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  The present study was conducted to examine the mor-

phology and antigenicity of Photobacterium damselae 

subsp. piscicida by culturing the bacterium in vivo in the 

peritoneal cavity of sea bass (Dicentrarchus labrax) within 

dialysis bags with either a low molecular weight (LMW) 

cut-off of 25 kDa or a high molecular weight (HMW) 

cut-off of 300 kDa. Differences were observed in the 

growth rate between the bacteria cultured in vivo or in 

vitro. Bacteria cultured in vivo were smaller and produced 

a capsular layer, which was more prominent in bacteria 

cultured in the HMW bag. Antigenicity was examined by 

Western blot analysis using sera from sea bass injected 

with live Ph. d. subsp. piscicida. The sera recognised bands 

at 45 and 20 kDa in bacteria cultured in vivo in the LMW 

bag. Bacteria cultured in vivo in the HMW bag did not ex-

press the 45 kDa band when whole cell extracts were ex-

amined, although the antigen was present in their ex-

tracellular products. In addition, these bacteria had a 

band at 18 kDa rather than 20 kDa. Differences in glyco-

protein were also evident between bacteria cultured in vi-

tro and in vivo. Bacteria cultured in vitro in LMW and 

HMW bags displayed a single 26 kDa band. Bacteria cul-

tured in the LMW bag in vivo displayed bands at 26 and 

27 kDa, while bacteria cultured in vivo in the HMW bag 

possessed only the 27 kDa band. These bands may repre-

sent sialic acid. The significance of the changes observed 

in the bacterium's structure and antigenicity when cul-

tured in vivo is discussed.

Keywords: antigenicity, Photobacterium damselae subsp. pisci-
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Introduction 

  Photobacterium damselae subsp. piscicida, the causative 
agent of pasteurellosis, has been reported in yellowtail 
(Seriola quinqueradiata) in Japan [20]; hybrid striped bass 
(striped bass Morone saxatilis × M. chrysops) in the south-
ern United States [16]; and in sea bass (Dicentrarchus lab-
rax), sea bream (Spraus aurata), hybrid sea bass (Morone 
saxatilis × M. chrysops) and sole (Solea senegalensis) in 
the Mediterranean region [26,29,30]. The disease has ex-
acted considerable economic losses to the marine aqua-
culture industry in these regions, which has necessitated 
the development of an efficient vaccine [6,21,22,25,27]. In 
seeking to better understand the natural antigenic charac-
teristics of the pathogen, the bacterium has been grown un-
der "near in vivo" conditions. These conditions include iron 
limitation, which leads to production of siderophores 
[5,10-12,17,23]; glucose, which stimulates capsule for-
mation [5,7]; or in various concentrations of NaCl, which 
appears to affect the antigenicity of the bacterium [28].
  The effect of different culture conditions on the anti-
genicity of extracellular products (ECP) of the bacterium, 
which are responsible for most of the lethal effects ob-
served in fish, have also been examined [1,3].
  Identification and characterization of the antigens ex-
pressed by the bacterium during infection is important, not 
only for understanding the bacterium's pathogenesis, but 
also for developing effective vaccines and diagnostic tests 
[8,14]. Garduño et al. [14] examined the growth and ex-
pression of antigens by Aeromonas salmonicida after cul-
turing the bacterium in specialized chambers implanted 
within the peritoneal cavity of rainbow trout, Oncorhyn-
chus mykiss. The study represented the first fish pathogen 
to be cultured in vivo. More recently, the expression of anti-
gens by Ph. d. subsp. piscicida was examined following 
bacterial growth in dialysis tubing implanted in the peri-
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toneal cavity of sea bass [4]. These authors identified a 
number of novel antigens associated with the bacterium 
and ECP, and demonstrated that antigens induced under 
iron-restriction were conserved on bacteria grown in vivo.
  The aim of the present study was to examine the morphol-
ogy and antigenicity of P. damselae subsp. piscicida grown 
in vivo. The bacteria were cultured in dialysis tubing in the 
peritoneal cavity of sea bass. Two different molecular 
weight cut-offs (MWCO) of 25 kDa and 300 kDa were 
used. Morphological variations were ascertained using 
transmission electron microscopy (TEM), the presence of 
novel proteins and antigens was detected using sodium do-
decyl sulphate-polyacrylamide gel electrophoresis (SDS- 
PAGE) and Western blot analysis using sera from infected 
sea bass, and carbohydrate profiles were determined. 
These results were compared with the bacteria grown in 
vitro. 

