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Characteristics of Aeromonas veronii biovar sobria isolated

from in freshwater ornamental fishes in Korea

Sae-Bom Sohn

Department of Aquatic Life Medicine, Graduate School,

Pukyong National University

Abstract

The aim of this study was to investigate the distribution of pathogenic
bacteria in freshwater ornamental fishes and to identify phenotypic and
genotypic characteristics of Aeromonas veronii biovar sobria strains. A variety
of A. veronii bv. sobria strains isolated from kidney, liver, spleen and skin
lesions were identified by the biochemical and the genotypic characteristics.
These aeromonads were investigated the enzyme activities of extracellular
products (ECPs).

The surveyed fifteen species of freshwater ornamental fishes were obtained
from a commercial aquarium and several markets in Busan and Gyeong-Nam,
South Korea from October 2006 to July 2007. They were showed various signs
of heavy focal skin lesions on the lateral sides, fin rot and skin ulcer on the
body. The isolates were characterized biochemically and identified using 16S
rRNA sequencing.

A. veronii bv. sobria strains were pathogenic to gold fish (Carassius
auratus), platy (Xiphophorus maculates) and nigro (Cichlasoma nigrofasciatum).
The ECPs from A. veronii bv. sobria exhibited various enzymatic activities,

such as caseinase, gelatinase, phospholipase and lipase activity, and also



hemolytic activities. All of tested A. veronii bv. sobira strains showed
cytotoxic effects on the EPC cell line and the CHSE-214 cell line within 6h

incubation.



stx EXS olgd WW (Valera et al, 2002; Abbott et al, 2003)
DNA-DNA hybridization (Esteve et al, 1995, Huy et al, 2001), 16S
rRNA gene seqeuncings 7]HFC. 2 3l A5 Al er# 22X (Martinez—
Murcia et al, 1992), DNA probes®t 16S rRNA gene®| restriction
fragment length polymorphism (RFLP) (Borrell et al., 1997, Figueras et
al., 2000; Ghatak et al, 2007), gyrBe} rpoDel +Ax d7]44d 4
(Soler et al, 2004) 5¢] WHEC] AAEHAJT olHg HHES A A
o2 FFstel Aeromonas & AwES ERH7F AES EHAF A
(Saavedra et al., 2006).

Popoff and Véron (1976)° 2l Aeromonas sobria7} *1< H.Il¥ o] %

2APdH 54 gddem s Aol gte] EEo] AT o %

5



DNA-DNA hybridization®] 2]&] 47§¢] DNA hybridization group®. =
FH A (Farmer et al, 1986). =L % DNA hybridization group 10
ornithine decarboxylase ¥4 W8-S YEl= 722 Aeromonas veronii
2 H 139t (Hickman-Brenner et al, 1987). == % DNA hybridization
group 109 38t Al Aeromonas veronii®t FHETHOR= FAE}
U 2884 EAol Aol7t Y= 5EAo] HuEH o™ Aeromonas veronii
= 5 719 biotypel 2 TEdA Tt (Kuijper et al, 1989).

Aeromonas veronii biovar sobriav= U3t} B ojFoA BT AWS
o a8 24 AHS®E (Janda et al, 1998), T3 7o) A=A s
At} o]Fo A$, =3A JEF (motile acromonads septicaemia)®]
olAoly #F3A AY S5+ (EUS, epizootic ulcerative syndrome)S &
o 7171% 3t} (Rahman et al, 2002). Common carp (Cyprinus carpio
L.), rainbow trout (Oncorhynchus mykiss, Walbaum) 5 UTH%3 Ho]%
AA AF AL AEF T &S U HAAE oA BAFH &4
S of7jsitty HuH 3 Jth (Kozinska., 2007).

Aeromonas % Aol BHHEA 7]Fel Bl = FE Aeromonas
hydrophila®} Aeromonas salmonicidas W/do=2 WS AG7F i o
1 (Gudmundsdoéttir et al, 1996; Gonzalez-Rodriguez et al, 2004), ZAY
ol WAA QRS F F=E extracellular products (ECPs)] & o 3k
A7 FAlol H Atk =, ECPse w5 ool diad BHAA A3,

ECPse &4, 8§85 9 Ax 54 AldS &3t ECPs7t w83 HYA

o

(o
v

o1xte] &bl Ss Zweldtt (Esteve et al, 1995 Khalil et al, 1997;
Gonzélez-Serrano et al, 2002). ECPs 2]¢] o]l 3l tf2 Fa H

€

(o

%0
i

1zt &  flagella, pili, O-antigen, S-layer protein %°] Y3 A

(Santos et al., 1988, Merino et al., 1997; Masada et al., 2002).
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1. 34T ¢ ANE dF

Aol AFE-3F Aeromonas veronii biovar sobria 2] ¥ 20061 10
AEH 2007 7E7HA FAR A A el X g Bdo] mujad, ElutE]
MR A Tl dmsta = 15 Fo #FolE T ¥AJA TS UE
e AZEYH Egatdnh a4l oF A2 vls g8 A=y
n| F2Aolyin 7 FA AR AY s YEHUAL, W SHeEE

g, v & BlY] 58 82 £ JAT} (Fig. 1).

o=
Aok e B8 fYE #F5= FHSEE w2 o9 UFA AEE AP
AN A3 Aeromonas veronii biovar sobria® & 733&e] Add| ALg3d}
At A&l AL83F Aeromonas veronii biovar sobria T+t FE HF

of B3k ARHE Table 1 ~ 291 YEHAT
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- ) .
Fig. 1. Gross pathology of disease observed in different freshwater

ornamental fishes infected — Aeromonas veronii biovar sobria at
commercial aquarium. (a) gold fish (Carassius auratus) showing
haemorrhages on the skin and loosened scales, (b) gold fish (Oranda,
Carassius auratus) showing fin rot, (c) head and tail light tetra
(Hemigrammus ocellifer) showing necrosis of opercular, (d) green tera
(Aequidens pulcher) showing skin ulcer on the head, (e) sumatra
(Puntitus tetrazona) showing fin rot, (f) platy (Xiphophorus maculates)

showing haemorrhaged and eroded skin.



