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Amylase from an Estuarine Bacillus megaterium
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Abstract: The main aim of this study is to isolate and identify the amylase producing bacteria from the
estuarine environment. The water and sediment samples were collected from the uppanar estuary and the
potential strains of amylase production were screened in starch agar plates. Totally 12 strains were collected,
among them Bacillus megaterium exhibited the larges zone. Hence these potential strains were used for further
optimization, production and purification of amylase enzyme. Optimizations and enzyme estimation were done
through various factors. Here the enzyme productions were maximum at 35ºC, pH 7.5 and 30 ppt salt
concentration.
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(Bello-Perez et al., 2002; Rao and Satyanarayana, 2003),
to increase diastase content of flour, and for the removal
of starch in jelly production. After the addition of the "amylase in the bread-baking process, the bread's
volume increased and kept its softness longer
(Ammar et al., 2002) Wide ranges of microorganisms
producing amylases having different specificities,
properties and action patterns have been reported
(Hansen et al., 1994; Bibel et al., 1998;
Talamond et al., 2002). Alkaline "-amylases is more
useful as working pH of detergents is between 8-11
(Ito et al., 1998) Amylases are starch-degrading enzymes
of industrial importance (Reed, 1975). In the present
study, an attempt has been made to screening,
optimization, production and partial purification of
amylase enzyme from novel marine bacterium.

INTRODUCTION
Enzymes are substances present in the cells of living
organisms in minute amounts and are capable of speeding
up chemical reactions (associated with life
processes),without themselves being altered after the
reaction. They accelerate the velocity of the reaction
without necessarily initiating it (Pelczar et al., 1986).
There are three major sources of enzymes
(Burhan et al., 2003), that is derived from a variety of
plants, e.g., pappain, animal enzymes - derived from
animal glands, e.g., trypsin, pepsin Microbial enzymes are
preferred to those from both plants and animal sources
because they are cheaper to produce, and their enzyme
contents are more predictable, controllable and reliable
(Burhan et al., 2003). Amylase enzyme is widely
distributed in various bacteria, fungi, plants and animals
and has a major role in the utilization of
polysaccharides (Shaw et al., 1984; Reddy et al., 1987;
Tomita et al., 1990; Ilori et al., 1997; Ribeiro et al., 2000;
Hagihara
et
al.,
2001;
Zoltowska, 2001;
Bassinello et al., 2002; Haq et al., 2003).
Enzymatic hydrolysis of starch by "-Amylase (1, 4 "-D-glucan glucanohydrolase; EC 3.2.1.1), which
catalyzes the hydrolysis of internal (endoglycosidase) "-1,
4-glucanlinks in polysaccharides containing 3 or more "1, 4-linkedD-glucose units (amylase and amylopectin)
yielding a mixture of maltose and glucose, has wide
applications in industry. It is used in brewing and
fermentation industries for the conversion of starch to
fermentable sugars (Chi et al., 1995; Farid et al., 2002),
in the textile industry for designing textiles and in the
laundry industry in a mixture with protease and lipase to
launder clothes (Achle, 1997), in the paper industry for
sizing (Whistler et al., 1984; Van der Maarel et al., 2002),
and in the food industry for preparation of sweet syrups

MATERIALS AND METHODS
Study area:
Uppanar estuary: The Uppanar estuary is situated at
Cuddalore in Tamil Nadu,India which is about 25 km
away from the Parangipettai coast. It is formed by the
confluence of Gadilam and Paravanar rivers. The former
originates from the foothills of northeastern part of the
Shervarayan hills and later from Vridhachalam Taluk of
Cuddalore district.
Collection of samples: The surface water samples were
collected using pre sterilized sample bottles allowing
enough air space in the bottles to facilitate thorough
mixing and Sediment samples were collected using a
sterile spatula. The central portion of the collected
samples was aseptically transferred in to a sterile
polythene bags .The samples were collected from uppanar
estuary.
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Isolation and identification of amylase producing
bacteria: 1 g/L mL of sample was suspended in 99 mL
sterile 50% aged sea water, agitated for 45 min. in a
shaker at 50ºC and 0.1 mL was spreaded on Starch agar.
Starch10 g, peptone 5 g, yeastextract-3 g, NaCl3 g,
K2HPO4-1 g, MgSO4-0.2 g, agar-20 g, distilled water-1000
mL (50% aged seawater), pH-7.0. plates and incubated at
30oC for 48 h. Strains with distinct zone of clearance were
selectively isolated and the one with maximum activity
was identified up to species level following
Bergey’s manual of Determinative bacteriology
(Buchanan et al., 1974) and the identified strain was
stored in starch agar slant for further studies.

