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Abstract

Chymase is a hydrolase class of enzymes that involves hydrolysis of peptide bonds. It is abundant in secretory granules of
mast cells. Mast cell chymase is involved in the synthesis of angiotensin-Il from its precursor protein. In addition, chymase is
involved in converting TGF-B and matrix metalloproteinase to their active form. Chymase involved in heart failure has been
proven, and its inhibition may reduce the progression. Hence, to identify the potential inhibitors against the chymase, the pre-
sent study employed structure-based virtual screening, molecular docking, and molecular dynamics simulation to identify poten-
tial chymase inhibitors. Initially, compounds were selected based on their physicochemical and pharmacokinetic properties.
Further, the binding affinities using molecular docking and interaction analyses were performed to find potential chymase inhibi-
tors. The study identified chymase inhibitor ZINC000008382327, bearing significant binding affinity, specificity, and efficacy
towards the chymase. Next, the stability and binding mode of chymase with ZINC000008382327 were assessed using molecu-
lar dynamics simulations. The simulation analysis using root mean square deviations and fluctuations revealed that inhibitor
ZINC000008382327 affected the structure and dynamics of the chymase protein. It was also shown that the chymase forms a
stable complex with ZINC000008382327 during the simulation. Thus, the present computational study put forward that the iden-
tified compound can be further exploited as a potential chemical scaffold to design and develop new human chymase inhibitors.

Keywords: ADMET, Docking, Mast cell chymase, Molecular dynamics simulation

INTRODUCTION

Chymase enzyme inhibition roles for the treatment mo-
dality for heart failure, asthma, and type of hypersensi-
tive reaction related to mast cell degranulation
(Doggrell and Wanstall 2004; Caughey, 2016). Chy-
mase catalyzes the hydrolysis of peptide bonds and it is
stored in the secretory granules of mast cells (Doggrell
and Wanstall 2004). On the release, chymase remains

bound to the extracellular matrix and is functional for
some weeks (Pejler, 2020). Chymase hydrolysis the
substrate like angiotensin | to angiotensin Il which is
involved in vascular remodeling (Miyazaki and Takai
2001; Doggrell and Wanstall, 2004). It also induces the
apoptosis of smooth muscle cells by degrading the fi-
bronectin (Leskinen et al., 2003). It also degrades the
extracellular matrix through the activation of matrix
metalloprotease | and Il as well as transforming growth
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factor-p (TGF- B) (Tchougounova et al., 2005; Lun-
dequist et al., 2006).

Earlier, potential chymase inhibitors such as chymo-
statin show incompatible with In-vivo studies
(Roszkowska-Chojecka et al., 2015). Initially, Suc-Val—
Pro—PheP(OPh), was used as a potential inhibitor for
chymase (Zhang et al., 2016). Subsequently, orally ac-
tive chymase inhibitors have been developed including
BCEAB and SUN-C8257, with ICs, values of 5.4
nM and 0.31 uM, respectively (Takai et al., 2003). In
addition, the ASB17061 inhibitor prevented the devel-
opment of angiotensin ll-induced abdominal aortic an-
eurysm in apolipoprotein E-deficient mice (Tomimori et
al., 2019). Besides, SF2809 compounds from Dactylo-
sporangium sp. were reported as chymase inhibitors
(Tani et al., 2004). In the present study, physiochemical
and pharmacokinetic properties of chymase inhibitors,
along with molecular and molecular dynamics simula-
tion, were performed to determine a potential molecule
for inhibitions of chymase.