Table 1. The bacterial strains used in this study

Strains Origin Date
S01 Sumatra (Puntitus tetrazona) Spleen  2006. 10
G04 Gold fish (Carassius auratus) Spleen  2006. 12
P07 Platy (Xiphophorus maculates) Kidney  2007. 1
H il light tet
Hog | iead and tail light tetra Liver  2007. 3
(Hemigrammus ocellifer)
G10 Gold fish (Carassius auratus) Kidney  2007. 3
Isolated S10 Sumatra (Puntitus tetrazona) Kidney  2007. 3
strains
(n=12) Glla Green tera (Aequidens pulcher) Skin 2007. 5
Gl11b Green tera (Aequidens pulcher) Skin 2007. 5
P12 Platy (Xiphophorus maculates) Kidney  2007. 6
G13 Gold fish (Carassius auratus) Kidney  2007. 6
MI13  Molly (Poecilia shenops) Kidney  2007. 6
B13 Blue gourami (Colisa sp.) Spleen  2007. 6
Reference CECT 4246 Infected frog suffering from red-leg disease
strains
(n=2) CECT 4257 Sputum of drowning victim




Table 2. Signs of Aeromonas veronii biovar sobria strains

Strains Sign ) mix.ed a
infection

S01 darkening of the skin, darkened in color, exophthalmia 0
G04 ulcer of skin, hemorrhage of operculum

PO7 hemorrhage of skin and fin, hyperemia of liver 0
HO09 missing of scale

G10 alternately float and sink
S10 decolorization of the skin

Glla severe ulcer of skin

G11b severe ulcer of skin

P12 fin and tail rot, the light infection of Trematode 0
G13 the middle infection of Trematode 0
M13 enlarged spleen

B13 hyperemia of liver

a, infection of Trematode



Aol Al Bel AR A9 #d Aol AgaAnh Aite
Foh MES A7) g8 AeF Aol FabAy Ao A waol
o4, gQlnlE, FERORNE TH F 15 o]F9) G5 Batolon, 1

o]F& =¥ (Xiphophorus maculates), &% (Carassius auratus), <

d

FEe}  (Puntitus tetrazona), 7+°ol% (Pangasius sutchi), 1 E|Z}
(Aequidens pulcher), Zre}1e}2 (Chanda ranga), &% &7 (Colisa
sp.), A= A= HA FolE IA (Hemigrammus ocellifer), =32
(Poecilia  shenops), <A 34 (Pterophyllum scalare), 2%}
(Tanichthys albonubes), B}E. (Capoeta titteya), A8 =7 (Poecilia
latipinna), E% Utololt= YA~ (Symphysodon  aequifasciatus
haraldi)®} T3 (Poecilia reticulate) ‘s ©] 1t}

A9 #FAE APAdE 280l SHEE HAZE A&stAd. 58ols 3
o AF 394 £ 085 g, Hr A% 348 £ 283 cn, ZUE = HT AF 2.14
+ 049 g, A A 355 £ 06 enl B A A G FAAo] TujH oA

Adste] Algsta, Jags #HF AF 077 £ 021 g, IFF AF 285 +



3. AW FFo A 44 AA

HAbs AAstGnh &5 28 WdE BE dFE TSANA 27 T, 24 Al
o ts AstetA A dAabel ol &kt Asket A FES
Oxidase test (Cytochrome oxidase), Catalse test (3 % H:02), Citrate ©]
€5 (Simmon’s citrate agar), Nitrate 395, Kovacs’'s Indole test,
Methyl red test, Voges—Proskauer test, HoS A &2< 93 Triple
sugar iron agar (TSIA)®} Oxidation-fermentation (OF) testE 3t} &

T3tE F3 AlF o= A arabinose, adonitol, cellibose, dulcitol, fructose,
galactose, glucose, inositol, lactose, maltose, mannitol, mannose,
melibiose, rafinose, rhamnose, salicin, sorbitol, sucrose, trehalose, xylose
o & HTE ZFASIItk 18l a lysined}t ornithineo] w3 decar-
boxylase A&} arginined] U©eF dehydrolase A13dS AAEF o,
TCBS® Rimler-Shoots agar (R-S), Salmonella-Shigella (SS)olA €]
colony 73S ISt BE Al #lx]9] A %2 MacFaddin (2000) <]



4. M2 16S ribosomal RNA(16S rRNA) F A wlE £4
4.1. A3t genomic DNA2] #¢]

Table 1] Yebd 2 7He] 3z 59 12 /o] 28] #5FE5 242 5wl
TSBell HE3sta 25 CTolA 200 rpme 2 24 A|zF X & wjgstdey, o1 &

6,000 rpmell A 5 &3F YA 8 ¢ AAd NS AAS TS Genomic DNA
)=

Extraction Kit (Bioneer)E A}-83}¢] genomic DNAE

4.2. Competent cell A2}

Competent cell®] A2 93] Escherichia coli DH50E AF-&3F53 T
Luria-Bertani broth ®]%] (LB, Difco)oll &34 overnight v %3k <Y
100 & 10 m¢ LB brothel HFE3ste] &3 %= ko] 600 nmolA 047} =
= shakingdt®A] 37 T, 3~4 A&k wjFstitt. 45 9ol 10 &3
T 3 A4 BEgsle] AojA pelletS 100 mM CaCloll dE3Ee] 45 9
o /1 30 % & Fol tAl d4 EFsEATE glycerole] 7 100 mM
CaClol Ad&gd 5 A& A7 =70 CToll A K3t

