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Comparison of invasion ability to virulent and avirulent

Edwardsiella tarda in olive flounder (Paralichthys olivaceus)

Su Jin Ha

Department of Aquatic Life Medicine, Graduate School,

Pukyong National University

Abstract

Edwardsiella tarda is known to the one of the most serious bacterial diseases
in the freshwater and the marine fishes. The aim of this study was the
comparison of invasion ability of E. farda with the virulent and the avirulent
strains to olive flounder, Paralichthys olivaceus. Four among eight tested
strains (SU100, AL92448, ATCC15947, ET82015) were divided in avirulent
group due to their higher D5y values of >10*". The others were grouped as
virulent strains with the LDs of lower than <10 The biochemical and the
physiological characteristics of both strains were not distinguishable. In the
survival experiment of the tested bacteria to the skin mucus of olive flounder,
virulent strains showed increased the bacterial cell number after 12~24 h
incubation but avirulent strains were not. In the survival experiment of the
tested bacteria to the intestine mucus of olive flounder, the virulent strains
were increased the bacterial cell number rapidly but avirulent strains were
increased slowly. In the SGF (simulated gastric fluid, pH 2.0) tolerance test,
the Dbacterial cell number of the tested strains were decreased. And the
bacterial cell number of the tested strains were also decreased in the lowered
pH of TSB (pH 2.0) medium. In the olive flounder bhile tolerance test, the

number of bacterial cells of the avirulent E. tarda were decreased after 6 h



incubation. On the other hand the number of bacterial cells of the virulent E.
tarda were increased after 6 h incubation. In the test of survival ability in the
olive flounder fresh serum, the number of bacterial cells of the virulent strains
were increased but those of the avirulent strains were decreased after 12~24 h
incubation.

The experiment of the tested strains in the internalization and the intracellular
replication ability to the olive flounder macrophage, the virulent strains were

much higher than the avirulent strains.
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1. A-]i

Edwardsiella tardav™ "3 Alvt 2} (Enterobacteriaceae)oll <3F= Gram
-negative bacterium® & HFoA SAEHE= WAool A AHS EHArt
(Hoshina, 1962). E. tardax= edwardsiellosis®] ¥l o g2 E X swviyl &
A A Y @4 T ANA A4S JE (Kusuda and
Kawai, 1998) B2 w0l sjibofo] AW of7|ghth. of 7]dl= #WAol,
Anguilla japonica (Wakabayashi, 1973), 7}Atv], Pleuronectes platessa
(Nakatsugawa, 1983), mullet, Mugil cephalus (Kusuda et al., 1976) &3}
FEvEe] g HE B2 HSE  AAER de d9xA,

Paralichthys olivaceus?} 38t} Park et al. (1983)2 WAoo} 1

o,

ol

(A B)ollA B2 3 E tardas O-agglutination analysis®ll ]3] 471 2]

serotype (A, B, C and D22 #F8lOH, 53] serotype A- oLt

0 offF 2 ARl Sl 7P AR SAS Uit Bt

ool ZY L ojFol AN AWS F¥eke E tardat IH, ot
ES

s e AdEdal 494 v (Ling et al,

HaeAo] A= E tardad A5 el 2ol virulence factor’} E. tarda
o] 7+ddo| owA HL3E=XHo] #BI ARE Ao ¢low pathogenic
mechanism¥} invasion pathway® ®%x vl 22 =4 947

epithelial cells®l H Y= (Janda et al., 1991; Ling et al., 2000), 2] |3 2]



212k go thak A 34 (Srinivasa, 2001), hemolysins (Chen and Huang,
1996 ; Janda et al., 1993), chondroitinase (Janda et al., 1991)¢} #& &
29 A 5& 5 F don ECPs (Extracellular products)?t OMP
(Outer Membrane Protein) % 83 =54 A2 BHuso] ot A
E. tarda®} 72 Gram negative bacteria®] OMP+= T23% 54 842 Z
43t (Zierler and Galan, 1995) Q17+ s&Eo ®H A Slo] AW}
A A x2 AFEHEY (Barenkamp et al., 1981). Al AlxHE %
st OMPE= W9 #AHol o (Suzuki et al, 1994) Aol &l
HF2ste] SF2RYH IS WAy w59 o] HItUES A7 sk
(Seltman et al., 2002) 5 =5 Al s & T83 98 i)
322 JEE = Iron uptake, IV A& FEtol =)o AN, @4 AT
A oy A 2 FEEdd i@t AFAdS E 7 ATk (Jun et al, 2002).

