
World Applied Sciences Journal 7 (4): 453-460, 2009
ISSN 1818-4952
© IDOSI Publications, 2009

Corresponding Author: Mohamed S.A Shabeb, Department of Botany, Faculty of Science, South Valley University,
81528 Aswan, Egypt 

453

Optimization of Purified Protease Produced in Low-Cost Medium
by Bacillus subtilis KO Strain 

Francis F. Hezayen, Magdi A.M. Younis, Moustafa A. Nour-Eldein and Mohamed S.A Shabeb 

Department of Botany, Faculty of Science, South Valley University, 81528 Aswan, Egypt

Abstract: There was a successful trial to purify the protease produced in low coast medium by Bacillus subtilis
KO Strain using ammonium sulphate fractionation and column chromatography techniques. The purified
protease was produced under the optimum conditions revealed 46 I.U. at 72 h. incubation period and 31- 34 I.U.
at 40-45°C, pH 7.5 and 0.5 (%,w/v) gelatin concentration. The purified protease activity showed slightly
decrease up to 2 mg/ml of zinc sulphate, cadmium chloride or barium chloride ( 21-25 I.U.) while a remarkable
decrease (14 I.U.) and complete inhibition was observed when Ethylene Diamine Tetra Acetic acid (EDTA) and
Poly Methyl Sulfonyl Florid (PMSF) were added respectively at 200µg/ml. Molasses was used for the purified
enzymes productivity. It could be recognized that this may be the unique to use molasses not only to isolate
the Bacillus subtilis KO strain but also to grow and maintain it. This has the advantage to reduce the
production  cost  not only for purified protease but also to shed a new light on the economic value of the
yielded product. 
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INTRODUCTON containing these contaminants is usually referred to as

Molasses as nutrient medium can be used as a protein capture is the bulk precipitation from the crude
relatively inexpensive and economic alternative to extract [9, 10]. 
synthetic medium for the production and purification of Generally, purification procedures include main steps
many economic enzymes [1]. Bacterial protease attracted e.g. Ammonium sulfate fractionation and then applying
the attention of many workers long time ago, but interest different  sephadex  chromatographic  columns,  using
has been increased strongly in the last three decades [2]. ion-exchange   or   adsorption   chromatography   and
It has been  demonstrated  that  bacterial  protease  can many cases performing the so called polyacrylamide gel
be applied to a great extent in different scopes e.g. food electrophoresis technique [11].
industry [3], Baking industry [4], laundering and dry Ammonium sulphate fractionation can be applied
cleaning [5], leather industry [6] and wool quality according to the chart of [12] as mentioned by [13]. Partial
improvement [7]. purification of alkaline protease in supernatants was

Purification of microbial protease received a great performed using ammonium sulfate fractionation as
attention.  A crude protein extract derived from some mentioned by [14, 15]. The objective of the present study
types  of  physical  or  chemical  manipulation of the was  to investigate  production  of  Purified protease in
source will typically contain several types of low – cost medium by Bacillus subtilis KO strain.
contaminating molecules. These contaminants may
include carbohydrates, lipids, nucleic acids, proteins, salts MATERIALS AND METHODS
and other cellular debris. Partial purification of protease
enzyme which was detected using chilled acetone for Organism  Used  in  the  Study:  Bacillus subtilis KO
enzyme  precipitation  [8]  is  one  of different methods strain that isolated from molasses obtained from Kom
that were applied for the protease purification. Separation Ombo sugar factory for industrial products (Aswan
of the protein fraction of the crude protein extract governorate – Egypt) was used.

the capture step. One of the more popular methods of
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According to morphological, physiological 200 ml of 0.2 M phosphate buffer pH 7 and allowed to
biochemical   characteristics    and    the    data    of   partial swell for 24 hours at room temperature. The column was
sequence of 16S rRNA  the  used  isolate  was identified packed by adding, carefully, a previously prepared
as a strain of Bacillus subtilis. degassed thin slurry gel in the buffer solution into a

Media Used: Molasses broth medium (Molasses 100 ml The addition of the gel was continued until a bed height
Dist.  H O  up  to  1000  ml)   and   molasses   agar  medium of 40 cm in the column was attained. The flow rate of the2