to 2.5% with an interval of 0.5% in a 250 mL Erlenmeyer
conical flasks containing 100 mL of the production
medium and inoculated with the 50 :L culture of starch
and incubated at 37ºC for 48 h.
Effect of organic nitrogen sources: Two different
nitrogen sources such as peptone and yeast extract were
added separately to the medium at 0.5-2.0% concentration
to access the maximum enzyme production in a 250 mL
Erlenmeyer conical flasks containing 100 mL of the
production medium and inoculated with the 50 :L culture
of starch and incubated at 37ºC for 48 h.
Production and partial purification: In the initial
purification step, the supernatant fluid containing the extra
cellular enzyme was treated with solid ammonium
sulphate as described by Green and Hughen’s (1955),
with continuous overnight stirring and separated in to the
following saturation, ranging from 0-20, 20-40, 40-60 and
60-80%. The precipitates collected by centrifugation
(10,000 rpm for 15 min.) were dissolved in 0.1 m citrate
phosphate buffer (pH 5.0). The enzyme solution was
dialyzed against the same buffer for 12 h with several
changes to remove the salt and assayed by the method
described by Plumer (1978).

Estimation of crude extracellular amylase enzyme
activity: Samples collected at different intervals during
the culture were centrifuged and the cell free culture broth
was used as crude enzyme. In a test tube 500 :L of crude
enzyme, 250 :L of 1% starch solution and 250 :L of tris
HCl buffer were added and incubated for 10 min. at 60ºC.
The reaction was stopped by adding 1mL of Dinitro
salicylic acid reagent and optical density was measured at
540 nm. 1 unit of activity was defined as the amount of
enzyme that catalyzed the liberation of reducing sugars
equivalent to 1 :mol of maltose/min. under the assay
conditions.

RESULTS AND DISCUSSION
Optimization:
Optimum temperature for amylase production: The
optimum temperature of maximum amylase production
was determined by varying incubation temperature of the
culture from 25-50ºC with an interval of 5ºC in a 250 mL
Erlenmeyer conical flasks containing 100 mL of the
production medium and inoculated with the 50 :L culture
of starch and incubated at 37ºC for 48 h.

The strain isolated with maximum activity was
identified as Bacillus megaterium (Fig. 9) using Bergy’s
manual. When strain was optimized against various
parameters, the growth was found to be maximum at the
following conditions with starch as a substrate (3% of
starch), pH 7.5, temperature (35ºC) and 3% salt
concentrations (Fig. 2, 4, 6 and 8). Enzyme production
was maximum at 35ºC, starch as a substrate when it is
used as 3%, pH 7.5 and 3% salt concentrations (Fig. 1, 3,
5 and 7). The growth was found to be minimum when
temperature kept at 50ºC, pH 8.5, 0.1 of substrate
concentration and 0.5% of salt concentration, where as the
minimum of enzyme production was observed at 30ºC,

Optimum pH for amylase production: To determine the
optimum pH, the bacterial culture was inoculated in a set
of different pH ranging from 6.5-9.5 with the interval of
0.5. in a 250 mL Erlenmeyer conical flasks containing
100 mL of the production medium and inoculated with the
50 :L culture of starch and incubated at 37ºC for 48 h.
Effect of various carbon sources: The effect of different
carbon sources on amylase production was studied at
37ºC using various substrates such as starch, glucose,
sucrose, maltose and raffinose in a 250 mL Erlenmeyer
conical flasks containing 100 mL of the production
medium and inoculated with the 50 :L culture of starch
and incubated at 37ºC for 48 h.

