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Abstract

Purpose: To develop a potential therapy for rheumatoid arthritis (RA) by altering factors involved in the
pathogenesis of the disease.

Methods: Molecular docking simulation-based virtual screening was performed against
phosphoinositide-3-kinase gamma (PI3Kg) to identify potential leads that may serve as anti-rheumatoid
arthritic agents through their interactions and binding energies with the target receptor, followed by their
optimization for improvement of their pharmacokinetics and toxicity profiles.

Results: Molecular docking simulation-based virtual screening and computational toxicity profiling
predicted that the lead compounds ZINC04376856, ZINC01729526, ZINC01045089, ZINC03954520,
ZINC01738764, and ZINC01163259 were potent PI3Kg inhibitors.

Conclusion: These lead compounds exert potent inhibitory effects on human PI3Kg receptor. Thus,
they need to be experimentally validated for use in the development of novel drugs for treating RA in
humans.
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INTRODUCTION anti-RA drugs using various animal models have
revealed the mechanism involved in the
Rheumatoid arthrits (RA) is a chronic pathogensis of RA. Elevated cellular infiltration,

inflammatory disease of the joints. About 1% of
the total human population is afflicted with RA.
The etiology and pathophysiology of this complex
human disorder are still poorly understood.
Available treatment for the disease merely
produces symptomatic relief from joint pain, a
prominent symptom of RA. Moreover, the use of
steroidal anti-inflammatory agents is associated
with serious adverse effects. Studies on existing

formation of pannus, synovial hyperplasia and
cartilaginous erosions in distal joints are actively
involved in the pathophysiology of RA [1,2].

The involvement of B and T cells of the inflamed
joints in the initiation of RA via production of
chemokines results in the biosynthesis of
inflammatory agents responsible for RA-induced
pain. Inflammatory agents such as leukocytes, T
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cells and macrophages are responsible for the
destructive  processes involved in  the
pathogenesis of RA [3,4].

Ample of evidence indicate the involvement of
mast cells and neutrophils in RA. Neutrophils are
the most abundant cell types in the inflamed
joints. They are also capable of initiating
inflammatory damage and prolongation of the
arthritic condition. Chemotaxis and leukocyte
activation are inhibited either by inhibiting the
biosynthesis of the chemo-attractants or by
blocking their respective receptors [1,5].

The pathophysiological involvement of PI3Kg in
enhancing leukocyte activation and chemotaxis,
as well as degranulation of mast cells has been
confirmed using gene targeting methods [6].
Thus, suppression of PI3Kg may be a novel
therapeutic approach for the treatment of RA and
other inflammatory disorders [7]. In the current
study, in silico structure-based design approach
was applied to design potential inhibitors of
PI3Kg so as to develop novel anti-RA therapy.

A ligand library consisting of 1590 diverse ligand
molecules were virtually screened against the
PI3Kg enzyme to identify potential leads for use
in suppressing inflammation in joints affected by
RA, with a view to preventing tissue damage in

both lymphocyte-dependent and lymphocyte-
independent RA.

EXPERIMENTAL

Selection and preparation of

macromolecule for docking

Human phosphoinositide 3-kinase (PI3Kg) bound
to an antagonist AS605240 (QYT) (pdb
code2abu) was obtained from the RCSB protein
data-bank (PDB) [8]. The three-dimensional (3D)
structure of PI3Kg is shown in Figure.1. The
ligand molecule was separated from the
structural protein model of human PI3Kg receptor
using software chimera. Redundant water
molecules present in the macromolecular crystal
structure were removed, and polar hydrogen
atoms were added to the macromolecular
structure model prior to performing docking
simulations [4,9,10].

molecular

Preparation of for

docking

ligand

Rotatable, unrotatable and non-rotatable bonds
in the QYT ligand were endorsed in AutoDock
prior to performing docking simulations [12-16].

Identification of ligand binding site

The binding site was identified within the
structural model of human PI3Kg enzyme using
the residues of the macromolecule that interact
with the QYT ligand, with the help of PyMol
software [17-19].

