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Abstract

The effects of Extracellular products (ECP) of Aeromonas hydrophila on Penaeus indicus were
assessed by haemolymph study. ECP was obtained by growing the pathogenic bacterium on
sterile cellophane sheets over TSA plates followed by suspension in normal saline, centrifuga-
tion and filtration. Protein profile of ECP was analysed by SDS-PAGE. Five groups of P. indicus
and a control group were maintained to study the effect of five different concentrations of the
ECP of A. hydrophila on haemolymph factors. There were rapid behavioural changes and
gross pathological alterations like loss of appetite, abnormal swimming behaviour, melanisation
on abdomen and soft shell syndrome. The mortality rate for each concentration of ECP was
determined. The total haemocyte count was assayed in all groups at different hours. There
was reduction in the number of haemocytes with each higher concentration of the ECP. These
changes are attributed to the virulent factors in the ECP of Aeromonas hydrophila.

Introduction

Among the bacterial diseases of
shrimps, the diseases caused by bacteria
belonging to the family Vibrionaceae oc-
cupies paramount position (Sindermann,
1971; Lightner, 1977, 1983). Aeromonas
hydrophila is an important member of
Vibrionaceae which cause disease condi-
tion like shell disease, haemocytic enteri-
tis, juvenile septicaemia and wound
infections (Lightner, 1977). Reports of
occurrence of Aeromonas sp. were mostly
from Penaeus japonicus, P. indicus and
P. stylirostris (Yasuda and Kiyao., 1980;
Lewis et al., 1982; Singh et al., 1985).
Aeromonas sp. were isolated from a
number of conditions in P. indicus.
They have also been associated with soft
shelled prawns (Baticadas et al., 1986).
Aeromonas occupied a dominant position
in 10-20 ppt in rearing tanks of shrimps

(Huang et al., 1994) and frequently iso-
lated from P. monodon and P. indicus
(Chang et al., 1996).

These bacteria produce certain extra-
cellular toxins which has got pathogenic
effect on fishes. The ECP of Aeromonas
hydrophila are important in causing the
disease manifestations. The pathogenesis
of most of the members of the family
Vibrionaceae were attributed to the extra-
cellular products secreted by them. Beta
haemolysin (Berheimer et al., 1974), en-
terotoxins (Wadstrom et al., 1976) and
leucocytolytic factor (Fuller et al., 1977)
have been observed in the ECP of A.
hydrophila. A multienzyme complex with
acyltransferase and phospholipase activ-
ity has been reported in A. hydrophila
(MacIntyre and Buckley, 1978).

Though a lot of studies has been done
on the ECP isolated from A. hydrophila,



these studies were mostly confined to
characterisation of various factors and
their activity invitro. Not much work has
been done on the effect of these toxins
invivo. There were no reports on the effect
of ECP on shrimps. Hence a study was
planned to assess the effect of ECP of A.
hydrophila on the haemolymph factors of
P. indicus.

The haemolymph is an important com-
ponent involved in the respiration, diges-
tion and the defence mechanism of crus-
taceans. Hence any effect on the
haemolymph has a bearing on the immu-
nity of the animal. The attempt was made
to understand the effect of toxins on the
cellular defence factors of the prawn.

Material and methods.

The effect of ECP of Aeromonas
hydrophila was studied in P. indicus of
mean body weight 5-7 gm. The experi-
mental set up consisted of maintaining 6
numbers of 50 litre plastic tubs stocked
with 8 shrimps each. Salinity was main-
tained between 15 and 20 ppt and mean
temperature being 28 + 1°C. The shrimps
were fed with pelleted feed 2-3% of body
weight twice daily. Triplicates were main-
tained for the experiment. Bacterial strains
for the experiment was isolated from dis-
eased fish sample. The pathogenic strain
of A. hydrophila was inoculated in TSB
and routinely cultured in TSA at 28°C for
24-48 hours. The strain was also stored on
TSA slants for further use at 4°C.

ECP preparation

The ECP was prepared according to
Nieto and Ellis (1986). In order to obtain
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ECP free of the cultured medium, the
culture of Aeromonas hydrophila in Tryp-
tic Soya Broth (TSB) were inoculated into
sterilized cellophane sheets overlying Tryp-
tic Soya Agar (TSA) plates and incubated
at 28°C for 24 hours. The log phase cul-
ture was harvested and cells were sus-
pended in about 5-7 ml of normal saline
and centrifuged at 6000 rpm for 20 min.
The supernatant (ECP) was sterilized by
filtration by passing through 0.22p
millipore filter. For each experiment, the
ECP was freshly prepared.