In vitro Aol A, E. tarda &5 A3 58 #7 H 54 57 EF cell
ol HYPS & 4= v} Ling et al. (2001)2 Green fluorescent protein

(GFP)E o) &3] E tardadl =4 #F¢ H=A 57} £59¢ o]F 9 H

o) Hls] ofF el § ®eo] Eoizki o] BAAETty g A v
olg] g ztol7} YEhE el A Yt 28 AN & 71x] =4 7}

S 3= A (Cole et al., 1997; Dalmo et al., 1997; Ebran et al., 2000;
Oren and Shai, 1996; Patrzykat et al., 2001; Smith et al., 2000)3} ¥ o]
A Aoz AZAHEAY. T3 E tarda®t ol AXW ZIAAE AT

(intracellular pathogen)o] Ay Z&Ad o] 73sk Alet2 A Aol 2%}
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1. Ag a5

oA ARRE A dEFek FE AT

N& #F F Edwardsiella tarda 54 55 =&, AF 2 AAdA 9
A ¢}k turboto ZHH FElE #S AREsIA o™ H=EA ATl AL92448,
ATCC15947 % ETR2015%] 4% A 7}Z 9] Singapore National University
o A EFutol AREEFAT
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Table 1. Bacterial strains used in this study

Strain Source location Reference

Avirulent Edwardsiella tarda

Reference Shizuoka
i SU100 Eel pond water Park et al. (1983)
strain (Japan), 1980
AL92448  Unknown AU" Ling et al. (2000)
Test  ATCCI5947 Human (type strain)  ATCC? Ling et al. (2000)
strains
Japanese eel Shizuoka
ET82015 o ) Tan et al. (2002)
(Anguilla japonica) (Japan)

Virulent Edwardsiella tarda

Reference Olive flounder ;
) FSW910410 : ; Geoje, 1991 Han et al. (2006)
strain (Paralichthys olivaceus)
KE-1 Olive flounder Pohang, 2000 Han et al. (2006)
Test .
. KE-3 Olive flounder Pohang, 1999 Han et al. (2006)
strains
KE-5 Turbot Geoje, 2002 Han et al. (2006)
The other reference strain Salmonella cholerasuis ATCC7001

“ATCC, American Type Culture Collection; bAU, Department of Fishery,
Auburn University.
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A
oX,

a5 v 54 IF LDs 53
Aol AFERE E. tarda =4 wFF WS w7 HA O QlojA o=
Ao HAAS 7HA=A] dolr ] a Wk XA F% (Medium Lethal
Dose ; LDsp)E A3 Aldole 35 X 25 cm Z7]9 Eek2d Fol
ol Al T2 2272096 T= A oH Alf 7|13 &< Absae
wjd 13 A skAl AT Tryptic Soy Agar (TSA)o| 27 CelA 2

4 A
W EQH Mg A AgEe Wi 4G dgstel Fusga #L

A

s ge 9E 4P495E BETE Gtk 4 A #0910 o
ol Agolol e Fme i WAL 100 @ B B FASL FAb
F 10 A7 AAAES pAAYG. Aol AARAL AT 9
AE A7 F AR RS el e ARGt AdTe FAs
%t

4. E. tarda 54 45 548 €58 A3 J4 v

4.1. A3sstd §4 WL

A 5}3tA A2 MacFaddin (2000)] W o 2 HAbsE At

T 8 ¥FE TSAC 24 AZF FtF it #& o]&sto] HAFow
Oxidase test (Cytochrome oxidase), Catalase test, Nitrate 3<%,
Kovac’s indole test, Methyl red test ¥ Voges—Proskauer test (Clark
and Lubs medium), TSIA (Triple Sugar Iron Agar)E ©]-&3 H.S¢} 7}
2~ A ofX 18] a Citrate ©]85 (Simmon's citrate agar) 5= 2 A|dh
Gt g&3tE B8] Ald el Arabinose, Adonitol, Dulcitol, Cellibiose,
Fructose, Galactose, Glucose, Inositol, Lactose, Maltose, Mannitol,
Mannose, Melibiose, Rafinose, Rhamnose, Salicin, Sorbitol, Sucrose,

Trehalose, Xylose 5 % 20719 wW& udo=zm =iyt 18
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5. @A AN NI F5FE

51. AE A oA AES v L

511. AF A £

Rader et al. (2007)9] ol we} Ax HAe Featdt. @4 AxE
paper towelZ 7FH7l E2 T AL AR dAs SSols S
2 A Fold B2 te B2 Aol 2 vl A=l sdst= 01 M
phosphate buffer saline (PBS, pH 7.2)Z %1 mlastdth o] = 14,000 X
g, 156 & &St 4 ToA g4 &3 o - AS 022 um pore size?

