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ABSTRACT 
The invasive land Snail is the most damaging agricultural pest worldwide, representing a 
potential serious threat to natural ecosystems and human health. The microbial communities in 
the intestinal tract of the animals are often important for digestion, especially of cellulose 
containing plant matter. Knowledge of these communities is critical for understanding of the 
physiology of the host and complex interactions among the host and its symbiont. In present 
study prevalence and taxonomic position of snails are furnished. Study is also focussed on 
biochemical activity of 18 unidentified cultures isolated from Snail gut. Most of the cultures 
belong to gram negative, aerobic and facultative anaerobes, able to ferment carbohydrates with 
and without production of gas. Cultures are also tested for enzyme production and shows 
positive results for amylase, catalase, oxidase, protease, gelatinase, etc. Present study helps to 
understand compexisity of bacterial community in snail gut and their role in digestion of 
cellulose, pectin, lignin, containing plant constituents. Based on biochemical study, it is easy to 
understand animal-microbe interaction. 

Key Words : Snail gut, Microbial community, Biochemical tests, Enzyme activity, 
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INTRODUCTION 

Gastropods typically have a well-defined head 
with two or four sensory tentacles with eyes, 
and a ventral foot, which gives them their name 
(Greek gaster, stomach and poda, feet). The 
foremost division of the foot is called the 
Propodium. Its function is to push away 
sediment as the snail crawls. The larval shell of 
a gastropod is called a protoconch. Most shelled 
gastropods have a one piece shell, typically 
coiled or spiraled. This coiled shell usually 
opens on the right-hand side (as viewed with the 
shell apex pointing upward). Numerous species 
have an operculum, which in many species acts 
as a trapdoor to close the shell. This is usually 
made of a horn-like material, but in some 
molluscs it is calcareous. In the land slugs, the 
shell is reduced or absent and the body is 
streamlined. Some sea slugs are very brightly 
colored. This  serves  either  as a warning, when  

they are poisonous or contain stinging cells or 
to camouflage them on the brightly colored 
hydroids, sponges and seaweeds on which many 
of the species are found. 
Indoplanorbis exustus1 is a species of air-
breathing freshwater snail, an aquatic 
pulmonate  gastropod mollusk in the family 
Planorbidae. The shell of this species, like all 
planorbids is sinistral in coiling, but is carried 
upside down and thus appears to be dextral. 
The shell of Indoplanorbis exustus is discoid 
with rapidly increasing whorls. Each whorl is 
higher than it is wide. The width of the shell is 
5-25 mm. The height of the shell is 4.5-13 mm. 
The aperture is oval to round and shell is thin.  
Lymnaea stagnalis, better known as the great 
pond snail, is a species of large air-breathing 
freshwater snail, an aquatic pulmonate 
gastropod mollusk in the family Lymnaeidae. 
Terrestrial  gastropods  feed  upon  fresh  
plants    with    high      protein      and  calcium    *Author for correspondence 
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contents2-4 and may also participate, with other 
soil invertebrates, in the decomposition of leaf 
litter.5 Consequently, they need a large set of 
polysaccharide depolymerases and glycoside 
hydrolases for the digestion of plant materials. 
The dependence of pulmonates on microbial 
activity within their gut would explain their 
extraordinary efficiency in plant fibre digestion 
(60-80%).6-8 
Some authors suggested the role of bacteria in 
fermentative processes of the hosts9 in particular 
the breakdown of chitin and soluble cellulose.10-

12 Others argued that bacteria are transient 
populations able to interact with snail intake of 
soil pollutants.13-15 Only recently were described 
the environmental characteristics (pH, O2) in 
Helicid guts. The authors revealed a pH 
gradient along the gut, from acidic in the crop to 
neutral or alkaline in the intestine.16-20 The 
anoxic status of the whole gut was also 
demonstrated. Unfortunately, most of the 
microbiological data concerned aerobically 
cultivable bacteria and focused on crop fluids 
and digestive gland-intestine mixed extracts. 
Moreover, the breakdown of polysaccharides 
and oligosac -charides predominates in the 
anterior tract (oesophagus, crop and stomach) 
where bacteria appeared mainly aerobic.21,22 A 
better knowledge of the roles of the intestinal 
microbiota in snail nutrition is needed and data 
should improve intensive rearing of these 
animals.23  

AIMS AND OBJECTIVES 
To identify collected snails to isolate and study 
biochemical activity of bacteria associated 
with snail gut and understand the interaction 
between snail and gutmicroflora. 