Materials and Methods

Bacteria
  Photobacterium damselae subsp. piscicida isolate I752, 
which had been obtained from diseased sea bream in 1996, 
was identified using biochemical, morphological and sero-
logical analyses. The presently used bacterial stain was se-
lected after investigating the in vitro culture-dependent 
variation in the molecular weights of expressed antigens 
[19].
  Bacteria were routinely cultured in tryptone soya broth 
(TSB) or tryptone soya agar (TSA) at 22oC for 16 h. They 
were harvested and washed three times with sterile phos-
phate buffered saline (PBS: 0.02 M NaH2PO4.2H2O, 0.02 
M Na2HPO4.2H2O, 0.15 M NaCl, pH 7.2) at 2,900 × g for 
20 min at 4oC and resuspended in PBS. The concentration 
of the bacteria was determined spectrophotometrically at 
610 nm and adjusted to an absorbance of 1.0. The number 
of live bacteria in the suspension was determined as colony 
forming units (cfu).

Fish
  Sea bass (Dicentrarchus labrax) weighing an average of 
350 g that were used for the implantation work were ob-
tained from a commercial farm in Italy, and were main-
tained at the Dipartimento di Scienze della Produzione, 
Universita degli studi di Udine, Udine, Italy. The fish were 
housed in fibreglass tanks containing seawater of 24‰ sal-
inity at a temperature of 25-26oC. 

Implantation of bacteria in vivo
  Cellulose ester dialysis membranes with molecular 
weight cut-offs of 25 and 300 kDa were obtained from 
Spectrum Laboratories (USA). They were prepared by 
boiling in 10 mM NaHCO3, 1 mM EDTA for 30 min then 
washed twice with sterile distilled water. The membranes 

were cut into 5 cm pieces, one side was double-sealed with 
autoclaved string, and the membrane was filled with 1.5 ml 
of the bacterial suspension. The other end was then double 
sealed to form a small bag. Care was taken to remove pro-
truding edges, which could injure the fish when the bag 
was inserted into their abdominal cavity. The 25 kDa bags 
(n = 8) represented the low molecular weight (LMW) bag 
and the 300 kDa bags (n = 8) represented the high molec-
ular weight (HMW) bag. When one bag was implanted into 
a fish, another bag was incubated in vitro in the dark at 
22oC. For negative controls, three LMW and HMW bags 
containing only PBS that had been stored at 22oC were in-
dividually implanted into fish.
  Implantation of the dialysis bags was done using a mod-
ification of a previously described procedure by Garduño 
et al. [14]. Fish were anaesthetised with benzocaine (0.06 
g/l) and placed on a fish holder with the abdomen up to re-
strict movement. The skin was disinfected with 70% (v/v) 
ethanol and a 2 cm long incision, into which the dialysis 
bag was inserted, taking care not to injure internal organs. 
The incision was sutured using polyglactin 910 sutures 
(Ethicon, UK) and the sutured area was treated with dilute 
iodine solution (250 ppm) to minimise post-surgical in-
fection.
  Fish were starved for two days before and after implanta-
tion. Then they were fed daily and maintained under the 
conditions described above for a week. After this time, fish 
were sacrificed, placed on ice, and taken to the laboratory, 
where the dialysis bags were removed and fish examined 
for signs of pasteurellosis. Bacteria from bags of the same 
pore size were pooled together and placed on ice. The bac-
terial concentrations within pooled samples were de-
termined as cfu on TSA plates.
  A small sample of the bacteria was prepared for electron 
microscopy and another sample was spread onto a micro-
scope slide, stained with Indian ink, and examined by light 
microscopy for the presence of a capsule. The remaining 
bacteria were washed three times with PBS at 2,900 × g at 
4oC for 20 min, and their concentration adjusted to an OD 
of 1.0 at 610 nm.
  The supernatants containing bacterial ECP were also 
retained. These were filtered through a 0.22 μm filter, pre-
cipitated with 40% (w/v) ammonium sulphate overnight at 
4oC, and centrifuged at 2,900 × g for 1 h at 4oC. The pellets 
were washed with 40% (w/v) ammonium sulphate, and di-
alysed against three changes of PBS using dialysis tubing 
of the same pore size as that of the implants. The concen-
tration of the ECP preparations was determined using a 
protein determination kit (BioRad, USA) and adjusted to 
100 μg/ml with PBS.
  Both bacteria maintained in vivo and in vitro, and their re-
spective ECPs were mixed with electrophoresis sample 
buffer and stored at 󰠏70oC until analysed.
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Table 1. Growth of Photobacterium damselae subsp. piscicida in
vivo and in vitro in dialysis tubing bags