syringe filter (Corning Inc.)® o33t & A xF dd A a2 ALE3FA T

512 AE HY oA HBEF

E. tarda N@dTY dH U AESS Kim et al. (2006)8] WHOZ A
stk 2 A" #5FE  Tryptic Soy Broth (TSB)oll 27 C, 24 Azt
o ¥& 22 Y& 01 M PBS (pH 7.2)=2 33 M FH
5 x 10° cfu/m 7} ¥ == 0.1 M PBSZ 4% ot
= o1& AE TYoE ARG o Al wER I} ofF HH ABE 1
482 Egsto] Ao Ao AP FE7F 1 X 10° cfu/mt o] HEZ 89
ohoo] EelS 25 T o wigskdA 0, 1, 3, 6, 12 % 24 A3t v}
sl A ste] Miles and Misra (1938) ¢ WHel] wet Ad+E FAHAH

AGe 3 W AAs

o
e
L

w

52. & A oA A&
521. % A4 2
g Ade Ay Fe FdHes A petridishel T 01 M PBS

(pH 7202 2284 AHskel 4 kel W&2e AAsy 4 dag &%

o
ol



A

& 5oz A Fojd okt e F HAS AF dAz nisA =
Aol 28] HXE e 01 M PBS (pH 7.2 i w8ttt ol&
10,000 X g, 10 & &<t 4 TelA L4 2 G2 FA LS v 15,000
X g, 15 & &% 4 CTolA A4 gt HF A AES 022 m pore
size®] syringe filter (Corning Inc.)® o33k & & Aol A8 & AR

o,

522 % HAY Wl &S A ¥

E tarda NE1e] F Ao Y AETLE 5129 5L Yoz A Ps)
th 2+ Alg FFE2 TSBel 27 T, 24 A7 w43t S A4 28 s)ho]
ANPFE 22 v 01 M PBS (pH 7.2)= 33 Al¥et. agn #5

£ 5 X 10° cu/mp 7t =S 2AQ Bg ol AP #doz AHgsg

2
¥

thoo] AE FqH ofF AN ARS 1 4R £Ftoq HAF AP TF

7b 1 x 10° cfw/meo]l S == St o] EFAE 25 Tol wjdstdA 0

1, 3,6, 12 & 24 A 3tvit}y @A 3]48ke] Miles and Misra (1938)¢] %
3

of Wl A5 SFstac Awe 3

6. AT FFY %

6.1. Simulated Gastric Fluid (SGF; A3 A)d A9 AEF

¢1F 99 (simulated gastric fluid : SGF)& Mao et al. (2005) ¢ W
of wel FrleA Tk Pepsing 3 mg/me] s it Aol 4o
+ US pHE 200= Y31 ol 022 mm pore size® syringe filter
(Corning Inc)2 o33k 5 <l&e (SGF)o2 ARg-attt. TSBel 27
C, 24 NRF Wl v A EEsked Aldyts 22 v 0.1 M PBS

(pH 72)Z 33] AFHs9. #5421 X 107 cfu/mz 93 Ag 7oA



SGFS} 1 : 92 o) A& #4571 x 10° cfu/m o] =7 3k o] &
gols 0 05 2 1 A7ttt @A 3 48e] Miles and Misra (1938)9] W

H
Mol wel Ai5E Z4sach Ade 3 wE s

ol

6.2. YA & pHY HiR A A %

TSBel 27 C, 24 AF Mg t5 94 Feste] Adits 22 4&
01 M PBS (pH 72)% 33] Al&H&le] A #AS FH|3kATh <lg 9
o] Bl E ¢l TSBE pH 2008 @ oS o2 dF g4 AFx
HE 57 5984 1 x 10° cfu/m= A9 0, 05 D 1 A7t
vttt @A 384 38te] Miles and Misra (1938)2] o we} Ad+E 4
SATh AlE- 3 BkE A5

6.3. FFANAY WES

01 M PBS (pH 7.2)& 33 AlHadth Al wde] w#FS 1 X 107 cfu/
m=E 2E oy gA oA Zed gdEH 1 982 4o HAF #5571 X
10° cfu/me o] A 8¢tk o] 25 TellAl wjeFstdA 0,1, 3 2 6 A3t
of zZtz} wA 3A & S TSA wA 9 dropste] Miles and Misra
(1938)°] Wol wiet Awsg Sk TSB viAeh #& 9 12 4
& EFAg gxTe AL,

—

7. @X AAANY AET
1. gx 23 £9
g4 2dE fal AdoE obvmetA At old 50 ppme® 3~5 &3t
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= U 6,000 rpmol Al 15 &3+ 44 EElste] @2 dANS 2 ANER
ARGt o] A AEe 94 wY F 34t Argsden ARzt

] =80 CTellAl HAstATE

7.2. 92 EH did AFA

E. tarda A&l @dx @A tfsk AH3A AlFS Leung and Yeap
(1994)¢] WHoz Algatuh. TSBel 27 T, 24 AIZF vjekst & A4 &
g3le] AAHS 2 gS 01 M PBS (pH 7.2)% 33 AlHaTh o A

e dx 47 1 12 4o HF #5701 x 100 cfu/mt ©] HA 3

AR S Ao s o] EFAL 25 T

ALbstan. A" 5
(resistance), 1Bt} st oW A H o AFdS 7= (sensitivity) Ao =2 &

4 ssiet.

