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Serine proteases are the most versatile proteolytic enzymes with tremendous applications in various
industrial processes. This study was designed to investigate the biochemical properties, critical residues,
and the catalytic potential of alkaline serine protease using in-silico approaches. The primary sequence
was analyzed using ProtParam, SignalP, and Phyre2 tools to investigate biochemical properties, signal
peptide, and secondary structure, respectively. The three-dimensional structure of the enzyme was modeled
using the MODELLER program present in Discovery Studio followed by Molecular Dynamics simulation
using GROMACS 5.0.7 package with CHARMM36m force field. The proteolytic potential was measured by
performing docking with casein- and keratin-enriched residues, while the effect of the inhibitor was studied
using phenylmethylsulfonyl fluoride, (PMSF) applying GOLDv5.2.2. Molecular weight, instability index, aliphatic index, and isoelectric point for serine protease were 39.53 kDa, 27.79, 82.20 and 8.91, respectively.
The best model was selected based on the lowest MOLPDF score (1382.82) and DOPE score (-29984.07). The
analysis using ProSA-web revealed a Z-score of -9.7, whereas 88.86% of the residues occupied the most
favored region in the Ramachandran plot. Ser327, Asp138, Asn261, and Thr326 were found as critical residues involved in ligand binding and execution of biocatalysis. Our findings suggest that bioengineering of
these critical residues may enhance the catalytic potential of this enzyme.
Keywords: Catalytic potential, serine protease, caseinolytic, keratinolytic, modeling

Introduction
Bacillus tequilensis has recently emerged as an ideal
candidate to produce extracellular enzymes having
numerous potential commercial applications [1]. Alkaline
protease from Bacillus tequilensis P15 demonstrated
effective destaining, dehairing and gelatinolytic potentials
[2]. Similarly, a novel keratinase from Bacillus tequilensis
Q7 showed excellent dehairing and bating potential [3].
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Alkaline protease from Bacillus tequilensis ZMS-2
exhibited multifarious commercial catalytic potential
including fibrinolytic, antimicrobial, anti-coagulant,
caseinolytic, fibrinolytic and dehairing potentials [1].
Microbial proteases represent a commercially viable
group of hydrolytic enzymes which catalyze protein into
small peptides and/or free amino acids. They are highly
desirable in industries such as leather processing, detergent manufacturing, food and feed production, peptide
synthesis, photography, silk degumming and waste
management [4]. Thus, have a market share of over 65%
in global enzyme market [5]. Proteases are classified
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into various groups based on residues in their active
sites and catalytic mechanisms. This includes serine
proteases, cysteine proteases, aspartic proteases, metalloproteases, threonine protease, glutamic protease, and
asparagine protease [4, 6]. Serine proteases are characterized by the presence of serine residue at their active
sites. The catalytic triad of serine exopeptidases and
endopeptidases is composed of His (base), Asp (electrophile) and Ser (nucleophile). Catalysis by serine protease
is processed in two steps: In first step, the serine residue
and substrate form an acyl-enzyme intermediate. In the
second step, the water molecule hydrolyzes the acylenzyme intermediate to release the peptide [6]. The
main reason behind the growing interest in microbial
serine proteases in the last decade is their applications
mainly in leather tanning, detergent formulation and
diagnostics [7].
Keratin is an insoluble, high sulfur-containing protective protein constituting the bulk of epidermal appendages such as hair, nails, claws, turtle scutes, horns and
feathers. Keratin hydrolysate has vast commercial
applications in regenerative medicine materials, tissue
engineering, in the production of keratin-based coatings
and as fibers in polymer reinforcements [8]. Hair is
mainly composed of α-keratin, having high abundance of
alanine, leucine, arginine and cysteine [9]. Casein is a
complex milk protein composed of αS1-, αS2-, β-, k-casein
and colloidal phosphate calcium [10]. Commercial applications of casein include its use as binding material in
plastics industry, in synthesis of cotton fibers and as stabilizer in food industry [11, 12]. Bovine casein contains
highest fractions of leucine, lycine, isoleucine and valine
residues [13].
Bioinformatics tools can reveal catalytic potentials
and ligand binding specificities of target enzyme erstwhile proceeding towards its bulk production at industrial level. Similarly, molecular docking studies help us
to predict noncovalent interactions, conformation and
binding affinity by characterizing the behavior of ligand
molecule(s) in catalytic site of the target protein [14].
Furthermore, improved force fields, motions on the
micro-second, and scale processes (protein folding) of
Molecular Dynamics (MD) simulation has potential to
study spatial and temporal resolution of target protein
[15]. This study unveils the biochemical properties, catalytic potentials and binding patterns of an alkaline ser-
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ine protease using in-silico techniques.