(molasses broth medium supplemented with 2% agar) buffer was maintained at a rate of approximately 5 ml/h.
were used for Bacillus subtilis KO strain isolation, One ml of the crude extract was applied carefully to the
purification and maintenance as well as the optimization top of the gel. It was allowed to pass into the gel by
of protease activity. running the column. The buffer was then added carefully

Production of the Crude Protease: Bacillus subtilis KO which is 5 ml, were collected. Both enzyme activity and
strain was grown on molasses broth medium and protein content were determined for each separated
incubated at 48 h, 40 ºC and pH 7. The cell free fraction.
supernatant was obtained by centrifugation at 9000 rpm,
for 20 minute, then the filtration of the obtained Factors Affecting Purified Protease Activity by Bacillus
supernatant using a sintered glass g-4 filter as performed.
The obtained filtrate was the crude enzyme [16]. This
crude enzyme was subjected to different purification
methods

Purification of Protease
A) Ammonium Sulphate Fractionation: The crude enzyme
was brought to 20% saturation by gradual addition of
solid ammonium sulphate with continuous stirring and
was let to settle for 24 hours to precipitate the protein as
protein ammonium sulphate which was obtained by
centrifugation for 20 minutes at 9000 rpm. Then protein
ammonium  sulphate  pellet  was  dissolved  in  10  ml  of
0.2 M phosphate buffer (pH 7). The enzyme activity and
the protein content were determined according to [17],
whereas the rest of the supernatant was precipitated again
with ammonium sulphate in order to achieve 40, 60, 80,
100% saturation of ammonium sulphate precipitation.
Both enzyme activity and protein content were determined
for each separate fraction. The amount of solid ammonium
sulphate to be added was calculated by the chart of [12]
as mentioned by [13] was applied. By this way a partially
purified enzyme was obtained and subjected for
purification using the column chromatography.

B) Column Chromatography Technique: The partially
purified  enzyme  preparations  were  applied  into a
column packed with sephadex G -200 (mesh 200 µ) and
equilibrated with 0.2 M phosphate buffer pH 7, then
eluted with the same buffer, preparation of the gel column
and the fractionation procedure was carried out [15]. 

A Pharmacia column (2.5 x 50 cm) has been used.
Seven  grams  of  sephadex  G-200 were suspended into

vertical  column  partially  filled  with  the  same  buffer.

without disturbing the gel surface. 10 fractions, each of

subtilis KO strain: Purified enzyme was obtained under
the optimum conditions. Purified proteases activity was
tested on gelatin agar plates using gelatin-cup plate
clearing zone (GCZ) technique under the  effect of
different factors according to [18]. Activity was tested
after 6 hours incubation at 40°C and pH 7 if other wise
was not indicated.

Effect of Incubation Periods: Effect of incubation period
on purified protease activity was tested by GCZ technique
under different incubation periods i.e., 6, 12, 24, 36, 48, 60,
72 and 84 h. The clear zones were measured and the mean
diameter for each incubation period was calculated.

Effect of Temperature: Effect of temperature on the
purified protease activity was tested by using GCZ
technique at different incubation temperatures i.e., 25, 30,
35, 40, 45, 50, 55 and 60°C. The clear zones were measured
and the mean diameter for each temperature was
calculated.

Effect of pH: Gelatin agar plates were prepared at different
pH; 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5. The clear
zones  were  measured  and  the  mean diameter of each
pH was calculated. 

Effect  of  Substrate  Concentration:  The purified
Protease activity   was   tested   by   preparing  gelatin
agar  plates  with  different  gelatin concentrations i.e.,
0.05, 0.1, 0.5, 1, 2.0, 3.0, 4.0 and 5.0 % (w/v).The purified
enzyme was applied, incubated and clear zones were
measured. The main diameter of each concentration was
calculated.
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Effect  of  Inhibitors:  The  assay  medium of gelatin agar was  used  to  produce  protease  which  was  introduced
plates were prepared supplemented with different
inhibitors separately, e.g. Ethylene Diamine Tetra Acetic
acid (EDTA), Poly Methyl Sulfonyl Florid (PMSF), Zinc
sulphate, Cadmium chloride and Barium chloride. The
purified enzyme was applied to the different preparations,
incubated and clear zones were measured. The mean
diameter for each inhibitor was calculated.

