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Abstract:

Proteolytic enzymes are directly or indirectly engaged in mostly all biological processes indicating their
importance in maintaining health and causing diseases. It has been discovered that proteolysis of the cell surface
is a crucial mechanism for producing physiologically active components that help mediate a large variety of
functions of the cells. The dysregulation of proteolysis can cause several diseases including arthritis, cancer,
cardiovascular diseases and even neurodegenerative diseases. TMPRSS4 is a unique transmembrane serine
protease and found at the cell surface that is highly expressed in gastric, pancreatic, and colon cancer tissues.
Molecular docking is a widely used tool in drug discovery to identify potential new therapeutic targets and plays
a vital role in the visualization of ligand—protein interaction at an atomic level and enhancing our understanding
of the ligand behavior thus aiding in the structure-based drug designing. This study aims to investigate the
molecular complex of TMPRSS4 with the potent phytochemicals for drug discovery using an array of
bioinformatics tools. The study would not only help us to find the structure and functional relationship of the
TMPRSS4 but also help us in predicting site of molecular interaction between TMPRSS4 and the ligand, which
could potentially help in going a step ahead in finding the role of TMPRSS4 as a druggable target to treat gastric,

pancreatic, and colon cancer diseases.
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1. Introduction

A regulatory process called proteolysis uses the targeted hydrolysis of peptide bonds to carry out its functions. It
is due to this post-translational modification that the role played by various proteins is being controlled by
proteases. Following that, these proteases control a number of biological mechanisms, for instance, protein
secretion, signal transduction, apoptosis, cell growth etc. They also play an integral role in various physiological
processes like reproduction, hots defense and also in numerous pathologies, like inflammatory diseases, cancer
etc. Proteolytic enzymes are directly or indirectly engaged in mostly all biological processes indicating their
importance in maintaining health and causing diseases (de Aberasturi & Calvo, 2015; Ohler & Becker-Pauly,
2012; Puente et al, 2005). After the accomplishment of sequencing the human genome, it was found that around
600 proteases-encoding genes forming more than 2% of the overall human proteome is present in humans. The
dysregulation of proteolysis can cause several diseases including arthritis, cancer, cardiovascular diseases and

even neurodegenerative diseases (de Aberasturi & Calvo, 2015; Ohler & Becker-Pauly, 2012; Puente et al, 2005).

In accordance with the mechanisms of catalysis, proteases are categorized into serine, aspartyl, threonine, metallo
and cysteine proteases (Puente et al, 2005). This large family of proteins could be found extracellularly or in the
cytoplasm or in some organelles such as the lysosome. Only a very small number of serine proteases could be

found that have a transmembrane domain that allows them to attach to the plasma membrane of the cells.

It has been discovered that proteolysis of the cell surface is a crucial mechanism for producing physiologically
active components that help mediate a large variety of functions of the cells. Serine proteases could be divided
into three groups based on the transmembrane domain structure: Type I, that has carboxy-terminal domain; TTSP
or type Il that has an amino-terminal domain; and GPI, which is bound to the membrane by glycosyl-
phosphatidylinositol (Netzel-Arnett et al, 2003).

Formerly known as TMPRSS3 (Wallrapp et al, 2000), TMPRSS4 is a unique transmembrane serine protease (type
1), found in the long arm of 11" chromosome (11¢23.3). It contains 48,597bp with around 12 introns and 16
exons. Lot of studies showed that about 18 different transcripts of this serine protease could be generated, out of
which 2 transcripts degrade with the reason being nonsense-mediated decay. About 8 transcripts don’t give a
protein as a product. From the remaining 8 transcripts 3 are found to have an incomplete coding sequence in 5’ or
3’, also it either doesn’t have stop or start codon sequences. Therefore, TMPRSS4 codes for only five isoforms
that have complete coding sequence. It has a predicted size of 48 kDa with two sites of glycosylation, one at 130
and the other at 178 amino acids, the canonic protein (TMPRSS4-1) has 437 amino acids, on the other hand

isoforms second and third differ by only two and five amino acids, respectively (de Aberasturi & Calvo, 2015).
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TMPRSS4 is found at the cell surface that is highly expressed in gastric, pancreatic, and colon cancer tissues. In
spite of the above fact, the biological function of TMPRSS-4 in cancer is unknown (Jung et al, 2008). Few of the
recent studies suggest that TMPRSS-4 activity is linked with the influenza virus spreading as well (Ohler &
Becker-Pauly, 2012). Dysregulation of Proteases is also a key hallmark of cancer, by being a potential diagnostic
marker in the disease and therefore proteases have been the subject of numerous cancer studies (Min et al, 2014).

The other members of the TTSP family and TMPRSS4 have the given domains in common: stem, transmembrane,
cytoplasmic, and proteolytic domains (Hooper et al, 2001). The 'catalytic triad," which consists of these amino
acids- Histidine, Aspartic acid, and Serine, which are important for the action of the proteolytic domain, and are
largely conserved among various TTSPs. A substrate binding pocket is also found that modulates the enzyme
activity and determined the specificity of the enzyme (Antalis et al, 2010). A lot of study has been conducted on
TTPS family that gives a lot of information about different domains and their roles including TMPRSSA4.
Additionally, it is discovered that the conditioned medium contains the active domain of the TMPRSS4 protease
that was released from the cultured cells (Min et al, 2014). According to this knowledge, there is a chance that
soluble fragments could be found in the serum of cancer patients, suggesting that TMPRSS4 could be used as a

non-invasive diagnostic biomarker.

Since cancer genesis and metastasis research account for the majority of the information on TMPRSS4, it is
reasonable to conclude that this membrane-anchored serine protease deserves additional study as a novel potential
therapeutic target in solid tumors. Data on TMPRSS4 is still very less and several sources of evidence support
that TMPRSS4, according to lot of research, promote metastasis in preclinical models, overexpression of
TMPRSS4 in various cancer types in comparison with normal tissues, high levels of TMPRSS4 found to be inked
with reduces disease-free survival (DFS) and overall survival (OS), TMPRSS4 is a membrane bound protein and
so it can be employed for developing blocking antibodies or other bio-inhibitory tools, and also extracellular
fragments of TMPRSS4 in conditioned media which could be detected in serum sample of various cancer patients
(de Aberasturi & Calvo,2015). However, for utilizing the benefits of this serine protease TMPRSS4, more

information and research is required.