Effect of substrate concentration: The effect of
substrate concentration on amylase production was
studied by changing the concentration of starch from 0.5

Fig: 1: Effect of substrate concentration for enzyme activity
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Fig. 2: Effect of substrate concentration growth

Fig. 6: Effect of Temperature for growth

Fig. 3: Effect of pH for enzyme activity

Fig. 7: Effect of salt concentration for enzyme activity

Fig. 4: Effect of pH for growth

Fig. 8: Effect of salt concentration for enzyme activity

Fig. 5: Effect of Temperature for enzyme activity

Fig. 9: Effect of salt concentration for growth
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However a perfect inverted ratio was not observed. These
findings are in partial agreement with the present report.
In their work, with an increase of starch concentration in
the medium beyond 1% enzyme production did not
increase. In the present study maximum activity was
observed at 3% starch and minimum was observed when
the concentration was increased to 0.1% (i.e.) beyond 1%
the activity started decreasing. The extracted sample was
divided equally (app. 20 mL) and purified through the
different concentration of ammonium sulphate
precipitation. The 20% of saturation was resulted in the
yield of 0.13 g of enzyme powder where as at 40, 60, 80%
of respectively 0.30, 0.19 and 0.14 g were obtained. The
purified enzyme powder was checked for the activity on
starch cleaving. It was noted that the enzyme purified
from the 40% of ammonium sulphate saturation gave the
maximum activity on starch plate assay with iodine and it
was comparable to the commercially available amylase.
The starch concentration in the fermentation broth
dropped to almost to zero in 24 h. The pH of the broth
increased from 7 to 8.3 at the end of the fermentation. In
Bacillus subtilis and Bacillus stearotherrmophilus enzyme
production parallelled with cell mass. Bajpai et al. (1989)
have demonstrated maximum amylase production after
the cell population reaching its peak. In the present study
enzyme activity peak was obtained prior to the peak of
cell mass.

Fig. 10: Crude enzyme shows amylase activity

pH 8.5, 0.1 of substrate concentration and 0.5 % of salt
concentration. The activity of the enzyme was compared
with the works done by Stamford et al. (2001). The
activity of the amylase enzyme by Nocardia spp was
detected over a wide range of assay (i.e.) pH level (3.08.0) and the enzyme activity was optimal when the assay
was carried out at pH 5. The maximum activity of
amylase had been reported to vary between 30 and 60ºC
(Giraud et al., 1993; Shih and Labbe, 1986).
Omemu et al. (2005), observed an increase in enzyme
activity progressively with increase in temperature from
20ºC which reaches maximum at 60ºC. Above 60ºC
there was a reduction in the amylase activity.
Mabrouk et al. (2008) observed maltogenic amylase
produced from acidic Bacillus spp. US149 and maximum
enzyme activity was obtained at 40ºC and pH 6.5.
However this phenomenon seems to be strain dependent.
The optimum pH observed by them was pH 4.0, after
which a continuous decrease in enzyme activity was
noted. Amylase activity increased with increase in the
starch concentration from 1 to 3% (Fig. 10). Beyond 3%
there was a decline in amylase activity. However the
present study showed maximum activity at 3%
starch. Ensley et al. (1975) found that the synthesis of
amylase was greatly suppressed when the bacterium was
grown either on glucose, maltose or sucrose, and amylase
production was good when the bacterium was grown on
starch or other polysaccharides. He reported slowest
growth rate and amylase production when fructose was
used in Clostridium acetobutylicum. Amylase production
was enhanced when the bacterium was grown on starch,
dextrin, maltose, xylose and lactose. These sugars were
found to be inducers of the enzyme. However the enzyme
yield with these substrates was lower compared to starch
and dextrin. In the present study also growth increased up
to 36hrs where as enzyme yield decreased beyond 36 h.

CONCLUSION
The present study is an attempt for the isolation of a
potential amylase producing bacterial strain from an
estuarine environment. Samples were collected from
Uppanar estuary, the potential strains for amylase
production were screened in starch agar plates. From the
12 strains isolated Bacillus megaterium was selected as
the most potential strain for amylase production. When
the strain was optimized against various parameters, the
growth was found to be maximum with starch as a
substrate (2% of starch), pH 7.5, temperature 35ºC and
0.3% salt concentrations. Enzyme production was
maximum at 35ºC, pH 7.5, starch as a substrate when it
was used as 1 and 0.5% salt concentration. The growth
was found to be minimum when maltose was used as a
carbon source, temperature at 50ºC, pH 5, 0.5% of salt
concentration and 0.1% of substrate concentration.
Regarding enzyme the minimum production was observed
at 50ºC, pH 5, 0.5% of salt concentration and 0.1% of
substrate concentration. The present study can be given
the observation on amylase production using microbial
sources isolated from estuarine environment. The activity
of the partially purified amylase enzyme showed the
considerable activity. The molecular weight determination
and amylase production using cheaper sources needed in
further studies.
113

