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Abstract: Bacillius subtilis isolated trom water samples collected from snail habitat was
used as biomolluscicide against the freshwater snail Lymnaea acuminata. The snails were
treated with bacteria. The histopathology induced by bacteria was noted. The LTso and LT
for control as well as treated snails were determined. These findings showed that the
Bacillus subtilis has significant effect (P<0.001) on survival of'the snails.
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INTRODUCTION

nail intermediate hosts of various trematodes of medical and veterinary

importance have caused several problems in Pakistan and thus threat imposed by

them needs their fresh evaluation (Tanveer et al., 1990). In a country, like

Pakistan, where livestock and fisheries is steadily assuming great importance, the
diseases influencing these animals have a significant bearing on the economy of the
country (Tanveer and Khan, 1991). The control of snail population is, therefore, of a great
value in minimizing the economic loss associated with these diseases. Both chemical and
biological control methods have employed for this purpose in the past.

Chemical control is brought about by the use of molluscicides such as Nicolsamide
(Cheesbrough, 1987) and CuSO, (Tanveer et al., 1995; Hussain et al., 1996). But
Nicolsamide is cost effective (Cheesbrough, 1987) and CuSO, is reported to have adverse
effects on fish and mouse (Ebele et al., 1990; Benthein et al., 1995). For these reasons,
biological control method have been preferred over chemical control (PaurtdeBoch, 1961).
Biological control of snails have been brought about by using prawn (Roberts and Kuris,
1990), molluscivorous fish (Slootweg et al., 1993: Shelton et al., 1995) competitive snail
species (Cazzaniza, 1990; Tanveer and Khan, 1991, Hofkin ef al., 1991; Kinzie, 1992;
Tanveer, 1995) and nematodes (Agricultural Genetics Company, 1996).

Bacteria have also been used as biccontrol ..gents against snails (Cheng, 1986:
\sricultural Genetics Company, 1996). Bactciia have normally been found to be
s.nciated with snails as commensals or pathogens (Cheng, 1986; Watkins and Simkiss.
1940). These bacteria include various genera like Bacillus, Pseudomonas, Staphylococcus,
Acinotobacter, Micrococcus, Xanthomonas etc. Bacteria belonging to genus Bacillus have
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been vigorously used to control pests (Berkley and Goodfellow, 1981: Fedianina ef af..
1993). ;

In present study Bacillus subtilis isolated from snail habitats was used as
biomolluscicide against freshwater snail, Lymnaea acuminata.

MATERIALS AND METHODS
Collection and maintenance of snails

Freshwater snails Lymnaea acuminata were collected from different areas of Lahore
including Botanical Garden, University of the Punjab, Lahore; Department of Zoology.
University of the Punjab, Lahore; Botanical Garden, Government College, Lahore; and
Jinnah Garden, Lahore. They were maintained in laboratory in pots and feds on fresh
mulberry and Spinach leaves and checked for trematode infection. Snails free of any
trematode infection were further used. ;

Histology of normal snails

The snails were removed off from their shells, fixed and dehydrated in alcohol,
infiltered with xylene-wax mixture (1:1) and embedded in wax for 1-3 hours at 57°C.
Slides of normal snail tissues were stained using Haematoxylin-Eosin method (Humason,
1967). Histological preparations were studied under microscope.

Isolation and identification of bacteria

Bacteria were isolated from water samples collected from snail habitats on Nutrient
Agar medium (Rhode, 1973) by Streak-plate Method (Seeley and Vandermark, 1962).
Isolated strains were checked for Gram reaction (Cheesbrough, 1993) and strain was
identified by growing it on Blood Agar and MacConkey Agar media (Stokes and
Ridgeway, 1980) and by performing biochemical tests (Holt ef al., 1994) such as Motility
Test. Catalase Test, Indole Test, Voges-Prokaur Test, Nitrate Reduction Test, Trosin
Decomposition Test, Citrate Utilization Test and Acid Releasing Test.

