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Abstract

Proteases are the main enzymes responsible for the breakdown of protein molecules into amino acids. These enzymes can
easily be obtained from plants, animals and microorganisms. However, the easiest, fastest and cheapest source is
microorganisms. Bacillus cereus strains B16, B17, B18, B19 and B20 were selected for use in this study. The optimum
conditions and other parameters of the strains in the production process of proteases were investigated. The strains were
characterized using biochemical methods. Different culture conditions were analyzed for the production efficiency of
protease activity. Based on the proteolytic activity analysis, Bacillus cereus B17 strain was selected for detailed studies.
Protease purification was done by dialysis, ion exchange chromatography and gel filtration chromatography. It was
determined that the growth and the protease activity of Bacillus cereus B17 was greatly affected by parameters such as
pH and temperature of the medium, presence of metal ions and inhibitors, and incubation time.

Keywords: Bacillus cereus, Enzyme characterization, Protease, Protease activity.

1. INTRODUCTION

Proteases are the general name given to the largest group of enzymes that break down proteins into
amino acids and take part in the catalysis of peptide bonds (Chang and Yang, 2000). These enzymes
are of particular importance due to their use in many areas of industry such as food, medicine, textile,
feed and cosmetics (Hooper, 2002). Plants and animals are used as protease sources, but the fastest,
easiest and most economical method is to obtain them from microorganisms. Because, especially the
bacteria are easily obtained and multiply rapidly (Singh et al., 2016). In addition, they have the
potential to be genetically modified to change their catalytic properties and production amounts.
Production of proteases from various microorganisms can slightly be induced structurally (Rao et al.,
1998; Souza et al., 2015).

The industrial enzyme market worldwide is 10 billion dollars and the largest share is microorganism-
derived proteases (Benmrad, 2016). The demand for proteases is constantly increasing. Easy and
alternative ways are required to meet the production demand. Microbial-derived proteases cover 60%
of the global enzyme trade (Zambare et al., 2011; Souza et al, 2015). They are obtained from fungi
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such as Thermomyces, Rhizopus, Penicillium, Mucor, Humicola, Aspergillus. If we compare the
enzymes of fungal and bacterial origin, fungal proteases show more enzyme diversity, but they have
less reaction rate and heat stability compared to bacterial enzymes (Wu, 2006; Souza et al, 2015).
Microbial proteases can be grouped according to several different factors. The first is its catalytic
mechanism and origin. Second, they are divided into endopeptidases and exopeptidases according to
the active site in the polypeptide groups. Endopeptidases cleave a peptide bond in the polypeptide
chain remotely at both ends. Exopeptidases cut these ends closely and are divided into subgroups
according to their domains carboxyl or amino as carboxy-peptidases and amino-peptidases. In
addition, they are examined in six different groups as threonine, glutamic acid, metallo cysteine,
aspartic acid and serine, according to the catalytic excess products in their activity region (Li, 2013).
There are many sources of bacterial proteases used in industry. The genus Bacillus is one of them.
They can produce higher volumes of neutral and alkaline proteolytic enzymes with different
properties, including oxidizing compounds, organic solvents, detergents, high stability to pH and
extreme temperatures (Contesini et al., 2018).

The genus Bacillus are rod-shaped, gram-positive, endospore-forming bacteria that are members of
the phylum Firmucites, containing more than 327 described species. They can act as aerobes or
facultative anaerobes (PCB, 2000). Species of the genus Bacillus are characterized by a large genome
size ranging from 3.35 to 10.0 mega bases, with a higher GC content of 35%-46% (Alcaraz et al.,
2008). Bacillus cereus (Bc), commonly known as a soil bacterium, is also found in food products. It
IS an anaerobic, facultative, motile, beta-hemolytic rod-shaped gram (+) bacterium (Kenneth and Ray,
2004).

