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ABSTRACT

The present study reports production, partial purification, and media optimization for alkaline protease using 
Bacillus cereus PW3A. A profiling study for protease production indicates maximum enzyme activity (17.22 U/ml) 
was observed after 48 h of incubation. The studies also showed that the enzyme activity increased with the decrease 
in carbon content indicating the growth associated with nature protease production. Partial purification of protease 
was done using ammonium sulfate precipitation and dialysis. Further studies were conducted to assess significant 
media ingredients influencing protease production using the one-factor-at-a-time approach and Plackett-Burman 
design. Fructose and yeast extract were identified as the most significant variables. Response surface methodology 
was applied to optimize the factors for maximizing protease production. The results showed that the production 
increased from 17.22 U/ml to 47.43 U/ml indicating a three-fold augment in enzyme activity. Characterization of 
protease showed that the highest enzyme activity was shown at pH 8.0 and temperature 50°C; however, significant 
enzyme activity was retained till pH  10 and temperature 60°C. Using casein as substrate, the enzyme showed 
maximum activity Vmax 39 U/ml and Km 18 μM. The activity was enhanced by MgCl2 and CuSO4 and inhibited by 
HgCl2. Since the enzyme has both pH and temperature stability with greater substrate affinity, this protease finds 
many useful industrial applications.

1. INTRODUCTION

Enzymes are the essential bio-molecules that have intrigued researchers 
due to their outstanding properties such as catalysis and sustainability. 
Enzymes are used in many eco-friendly industrial applications, as they 
are selective and efficient. In addition, the biochemical reaction is 
accelerated by the use of enzymes as they lower the activation energy 
of the reaction [1]. Proteases are one of the major industrial enzymes 
and find various applications in the laundry industry, leather industry, 
pharmaceutical industry, food industry, cosmetics, silk degumming, 
silver recovery, chemical industry, and waste management 
processes [2,3]. Proteases can be produced from several sources such 
as plants, animals, and microorganisms (bacteria, yeasts, fungi, and 
actinomycetes). Among them, the microbial sources are renewable. The 
researchers have mainly studied the Bacillus species for the production 
of protease enzyme [4]. Microbial sources are preferred due to their fast 
growth in a confined space and ease in genetic manipulation to create 
novel enzymes with enhanced properties for various applications [5]. 
Studies have shown that protein engineering has been used to boost 
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up the stability attribute of protease enzymes to develop cost-efficient 
strategies for large-scale applications of the enzyme [3]. The protease 
production from bacteria depends on the type of strain, the composition 
of the medium, method of cultivation, nutrient requirements, 
cell growth, time of incubation, pH, metal ions, temperature, and 
thermostability. The enzymes derived from Bacillus species are highly 
active and stable at different ranges of temperature and pH; purification 
can be easily done at a low cost  [6]. Various  Bacillus strains such 
as Bacillus pumilus  [7], Bacillus horikoshii  [8], Bacillus clausii [9], 
Bacillus subtilis [10], Bacillus sphaericus [11], Bacillus aquimaris [12], 
Bacillus  pseudofirmus  [13], and Bacillus  circulans  [14] are known 
to produce industrially important proteases. Properties such as 
thermostability and pH stability are important for industrial enzymes 
as they aid in reducing microbial contaminants as well as operational 
costs. Proteases stable at high temperatures and pH are used to study 
the stability in extreme conditions and understand the mechanism [15]. 
Therefore, the search for a protease with desirable properties for 
commercial viability is imperative [16].

Optimization of microbial fermentation is critical for improved 
cost-effective protease production as fermentation parameters play 
an important role in supporting the growth of microorganisms for 
enzyme production. A classical method, that is, one factor at a time 
(OFAT) is frequently used in the optimization process to achieve 
optimum cell density and high productivity. The method becomes 
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laborious as it requires more time and experimental data sets. Besides, 
the interaction between the variables cannot be determined using 
OFAT  [2]. Researchers have designed statistical experimental tools 
where interaction between multiple variables can be optimized by 
screening the suitable media components to obtain a high yield of 
the product  [17]. Different effective statistical methods can be used 
to optimize enzyme production by screening the media composition 
that affects protease production significantly [11]. In this study, the 
production and optimization of alkaline protease were carried out by 
the Plackett–Burman (PB) design to screen various media components 
which yield maximum production of the enzyme. Furthermore, a multi-
factorial response surface methodology (RSM) was used to study the 
effect of primary factors and their interactions on extracellular alkaline 
protease produced from Bacillus sp. [2]. Furthermore, protease enzyme 
characterization and kinetic studies were carried out from the isolate 
Bacillus cereus PW3A along with some industrial applications.

