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Identification of the causative bacteria Vibrio spp., which were isolated from diseased sea urchin 

Strongylocentrotus intermedius and their rearing cages at low seawater temperatures at Date, Shiriuchi 

and Shikabe Fisheries Breeding Centers in Hokkaido was undertaken based on their biochemical prop

erties, DNA-DNA homology and serological analysis. All fifteen strains, five from each Breeding Cen-

ter were almost identical in biochemical properties except indole production. However, the strains iso

lated at Date differed from the strains at Shiriuchi and Shikabe in DNA-DNA homology and analysis of 

thermostable and thermolabile antigenic compositions. These results indicated that the strains from 

Shiriuchi and Shikabe belonged to the same species but they were different from those of Date. 

Moreover, the causative Vibrio spp. differed in biochemical, genotypical and serological properties 

from any strains of Vibrio spp. isolated from the intestine of healthy sea urchin and any of type strains 

of the genus Vibrio.
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There are so far several reports about mass mortalities 

of cultured sea urchins in Japan.1,2) Kanai*2 reported that 

mass mortalities occurred in cultured sea urchins Pseu

docentrotus depressus and Hemicentrotus pulcherrinus in 

the winter season (seawater temperature was about 14•Ž) 

in Kyushu in 1993 and he isolated a gliding bacterium as 

the aetiological agent. In 1995, mass mortalities have oc

curred in cultured sea urchin Strongylocentrotus inter

medius at low water temperature (seawater temperature 

ranged 11-13•Ž) at Fisheries Breeding Centers in southern 

parts of Hokkaido. It was the first outbreak in cultured sea 

urchin in Hokkaido at low water temperatures. We isolat

ed the causative bacteria belonging to the genus Vibrio 

from coelomic fluid and body surface of diseased sea ur

chins as described in the previous paper.3) In this work, we 

tried to determine the taxonomic status of Vibrio strains 

by comparing them with the reference strains of the genus 

Vibrio. Moreover, thermostable and thermolabile antigen

ic compositions of the isolates were analysed.

Materials and Methods

Bacterial Strains

Fifteen strains isolated from diseased sea urchins which 
were tentatively identified to the genus Vibrio,3) 17 refer
ence strains of the genus Vibrio and 15 strains of Vibrio 
spp. isolated from the intestine of healthy sea urchins were 
used in this study as shown in Tables 1 and 2. All strains 
were maintained on seawater agar medium (SA: polypep
ton I g, yeast extract 1 g, proteose peptone 1 g, meat ex-

Table 1. Sources of bacterial strains used in this study

tract 1 g, 75% Herbst's artificial seawater4) 1000 ml, pH 
7.8). SA medium was also used as the basal medium for 
determination of biochemical properties.

Biochemical and Physiological Characteristics of Isolates
The biochemical and physiological characteristics of the 

strains including the reference strains were investigated ac-
cording to the methods described by Sakazaki:5) pigmenta
tion, oxidase, catalase, Na+ requirement, arginine di
hydroxylation, lysine and ornithine decarboxylation, VP

*2 K . Kanai: "Togenukesho" of sea urchins. Proceedings of the Symposium on "Diseases in fish and shellfish culture in Kyushu and Okinawa",

 Japanese Society of Fish Pathology, 1993, p. 7.
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Table 2. Reference strains used in this study

* Isolated from intestine of healthy sea urchins (Sawabe et al ., 1995).

NCMB: National Collection of Marine Bacteria.

ATCC: American Type Culture Collection.
HUPF: Hiroshima University Fish Pathology Laboratory Culture 

 Collection.
JCM: Japan Collection of Microorganisms.

CCM: Czechoslovak Collection of Microorganisms.

and MR tests, amylase, caseinase, lipase, gelatinase, 

DNase, hydrogen sulfide, indole production and acid from 

carbohydrates except alginase6) and chitinase.7)

DNA Base Composition and DNA -DNA Hybridization

DNAs from the strains were extracted and purified ac-
cording to the method of Marmur8) with some modifica
tions. The G+C contents of DNAs were determined by 
the high performance liquid chromatography of their 
nuclease PI hydrolysate, according to the method of 
Kumagai et al.9) DNA-DNA hybridization was performed 
according to the method described by Ezaki et al.10) with 
minor modifications. DNAs of the representative strains 
Da-2 (Date), Sr-3 (Shiriuchi) and Sk-1 (Shikabe) of the 
three Breeding Centers were labeled with photobiotin.