MATERIAL AND METHODS 
Snails were collected from different localities 
of Aurangabad, Maharashtra, India and kept in 
glass jar. Snails were picked up with blunt 
foreceps. They were kept in labelled jars filled 
with water. The jars were covered with 
perforated lid. The snails were identified with 
the help of key by Brown and Wright 
1980.The snails were fed with Algae 
(Spirogyra) and Funaria (Bryophyte). Two 
species of snails were collected namely 
Indoplanorbis   exustus,  Lymnaea   stagnalis  

(Class  Gastropoda). The collected snails were  
dissected for sample collection, which is used 
further for isolation of bacteria. 
Isolation of bacteria 
Sample collected from both the snails used for 
isolation of bacteria. It is achieved by using 
different culture media like : MacConkey’s 
Agar, Nutrient Agar, Salmonella-Shigella 
Agar, Chocolate Agar, Blood Agar, Mannitol 
Salt Agar,etc. 
Sample collected is first diluted with serial 
dilution method, 0.1ml  diluted sample then 
spread on MacConkey’s agar plate aseptically. 
After inoculation plates were incubated for 
24hrs at 37oC temp. 
After incubation plates were observed for 
presence of isolated colonies, well isolated 
colonies selected for colony characterisation 
and microscopic character. Depending on the 
result 9 different cultures were selected for 
further biochemical tests 
Biochemical tests 
All isolates were further tested in IMViC test. 
Indole test 
This test is used to check the ability of bacteria 
to synthesize tryptophanase enzyme. For this 
test substrate used is sterile tryptophane broth, 
test culture is aseptically inoculated and tube is 
incubated at 370 C temp for 24hrs. After 
completion of incubation period tube is 
observed for production of indole, which can 
be detected by using solvent extraction method 
for that Xylene and Kovac’s reagent is used. 
Methyle red test 
This test is used to check the ability of bacteria 
to ferment sugar and librate acidic end 
products in the medium. For this test substrate 
used is glucose phosphate broth, test culture 
inoculated in sterile GPB aseptically, kept for 
incubation at 370C for 24hrs. After completion 
of incubation period tube is observed for 
production of acidic end product synthesised 
by fermenting glucose when supplied under 
optimum conditions. Methyle red pH indicator 
is used for detection. 
Vogus Prouskaur test 
This test is used to check ability of bacteria to 
synthesise neutral end products when supplied 
sugar. Sterile GPB is used for this test, 
aseptically inoculated culture and incubated at 
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37oC for 24hrs. After completion of incubation 
period tubes observed for librated neutral end 
products by using KOH and α-naphthol. 
Citrate utilisation test 
This test is used to check ability of bacteria to 
synthesise permease enzyme. For this test 
sterile citrate broth is used, inoculation done 
aseptically, tubes incubated for 24hrs at 37oC. 
After completion of incubation period tubes 
observed for presence of turbidity. 
Oxidase test 
Cytochrome oxidase is an enzyme found in 
some bacteria that transfers electrons to 
oxygen, the final electron acceptor in some 
electron transport chains. Thus, the enzyme 
oxidizes reduced cytochrome C to make this 
transfer of energy. Presence of cytochrome 
oxidase can be detected through the use of 
oxidase test reagent (1% tetra methyl-para-
phenylene diamine dihydrochloride). This 
reagent acts as an electron donor to 
cytochrome oxidase. If the bacteria oxidize the 
oxidase test reagent (remove electrons) the 
reagent will turn purple, indicating a positive 
test. No color change in one minute indicates a 
negative test.  
Catalase test 
Some bacteria can reduce diatomic oxygen to 
hydrogen peroxide or superoxide. Both of 
these molecules are toxic. A defense 
mechanism which can minimize the harm done 
by the two compounds is the production of 
enzymes : Super oxide dismutase and catalase. 
Both enzymes together will convert the super 
oxide back into diatomic oxygen and water. 
The catalase test involves adding hydrogen 
peroxide to a culture sample or agar slant. If 
the bacteria in question produce catalase, they 
will convert the hydrogen peroxide into water 
and oxygen gas. The evolution of gas, causing 
bubbles, is indicative of a positive test.  
Gelatinase test 
Gelatin is a protein derived from collagen-a 
component of vertebrate connective tissue. 
Gelatinases comprise a family of 
extracellular enzymes produced and secreted 
by some microorganisms to hydrolyze 
gelatin. Subsequently, the individual amino 
acids can be taken up by the cell and used 
for metabolic purposes. Bacterial hydrolysis 

