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A B S T R A C T

Proteases (E.C 3.4) are enzymes that break peptide bonds between amino acid groups of proteins. Bacillus subtilis
RD7, an extracellular protease producer was genetically characterised, B. subtilis genomic DNA was isolated,
oligonucleotide primers specific to serine alkaline protease gene of B. subtilis were designed and its PCR am-
plification was done. The purified PCR product and pET15b vector were subjected to restriction digestion with
Nde1 and BamH1 and transformed into Escherichia coli DH5α competent cells. The recombinant expression of
serine alkaline protease gene studied by inducible expression and analysis by SDS-PAGE, established that the
serine alkaline protease protein had an estimated molecular size of 43 kDa. Gene sequencing of the insert from
selected recombinant clone showed it to be a 1203bp gene encoding a protein of 400 amino acids. The sequence
was blasted and aligned with known serine alkaline protease genes for comparison with their nucleotide and
amino acid sequences. This identified major matches with closely related subsp. of B. subtilis. The insert also
showed many substitutions (mutations with other sp. of Bacillus which established that serine alkaline protease
of B. subtilis RD7 is a novel gene. The phylogenetic analysis of serine alkaline protease gene and its predicted
amino acid sequences also validated that serine alkaline protease gene is a novel gene and has been accessioned
in GenBank with accession number (MN097797). When expressed in E. coli, the recombinant enzyme was over
expressed in the cytoplasm as soluble and active form. The purified enzyme was completely inhibited by PMSF.
The enzyme showed maximum activity at pH 10 and 40 °C. It was stable at pH from 6 to 11 and below 70 °C. The
aim of this study is to clone serine alkaline protease gene from B. subtilis RD7 (MG255317), its expression in
mesophilic E. coli strain BL21, Purification and characterisation of the expressed protein.

1. Introduction

Proteases are one of the most widely used industrial enzymes that
catalyses the hydrolysis of peptide bonds in proteins. They are further
grouped as hydrolase because they catalyse the cleavage of covalent/
chemical bonds using water, they are generally referred to as hydrolytic
enzymes with the major role of proteolysis hence they are specifically
named proteolytic enzymes.

Currently, the worldwide sales of industrial enzymes are estimated
at about $4.2 billion in value (Suberu et al., 2019; Singh, 2016). Pro-
teases represent one of the three largest groups of industrial enzymes
and is projected to reach a global market of approximately $ 2.21 bil-
lion in terms of value by 2021 at a Compound Annual Growth Rate
(CAGR) of 6% from 2016 to 2021. Out of all these proteases produced,
proteases from microbial origin accounts for the largest share in the

market in terms of value, followed by the animal and plant source re-
spectively (Proteases Market by Source, 2016).

Proteases are a distinct class of enzymes, because they are of im-
mense physiological as well as commercial importance. They also
possess both synthetic and degradative properties. Proteases which are
the most commercially applicable enzymes occurring in a wide di-
versity of plants, animals, and microorganisms plays a vital role in both
physiological processes, e.g. blood coagulation, zymogen activation by
proteolysis, transport of secretory protein across membranes, tumour
growth, inflammation, cell growth, tissue arrangement, morphogenesis
in development and protein catabolism (Singh, 2016; Souza et al.,
2015). Proteases produced from microorganisms are the largest group
of industrial enzymes and account for greater than 60% of the total
global sale of enzymes (Souza et al., 2015 and Zambare et al., 2011).

Proteases have been the focus of intense research for many decades
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due to their broad applications in various biotechnological processes.
From an industrial point of view, most of the proteases available lack
the desired properties; therefore, it is pertinent to continuously search
for better and more efficient thermostable alkaline proteases. There is
also a great emphasis on developing enzyme based environmentally
friendly/green technologies considering the pollution caused by che-
mical based manufacturing/production technologies. However, en-
zymes are quite fragile for hostile industrial processes because they are
biological molecules; therefore, there is quest to research into robust
enzymes capable of functioning well under industrial conditions (Singh
et al., 2014).

Utilization spectrum of proteases is limited despite their wide ap-
plication potential due to lack of industrially desirable characteristics
among the available proteases. Proteases intended for industrial ap-
plication must have stability towards surfactants, solvents, oxidants and
stability at high temperature and pH, considering that most of the in-
dustrial processes are accomplished under hostile conditions including
extremes of temperatures and pH, presence of inhibitors etc. (Subba
et al., 2009). Proteases that are thermostable, pH-stable, organic sol-
vent resistant proteases may find novel applications in diagnostic, de-
tergent, pharmaceutical, tannery, effluent treatment, and other in-
dustries. Hence attention is focused currently on finding new protease
producing microorganisms to meet the requirements of the industry
(Singh et al., 2014).

Protein engineering has been used to control and manipulate genes
to develop proteases which show unique specificity and enhanced sta-
bility. It also helps in the understanding of the structure-function re-
lationships of the enzymes. But research into immense microbial di-
versity for targeting the producers of novel proteases with industrially
desirable characteristics still constitutes a significant research/green
area (Singh and Bajaj, 2015). Microbial Proteases have been isolated
and characterised from several bacterial (Joshi and Satyanarayana,
2013) and fungal species (Choudhary, 2013.). Enzymes from these
Bacillus species are known to be poly-extremotolerance and are capable
of functioning in adverse ecological conditions (Singh and Bajaj, 2015).