Figure 1: Structural model of protein phosphoinositide
3-kinase gamma (PI3Kg) complexed with an
antagonist [4, 8, 11] (PDB ID-2a5u)

Molecular docking

The identified binding site within the human
PI3Kg enzyme was further utilized to specify grid
parameter points required to generate the grid
box. The generated grid box was then utilized to
perform all the docking cycles in the current in
silico studies. The grid box was located by
considering the ligand as a centre, and also by
wrapping each of the macromolecular residues
interacting with the ligand to make sure that
every possible ligand conformation falls inside
the grid box [12,20-22]. The grid box used in the
current in silico studies is shown in Figure 2.

Figure 2: 3D grid-box utilized in the docking studies
on human PI3Kg enzyme
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The Autogrid software generates map files for
different types of atoms present in the ligand and
receptor. In the current study, map files for A C
HD N OA SA NA were prepared using Autogrid.
The prepared map files were utilized for
performing molecular docking simulations with
AutoDock software [23-25]. The AutoDock
software utilizes Lamarckian genetic algorithm

(LGA) as its primary conformational search
algorithm for performing docking studies.
Trajectory  population  of the possible

conformations of the ligands and their mutational
conformations were generated using LGA.

This was followed by exchange of various
parameters so as to resist style-related
consecutive generations of the biological
evolutions for decisive selection of ligands with
minimum binding energy values. The additional
features of the “Lamarckian” aspect include
individual and selective conformational search for
local conformational space, identification of local
minima, and transfer of the generated information
to the later generations. Semi-empirical force
field was utilized to predict ligand binding energy
with reference to the specific macromolecular
target.

The force field predicts the binding energy of the
ligand by allowing integration of the intra-
molecular energies through energetics of their
bound and unbound states on the basis of a
comprehensive thermodynamic model. The
docking parameter file (DPF) consists of various
parameters required for performing docking of
each ligand molecule [20,24-26].

Validation of docking methodology

The probable binding patterns of ligands were
obtained on the basis of their positions and
orientations identified after the molecular docking
simulations. The parameters included in the
current in silico study were validated by
performing docking of human PI3Kg enzyme
against the crystallized ligand QYT [13, 27-29].
The in silico docking methodology was validated
through overlay methods and chemical
resemblance:

(a) Overlay methods

The ligand overlay methodology was applied for
the validation of docking parameters utilized in
the current study. The parameters utilized in the
current docking study were deemed to be
successfully validated if the docked conformation
was perfectly overlaid over the crystallized
bioactive conformation of the ligand available in
the macromolecular complex [16, 26-28].

(b) Chemical resemblance

The parameters used in the current docking
protocol were validated using resemblance
between the chemical interactions observed in
the conformation of the reference ligand docked
with the macromolecular target, and the
interactions of the bioactive crystallized
conformation present in the bioactive crystallized
macromolecular complex structure [14,22-25].

In silico virtual screening

The ligand library i.e. diversity set Il released by
National Cancer Institute (NCI) was used in the
current study to perform virtual screening against
human PI3Kg enzyme. There were 1593 diverse
ligands in diversity set Il. Molecular docking
simulation-based virtual screening was
performed against validated human PI3Kg
enzyme using these ligands so as to identify the
potential leads [14,22,23].

Analysis of docking results

The evaluation of results of docking of all the
ligands against human PI3Kg enzyme was
performed by considering each interaction with
the macromolecular binding residues. The free
energy of bonding for each ligand ought to be
well within the pre-defined empirical range of -5
to -15 kcal/mol.

The lead molecules were shortlisted based on
minimum binding free energy. The LGA was
utilized as a scoring function in the AutoDock tool
[14,25,27]. Eq 1 was used to generate the
binding affinity of the specific ligand against a
specified macromolecular target:

Ki= e{(AG/RT)} ............ (1)

where AG = free energy change on binding, T =
temperature in Kelvin, and R = universal gas
constant.