Treatment of snails and histology

Bacteria were grown in Luria Bertani (L.B.) broth medium (a liquid medium). Ten
snails were taken in jars and treated with bacteria for 24, 48 and 72 hours, respectively.
The tissues of treated snails were stained using MacCallum Good Pasture method
(Mallary, 1944). The histological preparations were studied under microscope to observe
histopathology induced by bacteria LT and LTs, for both control (untreated) and treated
snails were determined.
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(c)

Plate I: Histology of normal Lymnaca acuminata.
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(a)

Plate 11: Histology of Lymnaea acuminata treated with Bacillus subtilis.
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Histological preparation of both normal and treated snails were made and
photographs were compared to show the effect of bacteria on snail tissues.

RESULTS

Bacteria were isolated from water samples collected from snail habitats and tested
for gram staining. Gram positive strain was identified by different growth tests and
biochemical tests.

Identification of isolated strain

The results of gram staining, growth and biochemical tests were employed for
identification of strain. Gram staining revealed that bacteria were gram-positive rods. -
Growth on blood agar showed that bacterial colonies were more than 1 mm in diameter.
The strain did not show growth on MacConkey agar medium. This revealed that bacteria
belonged to genus Bacillus.

Different biochemical tests were performed in order to confirm the bacterial species.
Among these Catalase test, Voges Prokaur (V.P.) test, Arabinose and mannitol (acids)
production test, Motility test, Citrate utilization test, Nitrate reduction test were positive
and Tyrosin decomposition test was negative.

These tests confirmed that isolated strain was Bacillus subtilis.
Histology of normal snails
The posterior half of the snail body is largely composed of digestive and
reproductive system. Digestive system canal extends from mouth to anus. Adjacent to
digestive loop are gonadal tissues, which lie at the extreme tip of the body.
Di gestive system
The digestive system consists of mouth, pharynx and pharyngeal glands, oesophagus,
gizzard, intestine and anus. T he intestine is lined with a tall, ciliated epithelium, which is
supplied with subOepithelial mucous glands and has an inner layer of longitudinal muscle
fibers and an outer muscular layer (Plate [a).
Hepatopancreas
The hepatopancreas consists of tubules lined by epithelium. The tubules are held

together by interstitial cells and whole organ is enclosed in “tunica propria — the epithelial
sac”. The epithelium consists of secretory and absorptive cells. The absorptive cells are
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clongated to oval in shape and are tightly packed. The secretory cells are columnar in
shape with large spherical nuclet and dense cytoplasm (Plate Ib)

Cronads

Lvmnaea acuminata snails are hermaphroditic. Ovotestis. hermaphroditic duct and
spermoviduct are hermaphroditic components. Male part consists of prostrate. vas
deferens. penial complex etc., while uterus. vagina and albumin gland make the female
parts. The reproductive tract is lined by glandular epithelium with small ciliated cells. The
cells of epithelium have spherical form and rounded nuclei (Plate e,

Histopathological studies

Histopathological studies were based upon the comparison between the photographs
of the tissues of normal and treated snails. The bacteria infected all sofi body parts of
snails specifically intestine. There were seen discrete lesions in the tissues of treated snails
with bacteria in them (Plate IIa,b,c). LTs, for normal as well as treated snails were also
determined under laboratory conditions (Table I). It was observed that B. subrilis had
significantly effected (P<0.001) the survival of the snails. On the basis of these studies, it
was confirmed that B. subtilis was suitable to be used as biomolluscicide against L.
accuminala.

Table I: Determination of LTs, and LT for control as well as treated Lymnaea accuminata.

Control : Treated with B. subtilis
LTso : 290+19.2° 9841 3%**
L1 362+9.42 TES] T35

*MeantS.E.; ¥¥*¥P<0.001.
Abbreviations used: LTs, Time for 50% mortality (hours); LT, Time tor 100% mortality (hours).

DISCUSSION

The freshwater snails act as intermediate hosts for various digenetic trematodes.
These digenetic trematodes are organisms of considerable medical and veterinary
importance. As snails form an essential and easily vulnerable link in the transmission of
trematode infections, their destruction is of considerable value. For this purpose both
chemical and biological control methods are employed. The target of chemical control
have been achieved by using molluscicides. But the molluscicides have adverse effects on
environment as well as on non-target organisms e.g., CuSO, has been reported to have
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lethal effects on fish (Ebele er al.. 1990) and mouse (Benthein ez al., 1995). Keeping in
view such 1mpacts. biological control method has been preferred over chemical control
(Paurt de Bach. 1961). Different organisms have been used as biological control agents
with varying degree of success. Among them bacteria have been given special
consideration against molluscs (Cheng. 1986 Agricultural Genetics Company, 1996).
Normally, bacteria belonging to genera Bacillus, Pseudomonas, Staphylococcus,
Jeromonas, Acinotobacter, Micrococcus and Citrobacter have been found to be
associated with snails as commensals or pathogens (Cheng. 1986: Watkins and Simkiss.
1990). So some of these bacteria can be used for the biological control of snails. Bacteria
belonging to genus Bacillus or of special interest as these produce endotoxins. which are
{oxic to invertebrates. e g.. several strains of Bacillus thuringiensis have been found to be
effective for mosquito control (Federici. 1995: Smith et al.. 1996).

