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ABSTRACT

Objective: This work was conducted with the aim of isolating promising a-amylase producing
bacteria from different sources, using both solid-state and submerged fermentations.

Methodology and results: Two bacterial species were isolated from paddy seeds as promising
candidates. The most promising one, Bacillus sp.1, was identified under submerged fermentation
(SmF) and further characterized. Different carbon and nitrogen supplements were used to enhance
production of the amylase enzyme. The maximum amount of enzyme was obtained with
supplements of 1% starch or urea. Further attempts to enhance a-amylase production by Bacillus
sp.1 were assessed by UV induced mutagenesis. One of the mutants (Bacillus sp.1m20) showed
increased enzyme activity than the parental strain, Bacillus sp.1. However, the survival rate of this
mutant decreased with increased duration of UV exposure. Partial purification of the enzyme using
ammonium sulphate fractionation resulted in 1.06 fold increase in the enzyme activity. The enzyme
had a molecular weight of ~ 40KDa by SDS-PAGE. The enzyme activity, which was optimal at
30°C and pH 6.8, was increased by the presence of Ca* and Co?* ions.

Application of findings: The results suggest that Bacillus sp.1m20 could be exploited for industrial
production of alpha amylase at relatively low temperatures.
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Introduction

Amylases are produced in a variety of living
organisms like bacteria, fungi, plants and
animals. Microbial amylases are used for
industrial purposes (Alva et al., 2007). Using
current technology, microbial amylases are
commercially produced and these synthetic
types have completely replaced chemical

hydrolysis of starch in industries. With the
discovery of new strains of microorganisms
and development of more efficient production
strategies, microorganisms have substantial
potential to contribute to a number of industrial
applications.  Such industrially  important
microorganisms are found within the Bacillus
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species because of their rapid growth rates
that lead to short fermentation cycles, their
capacity to secrete proteins into extra cellular
medium, and general handling safety (Pandey
et al., 2001). However, catabolic repression of
enzyme synthesis has been reported in
submerged fermentations (SmF) of bacteria
and fungi (Tomanga 1966; Heinekes &
O'Connor 1972). This poses serious problems
to the economics of SmF for the production of
alpha-amylase ~ and  other  enzymes
(Emanuilova & Toda, 1984). However, solid-
state  fermentation  (SSF)  significantly
overcomes catabolite repression of alpha
amylase production by Bacillus licheniformis M
27 (Ramesh & Lonsane, 1991).

Amylases have potential application in
several industrial processes, e.g. food,
fermentation, detergent, textile,

Materials and Methods

Isolation of Bacteria: The microorganisms were
isolated using three methods. In method 1, the
Standard Blotter Method (Baki & Anderson, 1973)
was used to isolate bacteria from seeds of different
plants seeds from various locations. The
organisms that were isolated were identified on the
basis of morphological characteristics, and
maintained on nutrient agar slants at 4°C. In the
second method (settle plate technique), a petridish
containing a suitable agar medium was horizontally
exposed for 5 — 10 min; plates were then incubated
at 37°C for 2 days (Aneja, 2002). In the third
method, a moist part in the garden was selected.
The debris from the top of the soil was collected
and brought to the laboratory in a Ziploc bag. One
gram each of soil was suspended in a test tube
with 9ml of sterile distilled water and mixed
thoroughly. This was serially diluted and 0.1 ml of
the diluted samples were spread on Nutrient agar
in petridishes and incubated at 37°C for 24 h (Abe,
1988).