7.3. X AN BET

E. tarda AN @e] G @A ol tist AEF AP Leung et al. (1994)
of Wilo] wel AP ZF AlF FFE TSBel 27 T, 24 AlgF vl
g 94 BEste] S 2 5 01 M PBS (pH 72)2 Al #3ste] #4E
2 x 10° cfu/ml 7} = o]Z AF gHow ARFGTH
AP el dHE 11 &R o] HF #F7 1 x 100 cfu/ml o] H
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8. A1¥F 29 macrophageo] W LY L F4

J8

8.1. YX ¥4l macrophage ¥

Y =] F41 macrophage: Secombes (1990)¢] HHo upz} sttt d
219w Fuo A AfHete] =g A AT F FAAOR JA F
S AEs9Y. 2 % FBS, 1 % penicillin/streptomycin 2 heparin 10
units/mee] £zt L-15 medium= 2 mbA 53 Hif petridisholl A A&
3 FA1& nylon membrane® & wmhjsle] Al FgAES FuH|stATE o]
Ax dgds Al Mgk Algddel] e 253 & 34 %% 51 %
percoll &4 o ZAEHA FFAIZ Bha 500 X golA 30 &3+ 94
wEate] WIS Bestodrt. 283 MEATE L-15 medium > 2 23] A
A& S 0.1 % tryphan blue® viability® # 28 < 1 x 10" cel/mE

=3 sen.

8.2. Internalization assay

A&& Tang et al. (1994)2] W oz 332t} 96-well plated] Z+ well
o] 1 x 10" cel/m® %A% macrophage ENS 100 w 23 20 C
oA 2 AlZF Fot vjoksle] macrophageES H-ZAZTE BEE A EE A
A7l 98 L-15 medium o2 23 A H3ta 1 x 107 cfu/wellZ %3 A
g wAS 7ZF wellel 100 w0 H7bskar 150 X goll A 5% Sot 4%
af Aol well AAol] aF XA s|FAT. LIl o]E 1 A H 5
AlZE SR w e AT wlF Sl AR RS AL AE upREEdd A

st AlTS glel7] &) 100 pg/mee] gentamicing #71ste] 1 A7F FoF
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WS- A7l & 23] Al FHsla 02 % Tween 202 33k Wit 73 50
£ #71ste] macrophageE A Z T o] wESAS TA 345t Miles
and Misra (1938)2] Wwol w} S A3 AT AlgdL 2 v A

Al 8T

Internalization rate (%) =

8.3. Intracellular replication assay

macrophage Wol A9 Z2&5S doln 7] €38 Leung and Finlayd W
of oFzte] =4& Jhell Aldet it} 9%6-well plateo] 1 x 10" cell/m 2 =
A% macrophage A5 A4S 100 w2 12k welld] Y31 20 ColA 2 AZF &
ot wi<stel macrophages -EAIAT HIN-E AlEXZES A A7 9@

L-15 medium®. & 23] A&Hsta zF wello] 1 x 10" cfu/well® gt

A
>,
e

FAe 100 ¥ W7leki 150 X gdlA 5% 5 GARAS s Fol
2% AAA 8 Utk 2L o] F 1 A7 B WFIAAT. MG Fol
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g
i
o
>
N
A,
)
Do

AIZE 01 g/mee] HA Ei AZAETE 2o+ v vhstdn. ol &
@A 348 Miles and Misra (1938)¢] ®rHe] wlzg} SS wjx] el dropdle

11. 54 5 954 59 Outer Membrane Protein (OMP) ®] L
11.1. OMP &

OMP+ Kim et al. (2006)¢] W o g FZ3&¢t}h TSBel Ad#S HE
3lo] overnight3h wjeFolS 15000 X g, 20 ¥ et 4TCoA LA Ha st
o #& HA#dAct AL 10 mmol Tris—HCl (pH 8.0)el A F--7A]7] 1L

sonication ¥ ¢ 15000 X g, 1 At &<F 4 CTolA 44 Z ATt H
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o\

=7 15 % (w/v)e]l H A sarcosylS %2 10 mmol Tris-HCl (pH
8.0) 10 meoll HAS AF-FAIZ thg A2olA 20 #3F ¥k& F 15000 X
g, 90 &, 4 T2 94 298 A4 A4S OMPF=d o2 ALEsat. =
gk OMP Bradford ¥ (1976) 2.2 ©uld @S S438tal -20 CollA] ®n#
s ARt