Molecular docking has been proved to be an important in structural molecular biology and in computer aided
drug designing. It is now routinely being used for virtual screening or lead optimization for drug screening and
designing. It helps in exploring the behaviour of small molecules while binding to the target site. It is a tool that
is increasingly being used for drug discovery. It is so efficient that it could be performed even for the structures
that have been made by homology or comparative modelling such as in this study. The druggability of the

compounds and their specificity against a particular target can also be found.
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Molecular docking helps in predicting the predominant binding mode of the ligand with the protein. Successful
docking methods usually try to search for high-dimensional spaces and use a scoring function that correctly ranks
candidate dockings (Pagadala et al,2017; Morris & Lim-Wilby,2008). This study aims to investigate the molecular
complex of TMPRSS4 with a potent ligand for drug discovery using an array of bioinformatics tools. The study
would not only help us to find the structure and functional relationship of the TMPRSS4 but also help us in
predicting site of molecular interaction between TMPRSS4 and the ligand, which could potentially help in going

a step ahead in finding the role of TMPRSS4 as a diagnostic marker in various diseases.

2. Materials and Methods

Homology Modelling:

One of the computational methods for predicting the 3D structure of a protein from its amino acid sequence is
homology modelling. It is regarded as the computational structure prediction method with the highest level of
accuracy. It comprises of a number of simple and easy to follow steps (Muhammed & Aki-Yalcin,2019). For
homology modelling, there are numerous different programmes and services that are used such as the Swiss model

tool.
Uniprot:

There are more than 120 million protein sequences and annotations in this enormous database of protein
information. Expert curators extract data from scientific papers, which is then put in the knowledge base’s
UniProtKB/Swiss-Prot section. It defines functional information using structured vocabularies like the Gene
Ontology (Go) or ChEBI as well as human readable free text and regulated syntax summaries (The UniProt
Consortium,2019).

Chimera:

The interactions were visualized and examined using UCSF Chimera. It is a flexible programme that is used to
analyses molecular structures and other relevant data, such as density maps, sequence alignment findings, docking
results, trajectory data, etc. In addition to the fundamental services, it also offers visualization and extensions with
extremely high levels of capability. This structure ensures that the extension operation satisfies the developer's

requirements for adding new functionality (Pettersen et al,2004).
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Discovery Studio:

Along with the type of interaction and bond lengths, the Discovery Studio aids in the identification of interactions
between the active sites in the target and ligand conformations. Discovery Studio is a single, unified, user-friendly
graphical interface that is employed for effective drug design and protein modelling. It includes well-known and
common applications like the Catalyst, MODELLER, CHARMmM, etc. It has years of successful, validated, and
published outcomes as well as cutting-edge science to address the difficulties in drug discovery that exist today.
It was created using the open operating system server platform of SciTegic Pipeline PilotScitegic Enterprise,
which makes it simple to integrate protein modelling, structure-based design, and even outside design
(Studio,2008).

SwissADME:

SwissADME was used for the initial analysis and screening (https://www.swiss adme.ch/). It is a free online tool
that rates the friendliness of medicinal chemistry of small compounds as well as their pharmacokinetics and drug-
likeness (Daina et al,2017). In-house sophisticated approaches like the BOILED-Egg, iLOGP, and Bioavailability
radar are among the prognostic models for physicochemical characteristics, pharmacokinetics, etc. that are made
available through this platform for free. Using SwissADME, we eliminated a few compounds in accordance with
Lipinski's rule of five parameters. The molecular weight of a certain chemical must be less than 500 Da, it must
have high lipophilicity (Log P value must be less than 5), H-bond acceptors must be fewer than 10, and H-bond
donors must be less than 5, all of which are requirements for a ligand. Any compound with two or more infractions

was disqualified from further investigation.
Preparation of Target protein:

As the TMPRSS4 protein structure is not available in Protein data bank (PDB) database, the protein structure was
built by homology modelling method by employing Swissmodel tool. The input data for the target protein was
retrieved from UniProtKB, PubMed:24434139 (Min et al,2014). This input data serving as a query was used to
search evolutionary related protein structures against the SWISS-MODEL template library (SMTL) (Biasini et
al,2014). It executes this task using Basic local alignment search tool (BLAST) (Altschul et al,1997; Camacho et
al,2009) and HMM-HMM-based lightning- fast iterative sequence search (HHblits) (Remmert et al, 2011). After
this, the templates are ranked according to expected quality of the resulting model and are shown in tabular form
with descriptive set of features. For the selected templates, 3D protein structure with the catalytic domain and the
external domain are designed and after the estimation of the model quality the structure was used for docking
using IGEMDOCK (Waterhouse et al, 2018).
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Ligand Preparation:

Majority of the ligands were taken from PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and Indian
Medicinal Plants, Phytochemistry and Therapeutic (IMPPAT) database (https://cb.imsc.res.in/imppat/). The
ligands were downloaded in .sdf format, and then were converted into. mol2 3D file using the chimera software.

