
INTRODUCTION

Enzymes are proteins that catalyze (i.e.
accelerate) chemical reactions. In these reactions,
the molecules at the beginning of the process are
called substrates, and the enzyme converts them
into different molecules, the products. Almost all
processes in the cell need enzymes in order to occur
at significant rates. Since enzymes are extremely
selective for their substrates and speed up only a
few reactions from among many possibilities, the
set of enzymes made in a cell determines which
metabolic pathways occur in that cell.

The field of use for industrial enzymes has
now extended to almost all industries handling
organic compounds. Enzymes are used variably, for
example, as ingredients of detergents, reagents for
analysis of drugs or blood components, food use or
food additives, fiber processing use or pulp
processing in the paper industry, and environmental
purification use.
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ABSTRACT

Production of alkaline protease employing the laboratory isolate, Bacillus sp. under solid
state fermentation (SSF) was optimized. The effect of wheat bran was examined. The appropriate
Incubation time, Temperature, pH, Moisture content, Inoculums size, Surfactant and mutagen effect
were determined. Maximum yields of enzyme were achieved by employing wheat bran as substrates
in 0.1 M carbonate/bicarbonate buffer at pH 10 with 1:1.5 moisture content at 48 hrs. Inoculums
size and buffer solution level were found to be 30% for wheat bran. The increased growth of bacterium
of mutagenic activity is seen with acrylamide solution.
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Solid state Fermentation involves the
cultivation of microorganisms on moist solid
substrates in the absence of free flowing water. Solid
state fermentation (SSF) holds tremendous potential
for the production of enzymes. It can be of special
interest in those processes where the crude
fermented product may be used directly as the
enzyme source. The selection of a substrate for
enzyme production in a SSF process depends upon
several factors, mainly related with cost and
availability of the substrate, and thus may involve
screening of several agro-industrial residues.

MATERIAL AND METHODS

Bacterial Process
Organism

The organism used in the present study is
Bacillus subtilis NCIM (National Collection of
Industrial Microorganisms) No. 2724, purchased
from NCL - Pune. The culture was routinely
maintained in Nutrient Agar medium [Peptone



(10gm/lt), Beef Extract powder (10gm/lt), NaCl (5gm/
lt), Agar (20gm/lt)]. Fresh slants are prepared every
fortnight to maintain the culture. The inoculation was
done by adding 2% of culture broth grown for 24 hrs
from slants.

Fermentation conditions
Commercial wheat bran (10gms) and Rice

Bran (10gms) were finely mixed with 15ml of distilled
water in a 250ml Erlenmeyer flask and sterilized at
15lb/in2 for 20min. After cooling, the flasks were
inoculated with 10% inoculum size. The contents
were mixed thoroughly, incubated at 37°C for 24 hrs
and assayed for enzyme activity.

Optimization studies
Growth periods ranging from 24-72 hrs,

growth temperature varying from 30-70°C, effect of
varying pH, effect of varying moisture content, effect
of varying inoculum size, effect of varying substrate
concentration, effect of surfactants, effect of different
carbon and nitrogen sources, effect of CaCO3 on
enzyme activity were checked. Also the activity of
crude enzyme, enzyme precipitated by ammonium
sulphate and acetone were checked for its activity.
The mutated species of the same strain were studied
using mutagens like Ethidium Bromide, incubation
in UV light, Acrylamide.

Enrichment of Rice and wheat brans with
different carbohydrate sources was established at
the concentration of 0.04gm/1gm of substrate. The
water insoluble carbohydrates were thoroughly
mixed with the substrates before moistening, and
the water soluble ones are dissolved in distilled water
and used for moistening of substrates. The
enrichment with different nitrogen sources was done
at the concentration of 0.02gm/gm of substrate
similar to carbohydrates.

Extraction of Enzyme
Bacterial extraction

After 24 hrs of incubation, the brans were
mixed with 15ml distilled water (1:1.5 moisture
content) and homogenized by centrifugation at
10,000 rpm for 15min. This yields the supernatant
which is used as a crude enzyme source. It can
further be purified by partial purification methods
like precipitation by Ammonium Sulphate and
Acetone.

Analytical methods
Partial purification
Ammonium sulphate precipitation
´ To 1ml of crude enzyme extract add 1ml of

Tris-HCl Buffer and 2ml of 50% Ammonium
Sulphate and centrifuge at 5000 rpm for
10min.