Isolate Sample 
No.

Culture 
conditions

Concentration of bacteria/ml

25 kDa* 300 kDa*

 I752 Initial† 8.7 × 105 ± 8.7 × 105 ± 
4.0 × 106 4.0 × 105

4 in vitro§ 1.2 × 106 ± 1.0 × 106 ±
3.0 × 106 4.3 × 106

4 in vivo‡ 3.0 × 108 ± 1.2 × 107 ±
5.2 × 108 2.7 × 107

*Pore size of dialysis bag. †Initial concentration of bacterial sus-
pension added to the dialysis tubing bags. §Dialysis tubing bags 
maintained in an incubator at 22oC for 7 days. ‡Dialysis tubing bags
Implanted into the peritoneal cavity of sea bass for 7 days. The in 
vivo and in vitro negative control bags containing PBS did not show 
any bacterial growth. Data are presented as mean ± SD.

Transmission electron microscopy
  Bacteria in a 200 μl suspension that had been adjusted to 
an OD of 1.0 at 610 nm were fixed in Karnovsky's fixative 
and centrifuged at 2,900 × g for 10 min at 4oC. Fresh fix-
ative was added and the bacteria pelleted as just described. 
TSA was dropped onto the bacterial pellets and left to 
solidify. The agar plugs were trimmed and incubated over-
night at 4oC in sodium cacodylate. The sample was post- 
fixed for 1 h with 1% osmium tetroxide, dehydrated 
through a graded series of ethanol, and embedded in Epoxy 
resin. Each resin block was incubated at 60oC for 48 h be-
fore obtaining sections approximately 90 nm thick. The 
sections were counter-stained with uranyl acetate and lead 
citrate and examined by TEM (HF-3300, Hitachi, Japan).

SDS-PAGE 
  SDS-PAGE was performed as described previously [18] 
for whole cell lysates of Ph. d. subsp. piscicida cultured in 
vivo and in vitro as well as for ECP. Bacteria (1 ml of a sus-
pension with an OD of 1.0 at 610 nm) and ECP (100 
mg/ml) that had been previously prepared in sample buffer 
were boiled for 3 min. A 15 μl volume of each sample was 
dispensed in individual wells and electrophoresis was con-
ducted at 180 V for 45 min. Pre-stained molecular weight 
markers (Bio-Rad, USA) were used as standards. The gels 
were stained with Coomassie brilliant blue R-250 (0.25% 
w/v) in 50% (v/v) methanol and 10% (v/v) acetic acid for 
4 h before destaining.