2. MATERIALS AND METHODS

2.1. Chemicals, Media, and Media Components
All the media components and chemicals were purchased from Sigma-
Aldrich Chemicals Ltd (Missouri, USA), Ranbaxy Fine Chemicals Ltd 
(Mumbai, India), and HiMedia Laboratories Ltd (Mumbai, India)

2.2. Submerged Fermentation Production of the Enzyme
Isolation, identification, and characterization of B. cereus PW3A were 
reported in our earlier studies [18]. Screening of the microorganism for 
protease production was done on skimmed milk agar (SKM) plates as 
reported earlier [19]. Protease production was done using a production 
medium containing (g/100  ml): 1% glucose, 0.5% casein, 0.55% 
yeast extract, 0.2% KH2PO4, 1% Na2CO3 and 0.2% MgSO4.7H2O, 
and pH 8.0, while shaking at 120 rpm. Protease activity was assayed 
periodically and the isolates with the highest yield, B. cereus PW3A 
was selected for further studies. The microorganism B. cereus PW3A 
was transferred from their slant cultures into 250  ml conical flasks 
containing 100 ml nutrient broth. The cultures were grown at 37°C on 
a rotary shaker at 200 rpm for 24 h which was used as the inoculum 
for the submerged fermentation production of protease enzyme. From 
the prepared inoculum, 2  ml was added into 250  ml conical flasks 
containing 100 ml of production media. The production media were 
incubated at 37°C, at pH 8.0 for an incubation period of 48 h. After the 
incubation period, the cultured medium was centrifuged at 7000 rpm 
for 15 min at 4°C and the cell-free supernatant was used as the crude 
enzyme.

2.3. Determination of Alkaline Protease Activity
Protease activity (caseinolytic) was assayed by a modified method of 
Kunitz [20]. The enzyme reaction sample (1.0 ml) consisted of 500 𝜇L 
of 1% alkali-soluble casein in Tris-HCl buffer (pH 8.0) and 500 𝜇L 
of enzyme solution or cell-free supernatant. The enzyme reaction 
was started by adding an enzyme solution at 37°C. The solution was 
mixed by swirling and incubated at room temperature for 15  min. 
To terminate the reaction, 10% trichloroacetic acid (TCA, 5  ml) 
was added. The reaction mixture was incubated on ice for another 
10 min. Then, the reaction mixture was subjected to centrifugation at 
10,000 rpm for 10 min at 4°C. To 1.0 ml of supernatant, 5.0 ml of a 
0.4 M Na2CO3 solution and 1.0 ml of Folin–Ciocalteu reagent were 
added and incubated for 30 min at 40°C. The L-tyrosine released from 
digested casein was quantified using a UV-Visible spectrophotometer 
at 660  nm. The standard curve was plotted using L-tyrosine as a 

standard. One unit of enzyme activity was expressed as the quantity 
of protease that releases 1 𝜇M/ml of tyrosine per minute. The enzyme 
activity was calculated by the formula given below:

Enzymeactivity u ml

µM of Tyrosine X
Total volumeof assay ml

Vo
( / ) �

� �
llumeof theenzymetaken X

Lengthof assay X volumeused

Protein quantification of the sample was estimated based on Bradford’s 
method [21] using Bradford’s reagent (Sigma, USA).

2.4. Carbon Content Estimation
The carbon content was determined using a glucose standard graph. 
The estimation of carbon content was carried out using the DNS 
method where 1 ml of 3,5-dinitrosalicylic acid (DNS) was added to 
1 ml of the crude enzyme and incubated for 10 min in a boiling water 
bath [22]. Subsequently, 8  ml of distilled water was added and the 
absorbance values were measured at 540 nm. Profiling studies were 
performed by comparing the production of protease enzyme to the 
change in carbon content and the change in biomass using suitable 
assays. A graph was plotted for protease activity versus carbon content 
to study the growth characteristics of the microorganism under study.