4.3. 16S rRNA<®] cloning
4.3.1. Primer?] 47|

B Ao AFEE primers 7] X 11% universal bacterial primerZ
AT AFEE primere] 7] W@ FF 4bEe] A7]E Table 39

e QA E
4.3.2. PCR¥} PCR products 5%

PCR<2 PCR PreMix (Bioneer)E& A}&3}% 3, Thermal cycler (Perkin-
Elmer)Z F8st o =712 Table 49 YEFHATH 1 % agarose geloll

_10_



0.01 % Etidium Bromide (EtBr: 1 mg/m¢)& &3tstal 60 VoA 30 &3t

7] 9%3 F UV transilluminator Aol Al &el1sta PCR AtE&ol 3 &3}

T eSS 2R AHS] geld FAE S8 21 439 gel$ High

pure PCR products purification kit (Roche)E ©¢]83t¢] PCR products=
sh=y

A 3

4.3.3. PCR products cloning

Cloning vector® pGEM T-easy vector (Promega)?}t pGEM T vector
(Promega)E AF&3}o] T4 ligase® PCR products®} vectorE S ZAAA
recombinant plasmid DNAE =8| StE o] & ~70 Teol 23E 100 w9
competent cell (Escherichia coli DH5a)° recombinant plasmid DNAZ
A7} % heat shock RO 2 transformation AlZ Tt oo 1 m¢ LB
brothE H7}sle] 37 CelA 1 Azt #%Ed 5 ampicillin (50 pg/ml),
Isopropylthio-B-D-galactopyranoside (IPTG, 25 pg/ml)¢t X-gal (5-bromo
—4-chloro-3-indolyl-D-galactopyranoside, 10 pg/m¢)o] ¥3t¥ LB HjA] 9
v &F3sle] white colonyS 4138} %
434. A Z%H plasmid DNAC] %3} inserted DNA 22l

Ampicilline] H7Fg LB #iA| oA =& Ao A plasmid DNAS 3%

3171 93l plasmid DNA mini—prep. kit (GeneAl)Z A}-&3} <t}
4.3.5. DNA sequencing

Plasmid DNAE F%3 5 Sanger et al (1997)¢] wWwol| uwte}t
automatic sequencer (ABI 377, USA)= 97] JE9& 433}

_11_



436. 971 Mg vl A4
| E3 7] A9S Genetyx programS ARE3Fe] 23319 2™ Nation

Center for Biotechnology Information (NCBDolA A|-&%+= BLAST

program®. 2 o|n] H& A = FFES 16S rRNASE vl ¥4t}

Table 3. PCR primers used to amplify 16S rRNA

Orient Sequence (5" to 37)
Primer 27F AGA GTT TGA TCM TGG CTC AG
1492R TACG GYT ACC TTG TTA CGA CTT

Table 4. Condition of reaction step and PCR cycle

Temperature (C) Reaction Time Cycle(s)
Pre—-denaturation 94 5 min 1
Denaturation 94 30 sec
Annealing 55 30 sec 30
Extension 72 80 sec
Post-extenstion 72 7 min 1

_12_



5. A1 w5 W3 344 A F

2 ATl A ARERE 2 RS FE FFo 12 VR e TS5l skl H
43S g7l fsiAl Hbk XA % (Medium Lethal Dose, LDs)E

=28 AR 22 27 £ 1 TR FA89eH, A1Y 717+ Fok AL

T 1A 13 fpsiith TSACl widd 2k 5 dt A2l A5
ke q wg

deste] FHlda, 28 AT T Alge] 10 whgol DA A3

x= ! FASF AT FAF F
10 ¢ &<t dHAE &1sta 74 HALES A A T (Wardlaw, 1985).
HALE ol 7= #HAARe QS &<dskr] f8 R-S A ¢k TSA #AE o]

gato) AAwe) ARAT AmaArh oF vIE 7o) 54 e 7}

#AY 4a5rE 8y

A e B4 01 mA FASRGe, gaTe 9 4 N95E
01 mA 87 FAstGth 2t QT F AFel 10 vhelel AgHAn 5
2e 261 TR §ASEL FA 5 7 U Bk wd AAAE sl
oF ALY AS W ] FA AR F R 471E
Yako® RS MlXsh TSA Xol A felite] ARel s Amsglh o F
I+

o dair 545 ofe 7HA Astet Ade Fske] sk

_13_



6. Extracellular products (ECPs)¢ &4
6.1. ECPs9] +&

Aldie]  ECPs F%& cellophane overlay WWoz 3Flow,
Gonzalez- Serrano et al. (20000 W& W] ALEEAT. =, v

A 2" TSA ¢ 121 C, 15 #3F Hi 3k cellophane membrane

o
2

TSBeoll 24 AlZF EoF dAujds o 400 s B A7 felsozs 1=
Al st Algte] HFE wiAE 28 C, 24 AgF wjFd F
cellophane membranes A 2% petridishe]l %7132 2 m¢ 0.1 M PBS (pH
742 MZA3te] Bt} o] AE NS 4 C, 14000 x g, 30 &3F 4
3l FAAE EYstgoer, o= 022 um pore sized syringe filter
(Corning Inc.)® o #3t Z& ECPs oz ALg3tt. %3 ECPs
< Ayl AR&sH7] H7kA A0 Coll Haskith.