Several Bacillus spp. has been reported to produce proteases., B.
subtilis, B. amyloliquefaciens, B. licheniformis, and B. cereus have become
most popular in biotechnological processes for protease production due
to their excellent fermentation qualities, high product yields and the
lack of toxic by-products (Joshi and Satyanarayana, 2013). In addition,
the vast diversity of proteases in contrast to the specificity of their ac-
tion has attracted worldwide attention in attempt to exploit their
physiological and biotechnological applications in various industries
(Sanatan et al., 2013). Out of all the proteases, alkaline proteases hold a
great potential for application in the detergent and leather industries
due to the increasing trend to develop environmentally friendly tech-
nologies. The goal of expression cloning is to produce large quantities of
specific proteins or to visualize the image of the gene of interest by
homology modelling. Gene expression/cloning is a technique that helps
researchers to understand the function of proteins. E. coli is widely used
successfully as a mesophilic host to produce recombinant proteins be-
cause of its well-known genetics, cultivation simplicity, high transfor-
mation efficiency, inexpensiveness and rapidity.

In this paper, cloning of serine alkaline protease gene from B. subtilis
and its expression in mesophilic E. coli, purification and characterisa-
tion of the expressed protein is reported. This serine protease has many
important industrial applications with prowess in detergent making.

2. Materials and methods

2.1. Materials

The Bacillus subtilis RD7 (assertion number - MG255317) was ob-
tained from our previous study (Suberu et al., 2019). E. coli DH5α used
as the competent host cells were prepared in the laboratory. Oligonu-
cleotide primers with sites for restriction enzymes were designed and

synthesized by Inqaba biotech, South Africa. T7 promoter and termi-
nator were also synthesized by Inqaba biotech, South Africa. Taq
polymerase was purchased from Southern Cross Biotech., Cape Town,
South Africa. The vector pET15b was isolated and prepared using
plasmid DNA extraction kits. The DNA ligase, DNA molecular size
marker, all restriction enzymes, gel extraction kit, PCR and plasmid
purification kit were purchased from thermo scientific (Thermo Fisher
Scientific, Massachusetts, USA).

2.2. Methods

2.2.1. Bacterial strains and plasmids
The Bacillus subtilis RD7 were grown in 10ml Luria Bertani (LB)

broth overnight at 37 °C and 200 rpm to obtain inoculum culture.
Escherichia coli DH5α competent host cells were prepared by chemical
method using CaCl2 and stored in the bio freezer at −80 °C for further
use. The pET15b vector was inoculated in 10ml LB broth containing
ampicillin, incubated overnight at 37 °C and 200 rpm to obtain in-
oculum, 2ml of inoculum was inoculated into 100ml LB broth con-
taining ampicillin, incubated overnight at 37 °C and 200 rpm. The
plasmid was isolated and prepared using plasmid DNA purification kits
following manufacturer's instructions (Thermo Fisher Scientific,
Massachusetts, USA).

2.2.2. Primer design
The gene sequence of Bacillus subtilis was used to design primers for

PCR using software primers. The various features (melting temperature
and GC contents) of the selected primers were then found by using the
Oligonucleotide Properties Calculator (Oligo Calculator version 3.27).
Primers used for polymerase chain reaction were 51-ATT CAT ATG ATG
GTG GAT TAC GAA CGT GAG G-31 (R5F primer) with melting tem-
perature (Tm) 60.4 °C and GC content 42% as forward primer and 51-
AAA GGA TCC TTA ACT GCC TAA TTG GTC TGC-31 (R5R primer) with
melting temperature (Tm) 60.3 °C and GC content 43% as reverse
primer. The appropriate primer pairs were selected in the identified
conserved sequence region for amplification of the structural gene re-
gion of serine alkaline protease (RD7) gene. The sequences in this
primer were also manipulated using NEB CUTTER V 2.0 to include
suitable restriction sites; Nde1 (CATATG) in Bacillus subtilis RD7 for-
ward primer and BamH1 (GGATCC) in reverse primer. The designed
primers were synthesized by Inqaba biotech (South Africa).

2.2.3. Amplification of the gene by PCR
After the overnight culture of Bacillus subtilis RD7 in LB broth, the

genome of the bacterium was extracted by DNA extraction using Quick-
DNA Fungal/Bacterial Miniprep kit following manufacturer's instruc-
tions (Zymo Research Corp. USA). PCR was performed using the R5F
primer as forward primer and the R5R primer as reverse primer. 2 μL of
DNA extracted from Bacillus subtilis RD7 (8.9 ng) was amplified in a
50 μL reaction mixture containing 2.5 μM of each primer, 0.5mM each
of deoxyribonucleotide triphosphate (DNTPs), 10X PCR buffer, 2 mM
MgCl2. and 2U of Supertherm Taq polymerase (Southern Cross Biotech.,
Cape Town, South Africa). Thermal cycling was done in a T100 thermal
cycler (Bio-Rad, Hercules, California, USA) at the following cycling
conditions: Initial denaturation at 95 °C for 5min, 34 repeated cycles of
95 °C for 1min, 58 °C for 1min, 72 °C for 1min and a final elongation at
72 °C for 10min. The amplified DNA (5 μl) was electrophoresed in a 1%
agarose gel at 70 V for 60min. Thereafter, the gel was stained in
Ethidium bromide for 10min and visualised under a UV light (Syngene,
Cambridge. UK).

