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The authors identified 68 Vibrio strains from Gwangan beach seawater from June to October
in 2001. We identified them as 19 strains of Vibrio alginolyticus, 15 strains of V. vulnificus,
15 strains of V. parahaemolyticus, 11 strains of V. cholerae non Ol, 7 strains of V. fluvialis
and just one strain of V. hollisae. They showed their typical biochemical characteristics by
API 20E kit (bioMérieux), respectively. It was examined whether their cultural supernatants
had enzymatic activities such as hemolysin, protease or urease. The 46 strains showed
hemolytic activities and/or protease activities. But we could not find any strain which had
urease activity. All isolates of V. cholerae non Ol showed B hemolysis. The others showed
a hemolysis or did not show clear zones on sheep blood agar plates. These results of
Kanagawa phenomenon were not always correspondant with hemolytic activities of cultural
supernatants at late log phase. Some strains had higher hemolytic activities despite of
showing protease activities on skim milk agar plates and in litmus milk media. On the other
hand, some strains showed protease activities but did not show hemolytic activities. Therefore
we could guess that there were the relationships between hemolysins and proteases produced
by pathogenic vibrios.
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Introduction

While seafood poisoning accidents caused by patho-
genic vibrios have been increased year by year, the
Korean enjoy ecating hoe, sliced raw fish. About 40
Vibrio species are known all over the world and 12
species of them are known as pathogen to human.
Namely they are Vibrio cholerae, V. parahaemoly-
ticus, V. vulnificus, V. cholerae non Ol, V. fluvialis,
V. metschnikovii, V. cincinnatiensis, V. hollisae, V.
damsela, V. furnissii, V. carchariae and V. mimicus
(Blake et al., 1980; Davis et al, 1981; Hickman-
Brenner et al, 1982; Coffey et al., 1986; Balows et
al, 1991; Honda, 1991; Dalsgaard et al, 1995; Kim
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et al, 1997b).

It was reported that pathogenic vibrios produced
many kinds of toxin such as cytolysin (Wickboldt
and Sanders, 1983; Gray and Kreger, 1985), protease
(Kosary and Kreger, 1985), phospholipase (Edward
et al, 1984), siderophore (Larsen, 1984) and other
extracellular toxins as well as hemolysin (Baselaki
et al, 1979; Honda et al,, 1985). The major patho-
genic factors are known as proteolytic enzymes like
enterotoxin and hemolysin (Dotevall et al, 1985;
Honda et al, 1985; Ichinose et al., 1987; Chang and
Shinoda, 1994; Kim et al., 1997b). While there are
a few reports about pathogenicity of urease pro-
duced by V. paraheaemolyticus (Honda et al., 1992;
Honda and lida, 1993; Honda et al.,, 1989; Kaper et
al., 1984, Kaysner et al., 1994).
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In Koreca, V. parahaemolyticus and V. vulnificus
have been known as most important strains because
they frequently caused seafood poisoning accidents.
Especially, there were 142 cholera patients in our
country ir. 2001. There are many research papers on
the distrit utions of Vibrio spp. or their physiologi-
cal characteristics in Korea (Lee and Choi, 1973;
Kim et al., 1987; Kim et al.,, 1990; Kim et al., 1997a).
But we can rarely find research papers on other
pathogeni: factors except hemolysin. Therefore we
could thirk it was very important subject to isolate
pathogenic vibrios from seawater and clear the rela-
tionships among pathogenic factors produced by
them.

Then we isolated Vibrio species from Gwangan
beach seawater and examined their ability to pro-
duce pathogenic factors such as hemolysin, protease
Or urease.

Materials and Methods

Sampling and isolation of Vibrio spp.

Seawater was drawn 20 times from June to Octo-
ber 2001 from the Gwangan beach in Busan, Korea.
The seaweter was filtrated with millipore membrane
filter (por: size 0.45 um) under vaccum. The mem-
brane filter was inoculated and enriched in peptone
medium (1% peptone, 0.5% NaCl). The enriched
culture wes spreaded on thiosulfate citrate bile salt
sucrose (T"CBS) agar plates and incubated for 24
hrs at 37C. The separate colonies on TCBS agar
plates wers examined their biochemical characteris-
tics by AFI 20E kit (bioMérieux, France) and iden-
tified as Vibrio species with homology 95% over.

The Vitrio species were cultured in heart infusion
broth for 18 hrs at 37C. After centrifugation (7,000
Xg, 20 min.), the cultural supernatants were used
for enzymatic activity assays.

Media and kit for rapid detection

All media used in this study were Difco Co.
(USA). Sheep erythrocyte for hemolytic activity
assay and sheep blood agar plate used for confirma-
tion of Kanagawa phenomenon were purchased
from Micromedia Co. (Korea). API 20E kit used for
biochemical test was purchased from bioMérieux
Co. (France). Other reagents were purchased from
Sigma Co (USA).