Pharmacokinetics and toxicity studies

Pharmacokinetic assessment of all the
shortlisted leads was performed by calculating
some important physicochemical parameters
using online platform Osiris Molecular Property
Explorer. Osiris Molecular Property Explorer
software was also used to identify key toxic
effects such as reproductive effects, mutagenic
effects, irritant effects and tumorigenicity in the
shortlisted leads [13,23,29].
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RESULTS

Macromolecular selection and

preparation

The three-dimensional structural model of human
PI3Kg consisting of a single polypeptide chain of
966 amino acid residues was resolved with X-ray
diffraction method at a resolution of 2.7A. The
bound ligand molecule (QYT) was separated and
the processed macromolecular structure model
was saved in the AutoDock format (*. pdbqt) for
use in performing docking simulations.

Ligand preparation

Eleven aromatic carbons with five rotatable
bonds were present in the ligand QYT. All the
five bonds of the QYT ligand were kept rotatable
in the current computational study, and were also
saved in the pdbgt format of the AutoDock
software.

Identification of ligand binding site and
grid box formation

The macromolecular binding residues Lys833,
l1e831, Met953, 11e879 and [1e963 were involved
in the active binding of the ligand QYT with
human PI3Kg enzyme. The chemical interactions
of ligand QYT with human PI3Kg enzyme are
shown in Figure 3.

An imaginary grid box was arranged by wrapping
up the ligand molecule QYT as well as all the
binding residues of the PI3Kg enzyme. The grid
coordinates utilized for the preparation of the
grid-box are given in Table 1.

Validation of molecular docking

The results of docking the ligand QYT against
human PI3Kg enzyme are shown in Table 2.

The parameters utilized in the molecular docking
simulation of human PI3Kg enzyme were
successfully validated through the following
methods:

lle831A
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Figure 3: Chemical interactions of human PI3Kg
enzyme with the bound ligand QYT

(a) Overlay

The docked conformation of the ligand QYT was
perfectly overlaid over perfectly overlaid over the
crystallized bioactive conformation, thereby
successfully validating the molecular docking
methodology in the current in silico studies [23,
28]. The perfectly overlaid conformation of the
docked ligand QYT with respect to its crystallized
conformation is presented in Figure 4.

Figure 4: Superimposed overlaid conformation of the
docked ligand QYT with respect to its crystallized
conformation obtained from the bioactive complex
structure

(b) Chemical resemblance

The docking of the human PI3Kg enzyme was
further validated using resemblance of the
chemical interactions of the docked conformation
of the ligand.

Table 1: Coordinates of grid-box for the human PI3Kg enzyme

Macromolecule

X-axis Y-axis Z-axis

X-centre Y-centre

Spacing (A)

2a5u

40 40 40

0.447 42.465 14.195

Table 2: Docking results for ligand QYT against human PI3Kg enzyme (2a5u)

Macromolecule Binding residues

RMSD Binding energy (kcal/mol)

2a5u

Lys 833, lle 831, Met 953, lle 879 and lle 963 1.6 -8.9
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This resembled exactly the interactions present
in the bioactive crystallized conformation of the
ligand. The chemical interactions involved in the
binding of the docked conformation of the ligand
with respect to its crystallized bioactive
conformation are shown in Figure 5.

Figure 5: Chemical interactions involved in the binding
of the ligand QYT within the PI3Kg binding site

Virtual screening

The leads were selected on the basis of their
affinities for human PI3Kg enzyme. The binding
energies obtained after docking-based virtual
screening of the top 10 shortlisted ligand
molecules are shown in Table 3.

