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Characterization of the Nature of Virulency Caused by
Vibrio anguillarum: ldentification of an outer
Membrane Protein Rendering Virulency
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Virulent factors from two strains of a fish pathogenic microorganism, Vibrio anguillarum,
V7 and V104, have been studied to identify the nature of virulency and mechanism of
pathogenicity. The most virulent strain V7 (serotype J01) was compared for various
characteristics with less virulent one V104 (serotype J03). The effect of temperature on the
reduction of virulency of V. anguillarum was critical above the optimal temperature, regardless
of the strains ever tested. The optimal temperature for virulency induction was 22~24°C.
Dramatic decrease of 41 kd outer membrane protein in V7 grown at 32°C suggested the
possibility that this protein might be associated with the virulency, whereas 31 kd one from
V104 was not so significant in rendering virulency even if it was also reduced when grown
at high temperature. Strain V7 showed serum resistance, hemagglutinating activity, and
proteolytic activity. It is not clear yet if strains V7 and V104 have different mechanisms of
pathogenicity, but it is likely that the virulency of the strain V7 could be directly related to

the expression of 41 kd protein.
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Vibrio anguillarum has been known as an
important pathogenic microorganism infecting
fresh water fish (13, 19, 36), as well as marine fish
(3.18.27,33,34), especially causing vibriosis in
salmonoid (1,15,20). This disease can be
characterized with organ hemorrhage and tissue
necrosis with high mortality (32). Due to great
economical loss in fish farming, pathogenic
nature of V. anguillarum has been intensively
studied on its genetic or growth factors controlling
virulency during infection. The pathogenesis,
however, is not still clearly disclosed providing
only the basic data to understand how this
pathogen develops virulency during infection.

Crosa et al. (12) reported the presence of
specific  plasmid (pJM1), 50 kbp in size,
responsible for the virulency only in highly
pathogenic strains of V. anguillarum such as
NCMBO0572, LS173. 775, ES-1. 133-S, RG 75834,
and V1. Curing the plasmid from highly toxic V.
anguillarum with incubation at high temperature
was also known to induce virulency loss (11),
implying some important roles of plasmid in
developing virulency. While isogenic derivatives
without plasmid could not grow in iron deficient
environment, the fact V. anguillarum strain V104

with pJM1 could survive explains that pJMI1
strongly stimulates activation of the efficient iron
take-up devices (10).

In addition, Crosa er al. (12) also found that
86 kd outer membrane protein (OM2) could be
detected from virulent strains. The outer
membrane OM2 binding to 79 kd protein (OM3)
was suggested to increase the efficiency of iron
uptake. Purified pJMI1, however, did not exert
virulency when transformed into E. coli (personal
communication with Prof. J.L. Fryer, Oregon State
University), and it is reported to have no
homology with other known plasmid such as
pCOIV-K30, from E. coli, which has similar
function in iron uptake (39). It is not likely that
pJM1 is functionally related to virulency, as high
virulency caused by hemolysis (28) or serum
resistance (39) was reported not to be directly
controlled by genes located in plasmid.

Exotoxin from V. anguillarum has been
frequently reported by several groups. Heat labile
exotoxin with proteolytic activity and heat stable
one with hemolytic and proteolytic activity had
been suggested as the virulent factors by Inamura
et al. (22) from V. anguillarum ATCC 19264 or
PT81049 (serotype JO1), and by Kodama er al. (24)
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from V. anguillarum NCMBI (serotype J03). The
presence and identification of exotoxin in these
microorganisms are not confirmed yet (personal
communication with Dr. R. Hedrick. U.C. Davis).

One of the studies on endotoxin as a possible
virulent factor was reported by Harvell er al. (23).
They injected- isolated endotoxin into salmonoid
fish finding no significant virulency developed,
which implies that it is still obscure if endotoxin
is related to vibriosis.

We have been studying on virulent factors of
V. anguillarum V7 (NCCMB6 scrotype JO1) and
V104 (NOAA V-775. serotype J03) focusing at
possible roles of toxic molecules rendering
proteolytic and hemolytic activities. We now
report that presence and increased expression of
an outer membrane protein were correlated with
high virulency at least in the strain V7.