Confirmation of Kanagawa phenomenon

The cultural supernatants prepared from Vibrio
species were spreaded on sheep blood agar plates
and incubated the plates for 24 hrs at 37C. After
incubation, the results was observed with formations
of clear zones.

Hemolytic activity assay

The hemolytic activity was determined with 1%
sheep erythrocytes (Shinoda et al, 1985).

The cultural supernatants were diluted serially
with 10 mM Tris-HCl buffer (pH 7.5, 140 mM NaCl,
0.01% bovine serum albumin and 0.04% sodium
azide). Each diluted solutions (1 mL) were reacted
with the same volume of the 1% sheep erythrocytes
for 1 hr at 37C. After centrifugation (3,000Xg, 5 min),
the amount of hemoglobin released from disrupted
erythrocytes was determined at 540 nm with spectro-
photometer (HACH 4000, USA). Each hemolytic
activity was calculated as the percentage to the
value of perfect destruction of erythrocytes. For per-
fect destruction of erythrocytes, distilled water was
used instead of 10mM Tris-HCI buffer solution.

Measurement of protease activity

The proteolytic activity was determined on skim
milk agar plates and in litmus milk media.

Paper disks (Toyo, 8 mm) were soaked sufficien-
tly with cultural supernatants prepared from vibrios
isolated. The disks were loaded on the skim milk
agar plates and incubated the plates for 24 hrs at
37C. Protease activity was checked with formation
of clear zones around colonies.

On the other hand, vibrios were inoculated in
litmus milk media and incubated for 48 hrs 37C and
their protease activities were checked with clearing
of medium and dissolution of clot by digestion of
casein.

Results and Discussion

From Gwangan beach seawater, 68 Vibrio strains
were isolated from June to October 2001. V. alginoly-
ticus took up 19 strains (28%) and V. vulnificus
and V. parahaemolyticus were 15 strains (22%),
respectively. V. cholerae non Ol, V. fluvialis and V.
hollisac were 11 strains (16%), 7 strains (10%) and
only one strain (1% ), respectively (Table 1).



180 Mi-Yeon Park, Hyun-Jin Kim, Seung-Tae Choi, Eun-Gyong Oh and Dong-Suck Chang
Table 1. Vibrio species isolated from seawater of Gwangan beach, Busan Korea, 2001
June July August September October I“I}I!lglll]%erss of
Strains Ist nd 3d 4th Sth 6th Tth 8&h  %th [0th [ith 12th 13th 14¢h 15th 16th I7th 18tk 19th 20th isolategp'
Vibrio alginolyticus -16 - 4222 1-=-=- -=-1=-=-=- - - = 19
Vibrio vulnificus -12 112 --1=-=-1 22--11-- 15
Vibrio parahaemolyticus - 1 - - 1 - 1 2 — - 1 — 1 1 2 1 1 1 2 - 15
Vibrio cholerac non01 - - - - - - - - 2 — 2 - —- — 3 2 2 — — - 11
Vibrio fluvialis - - - =-=--11-=-- =-=--=-22 1 - - 7
Vibrio hollisae -—-— -"=-"-=-=-=-=-1“-=-=-=- "= === = = = - 1
Total 11 19 10 23 5 68

It was reported that V. vulnificus was deteced
only in August from the seawater of Gwangan
beach by Kim et al. (1990). While Lee and Choi
(1973) reported that V. parahaemolyticus was isola-
ted from May to November and V. alginolyticus was
isolated all the year round from seawater at the
coast of Busan.

In our study, V. vulnificus was determined con-
tinuously from Jun to October. V. alginolyticus, V.
vulnificus and V. parahaemolyticus were isolated
frequently on June, and V. cholerae non Ol, V.
fluvialis and V. hollisae were identified from August
to September. Especially V. choleraec non Ol which
has been rarely detected in Korea was isolated 11
strains (16%).

Table 2 showed typical biochemical charac-
teristics of vibrios isolated. V. cholerae non Ol, V.
alginolyticus and V. fluvialis showed yellow color
but V. vulnificus, V. parahaemolyticus and V. holli-
sae showed green color on TCBS agar plates (data
is not shown).

It was examined whether the cultural superna-

tants prepared from 68 Vibrio strains isolated had
enzymatic activities such as hemolysin, protease or
urease. The 46 strains of them showed hemolytic
activities and/or protease activities (Table 3). Some
showed B- or a- hemolysis, but the others did not
show hemolysis on sheep blood agar plates. All of
V. cholerae non Ol showed B hemolysis on sheep
blood agar plates. But some of them showed high
hemolytic activity but the others showed no hemo-
lytic activities with their cultural supernatants. In
case of V. vulnificus, some showed high but some
showed no hemolytic activities. One of V. algino-
Iyticus showed high hemolytic activity but the other
one did not show at all. And also V. fluvialis sho-
wed o hemolysis on sheep blood agar plate but they
did not show hemolytic activities with their cultural
supernatants.