MATERIALS AND METHODS

Protein modeling, inhibitor library preparation, and
computational tools

The three-dimensional atomic coordinates of mast cell
chymase protein were retrieved from the protein data-
base with source code 3N;O.PDB (Kervinen et al.,
2010). The non-standard molecules e.g. H,O and N;O
inhibitors, were removed from the crystal structure.
Next, the mast cell chymase protein structure was pre-
pared for virtual high throughput screening by adding H
atoms to the polar atoms, followed by assigning appro-
priate atom types. The mast cell chymase inhibitors
were retrieved from the ZINC database. To identify the
potential drug candidate using various computational
structural biology software including the AutoDock
Tools (Morris et al., 2009), AutoDock Vina (Trott and
Olson 2010) for drug screening, GROMACS 2020.1 for
molecular dynamics simulation (VanDer et al., 2005).
Besides, PyMol (DeLano 2002) and Discovery Studio
Visualizer (BIOVIA 2016) were used for the data visuali-
zation and analysis. The visualization of MD trajectories
Visual Molecular Dynamics (VMD) software (Humphrey
et al., 1996) was used. Along with this, the data retriev-
al, evaluation, and analysis of the Protein Data Bank,
ZINC database (Sterling and Irwin 2015), and Swiss
ADME server (Daina et al., 2017) were used.

Physicochemical and drug-likeness properties

The mast cell chymase inhibitors collected from the
ZINC library were screened out based on their physico-
chemical and ADME-T properties using Swiss ADME
(Daina et al., 2017). We have selected compounds sat-
isfying Lipinski’s rules of five (Barret 2018). Next, we
applied Pan-assay interference compounds (PAINS) to

screen compounds with a higher affinity to bind toward
multiple target receptors. Here, compounds possessing
excellent ADME-T and PAINS properties were further
selected for docking studies.

Molecular docking study

Molecular docking was performed to screen the com-
pounds based on their binding affinities towards mast
cell chymase using the AutoDock Vina (Trott and Olson
2010) software. Earlier, the inhibitor binding region of
chymase was identified and which consists of residues
Lys40, His57, Tyr94, Asn95, Thr96, Leu99, Asp102,
Ala190, Phenlyalanine191, Lys192, Gly193, Ser195,
Val213, Ser214, Tyr215, Gly216, and Arg217 (Arooj et
al., 2013). The human chymase crystal structure used
in the study is co-crystallized with the inhibitor N;O
(Arooj et al., 2013). Hence, in this study, the grid box
was set around this site with a search space of 40 x 40
x 40 A, centralized at X-axis -9.494, Y-axis -48.641,
and Z-axis -58.495, respectively. The grid spacing was
set to 0.375 A with default docking parameters. Each
compound’s least binding energy conformation was
visualized and analyzed using the PyMOL software
(DeLano 2002). The 2D interaction of inhibitors with
human chymase was analyzed using the Discovery
studio visualization (Biovia 2016). Here, we have se-
lected only two compounds that have the least energy
and more interacting residues with binding site pocket
amino acids of mast cell chymase protein, similar to
N-O inhibitors (Kervinen et al., 2010).

Molecular dynamics simulation

The all-atom molecular dynamics simulation was per-
formed on three systems which include mast cell chy-
mase and mast cell chymase with ZINC000008382327
inhibitor using Amber-FF99SB force field through the
GROMACS 2020.1 (VanDer et al., 2005). Force field
parameters for the drug inhibitor were generated using
the GAFF through the ‘Antechamber’ module of AM-
BER18 (Case et al., 2012). Further, the Xleep’ module
of ‘AMBER Tools’ was used to generate the topology
and coordinates files. The MD simulation systems were
solvated using a cubic water box with a TIP3P water
type and added an equivalent number of counter-ions
to neutralize the MD simulation system. These topology
and coordinate files generated using the amber tools
were changed to the GROMACS-friendly format, similar
to earlier work on protein-drug complex (Kumbhar et
al., 2016, 2020). Next, energy minimizations were per-
formed using the steepest descent followed by the con-
jugate gradient method. The equilibration MD simula-
tion was performed using the NVT ensemble for 500 ps
and the ensemble for 500 ps. The production simula-
tion was performed for 20 ns for all the systems. The
MD simulation trajectory was analyzed using the
Xmgarce (Turner 2005), PyMOI (Warnecke et al,
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Fig. 1. Molecular docking of chymase with inhibitors, A)
Showing chymase with ZN000003848531 inhibitor com-
plex; B) Showing electrostatic potential surface of chy-
mase with ZN000003848531 inhibitor binding pocket; C)
Showing chymase with ZN000008382327inhibitor com-
plex, and D) Showing the electrostatic potential surface of
chymase with ZN000008382327 inhibitor binding pocket.