MATERIALS AND METHODS

Strains

Vibrio anguillarum strain V7 (NCMB6, scrotype
J01) and strain V104 (NOAA V-775. serotype J03)
were kindly provided by Prof. T. Kimura
(Hokkaido University) in 1988 and maintained in
our laboratory thereafter. Highly virulent strains
were passaged in tryptic soy agar (TSA. Difco)
supplemented with 1% NaCl (Merck) at 22~24°C.
Virulency was maintained by in vivo passage using
carp fries. Cyprinus carpio L.. and reisolates were
confirmed by 0/129 test and TCBS media (7).
Determination of LDs,

V. anguillarum  strains V7 and V104 were
cultured in TSB supplemented with 1% NaCl for
24 hrs either at 23°C or at 32°C. Bacterial cells
were harvested by centrifugation (5,000 rpm. 10
min. RC-5C  Sorvall.  SA600 rotor. Sorvall
Instrument), washed three times in PBS. and
resuspended in PBS for injection after adjusting
to proper concentration which was confirmed
afterwards by viable count

Each group of four carp fries was injected with
0.1 m/ bacterial suspension after anesthetization
with ethyl-p-aminobenzoate (benzocaine. Sigma).
Chemicals were purchased from Sigma unless
otherwise mentioned. They were kept for a week
at 20°C aquarium with continuously supplicd
dechlorinated tap-water. Death was scored to be
caused by vibriosis only when confirmed by
reisolation of V. anguillarum. LDsy was determined
by the methods described by Reed and Muench

(23).
Serum resistance
Serum resistance  of V. anguillarum  was

determined by the methods of Munn er al. (29)
and Trust er al. (38). Bacterial cells were cultured
in TSB for 4~5 hrs so that they could be in
exponential stage at the time of experiments. and
washed three times in 015 M NaCl at the
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concentration of 107 cells/m/.

Total volume of 1.4 m/ of rabbit antisera,
prepared fresh. was mixed with 0.1 m/ of bacterial
suspension. Bacterial cultures incubated at 23°C
were counted every hour by standard spread-plate
method for viable number. Heated serum at 56°C
as well as normal rabbit secrum was also tested
bactericidal activity in the same way.
Hemagglutination

Human blood type O RBCs were prepared from
peripheral blood of normal healthy volunteers hy
Ficoll/Hypaque (p=1.077. Sigma). After washing
three times in PBS (pH 7.4). RBCs were
resuspended in PBS to make 3% (v/v) solution
and kept at 4°C until use. Bacterial cells were
adjusted to the concentration of LIX 107 cells/ml.
which was confirmed by hemacytometer and
viable count. Strains V7 and V104, grown under
the condition either to induce virulency or not
to. at the above mentioned concentration. were
added to the cqual volume of RBC suspension
on slide glasses (2). Hemagglutination was
determined in 10 min with gentle stirring of the
slide glasses. The minimal number of bacterial
cells required for hemagglutination was also
estimated by the same method explained.
Proteolytic activity

Proteolytic activity. as onc of the suspected
virulent factors. was mecasured by methods of
Kreger and Griffin (25) and Kunitz (26) with
slight modification. In bricf. total volume of 0.5
m/ cascin solution (6% in 0.2 M Tris-Cl. pH 7.2
or 80) was mixed with 04 m/ of bacterial
suspension (50X 10° cells/m/. contirmed by viable
count). and kept at 253°C tor 20 min. Reaction
was stopped by addition of 35 m/ of 5%
trichtoroacetic acid (TCA) solution. Precipitates
were removed by centrifugation at 4.000Xg for
10 min. Total volume of 45 m/ NaOH (0.5 M)
was added to supernatant and proteolytic activity
was evaluated by measuring absorbency at 275
nm using spectrophotometer (UV-160. Shimatsu).
Cell extract and cytopathic effects (CPE) on fish
cell lines

Cell extract with sonication (Lab-Line System.
Lab-Lince Instruments) was filtered with nitro-
cellulose filter (Sigma). and protein concentration
was adjusted 10 730 pg/m/ after freeze-drying.