of gelatin occurs in two sequential reactions 
as hydrolysis of a polimer gelatine by 
producing enzyme gelatinase when grown on 
sterile gelatine agar medium at optimum 
conditions. 
Starch hydrolysis test 
The purpose is to see if the microbe can 
use starch, a complex carbohydratemade from 
glucose, as a source of carbon and energy for 
growth. Use of starch is accomplished by an 
enzyme called alpha-amylase. An inoculum 
from a pure culture is streaked on a sterile 
plate of starch agar The inoculated plate is 
incubated at 35-370C for 24 hours. Iodine 
reagent is then added to flood the growth. 
Presence of clear halos surrounding colonies is 
positive for their ability to digest the starch and 
thus indicates presence of alpha-amylase. 
H2S production test 
Hydrogen sulfide is produced when amino 
acids containing sulfur are metabolized by 
microorganisms. If the medium contains 
metallic ions, such as lead, bismuth or iron (in 
addition to an apporpriate amino acid), the 
hydrogen sulfide formed during growth 
combines with the metallic ions to form metal 
sulfide that blackens the medium. 
Carbohydrate fermentation 
Phenol red broth is a general purpose 
fermentation media comprising of trypticase, 
sodium chloride, phenol red and a 
carbohydrate. The trypticase provides amino 
acids, vitamins, minerals and other nitrogenous 
substances making it a nutritious medium for a 
variety of organisms.  Sodium chloride helps 
in maintaining the osmotic balance and 
provides the essential electrolytes for the 
transport into the cell while the carbohydrate 
acts as the energy source. When the organism 
ferments carbohydrates, acidic organic by 
products  (Lactic acid, formic acid or acetic 
acid) is accumulated which turns the medium 
into yellow color with reduction in the pH 
(acidic). The inverted Durham tubes will detect 
the presence of gas. The degradation of 
peptones in the broth may result in the 
production of alkaline end products, which will 
change the broth color to pink often at the top 
of the tube. 
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RESULTS AND DISCUSSION 
The Lymnaeae and Planorbidae appear to 
share a common ancestor in the Permian 
(c.a. 250 Ma (Mega annum or million years 
ago)) fossil record.  Fossil Planorbinae and 
Bulininae are known from the mid to upper 
Cretaceous of Africa and India. The Tethys sea 
separated Africa and Laurasia until 10-5 Ma. 
Consequently, Meier-Brook 1984 adopted an 
African (Gondwanan) origin for Indoplan -
orbis with rafting to Asia since the Cretaceous 
on the northward migrating Indian craton; this 
author also considered a Europe to Southwest 
Asia tract or an Africa to South India 
dispersal.24 Attributed the occurrence 
of Indoplanorbis in India to colonization (from 
Africa) via the Middle East land connection. 
Similarly,20-24 described a Sinai-Levant 
dispersal tract, from Africa to central Asia, 
for Schistosoma spindale during the early 
Pleistocene. Clearly the two different dispersal 
mechanisms imply very different chronologies; 
the Gondwanan  vicariance hypothesis implies 
that proto- Indoplanorbis has been present in 
India since the late Eocene (35 Ma; India : 
Asia collision. Whereas dispersal via the Sinai-
Levant suggests a Plio-Pleistocene arrival. 
The assumption that the Indoplanorbis lineage 
has been represented on the Indian craton since 
the Cretaceous is difficult justify in 
palaeogeographic terms. There would have 
been numerous opportunities for dispersal of 
Gondwanan taxa off India and into Asia 
throughout the Cenozoic. For example, during 
the middle Eocene (45 Ma) the Northern 
corner of greater India came into contact with 
Western Indonesia and subsequently with 
Sumatra and Myanmar. Even prior to the true 
(hard) collison of India with Asia (i.e., 
between the Indian craton and the Lhasa block 
at 35 Ma), faunal exchange was possible via 
volcanic arc terranes (some forming exposed 
plateaus) in the oceanic crust subducting at the 
collision zone (c.a. 130 Ma onwards). Thus the 
absence of a fossil record for Indoplanorbis or 
bulinine taxa from the Southeast Asian 
Palaeocene or Eocene argues against a 
Gonwanan-India rafting hypothesis for Indopl 
-anorbis and favors a post-Miocene Sinai-
Levant dispersal tract to India. These mollusk 
has been reported to be an intermediate vector 