Curr. Res. J. Biol. Sci., 3(2): 110-115, 2011
ACKNOWLEDGEMENT

Giraud, L. Gosselini, B. Marin, J.J. Parada and
M. Raimdault, 1993 .Purification and
Characterization of an extracellular amylase from
Lactobacillus plantarum. J. Appl. Bacteriol., 72:
276-282.
Green, A.A. and W.I. Hughens, 1955. Protein
fractionation on the basis of solubility in aqueous
solution of salts and organic solvents methods.
Enzymol., 1: 67-90.
Hagihara, H., K. Igarashi, Y. Hayashi, K. Endo,
K. Ikawa-Kitayama, K. Ozaki, S. Kawai and S. Ito,
2001. Novel alpha amylase that is highly resistant to
chelating reagents and chemical oxidants from the
alkaliphilic Bacillus isolate KSM-K 38. Appl.
Environ. Microbiol, 67: 1744-1750.
Hansen, G., O. Heese, W.E. Hohne and B. Hofemeister,
1994. Alpha amylase from Thermoactinomyces
vulgaris: Characteristics, primary structure and
structure prediction. Int. J. Pept. Protein Res., 44:
245-252.
Haq, I., H. Ahsraf, J. Iqbal and M.A. Qadeer, 2003.
Production of alpha amylase by bacillus
licheniformis using an economical medium, Biores.
Technol., 87: 57-61.
Ilori, M.O., O.O. Amund and O. Omidiji, 1997.
Purification and properties of an alpha-amylase
produced by a cassava-fermenting strain of
Micrococcus luteus. Folia Microbiol. (Praha), 42:
445-449.
Ito, S., T. Kobayashi, K. Ara, K. Ozaki, S. Kawai and
Y. Hatada, 1998. Alkaline detergent enzymes from
alkaliphiles: Enzymatic properties, genetics, and
structures. Extremophiles, 2: 185-190.
Mabrouk. S.B., E.B. Messaoud, D. Ayadi, S. Jemli,
A. Roy, M. Mezghani and S. Bejar, 2008. Cloning
and sequencing of an original gene encoding a
maltogenic amylase from Bacillus sp. US149 strain
and characterization of the recombinant activity.
Mole. Biotech., 38(3): 211-219.
Omemu, A.H., M.A.L. Akpan, M.O. Bankole and
O.D. Teniola, 2005. Hydrolysis of raw tuber starch
by amylase of Aspergillus niger AM07 isolated from
the soil. Am. J. Biotechnol., 4(1): 19-25.
Pelczar, M.J., E.C.S. Chan and N.R. Krieg, 1986.
Microbiology. 5th Edn., McGraw Hill Inc., New
York, pp: 151-171.
Plumer, D.T., 1978. An introduction to practical
biochemistry. MC Graw-Hill. London. 47-98.
Rao, U.M. and T. Satyanarayana, 2003. Statistical
optimization of a high maltose-forming,
hyperthermostable and Ca2+ -independent alpha
amylase production by an extreme thermopile
Geobacillus thermoleovorans using response surface
methodology. J. Appl. Microbiol., 95: 712-718.