Lipopolysaccharide extraction was carried out
according to the method of Wesphal and Jann
(40). Bacterial cells weighing 1 g after freeze-
drying were resuspended into 17.5 mi of distilled
water preheated o 65~68°C. Equal volume of
phenol at the same temperature was added and
vigorously mixed. Aquatic layer was repeatedly
collected by centrifugation at 3.000Xg tor 30~45
min. and dialysed against distilled water for 3~4
days followed by freeze-drying.  Each  LPS
preparation  was  resuspended  in calcium-
magnesium free PBS (CMF-PBS) and adjusted
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to the concentration of 100 ug/m/ after filtration
through nitrocellulose membrane (0.2 um, Nalgene)
to make protein free cell extract. The same
preparation was made by filtering through
cellulose acetate membrane (0.2 um, Pharmacia)
to get the cell extract containing with protein
components.,

Cell extracts were tested for its virulency on
established fish cell lines such as CHSE-214, EPS,
and RTG-2, which were kindly provided by Prof.
JL. Fryer in 1987 and kept thereafter in our
laboratory. Cells transferred to 96-multiwell plates
were infected with serially diluted cellular extracts,
and incubated at 20~22°C in the low temperature
incubator (Sargent-Welch Scientific Co.) for 10
days and CPE development was scored.
Estimation of endotoxin and exotoxin

The concentration of bacterial protein was
adjusted to 200 pg/ml after freeze drying as
explained, and followed by filtration. Quan-
tification of protein was performed by Bradford’s
method using Coomassie brilliant blue G-250.

Each preparation of concentrated cell-free
culture supernatant or cells at appropriate
concentration was injected into peritoneal cavity
of goldfish to identify and evaluate the presence
of exotoxin.

Analysis of outer membrane proteins

Outer membrane was isolated according to the
method of Crosa and Hodges (18). Cells grown
in 50 m/ TSB supplemented with 1% NaCl were
harvested and resuspended in 10 m/ of 10 mM
Tris-HCI supplemented with 0.3% NaCl (pH 8.0)
for sonication. Supernatant from sonicated lysate
was centrifuged at 13.000Xg for 2 hrs to
precipitate cellular envelope. Inner membrane was
removed by the method of Filip er al. (17)
immersing cellular envelope into 1.5% sodium
lauryl sarcosinate (sarkosyl. w/v), and kept at R.T.
for 30~40 min. Insoluble outer membrane was
obtained by centrifugation at 13,000Xg for 3 hrs.
This was repeated at least twice for complete
removal of inner membrane.

Outer membrane was lysed in lysis buffer
prepared with 62.5 mM Tris-HCl (pH 6.8). 10%
glycerol, 0.001% bromophenol blue, 5% beta-
mercaptocthanol  (Merck), and | mM phenyl
methyl sulfonyl fluoride (PMSF). After boiling for
5 min, outer membranc proteins were analyzed
on 12.5% SDS-polyacrylamide gel electrophoresis.
Isolation of plasmid

Plasmid was isolated by using Crosa’s method
(9). In brief. cells grown to 2X 10" cells/m/ in TSB
were harvested and lysed on ice bath for 5 min
in 0.1 m/ lysis buffer prepared with 0.1 M
Tris-HCl and 1 mM EDTA. and 25% sucrose (pH
8.0). The lysate was mixed with 0.5 m/ of 20%
SDS solution in TE buffer (0.05 M Tris-Cl. 0.02
M EDTA, pH 8.0) and stirred well. The reaction
mixture was put into 55°C water bath for 15 sec
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Table 1. Toxicity” of Vibrio anguillarum strains V7 and
vio4.

V7 (NCMBS6. V104 (NOAA
Jony V-7175, 103)

Culture temperature  23°C 32°C 23°C 32°C
Mortality (%) 100 (8/8) 75 (6/8) 50 (4/8) 125 (1/8)
Mean time to 17 254 76 106

death (hr)
LDsy

Strain

1L5X10* 3.0X10° 45X107 53%x107

“Carps were injected intraperitoneally with 0.1 m/ of
1.3X107 bacterial cells/m/ in PBS, and maintained at
25°C for 7 days.

"Mortality was described by percentage of the number
of dead carps to that of the tested.

“Mean of two separate experiments.

and at room temperature for another 15 sec with
gentle stirring, and this had been repeated for
cight times to obtain very viscous extract. Alkaline
denaturation was carried out with 0.5 m/ of 3 N
NaOH, and neutralized by gentle stirring with 1.0
m/ of 2 M Tris-Cl (pH 7.0).

Precipitates obtained by the addition of 0.65 m/
of 20% SDS and 125 m/ of 5 M NaCl was
resuspended in TE buffer. Plasmid was further
purified by extraction once with phenol and twice
with  chloroform, and finally by ethanol
precipitation. Plasmid DNA resuspended in TE
buffer (pH 7.6) was analyzed on 0.7% agarose gel
electrophoresis.