2.2.4. Digestion of vector and gene insert with restriction enzymes
Digestion of plasmid vector (pET15b) and gene insert (R5) was done

using appropriate Fast Digest restriction enzymes: Nde1 and BamH1 in
the presence of a compatible buffer 10X Fast Digest buffer (Thermo
Scientific Fast Digest, Massachusetts, USA) at 37 °C for 30min.
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2.2.5. Construction of the recombinant cloning vector containing serine
protease gene

The PCR product was extracted from the 1% agarose gel using DNA
extraction kit. The amplified gene was inserted into pET15b cloning
vector by ligation method. The gene insert (98.2 ng/μl) and vector
(191.2 ng/μl) (molar ration of 3:1 respectively), DNA ligase (1 μl), 10x
ligase buffer (1 μl) were added at final volume of 10 μl and incubated at
22 °C for 30min. Transformation was carried out by heat shocking the
E. coli DH5α competent cells prepared by CaCl2 method at 42 °C for
1min (Sambrook and Maniatis, 1989). After the screening of trans-
formed colonies on LB agar ampicillin culture medium by colony PCR,
plasmid preparation of clones showing prominent bands was done using
plasmid DNA extraction kit. The recombinant plasmids were confirmed
by colony PCR and restriction digest using Fast Digest (Xho1 and Hind
III) restriction enzymes.

2.2.6. Analysis of sequence data
The recombinant clones were sequenced at a biotechnology lab

(Inqaba Biotech, Pretoria, South Africa) and the sequences edited using
Chromas Ver. 2.2.4 (Technelysium Pty Ltd, Brisbane, Australia). The
analysis of the sequenced data and sequence similarity searches were
performed using basic local alignment search tool (BLAST N) program
of NCBI. Homology alignment was done with CLUSTAL W program and
phylogenetic tree constructed using Mega 7 version 5.2 software
(Tamura et al. 2011; Kumar et al., 2016).

2.2.7. Construction of expression plasmids
Serine protease gene was amplified by PCR using oligonucleotide

specific primers: forward primer that contained a unique CATATG re-
striction site, 51 extension (ATT), N-terminal His tag and an ATG in-
itiation codon and reverse primer that contained a unique GGATCC
restriction site, 51 extension (AAA) and a TAG stop codon. The pET15b
carries an N-terminal His-Tag sequence followed by a thrombin site and
three cloning sites. The Nde1/BamH1 digested fragments of pET15b-
gene was introduced into the BL21 expression host by heat shock
transformation of the E. coli BL21 competent cells prepared by CaCl2
method at 42 °C for 1min (Sambrook and Maniatis, 1989).

2.2.8. Expression of serine alkaline protease gene in E. coli
E. coli BL21 cells transformed with recombinant clones (pET15b-

gene) were grown in 100ml of LB medium containing 50 μg/ml of
ampicillin at 37 °C with shaking until the absorbance at 600 nm was
approximately 0.6. Subsequently, expression of the serine protease gene
was induced by adding 100 μL of 100mM IPTG and incubating at 37 °C
for 4 h. After centrifugation at 5000 x g for 30min at 4 °C, pellets were
suspended in 50mM sodium phosphate buffer (NaHPO4) pH 9.0 and
then disrupted by sonication for 5min with a 30-sec pulse. The cell
components were separated into soluble and insoluble fractions by
centrifugation at 12000 x g for 20min.

2.3. Purification of recombinant enzyme (serine alkaline protease)

After induction for 4 h, cells were harvested in buffer (0.1M Glycine
NaOH buffer pH 9.0) containing 5mM CaCl2 and disrupted by sonica-
tion. The supernatant obtained by centrifugation was purified by affi-
nity chromatography using the AKTA protein purification systems;
FPLC P-900 UV-900 Frac-950 AKTA soft (GE Amersham Pharmacia
Explorer Purifier, California, USA) and a sephacryl 200 column.
Immobilized metal affinity chromatography (IMAC) was used to in-
teract the amino acid residues and the divalent metal ions (cobalt)
immobilized on the resins. Binding buffer (imidazole) was used to bind
the his-tagged proteins and then washed un bound proteins using the
wash buffer. The elution buffer was used to elute the purified his-tagged
proteins. The active fraction with single peak was collected and dia-
lyzed against the buffer. The recombinant enzyme was finally identified
as a single band on SDS-PAGE and used for further biochemical

characterisation.

2.4. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS
PAGE)

Homogeneity and molecular mass of the purified protease was es-
timated by SDS polyacrylamide gel electrophoresis by the method de-
scribed by Laemmli 1970 using mini Bio-Rad Sub Cell GT electro-
phoresis system (Bio-Rad Laboratories, California, USA). The enzyme
samples were loaded on the gel along with 100 kDa Page Ruler pre-
stained protein marker SMOBio PM2500 (Green Bio Research, Cali-
fornia, USA) and the resolved proteins were visualised by Coomassie
staining with Coomassie brilliant blue R-250 dye (Sigma Aldrich USA).
SDS-PAGE was performed on 10% running gel as described by Laemmli,
and the resolved proteins were visualised by Coomassie staining.
100 kDa Protein standard was used as molecular marker.