Western blot analysis
  Bacteria grown in vivo and in vitro, and the ECP of the 
bacteria grown in vivo were subjected to SDS-PAGE as 
outlined above, and the separated bacterial components 
were transferred to a nitrocellulose membrane using 60 V 
for 70 min. Prestained molecular weight markers (Bio- 
Rad, USA) were used as standards. Non-specific binding 
sites on the membrane were blocked with 1% w/v bovine 
serum albumin in Tris-buffered saline (TBS: 10 mM Tris, 
0.5 M NaCl, pH 7.5) for 1 h at 20oC. The membrane was 
washed three times for 10 min each with TBS containing 
0.1% (v/v) Tween-20 (TBST). Membranes were incubated 
overnight at 4oC with anti-Ph. d. subsp. piscicida sera 
raised in sea bass against live Ph. d. subsp. piscicida [18]; 
the sera from five fish were pooled and diluted 1：10 with 
TBST. Each membrane was washed as described above 
and then incubated with an anti-sea bass IgM monoclonal 
antibody (Aquatic Diagnostics, UK) for 3 h at 20oC. Each 
membrane was then washed three times with TBST before 
incubation with anti-mouse IgG-biotin conjugate (Diagno-
stics Scotland, UK) diluted 1：100 in TBST. After 2 h at 
20oC, each membrane was washed as above and incubated 
with a 1：100 dilution of streptavidin-horseradish per-
oxide (Diagnostics Scotland, UK) in TBST for a further 2 
h at 20oC. The blots were washed three times with TBST, 

10 min per wash, once with TBS, and finally with PBS. 
Each blot was developed in solution containing 20% (v/v) 
4-chloro-naphthol (3 mg/ml in methanol) in PBS, to which 
0.01% (v/v) hydrogen peroxide was added just before use. 
The reaction was stopped with distilled water.

Detection of total carbohydrate 
  Bacteria grown in vivo and in vitro and the ECP recovered 
from the dialysis bags were subjected to SDS-PAGE as de-
scribed above. Bacterial components from the gel were 
transferred to a nitrocellulose membrane, and the total car-
bohydrate present was determined using an glycoprotein 
determination kit (Immun-Blot; Bio-Rad, USA) as pre-
viously described by Jung et al. [18], with the exception 
that the membrane was treated with 10 mM sodium period-
ate in the dark at 22oC prior to addition of biotinylation 
solution.

Results

Bacterial growth
  Comparison of bacterial growth in vivo within the dialysis 
bags to that of bacteria maintained in vitro revealed that 
scant bacterial growth occurred in dialysis tubing main-
tained in vitro, while numbers of bacteria raised in vivo 
were over 1000-fold and 100-fold greater in the LMW and 
HMW bags, respectively (Table 1). PBS that was used as a 
negative control in vivo escaped from the implanted bags, 
as the bags were empty upon sampling.

Electron microscopy
  When bacteria cultured in vivo were examined under a 
light microscope after staining with Indian ink, they ap-
peared smaller than bacteria grown in vitro and were coc-
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Fig. 1. Electron microscopic examination of Photobacterium 
damselae subsp. piscicida (I752) cultured in vivo and in vitro. 
Arrows indicate capsular material. (A) Bacteria grown in vivo in
300 kDa dialysis tubing (HMW bag). Bar = 0.1 μm. (B) Bacteria 
grown in vivo in 25 kDa dialysis tubing (LMW bag). Bar = 0.1 
μm. (C) Bacteria grown in vitro in 300 kDa dialysis tubing 
(HMW bag). Bar = 0.2 μm.

Fig. 2. Coomassie brilliant staining of SDS-PAGE of Photo-
bacterium damselae subsp. piscicida and their extracellular 
products (ECP) after culturing in vivo and in vitro. Lane 1: 
molecular weight marker, Lane 2: bacteria maintained in vitro in
25 kDa dialysis tubing (LMW bag), Lane 3: concentrated ECP of
bacteria shown in Lane 2, Lane 4: bacteria maintained in vitro in 
300 kDa dialysis tubing (HMW bag), Lane 5: concentrated ECP 
of bacteria shown in Lane 4, Lane 6: bacteria maintained in vivo
in 25 kDa dialysis tubing (LMW bag), Lane 7: concentrated ECP
of bacteria shown in Lane 6, Lane 8: bacteria maintained in vivo
in 300 kDa dialysis tubing (HMW bag), Lane 9: concentrated 
ECP of bacteria shown in Lane 8.