6.2. ECPs¢| @¥d A&
ECPs9 @z 51+ Bovine serum albumin (BSA, Sigma)& XF°o
2 3}o] Bradford ¥ (1976) 2.2 ZA &bl 20 TollA HAstw AF] AL
&3k

6.3. Proteolytic activity
6.3.1. Caseinase activity

Caseinase activity™= Gudmundsdottir et al (1996)9] w2} azocasein
(Sigma)< 7182 3to] A3t =, 0.1 M PBS (pH 7.2)°] 52 1 %
azocasein £ 450 ul2} ECPs 50 wE =3tsto] 27 CTolA 30 &3+ v
3 % 10 % trichloroacetic acid (TCA, Sigma) 05 m< ¥ w$S =
AAI AT, 30 &+ &, YA F8 4 T, 14,000 x g, 5 min)ste] AR o =

_14_



BE 05 S 3 tF2 1 M sodium hydroxide 0.5 m¢3 £33t 3 Ay
o7 ZA39tt (Pharmaciabiotech Ultrospec 3000). caseine 1 unit® &

F= ghol 0.001 S7Hg Aoz Aottt

6.3.2. Gelatinase activity

Gelatinase activity:= Hastings et al (1985)°] W&} 1 % (w/v) agarose
of 3 % gelatineS #7138l A7 4 mm wellsE WHE & °oF 300 pg/ml =
Zkzre] wellel 20 b FFstal F& dAbolA 28 T, 24 AZF §EgAIZ

S well 799 clear zoneS =439t}

6.3.3. Phospholipase and lipase activity

Phospholipase2} lipase activity™ Gudmundsdottir et al (1990)°] whz}
1 % (w/v) agarose®] 27+ 1 % (w/v) egg yolket 1 % (w/v) Tween 80
S A7tste] FA 4 mm wellsE vHE & 9F 300 peg/mlE ZFZHe] wellol
20 WA EFea 59 AAA 28 €, 48 A|ZE vHSAIZ U well 4

9] clear zone< =43}

6.4. Haemolytic activity

&, "atyol, gojo] Holo gt TS AT Sheep Red
blood cells (RBCs) A& TY3dte] AR&skslar, "etvjolset 3ol Red
blood cells (RBCs)= "% AHoA xdd 5 PBS® 3 3] Alx (4 T,
2,000 x g, 10 min)3}al packed cellse PBSol 1 %= &E3ste] #4353
t}. 96 well platee] ECPsZ 100 w2 Y il PBSZ 28] w4 X3 & &
F 5 % RBCsE 41°] 27 T, 1 Az wigetltt. 8959 FA= 50 %
|dS doql 34 dAE AU

_15_



6.5. In vitro cytotoxic activity

AlE T ECPse Alx =4S ofF Fdlle] F3AxE EPC
(Epithelioma papillosum cyprini)2} CHSE-214 (Chinook salmon embryo)
= A3t Y. Eagle’s minimum essential medium (EMEM, Sigma)el
10 % Fetal bovine serum (FBS, GibcoBRL)¥} 1 % antibiotic-antimycotic
agent (GibcoBRL)7} ¥ =% #7135t 24 well platee] Z+ welloll &35}
18 TolA 24 A2k &3 wjdstdet. W F 2 well W] wix & AA3H
3, 7F Ag e ECPsE 10 % FBS7F d7Fe EMEMO 2 @y 5%
7b 200 pg/meo]l HEEF AFste] Zb welldl tAl FYsith 72 o
ECPs7}F A% 24 well platex= 18 T, 48 A1zt &<t v d3le] cell-lined]
AX e E TSR 183 PBSE H713 wellel cell-lines W=+

2 o] AEZ Wy 53E glsidin.

_16_



wom 1 QX% (Citrobacter freundii, Pseudomonas sp., Comomonas
sp., Enterobacteria  sp., Klebsilla pneumoniae, Shwanella sp.,
Plesiomonas sp. L& il Aquitalea magnusonii®l 2.7 2853t} (Fig.
2).

Aeromonas ¢ 75 12 o]ToE2FE FHHUSH FHTY FF
HZ = Table 4¢] vtebublch vl alA =& ¥I-2  Aermonas veronii
biovar sobria®} Aeromonas —hydrophila?} W2 S oW, Aeromonas
Jjandaei, Aeromonas trota?t Z#Fth o5 TFT Aeromonas it A E
A 2 Abg3lE R-S wfA| oA dF-E yellow colonyS A3 oy

o WA= green colonyE A SH7| = 3FA U

_17_



Klebsiella pneunmonas
3%

seudomonas spp.
4%

Comamonas sp.

Fig. 2. Distribution of bacteria isolate in freshwater ornamental

fishes.
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Table 4. Distribution of Aeromonad recovered in different species of

freshwater ornamental fishes

A. veronii A. A. A.
Name of ornamental fish Total
bv. sobria hydrophila jandaei trota
Angel fish 1 1
Pterophyllum scalare
Blue diamond discus 1 1
Symphysodon aequifasciatus haraldi
Blue gourami
. 1 1 2
Colisa sp.
Color glassfish 3 3
Chanda ranga
Gold fish
. 3 3
Carassius auratus
Green tera
. ) 2
Aequidens pulcher
Guppy 1 1
Poecilia reticulate
Head and tail light tetra 1 1
Hemigrammus ocellifer
Molly
. 1 1
Poecilia shenops
Plat
Y 2 3 2 2 9
Xiphophorus maculates
Sumatra
) 2 2 4
Puntitus tetrazona
White cloud mountain minnow 1 1
Tanichthys albonubes
12 11 3 3

