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ABSTRACT-Tenacibaculum maritimum is a Gram-negative， gliding marine bacterium that causes tena-
cibaculosis， an ulcerative disease of marine fish. The bacterium usually forms rhizoid colonies on agar 
media. We isolated I maritimum that formed slightly yellowish round compact colonies together with 
the usual rhizoid colonies from a pu背erfish Takifugu rubripes suffering from tenacibaculosis， and studied 
the biological and serological characteristics of a representative isolate of the compact colony phenotype， 
designated strain NUF1129. The strain was non-gliding and avirulent in Japanese flounder Paralichthys 
olivaceus in immersion challenge test and showed lower adhesion ability to glass wall in shaking broth 
culture and to the body surface of flounder. It lacked a cell-surface antigen commonly detected in glid-
ing strains of the bacterium in gel immunodiffusion tests. SDS-PAGE analysis showed different polypep-
tide banding pa世ernsbetween NUF1129 and gliding strains. Like gliding strains， NUF1129 exhibited 
both chondroitinase and gelatinase activities， which are potential virulence factors of the bacterium. 
These results suggest that some cell-suげacecomponents related to gliding and adhesion ability are impli-
cated in the virulence of I maritimum. 

Key words: Tenacibaculum maritimum， tenacibaculosis， norトgliding，virulence， adherence， cell-sur-
face antigen 

The genus Tenacibaculum belongs to the family 

Flavobacteriaceae， phylum Bacteroidetes， and I mariti-

mum (Suzuki et a/.， 2001) is an exclusively marine spe-

cies (Bernardet et a/.， 1996). It is a Gram-negative， 

gliding bacterium and causes tenacibaculosis， an ulcera-

tive disease of marine fish. The disease was first 

described by Masumura and Wakabayashi (1977) and， 

later， Wakabayashi et a/. (1986) reported Flexibacter 

maritimus (= I maritimum) as the pathogen after isolat-

ing from diseased red sea bream Pagrus major and 

black sea bream Acanthopagrus schlegeli in Japan. 

Other susceptible species include Japanese flounder 

Paralichthys olivaceus (Baxa et a/.， 1986) and yellowtail 

Seriola quinqueradiata (Baxa et a/.， 1988b) in Japan， 

Dover sole Solea solea in Scotland (Bernardet et a/.， 

1990)， turbot Scophthalmus maximus in Spain (Alsina 

and Blanch， 1993)， sea bass Dicentrarchus labrax in 

France (Bernardet et a/.， 1994)， Atlantic salmon Salmo 

sa/ar in Australia (Soltani and Burke， 1994) and Pacific 

sardine Sardinops sagax in the USA (Chen et a/.， 1995). 
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I maritimum directly attacks the body surface of fish 

(Magarinos et a/.， 1995)， causing lesions such as ulcer， 

necrosis， eroded mouth， frayed fins and tail-rot 

(Campbell and Buswell， 1982; Devesa et a/.， 1989). 

As these lesions favor the entrance of other bacteria 

such as Vibrio spp. (Kimura and Kusuda， 1983) and sap-

rophytic organisms such as ciliated protozoans 

(McVicar and White， 1979; Devesa et a/.， 1989)， T. 

maritimum thus often appears in mixed infections 

Although studies have been done on the capacity of 

adhesion and hydrophobicity (Sorongon et a/.， 1991)， 

adherence to fish skin and mucus (Magarinos et a/.， 

1995)， toxic activity of extracellular products (Baxa et 

a/.， 1988a; Van Gelderen et a/.， 2009)， capsular material 

(Avendano-Herrera et a/.， 2006) and iron-uptake mecha-

nisms (Avendano・Herreraet a/.， 2005)， actual virulence 

mechanisms of this bacterium are still not clear. Asso-

ciation of virulence with colony morphology has been 

found in many pathogenic bacteria (Simpson et a/.， 

1987; Van der Woude and Baumler， 2004). 

Bacterial gliding motility is defined as the move-

ment of a non-flagellated cell in the direction of its long 

axis on a surface (Henrichsen， 1972). This type of 
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motility is common within the phylum Bacteroidetes， of 

which T. maritimum is a member. As a result of the 

movement， T. maritimum usually produces flat rhizoid 

colonies with uneven edges， which are adherent to the 

agar medium (Pazos et al.， 1996). During routine labo・

ratory diagnosis in 2010， slightly yellowish round com-

pact colonies grew together with the usual rhizoid colo-

nies of τmaritimum on an agar plate inoculated with a 

lesion specimen of pu仔erfish Takifugu rubriJコessuffer-

ing from tenacibaculosis. A representative isolate of 

the compact colony phenotype， designated strain 

NUF1129， was identified as T. maritimum by the species-

specific PCR (Toyama et al.， 1996) and 168 rRNA and 

gyrB gene sequencing (8uzuki et al.， 1999). The aim 

of the present study was to investigate the biological 

and serological characteristics as well as virulence in 

fish in comparison with those of typical T. maritimum 

strains including NUF1128， which was isolated on the 

same agar plate where NUF1129 was cOllected， for 

uncovering the virulence mechanisms of T. maritimum. 