2.5. Characterisation of serine alkaline protease

2.5.1. Serine alkaline protease assay
Proteolytic activity was measured following the method of Kole

et al., 1988 by using azocasein (Sigma) as a substrate. The reaction
mixture contains 120 μL of enzyme extract, 480 μL of azocasein (1% w/
v) dissolved in 0.1M Glycine NaOH buffer (pH 10), this was incubated
at 37 °C in a heating block for 30min. The reaction was terminated by
addition of 600 μL of Trichloro acetic acid (TCA), the samples were kept
on ice for 30min and centrifuged at 13,200 rpm for 15min. 800 μL of
the supernatant were neutralised by addition of 200 μL of 1.8N NaOH,
mixed properly and absorbance was read at 440 nm using a Carry 60
UV–Vis Spectrophotometer (Agilent Technologies, California, USA).
One unit of enzyme activity was defined as the amount which yielded
an increase in A440 of 0.01 in 30min at 37 °C.

2.5.2. Protein determination of serine alkaline protease
Protein contents of the alkaline protease enzyme extracts were de-

termined by following the method of Lowry et al., 1951 with Bovine
serum albumin (BSA) as standard. Protein extract, 20 μl was measured
in two tubes and 80 μl distilled water was added to it. Distilled water
was used as blank while BSA standard curve was equally set up, (200
μg) 2mg/ml, 1000 μl of alkaline solution was added to all the tubes,
mix thoroughly and allowed to stand for 10min, 100 μl of Folin- C
solution was added to all the test tubes and left for 30min after which
the optical density was read at 600 nm wavelength in a Carry 60
UV–Vis Spectrophotometer (Agilent Technologies, California, USA).
The protein concentration was estimated using values extrapolated
from the standard graph of protein.

Calculation:

Protein concentration (mg/ml)=Absorbance value/ Gradient

2.5.3. Determination of specific activity of serine alkaline protease
The Specific activity of an enzyme gives the measurement of the

activity of the enzyme. This is the activity of an enzyme per milligram
of total protein (expressed in units/mg). It is the amount of product
formed by an enzyme in a given amount of time under given conditions
per milligram of protein.

Specific activity of the serine alkaline protease was determined
using the formula below.

Calculation:

Specific activity= Enzyme activity (units/ml)/Protein concentration
(mg/ml)

(units/mg)
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2.5.4. Effect of pH and temperature on enzyme activity and stability of
serine alkaline protease

The following buffers were used to investigate the effect of pH on
protease activity: 0.1 M Tris HCl (pH 3.0–7.0) and 0.1M Glycine NaOH
buffer (pH 8.0–11.0) containing 5mM CaCl2. The effect of pH on pro-
tease stability was determined by incubating aliquots of the purified
enzyme in buffers with different pH values for 30min at 37 °C. The
optimum temperature for protease activity was determined over the
range of 20–80 °C by the protease assay. Assay mixtures were equili-
brated at the required temperature before adding the enzyme. The ef-
fect of temperature on protease stability was determined by incubating
aliquots of the purified enzyme for 30min in 0.1M Glycine NaOH
buffer (pH 10) containing 5mM CaCl2 at various temperature. The re-
lative activity was then determined under standard assay conditions.

2.5.5. Effect of inhibitors on serine alkaline protease activity
The activity of the purified protease was determined following in-

cubation with various concentrations (5, 10) mM of Phenyl methane
sulfonyl fluoride (PMSF), Ethylene diamine tetra acetic acid (EDTA),
Dichlorodiphenyltrichloroethane (DDT) and Mercaptoethanol at 37 °C
for 1 h. The relative activity was determined spectrophotometrically
following protease enzyme assay under standard conditions and the
enzyme activity of the control (without inhibitors) was taken as 100%.

2.5.6. Effect of metal ions on serine alkaline protease activity
The effect of different metal ions (Cu, Fe, Zn, Mg, Mn, Ca, Na and

Co) with varying concentrations of 5 and 10mM respectively on the
stability of the serine alkaline protease was studied. The assay was
carried out by pre-incubating the enzyme and metal ions for 10min at
40 °C then buffer and substrate were added and incubated for 30min at
40 °C. The residual activity was calculated and the enzyme activity of
the control (without metal ions) was taken as 100%.

2.5.7. Effect of solvents on serine alkaline protease activity
The effect of solvents (Acetone, Chloroform, Ethanol, Hexane and

Propanol) on the stability of serine alkaline protease was studied by
pre-incubating the enzyme with each solvent for 10min at 40 °C and
protease assay was done as earlier described. The relative activity was
calculated and the enzyme activity of the control (without solvents) was
taken as 100%.

2.5.8. Effect of surfactant on serine alkaline protease activity
The effect of Surfactants (Tween 20, Tween 80, Triton 100 and

Sodium Dodecyl Sulphate) with varying concentrations of 0.5 and 1%
on the stability of alkaline protease was carried out by pre-incubating
the enzyme with each surfactant for 10min at 40 °C and protease assay
was done as earlier described. The residual activity was calculated and
the enzyme activity of the control (without surfactants) was taken as
100%.