11.2. SDS-PAGE

SDS-PAGE+= Kim et al. (2006)2] W o 2 Algstd. Sample buffer
— H SFT 2 ml, 0.5 M Tris-HCI (pH 6.8) 1 ml, glycerol 2 m¢, 10 %
SDS 24 m¢, 1 % Bromophenol blue 0.15 m¢{¥} B-mercaptoethanol 0.45 ml
S o] #1889 o] sample buffer 40 ¢ OMP (5 mg/mé)E 43o] 30
s 100 CollA 5 B3t 71Esle Al&8 FH|SI T 5 % (v/v) stacking

gel¥} 10 % (v/v) seperating gelell Al &= loadingdlal #7953 gels

off

coomassie brilliant blue R-2500.2 <A &}51 e-Asl t}s #2319t}

12. OMP #d& §A=
12.1. DNA &g
Table 1] Y&t = 4 Mol ZA #F9 4 A9 H=A #+5F 4%

TSA 24 A zF vjdel t}s 5 me] TSBol HEsla 25 CollA 24 »

e

&<t shaking stHA et A T v S 6000 rpm, 5 =3 YA &
g3t olgEA Adojz S Genomic DNA Extraction kit (Bioneer)

2 genomic DNAE #3353t}

12.2. PagC ¢ OmpS2 primer A4 2 PCR

< E tarda®l membrane w4 W FHAAZR FAHEHIL A= PagC
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genedll =4 wTFok HIEA FF7F o7t A=AE LolE i OMPe
protein gene® & <4e]Z OmpS2 gene?l primerE A 7A|3te] PCRES A A
StA . AF8% primer®t PCR product band®] ol size= Table 29,
PCRe =72 Table 33 40 el ATH

Table 2. PCR primers sequences used to amplify PagC & OmpS?2 gene

. PCR product
Primer Sequence Wt 4 size

set gene (bp)

PagCF |5 ~ATGAAAAAACAGATCGCTGGACTGG-3’

PagCR | 5-CTAAAACGGTAGCCGAGACCG-3 | T28C | o41bp

OmpS2F 5'-GGCAGTCGTTATTCCTGCTC-3’

p , OmpS?2 1100bp
OmpS2R 5-AGGCTGGGCATATCTGTACG-3
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Table 3. Condition of reaction steps and PCR cycle of PagC gene

Temperature (C) Reaction Time Cycle
Pre—-denaturation 94 1 min 1
Denaturation 94 30 sec
Annealing 59 30 sec 30
Extension 72 30 sec
Post-extention 72 7 min 1

Table 4. Condition of reaction steps and PCR cycle of OmpS2 gene

Temperature (C) Reaction Time Cycle
Pre—-denaturation 94 1 min 1
Denaturation 94 30 _sec
Annealing 5] 30 sec 30
Extension 72 30 sec
Post-extention 72 7 min 1

13. SA8H 4
ZF Al Alolel EAEHA foAd S Student's t-test® B]nLE o] PIES

A3 3L, P<0.059F P<0.001 oA oA S F7hsksdt

A\
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o] |xel st B9 Alg A= Table 591 YebY Atk A9

2 5o 7pg =ekon FSWI104102
KE-5% 107, 102004 SAJo] vroprh oled Alg Aol uwe} LDs
grol w& KE-13 KE-3& 54 #52 FSW910410% KE-5& $7 A%
o B4 wFE i LDogtel 10°2t & SUI00, AL92448,
ATCC15947% ET820155 W54 #F2 233t

Table 5. LDsy on the olive flounder, Paralichthys olivaceus,

intraperitoneally injected with Edwardsiella tarda strains

FSW AL |ATCC| ET

Fia KE-1 | KE-3 | KE-5 | SU100
910410 92448 | 15947 | 82015

104.2 101.7 101.6 104.1 >1O9.O 1087 1085 108.3

bacterium cfu

cfu, colony forming unit. LDsy were calculated SPSS 10.0.
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=X FEel HEA 7o Ased =4S uad A= Table 69

T AWEHl E. tarda®l 3733}
TAdT AAE BAT 54 #F9 v FF EF TSIACA HaS¢F 7}
25 AA YA SUL00= A Llg v A v5d #F7F 54 d5o 83|
H.Sel A4 AX7F =A YeRYTh Nitrate, Indole, Methyl red =5
positive WFgS H O™ Citrate?t Voges-Proskauer test (Clark and
Lubs medium)ol A= negative ¥ Hth T 4% Fructose,
Galactose, Glucose, Maltose, MannoseZS &l 3}o] positive ¥H$<S H O
™ Lysine¥} Ornithine (decarboxylase)i= positive, Arginine (dehydrolase)

& negative ¥+$-S H Y
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Table 6. Biochemical characteristics of tested strains