Materials and Methods 

Bacterial strains 

Fourteen T. maritimum strains including NUF1129 

derived from diseased fish were used in this 

study (Table 1). Like other strains， NUF1129 was iden-

tified as T. maritimum by the species-specific PCR 

(Toyama et al.， 1996) and exhibited approximately 

99.8% and 98.7% identity for the 168 rRNA (size of 

polynucleotide analyzed = 1，406 bp) and gyrB (1，059 
bp) gene sequences with those of T. maritimum 

NBRC15946 = ATCC43398
T 

(NR_113825) and 

ATCC43398
T 
(AB034229)， respectively. The partial 

sequences of the 168 rRNA and gyrB genes deter-

mined were deposited in the DDBJ /EMBL/GenBank 

databases under accession numbers from AB979246 to 

AB979249 for the 168 rRNA gene of NUF1128 and 

NUF1129 and gyrB gene of NUF1128 and NUF1129， 

respectively. The strains were routinely cultured on 

TY8 agar medium consisted of 0.3% Bacto TMTryptone 

(Difco)， 0.2% Bacto™ Yeast Extracts (Difco) and 1.5% 

agar (Wako)， pH 7.4-7.6， in filtered seawater for 24 h at 

270C. For broth culture， medium was prepared with 

the above composition except 1.5% agar. The stock 

cultures were kept at -80oC， and the main stocks were 

maintained in liquid nitrogen. 

Observation of motility 

Gliding motility was assessed by the plate tech-

nique (Perry， 1973)， in which a few glass beads (ψ0.1 

mm) were deposited on the surface of TY8 agar at the 

part of bacterial growth margins， and a coverslip was 

placed over this area. A gentle finger press on the cov-

erslip creates a liquid (extruded from agar) graded area， 

which allows the bacterial cells to move freely. Under 

a light microscope (x400)， the gliding movement was 

observed clearly by cessation of Brownian movement. 

Virulence test 

主 maritimumNUF1128 and NUF1129 were cu卜

tured in TY8 broth at 270C for 24 h with shaking at 120 

rpm. Bacterial cells grown were harvested by centrifu-

gation (9，000 xg， 10 min)， washed and resuspended in 

sterile PB8. Tenfold serial dilutions of the bacterial 

suspension were prepared， and five fish per dilution 

were used for immersion ch剖lengeand subcutaneous 

injection. Juvenile Japanese flounder (mean body 

Table 1. Sources of r maritimum strains with their biological characteristics 

Location and Colony Gliding 
Adhesion Celllength Enzyme activity 

Strain Host fish 
year of isolation type motility 

to glass (Mean:t SO) 
wall* (μm) Chodroitinase Gelatinase 

NUF433 Japanese flounder Nagasaki/1989 Rhizoid + + 5.7:t 1.3 + + 

NUF434 Japanese flounder Nagasaki/1989 Rhizoid + + 5.4 :t 1.9 + + 

NUF492 Japanese flounder Kumamoto /1991 Rhizoid + + 5.3 :t 1.0 + + 

NUF493 Japanese flounder Kumamoto/1991 Rhizoid + + 4.6 :t 0.8 + + 

NUF684 Japanese flounder Nagasaki/1993 Rhizoid + + 4.9 :t 0.8 + + 

NUF685 Japanese flounder Nagasaki/1993 Rhizoid + + 4.9 :t 1.1 + + 

NUF686 Japanese flounder Nagasaki/1993 Rhizoid + + 4.9 :t 1.2 + + 

NUF1035 Japanese flounder Nagasaki/2006 Rhizoid + + 4.4 :t 0.9 + + 

NUF1081** Puffer fish Nagasaki/2009 Rhizoid + + 5.5 :t 1.4 + + 

NUF1126 Japanese flounder Nagasaki/2009 Rhizoid + 士 4.6 :t 1.1 + + 

NUF1127 Japanese flounder Nagasaki/2009 Rhizoid + + 4.7 :t 0.8 + + 

NUF1128 Puffer fish Nagasakil2010 Rhizoid + + 5.2:t 1.0 + + 

NUF1129 Puffer fish Nagasaki/2010 Compact 2.4:t 0.5 + + 

NS110 Puffer fish Nagasaki/2010 Rhizoid + + 4.5:t 1.4 + + 

NUF = Nagasaki University Fisheries， NS = Nagasaki-ken Suisan-shikenjo (Nagasaki Prefectural Institute of Fisheries). 
* +， adherent; :t， weakly adherent;ー， non-adherent; **NUF1081 was used for preparing the rabbit antiserum against formalin-killed 
cells used in this study. 