of worms and micro-organisms, causing a wide 
variety of diseases recent metagenomic and in 
silico studies have provided strong evidence 
that gut bacteria perform useful functions to 
the host, such as digestion of complex 
polysaccharides, generation of energy 
(converting sugars into short-chain fatty acids), 
synthesis of essential amino acids and 
vitamins, prevention of growth of harmful 
organisms, and defense against some diseases. 
The classification of land snails is based on the 
shape of the shell, reproduce-tive organs and 
internal anatomy. 
Internal anatomy 
Visceral hump 
The visceral hump is an area elevated above 
the foot and usually completely and 
permanently covered by the protective shell. It 
is the center of body metabolism and contains 
the vast bulk of digestive, reproductive, 
circulatory and excretory organs. 
Mantle 
Snails have two unique structures, the mantle 
and the radula. The mantle is a flap from the 
visceral hump which extends out and 
downward between its outermost edge and the 
visceral hump forming a cavity. This cavity is 
called the mantle cavity. The mantle secretes 
the snail shell, increasing it in size by adding 
to its edge and strengthening it by adding 
additional inner layers. 
Mantle cavity 
The mantle cavity is the key to snail success 
and the limit to snail potential. The external 
opening of the digestive, excretory and 
reproductive systems usually enter into this 
cavity. It also normally accommodates the 
breathing surfaces, in the form of gills for the 
operculates or a lung surface for the 
pulmonates. 
Radula 
The other uniquely snail organ is the radula. 
This is essentially a toothed tongue. There are 
from a few to a quarter of a million teeth 
mounted on this flexible membrane.  
This structure is partly extruded from the mouth 
and licked or scraped across the surface on which 
the snail is feeding. Worn or dull teeth are 
discarded at the anterior end of the radula. New 
replacement teeth are formed at the posterior end. 
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The tooth bearing membrane gradually grows 
forward, moving new teeth into the feeding 
position and worn teeth to the area where the 
membrane can be reabsorbed by the animal. The 
teeth fall off and may be swallowed with the 
mollusk's food. Naturally surrounding and 

operating the radula are a complex mass of 
muscles. All 9 isolates (MT1-MT9) studied for 
cultural and morphological characterisation. 
Isolates (MT1-Mt9) when inoculated on nutrient 
agar medium,after completion of incubation 
period  shows results given above in Table 1. 