Ligand input files for docking was prepared using AutoDock Tools and saved as pdbqt files.
Docking Studies:

In order to accurately analyze the intermolecular interactions and the binding modes between the protein
TMPRSS4 and the specific ligand, the molecular docking studies were applied to the selected ligands with the
help of IGEMDOCK, A Graphical Environment for Recognizing Pharmacological Interactions and Virtual
Screening. IGEMDOCK initially offers interactive interfaces for setting up the screening compound library as
well as the target protein's binding site. The in-house docking tool GEMDOCK is then used to dock each
compound in the library into the binding site (Yang & Chen,2004). Then, iGEMDOCK creates profiles of
electrostatic (E), hydrogen-bonding (H), and van der Waals (V) interactions between proteins and compounds
and then predicts the pharmacological interactions and groups the screening compounds for the post-screening
analysis based on these profiles and compound structures. Finally, by merging the pharmacological interactions
and energy-based scoring function of GEMDOCK, iGEMDOCK ranks and visualises the screening compounds
(Hsu et al,2011)

3.5. Molecular Dynamics Simulation :

MD simulations were done by using Desmond (Desmond, Schrodinger, 2015) with Optimized Potentials for
Liquid Simulations (OPLS) 2005 force field. Initially, the prepared structures were imported in Desmond system
builder and solvated with the TIP3P water. Orthorhombic periodic boundary conditions were set up to specify
the shape and size of the repeating unit buffered at 10 A distances and to neutralize the system electrically, counter
NA+/CI- ions were added based on the system charge and were placed randomly in the solvated system. The
system was subjected to energy minimization with a maximum of 5000 steps or until a gradient threshold of 25
kcal/mol/A was reached by applying a hybrid method of the steepest descent. This process was followed by
Limited-memory Broyden—Fletcher—Goldfarb—Shanno (LBFGS) algorithms, till a convergence threshold of 1
kcal/mol/A was touched. The minimized systems were equilibrated by applying the default protocol of NVT and
NPT. Further, both systems were taken into MDS for 10 ns with default relaxation protocol followed by periodic
boundary condition with a number of atoms, pressure, and temperature (NPT) ensemble and temperature,

atmospheric pressure adjusted to 310 K, 1.013 atm respectively.
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3. Results and Discussions
Homology Modelling

Human transmembrane serine protease (TMPRSS4) contains 437 amino acids and has a molecular mass of about
48,246 Da. The physicochemical characterization of this protein unveiled that it has a greater number of residues

that are negatively charged compared to the positively charged.

Homology modelling was performed for the target sequence of external domain and catalytic domain using the

Swiss-model server (https://swissmodel.expasy.org/) ( Waterhouse et al.,2017; Bienert et al.,2018). It is a fully

automated protein structure homology-modelling server which pioneered the field of automated modeling starting
in 1993 and is one of the most widely-used free web-based automated modeling facility as of today (Schwede et
al.,2003). High resolution 3D structures for TMPRSS4 were generated using Insilco prediction methods. After
completing preliminary work for catalytic domain of TMPRSS4, it showed 47% homology concluding that it is

sufficient to carry out homology modelling of the 3D structure of TMPRSS4 for extracellular and catalytic domain

(Figure 1).
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Figure 1: Schematic illustration of Homology modelling
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Protein-Protein BLAST was performed for the target sequence against PDB database to find suitable template for
homology modelling. Then on the basis of the criteria of maximum identity with high score and lower e-value,
PDB id: 7MEQ was selected as the template for modelling the catalytic domain and external domain of
TMPRSS4. Sequence alignment between the target and template sequences based on structural information
revealed the existence of 42% similarity for catalytic domain and 39% similarity for external domain, with GMQE
score of 0.77 and QMEANDIsCo Global score of 0.73 +/- 0.05 for homology modelled catalytic domain and
GMQE score of 0.68 and QMEANDiIsCo Global score of 0.68 +/- 0.05 for homology modelled external domain.
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Figure 2: (a) Catalytic domain sequence; (b) External domain sequence of TMPRSS4
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Figure 3: Alignment of target sequence and template sequence using structural information. The pink colored
regions show the highly conserved regions (a) catalytic domain; (b) external domain; Homology modelled
structures (c) catalytic domain; (b) external domain.

(d)
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Validation of the 3D modeled structure

The Ramachandran contour map generated from PROCHECK analysis of the two-homology modelled structure
revealed that homology modelled structure of the catalytic domain had 85.9% of residues in the favored region
and 12.2% residues in the allowed region whereas for homology modelled structure of the external domain had
83.3% residues in the favored region and 14.0% residues in the allowed region suggesting its acceptable PHI-PSI

statistics (Figure 4 a, b) and 3D structure reliability.
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Figure 4: Ramachandran plot (a) Catalytic domain; (b) External Domain
Binding site Analysis

Computed Atlas of Surface Topography of proteins (CASTp) and binding site module of DS 4.0 was used for predicting the

binding sites of homology modeled protein structure. Out of ten obtained possible results, the highest-ranked binding sites,

with a surface area of 290.428 A2 and volume of 260.33 A3 and with a surface area of 394.631 A2 and volume of 208.951
A3, were selected for catalytic domain and external domain (Tabel 1) (Wei Tian et al, 2018; Binkowski, T, et al, 2003).
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Table 1: Active site analysis results

Domain Area (SA) A2 Volume (SA) A3
1 Catalytic 290.428 260.33
2 External 394.631 208.951

Docking Based Virtual screening In this study compounds selected by two approaches one, using scaffold
of 5 Hipsin inhibitors and one TMPSS4 inhibitor (Figure 5) filtered from 120 million compounds of PubChem,
second, Phytochemicals were filtered by applying the scaffold filter from The Indian Medicinal Plants,
Phytochemistry and Therapeutics 2.0 (Sunghyun Kan et al., 2013; llamathi et al., 2016).

Figure 5: A-E compounds were Hepsin inhibitors, F compound was known TMPRSS4 inhibitors

Based on Hipsin inhibitors, a total of 2229 compounds were selected after which based on Lipinski rule 1640
compounds were filtered for docking(final.exe) against the homology modelled structure of both catalytic and
external domains. Using the second approach a total of 550 compounds were taken for primary docking as well
as virtual screening using IGEMDOCK, an automated graphical program which was used for the combined study
of docking, screening, and post-screening investigation (Hsu et al, 2011). After primary docking and virtual
screening, initially the top100 compounds were subjected for precision docking at both site using Autodock, a
software designed to predict how small molecules, such as substrates or drug candidates, bind to a receptor of
known 3D structure. The secondary docking top 10 compounds were selected from both of the databases for

extracellular and catalytic domain site for biological studies (Table 2,3,4,5).
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Interactions between TMPRSS4 and the top candidate ligands
The in-silico methods applied to the above experiment showed binding of the ligand to the important amino acid
residues of the target domains and showed successful binding and fit within the external as well as internal

domain. The top interactions have been discussed briefly and individually.