Screening of bacterial isolates: Primary
screening of bacterial isolates for production of
alpha amylase was done by the starch agar plate
method (Aneja, 2002). Plates containing Nutrient
agar, modified to contain 2% starch as the sole
source of carbon were prepared and spot
inoculated with one isolate per plate. The plates

pharmaceutical, chemical, brewing and paper
industries (Moreira et al., 1999; 2001;
Kathiresan & Manivannan, 2006). In earlier
days, amylase was produced by submerged
fermentation (SmF) technique (Pandey et al,,
2001). However, in recent years solid-state
fermentation (SSF) process has been used
more extensively, as it is more advantageous
than SmF in processes using crude enzyme.
Agricultural  and industrial wastes are
considered as good substrates for SSF to
produce enzymes (Kunamneni et al., 2005).).
The objective of the present study was
to isolate bacteria from different sources and
screen them for the production of a-amylase,
select the best one, optimize the culture

conditions for enzyme production and
characterize the enzyme for industrial
applications.

were incubated for 48h at 37 + 2°C. The starch
hydrolysis test was performed by adding a few
drops of freshly prepared iodine into the plates
after the incubation period. Where starch was not
hydrolyzed a blue-black color was observed due to
the formation of starch-iodine complex. A zone of
clearance was observed around the cultures that
were producing amylase.

Inoculum preparation: Each bacteria isolate was
transferred from stock culture to 100-mL nutrient
broth. The inoculated flasks were incubated
ovemight at 35 £ 2°C. The broths were then
centrifuged at 10,000 rpm for 10 min. After
centrifuging the pellet was re-suspended in 10mL
of sterile distilled water and the absorbance (A)
read at 660nm. Cell density in the inoculum
suspension was adjusted to an OD of 0.5, which
contains 4.5 x 10° cells/ml.

Media composition: The medium for solid
substrate fermentation contained 5g of wheat bran
as solid substrate and 8ml of Bushnell Haas (BH)
medium, used to adjust the moisture content from
43 to 81% in 250-mL Erlenmeyer flasks.
Fermentation was carried out for three days (72 h).
The medium for submerged fermentation was
composed of 2% peptone, 0.5% soluble starch,
0.3% K:HPO, and 0.1% MgSO4.7H.O (Ajayi &
Fagade, 2003). A volume of 100mL of the medium
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was put in a 250mL flask and inoculated with 1mL
of bacterial cell suspension. Fermentation was
carried out for 4 days.

Optimization of culture conditions for enzyme
production: To ascertain the effect of culture
conditions on amylase production, the study was
carried out at different temperature conditions (25,
37 and 40°C), medium pH (4.5, 6.0, 7.5 and 9),
different carbon sources (glucose, maltose,
sucrose and soluble starch) and nitrogen sources
(beef extract, meat extract, casein and urea).
Enzyme extraction and assay: After solid
substrate fermentation 22 ml of distilled water was
added to the culture flasks and mixed well in a
rotary shaker (200 rpm) at room temperature (22 +
2°C) for 30 min, followed by filtration and
centrifugation at 8,000 pm for 10 min. After 96h of
submerged fermentation the broth was centrifuged
at 8,000 rpm for 10 min. In both cases the cell free
supernatant obtained after centrifugation was used
as the source of enzyme.

Estimation of o-amylase activity was
carried out according to the dinitro salicylic acid
(DNS) method of Miller (1959). One hundred micro
liter of 1% starch was incubated with 1ml of
enzyme extract and 1ml of phosphate buffer (pH
6.5). The reaction mixture was incubated for 20
min before stopping the reaction by addition of 0.5
ml DNS reagent, and cooling in a water bath for 10
min. A volume of 2.5ml distilled water was added
and the absorbance read at 540nm using a
colorimeter against glucose as the standard. One
unit of enzyme activity is defined as the amount of
enzyme, which releases 1jumole of reducing sugar
as glucose per minute, under the assay conditions
(U/ml/min). The experiments were carried out in
triplicates and standard error was calculated.
Protein estimation: Protein content of the enzyme
extracts was estimated by the method of Lowry et
al. (1951), using bovine serum albumin as the
standard. Enzyme activity is expressed as specific
activity, which is equivalent to U/mg protein. All the
experiments were carried out in triplicates and the
standard error was calculated.