Fig. 3. Western blot analysis with anti-Photobacterium damselae
subsp. piscicida sea bass sera against Ph. d. subsp. piscicida
(I752) and their extracellular products (ECP) after culture in vivo
and in vitro. Lane 1: bacteria maintained in vitro in 25 kDa 
dialysis tubing (LMW bag), Lane 2: concentrated ECP of 
bacteria shown in Lane 1, Lane 3: bacteria maintained in vitro in 
300 kDa dialysis tubing (HMW bag), Lane 4: concentrated ECP
of bacteria shown in Lane 3, Lane 5: bacteria maintained in vivo
in 25 kDa dialysis tubing (LMW bag), Lane 6: concentrated ECP
of bacteria shown in Lane 5, Lane 7: bacteria maintained in vivo
in 300 kDa dialysis tubing (HMW bag), Lane 8: concentrated 
ECP of bacteria shown in Lane 7.

coid in shape. Since it was not possible to determine the 
presence of capsule in the bacteria produced in vivo using 
light microscopy, they were examined by TEM.
  Ph. d. subsp. piscicida cultured in vivo in the HMW bag 
(Fig. 1A) and LMW bag (Fig. 1B) possessed a clear dense 
layer that was not evident with bacteria cultured in vitro in 
the HMW bag (Fig. 1C). Furthermore, differences were ap-
parent in the size of the bacteria cultured in the LMW bag, 
which were larger than those raised in the HMW bag or cul-
tured in the bags in vitro. No differences were found be-
tween bacteria culture in vitro within the different bags 
(data not shown).

Electrophoresis
  Differences between bacteria cultured in vivo and in vitro 
were evident in Coomassie brilliant blue stained SDS- 
PAGE profiles (Fig. 2). No differences were observed in 
the molecular weights or the intensity of bands in the 
SDS-PAGE profiles of bacteria cultured in vitro in the 
LMW or HMW bags. However, differences were seen be-
tween bacteria cultured in vivo in the LMW bag compared 
with bacteria from the HMW bag. While both populations 
of bacteria expressed bands with molecular weights of 84, 
56, 48, and 18 kDa, a band of approximately 52 kDa was 
found only with bacteria grown in the HMW bag, and a 45 
kDa band was associated with bacteria grown in the LMW 
bag. Although the latter band was not present in the whole 
cell lysate of bacteria from the HMW bag, it was present in 
the ECP of the bacteria cultured in vivo in both bags. The 
band at 74 kDa in the ECP of bacteria cultured in vivo in 
both the HMW and LMW bags was particularly heavily 
stained. Other common bands of the ECP obtained from 
the two bags included bands at 18, 26, 34, and 45 kDa. 
There was little similarity in the Coomassie blue profiles 
between bacteria cultured in vivo and in vitro, although a 
few common were observed.

Western blot analysis
  Sera collected from fish experimentally infected with Ph. 
d. subsp. piscicida [19] were used to screen bacteria cul-
tured in vivo and in vitro and the ECP of these bacteria. As 
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Fig. 4. Carbohydrate determination on Photobacterium 
damselae subsp. piscicida (I752) and in their extracellular 
products (ECP) after culture in vivo and in vitro. Lane 1: 
concentrated ECP of bacteria shown in Lane 2, Lane 2: bacteria 
maintained in vivo in 300 kDa dialysis tubing (HMW bag), Lane 
3: concentrated ECP of bacteria shown in Lane 4, Lane 4: 
bacteria maintained in vivo in 25 kDa dialysis tubing (LMW 
bag), Lane 5: concentrated ECP of bacteria shown in Lane 6, 
Lane 6: bacteria maintained in vitro in 300 kDa dialysis tubing 
(HMW bag), Lane 7: concentrated ECP of bacteria shown in 
Lane 8, Lane 8: bacteria maintained in vitro in 25 kDa dialysis 
tubing (LMW bag).