Interaction between external domain and top 10 phytochemicals from the IMPPAT database: IMPHY001655
showed the highest binding affinity with the active sites of homology modelled external domain with a docking
score of -7.4 K Cal/mol and formed two conventional Hydrogen bonds with LYSA:381, LEUA:121 and two Pi-
Donor Hydrogen Bonds (Figure 6a).
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Figure 6: 2D Image of IMPHY001655 interaction with the external domain b) 2D Image of PubChem SID:
5770901 interactions with the external domain

IMPHY007825 also showed the second highest binding affinity towards the active site with a docking score of -
7.4 K Cal/mol and formed six conventional Hydrogen bonds, two Carbon hydrogen bonds and one Pi-Donor
Hydrogen Bond. Other interactions include one Pi-Alkyl interaction. IMPHY001066 showed a docking score of
-7.2 K Cal/mol and formed three conventional Hydrogen Bonds and. Other interactions include a Pi-Pi T shaped

interaction.
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Interaction between external domain and top 10 compounds from the PubChem database: PubChem SID:
5770901 showed the highest docking score of -9.0 K Cal/mol and formed 2 conventional hydrogen bonds with
CYSA:143, GLNA:344. Additional interactions include two Halogen bonds, three Pi-Cation bonds and two Pi-
Sigma bonds (Figure 6b).

PubChem SID: 101216213 showed the second highest binding affinity with the active sites of the external
domain, showing a docking score of -7.8 K Cal/mol and formed two conventional Hydrogen Bonds and one Pi-
Donor Hydrogen Bond. Other interactions include a Pi-Sigma interaction. PubChem SID: 10875127 showed the
third highest binding affinity with a docking score of -7.6 K Cal/mol forming 4 conventional Hydrogen Bonds

and one carbon hydrogen Bond. Additional interactions include a Sulfur-X interaction and a Pi-Cation Interaction.

Interaction between catalytic domain and top 10 phytochemicals from the IMPPAT database:

IMPHY003078 showed the highest docking score of -9.3 K Cal/mol and formed one conventional Hydrogen
Bond with ASPA:206. Additional interaction includes one Unfavorable Donor-Donor, one Amide-Pi Stacked and
one Pi-Alkyl bond (Figure 7a).

>
T

Interactons

Figure 7a: 2D Image of IMPHY003078 interaction with the catalytic domain b) 2D Image of PubChem SID:
5770901 interactions with the catalytic domain
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IMPHY007888 showed the second highest docking score of -9.1 K Cal/mol and formed one conventional
hydrogen bond and one carbon hydrogen bond. Other interactions include one Pi-Anion, one Pi-Sigma and one
Pi-Alkyl. IMPHY013655 showed the third highest binding affinity towards the active site of the target with a
docking score of -8.5 K Cal/mol and formed four conventional hydrogen bonds. Additional interactions include

a Pi-Anion interaction.

Interaction between catalytic domain and top 10 compounds from the PubChem database: PubChem SID:
5770901 showed the highest binding affinity for the target with a docking score of -10.1 K Cal/mol and formed
two conventional hydrogen bonds with GLNA:154, ALAA:166. Other interactions include a Halogen bond with
fluorine, a Pi-Anion bond, one Amide-Pi Stacked and one Pi-Alkyl interaction (Figure 7b).

PubChem SID: 101216212 showed a binding score of -8.4 K Cal/mol and formed six conventional hydrogen
bonds. Some of the additional interactions include two Pi-Anion bonds and one Pi-Sigma. PubChem SID:
101216217 showed a docking score of -8.4 K Cal/mol and formed one conventional hydrogen bond and one
carbon hydrogen bond. Other interaction includes one Pi-Anion, one Alkyl and one Pi-Alkyl bond.

IMPHY001655 from the IMPPAT database and 5770901 from the PubChem database showed the highest affinity
for active sites of external domain whereas IMPHY003078 from the IMPPAT database and 5770901 from the

PubChem database showed the highest affinity for active sites of catalytic domain.
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Table 2: Docking and Amino acid interactions of the top 10 phytochemical compounds with the external

domain.

No

Energy value
(Kcal/mol)

Amino Acid Interaction

o

OH

HO.
OH
0O

OH O
HO
OH

OH

IMPHY001655

-7.48

TYRA:377, PHEA:261, ASNA:374, GLNA:89,
GLUA:120, ASNA:117, THRA:85, SERA:118
—Van der Waals; LYSA:381, LEUA:121 —
Conventional Hydrogen Bond; GLNA:119,
ARGA:88 — Pi-Donor Hydrogen Bond.

oH

HO.

I

(o]

e}

I I
Q Q

o]
I
O Q o]
I
[e; s
o

Q Q
I I

IMPHY007825

-7.44

PHEA:78, ILEA:114, ASNA:378, TYRA:377,
ASNA:374, GLNA:89, LEUA:121, GLUA:120
—Van der Waals; GLUA:84, LYSA:381,
ASNA:117, SERA:118, GLNA:119, THRA:85
— Conventional Hydrogen Bond;
GLUA:116, LEUA:82 — Carbon Hydrogen
Bond; ARGA:88 — Pi-Donor Hydrogen
Bond; ALAA:81 — Pi-Alkyl.

