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Abstract

In our presented research, we made an attempt to predict
the 3D model for PI3K (P110 α) subunit mutant protein
using homology modeling approaches. To investigate
deeper into the predicted structure, we further
performed a molecular dynamics simulation for 10 ns and
calculated several supporting analyses for structural
properties such as RMSD, radius of gyration, and the total
energy calculation to support the predicted structured
model of PI3K (P110 α) subunit mutant protein. The
present findings led us to conclude that the proposed
model is stereochemically stable. The overall PROCHECK G
factor for the homology-modeled structure was −0.04 On
the basis of the virtual screening for PI3K (P110 α) subunit
mutant protein we observed that four ligands showed the
best derivatives of pyrazolo pyrimidine, 5a: -21.44 kcal/
mol; pyrazolo pyrimidine 10: -17.67 kcal/mol; pyrimidine,
25: -16.44 kcal/mol; Sorafenib: -13.4 kcal/mol which can
be considered as a good drug molecule to inhibit
mutations of PI3K (P110 α) subunit protein.
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Introduction
For last many millennium Cancers have been one of the

most dreadful and devastating disease. It is characterized by
uncontrolled cell growth and the spread of these abnormal
cells [1]. Over time, carcinogens induce individual cells to
acquire genetic and epigenetic changes in signaling pathways
that regulate their growth and proliferation [2]. It has been
previously reported that PI3K (Phosphoinositid-3-Kinase) is
most of a proto oncogene, which have an essential role in
controlling the activity of several crucial cells signaling
pathways that enhance the stimulation of cellular replication
and cell proliferation and to inhibit growth and apoptosis [3,4].

It was reported The PI3K protein family classified according to
their sequence, domain structure and mode of regulation, To
three groups, i.e., Class I PI3K, Class II PI3K and class III PI3K
[5]. Class I PI3K has three subunit classes, viz., p110 α, p110 β
and p110γ which plays an important role in cancer. Several
studies document the fact PI3K (P110α) subunit protein is
mostly responsible to be frequently mutated protein in several
types of cancers such as breast (27%), endometrial (23%),
urinary tract (17%), colorectal (14%) and ovarian (8%) cancers
[4,6-8]. Moreover, the mutations in PI3K (P110α) subunit lead
to constitutive activation of downstream pathways resulting in
the altered regulation of cellular proliferation and malignant
transformation which makes it a very attractive drug target for
cancer biology, Development of multidrug resistance and of
the molecular simulation approaches which strongly justifies
the need of the identification of drug targets in cancer, which
is a major challenge in modern medicine. When we consider
through treatment for cancer currently, they depend on the
type and stages of cancer development. Chemotherapy,
surgery, radiation therapy, and hormonal therapy are the
various treatments that currently take place, But these types
of treatments except for the target based, cannot distinguish
between normal and tumorous cells [9]. Therefore, we aim to
concentrate on three assumptions to postulate the novel drug
target for cancer: (1) to predict the structural model of PI3K
(P110 α) subunit mutant protein, (2) to investigate structural
analysis of PI3K (P110 α) subunit mutant protein using
molecular dynamics simulation studies, and (3) to perform
virtual screening and docking to identify inhibitor molecules
against the suitable ligand. Many therapeutic agents currently
being evaluated have multiple targets and their antitumor
effects may not be due to specific mutated PI3K (P110α)
subunit inhibition. Hence, the present investigation was
carried out to utilize PI3K (P110α) subunit as a canonically
relevant anticancer drug target in cancer therapy.
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Materials and Methods

Selection of the drug target
A mutation in PI3K (P110α) subunit protein at codon 542,

545, and 1047 the most common mutational events in human
carcinogenesis and has been found in a variety of human
cancers, with the frequent replacement of the amino acids,
Glu by Lys at codon 542 and Glu by Lys or Gln at codon 545 and
His by Age or Leu at codon 1047 [10,11]. Moreover, the
mutations in PI3K (P110α) subunit lead to constitutive
activation of downstream pathways resulting in the altered
regulation of cellular proliferation and malignant
transformation which makes it a very attractive drug target for
cancer biology. Therefore, in the present study, we have
selected PI3K (P110α) subunit as the most promising drug
target for the evaluation of the molecular dynamics
simulations.

Model generation of the selected drug target
For putative model generation, we retrieved the PI3K (P110

α) subunit (target) amino acid sequence from the UniProt
database (http://www.uniprot.org) Furthermore, the Protein
query sequence (P42336) in fasta format was downloaded
from UniProt ((http://www.uniprot.org/uniprot/)) databases.
The 3D structures of all wild type and mutated protein were
predicted using Modeller 9.17 software [12]. All possible
(hotspot) mutations reported for codons 542, 545 and 1047 of
the PI3K (P110 α) subunit proto-oncogene were retrieved
through a literature survey [5,7,8,13]. The structural models
were further evaluated using Structural Analysis and
Verification Server’s PROCHECK tool which checks the
stereochemical quality of a protein structure utilizing
Ramachandran plot [14]. The best models from each individual
protein (wild type as well as mutated) were taken under
consideration for further analysis. A prediction of active site of
all mutated PI3K (P110 α) subunit conformations was
performed with putative active sites with sphere software,
PASS [15].