Material and Methods
Primary structure and biochemical properties
As the 3D structure of alkaline serine protease (ASP)
from Bacillus tequilensis was not available in Protein
Data Bank (PDB), thus, the primary sequence of ASP
was obtained from NCBI (GenBank: SPT94135.1). The
biochemical properties and Signal peptide for this
sequence were investigated using online ProtParam tool
[16] and SignalP 5.0 [17], respectively.
Prediction of secondary structure
Phyre2 (Protein Homology/analogy Recognition Engine
V 2.0) program was implied to predict the secondary
structure for the target enzyme. This online program
uses the self-optimized prediction method (SOPM) to
increase the second-order forecast improvement rate
based on the primary sequence [18].
Identification of conserved sequences
The amino acids sequence alignment was carried out
using UniProt-BLAST to identify the sequences having
highest level of similarity with ASP. Top 5 sequences
having more than 90% identity with ASP were then subjected to Multiple Sequence Alignment using CLUSTAL
Omega (1.2.4) algorithm in EMBL-EBI to identify conserved residues followed by construction of phylogenetic
tree.
Homology modeling and identification of critical residues
The primary sequence of ASP was used to identify the
best fitted template proteins using basic local alignment
search tool for proteins (BLAST-P) and position-specific
iterated basic local alignment search tool (PSI-BLAST)
in NCBI. During the Protein BLAST, the primary
sequences of target serine protease showed highest level
of similarity and e-value with the crystallographic structure of subtilisin (PDB ID: 1SBN) from Bacillus subtilis.
Hence, the aligned sequence of target-template proteins
was subjected to MODELLER program in Discovery
Studio and ten models were generated.
Model validation
The most suitable model was subjected to MD simula-
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tion and energy minimization to obtain the native
conformation of the final model. The MD simulation
was performed by GROMACS 5.0.7 package with
CHARMM36mforce field [19]. The simulation system
was prepared in octahedral box with TIP3P water model
and neutralized by 0.1 M NaCl solution. The simulation
was equilibrated in two steps: NVT equilibration was
carried out for 100 ps at 300 K, while the NPT equilibration was performed for 100 ps at 1.0 bar pressure. NVT
and NPT equilibrations were carried out by V-rescale
and Parrinello-Rahman barostat, respectively. The production ensemble was carried out for 10 ns under the
periodic boundary condition with LINCS algorithm. The
stereochemical quality and accuracy of the MD-refined
model was validated by ProSA-web [20, 21] and the
RAMPAGE [22].
Molecular docking studies
Genetic optimization of ligand docking (GOLD v5.2.2)
[23], was used for molecular docking studies of ASP with
designated ligands. The modeled protease was used as
receptor while amino acids residues (mimicking the
binding site of casein and keratin) and PMSF (inhibitor)
were prepared as ligands. The binding site of modeled
protein was traced from its catalytic site residues and
superimposed over the template structure. A total of
fifty conformers were generated for each ligand molecule
in the binding site of modeled protease via Genetic
Algorithm (GA) module implanted in GOLD package.
Finally, the best fitted pose of each ligand was selected
based on highest ChemPLP score, conformational stability and hydrogen bond interactions with the active site
residues of the modeled protein. The docking results
were analyzed by Discovery Studio and GOLD package.