´ To the pellet add 1ml of Tris-HCl Buffer and
2ml of 60% Ammonium Sulphate and
centrifuge at 5000rpm for 10min.

´ To get the highest purity of enzyme the
concentration of Ammonium Sulphate is
varied from 50% to 80% and repeated.

´ The final pellet is resuspended in 1ml Tris-
HCl Buffer and used as enzyme source.

Acetone precipitation
´ Cool the required volume of acetone to -20°C.
´ Place protein sample in acetone-compatible

tube.
´ Add four times the sample volume of cold (-

20°C) acetone to the tube. Vortex tube and
incubate for 60 minutes at -20°C.

´ Centrifuge 10 minutes at 13,000-15,000 x g.
´ Decant and properly dispose of the

supernatant, being careful to not dislodge the
protein pellet.

´ Allow the acetone to evaporate from the
uncapped tube at room temperature for 30
minutes. Do not over-dry pellet, or it may not
dissolve properly.

´ Add buffer appropriate for the downstream
process and vortex thoroughly to dissolve
protein pellet.

´ The solution thus obtained is used as enzyme
source for carrying out enzyme assay.

Enzyme assay
1. To 1ml of enzyme source add 1ml of 1%

casein solution along with 0.5 ml Tris-HCl
Buffer.

2. Incubate the above mixture at 45°C for 30min.
3. Now add 4ml of 5% TCA (Trichloroacetic acid)

and incubate at 30°C for 60min to stop the
enzyme substrate reaction.

4. After incubation time filter the solution to yield
TCA dissolved portion of assay mixture.

5. Take 1ml of this solution and add 5ml of 0.4M
Na

2CO3 and 0.5 ml of Phenol-Water (1:1)
solution.
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6. Now measure the OD of the resultant solution
at 660nm immediately.

Enzyme activity calculation

µg of substance * ml of enzyme
Enzyme Activity = 

Molecular weight * Time

For Bacillus subtilis the following studies
were carried out:

Effect of purity of enzyme on protease activity
The Activity of crude enzyme, enzyme

obtained from partial purification of Ammonium
sulphate and Acetone were measured.

Effect of pH on enzyme activity
The activity of crude enzyme was

measured at different pH values. The pH was
adjusted using 0.1N HCl and 0.1N NaOH solutions
and then checked for activity.

Effect of temperature on enzyme activity and
stability

The activity of crude enzyme was
determined by incubating the reaction mixture at
different temperatures varying from 30°C to 70°C
for 30min.

Effect of moisture content on enzyme activity
The activity of crude enzyme from SSF was

measured for different moisture contents in the
substrates ranging from 1:1, 1:1.5, 1:2, 1:2.5, 1:3
(Substrate: Moisture).

Effect of inoculum size on enzyme activity
The activity of crude enzyme was

determined at varying sizes of inoculum ranging from
10% to 40%.

Effect of incubation time on enzyme activity
The Activity was monitored at different time

of incubation of organism ranging from 24-72 hrs in
Bacillus subtilis and 12-168 hrs for Aspergillus
flavus.

Effect of carbon source on enzyme activity
The change in the activity of crude enzyme

grown under varying carbon sources (Starch,
Maltose, Sucrose, Glucose) was studied.

Effect of nitrogen source on enzyme activity:
The change in the activity of crude enzyme

grown under varying Nitrogen sources (Casein,
Thiourea, Peptone, Yeast Extract) was studied.

Effect of surfactants on enzyme activity
The activity of crude enzyme was

monitored in the presence of various surfactants like
SDS, Triton x and Tween 80.

Effect of mutagenesis on enzyme activity
Bacillus subtilis was mutated using potent

mutants Ethidium Bromide(5mg/ml) in
concentrations 10µl/ml of inoculum and 20µl/ml of
inoculum, exposed to UV light for 10 min and 20min
respectively and also using Acrylamide(5mg/ml) in
concentrations 10µl/ml of inoculum and 20µl/ml of
inoculum and checked for enzyme activity.

RESULTS AND DISCUSSION

Bacillus subtilis
The standard graph for the Protease

enzyme estimation was drawn as follows:

From the above graph, the concentrations
of the protease enzyme corresponding to the O.D
at 660nm is determined and thus the activity of the
enzyme estimated at different instances

The bacterium was grown for different time
periods and then the assay was carried out. By
carrying out the enzyme assay at 660nm and
corresponding activity was calculated. After the
completion of 48hrs the highest enzyme activity was
observed.

