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NOTE 

Serological relationship of Photobacterium damsela subsp. 
piscicida isolates (the causative agent of fish pasteurellosis) deter- 
mined by Western blot analysis using six monoclonal antibodies 
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ABSTRACT: Six monoclonal antibodies (MAbs) produced 
against whole cells of Photobacterium damsela subspecies 
piscicida were tested against 48  strains of the bacterium from 
Europe, Japan and the Middle East in a serological study by 
Western blot analysis. Four of these MAbs (WE14, WE15, 
WE12 and WE3) reacted with low molecular weight material 
(of lipopolysacharide nature). These were present in all the 
strains tested (with only one exception, Japanese strain 
SP92065) and the only differences noted between strains 
were of a quantitative nature. MAb VP4, which is directed 
against a 78 kDa cell protein, also reacted with all strains 
tested except SP92065. Interest~ngly, differences in reaction 
were noted with MAb WE9, which reacts with a range of 
proteins. These differences were particularly marked be- 
tween the Japanese and European strains tested. 

KEY WORDS: Photobacten'um damsela subsp. piscicida . Fish 
pasteurellosis . Serology . Monoclonal antibodies. Western blot 

Fish pasteurellosis was first reported in the USA by 
Snieszko et al. (1964) from an epizootic of white perch 
Roccus americanus and striped bass Morone saxatilis. 
Based on phenotypic characteristics the pathogen that 
was isolated was placed taxonomically in the genus 
Pasteurella as P. piscicida by Janssen & Surgalla 
(1968). The disease became very important in Japan, 
and was first reported in 1970 (Kubota et al. 1970), 
affecting young yellowtail Seriola quinqueradiata 
culture. Recently the disease was reported in Europe 
affecting the marine fish farming of sea bass Dicen- 
trarchus labrax, sea bream Sparus aurala, mullet 
Mugilidae, turbot Scophthalmus maximus  and other 
marine species (Baudin-Laurencin et al. 1991, Ceschia 
et al. 1991, Toranzo et al. 1991). 

Gauthier et al. (1995) performed DNA homology 
studles on the pathogen and reported 80 % relatedness 
with Photobacterium damsela. The authors concluded 
P, piscicida should be placed in the genus Photobac- 
terium as Ph. dainsela subsp. piscicida. 

Isolates of the pathogen of various origins have been 
studied phenotypically. Biochemically, Photobacterium 
damsela subsp, piscicida has been shown to be uniform 
with only minor differences derived, mainly, from dif- 
ferences regarding storage and growth in  vitro as well 
as experimental methodology (Janssen & Surgalla 
1968, Kusuda & Yamaoka 1972, Bakopoulos et  al. 
1995a). In addition, only quantitative differences were 
reported when the pathogen was analysed phenotypi- 
cally (Nomura & Aoki 1985, Magarinos et al. 1992). 
Antigenically, Ph. damsela subsp, piscicida has been 
shown to be similar over wide geographical areas 
(Magarinos et  al. 1992); nevertheless, differences do 
exist for some isolates at high molecular weights (MW) 
as was demonstrated in western blot (WB) analysis of 
the pathogen with polyclonal antibodies (PAb) 
(Bakopoulos et al. 1995b). Finally, ribotype analysis of 
the pathogen (Magarinos et al. 1995) suggested the 
existence of genetic diversity among P. piscicida iso- 
lates with 3 ribotypes identified. Ribotype 1 repre- 
sented Spanish and Italian isolates while ribotypes 2 
and 3 represented French and Japanese strains, 
respectively. 

Six monoclonal antibodies (MAbs) to Photobacterium 
damsela subsp, piscicida (hereafter Ph.d.p.) have re- 
cently been developed and characterised, and their 
specificity tested (Bakopoulos et al. 1996). The aim of 
this study was to use these MAb probes to investigate 
serological differences between Ph.d.p. strains of dif- 
ferent geographical origins. 

Materials and methods. Bacteria: 48 Ph.d.p. strains 
isolated from Greece (31), France ( l) ,  Italy (6), Japan 
(9) and Israel (1) (SA300695, isolated from sea bream in 
1995) were used in this study. Their details were pro- 
vided in Bakopoulos et al. (1996). 

Culture conditions. All strains were grown in tryp- 
tone soy broth (TSB) with NaCl at  a final concentra- 
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tion of 2% and in the presence of the iron chelator 
Dipyridyl (Sigma) at a concentration of 0.175 mM. 
Inoculated medium (25 ml) was incubated at 22OC in a 
cooled incubator until satisfactory growth was ob- 
tained (48 to 72 h).  

Bacterial cells were harvested by centrifugation at 
3000 X g for 90 min at 4OC. Cells were then washed 
twice with phosphate-buffered saline (PBS), pH 7.2, 
and the washed pellet was resuspended in PBS, pH 7.2. 
The optical density (OD) at 610 nm was measured and 
recorded and the suspensions were frozen at 7 0 ° C  
until needed. 