RESULTS

Evaluation of virulency

Virulency of strains V7 and V104 was first
compared in mortality, expressed by the time
from infection to death, and in LDs, titer (Table
1). In conclusion, it is likely that strain V7 was
more virulent than V104, and the virulency was
significantly influenced by culture temperature
since the both strains were more virulent at 23°C
than at 32°C The temperature effect on strain V
104, however, was much less obvious than on
strain V7, as previously reported (7).

Serum resistance

Serum resistance of pathogenic microorganisms
was suggested to explain how they could escape
the attack of host immune system upon infection.
Two strains of V. anguillarum were examined if
they were resistant to humoral immunity of the
host. In Table 2. susceptibility of the host to the
infected microbial pathogens was expressed in
survival rate after reaction with antisera.

As complement proteins were known to play
important roles in microbial infection, rabbits,
instead of fish. were immunized against two
strains of V. anguillarum in order to have enough
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Table 2. Survivability’ of V. anguillarum with serum
resistance against the bactericidal activity of
rabbit antisera.

V7 (NCMB6. JOI) VI0o4 (NOAA V-775. J03)

Antiserum

23°C 32°C 23°C 32°C
Anti-V7 NS/ 8.8% 22% 19%
Anti-V104 N.S. 6.9% 0.9% 0.2%
Normal NS. 750% 0.4% NS

Heated' N.S. NS N.S. N.S.

“ Estimated by viable count on TSA plates.

"Not susceptible.

“Both immune and non-immune (normal) sera were
boiled at 56°C for 30 min.

Table 3. Hemagglutination actvity of V. anguillarum
with human group O RBCs.

Culture  Minimum concentration
Strain temperature  of bacteria required
for hemagglutination”
V7 (NCMB 6. JOI) 23°C 588X O cells/md
2°C N.D:
VIo4 (NOAA V-775.  23°C LISX 10 cells/m/
JO3) 32°C N.D.

“ Experiments performed with 3% human group O blood
at room temperature.

»The minimum agglutinating dose was defined as the
lowest number of bacteria per m/ that showed visible
agglutination within 10 min.

“ Not detected even with 2X 10”7 cells/ml.

amount of effector molecules in sera. Strain V7
only could survive showing serum resistance when
cultured at the optimal temperature. meanwhile
V104 and V7 grown at 32°C lost the resistance.
Since the loss of serum resistance was correlated
with the virulence loss at the same time. virulency
might be at least partly exerted by serum
resistance.

Both strains were virulent when reacted with
heated or even with normal rabbit sera. suggesting
that immune reaction was activated to bacterial
infection, and that bactericidal activity was
rendered by alternative complement pathway. The
resistance of strain V104 to antiserum was low,
but increased upon addition of normal scrum.
Hemagglutination  induced by  virulent V.
anguillarum

Strains V7 and V104 were cultured at high
temperature of 32°C resulting in much less
virulency. Human blood type O RBCs were
agglutinated only when bacterial cells were added
(Table 3). The minimal concentration of bacterial
cells per unit volume increased for hemagglu-
tination upon the decrease of virulency. The
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Table 4. Analysis of strain V7 for cytopathic effect
(CPE)* in fish cell lines.

Ratio of CPE’

Sample
V. anguillarum V7 0/8
LPS S. tvphimurium 0/8
E. coli 0/8
Bacterial cell extract with proteins’ 6/8

without proteins' 0/8

“Samples were inoculated to multiwell plates where
fish cells (EPS, CHSE-214, and RTG-2) were grown
for 6 or 24 hrs. and PBS was used as a control.

" Ratio of number of wells showing CPE to number
of wells inoculated.

“ Inoculated amount of LPS was 0.1 m/ ot 500 ug/m/.

“Prepared with sonication and filtration using
cellulose acetate membrane filter (pore size 0.2 um,
Pharmacia).

Prepared  with  sonication and filtration  using
nicrocellulose membrane filter (pore size 0.2 um.
Nalgene).

Table 5. Proteolytc acuvity of Vibrio anguillarum.

Strain

Culture Proteolytic activity
temperature (Asss)
pH 7.2 pH 8.0
V7 (NCMB 6. Jo1y  =.¢ 0.35 0.51¢
32°C N.D: N.D.
VIiod (NOAA V- 23°C 0.03 0.33
775. 103 32°C N.D. N.D.