Industrially, bacteria of the genus Bacillus have a great potential in the sector. It has areas of use in
different sectors such as food, medicine, detergent, medical, leather processing (Gupta et al.,2002;
Sumantha et al., 2006). There are some reasons why these bacteria are preferred. They secrete protein
in the extracellular environment with relatively short fermentation time (Sewalt et al., 2016). In
addition, due to the diversity of the strains, it is possible to obtain different types of enzymes.
Proteases, lipases and carbohydrate active enzymes are the main enzymes produced by Bacillus.
Worldwide, proteolytic enzymes isolated from Bacillus are of greater importance among all related
enzymes (Schallmey et al., 2004). In addition, in 1958, recombinant protein was first produced by
Spizizen using Bacillus subtilis (Rahmer et al., 2015,). As the use of recombinant technology is
continuously increased and updated, the use of the genus Bacillus to produce homologous and
heterologous proteins is increasing in parallel (Schallmey et al., 2004).

In this study, a procedure was developed to optimise production, extraction and stability conditions,
to determine the ideal production conditions in terms of Carbon and Nitrogen source, pH and
temperature, and finally to find ways to inhibit or restrict the activity of the enzyme with some
technical applications on a new cadidate strain Bc B17. Protease enzyme was produced and isolated
under selected optimum conditions for activity analysis.

2. MATERIALS AND METHODS

2.1. Identification of the Strains

Bacillus cereus strains B16, B17, B18, B19, B20 were obtained from Baghdad University and
identified through morphological and biochemical means (Oxidase Test, Catalase Test, Methyl Red
Test, Voges-Proskauer Test, Nitrate Reduction Test, Indole Test) using the methods of Collee et al.
(1996) and Atlas et al. (1995).
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2.2. Protease Production Studies

2.2.1. Semi-Quantitative Screening

Bacillus cereus strains were inoculated on nitrate agar medium using the smear plate method. It was
incubated at 37°C for overnight. Pure colonies were transferred to skimmed milk agar medium and
incubated under the same conditions. The presence of a transparent zone appearance around the
colonies was evaluated as the ability of the strains to produce proteases (Touka and Hameed, 2014).
2.2.2. Quantitative Screening

Bacterial cultures were centrifuged at 15.000 rpm at 4 °C for 20 min. The supernatant was used for
proteolytic activity experiments using the casein digestion method. The mixture containing 800 pl
casein solution and 200 ul enzyme solution was incubated at 55 °C for 30 minutes. Then a ml of TCA
reagent was added and incubated on ice for 15 min. It was centrifuged again and absorbance of the
supernatant was measured at 280 nm. Activity determination was carried out using the following
equation (Singh et al., 2011).

The enzyme activity (U/ml)=(Absorbance at 280 nm)+(0.01x30x0.2)

Specific activity (U/mg)=Activity (U/ml)+Concentration of protein (mg/ml)

0.01: Constant
0.2: volume of the enzyme (ml)
30: Duration of the reaction

2.3. Optimum Conditions for Protease Production

Parameters for optimum incubation time, temperature, pH, carbon and nitrogen source were
investigated for the Bc strains. They were incubated at 12, 24, 36, 48, 60 and 72 hours period at 25,
30, 35, 37, 40, 45 and 50°C, and pH values of 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5 and 9 seperately. The
culture media of the strains were enriched by starch, glucose, galactose, sucrose and maltose
seperately at 1% (v/w) concentrations for carbon source.To determine the optimum nitrogen source,
meat, yeast, casein, and peptone were added to the media at a concentration of 1.5%. The most
suitable parameters were selected and applied for the next steps. After incubation, protein
concentrations at each parameter was evaluated for specific activity and protease activity.

2.4. Protease Purification

The strain with the most effective protease activity and stability was determined as Bacillus cereus
B17 and its proteases were purified using different methods.

2.4.1. Precipitation by Ammonium Sulfate

Amaonium sulfate was gradually added to the bacterial supernatant from 30 to 80% and mixed at 4°C
for 20 min. It was then centrifuged at 6000 rpm for 20 minutes at 4°C. The resulting proteins were
solubilized with 0.05 M Tris-HCI (pH 8.0) buffer (Sedghi et al., 2011).

2.4.2. Dialysis

Proteins precipitated with ammonium sulfate were treated with buffers overnight at 4°C using a
dialysis bag.

