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Phenotypic and genetic characteristics of Vibrio ichthyoenteri 
isolated from the olive flounder, Paralichthys olivaceus 

of culturing size
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From 2002 to 2004, various vibrios were isolated from the olive flounder, Paralichthys olivaceus of cul-
turing size with disease signs. During this survey, it was known that the high proportion of Vibrio ichthy-
oenteri was occupied among the isolated vibrios. Generally, V. ichthyoenteri is well known as the pathogen
of bacterial enteritis of olive flounder larvae. The aim of the present study was the compare the characteris-
tics of two groups of V. ichthyoenteri, culturing sized olive flounder, and larvae of olive flounder showing
the intestinal necrosis. The research was focused on the physiology, biochemistry, genetics in the two bacte-
rial groups. The physiological and biochemical characteristics of the tested strains were very similar. The
intergenic spacer (IGS) region between the 16S and 23S rRNA genes of 21 isolated strains and 3 reference
strains, V. ichthyoenteri, were investigated by PCR fragment length typing and DNA sequencing. After the
isolated strains were identified as V. ichthyoenteri, not only phenotypic characteristics of the isolated and
reference strains but also homology of 16S-23S IGS of all isolated strains and reference strains as
99.1~100%. The V. ichthyoenteri showed 4 specific 16S-23S patterns and contained no-tRNA, tRNAGlu(TTC) ,
tRNAIle(GAT) tRNAAla(TGC) type . 
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.

oxidase test (cytochrome

oxidase), citrate (Simmon's citrate agar),

nitrate , Kovacs' indole test, methyl red test,

Voges-Proskauer test

arabinose, glucose, sorbitol, raffinose, sucrose,

salicin, lactose, inositol, maltose, mannose, manni-

Table 1. The origin of isolated strains used in this study

Strains Origin of bacteria

Vic-CS1 Liver 2003. 08 Wando

Vic-CS2 Kidney 2003. 07 Ulsan

Vic-CS3 Kidney 2003. 07 Jeju

Isolated Vic-CS4 Kidney 2003. 07 Jeju

strains Vic-CS5 Kidney 2003. 06 Jeju

(n=9) Vic-CS6 Kidney 2003. 06 Jeju

Vic-CS7 Mouth 2003. 06 Gochang

Vic-CS8 Kidney 2002. 08 Jeju

Vic-CS9 Kidney 2002. 08 Wando

Reference FH8804 Hirosima University

strains FK-3 Kim et al. (2004)

(n=3) F-2 ATCC 700023 (KCCM 40870)

Table 2. The clinical signs of diseased fish used for bacteria isolation

Strains Clinical sign

Vic-CS1 Gill anaemia, liver and spleen atrophy, intestine hemorrhage

Vic-CS2 Liver hyperemia, spleen and kidney atrophy

Vic-CS3 Fins corrosion, liver hemorrhage spleen and kidney hypertrophy

Isolated Vic-CS4 Fins corrosion, abdominal swelling, liver hemorrhage, spleen and kidney hypertrophy

strains Vic-CS5 Skin ulcer, abdominal swelling, liver and kidney hypertrophy

(n=9) Vic-CS6 Skin ulcer, abdominal swelling, kidney hypertrophy

Vic-CS7 Mouth ulcer, skin ulcer with scuticociliatosis

Vic-CS8 Skin ulcer, abdominal swelling, kidney hypertrophy

Vic-CS9 Liver hyperemia

Reference FH8804 Intestinal necrosis

strains FK-3 Intestinal necrosis

(n=3) F-2 Intestinal necrosis
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tol melibiose .

lysine ornithine decarboxylase

arginine dehydrolase 

novobiocin TCBS

colony . 

16S-23S rRNA intergenic space (IGS) 

1) genomic DNA

Table 1

High pure PCR template preparation kit (Roche)

genomic DNA .

2004

V. ichthyoenteri 10

DNA

(Table 3). 

, V. ichthyoenteri Vibrio

16S-23S IGS patterns

Table 4 .

2) 16S-23S rRNA IGS PCR primer 

IGS primer

Gurtler (1996) primer

5'-GCG CTG GAT CAC CTC CTT

T-3' (E. coli 16S rRNA 1523~1540 bp)

5'-TGC CAA GGC ATC CAC CGT T-3' (23S

rRNA 21~38 bp) (Bioneer,

Korea) .

3) PCR amplification

PCR PCR premix (Bioneer) ther-

mal cycler (Perkin-Elmer) . PCR 

2% agarose gel PCR

PCR product purification kit

(Bioneer) pGEM T easy vector sys-

tem (Promega) ligation . 

plasmid DNA alkaline lysis 

. 