Molecular dynamics simulation study of the
predicted model

In our study, we performed molecular dynamics (MD)
simulations of modeled PI3K (P110 α) subunit protein using
GROMACS 4.0.6 software package [16] with GROMOS 96 force
fields [17] and the flexible SPC water model. The initial
structure was immersed in a periodic water box of cubic shape
(0.5 nm thick). Electrostatic energy was calculated using the
particle mesh Ewald method, which permits the use of the
Ewald summation at a computational cost comparable to that
of a simple truncation method of 10˚A or less [18]. We
retained the cutoff distance as 1.0 nm for the calculation of
the coulomb and Van der Waal’s interaction, respectively.
After energy minimization using a steepest descent for 1000
steps, the system was subjected to equilibration at 300K and
normal pressure for 100 ps under the conditions of position
restraints for heavy atoms. We subsequently applied LINCS

[19] constraints for all bonds, keeping the whole protein
molecule fixed and allowing only the water molecule to move
to equilibrate with respect to the protein structure. The system
was coupled to the external bath by the Berendsen pressure
and temperature coupling [20]. The final MD calculations were
performed for 10 ns under the same conditions except that
the position restraints were removed. The results were
analyzed using the standard software provided by the
GROMACS package. An average structure was further refined
using the steepest descent energy minimization.

Virtual screening
For further utilized for virtual screening. A library of

anticancer drugs was prepared on the basis of literature
retrieved from different sources’ viz., PubChem (http://
www.pubchem.ncbi.nlm.nih.gov/) and ChemSpider of the
Royal Society of Chemistry (http://www.chemspider.com/). In
silico virtual screening was carried out using PyRx [21].
Software to rank all the library molecules under study,
according to their affinity towards the active site of PI3K (P110
α) subunit mutated protein conformations. All the library
molecules (i.e., top ten putative library molecules) were
ranked according to their affinity towards the mutated PI3K
(P110 α) subunit conformations.

Results and Discussion

Prediction and validated modeled structure of
the PI3K (P110 α) subunit protein

The structure of PI3K (P110 α) subunit protein wild type and
five mutated models have determined by using homology
modeling protocol, By using Modeller 9.17 software. Firstly
BLASTP search was performed against PDB with default
parameters to find suitable templates for homology modeling.
Based on the maximum identity with high score and lower e-
value (Template) were used as the template for homology
modeling. The final stable structure of PI3K (P110 α) subunit
protein is shown in Figure 1. The mutations were selected
according to the earlier literature [10,22-27]. For each protein
three models were generated. The selected protein models for
wild type and another three mutated codon 542, 545 and 1047
PI3K (P110 α) subunit conformations. The mutations occurring
in codon 542, 545 and 1047 due to the amino acid changes are
clearly shown in Figure 1. The models were analyzed online by
submitting to NIH MBI Laboratory for Structural Genomics and
Proteomics’ SAVES server. Validity reports generated by
PROCHECK and Verfiy_3D judged accuracy of the protein
models. A comparison of the results obtained from the above
mentioned validation tools, showed that one of the models
generated by Modeller is more acceptable in comparison to
the others. So, one of every three most valid model was
selected for each protein model to use for further studies. It
was found that the phi/psi angles of 85.1 to 87.3% of the
residues fell in the most favored regions, 9.1 to 11.7% of the
residues fell in the additional allowed regions, 2.0 to 2.4% fell
in the generously allowed regions, and 0.8 to 1.7 of the
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residues fell in the disallowed regions in all PI3K (P110α)
subunit wild type and all other proteins. A score of >50% in the
most favored regions is acceptable for a reasonable protein
model and the score obtained more than 80% indicate the
quality of all selected PI3K (P110 α) subunit protein models.

The identification of the active site in the mutated protein
models was followed by the screening and identification of
potential inhibitor molecules targeting active site toward
mutant codon 545, 542 of PI3K (P110 α) subunit protein.

Figure 1 Protein models constructed for wild type as well as mutated PI3K (P110 α) subunit of Codons 542, 545and 1047 in
yellow, blue and red color respectively.