2.5. Optimization Studies for Media Ingredients
2.5.1. OFAT analysis
A “OFAT” approach was applied to understand the impact of different 
conditions on protease production and to examine and identify 
the important factors. Hence, in each experiment, one element at a 
time was changed while others were fixed. Various carbon sources 
(1%  w/v) such as glucose, fructose, galactose, and lactose; various 
nitrogen sources (0.2% w/v) such as peptone, yeast extract, urea, and 
beef extract; a casein substrate (0–2% w/v) was used. To evaluate the 
combined effects of variables and optimum conditions for protease 
production, the PB design and RSM were used [23]. For optimization 
studies, the carbon and nitrogen source which exhibited the highest 
enzyme activity was selected.

2.5.2. PB design
Screening of different variables affecting protease production 
was performed by PB design [23]. In this study, two levels of six 
independent variables (fructose, yeast extract, casein, KH2PO4, 
Na2CO3, and MgSO4 7H2O) were evaluated as shown in Table 1. These 
variables were selected for a twelve-run PB design, and the effect of 
the individual variable was determined by the following equation.

E (xi) = 2 (qMi
+- Mi

-)/N

Table 1: Components of production medium for protease production with 
their high and low ranges.

Components Low concentration 
 (%w/v)

High concentration  
(%w/v)

Fructose 0.5 2.0

Yeast extract 0.2 0.8

Casein 0.5 1.5

KH2PO4 0.1 0.4

Na2CO3 0.2 0.8

MgSO4.7H2O 0.1 0.4
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Where, E (xi), denotes the concentration effect of the test variable, 
Mi

+ and Mi
- are the total enzyme produced from the trials where the 

measured variable (xi) was calculated at high and low concentrations, 
respectively, and N signifies the number of trials [6].

According to the design matrix, 11 different combinations of significant 
variables were selected according to the protease activity measured. 
Minitab16 was used to generate and analyze the PB experimental 
design. The experiment was performed in triplicate. The PB design is 
on the first-order model given by the following equation:

Y= β0 + Σβi xi

Where Y, β0, βi, i, and xi are the dependent variable (response in terms 
of enzymatic activity), the intercept model, the estimated coefficient 
of the variable, the number of variables, and the independent variable, 
respectively. F-test is used for the analysis of variance (ANOVA) to 
define the meaning of each term in the equation and the statistical 
significance of the model. To evaluate the statistical significance of the 
regression coefficients, the student’s t-test was used. The competence 
of the model can be assessed by the lack of multiple coefficients of 
determination (R2) and its value. Variables with P-values (>0.1) are 
considered to have a significant impact on protease productivity.

2.5.3. RSM
Two independent variables, namely, fructose and yeast extract were 
optimized for increased production of protease enzyme by B. cereus 
PW3A using RSM [24,25]. Minitab 16 software (USA) was used to 
predict 11 experimental runs. The average value of three trials of the 
experiment was taken as a response value (Y). The main effect of the 
parameters was calculated at three levels (−1, 0, and +1) on protease 
production was analyzed. The central coded value of the variables 
was considered as zero. The investigated parameters ranging from 
low to high along with actual and predicted levels of the complete 
experimental plan are presented in Table  2. To understand the 
significance of the generated model from RSM, analysis of variance 
data was obtained. The “main effect” of all the variables on protease 
production was given by the Pareto chart. The significant effects 
(P < 0.5) were obtained by the Pareto chart and statistical analysis. 
These factors were included and varied for optimization studies using 
RSM. The response generated to the effect of variables in RSM was 
calculated by the following second-order polynomial equation.

Y= βo + β1X1 + β2 X2 + β11 X1
2 + β22X2

2 + β12X1 X2

Where, Y denotes the response generated, βo refers to the constant, β1, 
β2 and β11, β22 are the coefficients of linear terms and quadratic terms, 
respectively. β12 refers to the coefficient of the cross-product term. X1 
and X2 signify the factors, fructose, and yeast extract, respectively.

2.6. Purification of Protease Enzyme
A two-step strategy, ammonium sulfate precipitation and dialysis were 
adopted for purification of protease from B. cereus PW3A. The crude 
protease was subjected to ammonium sulfate precipitation at various 
percentages of saturation levels (10–80%). The precipitated fraction 
was collected by centrifugation and dissolved in an appropriate amount 

of Tris HCl buffer (50 mM, pH 9.0) followed by dialysis. The protein 
sample obtained was checked for their enzyme activity and protein 
content. The specific activity of the protein was expressed as units per 
mg protein. The partially purified enzyme was used for further enzyme 
characterization.