RESULTS AND DISCUSSION

In the present investigation, different experiments
were performed to optimize the cultivation conditions and
the medium contents of Bacillus subtilis KO in order to
reduce the cost of purified protease production. Protease
was produced under the optimum conditions and the
factors affecting the activity of the protease were studied.
Moreover, there was a successful trial to purify the
protease. Molasses was used to isolate Bacillus subtilis
KO and also for the purified enzymes productivity. The
two used media were tested regarding their ability to get
high productivity of purified protease. Molasses broth
medium showed the high protease activity. This has the
advantage to reduce the production cost not only for
purified protease but also of many economic products.
Many workers used the natural sources as one of the
medium constituents e.g. Rice bran, soybean, wheat flour,
wheat bran, corn bran, corn starch orange peels and
purples to support growth of different bacteria to produce
different enzymes [19, 20].

Protease Purification: Separation of the protein fraction
of the crude protein extract containing these contaminants
was usually referred to as the capture step Extracellular
proteases were considered to be one of the most
important groups of bacterial extracellular proteins and
represent about 60% of the total enzymes market. They
were being used in a wide variety of applications such as
detergents industry, leather processing industry, dairy
and food industry, the manufacture of pharmaceutical
products, the industry of proteins hydrolysis and peptide
synthesis and texture industry [7, 21]. Total protein
contents in the supernatant at different fractions
represented in Fig. 2.

From studying the factors affecting protease
productivity by Bacillus subtilis KO an ideal medium for
maximum protease was designed and was contained of
molasses 100 g/l (w/v). Optimum culture conditions were
45 °C pH 7 and 48 h incubation period  [22].  This  medium,

for protease purification [15], where the protein pellet
obtained after 60% saturation with ammonium sulphate
was dissolved in 2 M phosphate buffer, pH 7 and loaded
onto  column of Sephadex G-200 (2.5 x 50 cm). It was
found that fraction 3 and 4 exhibited the maximum
protease activity (Fig. 1). However, it doesn’t represent
the maximum protein content.

Factors Affecting Purified Protease Activity: Factors
affecting enzyme productivity were performed on
molasses media with a cheap price and high purified
protease productivity to reduce the cost and increase the
economic value. These factors were incubation period,
temperature, pH, substrate concentration and inhibitors.
From factors affecting protease productivity, it could be
stated that molasses broth medium gave the best protease
productivity compared with the other tested media. The
production optimum conditions were, pH 7; temperature,
40 ºC and incubation period, 48 hours [22]. Under these
optimum conditions the organism was cultured and cell
free supernatant was obtained (crude enzyme) and was
used to determine the effect of different factors on
protease activity. Activity was determined using GCZ
technique

Effect of Incubation Period: Maximum protease activity
for protease produced by Bacillus subtilis KO strain was
occurred after 72 to 84 h. incubation period. This was in
correlation with the data recorded for activity of protease
produced by Bacillus subtilis, Bacillus sp. M22; [23, 24].
However, this was in contrast to the findings of other
workers whom reported that activity of protease produced
by Bacillus licheniformis LBBL-11 and Bacillus firmus
7728 were exhibited their best activity after 48 hours
[20,25].

Data represented in Fig. 3 showed the effect of
different incubation periods on protease activity. The
optimum incubation period for the maximum protease
activity was 31 I.U. at 72 h. 