Total Protein Assay

Total protein content in the ECP of
Aeromonas hydrophila was estimated by
the Folin-Ciocalteau phenol method of
Lowry et al., (1951).

Protein Profile of ECP.

The protein profile of bacterial ECP was
studied by SDS-PAGE as per the methods
of Laemmeli (1970).

Standardisation

The shrimps reared were exposed to
minimum concentration of the ECP for
standardising the experiment. The ECP
was injected between the abdominal seg-
ments on the ventral side of the animal.
Study of mortality pattern

The levels of administration of ECP was
divided into five concentrations accord-
ing to the protein content in the ECP.
Group I - Control, IT - 0.5 pg ECP/ml,
III - 1 pg ECP/ml, IV - 1.5pg ECP/ml, V
- 2 pg ECP/ml, VI - 2.5pg ECP/ml.

Haemolymph study
The haemolymph was assayed as per



86

the method of Nakayama et al. (1997).
The total haemocytes of P. indicus of the
six groups reared in triplicate was deter-
mined. Sampling of the animals were done
from each group at 24 hours, 48 hours
and 72 hours respectively. Haemolymph
was taken from the heart with a
heparinised plastic syringe. The
haemoilymph was extracted along with
filtered May-Gruenwald’s - Giemsa stain
and taken on the haemocytometer. The
haemocytes were counted under the light
microscope after 20 min observation.
Results

The shrimps were injected with differ-
ent concentrations of Aeromonas hydrophila
ECP to study the haemolymph response.
Behavioural changes included abnormal
swimming and loss of appetite. The con-
trol animals were injected with normal
saline. In control animals there was neith-
er abnormal swimming behaviour nor loss
of appetite. In Group II, that were admin-
istered with 0.5pg ECP, the animals
showed normal behaviour but consumed
feed at a reduced rate (1% of body weight).
In Group III (1pg) and Group IV (1.5pg)
the shrimps consumed less feed and
showed erosions on the appendages and
telson. In Group V (2ug) and Group VI
(2.5pg) that received highest concentra-
tion of ECP, complete loss of appetite was
observed. Melanisation and erosion was
noted in Group IV and Group V animals
(Fig 1). In Group VI (2.5pg) soft shelling
was observed in the moribund animals.

The percentage of mortality was as-
sayed after the administration of ECP in

different groups. Group II (0.5pg) and -

Fig. 1.

Gfoup IIT (1pg) animals showed 50%
mortality in 24 hours. 80% mortality was
observed in Group IV animals. Group V
(2pg) showed 50% mortality in 24 hours
and remaining died in about 72 hours.
High mortality was observed in Group VI
with complete death in 48 hours.

The protein profile of ECP of A.
hydrophila revealed three bands in lane
I, lane 2 showed 15 bands and lane 3
revealed 5 bands (Fig. 2)

For haemotological study, the animals
were sampled at 24 hours, 48 hours and
72 hours. In Group I normal saline was
injected. The total haemocyte count ranged

Fig. 2.



from 206 x 10* cells/ml to 300 x 10* cells/
ml. In Group II (0.5ng) there was gradual
reduction in the number of haemocytes
from 24 to 72 hours of observation. The
mean value was 217 x 10* cells/ml in 24
hours, 173 x 10* cells/ml in 48 hours and
155 x 10* cells/ml in 72 hours respec-
tively. In Group III (1pg) the haemocyte
counts varied from 177 x 10* cells/ml to
120 x 10* cells/ml. The mean value in the
group was 164 x 10* cells/ml in 24 hours,
150 x 10* cells/ml in 48 hours and 124 x
10* cells/ml in 72 hours. In Group IV (1.5
1g) the total haemocyte count ranged from
146 x 10* cells/ml to 56 x 10* cells/ml.
The mean value was 135 x 10* cells/ml in
24 hours, 123 x 10* cells/ml in 48 hours
and 77 x 10* cells/ml in 72 hours. In
Group V (2pg) the total haemocyte count
ranged from 109 x 10* cells/ml to 125 x
10* cells/ml. The mean count was 117 x
10* cells/ml. In Group VI, the haemocyte
count ranged from 80 x 10* cells/ml to
105 x 10* cells/ml. The mean count was
97 x 10* cells/ml. Most of the shrimps in
Group V and Group VI died within 24
hours. The results in the different groups
indicated that there is a time and concen-