4) DNA sequencing

Plasmid DNA automatic sequencer

(ABI 377, USA) .

5) 

16S-23S IGS Clustal W (ver. 1.71)

program multiple alignment ,

*, days post hatching. 

Table 3. The origin of V. icthyoenteri strains used for 16S-23S IGS pattern analysis 

Strains (n=10)
Origin of bacteria

Weight (g) Month Location

Vic-CS04'1 220 June Jeju

Vic-CS04'2 340 June Jeju

Vic-CS04'3 10 June Jeju

Vic-CS04'4 1350 June Jeju

Vic-CS04'5 70 June Ulsan

Vic-CS04'6 310 July Uljin

Vic-CS04'7 60 dph* Aug Jeju

Vic-CS04'8 55 Aug Jeju

Vic-CS04'9 62 Aug Haenam

Vic-CS04'10 186 Aug Haenam
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IGS tRNA scan-SE program

tRNA gene . 
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2.1. IGS PCR 

19 V. ichthyoenteri 

13 DNA

16S rRNA 23S rRNA 

primer PCR

Fig. 1 (Table 1 ), Fig. 2 (Table 3

), Fig. 3 (Table 4 )

. 4

major band (IGS-1, IGS-2, IGS-3, IGS-4)

band size Table 6 . 

PCR product
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Table 4. The reference strains used for comparison of 16S-23S IGS patterns 

Reference strain Reference strain

Vibrio alginolyticus KCTC 2928 Vibrio mimicus ATCC 33653

Vibrio anguillarum ATCC 19264 Vibrio parahaemolyticus ATCC 33844

Vibrio carchariae ATCC 35084 Vibrio penaeicida KH-IG

Vibrio compbellii ATCC 25920 Vibrio vulnificus ATCC 27562

Vibrio diazotrophicus ATCC 33466 Photobacterium damselae ssp. damselae ATCC 33539

Vibrio fluvialis ATCC 33809 Aeromonas salmonicida MT004

Vibrio logei ATCC 29985
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Fig. 1. Amplification of 16S-23S intergenic spacer of the isolated strains (lane 1~9) and reference V. ichthyoenteri strains (F-
2, FK-3, FH-8804). M, size marker; 1, Vic-CS1; 2, Vic-CS2; 3, Vic-CS3; 4, Vic-CS4; 5, Vic-CS5; 6, Vic-CS6; 7, Vic-CS7;
8, Vic-CS8; 9, Vic-CS9. 

M 1 2 3 4 5 6 7 8 9 F-2 FH FK-3 M

Fig. 2. Amplification of 16S-23S intergenic spacer of V. ichthyoenteri strains isolated in 2004 and reference strains (F-2). M,
size marker; 1, Vic-CS04'1; 2, Vic-CS04'2; 3, Vic-CS04'3; 4, Vic-CS04'4; 5, Vic-CS04'5; 6, Vic-CS04'6; 7, Vic-CS04'7; 8,
Vic-CS04'8; 9, Vic-CS04'9; Vic-CS04'10. 

M 1 2 3 4 5 6 7 8 9 10 F-2 

Fig. 3. Amplification of 16S-23S intergenic spacer of other bacteria species. M, 100 bp ladder; 1, V. alginolyticus; 2, V.
anguillarum; 3, V. carchariae; 4, V. compbellii; 5, V. diazotrophicus; 6, V. fluvialis; 7, V. logei; 8, V. mimicus; 9, V. para-
haemolyticus; 10, V. penaeicida; 11, V. vulnificus; 12, Photobacterium damselae subsp. damselae; 13, Aeromonas salmoni-
cida.

M 1 2 3 4 5 6 7 8 9 10 11 12 13
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Table 5. Biochemical and physiological characteristics of the tested strainsa

Isolated strains
Reference

Characteristics
strains

Vic- Vic- Vic- Vic- Vic- Vic- Vic- Vic- Vic- F FH-8 FK

CS1 CS2 CS3 CS4 CS5 CS6 CS7 CS8 CS9 -2 804 -3

Gram stain - - - - - - - - - - - -

Motility + + + + + + + + + + + +

Oxidase + + + + + + + + + + + +

Catalase + + + + + + + + + + + +

Fermentation of glucose + + + + + + + + + + + +

Gas production of glucose - - - - - - - - - - - -

Simmon citrate - - - - - - - - - - - -

Nitrate + + + + + + + + + + + +

Indole - - - - - - - - - - - -

Methyl red + + + + + + + + + + + +

Voges-Proskauer - - - - - - - - - - - -

ONPGb - - - - - - - - - - - -

Hydrolysis of

Casein - - - - - - - - - - - -

Gelatin - - - - - - - - - - - -

Starch - - - - - - - - - - - -

Decarboxylase production

Lysine - - - - - - - - - - - -

Ornithine - - - - - - - - - - - -

Dehydrolase production

Arginine - - - - - - - - - - - -

Growth at

4 - - - - - - - - - - - -

10 - - - - - - - - - - - -

25 + + + + + + + + + + + +

35 - - - - - - - - - - - -

40 - - - - - - - - - - - -

Growth at NaCl (%)