Table 3: Binding energies of 10 shortlisted top leads
for human PI3Kg enzyme

A
J @
i T
et |
{

I
R
g | ZINCOIT3ETSd mﬁ%@ i 300
10 | ZINCOI18325% o 5a7
&%

ADME-T profiling

Pharmacokinetic evaluation and the prediction of
toxic effects of the shortlisted lead molecules
against human PI3Kg enzyme were performed
using online Osiris molecular property explorer
server. The pharmacokinetic profiling of the leads
was done through determination of
physicochemical properties such as molecular
weight, partition coefficient, solubility, hydrogen
bond-donor (HBD) and hydrogen bond-acceptor
(HBA) sites of the individual lead molecules in
line with Lipinski’s Rule of Five. The presence of
major toxic effects (mutagenicity, tumorigenicity,
irritability and reproductive effects) were
predicted by considering the presence of specific
functional groups already present in drugs with
similar toxic effects. The results of toxicity
profiling for all the shortlisted leads are shown in
Table 4. The profiling of the ten shortlisted lead
molecules for the presence of any major
associated toxicity revealed that six molecules,
ie. ZINC04376856, ZINC01729526,
ZINC01045089, ZINC03954520, ZINC01738764
and ZINC01163259 did not bear any functional
group associated with key toxic effects such as
mutagenicity, irritability, tumorigenicity and
reproductive defects. Moreover, they had very
good pharmacokinetic profiles.

Table 4: Toxicity profiles of the 10 lead molecules for human PI3Kg enzyme

S/no. ZINC Id Mut Tum Irr Rep MW cLogP  TPSA D-Liken D-Score
1 ZINC04376856 Nil Nil Nil Nil 374 4.57 83.48 -2.86 0.23
2 ZINC01635676 High Nil High Nil 394 5.29 4412 3.8 0.15
3 ZINC01729526 Nil Nil Nil Nil 352 411 45.15 0.7 0.47
4 ZINC05487838 Nil Nil Nil High 403 4.08 7.7 -0.65 0.19
5 ZINC01045089 Nil Nil Nil Nil 360 4.23 83.47 -4.95 0.25
6 ZINC03954520 Nil Nil Nil Nil 374 4.57 83.48 -2.86 0.23
7 ZINC05124931 Low Nil High Nil 424 6.68 84.74 -1.9 0.07
8 ZINC00154888 High High Nil Nil 302 419 54.37 -1.54 0.1
9 ZINC01738764 Nil Nil Nil Nil 406 2.11 149.8 -5.59 0.29
10 ZINC01163259 Nil Nil Nil Ni; 380 3.96 129.3 -8.16 0.22
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DISCUSSION

The mast cell and neutrophils are involved in the
initiation and progression of the inflammatory
damage in the RA. The human PI3Kg is having a
pronounced role in the inflammatory damage as
well as progression of the diseased condition in
RA. Thus, a computational framework has been
developed and implemented in the current
research protocol to target the human PI3Kg as a
potential anti-inflammatory drug target for
screening of a ligand library consisting of 1593
diverse ligand molecules intended to identify a
potential inhibitor molecule based upon its
interactions with the target receptor as well as
optimized pharmacokinetic profile.

The three-dimensional structure model of PI3Kg
complexed with a ligand QYT was procured from
the RSCB protein data bank. The crystallized
structure model was resolved with the help of X-
ray diffraction method at a resolution of 2.7 A.
The ligand and the macromolecular target were
separated with the help of software Chimera. The
separated ligand and macromolecular target
were again docked to validate the utilized
docking protocols followed by the screening the
ligand library by using the validated parameters.
The potential lead molecules shortlisted after
performing the molecular docking simulation
based virtual screening were evaluated for their
pharmacokinetic as well as toxicity profile based
upon their physicochemical and functional
parameters. Those lead molecules which are
having optimized pharmacokinetic profile without
presence of any major toxic effects were
proposed as a potential inhibitor molecule
targeting human PI3Kg receptor as a novel
therapy for the treatment of RA.

CONCLUSION

Molecular docking simulation-based in silico
screening of large ligand libraries is a very useful
method for the discovery of novel inhibitor
molecules as well as establishment of the
mechanisms of action of newly identified inhibitor
molecules. Based on the binding energy of the
ligand molecules predicted by observing their
affinities to, and chemical interactions with
human PI3Kg receptor, some potential lead
molecules have been shortlisted from a ligand
library of 1593 diverse ligands. The shortlisted
lead molecules have been further screened for
their pharmacokinetic profiles as well as
presence of major potential toxic effects, based
on their physicochemical properties and
functional group analysis. The leads,
ZINC04376856, ZINC01729526, ZINC01045089,
ZINC03954520, ZINC01738764 and

ZINC01163259, have very good pharmacokinetic
profiles without the presence of any major toxic
effects such as mutagenicity, tumorigenicity,
irritability and reproductive effects. Moreover,
they are believed to have potential inhibitory
effects against human PI3Kg receptor.
Therefore, these lead molecules need to be
experimentally validated for use in the
development of novel therapies for rheumatoid
arthritis.