Serological Analysis

Rabbit antisera of three representative strains, Da-2 

(Date), Sr-3 (shiriuchi) and Sk-1 (Shikabe) were prepared 

as described previously.2) The cross-agglutination reac

tions were carried out to analyse thermostable and ther

molabile antigenic compositions among three representa

tive strains as previously described method.3) Absorbed 

sera were prepared by adding saline washed heavy suspen

sions of heat-killed cells (0-antigen; cells were heated at 

121•Ž for 20 min in an autoclave) or formalin-killed cells 

(F-antigen) to diluted (1:100) antisera. The mixture was in

cubated at 37•Ž for 2 h and then stored overnight at 4•Ž. 

The bacterial cells were removed by centrifugation and 

supernatant fluids (absorbed sera) were used to determine 

the thermostable and thermolabile antigenic composi

tions.

Results and Discussion

The causative bacteria isolated from diseased sea ur
chins of three Breeding Centers were Gram-negative, oxi
dase positive, facultative anaerobic, slightly curved short 
rod organisms with a single polar flagellum as described 
previously.3) They fermented glucose without gas produc
tion. The G+C contents of all the 15 strains were ranging 
from 43.3 to 46.4 mol%. On the basis of these characteris
tics, we confirmed that the strains belong to the genus 
Vibrio. The biochemical and physiological characteristics 
of 15 isolated strains and the reference strains are shown in 
Table 3. Biochemical properties of the strains of Shiriuchi 
were completely identical with those of Shikabe. However, 
they differed from those of Date only by indole production 
test. There were no strains of each Breeding Center which 
were identified to the reference strains. However, V. cam
pbellii, V. proteolyticus, V. harveyi and Vibrio spp. isolat
ed from the intestine of sea urchin were relatively closer to 
the strains, even though they differed in 4 or 5 properties 
from our strains (Table 3).

All the strains of Date were genotypically closely related 
to the strain Da-2 with a homology values ranging from 
80.6 to 100% (Table 4). But the strain Da-2 showed rela
tively low relatedness ranging from 44.1 to 56.4% with 
strains of Shiriuchi and Shikabe. On the other hand, the 
strains of Shiriuchi and Shikabe were also genotypically 
closely related to each other showing significant homology 
values from 78 to 100% (Table 4) but low relatedness (33.1 
to 46.9%) with those of Date. These results indicated that 
the strains of Shiriuchi and Shikabe are genotypically iden
tical, but they differed from those of Date in genospecies 
level.

Three representative strains (Da-2, Sr-3 and Sk-1) were 
different from those of 17 reference strains because of 
their relatively low homology values ranging from 0.9 to 
25.1%. Three representative strains gave comparatively 
high homology values with those of intestinal Vibrio spp. 
of sea urchin ranging from 18.2 to 64.1% (Table 5).

The alginolytic strains") from the intestine of sea urchin 

were suspected as the causative organisms at early stage of 

the study, because our strains isolated from coelomic fluid 

of diseased sea urchin showed a high alginolytic activity 

too. But the results of DNA-DNA homology presented 

herein clarified that diseased agents were different from 

that of intestinal Vibrio spp.

The slide-agglutination reactions among anti-Da-2, 
-Sr-3 and -Sk-1 sera and formalin-killed cells of each strain 

isolated from three Breeding Centers indicated that the 
strains of Date were different from those of Shiriuchi and 
Shikabe and the strains of Shiriuchi were identical to 
Shikabe in serology also (Table 6). None of the reference 
strains (formalin-killed cells) reacted with any antisera by 
slide agglutination reactions (data not shown). This sug
gests that the causative organisms are different from the 
reference strains in serology also.

To determine thermostable and thermolabile antigenic 

compositions of the isolated strains the cross-agglutina

tion reaction was carried out between antisera absorbed 

with homologous and heterologous antigens of the 

representative strains Da-2, Sr-3 and Sk-1, and their 0 or
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Table 3. Some distinguishing characteristics between the strains from diseased sea urchin and reference strains

( ): No. of strain. 
R: red.