Results and Discussion
Primary structure and biochemical properties
Analysis by ProtParam revealed that the ASP was a
polypeptide of 381 amino acids residues having an estimated molecular weight of 39.53 kDa. The estimated
half-life was 30 hours (mammalian reticulocytes, in
vitro), >20 hours (yeast, in vivo) and >10 hours
(Escherichia coli, in vivo). Furthermore, the instability
index was computed to be 27.79, which suggests that the
enzyme is stable. The aliphatic index, the Grand aver-
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age of hydropathicity (GRAVY) and the isoelectric point
for the enzyme were calculated as 82.20, -0.081 and 8.91,
respectively.
Signal peptide prediction
Signal peptide for the ASP was predicted using
SignalP 5.0, which revealed a cleavage site between residue at position no. 29 and 30 with a probability of
0.8903 (Fig. 1). Similarly, the likelihood scores for signal
peptide (Sec/SPI), TAT signal peptide (Tat/SPI) and
lipoprotein signal peptide (Sec/SPII) were 0.9893,
0.0026 and 0.0065, respectively.
Prediction of secondary structure
The secondary structure of the ASP was predicted by
applying Phyre2 program utilizing SOPMA method [18].
The results revealed that the secondary structure of
ASP from Bacillus tequilensis was composed of 28% αhelix, 25% β-sheet (Fig. 1). A similar study reported 27%
α-helix and 26% β-sheet in the secondary structure of
keratinase from Bacillus mojavensis [24].
Homology modelling and critical residues
During homology modelling, the sequence alignment
of the target protein showed high sequence similarity
with the crystal structure of subtilisin (PDB ID: 1SBN)
from Bacillus subtilis with presence of serine residue in
the catalytic pocket classifying it as serine protease (Fig.
2A). The comparative analysis of both the sequences
suggested that Asp138, Asn261, Thr326, and Ser327 are
the critical residues of the target sequence involved in
ligand binding and catalysis.
Structure development
The crystal structure of subtilisin from Bacillus subtilis
was used as template for the homology modeling of ASP.
Among the ten models generated by MODELLER program, the best model of target protein was selected
based on the lowest molecular probability density
function (MOLPDF) score (1382.82) and DOPE score
(-29984.07).
Structure validation
The representative structure for serine protease was
extracted after MD simulation refinement (Fig. 2B).
Upon superimposition of the MD-refined serine protease
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Fig. 1. Phyre2 analysis of ASP displaying α-helix and β-sheet. The black arrow showing a cleavage site between residue at
position no. 29 and 30 predicted using SignalP 5.0

and its template structure (PDB ID: 1SBN) suggested
that serine protease also folded in identical 3D structure
(Fig. 2C). The modelled protease folded in native conformation like other serine proteases. The stereo-chemical
quality of the refined structure revealed that 88.86% of
the residues occupied the most favored region of the
Ramachandran plot (Fig. 2D). These results suggest
that phi (φ) and psi (ψ) backbone dihedral angles in the
modeled structure are reasonably accurate. Analysis of
the structure by ProSA-web revealed a Z-score of -9.7,
which was within the range of Z-scores of experimentally determined structures (Fig. 2E).
Molecular docking studies
The interaction pattern of the docked ligands sug-
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gested that each ligand formed a hydrogen bond (Hbond) interaction with Ser327 of the serine protease
(Figs. 5−7). A similar binding of ligand residues in the
substrate binding site has been reported by previous
studies [25, 26]. The formation of H-bond at such residue
is essentially important in ensuring effective binding of
the enzyme with ligand. The establishment of several Hbonds with other residues of the target protein ensured
tight binding of ligand with target protein is in strong
coherence with earlier studies [25, 27]. Apart from that,
each ligand molecule also formed Van der Waals/hydrophobic interactions with the catalytic pocket residues of
the target protein resulting a more workable binding
(Table 1). Current study also foresees that modification
of residues in the catalytic triad can help to enhance the
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Fig. 2. Homology modelling and model validation of ASP. (A) Sequence alignment of ASP with ISBN. (B) Ribbon diagram of ASP.
(C) Ribbon diagram of ASP and ISBN superimposition. (D) Ramachandran plot, showing 88.86% of the residues occupied the most
favored region. (E) Analysis of ASP structure by ProSA-web revealing a Z-score of -9.7.