DECLARATIONS
Conflict of interest

No conflict of interest is associated with this
work.

Contribution of authors

We declare that this work was done by the
authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by the authors.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Kerschbaumer A, Sepriano A, Smolen JS, van der Heijde
D, Dougados M, van Vollenhoven R, et al. Efficacy of
pharmacological treatment in rheumatoid arthritis: a
systematic literature research informing the 2019 update
of the EULAR recommendations for management of
rheumatoid arthritis. Ann Rheum Dis. 2020; 79: 744-
759.

2. Klareskog L, Ronnelid J, Saevarsdottir S, Padyukov L,
Alfredsson L. The importance of differences; On
environment and its interactions with genes and
immunity in the causation of rheumatoid arthritis. J
Intern Med. 2020; 287: 514-533.

3. Barber DF, Bartolome A, Hernandez C, Flores JM,
Redondo C, Fernandez-Arias C, et al. PI3Kgamma
inhibition blocks glomerulonephritis and extends lifespan
in @ mouse model of systemic lupus. Nat Med. 2005; 11:
933-935.

Trop J Pharm Res, April 2021; 20(4): 780



10.

11.

12.

13.

14.

15.

Tang et al

Camps M, Ruckle T, Ji H, Ardissone V, Rintelen F, Shaw

J, et al. Blockade of PI3Kgamma suppresses joint
inflammation and damage in mouse models of
rheumatoid arthritis. Nat Med. 2005; 11: 936-943.

Ghigo A, Damilano F, Braccini L, Hirsch E. PI3K inhibition
in inflammation: Toward tailored therapies for specific
diseases. Bioessays. 2010; 32: 185-196.

Li H, Park D, Abdul-Muneer PM, Xu B, Wang H, Xing B,
et al. PI3Kgamma inhibition alleviates symptoms and
increases axon number in experimental autoimmune
encephalomyelitis mice. Neuroscience. 2013; 253: 89-
99.

Rewcastle GW, Gamage SA, Flanagan JU, Frederick R,
Denny WA, Baguley BC, et al. Synthesis and biological
evaluation of novel analogues of the pan class |
phosphatidylinositol ~ 3-kinase  (PI3K) inhibitor  2-
(difluoromethyl)-1-[4,6-di(4-morpholinyl)-1,3,5-triazin-2-
yll-1H-benzimidazole (ZSTK474). J Med Chem. 2011;
54:7105-7126.

Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN,
Weissig H, et al. The protein data bank. 2000; 28: 235-
242.

Mujwar S PK. Prediction of Riboswitch as a potential drug
target for infectious diseases: An Insilico case study of
anthrax. Journal of Medical Imaging and Health
Informatics. 2015; 5: 7-16.

Mujwar S PK. Prediction of riboswitch as a potential drug
target and design of its optimal inhibitors for
Mycobacterium tuberculosis. International Journal of
Computational Biology and Drug Design. 2015; 8: 326-
347.

Forli S, Huey R, Pique ME, Sanner MF, Goodsell DS,
Olson AJ. Computational protein-ligand docking and
virtual drug screening with the AutoDock suite. Nat
Protoc. 2016; 11: 905-919.

Shah K, Mujwar S, Gupta JK, Shrivastava SK, Mishra P.
Molecular Docking and In Silico Cogitation Validate
Mefenamic Acid Prodrugs as Human Cyclooxygenase-2
Inhibitor. Assay Drug Dev Technol. 2019; 17: 285-291.

Sharma KK, Singh B, Mujwar S, Bisen PS. Molecular
Docking Based Analysis to Elucidate the DNA
Topoisomerase llbeta as the Potential Target for the
Ganoderic Acid; A Natural Therapeutic Agent in Cancer
Therapy. Curr Comput Aided Drug Des. 2020; 16: 176-
189.