2014), and Discovery Studio Visualizer (BIOVIA 2016).
MD simulation trajectory movies were produced using
the VMD, similar to an earlier study (Kumbhar and
Bhandre, 2021).

RESULTS AND DISCUSSION

Physicochemical and ADMET properties

In the present study, the physicochemical properties
revealed that three compounds fulfilled Lipinski’'s rule
of five accepted properties of chymase inhibitor N;O as
shown in Table 1. Further, based on their Adsorption
distribution metabolism tests, the excretion and toxicol-
ogy (ADME-T) properties of the selected and standard
N70O inhibitors are listed in Table 2. The biological ac-
tivity of chymase inhibitors against compounds is
shown in Table 3.

Docking of chymase with inhibitors

Molecular docking of chymase with inhibitors, the two
compounds showed ZN000008382327 and
ZN000003848531 significant binding energy of -9.4
kcal/mol and -10.0 kcal/mol, respectively with the mast
chymase as shown in Fig. 1. The detailed analysis of
hydrogen bonding, van der Waals, alkyl type, and pi-pi
type of interactions was performed using the PyMol
(DeLano 2002) and Discovery Studio Visualizer
(BIOVIA, 2016). The docked complex of mast chymase
with ZN000008382327 (Fig. 1A) shows bonding inter-
actions with residues Lys28 (2.5 A), His45 (2.6 A), and
Ser182 (2.1 A), Gly199 (3.0 A), and Ser192 (2.7 A)
shown in Table 4. Next, the docked complex of mast
chymase with ZN000003848531 (Fig. 1C) shows the
hydrogen bonding interactions with residues such as

Table 1. List of the chymase inhibitors with their physicochemical properties

S. Compound ID Mol. Rotatable H bond H-bond Log P Lipinski
No. wt. (g/mol) bond acceptor donor violation
1 ZINC000000058111 162.14 0 3 1 1.44 0
2 ZINC000000391177 176.17 1 3 0 2.06 0
3 ZINC000000967579 136.23 0 0 0 2.63 1
4 ZINC000000967580 136.23 0 0 0 2.36 1
5 ZINC000000968461 222.37 4 1 1 3.45 0
6 ZINC000000968466 184.28 1 0 0 2.93 1
7 ZINC000001632794 386.35 9 8 2 1.96 0
8 ZINC0000018497591 222.37 4 1 1 3.61 0
9 ZINC000003848531 504.58 4 7 3 2.81 1
10 ZINC000004029365 333.32 8 5 3 0.53 0
11 ZINC000004098143 306.35 2 5 1 2.12 0
12 ZINC000004416136 465.46 6 10 4 -0.20 1
13 ZINC000005883734 163.22 3 2 1 1.76 0
14 ZINC000006483403 332.26 2 8 5 2.02 0
15 ZINC000008382327 730.69 14 14 1 3.93 0
16 ZINC000009087678 424.41 9 7 4 1.15 0
17 ZINC000012888204 420.42 7 5 4 1.84 0
18 ZINC000022061412 424 .41 5 8 4 0.07 0
19 ZINC000062233804 204.35 6 0 0 3.87 1
20 ZINC000068572312 364.43 6 4 1 2.18 0
21 ZINC000104370385 346.42 3 5 1 3.01 0
22 ZINC000169300751 346.42 3 5 1 3.01 0
23 Standard drug: N70 441.82 6 5 2 2.40 0
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Gly180 (3.4 A) and Tyr198 (2.8 A) shown in Table 4. In
addition, the inhibitors' bonding interactions showed the
van der Waals, pi-pi, and pi-alkyl type of interactions
with the chymase protein, as shown in Fig. 2.