In present study B. subtilis was evaluated as biomolluscicide against freshwater snail.
I acuminata. The strain was isolated from snail habitats. This bacterial strain did not
show p-haemolysis on blood agar Strains showing it could be pathogenic to man and
livestock (Cheesbrough. 1993) and thus are unsuitable to use as biomolluscicide,

As microorganisms B. subtilis is of special interest. belonging to genus Bacillus
produce endotoxins. which are toxic to pests. Normally endotoxin proteins are produced
during sporulation i.e.. when bacteria produce spores (Metlus and Macaluso. 1990:
Starzak and Bajpai. 1991). It has been reported that most of the genes coding for
endotoxins are present on plasmids (Mahillon ef al.. 1994). The endotoxin genc is 3 gene
in operon of three genes in which every gene has specific role in the expression of
endotoxin gene (Crickmore and Ellar. 1992). There are five conserved regions in the gene
and deletion mutation experiments showed that 5" conserved region is necessary for genc
expression (Minami ef al.. 1995). Biopreparations from Bacillus endotoxins have been
used to control several pests. Bacillus thuringiensis and B. sphaericus preparation were
found highly effective against Nippostrongylus braziliensis larvae (Fedianina et al.. 1993).
In future, genetic engineering of Bacilli. is expected to result in development of more
effective (toxic) bacterial strains.

Histology of uninfected digestive system

Digestive system was studied with special reference to intestine as bacteria are
mostly associated with the intestine (Watkins and Simkiss, 1990) and endotoxins
produced by Bacillus spp.. bind with specific receptors on the brush border membrane of
the villi of the intestine (Ferre et al.. 1991; Baur, 1995). Digestive system consists of
mouth. pharynx and pharyngeal glands, oesophagus. gizzard and intestine. The intestine is
generally lined with a tall ciliated epithelium, which receives sub-epithelial mucous glands
and is subtended with an inner layer or longitudinal muscle fibers and an outer circular
muscle layer. The intestine opens to exterior through anus.
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Our findings about the histology of normal snail tissues are similar to Hyman (1967),
Walker (1972), Roland and Garciacorrales (1988), Bush and Maxwell (1988). Boer and
Kits (1990) and specifically Tanveer and Samina (1992, 1992a) who worked on L.
acuminata. i

Histopathology induced by bacteria

Histopathological studies were based upon the comparison between the photographs
of the tissues of normal and treated snails. Yellow bodies were observed in all soft tissues
of treated snails. Histopathological studies revealed that these yellow bodies were discrete
lesions containing numerous bacteria (Fig.4) that occur as intracellular parasites
particularly in the amoebocytes. Parasitized amoebocytes accumulate in small aggregates
with other types of infected cells to form tubercles. Lesions can be seen in all major
organs of the body of snails. Bacteria specifically infect the alimentary canal as these have
normally been isolated from that region of the snail body (Watkins and Simkiss, 1990).
The endotoxins produced from the bacteria bind with the specific receptors on brush —
border membrane of the villi of the intestine (Ferre ef al., 1991) and produce infection,
thus causing the problems in the absorption of food. During the course of experiments, no
difference could be found between the normal and treated snails with respect to growth,
fecundity or feeding behaviours. The results found were similar to the findings of Dias
(1953).

The LTs, and LT for both normal and treated snails were determined. Snails treated
with B. subtilis LT values than snails in control sets indicating that strain was significantly
toxic (P<0.001) to snails.

On the basis of these studies, it was concluded that bacteria are suitable to be used as
biological control agents against snails. This is preliminary work and needs more
extensive study in this regard.
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