Characterization of non-gliding r maritimum 123 

weight 51.2 :t 11.8 g) were stocked separately per dilu開

tion into 30-L rectangular aquaria equipped with continu-

ous flow of filtered seawater and aeration. Challenge 

doses of NUF1128 and NUF1129 employed for 

immersion challenge were ranged from 7.9 x 10
4 
to 

7.9 X 10
7 
CFU/mL and 2.8 x 10

5 
to 2.8 X 10

8 
CFU/mL， 

respectively. Control fish were immersed in seawater 

without the bacterial suspension. After immersion for 

30 min fish were transferred to the experimental aquaria. 

For subcutaneous injection， inoculation doses 

of NUF1128 and NUF1129 were 4.0 x 10
3 
to 4.0 X 10

6 

CFU/fish and 1.4 x 10
4 

to 1.4 X 10
7 

CFU/fish， 

respectively. Another five fish were injected with PBS 

for control. The fish received no feed for 15 days of 

the experiment， and the water temperature ranged from 

21.0 to 22.50C during the experimental period. Gross 

pathological changes and moribundness were checked 

daily. Samples from the external lesions， i.e. the skin， 

fins， gills and mouth， and kidney of dead fish were 

directly streaked onto TYS agar supplemented with 

kanamycin at 100μg/mL and incubated at 270C for 2 

days to confirm that T. maritimum was the cause of 

mortality. LD50 value was calculated using the method 

described by Reed and Muench (1938). 

Adherence to fish body 

A portion of the upper side of ten juvenile Japanese 

flounder (mean body weight 36.4 :t 8.5 g) was abraded 

with sterilized cotton swabs following the method of 

Miwa and Nakayasu (2005). Immediately after abra-

sion， five fish per strain were immersed for 30 min in 

seawater containing 5.5 x 106 CFU/mL of NUF1128 or 

2.7 X 107 CFU/mL of NUF1129 cells cultured as above 

and then reared in a 30・Laquarium with continuous 

water flow for another 30 min. The water temperature 

was around 250C. After fish were anesthetized using 

2-phenoxyethanol ， a piece of skin， about 1 cm
2
， was 

cut out from the abraded and non-abraded regions of 

each fish and homogenized with 2 mL of sterile PBS. 

The homogenate was serially diluted using sterile PBS， 

and 100μしofeach dilution was spread onto TYS agar 

supplemented with kanamycin at 100μg/mL and incu-

bated at 2rC for 2 days. Lastly， colony forming units 

per cm2 were calculated. 

Preparation of sonicated cell extracts 

The T. maritimum strains were cultured on TYS 

agar plates at 2rC for 24 h. The cells grown were 

washed 0行theplate with autoclaved seawater and co卜

lected by centrifugation. The pelleted bacterial cells 

were washed three times and resuspended in PBS at a 

concentration of 0.2 9 wet weightJmL， and sonicated at 

a rate of 5 min/mL using a Microson™ XL-2000 Ultra-
sonic Cell Disruptor (Misonix). After centrifugation at 

15，000 xg for 30 min， the supernatant was sterilized by 

passing through a 0.45μm sterile filter unit (Advantec) 

and kept at -20oC until use. 

Serological characterization 

Preparation of rabbit antiserum 

T. maritimum NUF1081 was cultured in TYS broth 

at 2rC for 24 h. The cells grown were inactivated by 

0.5% formalin for 2 days at room temperature. 

Formalin-killed cells (FKC) were then washed twice with 

PBS， resuspended in PBS containing 0.02% NaN3 at a 

concentration of 100 mg wet weightJmL and stored at 

40C. One milliliter of the diluted suspension containing 

50 mg FKC was emulsified with an equal volume of 

Freund's complete adjuvant (Wako) and injected subcu-

taneously to a Japanese white rabbit twice with a 2・wk

interval. Two weeks after the second injection the rab-

bit received an intraperitoneal injection of 50 mg FKC 

without adjuvant， and 3 wk after the third injection the 

total blood was collected. The antiserum was heated 

at 560C for 30 min and stored at -20oC. 

Absorption of antiserum by FKC 

One milliliter of the rabbit anti-T. maritimum 

NUF1081 serum was incubated with 100 mg of T. 

maritimum NUF1081 FKC for 2 h at room temperature 

and overnight at 40C. The absorption procedure was 

repeated twice. 