2.7. Enzyme Characterization: Influence of Temperature, pH 
and Metal Ions on Protease Activity
2.7.1. Influence of temperature on enzyme activity
The thermostability of the enzyme was studied at a temperature range 
of 20–80°C. Partially purified enzymes were subjected to protease 
assay at different temperatures such as 20, 30, 40, 50, 60, 70, and 80°C.

2.7.2. Influence of pH on enzyme activity
The effect of pH (pH range 4.0–10.0) on enzyme activity was analyzed 
by conducting a protease assay on the partially purified enzyme 
samples.

2.7.3. Influence of metal ions on enzyme activity
Dialyzed enzyme was subjected to protease activity where the enzyme 
was pre-incubated in the presence of different metal ions (Na+, Cu+, 
Hg+, and Mg) at different concentrations (1 mM, 5 mM, and 10 mM).

2.7.4. Kinetic properties of protease
The kinetic parameters of partially purified enzyme were determined 
using various concentrations of casein (0.2%, 0.4%, 0.6%, 0.8%, 
1.0%, 1.2%, 1.4%, 1.6%, 1.8%, and 2.0%) with standard assay 
conditions. The kinetic rate constants Km and Vmax were estimated using 
the Michaeli–Menten equation and Lineweaver Burk plot [26].

2.8. Statistical Analysis
All the data reported in the current study represent an average value 
obtained from triplicates from the experimental results and standard 
deviation was calculated.

3. RESULTS AND DISCUSSION

3.1. Microorganism and Culture Conditions
In our previous study, the extracellular protease-producing bacteria 
were isolated from a polluted water sample collected from a treatment 
plant at Hubballi City. Phenotypic studies indicated the isolate as 
circular, off-white, smooth with a large colony. Microscopically, the 
microbe appeared as spore-forming, rod-shaped, and Gram-positive 
bacillus. The isolated strain has shown optimal growth over a wide 
range of temperatures (15–45°C). The 16S rDNA gene sequencing 
analysis showed that this strain had the highest homology (98%) 
with B. cereus (GenBank ID: KT808623) and hence was identified 
as B. cereus PW3A as reported in our earlier studies [18]. The strain 
demonstrated an effective zone of clearance around its colony on skim 
milk agar indicating its ability to produce protease enzyme [Figure 1]. 
In terms of industrial applications, the selection of strain with a 
higher production rate of alkaline protease is important in submerged 
fermentation.

3.2. Time Course Profile of Growth and Extracellular 
Protease Production
The carbon content estimation was carried out by the DNS method. 
A modified Kunitz method was used to assay the enzyme activity of 
the protease. The results obtained were used to generate data for a 
profiling study which was conducted by comparing carbon estimation 

Table 2: Various levels of factors for Response Surface Methodology.

Sources Levels

−1 0 +1

Fructose 1% 2% 3%

Yeast extract 0.8% 1% 1.2%
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studies and protease activity to the change in biomass with time as 
represented in Figures  2 and 3. Protease activity increased with an 
increase in the growth of the organism [Figure  2]. Meanwhile, the 
glucose content shows a decreasing trend as the biomass concentration 
increases along the time of incubation [Figure 3]. The highest protease 
activity (17.229 U/ml) was observed after 48 h of incubation. It is also 
seen that after 60 h of incubation, the protease activity was observed 
to be decreasing. Similar results of optimum production after 48  h 
were reported by earlier studies [7,16,27]. The glucose content in the 
media follows a declining trend as the incubation period progresses 
while the enzyme activity increases. As the incubation time increases, 
the microbial growth also increases due to the consumption of carbon 
sources for energy production and growth. This energy is used to break 
down the substrate aiding in the increase in enzyme activity. After 

reaching a certain point, the cells enter a stationary phase establishing 
equilibrium between new cells and the dying cells. The increase in 
the biomass in the medium results in low optical density reading and 
hence the declining trend.