I thank my guide to provide facilities for my work
and also I thank my seniors for helping to carry out this
study.
REFERENCES
Achle, W., 1997. Development of new amylases. In:
Ee, J.H., O. Misset and E.J. Baas (Eds.), Enzymes
in Detergency. Marcel Dekker, Inc., New York, pp:
213-229.
Ammar, Y.B., T. Matsubara, K. Ito, M. Iizuka,
T. Limpaseni, P. Pongsawasdi and N. Minamiura,
2002. New action pattern of amaltose-forming alphaamylase from Streptomyces sp. and its possible
application in bakery. J. Biochem. Mol. Biol., 35:
568-575.
Bassinello, P.Z., B.R. Cordenunsi and F.M. Lajolo, 2002.
Amylolyticactivity in fruits: comparison of different
substrates and methods using banana as model. J.
Agric. Food Chem., 50: 5781-5786.
Bajpai, P. and P. Bajpai, 1989. High-temperature alkaline
"-amylase from Bacillus licheniformis. Biotech.
Bioeng., 24: 33-72.
Bello-Perez, L.A., L. Sanchez-Hernandez, E. MorenoDamian and J.F. Toro-Vazquez, 2002. Laboratory
scale production of maltodextrins and glucose syrup
from banana starch. Acta Cient. Venez., 53: 44-48.
Bibel, M., C. Brettl, U. Gosslar, G. Kriegshauser and
W. Liebl, 1998. Isolation and analysis of genes for
amylolytic enzymes of the hyper thermophilic
bacterium Thermotoga maritime. FEMS Microbial.
Lett., 158: 9-15.
Buchanan, R.E., N.E. Gibbons, S.T. Cowan, T.G. Holt,
J. Liston, R.G.E. Murry, C.F. Niven, A.W. Ravin and
R.Y. Stainer, 1974. Bergey’s Manual of
Determinative Bacteriology. Williams and Wilkins
Co., Baltimore.
Burhan, A., U. Nisa, C. Gokhan, A. Ashabil and
G. Osmair, 2003. Enzymatic Properties of a novel
thermostable thermophilic alkaline and chelator
resistant amylase from an alkaphilic Bacillus sp
Isolate ANT-6. Process Biochem., 38: 1397-1403.
Chi, Z., J. Liu and P. Xu, 1995. High-concentration
ethanol production from cooked corn starch by using
medium-temperature cooking process. Chin. J.
Biotechnol., 11: 171-176.
Ensley, B., J.J. McHugh and L.L. Barton, 1975. Effect of
carbon sources on formation of "-amylase and
glucoamylase by Clostridium acetobutylicum. J. Gen.
Appl. Microbiol., 21: 51-59.
Farid, M.A., H.A. El-Enshasy and A.M. Noor El-Deen,
2002. Alcohol production from starch by mixed
cultures of Aspergillus awamori and immobilized
Saccharomyces cerevisiae at different agitation
speeds. J. Basic Microbiol., 42: 162-171.
114

Curr. Res. J. Biol. Sci., 3(2): 110-115, 2011
Talamond, P., V. Desseaux, Y. Moreau, M. Santimone
and G. Marchis-Mouren, 2002. Isolation,
characterization and inhibition by acarbose of the
alpha-amylase from Lactobacillus fermentum:
comparison with Lb. manihotivorans and Lb.
plantarum amylases. Comp. Biochem. Physiol. B
Biochem. Mol. Biol., 133: 351-360.
Tomita, K., K. Nagata, H. Kondo, T. Shiraishi,
H. Tsubota, H. Suzuki and H. Ochi, 1990.
Thermostable glucokinase from Bacillus
stearothermophilus and its analytical application.
Ann. NY Acad. Sci., 613: 421-425.
Van der Maarel, M.J., B. van der Veen, J.C. Uitdehaag,
H. Leemhuis and L. Dijkhuizen, 2002. Properties and
applications of starch-converting enzymes of the
alpha-amylase family. J. Biotechnol., 94: 137-155.
Whistler, R.L., J.N. Be miller and E.F. Paschal, 1984.
Starch Chemistry and Technology, 2nd Edn.,
Academic Press, Orlando.
Zoltowska, K., 2001. Purification and characterization of
alpha-amylases from the intestine and muscle of
ascaris suum (Nematoda). Acta Biochem. Pol., 48:
763-774.

Reddy, M.K., G.D. Heda and J.K. Reddy, 1987.
Purification and characterization of alpha-amylase
from rat pancreatic acinar carcinoma. Comparison
with pancreatic alpha-amylase. Biochem. J., 242:
681-687.
Reed, G., 1975. Enzymes in Food Proceeding. 2nd Edn.,
Academic Press, New York, 10005 U.S.A.
Ribeiro, J.M., E.D. Row ton and R. Char lab, 2000.
Salivary amylase activity of the phlebotomine sand
fly, Lutzomyia longipalpis. Insect Biochem. Mol.
Biol., 30: 271-277.
Shaw, J.F. and T.M. Ou-Lee, 1984. Simultaneous
purification of a- and b-amylase from germinated
rice seeds and some factors affecting activities of the
purified enzymes. Bot. Bull. Acad. Sin., 25: 197-204.
Stamford, T.L.M., N.P. Stamford, L.C.B.B. Coelho and
J.M. Araujo, 2001. Production and characterization
of a thermostable "-amylase from Nocardiapsis sp.
endophyte of yam bean. J. Biores. Technol., 76:
137-141.
Shih, N. and R.G. Labbe, 1986. Purification and
characterization of an extracellular alpha-amylase
from Clostridium perfringens. Appl. Environ.
Microbiol., 61: 1776-177.

115

