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ABSTRACT

Objective: Serrapeptidase is a therapeutic enzyme broadly used as an anti-inflammatory drug to treat inflammatory diseases like arthritis,
bronchitis, fibrocystic breast disease and sinusitis. The objective of present study is in silco analyzes of the substrate and inhibitor binding sites of
serratiopeptidase, expressed from a cloned gene.

Methods: The gene encoding Serrapeptidase was amplified from genomic DNA of Serratia marcescens MTCC 8707, an isolated from the flowers of
summer squash plants. The gene was sequenced, the nucleotide sequence of 1464 nucleotides was submitted to Gen Bank nucleotide database and
accession number GI: KP869847 obtained. The develop amino acid sequence was used to predict 3D structure using different bioinformatics tools
and software’s Further, CABS-dock and Swiss Dock, the docking servers were used for enzyme-substrate/inhibitor binding site analysis. The
inflammatory mediators, bradykinin, and substance-P were used as substrates, whereas, EDTA and Lisinopril were used as an inhibitor for
serrapeptidase. UCSF Chimera program was used for interactive visualization and analysis of docked results.

Results: The docking studies show substrates bradykinin and substance-P bind near zinc binding site with minimum RMSD value and the inhibitors
EDTA and lisinopril showed favorable interaction at zinc binding site of serrapeptidase with minimum free energy.

Conclusion: The result of docking studies confirm that the substrate or inhibitor binds near zinc binding domain (HEXXH.) and the peptide bond of
the substrate can be effectively cleaved by serrapeptidase.
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INTRODUCTION

Serrapeptidase (SRP) is a metalloprotease protease that belongs to
serralysin family. It was first isolated in the late 1960s from Serratia
E15 [1], enterobacteria found in the intestine of silkworm, where it
secretes Serratiopeptidase which helps in a dilating cocoon for
emerging of mouth. The enzyme was tentatively named as Serratia
peptidase based on its origin [2]. Subsequently, this enzyme was
also isolated from Serratia marcescens ATCC 25419 [3]. The property
of Serrapeptidase was exploited for the development of a drug to
treat diseases caused by inflammation. It is usually prescribed for
treating inflammatory, traumatic and post-operative swelling and
pain. Serrapeptidase being a miracle enzyme, used to treat chronic
inflammatory disease such as atherosclerosis, arthritis, bronchitis,
fibrocystic breast disease and sinusitis [4] as well as Alzheimer’s
disease. Recent studies have even suggested the use of oral SPR to
aid in the treatment or prevention of viral diseases, such as AIDS and
hepatitis B and C [5].

It is available as a tablet or a capsule form in fixed dose combination
with NSAIDs (Diclofenac sodium, Nimesulide, Paracetamol) and
antibiotics (Amoxicillin, Roxithromycin). The generic
Serratiopeptidase combination is manufactured by 710 companies.
Medindia's database currently has 1012 Brands of Generics of
Serratiopeptidase listed [6]. NSAIDs have potent anti-inflammatory,
analgesic and antipyretic actions. It inhibits the enzyme,
cyclooxygenase, thus resulting in reduced synthesis of prostaglandin
precursors [7]. However as per literature Serrapeptidase appears to
be hydrolyzing various peptides such as histamine, bradykinin,
Substance P, serotonin, etc, and possesses proteolytic and
fibrinolytic activities. Serratiopeptidase binds to a2-macroglobulin
in the blood in the ratio of 1:1 and the complex is internalized by
fibroblasts culture and regenerates the protease activity in cells
after 2-3 hr of incubation [8]. This helps to mask its antigenicity but
retains its enzymatic activity. Generally, Serrapeptidase levels are

slowly transferred to the exudates at the site of infection and
inflammation and act on inflammatory peptides. As a result, the cell
debris is cleared and controlling the spreading of inflammation.

Serrapeptidase resembles alkaline protease of Pseudomonas
aeruginosa rather than the Bacillus subtilis enzyme, which
specifically acts on peptide bonds of gly-hydrophobic amino acid.
The enzyme cleaved the gly-leu bond in eledoisin related peptide,
the gly-phe bond in bradykinin and split oxidized insulin B-chain at
twelve different peptide bonds [9]. The metalloprotease of Serratia
proteamaculans, Arazyme, similar to Serrapeptidase possesses high
hydrolytic activity on substance P and peptides related to
bradykinin [10]. Although the substrate specificity and cleavage site
of Serrapeptidase were analyzed thoroughly, the enzyme-substrate
binding model is not given in detail. Therefore, in silico analysis and
receptor-ligand docking studies may help in understanding the
binding of substrate and inhibitor to the enzyme.