Adsorbed antibody 

The FKC used in antiserum absorption was 

washed three times with PBS， and antibodies adsorbed 

to the FKC were eluted by treating with glycine-HCI (pH 

3.0) at room temperature. Immediately after the treat-

ment， pH of the eluate was raised to neutral with 1 M 

Tris. The collected antibodies (aAb) were used as the 

antibodies specific for the cell-surface antigens. 

Gel immunodiffusion 

Gel immunodiffusion was performed with 1 % aga-

rose (Bio-Rad) in PBS on glass slides. The reservoirs 

were cut using a 7・wellcutter. The reactants were 

added to wells， and the slides were allowed to stand for 

24 h in a moist chamber at room temperature. In this 

study， precipitation reactions of the sonicated cell 

extracts of T. maritimum strains were studied with the 

anti-T. maritimum NUF1081 serum (AS)， the antiserum 

absorbed with NUF1081 FKC (aAS) and the adsorbed 

antibodies (aAb). 

SDS-PAGE analysis of sonicated cell extracts 

SDS-polyacrylamide gel electrophoresis (PAG E) 

was carried out according to Laemmli (1970) using 4% 

(w/v) stacking and 12.5% (w/v) separating gels in a min卜

slab electrophoresis apparatus AE・6530(A世0). Soni-

cated cell extracts of the strains were used as samples. 

Gels were stained with 0.25% Coomassie Brilliant Blue 

R-250 (Wako). 
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Chondroitinase and gelatinase activity 

Chondroitinase activity was detected based on the 

method described by Teska (1993) using TYS agar sup-

plemented with 0.2% chondroitin sulfate C sodium salt 

(Wako). The bacterial strains were grown on the 

medium at 2JOC for 3 days， and the agar plate was 

flooded with 2 mL of 4% bovine serum albumin (Sigma-

Aldrich) and 5 mL of 1 N HCI. The clear zones around 

the bacterial growth indicate positive results. Gelatト

nase activity was tested by culturing the strains on TYS 

agar supplemented with 0.1 % gelatin at 2rC for 24 h. 

The plate was flooded with 15% HgCI2 in 2.4 N HCI 

The appearance of clear zones around the colonies indi-

cates positive results. As the Edwardsiella tarda iso-

lates from human were unable to degrade gelatin and 

chondroitin sulfate (Waltman et a/.， 1986)， E. tarda 

strain NUF1100 (isolated from human) was used as a 

negative control in both studies. 

Results 

Biological and morphological characteristics 

Single cells of the strain NUF1128 were slender 

rods (Fig. 1 a) and more or less similar to the average 

length of other rhizoid strains (4.4 :!: 0.9 to 5.7 :!: 1.3 

μm). On the other hand， cells of the strain NUF1129 

were similar in shape (Fig. 1 b) but the shortest (2.4 :!: 

0.5μm) in length among the strains studied (Table 1) 

No bacterial movement was exhibited by NUF1129 (non-

gliding)， whereas the other strains showed various 

degrees of gliding movements. The gliding strain 

NUF1128 produced yellow centered with greenish glis-

tening， flat and rhizoid with irregularly spreading-edged 

colonies (Fig. 1 c)， but colonies of the non-gliding strain 

NUF1129 appeared as slightly yellowish， round， convex 

ones on TYS agar plates (Fig. 1d). Differences in the 

bacterial adherence to glass wall were observed after 

24 h of rotary shaking of TYS broth culture: NUF1128 

showed adherence to glass wall with forming bacterial 

aggregations (Fig. 2a)， while NUF1129 was found as 

non-adherent with homogenous bacterial suspension 

(Fig.2b) 
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Fig. 2. Adhesiveness 01 T. maritimum NUF1128 (a) and 
NUF1129 (b) to glass wall 01 conical Ilasks grown at 

27"C lor 24 h with shaking in TYS broth. Note; 

NUF1128 was adhesive and showed aggregated 

growth， whereas NUF1129 was non-adhesive and pro-

duced homogenous suspension. 

Virulence 

The virulence test using Japanese flounder 

revealed that the strain NUF1128 was virulent (LDso = 

106
.
0 CFU/mL) in immersion challenge but non-patho-

genic (LDso> 107.1 CFU/fish) in subcutaneous injection 

(Table 2). Fish in control groups did not die and show 

any pathological signs. The most apparent patholog卜

cal changes observed in the infected fish were lesions 

(i.e. ulcers and necrosis) on the body surface， frayed 

fins and tail rot. τ斤7ariti，斤7u庁7was re-isolated from the 

lesions but not from the kidneys of dead fish on kanamy-

cin enriched TYS agar plates. On the other hand， the 

non-gliding strain NUF1129 was avirulent in the both 

ch剖同nges. None of the fish died or showed any signs 

of disease within the experimental period (Table 2). 