2.4.3. Purification by lon Exchange Chromatography

DEAE cellulose column was prepared according to the method of Whitaker and Bernard (1972). A
20g/L suspension was prepared for the cellulose column. It was then filtered with Whatman No.1.
The resin was resuspended with 0.25 M NaOH and NaCl and filtered again using the same method.
It was washed several times with 0.25 M HCI and distilled H20. Equilibrated with 0.05 M Tris-HCI
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buffer (pH 8.0). Enzyme from the dialysis process was added to the column with 50 ml. The column
was washed with an equal volume of Tris-HCI buffer and various concentrations of NaCl in the range
of 0.2 M and 0.5 M were used gradually. The proteins were gradually eluted. The flow rate was
applied as 3 ml/fraction. Then, absorbance was measured at 280 nm with a UV-VIS
spectrophotometer (Kanvar et al., 2006).

2.4.4. Purification by Gel Filtration Chromatography.

Sephadex G150 (1.5x40cm) was equilibrated with 0.05M Na2HPO4 buffer at a flow rate of 30 ml/hr.
Samples purified by ion exchange were treated with 0.01 MTris-HCI (pH:7.0) buffer. Elution was
performed with the same buffer at a flow rate of 3 ml/hr. Protease activities were then measured at
280 nm (Gurumurthy and Neelagund, 2012).

2.5. Protease Characterization

2.5.1. pH on protease activity and stability

Buffer solutions at determined pH values were adjusted and 0.9 ml solution was mixed with 0.1 ml
of partially purified protease. Enzyme activity was estimated according to the formula given in 2.2.2.
Then, incubated for 30 minutes at room temperature determining the stability.

2.5.3. Determination of The Ideal Temperature for the Activity and Thermal Stability

At determined temperature parameture ranges (30-80 °C), 50 ul of enzyme solution waz mixed with
950 pl of 0.05 M Tris-HCI (pH7.0) buffer and held for 30 minutes. The mixture was placed on ice
and then activity was measured. The highest yield was accepted as 100% and the compared with the
temperature. Protease activity at temperatures 30, 40, 50, 60, 70 and 80°C were evaluated for both
activity and stability. Enzymatic activity was compared with each other at the temperatures applied.
2.5.5. Determination of The Effect of Metal lons and Inhibitor on the Activity of Protease
Enzyme

Partially purified protease samples were treated seperately in 2mM of MgCl2, ZnSO4, CaCl2, MnCI2
and EDTA (1:1v/v) for 30 min and activity was evaluated.

3. RESULTS AND DISCUSSIONS

3.1. Identification of Strains

The results of several biochemical tests to confirm that they are Bacillus cereus are as in Table 3.1.
A transparent zone was seen in the materials obtained using skim milk agar, indicating protein
degradation by the protease enzyme (Figure 3.1).

Table 3.1. Biochemical Test results for Identification
of Bacillus cereus B17.
Tests Results

Gram stain Positive /
Shape cells Rods shape
Blood agar B -hemolysis —
Oxidase Negative
Catalase Positive
Indole Positive
Methyl red Positive
Voges Proskauer Positive
Nitrate Reduction Variable Figure 3.1. Proteolytic activity of Bacillus cereus B17

strain incubated on skim milk agar.
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3.2. Proteolytic Activity Screening

As a result of the protein activity determination using the casein digestion method, it was revealed
that all Bacillus cereus strains produced protease. Among the Bacillus cereus B16, B17, B18, B19,
B20 strains, B17 was the most effective. Results are between 36.4 U/mg in crude filtrate and 23-27
U/mg in samples. According to these results, B17 strain was selected to improve protease production.
3.3. Optimum Conditions Determined for Protease Production from Bacillus cereus

3.3.1. Optimum Culture Conditions on Protease Production of Bacillus cereus

Differences were observed in the activity of proteases produced from strain B17 grown in
environments containing different carbon and nitrogen sources. Lactose and glucose appeared to be
the most effective sources of carbon. As a nitrogen source, the use of yeast extract and peptone
together was determined as the best source (Table 3.2 and 3.3).