Total
(414 %) (379 %) (103 %) (10.3 %)

_19_



2. A1 TF9 A 54

Table 59+ oJe] ofFe] @ oo A ZE e Aeromonas & At
=9 Aststd 44 A1d 23E YAtk

2 709 Fx FFek 12 MY AP dFE o R 3 A3 EAS
Hl gk A3+ Table 69 WEFW AT A veronii bv. sobria®l A3 5
of Fx dF= g AFE FHoA FEAS NEES UEYIIT

53], A veronii bv. veronii®t Tw& F d& FHQ  arginine

dihydrolase, lysine decarboxylase A @olA = FE5 Aoz UA WSS
EF 913l ornithine decarboxylase AlEoA = FEHoz 34 WS o

Bl 28y AlE #F5e FE FF o EAFC dAozA
methyl red A& A& H#FE G WIS Fx #FE 24 LS

LHER AT

rir
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Table 5. Biochemical properties of Aeromonad from isolated freshwater

ornamental fishes

Positive isolates belonging to particular species(%)
Characteristics A. veronii bv. sobira A. hvdrophila A. jandaei A. trota

(n=12) (n=11) (n=3) (n=3)
Motility 100 100 100 100
Catalase 100 100 100 100
Oxidase 100 100 100 100
Arginine 100 100 100 33
Lysine 63 27 0 100
Ornithine 0 0 0 0
Nitrate 90 100 100 100
Indole 90 31 100 100
Methyl Red 100 90 75 100
Voges—Proskauer 90 90 75 0
Simmon's citrate
o 54 31 100 100
utilzation
Acid from
arabinose 9 100 25 0
adonitol 0 0 0 0
dulcitol 0 0 0 0
cellibiose 27 0 75 66
fructose 100 100 100 100
galactose 100 100 100 100
glucose 100 100 100 100
inostol 0 9 0 0
lactose 0 0 0 0
maltose 100 100 100 100
mannitol 100 100 75 100
mannose 100 100 100 100
melibiose 0 0 50 0
raffinose 0 0 0 0
rhamnose 0 36 0 0
salicin 18 90 0 33
sorbitol 0 0 25 0
sucrose 100 63 50 66
trehalose 100 100 75 100
xylose 20 81 25 0
TCBS 36 45 50 66
R-S 100 90 100 100
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Table 6. Phenotypic characteristics of 12 Aeromonas veronii biovar

sobria 1solates from freshwater ornamental fishes

A. veronii

Characteristics S0l G04 P07 H09 G10 S10 Glla Gllb P12 G13 MI13 B13 bv. sobria

CECT 4246"
96

+

Motility
Catalase

Oxidase +

+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

+

96

Arginine

+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+

Lysine -

Ornithine -
Nitrate + +
Indole + - + + + + + - B + + + +
Methyl Red + + + + + + + + + + + + .

+
+
|
+
I
+
|
+
+

Voges-Proskauer + . 2 L i L ! + + i + + 88

Simmon’s citrate

utilzation
Acid from

arabinose 3 r = - - - = L - = - ¥ 12
adonitol - - - L = = - K _ = o [ _
dulcitol - - - — = - - F v y ) i

cellibiose 20
fructose
galactose

glucose

+ A4 A
+ 4+ F

inostol - - - - . = e L b = _ _ _

|

|

|

|

|

|

|

|

|

|
—
\V]

lactose - -
maltose

+ o+ o+
+ o+ o+
+ o+ o+

+ +
mannitol + +
mannose + +
melibiose - - - - - - - — _ _ _
raffinose - - - - - - - - _ _ _
rhamnose - - - - - - — _ _ _ _ _ _
salicin - - - - - - _ + _ _ + _ B
sorbitol - - - - - — _ _ _ _ _ _ B
sucrose + + + + + + + + + + + + n
trehalose

xylose - - - - - _ _ _ _ _ _ _

a, Data from reference (Abbott et al, 2003).
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3. Al 16S ribosomal RNA(16S rRNA) H3 =+ vjd ¥4

2 TFE9 16S rRNAE E2X3l7] $13F], universial bacterial
primerg °]&3lo] 42 PCR AHES AA|s o], cloningste] d7] 8l
S w3on, &7 wE £ AREE 5= S01, G04, P07, H09, G10,
S10, Glla, Gllb, P12, GI3, M13 &3 Bl3e|ith A€ 97 wid&
GeneBankell 55 %o 9l CECT 4246, CECT 4257, ATCC 7966, ATCC
49568 “12]31 ATCC 44879] 16S rRNA®] 7] wjd ¥} wlwskelth. Fig. 3
< B2 779 16S rRNA 97] wlE 3}t Aeromonas 4 A& ASS

£ uEtd Aelvh Genetyx programs °]&3te] FEAS Felat

-

2
m

9.6 ~ 1000 %8 Aeds Ueds 2345 sAd A& 1 2

= Table 70 e AT

%)
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Fig. 3. Phylogenic tree formed based on 16S rRNA sequences.
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Table 7. DNA homology of 12 Aeromonas veronii biovar sobria strains
with reference Aeromonas based on nucleotide differences in 16S rRNA

gene sequence

Homology (%)