Mutagenesis: Five test tubes with the aforesaid
bacterial suspension were taken and one of them
(the control) was kept aside in the dark and the
rest four were given UV radiation (2600 A) for time
periods varying from 5 - 20min with samples being
collected at 5min intervals. After UV radiation they
were kept in darkness for stabilization of thymine-

thymine (T-T) dimers. The bacterial cell
suspensions were used as inoculum for enzyme
production by submerged fermentation. After four
days of fermentation, bacterial enzyme was
extracted and the activity was assayed. 0.1 ml of
the UV-treated bacterial cell suspensions were
then inoculated onto petridishes containing 25ml of
Nutrient agar and incubated at 37°C till colony
formation. These cultures were used for the
analysis of percentage survival of the organisms
after UV irradiation (Saha & Bhattacharya, 1990).
Amylase Purification and Molecular Mass
Determination: Fourty milliiter of enzyme extract
was used. Solid ammonium sulphate was slowly
added to yield 60% saturation and the mixture was
kept overnight at 4°C. The precipitate was
collected by centrifugation, dissolved in 0.1M
phosphate buffer (pH 7) and dialyzed overnight
against 0.01M phosphate buffer. All the above
steps were conducted under freezing temperature.
The samples thus obtained were subjected to
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) for molecular weight determination.
Phosphorylase b (97 kDa), albumin (66 kDa),
ovalbumin (43 kDa), carbonic anhydrase (29 kDa),
trypsin inhibitor (20 kDa) and lysozyme (14.3 kDa)
were used as molecular mass markers (Young et
al., 1995). Enzyme activity was estimated in the
purified enzyme samples and protein content was
also measured by the method of Lowry et al.
(1951). The purified bacterial enzymes were
subjected to activity staining by allowing the native
gel to act on 1% starch solution for 30min and
amylase activity was visualized by staining with
iodine solution (0.05g iodine and 0.5g of Kl in
100ml distilled water) (Shih & Labbe, 1995).

Evaluation of factors affecting enzyme activity
Thermostability of Amylase: The thermal stability
of the enzyme was assessed by incubating the
enzyme without the substrate fractions at various
temperatures between 30 to 60°C for 1h. At 10min
intervals, aliquots of 1ml of the incubated enzyme
were assayed for activity.

pH: The effect of pH on amylase activity was
assessed by incubating the reaction mixture at pH
values ranging from 3.5 t0 9.5.

Effect of Metal lons: Enzyme activity was
assayed in the presence of 10mM concentrations
of various metal ions (Na*, Mg#, Ca?* and Co?).
The chloride salts of these metal ions were used

48


http://www.biosciences.elewa.org

©Journal of Applied Biosciences, (2008) Vol. 1(2): 46 - 53
| SSN 1997 — 5902. www.biosciences.elewa.org

(NaCl, MgCl,, CaCl,, CoCly). The relative activity of
the enzyme was compared with the activity

Results and Discussion
Bacterial isolates from different sources were
tested for production of amylase by the starch
hydrolysis test. On the basis of the area of
clearance, several bacterial isolates were selected,
after which two out of ten isolates were selected for
further evaluation. The two bacterial species,
identified as Bacillus sp.1 and Bacillus sp.2,
produced more enzyme by submerged
fermentation than in solid substrate fermentation.
Isolate Bacillus sp. 1 was selected for further
studies on optimization of culture conditions by
submerged fermentation. The enzyme activity
observed for this strain was much higher than that
reported by Ajayi & Fagade (2003) comparing
different Bacillus sp. The production of more
enzyme by SmF than SSF as observed in this
study was contrary to the report of Dey & Agarwal
(1999), who described 3 - 4 times higher
productivity of a heat stable a-amylase by
Streptomyces megasporus through SSF.
Incubation at room temperature (24 -
28°C) was more favorable for enzyme production
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in both SSF and SmF. Bacterial amylases are
produced at a much wider range of temperature.
Bacillus licheniformis and B. subtilis are among the
most commonly reported Bacillus that produce
alpha amylase at 37 - 60°C (Mishra et al., 2005;
Mendu et al., 2005). Padmanabhan et al. (1992)
has reported that recovery of -amylase through
SSF depends on the temperature of extraction.