“0.6% casein in Tris-HCL pH 7.2
"0.6% casein in Tris-HCL pH 8.4.
“Not detected.

difference. however. was not so significant, and
it should rather be considered that the ability of
hemagglutination is only a requirement but not
an important factor for induction of virulency.
Cytopathic effect (CPE) development and proteo-
Iytic activity

The virulent strain V7 induced CPE in fish cell
culture. Table 4 summarizes that CPE  was
induced by protein molecules. and this strongly
suggests the possibility of the presence of some
proteolytic activities to exert virulency. Proteolysis
could explain tissue necrosis and hemorrhage in
peritoneal cavity. which are the main symptoms
of vibriosis. As shown in Table 5. both strains
were of very strong proteolytic activities, and no
activity was detected when grown at 32°C.
Virulency and outer membrane proteins

Culture filtrate collected after cells were grown
at the optimal temperature was estimated for the
virulency by injecting into peritoneal cavity of
goldfish. Virulency. however. could be detected
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Fig. 1. SDS-polyacrylamide gel electrophoretogram
(12.6%) with outer membranes of Vibrio
anguillarum grown at different temperatures.
Shown are small molecular weight markers
(lane 1). outer membrane proteins from V7
and V104 grown at 32°C (lanes 2. 3) and
grown at 23°C (lanes 4, 5) in order.
respectively. Each lane was loaded with 50
ul of protein at the concentration of 200 ug
/ml.

only when washed bacterial cells were
administered (data not shown).

Outer membrane protein profiles are shown in
Fig. 1. Expression of two different proteins, 41 kd
in V7 and 39 kd in V104, was increased in amount
when grown at the optimal temperature with high
virulency. Even though the amount of 39 kd
protein was significantly increased, the increase
in virulency was not that much great. Increase
of 41 kd protein, however. could be correlated
with virulency. suggesting that it could be mainly
related to the virulency.

Isolation of plasmid

A DNA band regarded as plasmid with
approximate size of 80 kbp was detected on
agarose gel electrophoresis from both strains and
both cultures. at 23°C and at 32°C (Fig. 2). The
amount of chromosomal DNA was also much
thicker suggeting different growth rate at different
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Fig. 2. Plasmid from Vibrio anguillarum was identified
on agarose gel electrophoretogram.
Shown are marker A DNA fragments
disgested with BstIl (lane 1), and plasmids
from V7 grown at 23°C and 32°C (lanes 2,
3). and plasmids from V104 at the same
temperatures (lanes 4, 5), respectively. C and
P stand for chromosomal and plasmid DNA.
respectively.

temperature. The presence of plasmid, however,
does not explain the different virulency of two
strains.

DISCUSSION

To explain how pathogenic microorganisms
exert pathogenicity in host animals, the possible
roles of bacterial resistance to the attack of
humoral immune responses, hemagglutination
followed by hemolysis, and many other factors
have been under intensive studies (21,37, 38).

Even though the severe damage caused by
vibriosis in fish farming had been reported earlier,
the exact nature of vibriosis is not clear until now.
The basic question whether it is exotoxin or
endotoxin is in controversy, but most of early
studies (3.22.24) supported the possibility of
exotoxin.

Since it has been believed that highly virulent
pathogens would stimulate the immune system
very strongly, they should be equipped with some
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mechanisms cither o avoid or to overcome such
attack. In homeotherm animals. complement
proteins play important roles in inhibiting
bacterial tissue destruction. regardless of specific
immunity of the host (16). It is also known that
fish have complement system (6). and it is
inhibitory for bacterial infection (14.31). The role
in poikilotherm animals. however. is not clearly
revealed.

We have used rabbit antiserum instead of {ish
only to seccure enough amount of sera for
experiments, and this was based on the study that
rabbit serum has similar effect on fish-pathogenic
bacterial growth and on serum resistance (33). It
is likely that alternative pathway was activated.
and the activation is more stimulated by bacterial
infection (30). The serum resistance shown by
strain. V7 was in context with the assumption.
Virulency  of strain V104  was  completely
demolished by antibodies in immunized serum.
which was not observed in normal serum.

Attachment of bacteria was regarded as the first
step to develop tissue necrosis or hemolysis for
RBCs, which was estimated by hemagglutination
activity. In our separate report, it was shown that
when vibrio culture was added to RBC solution.
they did not seem to bind to the surface of human
RBC (7). We recently found that. with the less
virulent strains, more bacterial cells were required
and it took longer until we could observe
hemagglutination on slide glasses. The difference
in virulency could be expressed by minimal
concentration  of hemagglutination  induction.
Nevertheless. hemagglutination by Vo anguillarum
seems only necessary but not essential to exert
virulency.