FSW
910410

KE-1

KE-3

KE-5

SU100

AL
92448

ATCC
15947

ET
82015

Motility
Catalase
Oxidase

TSIA

Nitrate
OF
Indole
Methyl red
Voges—Proskauer
Citrate

+

+

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

K/A
gas,
H»S

+ +

Arginine
Lysine
Ornithine

Arabinose
Adonitol
Dulcitol

Cellibiose
Fructose

Galactose
Glucose
Inositol
Lactose
Maltose
Mannitol

Mannose

Melibiose
Rafinose

Rhamnose

Salicin
Sorbitol
Sucrose

Trehalose

Xylose
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(a)

FSW KE-1 KE-3 KE-5
910410

(b ) o“f.-" r

—

HoS
product

SUI00  AL92448 ATCC15947 ETS82015

Fig 1. Growth and H>S production of the virulent (a) and the avirulent
Edwardsiella tarda (b) in TSIA.
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Table 7. The effects of NaCl concentration in the alkali-peptone water

on the growth of Edwardsiella tarda

Virulent strains Avirulent strains
NaCl oW KE-1 @ KE-3 KE-5 | SUI100 AL ATCC BT
910410 92448 15947 | 82015
0 ++ ++ ++ ++ ++ ++ ++ ++
05 ++ ++ ++ ++ ++ ++ ++ ++
1 ++ ++ ++ ++ ++ ++ ++ ++
2 ++ ++ ++ ++ ++ ++ ++ ++
3 ++ ++ ++ ++ ++ ++ ++ ++
4 + + + + + + + +
5 + + + T + + + +
6 _ L %, = r _ _
7 _ s - = e A _
8 _ £ y _ o pad _

Table 8. The effects of NaCl concentration in the alkali-peptone water

on the growth of Edwardsiella tarda

Virulent strains Avirulent strains

FSW AL ATCC ET
PH 1 gioap  KETL KBS KBS SUIO 0o 15047 82015
1 - - - - - - - -
2 + + + + + + + +
3 + + + + + + + +
4 ++ ++ ++ ++ ++ ++ ++ ++
5 ++ ++ ++ ++ ++ ++ ++ ++
6 ++ ++ ++ ++ ++ ++ ++ ++
7 ++ ++ ++ ++ ++ ++ ++ ++
8 ++ ++ ++ ++ ++ ++ ++ ++
9 ++ ++ ++ ++ ++ ++ ++ ++
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4 G WeINY AES Mu
A1 AE AANNY AES

54 @FE FA 7 AT el AolE ngd B9

Human type ¢l ATCC159479] -5+ 12 AlZtoll Al 24 A|ZF Alele] 1
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(a)

1.0E+08
»
a -
g .
T 1.0E+07 |
2
(&)
®©
Ke]
G
o 1.0E+06 |
[0]
Ke]
e~
Z ! =
1.0E+05 : : : -
0 3 6 12 2
Time (hour)
—e— FSW910410 —&— KE-1 KE-3 KE-5
(b)
1.0E+08
2}
©
(&)
T 1.0E+07
e
(&)
®©
Ke]
S 1.0E+06
[0]
Ke]
S
>
z

1.0E+05

3 6 12 24
Time (hour)

—¥— SU100 —o— AL92448

—+— ATCC15947 —o— ET82015

Fig. 2. Survival ability of the virulent (a) and the avirulent Edwardsiella

tarda (b) in fish skin mucus.
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42. F A9 AES

N@itel g dao e AEse A FAHe

it
i)
_\7:1
N
-
o
3L
=

o}

SAR 12 AZEAA 24 AZE Aolo] BA BFE @7 ol HA FHE

W AE el Ao AESAY #Evh BasAL

Sy #Fe) 4% B4 #Fe vuge W @5t 2
NHe) HEFANE o= HEe AoZ nATh HAW B4 T

Foh My @R FEeAE Aol vehtA ggth aev F A

Al AEFol o] Human type Tl ATCC159479] 749+ 12 Al 7ol A

24 ARk Abolel] 11 b gashes Zge] vhehu
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(o]
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s 1.0E+07 | '/
£ A2
z /
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Fig. 3. Survival ability of the virulent (a) and the avirulent Edwardsiella

tarda (b) in fish intestine mucus.
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(a)

3.0E+06
1)
8 25E+06 |-
o 1
E Iz
& 2.0E+06 +
o)
Y
o
S 15er06 T
€
=)
=z
1.0E+06 1 !
0 0.5 1
Time (hour)
—e— FSW910410 —m—KE-1 —a— KE-3 KE-5
(b) 3.0E+06
®
)
o
S 25E+06 |
o
(&)
2 el
S 20E+06 @
o P
3 ¢
S 1.5E+06
=)
=z
1.0E+06 -
0 0.5 1
Time (hour)
—%— SU100 —e— AL92448
—+— ATCC15947 —o— ET82015

Fig. 4. Survival ability of the virulent (a) and the avirulent Edwardsiella

tarda (b) in SGF (pH 2.0).
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Fig. 5. Survival ability of the virulent (a) and the avirulent Edwardsiella

tarda (b) in TSB (pH 2.0).
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(a)

o 1-0E+08
o
(@)
©
S 1.0E+07 |
g _
Q = e 3 4
© 1.0E+06 |
()
O
£
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< {.0E+05 : : :
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Time (hour)
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Z  1.0E+05 . . i
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—+— ATCC15947 —6—ET82015

Fig. 6. Bile tolerance of the virulent (a) and the avirulent strains of

Edwardsiella tarda(b).