shown in Fig. 3, distorted staining of the 74 kDa band was 
obtained with whole cell extracts of bacteria cultured in vi-
tro and in vivo, and also with ECP from bacteria cultured in 
vivo. The sera identified bands at 24, 26, 45, 47, and 65 
kDa, as well as species of lower molecular weight located 
at the running front of the gel with bacteria cultured in vitro 
in both the HMW and LMW bags. Bacteria grown in vivo 
in the LMW and HMW bags, on the other hand, had no 
bands in common except for the 74 kDa band. However, a 
band of approximately 45 kDa was evident in the ECP of 
bacteria cultured in both the LMW and the HMW bags. 
Bacteria cultured in vivo in the LMW bag had two bands in 
common with their ECP (45 and 20 kDa), while bacteria 
cultured in vivo in the HMW bag did not show any bands in 
common with ECP except for the 74 kDa band. Bacteria 
cultured in the HMW bag contained a band at 90 kDa, and 
a doublet at 18 kDa, while their ECP contained bands at 74 
and 45 kDa.

Detection of total carbohydrate
  Detection of total carbohydrate revealed only one band at 
approximately 26 kDa with bacteria cultured in vitro (Fig. 
4). Bacteria cultured in the LMW bag in vivo exhibited 
bands at 26, 27, 29, 34, 68, and 79 kDa, while bacteria cul-
tured in the HMW bag in vivo had bands at 27, 34, 39, and 
79 kDa. Staining of the 27 and 79 kDa bands of bacteria 
cultured in HMW bag in vivo was particularly intense, as 
were the bands at 26, 27, and 79 kDa of bacteria cultured in 

the LMW bag in vivo. Carbohydrate staining of the ECP of 
bacteria grown in vivo was not very clear except for a band 
at 84 kDa in bacteria cultured in the HMW bag.