Monoclonal antibodies (MAbs): Six MAbs were used 
in this study, namely, WE9, VP4, WE14, WE15, WE3 
and WE12. These MAbs had been previously charac- 
terised and their specificity determined (Rakopoulos 
et al. 1996). The cell lines were grown in Dulbecco's 
modified Eagle's medium supplemented with 10% 
fetal calf serum, Na-pyruvate, L-glutamine and peni- 
cillin/streptomycin at 37OC and 5 % COz. 

Electrophoresis: Calculated volumes of each Ph.d.p. 
strain suspension in PBS (according to its OD at 
610 nm) were centrifuged at 11 600 X g for 15 min at 
room temperature in a microcentrifuge. The bacterial 
pellet was then resuspended in 200 p1 of electro- 
phoresis sample buffer (Nomura & Aoki 1985) and 
analysed by SDS PAGE. 

Electrophoresis was performed according to the 
method of Laemmli (1970) on polyacrylamide gels, 12 % 

separating and 4 % stacking. Samples were boiled for 
10 min prior to electrophoresis and then centrifuged at 
11 600 X g for 5 min. Gels were run in duplicate, one 
being stained with Coomassie Blue and the other 
utilised for WB analysis. Biorad low range standards 
were used in the former gel while prestained broad 
range standards were utllised in the latter gel. Stan- 
dards were boiled for 3 mln prior to application. 

Staining: Electrophoresed gels were stalned with 
Coomassie Blue ( l  '% of the dye in methano1:acetic 
acid:water, 4:1:5, respectively) for 30 min and then 
destained until good contrast was achieved. 

Western blot analysis with MAbs: The transfer of the 
electrophoresed Ph.d.p. strains from gels to nitrocellu- 
lose paper and the subsequent WB analysis was per- 
formed according to the method of Wiens et al. (1990). 

Results. Electrophoresis: The electrophoretic analy- 
sis of Ph.d.p. whole cells is shown in Fig. 3. for 7 of 
the strains tested. All 4 8  strains gave similar electro- 
phoretic patterns. The majority of cell material was 
evident between 37 and 95 kDa. Bands are also evi- 
dent at  lower MW, ranging from 13 to 24 kDa. Only 
minor quantitative differences were noted between 
strains. In addition, some of the Italian and most of the 
Japanese strains possessed cell material as a smear at 
very high MWs (data not shown). 

Fig. l .  Electrophoretic analysls of Photobacterium damsela 
subsp. piscicjda. Lane 1: molecular weight standards; 2. PN3, 

3: PN510; 4 :  PN510a, 5: FR10831; 6: 1736; 7: 1746, 8. I1009 

Western blot analysis: A representation of the WB 
analysis of Ph.d.p. whole cells with MAb WE3 is shown 
in Fig. 2. Both WE3 and WE15 MAbs reacted with 
material at low MW ranging from 8 to 15 kDa. The 
reaction of the MAbs was similar for all the strains 
tested and only quantitative differences were noted 
regarding the 15 kDa material. In addition, the Japan- 
ese SP92065 strain seemed to lack the latter material 
(data not shown). 

MAb WE9 reacted with numerous bands, as shown in 
Fig. 3. The reaction observed in lane 6 (11210) was ob- 
tained for the majority of strains with the MW ranging 
from 33 to 213 kDa. However, the reaction of MAb WE9 
with strains TPF88012 (lane 2), TT90009 (lane 3), I1207 
(lane 7), SKP88020, KP9038, SP92144 and to a lesser 
degree HT9001 1 (data for the last 4 strains not shown) 
differed (at high MW) as is evident in Fig. 3. In addition, 
differences were noted wlth strains M28561, TPF88012, 

Fig. 2. Western blot analysis of Photobacterium damsela 
subsp. piscicida with the M A b  WE3. Lane 1. THP3; 2: THP1; 
3: SEL2; 4: SEL1; 5: N3; 6: K13b; 7: K13a; 8: molecular weight 

standards 
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Fiq 3 Western blot analys~s of Photobactenum darnsela subsp 
pi~cicida w ~ t h  thc LlAb WE9 I alie 1 M28561, 2 TPF88012, 3 
TT90009, 4 SP9L065, 5 11301, 6 11210, 7 11207, 8 molec- 

ular weight standards 

TT90009 and SP92065 (lanes 1 to 4, respectively), where 
lower react~ve materlal was evldent in the MW range of 
approximately 33 to 50 kDa in comparison with other 
strains Strain SP92065 also possessed a n  additional 
band at 30 kDa which reacted with MAb WE9 (lane 4) 

Flg 4 shows the WB analysis with MAb VP4, which 
reacted with 1 band at  approximately 78 kDa from all 
the strains tested except foi SP92065 

The reaction of MAb WE12 is shown In Flg 5 Both 
WE12 and WE14 MAbs reacted strongly wlth low MW 
material (8 to 14 kDa) The same reaction pattern was 
observed for all the strains tested 1~1th only mlnoi 
quantitative differences A representative pattern of 
the reactlon wlth the majority of the strains IS shown in 
lanes 1 to 3 Some quantltatlve differences were pre- 
sent wlth some strains (lanes 5 and 6) 