PASS biological activity prediction

The biological activity of screened compounds using
the PASS analysis shows that they possessed biologi-
cal activities. The standard N0 inhibitor showed inhibi-
tory action, validating the results predicted from the
PASS server (Lagunin et al., 2000). The compound-
sZN000003848531 and ZN000008382327 have also
shown biological activity for antibacterial, anti-infective,
anti-fungal, and Lactase inhibitor activity, with Pa rang-
ing from 0,325 to 0,799, when Pa > Pi.

Molecular dynamics simulation

The present study on simulation revealed the protein
structural deviations, fluctuations, and dynamics during
the simulation, Ca backbone root means square devia-
tion (RMSD) and fluctuation (RMSF) have been utilized
and shown in Figs. 5-6. The structural stability of the
chymase and chymase with ZN00000382327 complex
based on the calculation using the RMSD of Ca back-
bone atoms with time evolution, observed average val-
ues as 0.10 nm and 0.15 nm. The RMSD plot shows
that the free form of chymase and chymase with
ZN00000382327 complex is stable throughout the MD

simulation shown in Fig. 3. Free State chymase protein
is stable during the simulation after the 5ns up to 20ns
time steps. However, chymase with ZN00000382327
complex shows a higher RMSD value in comparison
with free-state chymase Fig. 1.

Molecular Dynamics simulation showed that the
ZN00000382327 formed a stable complex with chy-
mase throughout the simulation, as shown in Fig.1. It
also showed the chymase stable with another com-
pound ZN00000382327. Further, to investigate the ef-
fect of ZN00000382327 inhibitor binding to the residual
fluctuations of active site region of chymase in compari-
son with free form chymase, the C, backbone atoms
RMSF plot was calculated and shown in Fig.4. The re-
gion 60-80, 115-131, 157-172, to 175 is mainly involved
in the active site region and the fluctuations were found
to be restricted and minimized upon binding of
ZN00000382327 inhibitor. The RMSD plot reveals that
the binding of the ZN00000382327 affects the confor-
mational state of the chymase receptor, as shown in
Fig. 4.

Next, to explore the conformational stability of the free
form of mast chymase and chymase with
ZN000008382327 inhibitor, a radius of gyration (Rg)
was calculated and shown in Fig.5. The Rg value sug-
gested that the binding of ZN00000382327 with chy-
mase induced major structural changes and affected
the structure and dynamics of chymase. The initial con-

Table 2. List of identified compounds and their ADMET properties

S. Compound ID Water. . BBB . CYFZ.DG To.xicity e Gl absorption
No. solubility permeation Inhibitor skin sensitivity

1 ZN000003848531 Poorly soluble  No No -5.47 cm/s Low

2 ZN000008382327 Poorly soluble  No No -6.90 cm/s Low

3 N70 Poorly soluble No No -6.33 cm/s Low

Table 3. List of identified chymase inhibitors with their biological properties calculated through PASS web server

(Lagunin et al., 2000)

S.No Compound ID Pa Pi Biological activity
0,547 0,006 Glycine-tRNA ligase inhibitor
0,325 0,084 Anti-infective
1 ZN000003848531 0,289 0,064 Antibacterial
0,629 0,010 Alcohol O-acetyltransferase inhibitor
0,799 0,013 G-protein-coupled receptor kinase inhibitor
0,799 0,013 Beta-adrenergic receptor kinase inhibitor
3 ZN000008382327 0,667 0,012 Antifungal
0,592 0,013 Lactase inhibitor
0,755 0,001 Chymase inhibitor
0,753 0,005 Antihypertensive
4 N70 0,840 0,004 Antidiabetic
0,431 0,031 Calcium regulator
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Table 4. Hydrogen bonding interactions of chymase with inhibitors after molecular docking

Binding energy  Atoms involved Bond dis- Bond .