From CPE observed v fish cell cultures.
proteolytic activity appeared to be one of the
possible mechanisms for infecting fish tissues in
natural infection. The proteolytic activity found
in V. anguillarum was tairly high when compared
with other enzymes (25.26).

In addition. we have tested hemolytic activity
for one of the candidates 1o cxplain the virulency
of V. anguillarum. Unfortunately we tested it using
sheep RBCs, instcad of human ones. As reported
previously. sheep RBCs are hardly suscepuible to
vibrio hemolysin. Even though nce relationship
between hemolytic activity and virulency could
be drawn from this experiment. the possibility
that the protein responsible for virulencey could
be the molecule with hemolytic activity is now
under study.

Two proteins cven with slightly different size
might be responsible for the pathogenicity of F
anguillarum. The 41 kd protein detected in strain
V7 increased significantly when it was grown to
induce virulency. Thus. it can be explained that
the virulency is most probably brought about
from 41 kd protein. The 39 kd once from strain
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V104, however. was reduced very much. at least
m amount. as much as its virulency decreased.
It still should be responsible for virulency of
strain V104,

Since it has been known long that pathogenic
microorganisms contain lipopolysaccharide and
outer membrane  proteins  (4.5.8). When the
virulency was changed according to temperature
shift. LPS or outer membranc proteins cxpressed
in different amount should be considered 10 be
dircctly related to virulency. This study shows that
the responsible molecules are proteins. implying
outer membrane proteins. The function of the 4]
kd protein. especially. is not clear yet. and it is
necessary to isolate the protein in pure forms to
examine its virulency.

Crosa e al. (9. 11.12) have studied long on the
plasmid isolated from virulent V. anguillarum. The
plasmid. pJML is believed to encode siderophore
sequestering iron from host. and this was only
a device for survival since strains without plasmid
are not virulent hence not being able to survive
(10.39). This viewpoint is still controversial as no
corrclation between virulency and the presence
of plasmid was supported by Munn (28) and Trust
et al (39). We also studied the presence of plasmid
i virulent strains of V. anguillarum {inding 80
kbp plasmid trom both strains V7 and V104, and
it is suggested that virulency might not directly
be rendered by gene products on this plasmid.

Iron sequestration was examined to see if the
growth could be affected by the absence of the
plasmid. When  bathophenanthroline-disulfonic
acid  (4.7-diphenyl-1.10-phenanthroline-disulfonic
acid) was added at the final concentration of 3
uM 1o medium as iron chelating agent. growth
of both strains V7 and V104 was never influenced.
strongly suggesting that the concentration of iron
is not the direct reason to induce viruleney during
infection

ACKNOWLEDGEMENT

This study was supported in part by SNU Dac
Woo Rescarch Fund 91-06-2039.

REFERENCES

I. Anderson, J.I.W. and D.A. Conroy, 1970. Vibrio
discase in marine fishes. Ame Fish Soc. Publ 5.
2606-272.

2. Atkinson, H.M. and T.J. Trust, 1980, Hemagg-

lutination and adherence ability ol Aeromonas

hydrophila. Infect Immun. 27. 938-946.

Bergman, A.M., 1912, Fincansteckende Augenkran-

kheit,  Keratomalacic. bei Dorschen und  der

Sudkuste Schwedens Zentralbl Bakerriol

Parastienkd. Infektionshr. Hveo Abr 1 Orig. 62. 200-

214

4. Brubaker. R.R., 1983 Mecchanisms ol bacterial



Vol. 32, 1994

1L

l6.

17.

. Crosa,

. David, H.,

virulence. Ann. Rev. Microbiol. 39, 21-50.

. Chen, C.H., C. Nowotny, and A.H. Nowotny, 1975.

separation by
chromatography. Anal

Rapid biological endotoxins
preparative  thin-layer
Biochem. 63, 183-194.

. Chiller, J.M., 0.0. Hodgins, and R.S. Weiser,

1969. Antibody response in rainbow trout (Salmo
gairdneri): 11. Studies on the kinetics of develop-
ment of antibody producing cells, complement
and natural hemolysis. J. Immunol. 102, 1202-12
07.

. Choe, Y. and G. Jeong, 1994. Virulence evaluation

of V. anguillarum in accordance with hemolytic
activity on human red blood cells. Kor. J. Micro-
biol. 32, 539-544.