Effect of temperature on enzyme activity
The enzyme was subjected to different

temperature conditions. The temperature was varied
from 30-90°C and it was found that at 60°C the
enzyme showed maximum activity.

Effect of increased temperature on enzyme
activity

The temperature was increased to 80°C
and the incubation time was varied from 50 to 300
min and found that the activity remained almost
constant.
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Fig. 1: Effect of enzyme activity on
protease activity on bacillus subtilis

Fig. 3: Effect of increased temperature on
enzyme activty of Bacillus substilis

Fig. 2: Effect of temperature of enzyme
activity of Bacillus subtilis

Fig. 5: Effect of moisture content of
enzyme activity of Bacillus substilis

Fig. 4: Effect of pH on enzyme
activity of Bacillus subtilis

Fig. 0: The standard graph of protein
estimation at O.D 660nm

Effect of ph on enzyme activity
The enzyme was subjected to different pH

conditions. The pH was varied from 7-12 and it was
found that at pH 9 the enzyme showed maximum
activity.

Effect of moisture content on enzyme activity
The enzyme was subjected to different

substrate:moisture conditions. The moisture levels
were varied from 1:1, 1:1.5, 1:2, 1:2.5, 1;3 and it
was found that at Substrate:Moisture level of 1:1.5
the enzyme showed maximum activity.
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Fig. 7: The effect of purity of
enzyme on enzyme activity

Fig. 6: The effect of variying inoculum size
of Bacillus subtiils on enzyme activity

Fig. 9: Effect of various nitrogen sources
(4mg/gm of substrate) on enzyme activity

Fig. 10: Effect of various surfactants
on the enzyme activity

Fig. 11: The effect of substrate
concentration on protease activity

Fig. 12: Effect of Mutagenesis
on enzyme activity

Fig. 8: Effect of various carbon sources
(2mg/gm of substrate) on enzyme activity

Effect of inoculum size on enzyme activity
The inoculum size of the strain Bacillus

subtilis was varied from 10% - 40%. The inoculum
size that was found to be favourable for the maximum
enzyme activity was 30%.

Effect of Purity on Enzyme Activity
The crude enzyme was subjected to partial

purification techniques like precipitations by
Ammonium Sulphate method and also Acetone
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method. Then the activity of crude enzyme, enzyme
purified by Ammonium Sulphate precipitation and
enzyme purified by Acetone precipitation was
determined. It was found that the enzyme from
Acetone precipitation is more pure followed by the
enzyme purified by Ammonium Sulphate and then
followed by crude enzyme.

Effect of various ‘c’ on enzyme activity
The Carbon sources were mixed with the

wheat bran finely before moistening it. The different
Carbon sources were added in the same
concentration of 2mg/ gm of solid substrate. Out of
the four Carbon sources Starch, Maltose, Sucrose
and Glucose used, the one favourable for cultivation
of Bacillus subtilis and also protease production was
Maltose.

The carbon sources being rich in energy
are easily consumed by the bacterial strains through
several mechanisms are metabolized in their bodies.

Effect of various ‘n’ on enzyme activity
The Nitrogen sources were mixed with the

wheat bran finely before moistening it. The different
Nitrogen sources were added in the same
concentration of 4mg/ gm of solid substrate. Out of
the four Nitrogen sources Casein, Thiourea, Yeast
Extract and Peptone used, the one favourable for

cultivation of Bacillus subtilis and also protease
production was Yeast Extract.

Effect of surfactants on enzyme activity
The enzyme was subjected to effects of

various surfactants like SDS, Triton X and Tween
80. Out of these presence of Triton X enhanced the
Enzyme activity to maximum.

The substrate casein is specific substrate
to protease. Thus it is used during the enzyme assay.
It was added in varying concentrations during the
assay of protease enzyme in concentrations varying
from 1% - 4%. Out of these concentrations, 3% of
casein concentration showed maximum activity.

Effect of mutagenesis on enzyme activity
The mutations play a major role in

enhancing the enzyme activity. Various mutagens
with varying concentrations were used for testing of
the activity. The mutagens used were Exposure of
strain to 10µl, 20µl of Ethidium Bromide of 5mg/ml
concentration, exposure to UV light for 10 min and
20 min, Exposure to 10µl, 20µl of Acrylamide of 5mg/
ml concentration. Out of these mutagens, the
enzyme activity enhanced more with the Acrylamide
at 20µl level followed by Ethidium Bromide at 20µl
level and UV exposure for 20min.
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