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Abstract:  Strain No. 442, which is capable of produc-
ing an antibacterial substance against pathogenic vib-
rios, were isolated from an intestinal tract of Japanese 
fl ounder and examined for their taxonomic status. The 
16S rDNA of strain No. 442 (corresponding to positions 
18-1470 in the E. coli rDNA sequence) was sequenced 
and analyzed. Both phenotypic and phylogenetic analy-
ses strongly suggested that strain No. 442 is identical to 
Vibrio proteolyticus.
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Probiotic is defi ned as a live microbial feed supple-
ment which benefi cially af fects the host animal by 
improving its intestinal microbial balance1). Many work-
ers have studied the effect of probiotic microorgan-
isms on human and livestock1), and application of the 
probiotic to fi sh has been recently reported2). In the 
previous paper3), we examined the antibacterial abili-
ties of intestinal bacteria isolated from the juveniles and 
larvae of Japanese fl ounder, Paralichthys olivaceus, and 
found that 1.7 to 24.3% of intestinal isolates inhibited 
the growth of Lactococcus garvieae, Pasteurella pisci-
cida, Vibrio anguillarum and V. vulnifi cus. Although the 
antibacterial intestinal bacteria seem to be candidates 
for probiotics, taxonomic status of these antibacterial 
strains remains to be elucidated. Therefore, this study 
was undertaken to examine the taxonomic status of 
strain No. 442, a high producer of the antibacterial 
substance, which is able to inhibit the growth of patho-
genic vibrios.

Strain No. 442 was isolated from intestinal tract 
of  Japanese  fl ounder  at  23  days  after  hatching. 
Antibacterial assay4) showed that this bacterium 
strongly inhibits the growth of V. anguillarum ATCC 
19264 and V. vulnifi cus RIMD 2219009, and to a lessor 

extent, Pasteurella piscicida K-III while no activity was 
found against Lactococcus garvieae ATCC 49156.

This bacterium was examined for phenotypic prop-
erties according to the manual of Ishida and Sugita5). 
Moreover, 16S ribosomal DNA sequencing was per-
formed using a Microseq Full Gene 16S rDNA Kit 
(Applied Biosystems) and reaction mixtures were ana-
lyzed with a model ABI 310 Genetic Analyzer (Applied 
Biosystems).  Similarity  of  16S rDNA  sequences 
between strain No. 442 and other organisms was com-
pared with all sequence data in the DDBJ/EMBL/
GenBank Databases using the BLAST algorithm. 
Evolutionary distance values were calculated according 
to the Kimura’s two-parameter model, and a phylo-
genetic tree was constructed by the neighbor-joining 
method as implemented in the Clustal W program of 
the MacVector 7.0 (Oxford Molecular) software pack-
age. The nucleotide sequence of 16S rDNA for strain 
No. 442 was deposited in the DDBJ/EMBL/GenBank 
Databases as an accession number of AB081772.

Strain No. 442 was a Gram-negative, asporogenous, 
rod-shaped bacterium, and positive for motility, produc-
tion of oxidase, fermentation of glucose and sensitivity 
to the vibrio static compound, O/129 (Table 1). These 
properties show that strain No. 442 was a member of 
genus Vibrio6,7). This bacterium could not grow in 0% 
NaCl but grew in 0.2-12% NaCl, suggesting that strain 
No. 442 is a marine vibrio. Moreover, strain No. 442 
was characterized by the ability to swarm on solid 
agars. All properties tested of strain No. 442, except for 
utilization of β-alanine and L-ornithine, coincided with 
those of V. proteolyticus6,7).

We determined the almost entire 16S rDNA sequence 
of strain No. 442 (corresponding to positions 18-1470 in 
the E. coli rDNA sequence). The 16S rDNA sequence 
of strain No. 442 was most similar to that of Vibrio pro-
teolyticus ATCC 153338 (level of sequence similarity 
was 99.2%), and to a lesser degree, V. campbelli ATCC 
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25920 (98.5%) and V. natriegens ATCC 14048 (98.4%). 
The phylogenetic  tree generating by the neighbor-
joining method shows that strain No. 442 falls within 
the same cluster with V. proteolyticus ATCC 153338 
(Fig. 1). Accordingly, both phenotypic and phylogenetic 
analyses strongly suggest that strain No. 442 is identi-
cal to V. proteolyticus.

Haygood et al.8) reported that aerobactin, a hydrox-
amate-type siderophore, was produced by Vibrio proteo-
lyticus or a related organism. However, our preliminary 
experiment showed that the antibacterial activity in 
the culture supernatant of strain No. 442 was not sup-
pressed by the addition of FeCl3. This fi nding strongly 
suggests that the antibacterial substance produced by 
strain No. 442 is different from siderophores. Further 
characterization of the antibacterial substance pro-
duced by strain  No. 442 should be undertaken for 
understanding the availability as a probiotic organism.
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Table 1.  Phenotypic properties of strain No. 442 and Vibrio 
proteolyticus

Characteristic V. proteolyticus No.442
Gram reaction - -
Shape rods rods
Spore formation - -
Pigment - -
Motility + +
Swarming + +
Luminescence - -
Catalase + +
Oxidase + +
Sensitivity to O/129 + +
Arginine dihydrolase + +
Lysine decarboxylase + +
Ornithine decarboxylase - -
Growth in NaCl of:

0% - -
0.2-12% + +

Growth at:
4˚C - -
30-40˚C + +

Amylase + +
Protease + +
Indole production + +
Fermentation of:

L-Arabinose - -
D-Galactose - -
D-Glucose + +
Lactose - -
D-Mannitol + +
D-Mannose + +
Sucrose - -
D-Sorbitol + +

Utilization of:
L-Alanine + +
β-Alanine + -
L-Arginine + +
L-Histidine + +
L-Leucine - -
L-Ornithine + -
L-Tyrosine - -
L-Serine + +

＊+,  Positive reaction;  -, negative reaction.
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Fig. 1. Neighbor-joining phylogenetic tree based on par-
tial 16S rDNA sequences of strain No. 442 and related 
microorganisms. Numbers on the branches represent 
percentage (≥50%) of 1000 bootstrap replications. A bar 
represents the evolutionary distance (Knuc) of 0.01. 
Escherichia coli K12 was used as an outgroup. The 
DDBJ/EMBL/GenBank accession numbers are shown 
in parentheses.
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