_32_



(a)

1.0E+08

1.0E+07

1.0E+06

1.0E+05 ! ! !
0 1 3 6

Time (hour)

Number of bcterial cells

KE=5 (Bile) —8—KE—5 (TSB) |

(b)

1.0E+08

1.0E+07

1.0E+06 [

Number of bacterial cells

1.0E+05
0 1 3 6

Time (hour)

—6—ET82015 (Bile) —®—ET82015 (TSB)

Fig. 7. A comparison between the growth of Edwardsiella tarda in Bile
and Tryptic Soy Broth (TSB). (a) Growth of the virulent Edwardsiella
tarda KE-5; (b) Growth of the avirulent E. tarda ET82015.
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6. 94X RAY AET

6.1 9x g3 g A

HA @Al Wt E tarda 54 dFS HSAE w50 A3 Al A
+ SU100# ET82015 w55 AlQlgh ymA d5F= 5 {1 dHo o
3 A el

Table 9. Viability in the serum of olive flounder, Paralichthys olivaceus

Strain Serum survival ability” Viability
FSW910410 523 el R'
KE-1 04 Ul R
KE-3 1.13 £ 0.04 R
KE-5 1.09 = 0.04 R
SU100 0.96 + 0.06 sf
AL92448 1.04 £ 0.03 R
ATCC15947 1.26 £ 0.07 R
ET82015 0.92 + 0.07 S

"Serum survival ability was calculated by dividing the number of viable
bacterial cells after serum treatment (incubated for 1h) by the initial cells
before serum treatment.

+ . ¥ ce .
R-serum resistance; * S—serum sensitivity.

_34_
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2 o3 Frtste WA H A 7o A9 ET82015 wFE Al9gk

WA W5 wFE Tt Aacsts d¥ol dEHAY. 53 SU1009
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Fig. 8. Survival ability of virulent (a) and avirulent strains (b) of

FEdwardsiella tarda in olive flounder, Paralichthys olivaceus, serum.
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7. 18T 9 macrophage°o] IYE L 2
7.1. Internalization assay
E. tarda =4 w59 H5A 52 macrophageWl & Al7ko] Z4= O

W3t Ed ol Table 79 YEbY QlTh 14
=

Table 10. Internalization of the virulent and the avirulent strains of

FEdwardsiella tarda in olive flounder, Paralichthys olivaceus, macrophage

1h' 5h
FSW910410 80.8 + 9.8 100.0 £ 54
KE-1 10 g =4 60.7 £ 1.0
Virulent
KE-3 100 £ 1.1 50.0 £ 76
KE-5 480 + 2.3 816 + 9.1
SU100 0.8 + 0.0 75+ 05
A1.92448 0.1 £ 0.0 04 + 0.0
Avirulent
ATCC15947 226 = 0.7 165 + 0.8
ET82015 1.7 £ 0.0 120 + 04
ATCC7001 944 + 0.8 889 + 4.7

“Internalization is expressed as percentage of input bacteria surviving after
gentamicin treatment for 1h or 5h.
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7.2. Intracellular replication assay

macrophage W =2] A3bell w& <1 ¥ 3} 7 macrophage H= Y3
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el #uke A zkmith wlekslel 1 AWE Fig. 99 uERICH
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(a)
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*k

Relative bacterial population

0 1 3
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(b) 14.0 r
12.0. I
100

Relative bacterial population

Time (hour)

—¥— SU100 —oe— AL92448  —+— ATCC15947
—o— ET82015 —B— Salmonella

Fig. 9. Intracellular replication of the vilulent (a) and the avirulent
strains (b) in macrophage. ‘Significant difference between Salmonella
cholerasuis and Edwardsiella tarda; P<0.05. ~ Significant difference between

Salmonella cholerasuis and FE. tarda;, P<0.001. Salmonella, Salmonella

cholerasuis ATCC7001.