Molecular dynamic simulation of PI3K (P110 α)
subunit mutant protein

In this study, the predicted model of PI3K (P110 α) subunit
mutant protein has shown better accuracy of the structure as
revealed by the virtual screening. It has been earlier described
that the virtual screened model should have the stable
molecular dynamic behavior. We evaluated the virtual
screened model of PI3K (P110 α) subunit protein using the
molecular dynamic stability criteria by performing the
molecular dynamic simulation study using GROMACS 4.0.6
software package. In this case, a molecular dynamics
simulation study revealed a consistent value of the energy of
the molecule throughout the time period of simulation, which
is an indication of strong basis of the fact that the molecule
has a stable structure as required for the virtual screening and
drug designing processes (Figures 1-4). The computed
equilibrium configuration of the protein models showed a
gradual decrease in the potential energy (-6.97 to -7.02),
temperature (300/ K), pressure mean between (-200 to 100)
and density was between (1020 to 1025) of protein molecules
with the increase in time (0 to 100 picoseconds) and reached
to an equilibrium (Figures 1-4). Energy minimization was
performed in order to eliminate or reduce potential geometric
problems in the protein structures such as bond distances,
bond angles and torsion angles. We further evaluated the
radius of gyration parameter (Rg) is a measure often used to
describe the compactness of a given protein. It was observed
that initially the radius of gyration was increasing, The
computed data on Rg for all protein models were in the range
of 3.3 to 4.0 nanometers against a function of time from 0 to
100 picoseconds (Figure 5). And finally, become almost
constant for the rest of the duration of the simulation (Figure

5). This observation suggests and is in line with the argument
that the PI3K (P110 α) subunit mutant protein model has a
compact structure, which provides the required stability to the
molecule and supports our previous molecular dynamic
simulation results. Root mean square deviation (RMSD) was
evaluated during the simulation, and it was observed that it
was increasing in the beginning, but after 2000 ps it became
almost constant for the rest of the duration of the simulation,
which suggests that the hypothesized PI3K (P110 α) subunit
protein model has a lesser RMSD for the PI3K (P110 α) subunit
protein backbone and has less flexibility, indicating the stable
dynamic behavior structure of PI3K (P110 α) subunit protein
(Figure 6). It is evident from the data that the RSMD values
initiated around 0.15 to 0.2 nanometers, gradually increased
up to 0.2 nanometers at 100 picoseconds and then leveled off
(Figure 6). This indicates that after an initial increase in the
magnitude of protein atoms fluctuation, the protein reached
an equilibrium state characterized by the RMSD profile.

The energy plot and RMSD plot showed a substantial
increase in their respective values when the time variable was
increased from 10 to 100 picoseconds. The Rg plot clearly
showed the increase of stability with increase in time. Hence,
the 100 picoseconds structural statistics were taken into
consideration and the data obtained reveal that protein
models have shown stability during molecular dynamic
simulations (Figure 7). The present investigation on molecular
dynamic simulation was in agreement with different protein
simulations using GROMACS simulation [28-34]. Which
strongly suggests that PI3K (P110 α) subunit protein model has
an accurate and stable structure and can be used for the
virtual screening.
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Figure 2 A molecular dynamics simulation study of potential
energies of protein models constructed for mutated PI3K
(P110 α) subunit.

Figure 3 A molecular dynamics simulation energies of
temperature of protein models constructed for mutated
PI3K (P110 α) subunit.

Figure 4 A molecular dynamics simulation energies of
pressure on protein models constructed for mutated PI3K
(P110 α) subunit.

Figure 5 A molecular dynamics simulation energies of the
density of protein models constructed for mutated PI3K
(P110 α) subunit.

Figure 6 A molecular dynamics simulation study of radius of
gyration of protein models constructed for mutated PI3K
(P110 α).

Figure 7 A molecular dynamics simulation study of RMSD of
protein models constructed for mutated PI3K (P110 α)
subunit.
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Virtual screening
Towards finding suitable inhibitor(s), ten probable inhibitor

molecules with lower docking energies were chosen
individually for PI3K (P110 α) subunit mutations. Each inhibitor
molecule was viewed and the moieties having lower docking
energies were chosen as the possible PI3K (P110 α) subunit
inhibitor molecules and their ranking according to the lowest
docking energies. We observed that four ligands showed the
best derivatives of pyrazolo pyrimidine, 5a: -21. 44 kcal/mol;
pyrazolo pyrimidine, 10: -17.67 kcal/mol; pyrimidine, 25:
-16.44 kcal/mol; Sorafenib,: -13.4 kcal/mol. The computational
approach that docks small molecules into the structures of
macromolecular targets and score their potential
complementary to binding sites are now widely used in hit
identification and lead optimization [35,36]. The present
results in identification of potential inhibitor molecules based
on the lowest docking energies are in agreement with Garcia-
Echeverria and Sellers et al. [30,37-40] in their Docking studies
of PI3K (P110 α) subunit with various compounds revealed
against selected active site which was the best to be targeted
by all hits and showed a good docking score just similar to our
docking score.

Conclusion
From this in silico study and previously reported

experimental data in the literature, Based on intrinsic
dynamics, structural stability and the improved relaxation of
modeled protein, the energy of the structure, the radius of
gyration, RMSD and RMS fluctuation, the protein modeled
were in stable conformation. And we conclude that the four
ligand molecule, are the effective chemical molecule and
having the highest binding affinity towards mutant PI3K (P110
α) subunit protein, which will in turn arrest the process of cell
growth and proliferation of the cancerous cells.
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