. A. veronii bv. A. veronii bv.
Strains A. hydrophila A. jandaei A. trota

sobria veronit
CECTA6 CECTA47 ATCC7966 ATCC49568 ATCC4487
S01 100.00 99.933 98.454 99.395 98.454
G04 100.00 99.931 98.406 99.376 98.406
P07 99.861 99.792 98.545 99.515 98.545
H09 99.933 99.800 98.337 99.268 98.337
G10 99.665 99.667 98.204 99.135 98.204
S10 100.00 99681 98.404 99.375 98.404
Glla 99.799 99.798 98.589 99.530 98.522
G11b 99.799 99.731 98.522 99.463 98.522
P12 99.664 99.664 98.453 99.395 98.453
G13 100.00 99.933 98.454 99.395 98.454
M13 99.866 99.798 98.589 99.530 98.589
B13 100.00 99.933 98.454 99.395 98.454
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oz 12 /e By #F
UER I 12 e B
Glla, Gl1b7} vl 4 v 1Dg #S YeEldH =
Hle] £ #F PO7¥ Bl3E Hl A
SR =

rlo

= LDso

Table 8 The medium lethal dose (LDsy) of Aeromonas veronii biovar

sobira on the intraperitoneally infected gold fish, Carassius auratus for

10 days

1.Dso (efu/fish g ')

S01 1.02 x 10°
G04 1.02 x 10°
P07 =802 % 10°
HO09 5.08 x.10°
GI10 344 % 10"
S10 1.02 x 10°
Glla 9.64 x 10°
Gl1b 2.13 x 10°
P12 508 x 10°
G13 9.64 x 10°
M13 6.90 x 10°
B13 > 1.02 x 10°
CECT4246 6.09 x 10°
CECT4257 > 1.02 x 10°
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Fig. 4. Cumulative mortality of gold fish (Carassius auratus), platy

(Xiphophorus maculates) and nigro (Cichlasoma nigrofasciatum) infected

with 4 x 10° cfu per fish ' for 7 days.
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6. Extracellular products (ECPs)ell thal &2 &4 Ad
6.1. Proteolytic activity

11 e B w59 2 MY =z dFol 283t Aeromonas veronii

o AT, we #Fe] A Godst Glla FFEE WA W B4S e
Wglom HO9SH Glib #F+ wlmd ¥& #4S dehilth 2ea 3

% 7Y A nund Ee B4 Ve,

6.1.1. Caseinase activity

11 748 &2 #9F 2 A &
biovar sobria ECPsS] &4 A4S A3 ZASF Tab
O AF, B8 #79 HS G04¢ Glla 5= vy e &4 e
Wlew Ho9%H Gllb #5% Hlad =2 4S8 yeud, adn F=x

T3 A= v £ 24= HEEH.

N
B
ol
2
R
B
W,
o
A
Q
S
3
Q
>
Q
15}
c
Q
3
Q
2

6.1.2. Gelatinase activity

11 70 #28 T 2 Mo #Fx JdFolA E2 s Aeromonas veronii
biovar sobria ECPs®] &4 @45 543 222 Table 90 LER AT
O Ay BE By dFe ZFE A5 F4S YERdY (Table 9).

6.1.3. Phospholipase and lipase activity

Phospholipase activity= 11 71 &8 #F % MI3 #5570 A4S
UERW AL ertar, A AlY dFE @4S JehldTh 2 2 R
Fx A5 EF 2SS dEWA @ut (Table 9). Z1¥]al lipase

activity= 11 71¢] #e &5 & S01¥% Gllb #Fwte] €4S vEhA
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@okal, A Ald wEs 2A4S JERdRld 2 e =

=)
244 S YErH AT (Table 9).
Table 9. Proteolytic activity of the extracellular products from
Aeromonas veronii biovar sobria
Strains Protein Cj)rm. Caseinasi Gelatinaie Phospholipase  Lipase
(ug me ™) (units ml ) (units ml )
S01 374.79+7.69 1366.00+487.90 + + -
G04 371.52+23.67 2337.50+716.30 + + +
PO7 320.00+38.13 774.00£415.78 + + +
HO09 307.17+93.15 1640.50+470.23 i + +
G10 311.20+33.67 1480.00+637.81 W & +
S10 332.83+70.10 1616.00+642.05 ot " +
Glla 225.00+74.71 1242.50£597.51 o+ 4 +
Gl1b 336.20+128.97 2305.50+555.08 i + -
P12 240.33+47.81 1068.00+794.79 + + +
G13 323.37+77.63 1296.00+793.37 + + +
M13 240.44+37.81 716.00+438.41 + - +
B13 302.72+1.07 11£1.1 + - +
CECT 4246  332.94+79.47 1047.50+65.76 + - +
CECT 4257  191.74+19.98 311.50+6.36 + - +
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6.2. Haemolytic activity

okt o] Fe] ool e Aeromonas veronii biovar sobira ECPs<]
£35S Bt Table 109 YEFATE Aermonas veronii biovar
sobria ECPs¢] €852 &9 A@Fd nlste] defylo}, gofo gk &
dsol vlud =A Yetwth o5 ol v §d5s el e
-z 5 CECT 4246 (Aeromonas veronii biovar sobira)o] 7} =&
L85 YelW i, CECT 4257 (Aeromonas veroni bivoar veronii)©]

A we g8%5S Y,

Table 10. Haemolytic activity of the extracellular products from

Aeromonas veronii biovar sobria

Strains Sheep Nile tilapia Israeli carp
S01 4 1:64 1:64
G04 0 14128 1:128
P07 0 0 1:2
HO09 § 1:64 1:32
G10 i . 32 1:8
S10 ) 1:32 1:16
Glla 1:1 1: 1:4
G11b 0 1:2 1:2
P12 1:8 1:32 1:32
G13 1:2 1:32 1:16
M13 1:4 1:32 1:8
B13 1:4 1:8 1:32

CECT 4246 0 1 : 2048 1 : 2048
CECT 4257 0 0 1:2

Nile tilapia, Oreochromis niloticus; Israeli carp, Cyprinus carpio nudus.
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6.3. In vitro cytotoxic activity

AE FF9 ECPsE 200 pg/m2 ZA3e] Agld olF Fe F34
¥ EPC (Epithelioma papillosum cyprini)®t CHSE-214 (Chinook salmon
embryo)E 20 C, 24 AIZF s gels W BE AP TolA Alx S4S
2 = glen PBSE H7ME dxFoAE AX 54 32T & ¢l
ATk (Fig. 5 ~ 6). 1 A3t 355 Ax WA 371 Yerur] Al#sgl e
M, 6 AIZE ool = ol Alx WA g37F yEbst (Table 11).