3.3. Effect of Carbon and Nitrogen Source
To study the effect of various carbon sources on enzyme activity, 
glucose, fructose, galactose, and lactose was incorporated in the 
production media. Each carbon source was added at a level of 1% (w/v) 
in the inoculum and incubated. After 48 h, the sample was withdrawn 
and enzyme assay was performed as defined earlier. Figure 4 shows 
the effect of different carbon sources on the enzyme activity, the 
highest enzyme activity was observed in the presence of fructose 
resulted in 19.476 U/ml in comparison to glucose (16.858 U/ml), 
galactose (12.927 U/ml), and lactose (12.46 U/ml). Similarly, to study 
the effect of various nitrogen sources: Yeast extract, beef extract, 
peptone, and urea were incorporated at a level of (0.2%) keeping 
0.5% glucose as carbon source. The result is represented in Figure 5. 
Among all the nitrogen sources used, yeast extract gave the highest 
enzyme activity with 17.269 U/ml and beef extract, Peptone and urea 
gave comparatively less enzyme activity 11.115 U/ml, 13.073 U/ml, 
and 8.427 U/ml, respectively. Yeast extract fructose was selected as 
nitrogen sources and carbon, respectively, for further studies as they 
have shown a significant effect on protease activity.

The higher production of alkaline protease depends on the media 
sources such as nitrogen and carbon [28]. Although B. cereus PW3A 
was capable to use a variety of carbon sources, the protease activity 
was different with each carbon source [Figure  4]. The fructose 
resulted as the optimal carbon source for alkaline protease production 

Figure 1: Proteolytic activity demonstrated by Bacillus cereus PW3A. Zone 
of Clearance indicates hydrolysis of the substrate casein.

Figure 3: Profiling studies for growth and utilization of carbon source from 
Bacillus cereus PW3A where the secondary Y-axis represents optical density 

(OD) values.

Figure 2: Profiling studies for growth and enzyme production from Bacillus 
cereus PW3A where the secondary Y-axis represents optical density (OD) values.

Figure 4: Effect of various carbon sources on protease production.

Figure 5: Effect of various nitrogen sources.
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by B. cereus PW3A. Glucose and galactose provided a moderate 
to significant protease activity. The result is consistent with the 
previous studies using fructose as a carbon source to increase enzyme 
production in Bacillus sp [24,29]. Among different nitrogen sources 
tested by OFAT method, the optimum nitrogen source for maximum 
protease production was found to be yeast extract [Figure  5]. The 
results are in line with the previous findings on Bacillus sp. [30]. The 
nitrogen requirement for protease production differs from organism to 
organism. The media containing nitrogen and carbon sources affect the 
production of alkaline proteases [4].

3.4. Optimization Study: PB Design and RSM
PB design was used to determine the variables which had a significant 
effect on the protease enzyme activity. The significant variables were 
needed to be optimized to have an optimal composition of the medium 
for maximum enzyme activity. Variables such as fructose and yeast 
extract were confirmed from PB design experiments and RSM was 
used to predict optimum levels of the variables. PB design was used 
to develop a matrix containing 11 runs with the combinations of the 
high and low values of all the components in the medium as shown in 
Table 1. The significant factors were identified based on the estimated 
effects and regression analysis. The analysis of the optimization study 
showed that two factors were significant as reported by their P values. 
Factors having P < 0.05 are considered to have a significant effect 
on the response. The Pareto chart obtained from the PB experiment 
suggested similar results as obtained from the statistical data [Figure 6]. 
The P-values of fructose and yeast extract were 0.033 and 0.018, 
respectively, which are <0.05, demonstrating their importance in the 
media composition. Table  3 gives the estimated coefficient of each 
component in the media. The values derived from the student’s t-test and 

P-value are used to understand the importance of the coefficients. The 
larger the extent of t-value and smaller P-value, the more significant is 
the corresponding coefficient. The values of fructose and yeast extract 
coincide with the requirements of the significant coefficient. This data 
of variables were evaluated for further optimization.

Three levels of fructose and yeast extract were tested using this 
experiment as shown in Table 2. Further Table 4 shows details of the 
experimental design for the PB experiment. The matrix developed 
gave a set of 13 experiments with different combinations of fructose 
and yeast extract levels as shown in Table  5. Estimated effects and 
coefficients for enzyme activity derived from PB design are shown in 
Table 3. The response from the RSM experiment was studied using 
the analysis of variance (ANOVA). The combination of medium 
components in run 2 gives the highest activity of 47.43 U/ml of the 
protease enzyme. The statistical results obtained are shown in Table 6. 
The regression equation was obtained from the analysis of variance 
(ANOVA) which indicated that the R2 value for the experiment is 
0.6309 (a value of R2 > 0.75 indicates the aptness of the model). The R2 is 
the proportion of variability in response values explained or accounted 
for by the model; it can explain 63.09% variation in the response. The 
results of RSM were also interpreted in the 3D response surface curves 

Table 3: Estimated Effects and coefficients for enzyme activity (PB Design).