. Costerton, J.W., J.M. Ingram, and K.J. Cheng,

1974. Structure and function of the cell envelope
of Gram negative bacteria. Bacteriol. Rev. 38. 87-
110.

. Crosa, J.H., 1980. A plasmid associated with

virulence in the marine fish pathogen V.
anguillarum specifies an iron sequestering system.
Nature (London) 284, 566-568.

J.H. and L.L. Hodges, 198]. Outer
membrane proteins induced under conditions of
iron limitation in the marine fish pathogen Vibrio
anguillarum. Infect. Immun. 31, 223-227.

Crosa, J.H., L.L. Hodges, and M.H. Schiewe, 1980.
Curing of a plasmid is correlated with an
attenuation of virulence in the marine fish
pathogen V. anguillarum. Infect. Immun. 27. 897-
902.

. Crosa, J.H., M.H. Schiewe, and S. Falkaw, 1977.

Evidence for plasmid contribution to the
virulence of the fish pathogen Vibrio anguillarum.
Infect. Immun. 18, 509-513.

1927. Ueber eine durch choleran-
hnliche vibrionen hervorgerufene Fischseuche.
Zentralbl. Bakteriol. Parasitenkd. Inferktionskr. Hyg.
Abr. 1 Orig. 102, 46-60.

. Ellis, A.E., 1978. The immunology of teleosts. p.

92-104. In RJ. Roberts (ed.), Fish pathology.
Baillicre Tindall. London.

. Evelyn, T.P.T., 1971. First records of vibriosis in

Pacific salmon cultured in Canada and
taxonomic status of the responsible bacterium,
Vibrio anguillarum. J. Fish Res. Board Can. 28, 517-
525,

Frank, MLF., 1979. The complement system in
host defence and inflammation. Rev. Infect. Dis.
1. 483-501.

Fillip, C., G. Fletcher, J.L. Wulff, and C.F.
Earhart, 1973. Solubilization of the cytoplasmic
membrane of Escherichia  coli by the ionic
detergent sodium-lauryl sarcosinate. J. Bacteriol.
115, 717-722.

. Haastein, T. and G. Holt, 1972. The occurrence

of vibrio diseases in wild Norwegian fish. /. Fish
Biol. 4. 33-37.

. Hacking, M.A. and J. Budd, 1971. Vibrio infection

Nature of Virulency Caused by V. anguillarum 537

21.

22.

23.

25.

26.

27.

28.

30.

31

35.

2. Richards,

. Rucker,

in tropical fish in a freshwater aquarium. J Wild.
Dis. 7. 273-280.

. Harrell, L.W., A.J. Nowotny, M.H. Schiewe, and

H.O. Hodgins, 1976. Isolation and description of
two vibrios pathogenic to Pacific salmon in Puget
Sound., Washington. Fish Bull U.S. 74, 447-449.
Horne, M.T. and A. Baxendale, 1983. The
adhesion of Vibrio anguillarum to host tissues and
its role in pathogenesis. J. Fish Dis. 6, 461-471.
Inamura, H., K. Muroga, and T. Nakai, 1984.
Toxicity of extracellular products of Vibrio
anguillarum. Fish Pathol. 19, 89-96.

Jawetz, E., J.L. Melnick, and E.A. Adelberg, 1980.
Serological diagnosis and immunologic detection
of virus infections. p. 372-373. In Review of
medical microbiology. Lange, Los Altos.

. Kodama, H., M. Moustafa, M., T. Mikami, and

H. lIzawa, 1985. Partial purification of extra-
cellular substance of Vibrio anguillarum toxigenic
for rainbow trout and mouse. Fish Pathol. 29, 173-
179.

Kreger, A.S. and O.K. Griffin, 1974. Physico-
chemical fractionation of extracellular cornea
damaging protease of Pseudomonas aeruginosa.
Infect. Immun. 9, 828-834.

Kunitz, M., 1974. Crystalline soybean trypsin
inhibitor. J. Gen. Physiol. 30, 291-310.

Levine, M.A., R.E. Wolke, and V.J. Cambelli, 1972.
Vibrio anguillarum as a cause of disease in winter
flounder (Pseudopleuronectes americanus). Can. J.
Microbiol. 18, 1585-1592.

Munn, C.B., 1980. Production and properties of
a hemolytic toxin by Vibrio anguillarum in fish
diseases, p. 69-74. In W. Ahne (ed.), Third
COPRAQ-session. Springer-Verlag, Berlin.

. Munn, C.B., E.E. Ishiguro, and T.J. Trust, 1982.