HO.
o]
0.0 Q
HOY s}
OH
HO' "OH
OH

IMPHY001066

S PN

-7.28

LEUA:373, TYRA:377, GLNA:89, GLUA:120,
LEUA:121, SERA:118, THRA:85, ASNA:117,
ALAA:81, LYSA:381 — Van der Waals;
GLNA:119, ASNA:374, ARGA:88 —
Conventional Hydrogen Bond; PHEA:261 —
Pi-Pi T Shaped.

g
I

&
:
I
Q
I
o j=l o
(O~
(e}
[=]

IMPHY013673

-7.16

PHEA:261, GLNA:89, TYRA:377, ASNA:378,
THRA:85, SERA:118, GLUA:84, LEUA:82,
GLUA:116 — Van der Waals; GLNA:119,
LYSA:381, ARGA:88 — Conventional
Hydrogen Bond; ASNA:374, ASNA:117 —
Carbon Hydrogen Bond; ALAA:81 — Pi-
Alkyl.

OH

OH

-7.56

LEUA:141, HISA:139, ALAA:142, VALA:51,
HISA:346, PHEA:260, SERA:342, LYSA:41,
ASPA:35, GLUA:37, GLNA:344, LYSA:55,
LEUA:53 — Van der Waals; CYSA:140,
LYSA:145, GLUA:36, ASPA:343, TYRA:92 —
Conventional Hydrogen Bond; ARGA:52 —
Carbon Hydrogen Bond.

IMPHY015916

-7.05

ASNA:378, TYRA:377, GLNA:89, PHEA:261,
SERA:118, GLUA:116, LEUA:82, GLUA:84,
PHEA:78 — Van der Waals; THRA:85,
GLNA:119, ASNA:374, ASNA:117, ALAA:81,
GLUA:80 — Conventional Hydrogen Bond;
LYSA:381, ARGA:88 — Pi-Cation.
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7

HO

-6.95

LYSA:55, ASPA:343, GLNA:344, TYRA:92,
META:90, PHEA:260, GLUA:37, GLUA:36 —
Van der Waals; SERA:342, ARGA:52,
LEUA:53 — Conventional Hydrogen Bond;
ASPA:35 — Pi-Cation.

=1 =}

IMPHY014462

-6.88

ASNA:378, TYRA:377, ASNA:374, GLNA:89,
GLNA:119, GLUA:120, SERA:118, THRA:85,
ASNA:117, GLUA:84 — Van der Waals;
LYSA:381, ALAA:81 — Conventional
Hydrogen Bond; ARGA:88 — Pi-Cation.

-6.55

ASPA:35, ASPA:343, GLUA:36, CYSA:39,
HISA:38, GLUA:263, PHEA:260, HISA:346 —
Van der Waals; ARGA:52, SERA:342,
LYSA:41 — Conventional Hydrogen Bond;
GLUA:37 — Carbon Hydrogen Bond.

10

IMPHY013456

-5.68

LYSA:145, GLNA:344, ASPA:343, ASPA:35,
CYSA:39, LYSA:41, GLUA:263, GLUA:37,
VALA:51 — Van der Waals; SERA:342,
ARGA:52 — Conventional Hydrogen Bond;
HISA:346, GLUA:36, HISA:38 — Carbon
Hydrogen Bond; META:90 — Pi-Sulfur;
PHEA:260 — Pi-Pi T Shaped.
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S. No

Compounds (PubChem id)

Energy
value
(Kcal/mol)

Amino Acid Interaction

H F
H

H H H
H H
N N
. 2 HH N H
o0 o M
0 H H H 0

5770901

LEUA:147, LEUA:53, META:90, PHEA:260,
GLUA:36, TYRA:92 — Van der Waals;
CYSA:143, GLNA:344 — Conventional
Hydrogen Bond; SERA:146, GLUA:37 —
Halogen (Florine); ARGA:254, LYA:145,
ARGA:52 — Pi-Cation; ALAA:142, LYSA:55 —
Pi-Sigma

-7.8

LEUA:373, GLNA:89, PHEA:261, ASNA:374,
TYRA:377, GLNA:119, THRA:85, GLUA:116,
LEUA:82, PHEA:78, GLUA:80, SERA:118,
LYSA:381 — Van der Waals; ARGA:88,
GLUA:84 — Conventional Hydrogen Bond;
ALAA:81 — Pi-Sigma; ASNA:117 — Pi-Donor
Hydrogen Bond

GLUA:36, GLUA:37, HISA:38, CYSA:39,
LYSA:41, VALA'51, ASPA:343, LYSA:145,
PHEA:260, HISA:346, TYRA:92 — Van der
Waals; GLUA:263, SERA:342, GLNA:344,
LEUA:53 — Conventional Hydrogen Bond;
ARGA:52 — Carbon Hydrogen Bond;
META:90 — Sulfur-x; ASPA:35, LYSA:55 — Pi-
Cation

Ho i
o N H
o OH
o |
N
o
|0

PHEA:261, GLNA:89, TYRA:377, THRA:85,
ASNA:378, ASNA:117, GLUA:116 — Van der
Waals; GLNA:119, LYSA:381, ASNA:374 —
Conventional Hydrogen Bond; SERA:118 —
Carbon Hydrogen Bond; ALAA:81, ARGA:88
— Pi-Alkyl.

16396457

HISA:346, GLUA:263, LYSA:41, CYSA:39,
HISA:38, GLUA:36, SERA:342, GLUA:37,
ASPA:343, LYSA:145, TYRA:92, GLNA:61,
SERA:54, META:90, ASPA:56 — Van der
Waals; GLNA:344, LEUA:53, LYSA:55 —
Conventional Hydrogen Bond’ ARGA:52 —
Unfavorable Donor-Donor; TRPA:70 — Pi-Pi T
Shaped; PHEA:260 — Pi-Pi Stacked
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no

14802668

-7.4

HISA:139, CYSA:140, TYRA:92, META:90,
SERA:54, LYSA:41, CYSA:39, GLUA:263,
HIA:346, ASPA:343, GLUA:37, GLUA:36,
ASPA:35 — Van der Waals; LEUA:53,
LYSA:145, ARGA:52, GLNA:344, SERA:342 —
Conventional Hydrogen Bond; LYSA:55-
Carbon Hydrogen Bond; Phea:260 — Pi-Pi
Stacked; ALAA:142 - Pi- Alkyl

”H

-7.4

GLYA:116, LEUA:82, THRA:85, SERA:118,
ASNA:378, GLNA:89, PHEA:261, TYRA:377,
LEUA:373 — Van der Waals; ALAA:81 — Pi-
Sigma; PHEA:78 — Pi-Pi Stacked; ASNA:117 —
Carbon Hydrogen Bond/Pi-Donor Hydrogen
Bond

-7.3

PHEA:261, GLNA:89, TYRA:377, ASNA:374,
GLUA:84, THRA:85, GLUA:116, ILEA:114,
LEUA:82 — Van der Waals; ASNA:378,
GLNA:119 — Conventional Hydrogen Bond;
SERA:118 -Carbon Hydrogen Bond;
ASNA:117 — Pi Donor Hydrogen Bond;
ALAA:81 — Pi-Sigma; PHEA:78 — Pi-Pi
Stacked; ARGA:88, LYSA:381 — Pi-Cation.