Discussion

  In an attempt to examine some of the morphological and 
antigenic characteristics of Ph. d. subsp. piscicida during 
infection, the bacterium was cultured in vivo in the peri-
toneal cavity of European sea bass. Differences in the 
growth rates were observed between in vivo or in vitro bac-
terial cultures. The bacteria cultured in vitro showed very 
little differences in growth because the bacteria were pre-
served in PBS. Electron microscopy revealed that the bac-
teria cultured in vivo were smaller and produced a capsular 
layer, which was more prominent in bacteria cultured in the 
HMW bag. The smaller appearance of bacteria in vivo may 
be due to supercoiling, which has been proposed as a mode 
of regulating virulence genes in response to temperature, 
anaerobiosis, and osmolarity changes [31]. The capsular 
layer appeared to be composed of dense material and thin 
strands projected from the surface of the cell. Elaboration 
of a capsule by Ph. d. subsp. piscicida appears to depend on 
the availability of iron and the growth phase of the bacte-
rium, with iron limitation and an early growth phase induc-
ing a distinct capsule [10]. The presence of a capsular layer 
on the bacterium confers resistance to serum killing and in-
creases the degree of virulence of encapsulated strains 
[2,10].
  The present observation of fewer protein bands in in vivo 
grown bacteria as compared to their in vitro grown counter-
parts may be a consequence of the different exclusion lim-
its of the dialysis bags, variations in size and holding con-
ditions of the fish, and the use of different isolates. Sea bass 
sera raised against Ph. d. subsp. piscicida recognised anti-
gens of differing molecular weights depending on whether 
the bacteria had been cultured in vitro or in vivo. The ab-
sence of low molecular weight antigens in bacteria cul-
tured in vivo agrees with previous observations [3,4]. 
Bakopoulos et al. [4] identified bands at 52, 44, and 21.3 
kDa using sea bass sera raised against live bacteria, and 
bands at 52, 44, 39.5, 34.7, and 21.3 kDa with sea bass sera 
raised against formalin inactivated cells cultured in a modi-
fied yeast based medium. The 45 and 20 kDa bands from 
bacteria grown in vivo in the present study may represent 
the 21.3 and 44 kDa bands identified by Bakopoulos et al. 
[4]. However the bands recognized on bacteria from the 
HMW bag in this study were not reported by Bakopoulos et 
al. [4], presumably because these authors used dialysis tub-
ing with a low MWCO, thus restricting the flow of nu-
trients through the bag.
  The effect of iron limitation on the antigenicity of the bac-
terium using sera from sea bass injected with live and heat 
killed Ph. d. subsp. Piscicida to screen bacteria cultured 
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under iron limitation has been previously reported by Jung 
et al. [19]. Two major bands at 24 and 47 kDa were recog-
nized by the sera when bacteria were cultured in TSB, and 
at 45 kDa and 22 kDa when bacteria were cultured in iron 
restricted TSB. In the previous and present studies, sera 
raised against live bacteria reacted with bands of 24, 22, 20, 
and 18 kDa depending on whether the bacteria had been 
cultured in TSA, under iron limitation, or in vivo. The var-
iations observed in the antigenic bands could have been 
caused due to differential expression of these antigens by 
Ph. d. subsp. piscicida depending on its culture environ-
ment. Alternatively, the bands may represent different 
molecules that share the same antigenic site, or the same 
molecule may be processed differently by the immune sys-
tem of the fish. The bands at 47 (present under TSB cul-
ture) and 45 kDa (present under iron limitation and culture 
in vivo) are also thought to be the same antigen, which dif-
fer in size depending on the growth environment of the 
bacterium. This band is also present in the ECP of bacteria 
cultured in the LMW bag, suggesting that this molecule is 
secreted.
  Differences observed in the glycoprotein profile of the 
bacteria cultured in vitro and in vivo suggests that the ex-
pression of these protein molecules is dependent on bacte-
rial culture conditions. The carbohydrate bands identified 
in the present study may represent sialic acids [18]. High 
molecular weight carbohydrate material was also present 
on the bacteria, perhaps related to the presence of a bacte-
rial capsule in vivo.
  The overall variations observed between bacteria cul-
tured in vivo and in vitro may reflect differences in their vir-
ulence or in antigen expression. When A. salmonicida is 
grown in vivo in the peritoneal cavity of rainbow trout a 
capsule is produced, which is linked to virulence [14]. 
Aeromonas salmonicida grown in glucose-rich medium 
(GRM) in vitro also produce capsular material [13]. 
Thornton et al. [32] reported that when A. salmonicida are 
grown within the peritoneal cavity of rainbow trout, unique 
antigens are expressed as determined by Western blot anal-
ysis using immune rabbit serum raised against cells grown 
in vivo. Comparison between bacteria cultured in GRM 
and in vivo by Western blots conducted using this serum 
have shown that bacteria cultured in GRM possess similar 
surface antigens to those expressed in vivo [14]. The ECP 
of Ph. d. subsp. piscicida cultured in vivo appears more 
toxic than ECP of bacteria grown in vitro [4].
  It was presently noted that after removing the bags from 
the peritoneal cavity of the fish, most bags were covered 
with a thin layer of cells. Histological examination of these 
dialysis bags revealed that the bags were covered with fi-
brocytes and fibroblasts, together with a small amount of 
inflammatory cells (data not shown). When this layer was 
first observed, it was assumed that macrophage infiltration 
had occurred, as inflammatory cells are known to migrate 

to sites of bacterial stimulus [9]. However, the cells were 
identified as fibroblasts and fibrocytes, and very few mac-
rophages were present. The nature of the cells covering the 
bags suggests that the ECP of Ph. d. subsp. piscicida does 
not trigger an inflammatory response in the peritoneal cav-
ity, or the ECP produced by the bacteria are unable to pass 
through the membrane of the bags.
  The differences seen between bacteria cultured within the 
HMW and the LMW bags in vivo may be a result of differ-
ences in nutrients and soluble substances present within the 
two bags or may represent different stages of infection. The 
immune system of fish may recognise different antigens 
associated with phenotypic changes in the bacterium due to 
culture conditions, and this may explain differences seen in 
the molecular weight of some molecules recognised by the 
fish antibodies (i.e. the 24, 22, 20, and 18 kDa bands). 
Further detailed studies on the identification of the anti-
genic bands and their importance in pathogenicity of the 
bacterium and efficiency for inducing an immune response 
will be valuable in spurring the development of a vaccine 
against pasteurellosis.
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