Hence, the present study deals with the structure modeling of
Serrapeptidase and docking studies of the specific substrate and
inhibitors with the enzyme. CABS-dock web server was used for
substrate (Bradykinin, Substance-P) docking. It provides an
interface for modeling protein-peptide interactions using a highly
efficient protocol for the flexible docking of peptides to proteins
[11]. Serrapeptidase and metalloprotease inhibitor (EDTA and
Lisnopril) was docked using Swiss Dock web server. It is a web
server dedicated to the docking of small molecules on target
proteins [12]. Finally, UCSF Chimera program was used for
interactive visualization and analysis of molecular structures.

MATERIALS AND METHODS
Sequence selection

The deduced amino acid sequence of Serrapeptidase gene was used
in this study. The Serrapeptidase gene was amplified from genomic
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DNA of Serratia marcescens MTCC 8707, isolated from the flowers of
summer squash plants, sequenced and uploaded in GenBank
nucleotide database (GI: KP869847) (fig: 1) [13]. The derived amino
acid sequence of the gene id is separated from UniProt database
(UniProt ID: AOA0OG4AMK3) having 487 amino acids was further
used for structural analysis.

Comparative modeling

The amino acid sequence of Serrapeptidase was further used for
template search using PSI-BLAST program from NCBI database.
Further, the protein structures were built and modeled based on
template sequences of Serrapeptidase. The sequences of conserved
regions were efficiently employed to study the functional and
structural relationships. The three-dimensional structures of
conserved regions were predicted using Swiss-Model workspace and
aligned models were observed using the Swiss-PDB viewer. The
resultant 3D structure (template) mapping exhibited significant
interactive sites on amino acid sequences against targets. During
modeling studies, the factors such as positive target and template
alignment, the building of model and quality evaluation were achieved.
The quality of modeled structures in the course of stereochemistry
was analyzed by using residue-by-residue geometry and overall
structure geometry method. The modeled 3D structures were verified
by Molprobity server. The quality was determined based on
stereochemical models of predicted ERRAT, PROCHECK, and
Ramachandran Plot. Most of the structural misalignment errors in
rotamers occurred due to the side chain packing and folding. The
values of Structural deviation measure (SDM), Root mean square
deviation (RMSD), quality (Q)-factor and B-factor were quite efficient
to verify the quality structures of Serrapeptidase by using Chimera 1.6

Ligand selection and molecular docking

In the present in-silico pharmacological investigation of
Serrapeptidase inhibition, we have selected Bradykinin and
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Substance-P, the key anti-inflammatory mediators, as substrates and
EDTA and Lisinopril as inhibitors (Fig: 4) and studied. The CABS-
dock is used for protein-peptide docking in two different inputs; first
amino acid sequence of the peptide and second 3D structure of the
protein receptor. The docking is progressed by molecular simulation
using Monte Carlo simulation with 10 replicates is uniformly spread
on the temperature scale to generate random docking structures.
About 10000 models were generated during simulation of which
1000 models were selected for further steps in the following
procedure: 1) all unbound states (where interaction energy between
the peptide and the receptor is zero) were rejected 2) from the
remaining models up to 100 from each of the 10 trajectories are
picked by the lowest interaction energy.

The Swiss-Dock server used for docking with Serrapeptidase and
inorganic inhibitors such as EDTA and Lisinopril were selected
based on ZINC database. Docking-type was exact and rigid. Each
docking experiment was the result of 250 different consecutive
runs. Those binding models possessing the most favorable
energies were estimated by fast analytical continuum treatment of
solvation (FACTS), and clustered. Binding modes were scored via
their Full Fitness and clustered. Then clusters were classified
based on the average Full Fitness of their elements. The results
obtained from CABS-Dock and Swiss Dock was pictured by UCSF
Chimera.

RESULTS AND DISCUSSION

We have predicted the Serrapeptidase template sequences using
PSI-BLAST with PDB structural analysis. The sequence having>30%
homologous were selected as the best templates. The templates
selected were shown in table 1. Using PSI-BLAST target sequences
were compared to align with human reference genome databases
which showed 395 templates as matched with Serrapeptidase
sequence and they were used to predict 3D structures.