Table 11. Cytotoxic activity of the extracellular products from

Aeromonas veronii biovar sobria

CHSE-214 EPC

1h 6h 1h 6h

S01 - 1 - +
G04 v " ; o
PO7 2 + A ++
HO09 B G % +
G10 + ++ + +
S10 + ++ + ++
Glla + + + ++
Gl1b + + + ++
P12 + + - -
G13 - - + +
M13 - + - -
B13 - + - +
CECT 4246 - * - +
CECT 4257 - * + +
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(a) (b)
(c) (d)

Fig. 5. Effects of cytotoxicity on fish cell line, EPC with ECPs of

tested strains, for 6 h incubation. Cytotoxicity activity was determined

with microscopic examination. (a) control, (b) after 1 h, (c) after 3 h,

(d) after 6 h.
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(a) (b)
(c) (d) ,

Fig. 6. Effects of cytotoxicity on fish cell line, CHSE-214 with ECPs of

tested strains, for 6 h incubation. Cytotoxicity activity was determined

with microscopic examination. (a) control, (b) after 1 h, (c) after 3 h,

(d) after 6 h.
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g 5 WF Sl UERSTE ol & Lee (1992)of ©ls] Hidl ¢4 7HE
2 A 343 FAFEHH, Rahman et al. (2002)9] <l&] Hi¥
african catfish, Clarias gariepinus, rajputi, Puntius gonionotus, rui,
Labeo rohita, catla, Catla catla ~12] 3l shole, Channa striatus®] ©] A<}

mne A=) B9 €94 AYF 55 HEhd= S8 FARs

sozs gl B2 F79 o] dsdt. 53] Aeromonas
veronii biovar sobria7t 7}4 =& HEZ BE oFE F5oldon,
o] fex= ZYH, &F Ty, F&5o], 1¥ He A= A= HA fGolE
HEZ 22 g FulEgdd A ¥l

A. veronii bv. sobira® A3 Ag A3} R ofFo] wE A3}t

el Aol AY sldavy F8 w5 FTAA X lysine, arabinose,

cellibiose, melibiose, raffinose 2 saline &8l 5°] tha x}o]l7} U =
HU A veronii bv. sobria &% wF CECT 42469 4382 Alg Az

= FAEEA T (Abbott et al, 2003).

Mifiana-Galbis et al. (2002)¢} Valera and Esteve (2002)° ©]3] X1
Asteba AdEe SACd met (Fo] FAFHE Icbsuiew, 1 A
arginine, lysine, ornithine, Voges—Proskauer, sucrose, arabinose %
cellibiose #alsol wet 7ho] S & F AS5= FUskA L, & A7
A Y dFE A= AL F deS FAEuh

T3 F #59 16S rRNA 97] widS £X3% 23 A veronii bv.
sobira CECT 42463}+= 99.6 ~ 100.0 %9 &S Ho, A veronii bv.
sobira?l RS2 YElyomn o]gs Ai= 16S rRNA ZAHE AleT=
e RS o gL s =yt Aol & E8 dFe sdd

Aoz Yeld A veronii bv. veroniix= A. veronii bv. sobira®t 73 5H4

-

L

_35_



o7 Fdstt By B o} (Popoff and Véron, 1976). &3t #2]
Fo} HUd3 Row Yehd A culicicolax Pidiyar et al. (2002)°] <]l

5 H¥ oy, Huys et al (2005)°] <3l 19871 Hickman-Brenner
et alol o3 U A veronii®t L3 o= W Folrh

A. veronii bv. sobriaZ7} T FA oo WAAS UEHtE B
7F ey w@g ddole did ®edA A= ob mE3dk AdAe
(Kang et al, 2000; Rahman et al, 2002; Kim et al, 2005).
Kozifska (2007)2  42]o] common carp®t rainbow trout®4-E
Aeromonads A& &8l A3 A veronii bv. sobria’t =& HIERE i
F N o™, common carpoll A= Al F
Rom of HAAol I BAL S st

2 AFdA 58, ZdYst Hazs ez #8 o5
Z #F 2 45 99 #9 AA Bdd=s Ssdo 28 #F 5 G04,
HO09, Glla, Gllb7} 970l ZFstAl Hepston T5olol e LDsogk2
Hlad A et oldl Hs) POY, BI32 H%

WA GEA UErsk o vt
42579 A5-%= wjg e 545 YEY ST

A. veronii bv. sobria7t &&l¥ Wolol FAbe] Mgt Aee FE T
3 %,

rlo
r{o
oX,
o
aE
o,
=
3e.
R0
ia
ro
0
N
4
N
O
t
@)
—

9ol waA EA destou, Sl HEA Uehd Beole Aee
A% = e 7Y Adel EF g9se] dom e #F9 2ol
vl gke Ao g eyt

Aeromonads® E4¢ thfdl g4 dHetar Jdom FAER HAA
1A= A o AR = extracellular products (ECPs)®%-E haemolysins,
cytotoxins 123 proteasesE A St; (Merino et al, 1999; Gonzalez