Adherence to body surface 

The results of the in vivo adhesion assay are 

shown in Table 3. For all fishes， NUF1129 exhibited 

less ability to adhere to the non-abraded body surface 

than that of NUF1128. No difference in adherence 

between NUF1128 and NUF1129 was observed on the 

abraded region 

Serological characteristics 

Using anti-T. maritimum NUF1081 serum， the 

microtiter agglutination test resulted in low titer (2
4
) with 

Fig. 1. Photomicrographs 01 τmaritimum NUF1128 (a) and NUF1129 (b) cells grown at 27"C lor 24 h in TYS broth and colonies 01 

NUF1128 (c) and NUF1129 (d) grown at 27"C lor 36 h on TYS agar plates. Note; NUF1129 cells were shorter than NUF1128 

cells， and NUF1128 exhibited rhizoid colonies while NUF1129 produced round compact ones 
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Virulence 01 r maritimum NUF1128 and NUF1129 studied in Japanese Ilounder 
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TabJe 2. 

Challenge 

method 

NUF1129 

(Non-gliding 

strain) 
Subcutaneous 

injection 

Adhesion 01 r maritimum NUF1128 and NUF1129 to the body surface 01 Japanese Ilounder* 

Viable count 01 NUF1128 (CFU/cm
2
) Viable count 01 NUF1129 (CFU/cm可

Non-abraded region Abraded region Non-abraded region Abraded reglon 

2.6 X 103 3.4 X 103 
< 1.0 x 10 1.4 X 10

2 

6.2 X 10
2 

1.3 X 10
3 

< 1.0 x 10 5.2 X 10
3 

3.4 X 10
2 

1.8 X 10
3 

< 1.0 x 10 2.0 X 10
3 

2 4.4x10. 6.8x10. <1.0x10 1.2x10 

38x10
2 

1.8x10
2 

4.0x10 4.0x10 

" Fish were partially abraded and immersed in seawat巴rcontaining 5.5 x 10
6 
CFU/mL 01 NUF1128 or 2.7 x 10

7 

CFU/mL 01 NUF1129 cells lor 30 min. Viable counts 01 τmaritimum on the skin were assessed after reared 

in aquaria with continuous water Ilow lor another 30 min 

TabJe 3. 

Fish no 

1

2

3

4

5

 

a 

Gel immunodiffusion analysis 01 cellular antigens 01 r maritimum strains with rabbit antiserum (a) and with absorbed antise-
rum and adsorbed antibodies (b). AS， anti-NUF1081 FKC serum; aAS， anti-NUF1081 FKC serum absorbed with NUF1081 

FKC; aAb， antibodies adsorbed to NUF1081 FKC; 1-13 and C， sonicated cell extracts 01 T. maritimum strains (1， NUF433; 2， 

NUF434; 3， NUF492; 4， NUF493; 5， NUF684; 6， NUF685; 7， NUF686; 8， NUF1035; 9， NUF1126; 10， NUF1127; 11， NUF1128; 

12， NUF1129; 13， NS110; C， NUF1081 as control); X-Z， antigen X-Z 

Fig.3. 
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kDa 
M NUF NUF NUF NUF NUF NUF NUF NUF NUF NUF NUF NUF NUF NS 

433 434 492 493 10351081 112611271128 1129 684 685 686 110 

215500砂.. 

100 .. 
75 .. 

50 .. 

37砂

35.8 kDa 

25砂

20 .. 
19.6 kDa 

15 .. 
.. 16.9 kDa 

Fig. 4. SDS-PAGE analysis 01 whole cell proteins 01 r maritimum strains stained with Coomassie Brilliant Blue R-250. M， molecu-
lar weight markers (Bio-Rad) 

NUF1129 FKC， although both NUF1128 and NUF1081 

FKCs exhibited high titer reactions (2
16
). Three distinct 

precipitin lines presumably derived from three antigens， 

designated as antigens X， Y and Z， were observed prト

marily in gel immunodiffusion test using anti-T 

maritimum NUF1081 serum and sonicated cell extracts 

of the T. maritimum strains. The lines derived from 

antigens Y and Z were observed in all the strains， but 

the line of antigen X was absent in NUF1126 and 

NUF1129 (Fig. 3a). AII the three antigens were SUp-

posed to be protein in nature since heat treatment 

(550C， 15 min) of the sonicated cell extracts resulted in 

disappearance of the precipitin lines (data not shown). 

Immunodiffusion test using the absorbed antiserum 

(aAS) and adsorbed antibodies (aAb) demonstrated that 

antigen Z was probably not exposed on the cell-suバace
since the antigen formed a precipitin line with aAS but 

not with aAb， while antigens X and Y were supposed to 

be c創卜surfacesince they formed lines with aAb but not 

with aAS (Fig. 3b). 