From above, the results of Kanagawa phenome-
non were not always correspondant with hemolytic
activities of their cultural supernatant at late log
phase.

The proteolytic activities were checked on skim

Table 2. Biochemical characteristics of identified Vibrio species

_ Reactions ,\v6 ADH LDC 0DC
Strains

CIT H.S URE TDA IND

VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA 0X

+ - -

Vibrio alginolyticus
Vibrio vulnificus

Vibrio parahaemolyticus
Vibrio cholerae non-0O1
Vibrio fluvialis

Vibrio hollisae

+ -

|
I+ + + +
|+ + + +

I+ + 1+ |

|
+
|
!
|

+ 4+ 4+ + + +
+ 1
|+ + + + +
[+ ++ + +
| + 4+ + + +
L+ +
[
|
b+ 1+
+ 4+ 4+ + o+

Biochemical reactions were determined by API 20 E system.

+, positive reaction; —, negative reaction; ONPG, f-galactosidase; ADH, arginine dihydrolase;

LDC, lysine decarboxylase; ODC, ornithine decarboxylase; CIT, citrate utilization; H,S, H.S production;
URE, urease; TDA, tryptophan deaminase; IND, indole production; VP, acetoin production;

GEL, gelatinase; GLU, glucose hydrolysis; MAN, mannitol hydrolysis; INO, inositol hydrolysis;

SOR, sorbitol hydrolysis; RHA, rhamnose; SAC, sucrose hydrolysis; MEL, melibiose hydrolysis;

AMY, amygdalin hydrolysis; ARA, arabinose hydrolysis; OX, cytochrome-oxidase.



Pathogenic Factors of Vibrio spp. Isolated from Gwangan Beach Seawater 181

Table 3. Enzymatic activities of cultural super-

natants
Rzactions  Hemolytic activity
Relative  proease  Urease
' Kanagawa  hemolytic activity  activity
Strains phenomenon  activity
(isolated No.) (%)*
Vibrio 5 a <30 + -
alginolyticus 14 . 79 - -
Vibrio 6 . 85 + -
vulnificus 12 a 11 - -
13 a <30 - -
19 a 79 - -
20 a 39 - -
4 a 80 - -
40 a 95 - -
4] a 100 - -
42 a 63 ~ -
45 a <30 - -
60 a 65 - -
64 . 57 - -
Vibrio 1 . <30 + -
parahaemolyticus 23 : <30 + =
26 . <30 + -
27 a <30 - -
39 . <30 + -
43 . <30 + -
47 . <30 + -
50 . <30 + -
51 . <30 + -
56 . <30 + -
63 . <30 + -
65 : <30 + -
6 - <39 - -
63 a <30 + -
Vibrio chole-ae 31 p 50 + -
non-O1 32 B <30 + -
37 B 97 + -
38 B <30 + -
48 B 96 + -
49 B 96 + -
52 B 65 + -
53 B 82 + -
57 B 18 + -
61 B 30 + -
62 B <30 + -
Vibrio fluvia'is 28 a <30 + -
35 a <30 - -
54 a <30 + -
55 a <30 + -
58 a <30 + -
59 a <30 + -
66 a <30 + -

*Relative Hemolytic activitis were calculated with
the percentages of samples to positive control.

milk agar plates and in litmus milk media. All V.
cholerae non O1 showed protease activities. Most V.
parahaemolyticus and V. fluvialis showed protease
activities. One of V. alginolyticus showed proteolytic
activity but the other one did not. All V. vulnificus
did not show protease activities.

It was reported that protease affected hemolytic
actvity because it digested hemolysin by proteolytic
digestion. By Kim et al. (1997b), it was said that V.
cholerae non Ol produced hemolysin from initial
log phase to late log phase and showed highest
hemolytic activity at the late log phase. After that
point hemolytic activity showed a sharp fall and the
why was because hemolysin was digested by pro-
tease produced. But it is not clear up to now that
the relationship between hemolysin and protease
produced by pathogenic vibrios.

In this study, any way, some vibrios showed high
hemolytic activity despite having protease activities.
Some V. cholerae non Ol showed very high hemo-
lytic activities in spite of having protease activities.
In spite of having no protease activity, some of V.
vulnificus showed high hemolytic activities but the
others did not. All V. fluvialis having protease acti-
vities did not show hemolytic activities at all despite
of showing a hemolysis on sheep blood agar plates.
Therefore we could think it would have to study
these relationships between hemolysin and protease
produced by pathogenic vibrios.

While there were recent reports about pathogeni-
city of urease produced by V. paraheaemolyticus, all
strains isolated in this study did not show urease
activities at all.
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