Role of surface components in serum resistance
of virulent Aeromonas salmonicida. Infect. Immun.
36, 1069-1075.

Nisonoff, A., 1984. Mechanism of the complement
system, p. 183-200. /n Introduction to molecular
immunology. Sinauer Associates Inc.. Sunder-
land.

Nonaka, M., N. Yamaguchi, S.N. Saiki, and M.
Takahashi, 1981. The complement system of
rainbow trout (Salmo gairdneri): 1. ldentification
of the serum lytic system homologous to
mammalian complement. J. Immunol. 126, 1469-
1494.

R.H. and R.J. Roberts, 1978. The
bacteriology of teleosts, p.183-204. /In R.J. Roberts
(ed.). Fish pathology. Bailliere Tindall, London.

. Rucker, R.R.,, B.J. Earp, and E.J. Ordal, 1953.

Infectious diseases of Pacific salmon trians. Am.
Fish. Soc. Publ. 83, 297-312.

R.R., 1959. Vibrio infection among
marine and fresh water fish. Prg. Fish Culr. 21,
22-25.

Sawyer, E.S. and R.G. Strout, 1977. Survival and
growth of vaccinated, medicated and untreated



538

36.

38.

. Toranzo,

Lee, Jeong. and Hah

coho salmon (Oncorhivnchus kisutch) exposed to
Vibrio anguillarum. Aquaculture 10. 311-313.

Smith, LW., 1961. A disease of {innock due to
Vibrio anguillarum. J. Gen. Microbiol. 24, 247-252.
A.E., J.L. Barja, R.R. Colwell, F.M.
Hetrick, and J.H. Crosa, 1983. Hemagglutinating.
hemolytic, and c¢ytotoxic activities of  Fibrio
anguillarum and related vibrios isolated from

40.

KOR. JOUR. MICROBIOL.

pathogenic for fish. Infect. Immun. 34, 702-707.

. Walter, M.A., A. Bindereif, J.B. Neilands, and J.H.

Crosa, 1984. Lack of homology between the iron
transport regions of two virulence-linked bacterial
plasmid. Infect. Immun. 43. 765-767.

Wesphal, O. and K. Jann, 1965. Bacterial
lipopolysaccharides extraction with phenol-water
and further application of the procedure. p. 83-

striped bass on the Atlantic Coast. FEMS 91. In M.L. Wolfrom (ed.). Methods in carbo-
Microbiol. Letters 18, 257-262. hydrate chemistry. Academic Press. New York.
Trust, T.J., L.D. Courtice, A.G. Khori, J.H. Crosa,
and ML.H. Schiewe, 1981. Serum resistance and (Received September 21, 1993)
hemagglutination  ability of marine vibrios (Accepted October 21, 1993)

= E: HE2(2 FolM el HelgSAE Mo 2aftuiEe 54

0|ZF - HIKEI* - si8E (A &rfe

o fol wlmzle

=4 ol Hel &

ejan g Re g s

P o b9l o)A = 8ka)

e §sk= Vibrio anguillarum ©)
Eslan O}X'VW Q"’ﬂ’ﬂ ‘“°]U“’°1 “lf‘ix] 2] gk A Ao} FabEAl
"’014

sabu] g -stal- 4 e])
MelE A et W Aol

sjuptul g

vt slalch ARE S WAy Hol

Kol VI (EAe Jol) & VIod(H A3 J()?) = 7}1| HFE vl odgstel Voo anguillarum o)

7] & Aol thal AshAl b e aby. A Yol AD 8 Botol WS Leho)a 9lcky
Al B ol5 S U BUS TRk 2l 4] e Lol uel A9l 2ol )
0] £ 030l 2 W5 s|ohba 1) Holol 4 Al Sleks A S salsiel
AT Slokel EAEHE 41 kdS] M A2 el Baz A FH8 5 ol o, 243) 41 skt e
V737 Al(A A 3250l 4] “1]“34313 wf, % Aol ’LE}EP"“’“% M 2330l A Hﬂokﬁ}‘ﬂ
Tl’“‘ii‘ﬂ fl o]] ro Lz«lzﬂol 63? g.z‘d))k J_ley l’“—‘i‘ﬂ L‘gﬂg}uo ‘;‘-‘-{ﬁt}' VI(M—F‘F
=177} ‘?“‘} A 9]‘—’}%"%’7201 Asjgont, A He g W] wslel 7e Avs 9E
Tolel VIEehs b iakg %5}01 We fd e FE3igict