-7.3

TYRA:92, GLNA;344, LYSA:145, GLUA:37,
PHEA:260, ARGA:52, HISA:38, ASPA:343,
GLUA:36, LYSA:41 — Van der Waals;
SERA:342, LYSA:55, ASPA:35, GLUA:263 —
Conventional Hydrogen Bond; CYSA:39 —
Carbon Hydrogen Bond.

10

333334

-7.3

GLUA:116, LEUA:82, GLUA:84, SERA:118,
ASNA:378, ASNA:374, PHEA:261, GLNA:89,
TYRA:377 — Van der Waals; ALAA:81 — Pi-
Sigma; PHEA: 78 - Pi-Pi Stacked; LYSA:381 —
Alkyl; ASNA:117 — Pi-Donor Hydrogen Bond;
GLNA:119, ARGA:88, THRA:85 —
Conventional Hydrogen Bond.
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Table 4: Docking and Amino acid interactions of the 10 Phytochemical compounds with Catalytic domain

S. No

Structure of the Compound
IMPPACT database

Energy
value
(Kcal/mol)

Amino Acid Interaction

-9.32

GLYA:199, LYSA:153, CYSA:230,
THRA:202, CYSA:203, PHEA:151,
SERA:160, TRPA:149, GLYA:148,
ILEA:147, GLNA:165, ILEA:146, GLUA:29,
ASPA:201 — Van der Waals; ASPA:206 —
Conventional Hydrogen Bond; GLYA:150
— Unfavorable Donor-Donor; THRA:152 —
Amide-Pi Stacked; ALAA:166, LEUA:164 —
Pi-Alkyl.

-9.15

VALA:28, GLNA:165, ASPA:201,
THRA:152, CYSA:203, GLYA:150,
PHEA:151, TRPA:149, GLYA:148,
ILEA:147, GLLYA:199 — Van der Waals;
ASPA:206 — Conventional Hydrogen
Bond; VALA:200 — Carbon Hydrogen
Bond; GLUA:29 — Pi-Anion; LEUA:164 —
Pi-Sigma; ALAA:166 — Pi-Alkyl

HCQ

-8.52

GLNA:154, GLYA:232, CYSA:230,
LYSA:153, CYSA:203, ASPA:201,
PHEA:151, GLYA:150, GLYA:148,
ILEA:147, GLNA:165, ALAA:166,
THRA:152, PROA:233 — Van der Waals;
GLYA:199, GLYA:231, LEUA:164,
THRA:202 — Conventional Hydrogen
Bond; ASPA:206 — Pi-Anion

IMPHY015916

-8.35

GLYA:232, PROA:233, GLYA:199,
LYSA:153, CYSA:230, GLNA:154,
ASNA:155, CYSA:203, PHEA:151,
SERA:160, GLYA:150, TRPA:149,
LEUA:164, GLYA:148, THRA:152,
TRPA:145, VALA:26, GLYA:27, SERA:167
—Van der Waals; ASPA:201, GLYA:231,
ASPA:206, VALA:28, VALA:25, GLNA:165
— Conventional Hydrogen Bond;
VALA:200 — Carbon Hydrogen Bond;
GLUA:29 — Pi-Sigma; ALAA:166 — Pi-Alkyl.

OH

OH

OH
OH

HO.
o)
o}
OH

HO

10
HO

IMPHY007825

-8.05

ILEA:147, GLYA:148, TRPA:149,
SERA:160, GLYA:150, THRA:152,
PHEA:151, GLYA:231, THRA:202,
ASNA:155, ALAA:166, GLUA:29,
VALA:200, GLYA:199 — Van der Waals;
LEUA:164, GLNA:165, CYSA:203,
ASPA:201, CYSA:230 — Conventional
Hydrogen Bond; GLNA:154 —
Unfavorable Donor-Donor; ASPA:206 —
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Unfavorable Acceptor- Acceptor;
LYSA:153 — Pi-Alkyl.

HO

HO

OH
IMPHY001655

OH

OH

OH O

OH

-7.86

GLYA:199, VALA:200, GLYA:231,
ASPA:201, THRA:202, CYSA:230,
ALAA:166, CYSA:203, LYSA:153,
ILEA:146, ILEA:147, GLNA:165,
PHEA:151, TRPA:149, SERA:160,
GLUA:29 — Van der Waals; LEUA:164,
GLYA:148, GLYA:150 — Conventional
Hydrogen Bond; THRA:152 — Carbon
Hydrogen Bond; ASPA:206 — Pi-Anion

-7.68

GLNA:165, ASPA:201, ILEA:146,
ILEA:147, ASPA:206, GLYA:148,
PHEA:151, GLUA:29, GLNA:154,
GLYA:231 - Van der Waals; GLYA:199 —
Conventional Hydrogen Bond;
THRA:152, CYSA:230, THRA:202 —
Carbon Hydrogen Bond; CYSA:203,
LYSA:153 — Alkyl, LEUA:164, ALAA:166,
VALA:200 — Pi-Alkyl