Polypeptide profile 

SDS-PAGE separation of the sonicated cell 

extracts revealed that all the T maritimum strains 

shared a considerable number of common polypeptide 

bands between 14.4 and 111.4 kDa. The polypeptide 

profile of NUF1129 also showed the similarities， how-

ever， there was distinctive expression of the bands at 

35.8 and 16.9 kDa but visibly less expression of the 

19.6 kDa band (Fig. 4) 

Chondroitinase and gelatinase activities 

AII the T. maritimum strains including NUF1129 

showed positive for chodroitinase and gelatinase activ卜

ties (Table 1). No clear zone around the colony was 

observed in the case of negative control. 

Discussion 

Here we described， for the first time， a compact co卜

ony phenotype of T. maritimum from a naturally infected 

fish. The isolate such as the strain NUF1129 was sup-

posed to be mutated in the lesion of the diseased fish or 

in the natural environment before entering into the 

lesion. It is not surprising that the isolate of the com-

pact colony phenotype lacks gliding motility， because 

the rhizoid colony morphology is a result of the gliding 

movement of growing cells (Henrichsen， 1972). It was 

reported that several surface proteins that are unique to 

the phylum Bacteroidetes involved in gliding motility 

(Braun et al.， 2005; Nelson et al.， 2008). Cells of 

NUF1129 were non-gliding probably due to changes in 

cell-surface components and ultimately appeared as the 

compact colony morphology. Compared with usual 

strains， the colonies of NUF1129 were easy to remove 

from TYS agar plates and the strain produced homoge-

neous suspension in shaken broth culture without vis卜

ble adherence to glass wall目 Thesecharacteristics 

may also come from the changes in the cell-surface 

co打lponents.

The average length of the single cel恰 ofall the 

strains remained within the range (0.5μm wide by 2 to 

30μm long) mentioned by Avendano-Herrera et al 

(2006)， although the non-gliding strain NUF1129 exhib-

ited the shortest cell size. The cell length of NUF1129 

was always shorter than gliding strains even after 

changing the culture conditions (i.e. temperature， cul-

ture duration etc.) (data not shown). Functional 

decrease in the nutrient uptake may occur in NUF1129 

cells since it is known that some bacterial species 

reduced their cell size in nutrient-poor medium (Chien et 

al.， 2012). Shortened cell size of non-motile mutants is 

also evidenced from Cytophaga johnsonae (Chang et 

al.， 1984). 

Although both NUF1128 and NUF1129 have been 

isolated from pu仔erfish， we used Japanese flounder in 
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the virulence test， because our past preliminary experi-

ment using pu行erfish exhibited its low susceptibility to 

I maritimum challenge compared to Japanese flounder. 

In this study， the gliding strain NUF1128 was shown to 

be virulent in Japanese flounder by immersion route， 

which is consistent with the previous experiment con-

ducted with Japanese flounder (Nishioka et al.， 2009). 

On the contrary， the non-gliding strain NUF1129 was 

avirulent， causing no signs of infection or mortalities. 

Although many factors are thought to be involved in the 

virulence， changes in the cell-surface components of 

NUF1129 that related to gliding and adhesion ability can 

be implicated in the non-pathogenic feature of the strain. 

The challenge test by subcutaneous injection 

worked unsuccessfully even for NUF1128， although the 

previous studies using black sea bream (Baxa et al.， 

1987)， Dover sole (Campbell and Buswell， 1982) and 

Senegalese sole (Failde et al.， 2013) were succeeded. 

The difference in fish species and bacterial strains used 

may influence the results. Considering that the pr卜

mary sites of I maritimum infection are body su叶aces

such as the head， mouth， fins and flanks (reviewed by 

Berna凶et，1998) and that lesions occurred on the skin 

surface followed by progressing into deeper layers (so 

called 'outside-in' skin lesion) (Vilar et al.， 2012)， the 

conditions within the subcutaneous region of flounder 

probably did not support the growth and proliferation of 

the bacteria. 