2.5.9. Effect of substrate concentration on serine alkaline protease activity
The effect of different level of substrate (azocasein) concentrations

ranging from (1–40mM) on serine alkaline protease activity was stu-
died to determine the maximum rate of reaction (velocity) of the en-
zyme. The vmax and Km of the enzymes were determined using the
Michaelis-menten curve.

2.5.10. Effect of substrate specificity on serine alkaline protease activity
The effect of different substrates (Casein, Bovine Serum Albumin,

Azocasein and Gelatin) on serine alkaline protease activity was studied
following the protease enzyme assay as described earlier.

2.5.11. Stability of serine alkaline protease towards commercial detergents
The stability of serine alkaline protease towards commercial de-

tergent was done by preparing detergent solutions (Sunlight, Omo, Surf,
Tide and Ariel) in 0.1 M Glycine NaOH buffer pH 10.0 to get a final

concentration of 1, 10 and 20mg/ml of each detergent. Prior to assay
the detergent solutions were heated at 100 °C for 1 h to deactivate the
endogenous protease. The enzyme was pre-incubated with each de-
tergent with different concentrations for 10min at 40 °C and protease
assay was carried out. The residual activity was calculated and the
enzyme activity of the control (without detergents) was taken as 100%.

2.5.12. Effect of serine alkaline protease on protein stain removal
The test fabrics (cotton) pieces (1.5 × 1.5) cm stained with egg yolk

(5 μl) were taken in 250 ml Erlenmeyer flasks and subjected to different
temperature (30, 40, 55 °C) treatments in 50 ml of reaction mixture
under different sets as (i) Control (water only), (ii) Detergent (Ariel) 1%
(v/v of 15 mg/ml) in water, (iii) Enzyme (100 U/ml) in water and (iv)
Detergent 1% (v/v of 15 mg/ml) + Enzyme (100 U/ml) in water.
Finally, water was replaced with buffer (50 mM Glycine NaOH, pH
10.0) to determine the effect of protease on stain removal. Stain re-
moval was checked qualitatively by visualization.

2.6. Nucleotide sequence accession number

The nucleotide sequence of serine protease gene from Bacillus sub-
tilis RD7 reported in this study has been deposited in the GenBank da-
tabase under accession number MN097797.

2.7. Statistical analysis

All the experiments and enzyme assays were carried out in triplicate
and the standard deviation for each test was calculated. The standard
deviations (n=3) are indicated as error bars. Statistical analysis of all
results was carried out using Duncan multiple range test, Standard
deviation and ANOVA accordingly using IBM SPSS Statistics Ver.22.0
(IBM Corporation, United States of America.). Statistically significant at
(p≤ 0.05).

3. Results

3.1. Expression and purification of recombinant enzyme (serine alkaline
protease)

The SDS PAGE result of the crude serine alkaline protease fractions
from Bacillus subtilis RD7 shown in Fig. 1 indicates that the molecular
weight of the expressed recombinant product was about 43 kDa which
corresponds with the prediction by gene sequence. Fig. 1 also shows the
result of the highest concentrated protease active fraction after pur-
ification retaining a single band at approximately 43 kDa. The obtained
sequences were deposited in the GenBank database with accession
number: (MN097797). The phylogenetic tree of the cloned gene R5 is
shown in Fig. 2.

Fig. 1. SDS page image of r5 protein after purification. Lane 1=Crude R5
protein; Lane 2=Purified R5 protein; Lane 3=Protein marker.
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3.2. Characterisation of serine alkaline protease

The optimum serine alkaline protease was observed at pH 10 at
40 °C. (Figs. 3A and 4A). The enzyme activity and specific activity was
found to be 606.73 U/ml and 6.24 u/mg/ml of protein respectively for
the serine protease (Tables 1 and 2). Fig. 5 shows that the protease was
inhibited by only PMSF as compared to the other inhibitors (EDTA, DDT
and mercaptoethanol). Fig. 7 shows that Azocasein was the preferred
substrate for protease enzyme production. Figs. 6, 8 and 9 shows the
effect of metal ions, solvents and surfactants on protease activity. The
vmax and Km of the protease was observed to be 4.248 and 2.80 re-
spectively. Fig. 10 shows the effect of detergent solubility and stability
on protease activity.

Fig. 2. Phylogenetic dendrogram based on the sequence of the cloned R5 gene from Bacillus subtilis strain RD7. Number in parenthesis are accession numbers
of published sequences. Bootstrap values were based on 1000 replicates. (Saitou and Nei, 1987).

Fig. 3. Effect of temperature and temperature stability on protease activity.

Fig. 4. Effect of pH and pH stability on protease activity.

Table 1
Serine alkaline protease enzyme profile.

1 2 3 MEAN ± SD

Enzyme activity (U/ml) 615.03 600.92 604.24 606.73 ± 6.02
Protein content (mg/ml) 95.00 98.75 98.13 97.29 ± 0.7

Table 2
Specific activity of serine alkaline protease.