IMPHY013673

-7.75

GLYA:231, LYSA:153, CYSA:203,
PHEA:151, ASPA:206, ILEA:147,
GLNA:165, ILEA:146, VALA:200 — Van der
Waals; GLNA:154, CYSA:230, ASPA:201,
GLYA:148 — Conventional Hydrogen
Bond; THRA:152, GLYA:199 — Carbon
Hydrogen Bond; LEUA:164, ALAA:166 —
Pi-Alkyl

OH

-7.55

GLUA:29; ILEA:147, GLYA:148, SERA:160,
TRPA:149, LEUA:164, PHEA:151,
THRA:202, CYSA:203, GLYA:231,
LYSA:153, GLYA:199, GLNA:165,
TRPA:145 — Van der Waals; GLYA:150,
ASPA:206, SERA:167 — Conventional
Hydrogen Bond; ASPA:201 — Carbon
Hydrogen Bond; THRA:152 — Amide-Pi
Stacked; CYSA:230 — Alkyl; VALA:200,
ALAA:166 — Pi-Alkyl.

10

IMPHY014462

-7.65

GLUA:29, THRA:152, ALAA:166,
GLNA:165, GLYA:148, ILEA:147,
TRPA:149, GLYA:150, CYSA:203,
VALA:200, PHEA:151, ASPA:201,
LYSA:153, GLYA:199 — Van der Waals;
ASPA:206 — Conventional Hydrogen
Bond; LEUA:164 — Pi-Sigma.
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Table 5: Docking and Amino acid interactions of the top 10 PubChem compounds with Catalytic domain

S. No | Compounds (PubChem id) Energy Amino Acid Interaction
value

(Kcal/mol)

TYRA:228, PROA:233, GLYA:232, GLYA:199,
PHEA:15, CYSA:203, THRA:202, ASPA:201,
ILEA:147, GLYA:148, GLYA:150, CYSA:230,
ASNA:155, GLYA:229 — Van der Waals;
GLNA:154, ALAA:166 — Conventional
Hydrogen Bond; ILEA:146, GLNA:165 —
Halogen (Fluorine), ASPA:206 — Pi-Anion;
5770901 GLYA1231, THRA:152 — Amide-Pi Stacked;
1 -10.1 LYSA:153, LEUA:164 — Pi-Alkyl.
= ILEA:195, GLYA:27, VALA:26, SERA:167,
- TRPA:145, GLNA:154, LYSA:153, CYSA:230,
— Bed CYSA:203, GLYA:150, ILEA:147, LEUA:163,
TRPA:149, ASPA:201, GLYA:199, ALAA:166,
THRA:152 — Van der Waals; VALA:28,
= GLNA:165, VALA:25, PHEA:151, GLYA:148,
LEUA:164 — Conventional Hydrogen Bond;
GLUA:29; ASPA:206 — Pi-Anion; VALA:200 —
2 -8.4 Pi-Sigma.
7 GLYA:148, CYSA:203, ILEA:147, THRA:202,
N - VALA:224, LEUA:164, ALAA:166, GLNA:165,
l ) "j i GLUA:29, GLNA:154, GLYA:231, LYSA:153,
[ " e GLYA:199, THRA:152, PHEA:151 — Van der
[ Waals; ASPA:201 — Conventional Hydrogen
Bond; VALA:203 — Carbon Hydrogen Bond;
ASPA:206 — Pi-Anion; CYSA:230 — Alkyl;
3 101216217 -8.4 ILEA:146 — Pi-Alkyl.
SERA:160, TRPA:149, GLYA:148, GLYA:199,
GLYA:231, CYSA:230, THRA:202, LYSA:153,
CYSA:203, GLNA:154, PHEA:151, TRPA:145,

S VALA:25, GLNA:165, GLUA:29 — Van der
55 .
R

Waals; GLYA:150, ASPA:201, THRA:152 -
Conventional Hydrogen Bond; VALA:200 —
Carbon Hydrogen Bond; ASPA:206 — Pi-
Anion; SERA:167 — Pi-Donor Hydrogen Bond,;
4 124437228 -8.4 LEUA:164 — Pi-Sigma; ALAA:166 — Pi-Alkyl.
- GLYA:231, GLNA:154, CYSA:230, THRA:152,
.‘ PHEA:151, GLYA:148, TRPA:149, GLYA:150,
T H ” ALAA:166, GLUA:29, VALA:26, VALA:28.
L W w B GLYA:27, VALA:25 — Van der Waals;
[ e CYSA:203, THRA:202, ASPA:201, GLYA:199,
T GLNA:165 — Conventional Hydrogen Bond;
| ASPA:206 — Pi-Anion; LEUA:164 — Pi-Sigma;
5 ! -8.3 LYSA:153 — Pi-Alkyl.
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IZxE

.

10412432

-8.3

TRPA:145, VALA:26, VALA:28, GLUA:29,
ILEA:146, ILEA:147, GLYA:148, THRA:202,
PHEA:151, CYSA:230, GLYA:231, LYSA:153,
THRA:152, GLYA:199, SERA:167 — Van der
Waals; VALA:25, GLNA:165, ASPA:201,
GLNA:154, CYSA:203 — Conventional
Hydrogen Bond; VALA:200 — Carbon
Hydrogen Bond; ASPA:206 — Pi-Anion;
ALAA:166, LEUA:164 — Pi-Alkyl.

7 | 11082013

-8.3

THRA:202, CYSA:203, GLYA:199, CYSA:230,
GLYA:231, GLNA:154, ILEA:146, ILEA:147,
GLYA:148, GLNA:165, GLUA:29, TRPA:145,
VALA:26, SERA:167, THRA:152 — Van der
Waals; PHEA:151, ASPA:201, VALA:25,
VALA:28 — Conventional Hydrogen Bond;
VALA:200 — Carbon Hydrogen Bond;
ASPA:206 — Pi-Anion; LYSA:153, LEUA:164,
ALAA:166 — Pi-Alkyl.