Term Effect Coefficient SE error T P

Constant 0.72661 0.4793 15.16 0.000

Fructose 0.30535 0.15268 0.04793 3.19 0.033

Yeast extract 0.36961 0.18481 0.04793 3.86 0.018

Casein 0.03122 0.01561 0.04793 0.33 0.761

KH2PO4 ‑0.13288 ‑0.06644 0.04793 ‑1.39 0.238

Na2CO3 0.12215 0.06108 0.04793 1.27 0.272

MgSO4 ‑0.05282 ‑0.02641 0.04793 ‑0.55 0.611

Figure 6: Pareto chart for screening significant variables for protease 
production where enzyme activity (EA) is the response.

Figure 7: 3D response surface plots depicting the interaction of yeast extract 
and fructose for protease production where enzyme activity (EA) is the yield.

Figure 8: 2D contour plots for studying the interaction of yeast extract and 
fructose for maximum enzyme activity (EA).
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[Figure  7] and their respective 2D contour plots [Figure  8] which 
was used to determine the optimum levels of significant variables 
for maximum response. These plots were responsible for providing 
a visual interpretation of the interaction between fructose and yeast 
extract. Maximum activity was observed to be 47.43 U/ml when 
the concentration of fructose is high and that of yeast extract is low. 
Figure 8 provides the visual representation of the same and reflects 
the negative effect of high yeast extract concentration on protease 

production. These results are in line with the data obtained on protease 
production by B. clausii [9]. The reason for the negative effect of high 
yeast extract concentration was reported to be the growth-independent 
repression of protease production [9]. Some studies show that 
repressive roles are played by organic nitrogen sources and excessive 
amino acid and ammonium ions in alkaline protease production [28]. 
An overall 2.7-fold increase in protease production was achieved after 
optimization by using RSM. Thus, it is evident that the statistical 
approach considers the interaction of independent variables to provide 
a basis for the model of experiments which shows the nonlinear nature 
of the response in a short-term experiment [31]. The acceptance rate 
of the statistical experimental design by researchers is growing in the 
biotechnology sector due to the satisfactory optimization of protease 
production from microbial sources using statistical approaches. Using 
statistical design to screen and optimize culture conditions allows 
quick identification of the important factors and interactions between 
them [32].

3.5. Partial Purification of Protease
After 48  h of incubation, the cell-free supernatant was used for the 
partial purification (saturation level, 65% w/v) of the alkaline protease 
produced by B. cereus strain PW3A. The protein precipitate obtained 

Table 4: Design matrix of different combinations for the media components for Plackett‑Burman design.

Runs Fructose (A) Yeast extract (B) Casein (C) KH2PO4 (D) Na2CO3 (E) MgSO4 (F) Enzyme activity (U/ml)

1 + ‑ + ‑ ‑ ‑ 17.76

2 + + ‑ + ‑ ‑ 19.68

3 ‑ + + ‑ + ‑ 18.24

4 + ‑ + + ‑ + 17.76

5 + + ‑ + + ‑ 31.68

6 + + + ‑ + + 26.88

7 ‑ + + + ‑ + 20.64

8 ‑ ‑ + + + ‑ 9.12

9 ‑ ‑ ‑ + + + 42.72

10 + ‑ ‑ ‑ + + 25.92

11 ‑ ‑ ‑ ‑ ‑ ‑ 9.60
(+) – high value (‑) – low value

Table 5: Design matrix of different combinations for the media components for Response Surface Methodology.

Runs Fructose
(A)

Yeast extract
(B)

Casein
(C)

KH2PO4
(D)

Na2CO3
(E)

MgSO4
(F)

Enzyme activity  
(U/ml)

1 1 1.2 1.5 0.1 0.8 0.1 26.16

2 2 1.7 1.5 0.1 0.8 0.1 47.43

3 4.24 1 1.5 0.1 0.8 0.1 40.56

4 1.41 1 1.5 0.1 0.8 0.1 30.42

5 2 1 1.5 0.1 0.8 0.1 38.88

6 2 1 1.5 0.1 0.8 0.1 29.67

7 2 1 1.5 0.1 0.8 0.1 36.54

8 3 0.8 1.5 0.1 0.8 0.1 44.73

9 2 1 1.5 0.1 0.8 0.1 33.18

10 2 1.13 1.5 0.1 0.8 0.1 38.40

11 1 0.8 1.5 0.1 0.8 0.1 24.06

12 2 1 1.5 0.1 0.8 0.1 31.98

13 3 1.2 1.5 0.1 0.8 0.1 36.90

Table 6: Analysis of Variance for Response Surface Methodology (RSM).