0 % - - - - - - - - - - - -

0.5 % + + + + + + + + + + + +

2 % ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

3 % ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

6 % + + + + + + + + + + + +

8 % - +(w) +(w) +(w) - - +(w) - +(w) - - -
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band size band 
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Table 6 4 groups band IGS-1, 2
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PCR products cloning sequencing
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. , Group IGS-1 tRNA

IGS gene, Group IGS-2

tRNAGlu(TTC), Group IGS-3 tRNA 
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(continued)

Isolated strains
Reference

Characteristics
strains

Vic- Vic- Vic- Vic- Vic- Vic- Vic- Vic- Vic-
F-2

FH-8
FK-3

CS1 CS2 CS3 CS4 CS5 CS6 CS7 CS8 CS9 804

Acid production from

Adonitol - - - - - - - - - - - -

L-Arabinose - - - - - - - - - - - -

D-Cellobiose - - - - - - - - - - - -

Dulcitol - - - - - - - - - - - -

Fructose + + + + + + + + + + + +

Galactose - - - - - - - - - - - -

D-Glucose + + + + + + + + + + + +

myo-Inositol - - - - - - - - - - - -

Lactose - - - - - - - - - - - -

Maltose + + + + + + + + + + + +

D-Mannitole - - - - - - - - - + - -

D-Mannose + + + + + + + + + + + +

Melibiose - - - - - - - - - - - -

Raffinose - - - - - - - - - - - -

L-Rhamnose - - - - - - - - - - - -

Salicin - - - - - - - - - - - -

D-Sorbitol - - - - - - - - - - - -

Sucrose + + + + - - + + + - + +

Trehalose + + + + + + + + + + + +

D-Xylose - - - - - - - - - - - -

Novobiocin S S S S S S S S S S S S

TCBS Y Y Y Y N G Y Y Y G N Y

aAll tests except the growth test on temperature were performed at 25 ; bONPG, o-nitrophenyl-D-galactopyranoside; S, sus-
ceptible; Y, yellow colony; G, green colony; N, no growth; W, weak reaction.
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*, approximately. 

Table 6. Band sizes of IGSs PCR product

Strain Group of band size (bp)

IGS-1 IGS-2 IGS-3 IGS-4*

Vic-CS3 354 461 613 750

Isolated 
Vic-CS5 354 461 613 750

strains
Vic-CS6 354 461 613 750

(n=6)
Vic-CS7 354 461 613 750

Vic-CS8 354 461 613 750

Vic-CS9 354 461 613 750

Reference FK-3 354 461 613 750

strains FH-8804 354 461 613 750

(n=3) F-2 354 461 613 750

Fig. 4. Nucleotide sequence of ISR-1 gene (strain Vic-CS3). No tRNA encoding gene.

Fig. 5. Nucleotide sequence of ISR-2 gene (strain Vic-CS3). Region encoding tRNA molecules are boxed: tRNAGlu(TTC).
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IGS-1, 2 3 genes V.

ichthyoenteri F-2 99.06~100%

(Fig. 4, 5, 6). 

2002 2004

. vibrio

V. ichthyoenetri

33% 

. V.

ichthyoenetri

. 

V.

ichthyoenteri

V. ichthyoenteri

. 

, 

. 

,

Vibrio sp. 0% 4

(Brant

et al., 1986; Alsian and Blanch, 1994). 

NaCl 0% 4 .

NaCl 0.5% pepton F-2

7

8% NaCl pepton 

. 

(Masumura et al., 1989) 

. 

25 , 

2~3% V. ichthyoenteri

(Murata, 1987; Masumura et al., 1989; Muro-

ga et al., 1987, 1990; Ishimaru et al., 1996)

Fig. 6. Nucleotide sequence of ISR-3 gene (strain Vic-CS4). Region encoding tRNA molecules are boxed; tRNAIle(GAT) and
tRNAAla(TGC).
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