In a study conducted by Fereshteh et al., (2003), it was reported that the amount of glucose supports
enzyme production but suppresses it when it is more than 1%. Silva et al., (2007) reported that
Bacillus cereus uses various carbon sources together and the most suitable sources are lactose and
glucose.

Table 3.2. Effect of carbon sources on protease Table 3.3. Effect of nitrogen sources on protease
enzyme produced by Bacillus cereus B17. enzyme produced by Bacillus cereus B17.
Sources of Specific activity Sources of Specific activity (U/mg
carbon (1%o) (U/mg protein) nitrogen (1%) protein)
Lactose 183 Casein 185
Glucose 125 Yeast extract 122
Maltose 100 Meat extract 120
Starch 100 Peptone 110
Galactose 66 Sodium nitrate 107

3.3.2. Optimum Temperature for The Production of Protease

=== Specific activity 200
(U/mg protein) 180

160
140
120
100
80
60
40
20

0 -

25 30 35 40 45 50
Temperature (°C)

Ifigure 3.2. Effect of temperature on protease enzyme produced by Bacillus cereus B17

Specific actvivity (U/mg protein)
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The most effective production temperature of the protease enzyme produced from Bacillus cereus
B17 strain was determined as 37°C. It caused a decrease in enzyme production as the lower and upper
temperatures approached 25 and 50 °C. The effect of incubation temperature on enzyme production
IS given in Figure 3.2.

3.3.3. Optimum pH for Protease Production by Bacillus cereus B17

The activity-pH graph for protease enzymes produced from B17 strains grown in environments with
pH values ranging from 4.0 to 9.0 is given in Figure 3.3. No change in specific activity was observed
in the pH 4-6.5 range. However, as the pH increased to 8.5, the activity also increased. The highest
value was measured as 155 U/mg at pH 8.5. A decrease in activity was observed as the pH approached
9.0. In another study, the ideal pH value of proteases was determined as 8.5 (Panuwan et al., 2003;
Baron et al., 2019).

180 -
160
140
120 -
100 -

=== Specific activity...

/

4 45 5 55 6 65 7 75 8 B85 9 95
pH

Specific activity Ufmg protein
o8 888

Figure 3.3. Effect of pH on protease activity of Bacillus cereus B17

3.3.4. Optimal Incubation Time for Protease Production
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Figure 3.4. Effect of incubation times on protease activity Bacillus cereus B17
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The effect of incubation time on protease production is given in Figure 3.4. Different incubation times
of 12, 24, 36, 48, 60 and 72 hours were applied and were coded from 1 to 6, respectively. According
to the results of this application, the activity was determined as 175 U/mg protein when incubated for
24 hours. As the application time increased, the activity decreased.

In parallel with this study, 175 U/mg protein was obtained from Bacillus sp. within 24 hours (Silva
et al.2007).

3.4.1. Ammonium Sulfate Precipitation

The activity of the proteins precipitated using 70% saturated ammonium sulfate gave the highest
result as 192.3 U/mg. As a result of the process performed with the dialysis method, the activity was
measured as 287.8 U/mg protein. The results are given in Table 3.4.

Table 3.4. Purification steps of neutral protease produced from Bacillus cereus B17

Enzyme Protein Specific ~ Total Purifica
Purification ~ Volume activity concentration activity activity tion Yield
step (ml) (U/ml) (mg/ml) (U/mg) (V) (folds) (%)
Crude enzyme 100 185 1 185 18500 1 100
Ammonium
sulphate 65 250 1.3 192.3 16250 1.03 80
precipitation 70%
Dialysis 50 251 0.9 287.8 12550 15 67.8
DEAE-cellulose 45 260 0.12 2166 11700 11.7 60
Sephadex G150 39 265 0.1 2650 10335 14.3 52

3.4.2. Gel filtration chromatography

Fractions (26-32) collected from Bacitracin-silica column chromatography according to
chromatographic analyzes were added to that previously equilibrated with 20 mM Tris-HCI buffer
(pH 7) Sephadex G150 (1.5x 40cm). The results of gel filtration chromatography are given in Figure
3.5. The results showed that there was a single peak representing maximum protease activity. The
second column purification resulted in a specific activity of 265 U/mg and a yield of 52%.