Source DF Seq SS Adj SS Adj MS F P

Regression 5 0.400359 0.400359 0.080072 2.39 0.143

Linear 2 0.297589 0.297589 0.148794 4.45 0.057

Square 2 0.075380 0.075380 0.037690 1.13 0.377

Interaction 1 0.027390 0.027390 0.027390 0.82 0.396

Residual error 7 0.234262 0.234262 0.033466

Lack‑of‑fit 3 0.174534 0.174534 0.058178 3.90 0.111

Pure error 4 0.059728 0.059728 0.014932

Total 12 0.634621
S=0.182937 PRESS=1.33446. R‑Sq=63.09% R‑Sq (pred)=0.00% R‑Sq (adj)=36.72%
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was dissolved and dialyzed overnight against the phosphate buffer. 
Table 7 shows the results of enzyme purification by ammonium sulfate 
precipitation and dialysis. The partially purified enzyme is further used 
for characterization studies.

3.6. Enzyme Characterization: Influence of Temperature, pH, 
and Metal Ions on Protease Activity
3.6.1. Effect of temperature and pH on protease activity
Figure 9 shows the effect of temperature on enzyme activity with a 
range from 20°C to 80°C. It is evident from the figure that at 50°C 
the enzyme activity was highest (18.7125 U/ml). Hence, the optimum 
temperature was recorded to be 50°C. However, it is also observed 
the enzyme retained significant activity between 40°C and 60°C 
indicating its thermal stability. The effect of pH on enzyme activity 
was studied at a pH range from 4 to 10. The highest enzyme activity 
was reported at pH 8, with an activity of 17.36 U/ml. The enzyme also 
showed stability with significant enzyme activity at a range of pH 8 
to pH 10 indicating its alkaline nature with 8 being the optimum pH 
[Figure 10].

Temperature and pH requirements are extremely important as 
they are considered among the factors that affect the growth and 
production of metabolites by microorganisms [29,33]. There is an 
optimum temperature and pH for each enzyme which gives the 
maximum enzyme activity. In the present study, however, the most 
significant level of growth and production of protease was supported 
by temperature ranging between 50 and 55˚C [Figure 9] with a rapid 
decline after 50°C. Bacillus sp. APP1 showed identical results to the 
optimum temperature for enzyme production as documented [34]. It 
was reported that the optimum temperature for alkaline protease by 
Bacillus stearothermophilus AP-4 was found to be 55°C [35]. Protein 
conformation remains stable, but at a narrow range of increasing 
temperature. The protein destabilizes because of abrupt loss of structure 
when weak interactions like hydrogen bonds are affected [33]. Despite 
the reduced activity of the protease enzyme when the temperature 
increases, it can be established as a thermo-stable enzyme as observed 
from the graphs and find applications in industries with elevated 
temperatures.

The optimum pH for the activity of the protease enzyme produced by 
B. cereus PW3A was 8.0. The results were comparable with the results 
obtained from studies conducted on the characterization Bacillus sp. 
CA15 [36] showed optimum activity at pH 8- 8.5. It was also reported 
that the optimum protease activity was obtained at pH  8.5 for B. 
subtilis isolate [10]. There has been evidence that the optimum pH 
for alkaline proteases of Bacillus sp. varies from 8 to 11 and they are 
species-specific [15]. Protease activity was observed at pH 8 according 
to the study performed on Bacillus licheniformis [37]. At low and 
high pH, the ionization states of amino acid changes play a crucial 
role in interactions that maintain the three-dimensional structure 

of the protein or the enzyme [36]. The increase or decrease in the 
hydrogen ion concentration in the reaction mixture changes the native 
conformation and results in enzyme denaturation. The present study 
helps to establish the stability of the protease enzyme by B. cereus 
PW3A that showed notable enzyme activity at pH 8–pH 10 (optimum 
enzyme activity was at pH 8 indicating its alkaline nature, Figure 10). 
The enzyme will find applications in a wide variety of large and small-
scale activities since it is stable at a wide range of pH.