Complex kcal/mol in bonding tance A angle Fig. Ref
Chymase-ZN000003848531  -9.4 %ﬁgsg:gﬁﬁc?:gﬁg g:g 1(2’8:3
Ser182-0...HO-Drug 21 118.7
His45-N....HO-Drug 26 140.1
Chymase-ZN000008382327 100 Lys28-HN...O-Drug 25 105.6
’ Gly199-NH...O-Drug 3.0 154.4
Ser201-CH...O-Drug 2.7 153.4

formational fluctuations (up to 7ns) occur in the
ZN00000382327 bound state chymase. After that, the
complex is stable and equilibrated throughout the MD
simulation suggesting the chymase-ZN000008382327
complex stability shown in Fig.5. Next, the solvent-
accessible surface area values for free form of chy-
mase and chymase with ZN000008382327 complex

were found to be 115 nm?, respectively. Here, both sys-
tems showed a similar pattern of equilibration (Fig.6).
The Rg and SASA plot showed the chymase protein's
structural compactness and stability with the bound
state of ZN0O00008382327 inhibitor.

The previous research work emphasized as to how the
biological systems appear to be a potential in nature,
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concerning their molecular motions even at the atomic
level. It is very much crucial to understand their enor-
mous dynamic actions mainly due to the intercalation of
therapeutic drugs into DNA, microtubules assemblag-
es, switching occurs amongst both active and inactive
states. The detailed investigation associated to internal
motions has been reported (Wang and Chou, 2009,
Chou et al, 1994, Chou and Mao, 2004). The present
work is very much aligned with these reports. However,
the present study has conducted precise work on the
potential behaviour of human chymase inhibitors using
molecular docking and molecular dynamics simulation.
Another report (Kushwaha et al., 2021) investigated
Molecular modeling inhibition in human chymase and
its application. They proposed that Chymase-C3 is con-
sidered the least active chymase inhibitor in various
investigations and which is generally saturated ana-
logue of C2. Modifying one of the double bonds be-
tween two carbon atoms related to the C2 inhibitor to a
single bond within C3 would bring significant change in
its ability, which will help make it 180-folds less potent
in comparison with the C2. They have also analyzed
the C3 binding form which is slightly different concern-
ing its structure, that had an immense effect on its bind-
ing conformation within the active site of the compact
enzyme.

Recently there are two different erratic regulated exper-
iments on A. indica capsule/extracts tested against
Covid-19 patients and potentially recognized as promis-
ing natural remedies for treating SARS-CoV-2 (Khan et
al., 2020, Nesari et al, 2021) RdRp and MP* binding
ability (Mpiana et al., 2020;Abouelela et al.,
2021; Balkrishna et al., 2021). The above studies have
taken fewer compounds or related to only Aloe vera-
specific phytochemicals for their investigation. The pre-
sent study is not into the treatment; perhaps it will pro-
vide valuable insights for future drug designing and
modelling.
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Fig. 6. Solvent accessible surface area of mast chymase
protein (Colour codes are similar to Fig 3-4 for chymase
with and without inhibitors

Conclusion

The present investigation on the potential human chy-
mase inhibitor using high throughput screening, AD-
MET, molecular docking, and complex stability using
molecular dynamics simulations revealed two potential
inhibitors based on ADMET property such as the com-
poundsZN000003848531 and ZN000008382327. Mo-
lecular docking confirmed the binding mode of
ZN000003848531 and ZN000008382327 with chymase
protein. The RMSD, RMSF, Rg, and SASA analysis
showed that the ZN000008382327 inhibitor potentially
affected the structure and dynamics of chymase protein
and may be further used for experimental validation as
well as for to design and development of new potential
chymase inhibitors. One of the interesting features of
the present work is that it will serve all necessary infor-
mation about the human chymase inhibitors, and the
inhibition of the chymase gene will probably trigger a
new way of therapeutics for the treatment of allergic
inflammation and cardiac disease.
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