=i Absorbance 1,8 300
(280nm) 1,6
——Protease actvity 14 250
(ufml) E —_
512 200 F
8, 5
g F1se Z
-E 0,8 £
g 0,6 { 100 ;
!
<04 8
50 2
o

e
[*]

=]

0 10 20 30 40 50

Fraction no.

Figure 3.5. Gel filtration chromatography of proteases from Bacillus cereus B17 strain. '
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Protease purification was performed by using Sephadex G150 (1.5x 40cm) column and Bacitracin-
silica affinity column (Van Den Burg et al., 1989). In another study, proteases were purified from
Bacillus cereus by gel filtration, Qhiper D chromatography and lysine affinity chromatography, and
a 27% yield increase was observed (Singh et al., 2016).

3.4.3. Effect of pH on Enzyme Activity and Stability

The results of the research carried out in the pH 5-10 range are shown in Figure 3.6. The optimum
pH level was between 7-8 and the lowest enzyme activity was observed at Ph 5.0 and 10.0. As a result
of the analysis performed at room conditions with buffer at different pH levels (5-10), the higest
enzyme activity was measured at pH 7-8. The protease enzyme was also active in the pH range of 6-
9 (Figure 3.6). Sookkheo et al., (2000) observed the optimum pH of protease enzymes from Bacillus
sp. at the range of 7.0-8.5 (Sookkheo et al., 2000). Segel et al., (1976) reported that the activity
decreased by 66%, 18% and 51%, respectively, in protease samples obtained from Bacillus sp., which
they incubated at different pH (5.5, 8.0, 9.0) for one day (Segel et al., 1976).

ety M | | 120
(U/mi) =4 Remaining

200 & activity (%)
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(=]
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Figure 3.6. Effect of pH on purified protease activity and stability from Bacillus cereus B17 strain

3.4.4. Effect of Temperature on Protease Activity and Stability
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Figure 3.7. Effect of temperature on purified protease activity and stability from Bacillus cereus B17 strain
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The effects of temperature application in the range of 30-80 °C on activity and stability are given in
Figure 3.7. It was observed that the optimum temperature value for enzyme activity was 40°C. As the
temperature increased, the activity decreased and the enzyme was not active at 80°C. Considering the
thermostability of the enzyme, stability was observed in the range of 30-70 °C for 30 minutes. The
highest stability was measured in the range of 30-40 °C. (Figure 3.7)

3.4.5. Effect on Inhibitor and Metal lon on Protease Activity

The results of the analysis in which the effects of selected inhibitors EDTA and metal ions on protease
activity were examined are given in Table 3.5. While the EDTA greatly decreased the activity, it was
increased in the presence of Cu*?, Zn*2 and Mg*?, Mn*? ions compared with control. In parallel with
these results, researchers noted that the activity of protease enzyme obtained from B. subtilis and B.
megaterium was reset in the presence of EDTA (Adinarayana et al., 2003; Yossan et al., 2006).

Table 3.5. Effects of inhibitor and metal ions on protease activity from Bacillus cereus B17 strain.

Reagent concaentration (mM) Remaining activity(%o)
Control (Enzyme) 100
CuCI2 2 105
ZnSO4 2 103
MgCI2 2 115
MnCI2 2 100
EDTA 2 0

4. CONCLUSIONS

Optimum production conditions for proteases from Bacillus cereus were determined and the most
effective carbon source was determined to be lactose and glucose, and the most effective nitrogen
source was casein. The most effective temperature value was determined as 37°C, as in most
enzymes, with the thermostability between 30-40°C . Also the best incubation period was 24 hours.
In addition, ideal saturation was identified as 70% in protein precipitation with amaonium sulfate.
When the effects of temperature, pH, metal ions and inhibitors on the obtained protease activity from
Bacillus cereus B17 were examined; the best pH value was between 7.0 and 8.0; Inclusion of EDTA
as an inhibitor significantly decreased the enzyme activity; Cu*2, Zn*? and Mg*?, and Mn*2 metal ions
resulted in increase in enzyme activity.
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