Table 1: Predicted serrapeptidase template sequences based on homology search using PSI-Blast

Template Sequence identity Oligo state Description

1srp.1. A 99.58 Monomer Serralysin

1smp.1. A 99.58 Hetero-oligomer Serratia metallo proteinase
1srp.1. A 99.57 Monomer Serralysin

1smp.1. A 99.57 Hetero-oligomer Serratia metallo proteinase
1af0.1. A 98.94 Monomer Serratia protease

The 3D structure of Serra peptidase was built by highest sequence
identity using homology models (fig: 1). The protein structures were
validated based on Z-score less than 1, GMQE: 0.99 and QMEAN4:
0.20, which predicted the best quality model structures. The 1SRP
template with 99 % quality on the stereochemical activity of amino
acids was observed in Ramachandran plot and the resultant protein
structure was used to identify zinc binding region using chimera 1.6.

Fig. 1: Model of serrapeptidase 3D structure with 1SRP
template

As seen in the fig. the 3D model structure exhibits N-terminal zinc-
binding domain and the zinc ion is bound by His 192, His 196, His
202, Tyr 232 and along with the water molecule in a distorted
trigonal bipyramidal manner (Fig: 2) because it belongs to Met-
zincins- ‘zincins superfamily’ with topologies of M-turn (HExx Hxx
GxxH...xxM).

Fig. 2: Trigonal bipyramidal structure of serrapeptidase with
zinc binding site of metal geometry

The C-terminal domain is a f strand-rich domain containing
eighteen f strands, a short a-helix and seven CaZions bound to
calcium binding loops. It contains multiple tandem repeats of nine-
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residue motif including the pattern GCXGD, which forms a corks
screw (fig. 3). This pattern is similar to haemolysin and hence
thought to be important for secretion of the protein as well as for the
folding and stability. Serratia protease has several bound calcium
ions which are not essential for its catalytic function but are
required for protection from autolysis [17].

Fig. 3: Final predicted model of Serrapeptidase enzyme
structure with N and C-terminal regions

Ligand preparation and molecular docking

The structural elucidation of Serrapeptidase belongs to Serralysin
family members and may have a broad spectrum of substrates such
as bradykinin (RPPGFSPFR), substance-P (RPKPQQFFGLM) and
inorganic substances such as EDTA and Lisinopril. These features
were used for pharmacological analysis (fig: 4). Using molinspiration
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online server pharmacophore were predicted, and the results are
shown in table: 2. The EDTA structure has highest TPSA of >140
indicating the highest precipitation and interaction with receptor
protein. Similarly, Lisinipril has very good pharmacophores, and the
results were used for molecular docking.
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Fig. 4: Predicted molecular docking pictures with Inorganic
substances of EDTA and Lisinopril

Cabs-Dock online server was used for protein-peptide docking based
on Monte Carlo simulation and the resultant cluster details and
contact maps were presented in table 3. In this selection
Serrapeptidase-Bradykinin has average RMSD of 7.68 by forming
157 elements interacts with active site amino acids His196, His202
of Serrapeptidase with Ser474 amino acids of Bradykinin (Fig: 5a-b).
Similarly, substance-P also interacts within the active site amino
acids His196, Glu 197 of Serrapeptidase (fig: 6a-b).

Table 2: Pharmacophore analysis of chemical substance as predicted using molinspiration, online server

Substrate name Cluster density Average RMSD max RMSD Number of elements
Bradykinin 20.4248 7.68674 30.7166 157
Substance-P 111.804 0.894423 2.87267 100

Table 3: Clustering details of Bradykinin and substance P with serrapeptidase

Substrate name

Cluster density Average RMSD max RMSD

Number of elements

Receptor amino acid Peptide amino acid

Bradykinin 20.4248 7.68674 30.7166

Substance-P 111.804 0.894423 2.87267

157

100

Tyr A 213 PROB 471
His A 183 PHE B 476
His A 177 PHE B 476
HisA 173 PHE B 473
Gln A 169 GLY B 472
Asn A 157 PHE B 473
Leu A 135 PHE B 476
Tyr A 132 PRO B 475
AlaA 131 PHE B 473
Gln A 130 PHE B 473
TYRA 227 LEU B 478
TYRA 213 LEU B 478
TYRA 213 GLN B 474
TYRA 213 LYSB 471
LEU A 210 PRO B 472
THR A 195 PHE B 476
HISA 177 PRO B 472
GLUA 174 LYSB 471
HISA 173 LYSB 471
GLN A 169 GLN B 473
LEU A 135 PRO B 470
ALAA 133 LYSB 471
TYRA 132 LYSB 471
ALAA 131 GLN B 474
GLN A 130 GLN B 474
THR A 129 ARG B 469

125



PEP

Suryanarayana et al.