Enzyme activity (U/ml) Protein content (mg/
ml)

Specific activity (U/mg of
protein)

606.73 97.29 6.24
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3.3. Effect of serine alkaline protease on protein stain removal

The efficiency of serine alkaline protease (100 U/ml) in protein
stain (egg yolk) removal was examined at 30, 40, 55 °C with 1% Ariel
(v/v of 15mg/ml). There was a little stain (egg yolk) removal with
detergent and enzyme when used independently (Fig. 11). It took 2 h to
completely remove the egg yolk stain at 30 °C whereas at 40 and 55 °C,

the stains were removed in 1 h and 30min respectively. However, in the
absence of enzyme, the time taken to remove stain was very long. As
water was replaced with buffer (50mM Glycine NaOH, pH 10.0), the
stains were removed completely within 10min at 40 °C with 100 U/ml
enzyme and 1% (v/v of 15mg/ml) detergent (Fig. 11).

4. Discussion

The aim of this study was to clone the serine alkaline protease gene
from Bacillus subtilis strain RD7. In this work, new genes named (R5
gene) was cloned from Bacillus subtilis strain RD7. The R5 gene was
expressed in BL21 expression host successfully and the expressed pro-
ducts had an approximate molecular weight of 43 KDa. The size of the
PCR product (amplified R5 gene) conformed with the expected gene
size of 1203bp. The results obtained from the digestion of the PCR
product with the appropriate restriction enzymes confirmed the fidelity
of gene amplification. After gene cloning, restriction of plasmid product
with appropriate enzymes (Xho1 and Hind III) confirmed the integrity
of the cloning process. Isolation of the gene insert from vector using
restriction digest further confirmed the authenticity of the cloned pro-
duct. Further confirmation of the identity of the cloned gene revealed
100% matching of the gene of interest with the translated protein se-
quence.

Some studies have been done on cloning alkaline protease gene
from Bacillus species. The cloning of alkaline protease gene from Bacillus
subtilis 168 by (Mohammad Sadeghi et al., 2009); molecular cloning
and nucleotide sequence of the gene for alkaline protease from Bacillus
circulans MTCC 7906 (Kaur et al., 2012); purification and character-
isation of cloned alkaline protease gene of Geobacillus stearothermophilus
(Iqbal and Ul-Haq1, 2014). However, in this study the R5 gene was
cloned from Bacillus subtilis RD7 in pET15b cloning vector transformed
in E. coli DH5α competent cell and expressed in E. coli BL21 expression
host. This cloned gene was translated to a protein of the serine protease
family with a 1203bp ORF encoding 400 amino acid protein.

The purity of the serine alkaline protease enzyme was confirmed by
SDS PAGE and the molecular weight of the serine protease was found to
be approximately 43 KDa (Fig. 1). A 35 KDa serine protease from Ba-
cillus pumilus CBS and a 35 KDa manganese-dependent alkaline serine
protease from Bacillus pumilus TMS55 have been previously reported
(Jaouadi et al., 2008; Ibrahim et al., 2011). Similarly, a 38 KDa organic
solvent and detergent stable protease was also reported from Bacillus
specie RKY3 (Reddy et al., 2008). In addition, a 39 KDa purified pro-
tease was reported by Iqbal and Ul-Haq1, 2014 where they purified and
characterised cloned alkaline protease gene of Geobacillus stear-
othermophilus. Therefore, the molecular weight of the cloned serine
protease enzyme reported in this study was found to be in the range of
some reported Bacillus proteases.

The expressed serine protease enzyme showed maximum protease
activity of 606.73 U/ml (Table 1) which further confirms that the
cloned gene was highly expressed in active form, therefore fulfilling the
goal of cloning to produce large quantities of specific protein (serine
alkaline protease) with high enzyme activity. The vmax and Km of the
enzyme was observed to be 4.248 and 2.80 respectively.

Fig. 5. Effect of inhibitors on protease activity.

Fig. 6. Effect of metal ions on protease activity.

Fig. 7. Effect of substrate specificity on protease activity.

Fig. 8. Effect of solvents on protease activity.

Fig. 9. Effect of surfactants on protease activity.
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The serine protease enzyme showed activity in the wide range of pH
from 6 to 11 with maximum protease activity at pH10 (P≤ 0.05),
which reveals that the cloned enzyme is alkaline in nature. Some of the
Bacillus derived proteases reported by Hongxia et al. (2015) showed
high activity in a broad pH range of 8.0–11.0 and Asokan and Jayanthi,
2010 also recorded high activity at pH 9.0. Similarly, a halophilic
bacterium isolated from sea water catalysed reactions in the pH range
of 8–11 and performed optimally at pH 10 (Raval et al., 2014). The
protease from Bacillus subtilis VSG-4 reported by Giri et al. (2011) had
the maximum activity at pH 9 with a sharp decline in the activity in pH
value lower than pH 9. This is in accordance with this study that re-
vealed that the optimum activity of the serine protease was found to be
pH 10. Further characterisation of the enzyme reveals that the protease

was active at varied temperature. However, the optimum temperature
was found to be 40 °C (P≤ 0.05). This agrees with other studies which
reported a serine protease by Bacillus subtilis DR8806 showing highest
activity of 45 °C and was stable at that temperature up to 70 °C
(Farhadian et al., 2015). Similarly, Cha et al., 2005 reported that the
protease from Bacillus subtilis SS103 was active at 37 °C and the alkaline
protease from Bacillus subtilis VSG-4 was active over a range of tem-
perature from 40 to 60 °C with an optimum at 50 °C. The enzyme re-
tained 99.99 and 100.00% of its residual enzyme activities (Figs. 3 and
4) at 40 °C and pH 10 respectively.