Effect of Temperature: Data represented in Fig. 4 exhibit
the effect of different temperature on the protease activity.
Temperature affects not only the growth of the strain and
the production of the enzyme but also the enzyme
activity. Bacillus subtilis KO strain exhibited its maximum
protease activity between 40 and 45°C. The enzyme lost
its activity above 50°C. This was nearly similar to the data
obtained for Bacillus subtilis DM-04, Bacillus  sp. 103
and Bacillus subtilis-1 [26-28].
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Fig. 1: Protease activity at different fractions
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Fig. 2: Total Protein contents in the supernatant at different fractions

Fig. 3: The effect of incubation period on protease activity
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Fig. 4:  The effect of different temperatures on protease activity

Fig. 5:  The effect of different pH values on protease activity

Fig. 6: The effect of substrate concentrations on protease activity
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Fig. 7: The effect of Poly Methyl Sulfonyl Florid (PMSF) on protease activity

Table 1: Effect of different inhibitors on protease activity

Enzyme activity (I.U.)
------------------------------------------------------------------------

Zinc Cadmium Barium
Concentration EDTA PMSF Sulfate chloride chloride

Control 31 31 31 31 31
200µg/ml 14 0.0 27 29 29
400 µg/ml 0.0 0.0 26 28 29
800 µg/ml 0.0 0.0 25 28 28
1200 µg/ml 0.0 0.0 23 26 27
1600 µg/ml 0.0 0.0 23 25 25
2000 µg/ml 0.0 0.0 21 24 25

However, this was in contrast to the results recorded
for protease activity by Bacillus subtilis BS1 which
exhibited its maximum protease activity at 50 ºC [29],
where Bacillus subtilis CHZ1 and Bacillus subtilis PE-11
exhibited its maximum protease activity at 60 ºC [30, 31]. 

Effect of pH: Data presented in Fig. 5 showed the effect of
different pH on protease activity. Maximum protease
activity was exhibited at pH range between 7 and 7.5.
Bacillus subtilis KO strain exhibited its maximum protease
productivity and protein content at a pH 6.5 and 7 (Fig. 5).
This was in complete accordance with the findings of
many workers. The optimum pH for maximum protease
productivity  and  activity was 7.5 by Bacillus subtilis
[32], 7.2 by Bacillus subtilis k11 and Bacillus
licheniformis [33, 34], 6.9 by Bacillus sp. SMIA-2 [35] and
7 by Bacillus sp. TKU004 [6]. 

Effect of Substrate Concentration (Gelatin): Fig. 6
showed the effect of different gelatin (substrate)
concentrations  on  protease  activity.  The  optimum
gelatin  concentration  that exhibited the maximum

protease activity was 0.5 - 1 (%, w/v). This result was
approximately  accordance  with  the  similar  finding  of
[36] who found that maximum protease activity and
productivity by Bacillus sp. were exhibited with gelatin
concentration between 1.5 %, (w/v) and 2 %, (w/v) and
1%, (w/v) for Bacillus anthracis  S-44  and  Bacillus  sp.
K 30. It was found that maximum protease activity and
productivity for Bacillus firmus 7728 were at 0.5 %, (w/v)
of gelatin concentration [20, 25 ]. 

Effect  of  Inhibitors  on Protease Activity: Metal ions
such as calcium, cobalt, copper, boron, iron, magnesium,
manganese and molybdenum were required for maximum
protease production [37]. 

Data presented in Table 1 showed the effect of
different inhibitors on protease activity. The purified
protease activity showed slightly decrease up to 2 mg/ml
of  zinc  sulphate,  cadmium chloride or barium chloride
(21-25 I.U.) Moreover, a remarkable decrease (14 I.U.) at
200 µg/ml of EDTA was observed when compared with
control (31 I.U.). On the other hand, complete enzyme
inhibition with >200 µg/ml of EDTA and = 200 µg/ml of
PMSF was recorded (Fig. 7). Our findings were in
correlation with the findings of [19, 38, 39] whom found
that Mercury, Cupper, Zinc and phenylmethylsulfonyl
fluoride (PMSF) inhibited protease activity of protease
produced by Bacillus stearothermophilus, Bacillus sp.
NG 312 and Bacillus sp.I-312. 

From the available present data it could be
recognized that this study may be the unique to use
molasses not only to isolate the Bacillus subtilis KO
strain but also to grow and maintain it. Moreover, it used
a medium contain only molasses to produce considerable
amount  of  purified proteases. This has the advantage to
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reduce the production cost not only for purified protease 11. Okada, J., H. Shimogaki, K. Murata and A. Kimura,
but also to shed a new light on the economic value of the 1984. Cloning of the gene responsible for the
yielded product. extracellular proteolytic activities of Bacillus
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