catalytic efficiency and substrate specificity of serine
protease [27]. All these data suggested that each ligand
molecule could potentially bind the substrate binding
site of serine protease and may facilitate either the catalytic activity or inhibit the target protein.
Docking studies with keratin enriched residues
The interaction of alanine residue in the catalytic site

of modelled protease was favored by 4 H-bonds with
Ser205, Ser327, Gly206 and Asp138 resulting a docking
score of -31.15 kJ/mol. This binding was further stabilized by hydrophobic/Van der Waals interactions of
Ser231, Leu202, His170, Gly171, and Ser204. The binding of leucine residue with a docking score of -36.11 kJ/
mol was improved by Thr326, Ser327, Asn261 and
Asn324 through H-bonding and further supported by
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Fig. 3. Molecular orientation and binding pattern of keratin enriched residues with ASP. (A-C) Depict the 3D orientation of alanine, leucine, and arginine residues from substrate (keratin) in the substrate binding site of ASP. (D-F) Depict the 2D interactions
pattern of alanine, leucine, and arginine with ASP. The interacting residues of ASP are portrayed and labelled. The substrate residues
are represented as ball and stick models. Hydrogen bonds are depicted as dashed lines.

hydrophobic/Van der Waals interactions involving
Ser205, Met328, Tyr323, Gly325 and His170. Arginine
was bound with a dock score of -44.74 kJ/mol due to 6 Hbonds favored by Asp138, Ser231, Ser327, Thr326,
Asn261 and Asn324 and hydrophobic/Van der Waals
interactions by Leu232, Gly325, Tyr323, Ser205, Ser139,
Gly206, Ser168 and Leu202 (Fig. 3).
The binding affinity and dock score of ASP with keratin enriched residues suggests its catalytic potential
towards keratin. This keratinolytic potential of protease
can be well exploited for dehairing during leather processing. Proteases with keratinolytic/dehairing potential
have been reported previously [1, 28] which can serve as
effective tools for the replacement of notorious chemicals
conventionally in use. During the process of enzymatic
dehairing, proteases attack the basal cells of the hair
bulb along with cells of malphigian layer tailed by slackening of hair and breakdown of the inner root sheath as
well as the non-keratinized parts of hair [29]. It is noteworthy that not all proteases are applicable for dehairing
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because of their collagenolytic activity [30]. Therefore,
such proteases having high keratinolytic and no or low
collagenolytic activity are ideal for industrial application
[31]. These proteases selectively degrade the soft keratin
tissue in the follicle, thereby pulling out intact hairs
without affecting tensile strength of the leather [32]. The
use proteases in dehairing support the elimination of
lime and sodium sulfide, helping to minimize the problem of stream pollution in addition to improved leather
quality [33]. The ASP from Bacillus tequilensis showed
excellent catalytic potential toward keratin substrate
during docking studies and this potential may be further
confirmed during empirical studies to use it as a better
alternative in deharing.
Docking studies with casein enriched residues
The best docking pose for lysine residue established a
dock score of -41.26 kJ/mol supported by 6 H-bonds with
Asp138, Ser327, Thr326, Asn261 and Asn324 residues of
the ASP. Moreover, non-H bond interactions for this
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Fig. 4. Molecular orientation and binding pattern of casein enriched residues with ASP. (A-C) Represent the 3D orientation of
lysine, isoleucine, and valine residues from substrate (casein) in the substrate binding site of ASP (D-F) Depict the 2D interactions
pattern of lysine, isoleucine, and valine and ASP. The interacting residues of ASP are portrayed and labelled. The substrate residues
are portrayed as ball and stick models. Hydrogen bonds are depicted as dashed lines.

ligand involved Leu202, Ser139, Ser168, Gly206,
Gly325, Tyr323, Met328, His170 and Ser231. Isoleucine
was bound in the catalytic triad with 4 H-bonds (Gly206,
Ser205, Asp138 and Ser327) and hydrophobic/Van der
Waals interactions (Met328, His170, Leu202, Gly171,
Ser139 and Ser168) portraying the dock score of -34.77
kJ/mol. Similarly, valine with a dock score of -30.63 kJ/
mol was bound using H-bonds (Asn324, Thr326, Asn261
and Ser327) and hydrophobic/Van der Waals interactions (Tyr323, His170, Ser205, Met328 and Gly325) with
the modelled structure of ASP (Fig. 4).
The caseinolytic potential of a protease is very ideal for
its potential commercial applications in food and pharmaceutical industries. During casein hydrolysis, protease cleaves the peptide bonds within the polypeptide
chains of complex structure of casein, leading to generation of peptides of varying length [34]. The caseinolytic
potential of protease has immense commercial important as casein hydrolysates are used as calcium binding