One of the significant outcomes of the present study was the ex-
pression of R5 gene of Bacillus subtilis RD7 that showed stability after
subjecting it to a range of temperatures (30–70 °C) under alkaline pH
7–11 for 2 h preincubation period. The pH and temperature stability of
serine alkaline protease discussed in this study agrees with several
findings of other purified proteases from Bacillus mojavensis, Bacillus
licheniformis, Bacillus linens, Bacillus subtilis under similar conditions but
only for 1 h of preincubation (Rattray et al., 1994; Durham et al., 1987;
Beg and Gupta, 2003; Gödde et al., 2005). It is known that thermostable
enzymes have rigid structure and higher temperature introduces flex-
ibility and fluidity in their structural features (Khajeh et al., 2001;
Sundaram et al., 1980). The temperature stability of the proteases
makes them enzymes of choice for industrial uses. The pH tolerance of
proteases has also been extensively studied due to their potential in-
dustrial applications. (Iqbal et al., 2015). The pH and temperature are
the most crucial factors that allow proteases to be utilized in detergent
industries (Sanatan et al., 2013; Verma et al., 2013).

R5 proteases retaining high activity and stability at high alkaline pH
and temperature makes this enzyme a potential candidate to be ex-
plored for their use in the detergent and other related industries (Iqbal
et al., 2015) Kumar and Takagi 1999; Horikoshii, 1999; Takami et al.
2000).

The serine protease enzyme was completely inhibited by serine
protease inhibitor; Phenyl methane sulfonyl fluoride (PMSF) at both 5
and 10mM concentration suggesting it is serine in nature (Adinarayana
et al., 2003). The other tested inhibitors such as Dichlorodiphenyltri-
chloroethane (DDT), Ethylene diamine tetra acetic acid (EDTA) and
Mercaptoethanol had little or no effect on the stability and activity of
the protease which further confirms that the enzyme is not likely to be a
metallo or cysteine protease. The DDT, mercaptoethanol and EDTA

Fig. 10. Effect of detergent solubility and stability on protease activity.

Fig. 11. Effect of serine alkaline protease expressed from Bacillus subtilis RD7 on
removing egg yolk stains at 40 °C and pH 10.
Set I Control (Glycine NaOH buffer, pH 10)
Set II Detergent 1% (v/v of 15mg/ml) in buffer (Glycine NaOH buffer, pH 10)
Set III Enzyme only (100 U/ml) in buffer (Glycine NaOH buffer, pH 10)
Set IV Detergent 1% (v/v of 15 mg/ml) + Enzyme (100 U/ml) in buffer
(Glycine NaOH buffer, pH 10).
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showed an increase relative activity of 129.36, 119.09 and 103.52%
(Fig. 5) respectively which means it enhanced the protease activity.
This agrees with the work of Mothe and Sultanpuram (2016) that re-
ported the tested alkaline protease was almost undisturbed in the pre-
sence of EDTA showing an increased relative activity of 96% and least
activity of 30% in the presence of Na2+.

The enzyme is very sensitive to PMSF indicating that the purified
alkaline protease is a serine protease. PMSF is known to sulfonate the
essential serine residue at the active site of the protease which result in
a total loss of the enzyme activity (Deng et al., 2010). The serine pro-
tease described in this study has shown stability in the presence of
chelating agents such as EDTA. These characteristics enhance the pro-
spect of Bacillus subtilis R5 serine alkaline protease to be used as an
additive in detergent industry. This is in accordance with the study of
Kozlov et al., 2013 and Hirata et al. (2013) showing stability of protease
by an addition of EDTA and extraction of thermophilic proteases in the
presence of EDTA. In addition, Iqbal et al. (2015) also reported stability
of stearothermophilic alkaline serine protease by EDTA. It is known that
detergents containing high number of chelating agents such as EDTA
functions as water softeners and assist in stain removal (Walsh, 2002).

Among the metal ions tested on the enzyme activity, Fe2+ and
Mg2+ ions increased relative activity up to 114.77%, 103.65% and
107.89%, 98.70% (Fig. 6) at 5- and 10-mM concentrations respectively.
A serine protease from Bacillus subtilis DR8806 was stimulated by K+,
Ca2+, Mg2+ and Fe2+ at 10mM concentration up to 134, 129, 128 and
112% respectively. Whereas, Na+ ions had no significant effect on
enzyme activity (Farhadian et al., 2015). Metal-decreasing activity was
observed in the presence of Co2+, Ni2+ by Farhadian et al. (2015),
Ibrahim et al. (2011), Jain et al. (2012), Priya et al. (2014) and Shah
et al. (2010). In contrast, Mothe and Sultanpuram (2016) showed less
activity in the presence of Fe2+ and Cu2+ ions.

The proteases were inhibited in the presence of heavy metal Cu2+

due to its toxicity for the protease with relative activity of 16.40 and
14.47% at 5 and 10mM respectively. Heavy metals are known to
chelate enzymes causing their precipitation and deactivation (Pandey
et al., 2013). Enzymes are known to consist of several metals and the
substitution or displacement of one of the metal ions with the same
charge or size results in inhibition of enzyme activity. Fe2+ is the most
powerful prooxidant among metal ions. (Parasad, 2004).