Discussion. Several methods have been devlsed to 
recognise inter- and intra-speclflc bacterial d~verslty 
Including electrophoretic serologlcal and DNA analy- 
sis Davies (1991) was able to identlfy different Yer- 
sinla I uckerl biotypes, serotypes and outer membrane 
types within serotypes using electrophoretlc and sero- 
logical analysis of isolates of the pathogen of various 

Fig. 4 .  Western blot analysis of Photobacterium darnsela subsp. 
pjscicjda with the MAb VP4.  Lane 1 M28561; 2. TPF88012; 
3.  TT90009; 4:  SP92065; 5. 11301; 6:  11210; 7: 11207, 8: molec- 

ular w e ~ g h t  standards 

Flg 5 Western blot analysls of Photobactenum darnsela 
subsp piscic~da with the MAb LjVE12. Lane 1: THP3; 2 -  THP1; 
3 SEL2, 4 SEL1; 5-  N3; 6.  K13b; 7: K13a; 8: molecular w e ~ g h t  

standards 

origins, and Zhao & Aoki (1992), using plasmid profile 
analysis of Pasteurella piscicida, were able to detect 
lntraspecific qualitative differences. In the present 
study an electrophoretic-serological (use of MAb 
probes) approach to identifying Ph.d.p. intraspecific 
variations was taken. 

The electropherogram patterns of Ph.d.p. (Fig. 1) 
represent the typlcal whole cell material analysis of the 
pathogen. Such patterns have been published in previ- 
ous studies by the authors (Bakopoulos et a1 1995b, 
1996), and the differences noted at high MWs for some 
of the strains were reconfirmed in this study. 

Recent studies (Bakopoulos et al. 1996) have also 
characterised the 6 MAbs utilised in thls paper with 
regard to specificity and antigen binding. 

WB analysis of 48 strains of Ph.d.p. with the 6 MAbs 
showed that 4 of the MAbs (WE3, WE15, WE12, WE14) 
reacted in a similar manner with all the strains tested, 
with only minor quantitative differences. Only one 
Ph.d.p. strain, the Japanese SP92065, reacted differ- 
ently in comparison with other strains with MAbs WE9, 
WE3, WE15 and VP4. MAb WE9, however, revealed 
marked antigenic differences, especially between 
Japanese and European strains. 

MAbs WE3, WE15, WE12 and WE14 are directed 
against low MW cell material which for WE3 and  
WE15 was proven to be lipopolysaccharide, and for 
WE12 and WE14 of either glycolipid or lipoprotein 
nature (Bakopoulos et  al. 1996). MAbs WE3 and WE15 
were shown in specificity studies to be specific for 
Ph.d.p. while MAbs WE12 and WE14 crossreacted 
with other photobacteria (Bakopoulos et al. 1996). This 
WE3-, WE15- reacting cell material represents a stable 
feature of all the Ph.d.p. studied and,  therefore, may be  
a good candidate for vaccine developn~ent.  

MAb WE9, which has been shown to react with a 
broad range of genera in specificity studies (Bakopou- 
10s et al. 1996), reacts with a variety of whole cell prod- 
ucts from Ph.d.p. The reactive material may represent 
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breakdown products of major cell material as well as 
the presence of a common epitope (the antigen with 
which WE9 is reacting) on most of the cell proteins 
ranging from 33 to 200 kDa. The antigenic differences 
which WE9 revealed between Japanese strains (and 
the Italian 11207) and European strains confirms the 
genetic diversity among Ph.d.p. suggested by Magari- 
nos et al. (1995), who reported 3 different ribosomal 
types of the pathogen. Japanese strains were allocated 
to type 3, Spanish and Italian strains to type 1, and 
French strains to type 2. Besides the Japanese strains, 
an Italian strain showed similar differences in the reac- 
tion with MAb WE9 when compared with the majority 
of the Ph.d.p. strains tested and this may suggest that 
ribotypes or different serotypes of the pathogen can be 
found among strains of the same origin as a result of an 
evolutionary process, or that strains from Japan may 
have entered Europe via fish transfer. An argument in 
favour of this is that fish photobacteriosis (pasteurel- 
losis) has been an endemic disease in Japan for almost 
3 decades (Kubota et al. 1970) while in Europe it was 
first reported 5 yr ago. 

The use of polyclonal antibodies in previous studies 
(Magarinos et al. 1992) failed to recognise any anti- 
genic differences among Pasteurella piscicida strains. 
This opposite result to the present study is not surpris- 
ing, since in the present study the antigens of the 
pathogen were tested with antibodies having speci- 
ficity against certain immunogens. In contrast, poly- 
clonal antibodies represent a mixture of antibodies 
specific for a mixture of antigens, thus making the 
recognition of minute serological differences difficult. 

Further research on ribotypes, knowledge concern- 
ing the way they influence the antigenicity of the 
pathogen and the ways that the ribotypes can be influ- 
enced would shed more light on the differences among 
strains of Ph.d.p. from various origins. This could also 
positively affect diagnostic and vaccine development 
plans for the future. 
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