Adhesion of pathogens to host tissues is an impor-

tant step for bacterial infections. In tenacibaculosis， 

the skin is thought to be a portal of entry for the patho司

gen (Bernardet， 1998)， and工 maritimumadhered 

strongly to the skin mucus of turbot， sea bream and sea 

bass (Magarinos et al.， 1995). Difference in the viable 

counts on the intact skin between NUF1128 and 

NUF1129 (Table 3) indicated that NUF1128 attached 

more readily to the flounder mucus. On the other 

hand， the viable counts on the abraded region were at 

the same level between NUF1128 and NUF1129 

Although adhesion mechanism is still unknown， the 

mechanisms implicated in adhesion to the mucus and 

underlying skin tissues may be di仔erent. Further viru-

lence study using abraded and non-abraded fish will be 

helpful to establish the fact. 
Unlike the other I maritimum strains， NUF1129 

seemed to lack or less express a cell-surface antigen 

(antigen X) (Fig. 3a). Interestingly， NUF1126 also 

lacked this antigen (Fig. 3a). NUF1126 exhibited glid-

ing motility and formed rhizoid cOlonies， but was less 

adhesive to glass wall as NUF1129 (Table 1). These 

observations suggest that antigen X is related to the 

adhesion ability of the bacteria. 

In SDS-PAGE analysis of the sonicated cell 

extracts， distinctive band pattern was observed in 

NUF1129: over expression of 35.8 and 16.9 kDa and 

less expression of 19.6 kDa polypeptides. However， 

no band commonly lacked in both NUF1129 and 

NUF1126， which can be a candidate for the antigen X， 

could be identified. A set of cell surface proteins 

required for gliding motility of the Bacteroidetes group 

acts also as a protein secretion system (Nelson et al.， 

2008; Sato etal.， 2010; Rhodes etal.， 2011). It is think-

able that two polypeptides of 35.8 and 16.9 kDa were 

accumulated in the non-gliding NUF1129 cells due to 

the disruption of the system (Rhodes et al.， 2011). On 

the other hand， the 19.6 kDa polypeptide seemed to be 

less expressed in NUF1129 as well as several other 

strains used in this study compared with the virulent 

strain NUF1128. Further studies are necessary to elu-

cidate whether these polypeptides are virulence factors 

of I maritimum or not. 
Both chondroitinase and protease are supposed to 

be virulence factors of gliding bacterial pathogens 

(Suomalainen et al.， 2006; Dalsgaard， 1993). In the 

present study， chondroitinase and gelatinase activities 

were detected in 創1the I maritimum strains including 
the avirulent strain NUF1129 (Table 1). However， 

when the enzyme activities of the sonicated cell extracts 

were assessed， a very large clear zone due to chon-

droitin degradation was observed on the test agar for 

NUF1129 compared with NUF1128 (data not shown). 

Therefore， the enzyme might be accumulated in the bac-

terial cells due to the disruption of the protein secretion 

system (Rhodes et al.， 2011)， and reduced secretion of 

the enzyme might be related to the avirulence of the 

strain. 

Considering the pleiotropic effects and multifactor-

ial pathogenesis of I maritimum it is presumed that 

some cell surface components that differ between 

NUF1129 and other usual I maritimum strains may be 

related to the gliding motility and adherence and ult卜

mately influence the virulence in fish. To confirm this， 

further studies are necessary to characterize the inter-

esting cell-surface components 
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イシダイか5単離された MHCクラス Iとs2ミクログ

ロブリンの性状

C. Nikapitiya . S.-J. Jung . M.-H. Jung . J.-Y. Song 

J. Lee . J.開 H.Lee . M.・J.Oh

イシダイの主要組織適合性抗原クラス I遺伝子(以下，

RbMHC) とs2ミクログロプリン遺伝子(以下，

Rbs2m) を見いだしその cDNAの特徴を明らかにし

た。 RbMHCの cDNAは全長 2，667bp， Rbs2mの

cDNAの全長は 1，339bpであった。 RbMHCは，分子系

統樹解析では既知の MHCクラス IZlZE lineageの近傍

に位置付けられ，アミノ酸配列やモチーフは非古典的

MHCよりも古典的クラス Iにより似ており，マダイイリ

ドウイルスの感染により有意に発現量が増加した。この

ため， RbMHCはZlZElineageに属する新たな古典的ク

ラス Iであることが示唆された。 RbMHCとRbs2mは，

イシダイ正常魚、において調べた全器官で発現し特に全

血で、の発現量は他の器官に比べて有意に高かった。

魚病研究， 49 (3)，79ー84(2014) 

トラフグ病魚か5分離された非運動性 Tenacibaculum
maritimumの生物学的および血清学的性状

T. Rahman .菅向志郎・金井欣也・杉原志貴

滑走細菌症に羅患したトラフグから通常の樹根状コロ

ニーに混じって淡黄色小型円形コロニーを形成する t

maritimumが分離された。その代表株 NUF1129について

生物学的および血清学的性状を調べたところ，本菌株は

非運動性で¥ヒラメに対して病原性が認められなかった。

液体培養の際にフラスコ壁に付着しにくく，魚体表面へ

の付着菌数も強毒株に比べて少なかった。ゲル内沈降反

応において運動性株が共通に保有した菌体表在性抗原の

1つが検出されず，全菌体タンパク質の SDS-ポリアクリ

ルアミドゲ、ル電気泳動で、運動性株と異なるバンドパター

ンを示した。以上のことから，運動性や付着性に関連し

た菌体表在性物質が工 maritimumの病原性に関与するこ

とが示唆された。

魚、病研究， 49 (3)，113-120 (2014) 