_39_



8. HO; 54 AlE

749 HxOz0l 7}

T F AL924489]

_40_



(a) 1.0B407

0
)
(@)
© |
2 \
“g s
©
o}
O
£
=}
< 1.0E+05 . i
0 0.5 1
Time (hour)
——FSW910410 —8— KE—1 —4— KE—3 KE—-5
(b)
2 4.0E+07
()
(@)
©
o)
3
o 1.0E+06
o
o
O
=
=)
Z 1.0E+05 :
0 0.5 1
Time (hour)
—%—SU100 —— AL92448
—+— ATCC15947 —o—ET82015

Fig. 10. H2O2 susceptibility of the vilulent (a) and the avirulent strains
(b) of Edwardsiella tarda.
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Fig. 11. Viability of the virulent and the avirulent Edwardsiella tarda in

olive flounder, Paralichthys olivaceus. (a) skin mucus of olive flounder;

(b) intestine mucus of olive flounder.
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9. OMP¢ SDS-PAGE profile 8] I
SDS-PAGEE %3 OMP9 profiles ZAFE Z3+= Fig. 129 #Zt}
OMPZE SDS-PAGE 3 Z3 AA2 o2 4|53 band7} B2 At 218
U oF 40 kDa <9 bandoll A =4 T 49 turbot el KE-57}
e 54 dFees o How HEAY Ag ALI2448
3 ATCCI15947L & AgS ®el wbd ET82015% BISA #571 ofd

73 sk

[}

o

on
oS}
=)
o,

2 A =4 #F (FSWI10410, KE-1, KE-3)9} §AFg bandS X9 th.
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— 118 kDa

— 86 kDa

— 47 kDa

Fig. 12. Comparison between the OMP of the virulent and the avirulent
Edwardsiella tarda. lane 1, FSW910410; lane 2, KE-1; lane 3, KE-3;
lane4, KE-5; lane 5, SU100; lane 6, AL92448; lane 7, ATCC15947;
lane 8, ET82015; lane 9, Marker.
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10. OMP gene H| 1
OMP protein genel. @ 4d#F OmpS2 gened E. tarda®l =743 dd

4
s

o

E OMP gene2® %#l7l PagC genes 54 w9 HEA T4
A A= Fig. 133 vk &<l 23 PagC genedl 4% =4 o5

_Zr
T2 sized bandE H|=A #FoA Fedd 4 A ETS2015 #+F9
%]

r°“
ol

o= BA #F9 2 sizeo band7t &2l Atk OmpS2 gened 7
$% PagC gened FAFSHA A4 79 ET82015 ¥ olA= OmpS2

gene®| band7} FQ1E Wy w54 FFol = band7b HERUA
& Skt

o

_46_



(a) M FSW KE-1 KE-3 KE-5 SU100 AL ATCC ET

910410 92448 15947 82015
— ——
b - .- .- . — —
(b) M FSW KE-1/KE-3 KE=5 SU100 AL 'ATCC ET
910410 92448 15947 82015

[

Fig. 13. Comparison between the OMP gene of the virulent and the

avirulent Edwardsiella tarda. (a) PagC gene, (b) OmpS2 gene.
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t}t. E tardaol W3 2 AF7}
i k. ol gk E. tarda®l %
FE JA= BT AFxE A 55 Av 35 g A4S Holn A}
o F4S FAsted ol R A AMES} AAEYA BWe G
E. tarda it°] 250 A= Aol IFHETH (Rashid et al., 1997).
2 Aol e E tarda®l =4 w59 H=A dF9 xol7b oA

ZIAB=AE oty fs) AAA 2isk AEH 240l 74 FF9

ol B 7] 938 LDy #hS S48k th WA (Paralichthys olivaceus) 2
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E. tarda® 9 F9A%= oprbuivh Aa Alxet o] F A} Hohar

Je AR deAd e olYd Y FdEE So7F F

E. tarda 573 w59 BS54 dF7F Aot dotar BHax i tt (Ling

et al., 2001). o157 A% ZuAE o] ofrin] G AFE ZHES H

L glew o] o] H ®

YAZFEH ofFE HEsh= 3 HA wojdoltt (Aranishi et al, 2000).
T A5 24 AHA =

A% sk e nEg FFe] PS 12~24 Az Abolo] o] gl

-
‘T
re
-
=
o)
2
l:H
_l::
=
o)
lo
o,
(i
olr
flo
At
oX,

AAHAY #Z4s= 237 YEs Y, 53] Human type€! ATCC15947

o ASE 24 ARG FasE A%e vt aEt g AAoA e 4

T2 Ax Ao v A3 FESHA YEFUYA = Z AT Ling et
al. (2001)e] ™W=W entry sites s H=5A 7o 4 ©E entry

A BEA A 2 A

o1F 9l (SGF)F pHE 913 a3} 22 2002 9 TSBoAle] A
5o A A 7re] A wet =4 FFEe HE=A 7F BRF 7 Adn 1

9} H)$=3 o2 o pHOlA Shigella flexneriS B F3F Aol Al 7F
o] Al wep F57t A= Aol UERS TS Jed Gorden et al
(1993)2] ®.a7} it}
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