F-antigens. The results of the cross-agglutination reactions 

among anti-Da-2, -Sr-3 and -Sk-1 sera absorbed with heter

ologous O-antigens, and their O-antigens are shown in 

Table 7. The anti-Da-2 sera absorbed with O-antigens of 

the strains Sr-3 and Sk-1 reacted positively only with O-an-

tigen of the strain Da-2. The anti-Sr-3 and -Sk-1 sera ab

sorbed with O-antigen of the strain Da-2 reacted positively 

with both O-antigens of the strains Sr-3 and Sk-l. On the 

other hand, anti-Sr-3 and -Sk-1 sera absorbed with O-anti

gens of the strains Sr-3 and Sk-1 reacted negatively with 
both O-antigens of the strains Sr-3 and Sk-l and vice 

versa. These results suggested that thermostable antigenic 

composition of the strain Da-2 is different from those of 

the strains Sr-3 and Sk-1 and that of the strains Sr-3 and

Sk-l were identical to each other. The results of the cross-
agglutination reactions between anti-Da-2, -Sr-3 and -Sk-1 
sera absorbed with homologous and heterologous 0-anti

gens and their F-antigens are shown in Table 8. The anti-
Da-2 sera absorbed with homoand heterologous O-anti

gens reacted positively only with F-antigen of the strain 
Da-2. The anti-Sr-3 and -Sk-1 sera absorbed with homolo

gous and heterologous O-antigens reacted all positively 
with both F-antigens of the strains Sr-3 and Sk-l and vice 
versa. These results suggested that the strains Da-2, Sr-3 
and Sk-1 have thermolabile antigens and that the strains 
Sr-3 and Sk-l have common thermolabile antigens which 
are not in the strain Da-2. The results of the cross-aggluti
nation reactions between anti-Da-2, -Sr-3 and -Sk-1 sera
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Table 4. Guanine plus cytosine content (mol%) of DNA from the 
 strains and DNA-DNA homology (%) against the strains Da-2,
 Sr-3 and Sk-1

Table 5. DNA-DNA homology (%) of the reference strains against 
 the strains Da-2, Sr-3 and Sk-l

absorbed homologous and heterologous F-antigens, and 

their F-antigens are shown in Table 9. The anti-Da-2 sera 

absorbed with F-antigens of the strains Sr-3 and Sk-1 react-

ed positively only with F-antigen of the strain Da-2. The 

anti-Sr-3 and -Sk-1 sera absorbed with F-antigen of the 

strain Da-2 reacted positively only with F-antigens of the 

strains Sr-3 and Sk-1 and vice versa. Here also the ther

molabile antigenic compositions of strains Sr-3 and Sk-1 

are identical, but different from that of the strain Da-2.

We therefore concluded that the strains Sr-3 and Sk-1 
are different both genetically and serologically from the 
strain Da-2. Based on the comparative studies with refer
ence Vibrio species, the strains isolated from diseased sea

Table 6. Slide agglutination reactions among anti-Da-2, Sr-3 and 

 Sk-1 sera and formalin-killed cells of the strains isolated from 

 diseased sea urchins at three Breeding Centers

(F): formalin-killed cells.

Table 7. Cross-agglutination reactions of anti-Da-2, Sr-3 and Sk-1

 sera after absorption with cells of heterologous 0-antigen

(O): heat-killed cells.

Table 8. Cross-agglutination reactions of anti-Da-2, Sr-3 and Sk-1 

sera after absorption with cells of homologous and heterolo

gous 0-antigens

(0): formalin-killed cells.
(F): heat-killed cells.

urchins seemed to be new species in the genus Vibrio.

Recently, RFLP analysis and 16S rDNA sequencing 

have become popular in the taxonomy of bacteria .12•13) 

Numerous isolates from environments can be rapidly 

grouped by RFLP analysis, which may be of important 
value for epidemiological purposes. This method would be 

a helpful tool to know the geographic distribution of 

Vibrio spp., the causative agents of sea urchin. On the
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Table 9. Cross-agglutination reactions of anti-Da-2, Sr-3 and Sk-1

 sera after absorption with cells of homologous and heterolo

gous F-antigens

(F): formalin-killed cells.

other hand 16S rDNA sequencing is an important tool to 

know the phylogenetic position of particular isolates. Be-

sides, respiratory quinone component, whole cell proteins 

and ribotyping are also used to compare the closely related 

bacterial species. To clarify the taxonomic position of our 

strains further studies would be done by the above men

tioned methods.
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