Mujwar S MR, Tomer I, Gour A. Molecular Docking
Simulation Based Virtual Screening for The Design of
Potential Inhibitors of Heme Oxygenase of Corney
Bacterium Diphtheria. International Journal of Recent
Technology and Engineering 2019; 8: 1086-1091.

Kaushal SK, Brijendra S, Mujwar S, Prakash BS.
Molecular Docking based analysis to elucidate the DNA
Topoisomerase llbeta as the potential target for the
Ganoderic acid, A natural therapeutic agent in cancer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

therapy. Curr Comput Aided Drug Des. 2019; 16(2):
176-189.

Kaur A, Mujwar S, Adlakha NJIJoCB, Design D. In-silico
analysis of riboswitch of Nocardia farcinica for design of
its inhibitors and pharmacophores. 2016; 9: 261-276.

Mujwar S, Deshmukh R, Harwansh RK, Gupta JK, Gour
A. Drug Repurposing Approach for Developing Novel
Therapy Against Mupirocin-Resistant Staphylococcus
aureus. Assay Drug Dev Technol. 2019; 17: 298-309.

DelLano WLJCNopc. Pymol: An open-source molecular
graphics tool. 2002; 40: 82-92.

Mishra | MR, Mujwar S, Chandra P,Sachan N, A
retrospect on antimicrobial potential of thiazole scaffold.
2020, 57:2304-2329.

Minaz N, Razdan R, Hammock BD, Mujwar S, Goswami
SK. Impact of diabetes on male sexual function in
streptozotocin-induced diabetic rats: Protective role of
soluble  epoxide  hydrolase
Pharmacother. 2019; 115:108897.

Mujwar S, Kumar VJA, technologies dd. Computational
Drug Repurposing Approach to Identify Potential Fatty
Acid-Binding Protein-4 Inhibitors to Develop Novel
Antiobesity Therapy. 2020; 18:318-27.

Pradhan P, Soni NK, Chaudhary L, Mujwar S, Pardasani
KJBBRA. In-silico prediction of riboswitches and design
of their potent inhibitors for H1IN1, H2N2 and H3N2
strains of influenza virus. 2015; 12:2173-86.

Shah K, Mujwar S, Krishna G, Gupta JKJA, Technologies
DD. Computational Design and Biological Depiction of
Novel Naproxen Derivative. 2020; 18:308-17.

Morris GM, Huey R, Olson AJJCpib. Using autodock for
ligand-receptor docking. 2008; 24:8.14. 1-8. 40.

Varshney KK, Gupta JK, Mujwar SJIUMRHS.
Homocysteine Induced Neurological Dysfunctions: A
Link to Neurodegenerative Disorders. 2019; 8:135-46.

Gupta JK, Mujwar S, Varshney KK, Varshney M.
HYPERHOMOCYSTEINEMIA: A SILENT HASSLE FOR
HUMAN BEINGS, ALLIED COMPLICATIONS AND
PRAGMATIC STRATEGIES.

Soni N, Pardasani K, Mujwar SJJPPS. Insilico analysis of
dietary agents as anticancer inhibitors of insulin like
growth factor 1 receptor (IGF1R). 2015; 7:191-6.

Jain R, Mujwar SJSC. Repurposing metocurine as main
protease inhibitor to develop novel antiviral therapy for
COVID-19. 2020; 31:2487-99.

Shah K, Mujwar S, Gupta JK, Shrivastava SK, Mishra
PJA, technologies dd. Molecular docking and in silico
cogitation validate mefenamic acid prodrugs as human
cyclooxygenase-2 inhibitor. 2019; 17:285-91.

Agrawal N UP, Mujwar S, Mishra P. Analgesic, anti-
inflammatory activity and docking study of 2-(substituted
phenyl)-3-(naphthalen1-yl)thiazolidin-4-ones. Journal of
Indian Chemical Society. 2020; 97:39-46.

inhibitor. Biomed

Trop J Pharm Res, April 2021; 20(4): 781