Table 1 . Study of mortality pattern in different groups
at different time intervals
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tration dependent reduction in the
haemocyte number of toxin treated groups.
Analysis of variance showed significant
difference in the total haemocyte count
number of treatment groups when com-
pared to the control.
Discussion

The approach of this study was to eluci-
date the morphological, behavioural and
haemotological alterations in P. indicus at
different concentrations of extracellular
products of A. hydrophila. The occurrence
of Aeromonas sp has been observed by
Lakshamanaperumalsamy et al., (1982)
who isolated a few Aeromonas strains from
the blackened lesions of P. indicus caught
from Cochin backwaters. Aeromonas sp
have also been reported by several wor-
kers in penaeid species (Yasuda and Kiyao,
1980; Owens et al., 1992; Chang et al.,
1996). In our conditions a drop in salinity
is a common feature during monsoon that
favours the occurrence of A. hydrophila.,
which is mostly found in freshwater habi-
tat. However, the pathogenecity studies
regarding their effects on shrimps were
limited, hence the present study was taken

up.

Table 2. Mean haemocyte count in the control and
experimental groups at different intervals

Groups 24 hours 48 hours 72 hours Groups 24 Hours 48 Hours 72 Hours
Gl 1 E = Gl 300 x10* - .
GII 3 z - GII 217 x 10* 173 x 10* 155 x 104
G I 3 z v GII 164 x 10* 150 x 10* 124 x 104
GIv 1 3 1 GIV 135 x 10* 123 x 104 77 x 10*
GV 3 2 1 GV 117 x 10* - -
G VI 5 1 . GVI 97 x 10* " -




88

The protein profile of ECP of hydrophila
was analysed by SDS-PAGE. Thune et al.,
(1982) reported three extracellular pro-
teases which had molecular weights of 56
KDa, 34-35 KDa and 19.5 KDa respe-
ctively. In the present study, bands corre-
sponding to 50-55 KDa, 32-36 KDa and
29-14.3 KDa were seen in three different
lanes. Since we have not confirmed the
protease activity of these bands, further
studies are necessary in this direction.

An attempt was made in the present
study to describe the virulent factors in-
volved in the Aeromonas infection of P.
indicus. The ECP of A. hydrophila was
injected into the shrimps at various doses.
The changes observed were abnormal
swimming behavior and loss of appetite.
Sis et al., (1980) had reported similar
changes in Vibrio infections of penaeid
prawns. Our studies also indicate that the
extracellular products of Aeromonas are
responsible for the behavioural changes
observed in P. indicus. The gross patho-
logical changes in the present study was
melanisation and erosion on appendages,
exoskeleton and telson in Group IV and
Group V. Melanin has a bacteriostatic,
clotting and localising function and mela-
nin spots were observed in areas where
injury to skeleton has occurred (Rosen,
1970; Unestam and Weiss, 1970). Prob-
ably, they may be the reason for presence
of melanin in Group IV and Group VI
shrimps. In Group VI (2.5 pg) the treated
shrimps showed soft shelling phenom-
enon. A. hydrophila had been isolated
from moribund P. indicus showing symp-
toms of soft shell syndrome (Anon, 1992,

Baticadas et al., 1986). The behavioural
changes were in agreement with the ob-
servation of Remesh (1988) in soft shelled
prawns. The role of A. hydrophila toxin
in the pathogenesis of soft shell syndrome
which is a common disease problem need
to be investigated.

The mortality pattern was observed
after the administration of Aeromonas
hydrophila. The maximum mortality was
observed in Group VI that received the
highest concentration of ECP (2.5pg). The
mortality pattern was in proportion to the
doses of ECP administered to the different
groups of shrimps. Leong and Hanrahan
(1980) reported high mortality when ECP
of Vibrio parahaemolyticus and V.
alginolyticus were injected into penaeid
shrimps. Probably the mortality observed
in the experiment may be due to the
exotoxins present in the ECP of Aeromonas
hydrophila.

The haemocyte studies with regard to
diseases in crustaceans are limited though
the haemocytes are the major effector cells
in the crustacean defence mechanism. In
Gaffkemia of lobsters, the haemocytes
were reported to undergo reduction in
number (Stewart and Rabin, 1970). ECP
was reported to contain lytic factors which
may be responsible for the reduction of
haemocytes (Bernheimer et al., 1974).
Though this is a first report about the
reduction of haemocytes in a disease con-
dition, further studies are required to draw
a conclusion about haemocyte dynamics.

In the present investigation, it was
shown that the pathogenic effect of



A. hydrophila was probably due to the
production of exotoxins by the virulent
bacterial strain.
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