Int ] Pharm Pharm Sci, Vol 8, Issue 4, 123-128

Contact map of the interface between receptor and peptide
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Fig. 5b: Bradykinin binding with serrapeptidase

Contact map of the interface between receptor and peptide
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Fig. 6a: Contact map of Substance-P with serrapeptidase
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Fig. 6b: Substance-P binding with Serrapeptidase

The other inorganic substances such as EDTA and Lisinopril
were docked with Serrapeptidase enzyme using Swiss dock. The
results of Swiss Dock showed full fitness and Gibbs free energy
predicts docking interactions (table: 4). The EDTA showed full
fitness of-1735.25 kcal/mol and estimated AG of-9.74 kcal/mol
within active site amino acids His 192, His196, His202 of

Serrapeptidase (fig: 7). The Lisinopril showed Full Fitness of-
1830.91 kcal/mol and estimated AG of-10.50 kcal/mol within
active site amino acids His192, His196, and His202 of
Serrapeptidase (fig: 8). Inhibition of Serrapeptidase using EDTA
and Lisinopril, the metal chelating agent helps in understanding
that it is a metalloproteinase.

Fig. 7: EDTA binding with serrapeptidase

Table 4: Clustering results obtained from docking of inhibitors with serrapeptidase

S. Ligands Receptor No. of Swiss Cluster  Full fitness Estimated dG Remarks
No. dock clusters rank (Kcal/mol) (Kcal/mol)
Cluster
1. Ethylenediaminetetraacetic acid SRP 30 (250) 0 0 -1742.31 -11.19 Binds near Zn
dipotassium salt dihydrate 0 1 -1742.31 -11.19 binding site.
EDTA 0 2 -1742.18 -11.18
ZINC 19364242 0 3 -1742.11 -11.17
1 0 -1740.43 -10.70
1 1 -1735.25 -9.74
2. Lisnopril SRP 30 (250) 0 1 -1830.91 -10.50 Binds near Zn
ZINC 3812863 0 2 -1830.66 -10.47 binding
0 3 -1830.66 -10.47 site.232.
0 4 -1829.39 -10.39
0 5 -1829.39 -10.39
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Lisinopril

Fig. 8: Lisinopril binding with serrapeptidase

According to Schecter and Berger model (1967,1968), S: subsite of
Serrapeptidase is found to have a broad specificity, being Gly the
preferred amino acid for this subsite followed by positively charged
residues (Arg and His). Then, Szand S'1 subsites accommodate
better hydrophobic residues with aliphatic or aromatic side chains
like Leu, Phe [10]. Serralysin family preferentially cleaves bonds
with hydrophobic residues in P1'. Through the docking studies, it
was found that the preferred cleavage site Gly-Phe of bradykinin
docked near zinc binding domain of SRP and hydrogen bond formed
between His 196 (SRP) and Serine residue of bradykinin. Similarly,
Substance-P preferred cleavage site Gly-Leu binds near zinc binding
domain and a hydrogen bond between His 196 (SRP) and Lys
residue (Substance-P). Inhibitor binding studies also support the
fact that zinc binding site may be involved in the mechanism of
enzyme catalysis. Hence, it is hypothesized that as like the
metalloendopeptidase, which catalysis the hydrolysis of internal, a-
peptide bonds in a polypeptide chain by a mechanism in which
water acts as a nucleophile and charged amino acids side chains are
ligands for the metal ions. Thus, the docking studies uphold the fact.

CONCLUSION

The structural elucidation shows that Serrapeptidase belongs to
Serralysin family member. In general, a serralysin family has more
influence on inflammatory peptides, therefore Serrapeptidase also
expected to act on inflammatory peptides. Also, the present study
has given a new insight to the enzyme-substrate binding model of
Serrapeptidase. Hence, the knowledge on the mechanism of
Serrapeptidase activity on its substrate supports its pharmaceutical
application as an anti-inflammatory and analgesic agent.
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