig. 1o AASAS. 23U E tarda$} E. icta-
luri2] type strain®l Al &-©] band7} YEFUA] %
ket o3t A= o FollA EElE E tardaZ
49 #E°| E tarda type 759 ThEY= A&
Z S0EA kol ok ReldEe] WA SHA
5 Abayneh ef al. (2013) zebra fishell thale] of 7
oA Eel¥ #E3 E tarda type strain®] BHI3E
B0 gk Ao A E tarda type strainS o 7ol B
dol wj-g- FetE R o FEEHF S E tardast THE
MEE T2 EFstoordinta F44it. 3
H Park et al. (2017) -2lyete] g X 9} WA
oNA Eest E tarda® FHE vS°] A3}stH
g FASHE S HE & IFSE Yo
2w, W] EelitS gXo HA8E YERA
ety Bugk vl otk Griffin er al. (2014)
Sakai et al. (2009)°] 39+3t species-specific primer
(EDTT)ZE PCR& A7} E. piscicida 5-©| primer
(EP)E A AE PCR A3}t dA s BT 9]
of, B Ao B #E2 BF E piscicida® &
T Ao Assrz E4dolut RAPD Hlal A3 &
ol Yett= ztolol dsiA= 37 HEZ B8
sttt
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uf, 92 e 2el FE0l sk 1
3}3l(1, 2 and 3 in Figs. 2 and 3) W2o
g FEo] 2719 2FE A

Y FE2 AE T AfolE HolA ¥
HhE o] By FEL2 19979 B8 54, 5 and
6 in Figs. 2 and 3)¢} 2009 £ 57, 8 and 9
in Figs 2 and 3)7} W=l W& Z}o]E Bt WA
o] ] 73-¢ hostell W& 7<]'°]°] T5 Aokl qAA

2 3 4 5 6 7 8 9 N ‘ Vakeize:!
3]

dr ok T

29 EX A& =7} siAde
Fig. 2. RAPD profiles obtained using primer No 5 of R hosot«] 58 A2 = wlol 7t XH sl
a Ready-To-Go-RAPD kit. For lanes, refer to Table 4 A7 Sih. DNA band® ;(]-o] Al g Hof s
of this text. += primer 6¥12] RAPD A3 & vlgto =2 #3 7t

FAEE YERH dendrogramol A = (Fig. 4) @A
el EFEd W 7 EFE2 A 22
Folm, ArgollA &89 E warda$t W &
AES A3 s ¢ F Ak o9k Z& A
I GA il #FES 1 cluster, W] F2f
TFES 3 cluster2 TE3t9 #FE9 RAPD
analysis= host origing T-&3h= Z©] 7Fesithal
AN Park er al. (2017)2] A} X3 T 2009
d gl A BeE 72 19979 W] BEl
Fig.R 3.dR1§rPDGpr(}){f2; I;)blie.ltineFd u?ing prin;er I\IOT6bcl)f noh gz S #3 7hgA HEE sow
3 of this o D ror e RO IR e ol fia Sduolol slgk 13t 7}
$4e FRA o
RAPD EMo 2 B2 Fowardsiella & F=0| CIbA Nucci et al. (2002)2 RAPD E4H& g2 A
RAPD primer 53} 6 .2 PCRS A A A3} o #F2 A4 polymorphisme Lot & %
(Figs. 2 and 3), &5 7Fe] zpolE FEEHA HolF E9AQ toolZ oA, o] & o] &3l EElFES
= DNA W= 2379121 ©]E5 DNA bandoll & host origing& 7&#& F AS FAsAT =%

i F

-

Table 4. Strains used for comparing RAPD profiles and their identification based on results of API 20E test

Number in fig API 20E test result .
Name - - Origin
5 and 6 Identifications ID code
1 F96-1 E. tarda 99.9% 4544000 Olive
2 F00-1 E. tarda 99.4% 4744000 flounder
3 F02-1 E. tarda 99.9% 4544000
4 E97-1 E. tarda 99.2% 4104000
5 E97-2 E. tarda 99.9% 4144000
6 E97-3 E. tarda 99.9% 4144000 Eel
7 E09-1 E. tarda 99.9% 4144000
8 E09-2 E. tarda 99.9% 4144000
9 E09-3 E. tarda 99.9% 4144000
10 E. tarda E. tarda 99.4% 4744000 KCTC 12267
11 E. ictaluri E. tarda 55.2% 4004000 (57) KCTC 12264
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E09-2
E09-3
E09-1
F96-2
F02-3
F02-4
F02-2
F02-1
F0O0-1
F98-2
F98-1
F97-1 —t
F96-1 - ]
F97-3 -

F97-2 -

E97-2
E97-3 --"—-'
E97-1 |

Type-ET +
Type-El =

1711

Fig. 4. A dendrogram generated based on the analysis
of RAPD profiles produced with 18 isolates, E. tarda
KCTC 12267, and E. ictaluri KCTC 12264 using primer
No. 6 of a Ready-To-Go-RAPD kit (Cytiva, USA).
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Nadriah et al. (2012)2 Asian seabassol| A 2]
E. tarda® ATA origin®] 22 &5 1l
EhuE fRZQ Yds Bastal e
DA origin® RAPD profilez}2] A4
B2op AldgE A9 daide] Alrd

B Aol A 19961 @7 20109 Abe]ell $-2luhe}
A JA et WAool A Eelst E warda® 578
SR 18 7ol tigh g S AES A, 3
T 409 2FoE FEFEASH, RAPD profile
< sty EA o 153 B} 3 &
Y7t v WEstdnt. o= Edwardsiella%s ©]
FHUA ] o5& BYUEH 3ol gloi4 RAPD
profile #2442 §8%k tool°] 2 F U= AlAMEHL

FH T Edwardsiella % Al 7o s 244
A AT AdHAE2 HA AFHAY Edwardsiella
& MdEo] Ak FAHEHASTES BT gtk 1
Ay Ot B/ IHAAE Hx
type strain E. tarda® S8 = 1 3

S

AR AL AR E arda?h o157 Aol ol
3t Ao ZAF{Eo] AAFHI o=
(Reichley et al., 2017) ZA A E2ld AF Fd
Soll thgk J&gt AsA AAHo] B sttt sHAlth

o Ok
et =

re

ATE 1996 F-E 2010 Abo]of -2k
R x| 2} WAojol| A B8t Edwardsiella tar-
daZ FA3IAE 18 FFol it AyEe &4
3} RAPD profilee Hlas]F 024 ol A=
o] Aol AAENUY EdwardsiellaZs A ThF
e otz st Assha Edo s & of
o] 5 citrate -3}, HS 18] 3L indole AJ4+ 2 7ol
ztolE Ho| 4717 sl o2 FREOY BF
E. tarda® SR F QI 7o g Ede EA4
o2 FEHAE EAUT E tarda E©] primers]
ED(TEZ PCRS AAIRE 23 18 EE|doAs 7
o} 270 bp2] FY3FF band7} AEHY O vl
F2 ANEH E tarda®} E. ictaluri®] type strainol 4]
= 5ol MErt HEHA &%t T3 Ready-To-
Go-RAPD kit®] primer 593 6o =2 HASH
RAPD PCR 23}, g2 &8¢, ¥4 £e+¢, 1
2|3l E. tarda®} E. ictaluri type strain®l 4] band pro-
fileo] F& 3 2}o]E H A origindll 2 EFOZ
AYd 4 dden HdAd ZYUEHE F tool

o] U= AEE JHesAds HAh
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