Table 1 :  Colony characterisation for isolates inoculated on  nutrient agar medium 

Characters Size Shape Colour Margin Elevation Consistency Opacity 
MT1 1mm Circular Colourless Entire Raised Moist Translucent 

MT2 0.4mm Circular Buff 
white Regular Raised Moist Translucent 

MT3 1.3mm Circular Yellow Regular Low 
convex Moist Opaque 

MT4 1.1mm Circular Colourless Regular Low 
convex Moist Opaque 

MT5 0.7mm Circular Green Entire Raised Moist Opaque 
MT6 0.9mm Circular Colourless Entire Raised Moist Opaque 
MT7 2mm Circular Colourless Regular Convex Moist Opaque 

MT8 1.4mm Circular Buff 
white Regular Convex Moist Opaque 

MT9 1.7mm Circular colourless Regular Convex Moist Opaque 

All isolates were studied for morphological 
characterisation, out of 9 isolates 4 isolates 
(MT1,MT2,MT6,MT9) shows Gram Negative  

short rods.4 isolates (MT4,MT5,MT7,MT8) 
shows gram negative rods. MT3 isolate shows 
Gram Positive rods (Table 2). 

Table 2 : Morphological characterisation results of the isolates after performing Gram 
staining and motility 

Isolates Gram’s nature Motility 
MT1 Negative short rods Motile 
MT2 Negative short rods Highly motile 
MT3 Positive rods Non motile 
MT4 Negative rods Motile 
MT5 Negative rods Non motile 
MT6 Negative short rods Non motile 
MT7 Negative rods Motile 
MT8 Negative rods Highly motile 
MT9 Negative short rods Motile 

In present study, isolates were tested ` for 
biochemical activity, results obtained is given in 
Table 3. Indole test positive isolates are, 
MT1,MT3,MT4,MT5,MT7. These isolates 
efficiently    produce    tryptophanase   enzyme 
require to breakdown substrate tryptophane. 
where as all other shows negative result. 

MR test positive isolates are MT1, MT4, MT7, 
MT8, MT9 ferment glucose and liberate acidic 
end products, where as all other shows 
negative result. VP test positive isolates are 
MT2, MT6 breakdown glucose and librate 
neutral end products, where as all other 
isolates shows negative result. 
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Table 3 : Biochemical test results for all isolates 

Isolates Indole 
test 

MR 
test 

VP 
test 

Citrate 
utilisation 

test 

H2S 
production 

Catalase 
test 

Oxidase 
test 

Gelatinase 
test 

Starch 
hydrolys

is test 
MT1 + + - - - - + + + 
MT2 - - + - - + + + + 
MT3 + - - - + - - - + 
MT4 + + - - + - + + + 
MT5 + - - - + - - + - 
MT6 - - + + - + - - + 
MT7 + + - - + + + - + 
MT8 - + - - - - + - + 
MT9 - + - - - + + - + 

+ = positive test; - = negative test  
Citrate utilisation test is positive for only isolate 
MT6 which produces enzyme permease which 
acts as carrier to bring in citrate into cytoplasm 
and further it is utilised for energy purpose. 
whereas all other shows negative result. 
H2S is produced by 4 isolates MT3, MT4, 
MT5, MT7 others shows negative result. The 
hydrogen sulphide produced during growth 
combines with the metallic ions to form metal 
sulphide  that blackens the medium. 
Catalase  is produced efficiently by 4 isolates, 
MT2,MT6,MT7,MT9 others shows negative 
result. As hydrogen peroxide is added to  
culture sample or agar slant, those test 
organisms which produces catalase can convert 
the hydrogen peroxide into water and oxygen 
gas. The evolution of gas, causing bubbles, is 
indicative of a positive test.  

Oxidase positive cultures are MT1, MT2, 
MT4, MT7, MT8, MT9 in this test bacteria 
oxidize the oxidase test reagent (remove 
electrons) the reagent turns purple, indicating a 
positive test. No colour change in one minute 
indicates a negative test. 
Gelatinase is produced by MT1, MT2, MT4, 
MT5 indicated by clear zone of hydrolysis 
around the colony when treated with Frazier’s 
solution, other cultures  shows no zone of 
hydrolysis, hence  negative result. 
Starch hydrolysis is positive for 8 isolates 
except one MT5. When starch agar plates 
were treated with iodine shows clear zone of 
hydrolysis around colonies indicates positive 
test where as  there is no zone of hydrolysis 
around colonies indicates negative test 
(Table 4). 