Azocasein was found to be the preferred substrate for protease
produced by Bacillus subtilis. (Fig. 7). However, the enzyme could hy-
drolyze several other proteins like Casein, Bovine serum albumin (BSA),
Gelatin etc which is an important characteristic of this alkaline protease
(Mothe and Sultanpuram, 2016; Adinarayana et al., 2003) reported that
casein was a good substrate for protease produced by Bacillus subtilis.
Also, proteases produced by Bacillus haloduran S373 CAS6 (Annamalai
et al., 2013). Bacillus cereus TK U006 (Wang et al., 2009) and Bacillus
subtilis DR8806 (Farhadian et al., 2015) showed the most activity to-
wards casein as a substrate.

It has been noted that different substrates show different specificity
for protease, however in this study proteases from Bacillus subtilis is
highly specific for azocasein because it showed maximum enzymatic
activity which reveals its higher specificity for this substrate as com-
pared with others. This could be due to maximization of the binding
energy of the substrate for the enzyme which is used to determine the
substrate affinity (Weiner and Williams, 1995). This is in accordance
with (Freeman et al. 1993; Phadatare et al. 1993) showing high activity
towards native and modified proteins including azocasein, keratin,
elastin etc.

Different organic solvents exerted their effects on the stability of the
enzyme activity with Ethanol having 104% where moderate effect was
found with chloroform (91.02%) and hexane (82.17%) while propanol
(78.36%) and acetone (74.04%) (Fig. 8) lowered the alkaline protease
activity. This is in accordance with Farhadian et al. (2015), showing
that ethanol and methanol at all tested concentrations strongly en-
hanced enzyme activity as compared to the control. In contrast Jain

et al. (2012) showed that the protease was activated with hexane. In
addition, Rai and Mukheerje demonstrated subtilisin-like specie iso-
lated from Bacillus subtilis DM04 increased its activity with hexane,
methanol and ethanol (Rai and Mukherjee, 2010).

The increased enzyme activity or stability in the presence of organic
solvent is also an important factor to produce chiral compounds in non-
aqueous solvents (Zaks and Klibanov 1988). Organic solvent such as
Ethanol, methanol etc induces the protease activity and cause structural
changes in the enzyme which in turn results in increased catalytic ac-
tivity (Peek et al., 1992).

According to literature, a good detergent protease must be compa-
tible and stable with all commonly used detergent compounds such as
surfactants, bleaches, oxidizing agents etc which might be in the for-
mulation (Gupta et al., 2005).

The serine proteases from Bacillus subtilis in the study shows that the
presence of the anionic surfactant SDS improved the interaction of the
enzyme with substrate and this may result in increased relative activity
(99.46 and 98.15) % at 0.5% and 1% SDS respectively as compared to
other surfactants (Fig. 9). This is in accordance with the work of Mothe
and Sultanpuram (2016) that reported increased relative activity with
SDS than Tween 20 (Cheng et al., 2010). also reported that the protease
produced from Bacillus alcalophilus TCCC11004 was stable in 0.5% SDS
and retained 70.3% of its initial activity after 1 h of incubation. A de-
crease in relative activity (85.95 and 82.05) was seen in 0.5% and 1% of
the non-ionic surfactant Triton X 100. This inhibition may be because of
a reduction in hydrophobic interactions and protein-protein contacts
that play a role in stabilizing the protein tertiary structure (Traut et al.,
1989).

To confirm the compatibility of protease with detergent, the data
showed that the enzyme is extremely stable in the presence of Ariel and
Surf retaining about 91.31 and 90.29% of its initial activity (Fig. 10).
However, the enzyme was found to be least stable in the presence of
Omo retaining only about 73.15% of its initial activity. According to
literature excellent detergent enzymes are expected to be active in the
presence of laundry detergents during washing conditions.

Serine alkaline proteases have been incorporated as biobuilders into
detergents to elicit their hydrolytic effect by removing proteineaceous
materials in stained clothes (Ito et al., 1998; Kobayashi et al., 1995).
These enzymes remove not only the obvious stains, such as blood, but
also other less obvious materials including proteins from body secretion
and skin particles, and food such as egg yolk (Fig. 11), fish, meat and
milk. In the absence of proteases, proteinaceous dirt coagulates on the
fabric as a result of washing conditions. The high temperature, pH and
action of surfactants and sequestering agents used in washing processes
dissolve or disperse most of the dirt components, and the bleaching
agents decomposes the undissolved dye. This process causes the protein
material to precipitate on to the fabric and failure to remove the pro-
teinaceous dirt results in a grey and unclean appearance of the fabric
after several washings (Kalisz, 1988).

5. Conclusion

In conclusion, research and development activities involved in de-
veloping bacteria species for overexpression of protease will provide
information as to the type of genetic alteration/mutation that occurs
causing the organism to over express the protease. This study has
cloned and characterised protease from a locally isolated Bacillus subtilis
RD7. Its desirable characters such as stability at high pH, stability at
high temperature, broad substrate specificity are all significant char-
acteristics of any enzymes for industrial applications.
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