-Rodriguez et al., 2004). AT = EHZELS 27 &42 do7y FH
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ST AZES F48AY 7Iss AT, a5 AE, 945 AE 2
wH 7B 2 RE B 95 wA Edoly A @4E4, 328 55
H A 02 FH)etAl sto] 4 54 YeEbdT (Lamas et al, 1994).
B Ao = A veronii bv. sobria®] ECPsE ¥ 3}¢] protease A,
phospholipase 2 lipase?] 545 ¢olH kt}. Caseinase activity= G049+
Gl1b7F vl 4 =A yerster, P79 MI32 Hluwd e g5 HE

t}. 53] B132 ofF w2 A& YEYATE Gelatinase activitys AlE
T 25 Aol yErykth. E3F phospholipase activitys w8 ¥+ %

M13, B13®%t &4d& YehlA &ked, 2 /ie F=x #5= BEF s

e R 9kt Lipase activitys #8] #3F S01% A& YehA &

Esteve et al (1995)¢} Rahman et al (2002)+= ECPs &Alol protease,
phospholipase, haemolysin B+ cyctotoxin®] B Ao =23 43S n
A sttt 3 AT B4k S48 G WA Y WMol &
Hol vt B usta drt (Hsu ef al, 1981; Hsu and Shotts et al,
1983; Kozifiska, 1996). et ofefgh ofe] 7px] Fa &) 3= 2 A
A FFER Y3 3d4S UEE ZoR qiadn

2 Ao = A dFY A ol Fol wEbd &8sl teFstA WE
Sk Yy ud depyjorel ofxekdd Jofo HEAo| hE &
Hlal ko] A &gt gt 8§85 dAs] ¥ Aow st =5
A9 A AFAA FHol AetA vebd E EFe F3Ho] ofeA u
B 2 75 7he] FElEk ol e m® A veronii bv. sobria®)
HAG 7 Fe] @50l WAE ¥ anA 2A @e dom Azd
.

Esteve et al (1995)+ motile Aeromonas® ECPsel| tislo] thedgk Al
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ot
ol
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X 9] cytotoxic activityE A @3t o 24 Al7F
t}. 1 A3 A hydrophila®t A. jandaei= EPC cellsoll W3] AE SAS
Uetisleom B2 wFFol s = 3 AIZE FHE AE SA4S YERW Y] A
2t} olol Hbs| A. sobria, A. caviae®} A. allosaccharophilat® <%t
A SA4E YelAY AlE S0 YebyA 9kt Sarah et al (2003)

salmonicida subsp. salmonicida®)| ™3+ EPC cell®] AX 545 &

o

olsk A3} HE 5 A THEY ME SAo] #EE = AL sttt
B A9 H9 EPC cell®} CHSE-214 cellol s8] A. wveronii bv.
sobria®]l AX HA4S Alds A3 F F3} AE g BF HF 1 AT
SHE A3 AxX 54& YEUT AMxe o] #EEG oW, oF 6 A
FAb7AE AYe] fiA st e B Ao HAu Aol AlS e I

Ha Jde g5 A=Y Y 223k At Aeromonas, Citrobacter,

)

Comomonas, Enterobacteria, Klebsiella, Shwanella, Plesiomonas ~L%]il

Aquitalea % AlTE°| 2™, o] F Aeromonads® W=7} 7F& =4 U

Bt 1 F A veronii -bv. sobria® & W=7} 7 Egow pE

NNATeIW Al & 49 HA B &F EEHAY in vivo Aol

= w%o], THHS Yazd oz HdAdS UEd e, in vitro Al

ol A= ECPsol wish &4 &4, &3l 3 AlX 543 Ao
3

FupAE et geh

X

)
rol
o
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V. 8¢

eromonas veronii biovar sobira®]
542 TAete] AW diA ] V2 ARE A FEATh

2006 10€7-8 2007 7E7bA FAR A Al X% i Eelnt
% e e F 15 T "y WES ZAEIH. Hl=
2, T AY A=gu F4 59 oF FAo] #HHE o7 3 A
v, AE HES Tryptic Soy Agar (TSA, Difco)$t Rimler-Shotts
agar (R-S)dll =23}o] 27 T, 24 ~ 48 A7+ wjoksk 3 wixo] =&+ H
gte] Ao wet e st 2 dE w2 FEstd R At
2 EAS #HAEHAL, 16S tRNA sequeéncing= A sto] #S A3t
% Aeromonas (547 %)°) £ W=7 7H =4 e eH
ol %= Citrobacter freundii (13.2 %), Comomonas sp. (3.7 %),
Klebsilla pneumoniae subsp. pneumoniae (3.7 %), Pseudomonas sp. (3.7
%), Shwanella sp. (19 %), Aquitalea sp. (1.9 %), Plesiomonas sp.
(19 %), unidentified bacteria (11.3 %)7} 2] %] 1t}

oy 2 A T 29 W=7t 7P =S Aeromonas & @ HISHA-
Ay spekA] - 8t

%

X
J|m
lly

S v o2 FASE A3 A veronii bv. sobria
(414 %), A. hydrophila (379 %), A. jandaei (10.3 %), A. trota (10.3 %)
2 TAEYCeH, 1 F A veronii bv. sobrias THOoE o] EXAI W

ERE N E R
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B 2 Yoo s WalA e 5EHe yEhddeh ada 9 JF
PO73} B132> RE ofFd W3] vlmd e 58S el o Fof

2 Felgk 58 xfol= UERYHA] ekt
23 Aeromonads® WHEA Ax F styzR F d#HF ECPs9

proteolytic activity, 3% % AX A Agdy Q9 #d AgS IS

W, chFst AnkE el Yol we @ gk F3@ Aol ol
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