Table 4 : Carbohydrate fermentation results for all isolates. 

Isolates Glucose Sucrose Fructose Maltose Arabinose Mannitol Raffinose Lactose Rahmnose 
MT1 ++ + - ++ - ++ - ++ - 
MT2 ++ ++ - ++ ++ + ++ + ++ 
MT3 ++ + - + - ++ - ++ - 
MT4 ++ ++ + ++ ++ - - ++ ++ 
MT5 ++ - ++ + - + ++ + ++ 
MT6 ++ - + + + ++ + ++ ++ 
MT7 ++ + - ++ - ++ - ++ ++ 
MT8 ++ ++ ++ - ++ + ++ - + 
MT9 ++ - ++ - + - + ++ - 
++ = positive test(acid and gas production),  + = only acid production , - = negative test. 

Present study also focuses fermentative ability 
of the isolates, isolated from snail gut, which 
in turn help host in digestion of ingested food 
material comprises of cellulosic and 
carbohydrate rich material. The trypticase 

provides amino acids, vitamins, minerals and 
other nitrogenous substances making it a 
nutritious medium for a variety of organisms.  
Sodium chloride helps in maintaining the 
osmotic balance and provides the essential 
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electrolytes for the transport into the cell while 
the carbohydrate acts as the energy source. The 
phenol red is the pH indicator and is initially 
neutral (pH 7). It supports the growth of most 
organisms whether they are able to ferment 
sugar or not.  When the bacterium is inoculated 
into the tube, the bacterium which ferments the 
sugar will result in the production of acid that 
will change the color of phenol red. 
Fermentation reactions often begin with 
glycolysis. Glucose acts as an electron donor 
in the fermentation reaction, pyruvate and 
metabolic product of glucose act as an electron 
acceptor. The other disaccharides and 
polysaccharides are hydrolyzed into glucose or 
converted into glucose and then the 
fermentation reaction will occur. Finally the 
reaction will result in the end products such as 
acid, ethanol, hydrogen and carbon dioxide 
and other compounds. This depends on the 
species of bacteria. Phenol red broth is a test is 
differential for gram negative bacteria. When 
the organism ferments carbohydrates, acidic 
organic by product (lactic acid, formic acid or 
acetic acid) is accumulated which turns the 
medium into yellow colour with reduction in 
the pH (acidic). The inverted Durham tubes 
will detect the presence of gas. The 
degradation of peptones in the broth may result 
in the production of alkaline end products, 
which will change the broth colour to pink 
often at the top of the tube. 

CONCLUSION 
Snails collected from Maulana Azad College, 
Aurangabad are identified as Indoplanorbis 
exustus and Lymnaea stagnalis. The 
classification of land snails based on the shape 
of the shell, reproductive organs and internal 
anatomy.Unidentified bacteria isolated from 
snail gut found to be effective in producing 
different enzymes like amylase, gelatinase, 
oxidase, catalase, which is essential for 
degrading variety of polysaccharides injested 
by snail. Carbohydrate fermentation test results 
shows that isolates  can effectively ferment 
sugars like glucose, sucrose, lactose, maltose, 
mannitol, arabinose, raffinose, rhamnnose 
which indicate interaction between gut 
microflora and snail. Such type of interaction 
is beneficial for the snail. Present study helps 

to understand the interaction between snail and 
gutmicrobes are also focused on the 
contribution of gutmicrobes in proper digestion 
of polysaccharides.  

RECOMMENDATIONS 
 All 9 isolates can be identified by 16srRNA 
sequencing. Identification of dominant isolates 
help to know the dominant gut microorganism 
and its specific role in lifecycle of snails. 
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