-8.3

TRPA:145, VALA:25, GLNA:165, PHEA:151,

CYSA:203, THRA:202, GLNA:154, CYSA:230,

GLYA:231, LYSA:153, THRA:152, TRPA:149,
SERA:160, GLYA:148, GLUA:29 — Van der
Waals; GLYA:199, ASPA:201, GLYA:150 —

Conventional Hydrogen Bond; ASPA:206 — Pi-
Anion; VALA:200 — Carbon Hydrogen Bond;

SERA:167 — Pi-Donor Hydrogen Bond;
LEUA:164 — Pi-Sigma; ALAA:166 — Pi-Alkyl.

10995039

-8.1

SERA:167, TRPA:145, GLYA:148, ILEA:147,
ASPA:206, GLYA:150, SERA:160, PHEA:151,
LYSA:153, GLYA:199, ILEA:146, THRA:152,
LEUA:164, ALAA:166, ILEA:195 —Van der
Waals; VALA:28, VALA:25, GLNA:165,
ASPA:201 — Conventional hydrogen Bond;
GLUA:29 - Pi-Anion; VALA:200 — Pi-Sigma;
CYSA:203 — Pi-Alkyl.

10 | 10995040

-8.1

THRA:202, CYSA:203, CYSA:230, LYSA:153,
ASPA:206, GLYA:148, ILEA:147, ILEA:146,
GLYA:231, THRA:152, TRPA:145, VALA:26,
ILEA:195, GLYA:27, GLYA:199 — Van der
Waals; PHEA:151, GLNA:165, VALA:25,
VALA:28 — Conventional Hydrogen Bond;

ASPA:201 — Unfavorable Acceptor-Acceptor;

GLUA:29 - Pi-Anion; SERA:167 — Pi-Sigma;
LEUA:164, ALAA:166, VALA:200 — Pi-Alkyl.
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3.5. Molecular Dynamics Simulation:

MD simulations were executed to confirm the binding energy and molecular level interactions determine in the
molecular docking. Based on docking results SID5770901 compound showing good activity with both domains,
hence this compound selected for MD simulations to checks stability of complex for further. MD simulations
were carried out for 10 ns for ECD and CD of TMPRSS4 complexed with SID5770901. The Root mean square
deviation (RMSD) and Root mean square fluctuations (RMSF), were assessed the intermolecular distance
between the protein Ca backbone and the ligand along the trajectory were calculated. RMSD of ECD backbone
was observed to be fluctuating between 2.5 and 3 A (Figure 8) throughout the simulated timescale except 4 A
deviation at 8 ns. RMSD of CD backbone was observed to be fluctuating between 2.0 and 3 A (Figure 9)
throughout the simulated timescale. Clearly showing that the protein is much stabilized in its activity in the
presence of the ligand. RMSF of the Protein individual residue were also found to be co-ordination. In graph
peaks indicate areas of the protein that fluctuate the most during the simulation. For the ECD RMSF value was
high for starting 30 residues of protein, and the values were subsequently stable with minimal fluctuations at the
end of the simulation period, for CD RMSF stable with minimal fluctuations throughout the simulation (Figure 8
&9).

Protein—ligand interaction between the compound and two domains presented as histogram maps in Figures 6, 7.
Amino acids ASP-35, ARG 52, LEU 53, LYS 55, MET 90, TYR 92, PHE260, interact with through
hydrophobic interactions, GLU37, Ser342 interacting with water bridges, while cys140, asp343, gIn344 forming
hydrogen bond but it fluctuating with time frame in ECD complex with 5770901 ligand. In CD-5770901 complex
GIn 154 showing Hydrophobic interactions, Gly134, Alal66 showing hydrogen bond interactions with ligand
throughout the simulation. Analysis hydrogen bonding interactions of complex swere rationalized that the steady
nature of the lead compound (Figure 8 &9).
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Figure 8 A) Molecular Interaction diagram of Extracellular doamin complex with CID: 5770901. (B.) RMSF graph. C)
Ligand properties (D) Timeline representations of the Molecular Interaction E) RMSD graph observed during the

molecular dynamic simulation
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Figure 9 A) Molecular Interaction diagram of Catalytic domain complex with CID: 5770901. (B.) RMSF graph. C)
Ligand properties (D) Timeline representations of the Molecular Interaction E) RMSD graph observed during the

molecular dynamic simulation
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Throughout the 10 ns trajectory, the ligand properties of the compound were measured using the following
parameters: RMS, Polar Surface Area (PSA), Solvent Accessible Surface Area (SASA), Molecular Surface Area
(MolSA) and Radius of Gyration (rGyr). The RMSD ranges from 0.8 A to 2.5 A after 2 ns it reaches 2.5 after that
it was not much deviated throw-out simulation period in ECD complex. In CD complex mean RMSD value 1 A
it means ligand not deviated and showing stability between group of atoms (e.g. backbone atoms of a protein).
The hardness of protein structure was estimated using the ROG (radius of gyration). Both complexes were found
to be mildly stretched by maintaining a range of 6.0 to 7 A throughout the simulation. For CD and ECD complexes
values of SASA 120 to 240 A?, 120 to 300; PSA 60to 74 A2 12810 136 A? and MolISA of 312- 328 A?, 430-
440 A2 respectively it helped to ensure its stability throughout MD simulation (Fig. 31 top). Analysis of hydrogen
bonding, RMSF, RMSD, SASA, MolSA, PSA and RoG showed up steady nature of the 5770901 compound with
both the domains and revealed that it was better potential inhibitor for TMPRSS4.

The docking and MD simulations studies were revealed that the binding affinity of 5770901 towards ECD and
CD was highly stable with the proposed binding orientations.

Conclusion:

This is the first attempt to determine the 3D structure of the catalytic domain and extracellular domain of
TMPRSS4 serine protease in humans. The 3D model generated using Insilco methods in this study provides
necessary information for rational drug design. CID 5770901 compound was discovered through docking and
MD simulations to have good activity against the catalytic and extracellular domains of TMPRSS4 serine
protease. The development of selective TMPRSS4 inhibitors will be beneficial in the treatment of cancer.

Nonetheless, more research and experiments are needed to confirm the above prediction.
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