With Bacillus sp.1, and using SmF, an
increase in pH from 4.5 to 6.0, increased enzyme
production but pH levels above 6 caused a
decrease in enzyme production. pH is one of the
most important factors for in any fermentation
process and each microorganism has a range for
growth and activity. Alpha amylases are generally
stable over a wide range of pH from 4 to 11
(Fogarty & Kelly, 1979), though some are only
stable within a narrow pH range (Coronado et al,,
2000). Most Bacillus isolates, e.g. B. subtilis, B.
licheniformis and B. amyloliquefaciens seem to
require an initial pH of 7.0 (Syu & Chen, 1997,
Tanyildizi et al., 2005; Haq et al., 2005).
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Fig. 1: Effect of different carbon sources on
enzyme production by SmF.

Fig. 2: Effect of different nitrogen sources on
enzyme production by SmF.
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Figure 3: Effect of UV induced mutation on
enzyme production (SmF).

Supplementation of carbon sources in the form of
monosaccharides, disaccharides and
polysaccharides showed substantial difference in
effect to alpha amylase  production.
Supplementation with  soluble starch gave
maximum amylase activity of 38 U/mg of protein
compared to glucose (31.8 U/mg of prote; Maltose
(16.1) and sucrose (3.06 U/mg of protein)
repressed the production of enzyme (Fig. 1).
Dharani  (2004), reported highest amylase
production in sucrose medium. Addition of organic
nitrogen sources such as casein, beef extract and
urea to the medium resulted in a considerable
increase in the production of -amylase (Fig. 2).

Media supplemented with urea gave the maximum
amylase activity (61.33), followed by beef extract
(41.33), casein (44.35) compared to the control's
22.7 Ulmg of protein. Supplementation of meat
extract resulted in a decrease in enzyme
production, contrary to the findings of Dharani
(2004), of increased enzyme production by B.
licheniformis SPT 27 after addition of meat extract.
Results showed an increase in o-amylase
production with increased duration of exposure to
UV radiation. The mutant had increased amylase
production (33.65 U/ mg protein) compared to the
parent strain (22.7 U/mg of protein) (Fig. 3).
However, the survival rate of bacteria decreased
with increased duration of exposure to UV light.
The enzyme extracted from the bacteria was
assessed for reaction with regard to pH,
temperature and substrate concentration. After
partial purification by ammonium sulphate
precipitation the purity of bacterial amylase was
1.06 fold higher than the crude enzyme (Table 1).
The molecular mass of the amylase was estimated
to be ~40 kDa by SDS-PAGE. The bacterial
enzyme was highly stable at 30°C and after 1 hour,
the activity actually doubled when compared to its
activity after 10 min at 30° C. At 60° C the enzyme
showed least stability, retaining only half of its
original activity (Fig. 4 A, B, C & D). Inactivation of
enzymes at high temperature due to incorrect
conformation as a result of hydrolysis of the
peptide chain, destruction of amino acid or
aggregation, have been reported previously
(Schokker & van Boekel, 1999; Alva et al., 2007).

Table 1: Results of partial purification of bacterial amylase

Purification Volume Total Total Specific % Amylase  Fold

method (mi) activity Protein  activity U/mg  recovery purification
(MM/min)-U_ (uM/min) of protein

Crude

Enzyme 40 9.77 39.295 9.94 100 1

Ammonium

sulphate

precipitation 0.8 5.85 0.55 10.63 59.87 1.06
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Figure 4: Stability of amylase at (A), 30 (B), 40 (C) 50 and (D) 60°C.
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Figure 6: Effect of metal ions on amylase activity.
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Phosphate buffer at pH 6.8 resulted in the highest
enzyme activity of 34.21 U/mg of protein, as
compared to pH of 3.5, 5.5, 7.5 and 9.5 (Fig. 5).
With regard to metal ions, enzyme activities were
enhanced by calcium and cobalt, while magnesium
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