粘液胞子虫性やせ病に対する高水温飼育の効果

知名真智子・中村博幸・漬川 薫・玉城英信

横山 博・益岡壮太・小川和夫

Enteromyxum leeiによる粘液胞子虫性やせ病に対する

高水温飼育の効果について，カクレクマノミの人為感染

魚と養殖ヤイトハタの自然感染魚を用いて調べた。カク

レクマノミに虫体を経口投与した直後から高水温 (30oC)

飼育すると， 1ヶ月の実験期間中，ほとんど寄生がみら

れなかった。また，虫体投与後， 230Cで20日間飼育して

感染を成立させてから300Cに昇温すると，寄生率が顕著

に減少した。さらに自然感染ヤイトハタを高水温飼育し

たところ，昇温6日後にはεleeiが検出されなくなった。

病理組織学的観察により，腸管上皮細胞の剥離・脱落に

伴って虫体が排植されるために回復することが示唆され

た。以上の結果より，高水温飼育により粘液胞子虫性や

せ病を予防・治療できる可能性が示された。

魚、病研究， 49 (3)，130-136 (2014) 

抗コイヘルベスウイルス鶏卵抗体 ClgY)の経口投与によ

るコイの受動免疫

Z. Liu . H. Ke・Y.Ma' L. Hao・G.Feng 

J. Ma・Z.Liang . Y. Li 
世界中でコイヘルベスウイルス (KHV)病による深刻

な被害が続いており，本病への新たな防除対策が求めら

れている。そこで，本研究では濃縮した KHVを2週間お

きに 3回注射して牝鶏を免疫し，その卵から抗 KHV鶏卵

抗体を精製し，その有効性を invivoおよび的 vitroで調べ

た。なお，試験区には抗 KHVIgYを対照区には非免疫鶏

卵から精製した等量の IgYを用いた。その結果，抗 KHV

IgYは，加 vitroでは CCB細胞への KHVの感染を阻害し，

in vivoでは攻撃前10日間の経口投与により， 40 

TCIDsJfishの KHVで攻撃されたコイの死亡率を85%か

ら50%に有意に低下させた (p<0.05)。抗 KHV鶏卵抗

体は， KHV病の防除対策に新たな道を切り開く可能性を

秘めている。

魚病研究， 49 (3)，85-92 (2014) 

カワハギレンサ球菌症ワクチンの薬理効果

南 隆之・岩田一夫・桑原正和・天野健一

水田篤・山下亜純・福田穣・西木一生

津江佑哉・吉田照豊

先の研究でカワハギに対する S.的iae市販ワクチン，

L. garvieae市販ワクチン，およびこれらの 2種混合ワク

チンの効果について評価した。本研究では，これら 3種

類のワクチンについて，効果持続性，地理的に由来が異

なる攻撃株に対する効果および、免疫期間中の水温の影響

を検討した。その結果，これらのワクチンは異なる種類

のS.iniaeおよびL.garvieae攻撃株に対して強い防御効

果を誘導しその効果は接種52週間後まで確認された。

また，これらのワクチンは水温150C，200Cおよび250C

で接種されたカワハギに防御効果を誘導した。

魚病研究， 49 (3)，121-129 (2014) 

用水の紫外線照射によるクドア属粘液胞子虫2種の防除
効果

白樫正・西村知代・亀島長治・山下洋

石谷浩江・石丸克也・横山 博

近年，クドア属粘液胞子虫による水産業や公衆衛生上

の被害が問題となっている。一般に魚体に寄生した粘液

胞子虫の駆虫は困難であるため，予防が現実的な対策と

なる。本研究では，K. yasunagaiとK.amamiensisにつ
いて飼育水の紫外線 (UV)照射による防除を試みた。ヒ

ラマサとブリの稚魚、をそれぞれのクドア種が見られる陸

上養殖施設で鴻過海水(対照区)もしくは市販の装置を

用いて UVを照射した棒、過海水 (UV区)で数ヶ月間飼育

した結果，対照区では高率で、寄生が見られ，使用した櫨

過処理で、は寄生が防げなかった。一方， UV区ではいずれ

の種も寄生が起らず， UV照射による防除効果が認められ

た。また，K. yasunagaiについては同一年齢でも小さい

ヒラマサ稚魚、で寄生率が高く，魚体サイズによって感受

性に違いがあることが示唆された。

魚病研究， 49 (3)，137-140 (2014) 
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