peptides [35] and as stabilizers in food industry [12]. The
ASP from Bacillus tequilensis showed affinity and binding specificity towards casein enriched residues as
observed during in-silico studies, pointing towards its
confirmation through empirical studies and potential
applications in relevant industries.
Docking studies with PMSF
In case of PMSF, 3 H-bonds (Asn261, Thr326 and
Ser327) were observed with the target protein resulting
a dock score of -37.64 kJ/mol. The same bonding of
PMSF with Serine residue is reported in previous studies leading to complete inactivation of target protease
[25, 26]. Furthermore, a significant number of hydrophobic/Van der Waals interactions were recorded between
PMSF and the modelled structure of serine protease
(Table 1). These interactions between ASP and PMSF
interactions collectively result into the inhibition catalytic activity of enzyme (Fig. 5).
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Table 1. Docking score and binding pattern of substrates residues and PMSF with ASP.
Ligand
amino
acid

Dock
score

H bonds
Van der Waals Interactions

Amino acid
atom

Ligand
atom

-31.15

Ser205
Ser327
Gly206
Asp138

HN
OG
HN
OD1

O2
H12
O2
H13

2.5
2.6
2.1
1.5

Leu202, His170, Gly171

Ser231, His170, Ser204

-36.11

Thr326
Ser327
Asn261
Asn324

HN
HN
OD1
O

O2
O2
H22
H20

2.2
2.0
2.1
2.1

Ser205, Met328, Gly325,
His170

Ser205, Tyr323, Gly325, His170

Arginine -44.74

Asp138
Ser231
Ser327
Thr326
Asn261
Asn324

OD1
O
HN
HN
OD1
O

H24
H23
O2
O2
H22
H21

2.1
2.2
2.0
2.1
2.0
2.0

Leu232, Tyr323, Ser205,
Gly206, Ser168

Gly325, Ser205, Ser139,
Gly206, Ser168, Leu202

-41.26

Asp138
Ser327
Thr326
Asn261
Asn324

OD1
HN
HN
OD1
O

H23
O2
O2
H24
H21

1.7
2.0
2.1
2.0
2.2

Leu202, Gly206, Gly325,
Tyr323, Met328, Ser231

Ser139, Ser168, Met328, His170,
Ser231

Isoleucine -34.77

Gly206
Ser205
Asp138
Ser327

HN
HN
OD1
OG

O2
O2
H20
H21

2.2
2.5
1.7
2.9

Met328, Ser139, Ser168

His170, Leu202, Gly171, Ser139

O
HN
HD22
HN

H18
O2
O1
O2

2.1
2.4
2.0
2.0

Tyr323, His170, Ser205

Tyr323, Ser205, Met328, Gly325

HD22
HN
HN

O3
O4
O4

2.0
2.2
2.0

Ser205, Gly206, Asp138, Ser231,
Asn324, Met328

Ser205, Asp138, His170,
Asn324, Gly325

Alanine

Leucine

Lysine

Valine

-30.63

Asn324
Thr326
Asn261
Ser327

PMSF

-37.64

Asn261
Thr326
Ser327

Length
(Å)

Hydrophobic Interactions

Amino
acid

The table shows the Ligand (as amino acid name; column 1), Docking score for each amino acid ligand in the active site of ASP, the H-bonds
between each amino acid ligand and amino acids of ASP where the H-bond forming atoms are represented by their respective number in
the corresponding ligand (either ASP amino acid or ligand amino acid). Finally, the hydrophobic interactions and van der Waals interactions
made by the amino acid residues (along with their sequence number) of ASP are also shown

Conclusion
Current study highlighted the biochemical properties,
secondary structure, catalytic potential of a serine protease from Bacillus tequilensis. The study determined the
binding affinity, substrate specificity and substrate recognition pattern of the modelled serine protease with the
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keratin and casein enriched residues. Based on these
findings, we can safely assume the keratinolytic and
caseinolytic potential of this ASP. Ser327, Asp138,
Asn261 and Thr326 were found important residues
involved in binding and catalysis, suggesting that modification of residues at catalytic triad may further
enhance its catalytic potential.
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Fig. 5. Molecular orientation and binding pattern of PMSF with ASP. (A) Shows the 3D orientation of PMSF in the substrate binding site of ASP. (B) Depicts the 2D interactions pattern of PMSF and ASP. The interacting residues of ASP are portrayed and labelled.
H-bonds are depicted as dashed lines.
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