3.6.2. Effect of metal ions on enzyme activity
A protease assay was conducted with three different concentration 
levels of metal ions (1 mM, 5 mM, and 10 mM) to analyze its effect 
on the activity of the enzyme. Mg2+ and Cu2+ increased the enzyme 
activity by acting as activators while the Hg2+ demonstrated inhibitory 
function according to the results of the present study [Figure 11]. Na+ 
showed a negligible effect on enzyme activity compared to other metal 

Table 7: Purification summary of alkaline protease from Bacillus cereus PW3A.

Step Enzyme activity 
(U/ml)

Total protein 
(mg/ml)

Specific activity 
(U/mg protein)

Total Activity
(U)

Purification 
(fold)

Culture supernatant 2.75 21.10 0.13 137.50 1.00

Ammonium sulfate 
fraction (Precipitate)

62.67 19.34 3.24 6133.50 3.40

Ammonium sulfate 
fraction (Supernatant)

1.81 16.09 0.11 90.50 1.10

Dialysis 163.08 48.76 3.34 8154 4.11

Figure 10: Effect of pH on protease activity produced from Bacillus cereus 
PW3A.

Figure 9: Effect of temperature on protease activity produced from Bacillus 
cereus PW3A.
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ions, indicating that it does not have a profound effect on the enzyme. 
It was reported that Mo2+, Cu2+, Fe2+, Mg2+, Ni2+, and Ca2+ affected the 
enzyme activity positively of B. cereus S8 [5]. Mercury is a heavy 
metal and at a molecular level, it forms bonds with sulfhydryl groups 
on an enzyme. The binding of mercury can change the shape of the 
enzyme and block its activity.

3.6.3. Enzyme kinetic studies
The effect of casein concentrations on the enzyme activity was 
evaluated using different concentrations of casein with standard 
assay conditions. The enzyme-substrate curve (Michaelis-  Menten 
graph) equation and Lineweaver Burk plot were used to determine 
the value of Km and Vmax. A lower Km value indicates a strong binding 
affinity of protease to the substrate. The accurate values of Km and 
Vmax from the enzyme-substrate curve (Michaelis–Menten graph) 
were unsatisfactory; therefore, the Lineweaver Burk plot [Figure 12] 
was used. The Km (0.6667 µM) and Vmax (15.873 U/ml) values were 
calculated from the Lineweaver Burk plot. For maximum activity, the 
optimal substrate (i.e., casein) concentration was determined in terms 
of Michaelis–Menten kinetic constant (Km) and the maximum velocity 
(Vmax). The Vmax denotes the maximum enzymatic rate of reaction where 
the enzyme is saturated with substrate and the affinity of enzyme and 
with its substrate is expressed by Km [38]. An extracellular alkaline 
protease from a novel haloalkaliphilic bacterium reported a Km and Vmax 
of protease of 0.153 g/100 ml and 454 U/ml, respectively [39]. The Km 
of the alkaline protease from B. licheniformis Bl8 with the substrate, 
casein was found to be 3.2 mg/ml [40].

The current research investigated the studies on optimization of media 
components for the production of protease enzyme from B. cereus 
PW3A using statistical and non-statistical approaches, parameter 
characterization (temperature, pH, and effects of metal ions), kinetic 
studies, and purification of protease enzyme. This combination of 
studies is less explored and reported in an individual paper. Stability 
is a very important property of industrial enzymes. The protease 
produced by B. cereus PW3A has its optimum temperature of 50ºC 
and hence it is advantageous that it helps contribute to the reduction 
of microbial contaminants as well as cooling costs. The enzyme does 
not get denatured after the optimum pH (pH  8) and is stable up to 
pH 10 and hence finds applicability in industrial processes requiring 
an alkaline pH range of 8–10 thus making it an economical source of 
protease enzyme.

4. CONCLUSION

The present study demonstrated how optimizing the media composition 
and studying different parameters can affect enzyme activity. 
Statistical experimental approaches proved crucial in optimizing 
the production of protease by B. cereus PW3A, which resulted in a 
3-fold increase in enzyme activity. The enzyme exhibited temperature 
and pH stability that may be useful in the process of having alkaline 
environments and with a wide range of temperatures. The study also 
demonstrated that magnesium and copper acted as activators and 
mercury played a role as an inhibitor for protease production from 
B. cereus. Further investigation can be done for process parameters 
pH, temperature, agitation, speed, dissolved oxygen, etc., which affect 
enzyme production.
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