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ABSTRACT

Lung cancer is one of the most common cancers worldwide, with a high fatality rate. One of the most efficient methods
for discovering medications for critical diseases is molecular docking. The crystal structures of CPd8 and Lupeol were
used in the MD simulation. The data were examined, and the interactions between the protein and the ligand were
confirmed in several ways before the greatest binding affinity was chosen. In the crystal structure of CPd8, Lupeol has the
highest binding affinity of -6.4. The value of the Positional Root Mean Square Deviation was also computed. VAL2867,
THR2864, VAL2899, LYS2903, LYS2906, and LEU2902 are residues located in the receptor's active site. Lupeol, a ligand,
may be an effective lung cancer treatment.
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INTRODUCTION

Cancer is the second most common cause of death on the globe. Cancer is responsible for around one-
sixth of all deaths [1]. Lung cancer is one of the malignancies with a higher death rate than prostate, colon,
and breast cancers [2]. Lung cancer is also the second leading cause of new cancer cases in both men and
women [3]. Nonsmall cell lung cancer [NSCLC] is a frequent subtype of lung cancer that accounts for 85-
90 percent of new cases [4, 5]. Epidermal growth factor [EGFR] overexpression is responsible for about
62 percent of NSCLCs [6]. Chemical medication is now a popular treatment option for NSCLC [7].

Several resistance proteins, including P-GP, lung resistance protein [LRP], and MDR-associated protein,
are implicated in the MDR of NSCLC in clinical studies [8, 9]. In lung cancer cells, large levels of LRP
expression were seen in the nuclear envelope and cytoplasm [10]. Natural products are becoming
increasingly important in the development of next-generation ABC modulators, especially following the
dismal outcomes of the first three-generation ABC modulators in clinical trials [11].

In recent years, network pharmacology has emerged as a new science based on system biology and multi-
direction pharmacology that can accurately predict drug action mechanisms [12], find new therapeutic
targets [13] and better understand the mechanism of interactions between bioactive chemicals and
cellular pathways. Molecular docking technology is a useful tool for modernization research since it
allows for virtual drug screening [14]. The crystal structure of CPd8 and the Lupeol molecule was docked
in the current investigation.

MATERIAL AND METHODS

Protein Preparation

The protein acquired from Protein Data Bank is the most significant molecule for Molecular Docking. The
crystal structure of CPd8, an X-Ray diffracted structure with a resolution of 2.84Ao [15], was chosen. The
undesirable structure in the macromolecule, such as side chains, water molecules, heat atoms, and ligand
groups, was eliminated using discovery studio. [Figurel] Then it's saved in PDBQT format for autodock
[16].

Ligand Preparation

The docking small molecule or ligand was retrieved from the PubChem database.
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Lupeol was found as a three-dimensional structure with the Pub Chem CID 3D 259846 [Figure2]. It was
initially saved in SDF format before being converted to PDB format. For autodock compatibility, the
energy was reduced and translated to PDBQT format [17].

Docking Protocol

The finest program for molecular docking is Autodock Vina. On autodock vina, the major molecules
[protein and ligand] for docking were opened and pre-processed. A grid box with dimensions of
62X58X25 and 72.3995, -18.7200, and 9.81 was produced and centered. The protein and ligand were
chosen and the experiment was carried out. The MD's findings were saved in a discovery studio file.
Protein and ligand interactions with their molecular surfaces, known as H-bonds, were recorded as PNG
files. JPEG files were used to save the 2d interactions and various visualizations of the interactions.

RESULTS AND DISCUSSION
NSCLC has a high malignancy rate, a dismal 5-year survival rate, and a poor prognosis. When compared to
chemotherapy, having precise predictive biomarkers and receiving targeted therapy or immunotherapy
improves the quality of life and progression-free survival [PFS] for patients with advanced lung cancer
[18]. Recently, there has been a surge in interest in using natural substances to treat cancer patients that
express P-gp constitutively and are resistant to several chemotherapy drugs. Animals are not poisonous
to some of these phytochemicals [19]. These drugs promote the accumulation and efficacy of
chemotherapeutic medicines via two possible mechanisms: 1 functional inhibition of P-GP-mediated
transport [20], and/or [ii] a decrease in P-gp expression [21]. One of the main mechanisms of MDR is
tumor cells' increased ability to efflux medicines, resulting in a reduction in cellular drug accumulation
below dangerous levels. Several members of the ABC superfamily of membrane transporters are involved
in active drug efflux [22].
Molecular docking is a structure-based drug design strategy that predicts the affinity and binding pattern
of ligands and receptors, speeds up drug design and screening, and provides a foundation for future
experimental detection [23]. To investigate the stability and flexibility of ligand-target complexes in a
specific system, molecular dynamics simulations are used [24]. As a result, autodock tools were used to
undertake molecular docking investigations, and Lupeol was docked with the crystal structure of CPd8
with the PDB ID: 7DN4. Preprocessing of the protein and ligand resulted in an energy minimization of
928.20 for the ligand Gentiobiose. The greatest negative protein binding affinity will be -6.4.
The discovery studio file was used to examine the interactions between proteins and ligands. The
distances between H bonds in various aminoacids were computed. VAL2867, THR2864, VAL2899,
LYS2903, LYS2906, and LEU2902 are key interacting residues. [Table 1] shows the distances between H-
bonds and the H-bond interacting residues. The root means square deviation value will be zero in those
conformations. [Table 2] shows the binding affinity of those compounds with the macromolecule in
various conformations, as well as the Root Mean Square Deviation [RMSD] values of the interacting
molecules [Protein and Ligand]. [Figures 3, 4, 5, 6, 7and 8] show the interactions of protein and ligand
[Lupeol]. It's also visible in charts like the Ramachandran plot [Figure 9], the Hydrophobicity plot [Figure
10], and contact plots like the CAlpha plot [Figure 11], the CBeta plot [Figure 12], the Sidechain plot
[Figure 13], the H bond plot [Figure 14], and the Residue plot [Figure 15]. As a result, molecular docking
simulation ligand-target binding, as well as mechanism study on Lupeol therapy for NSCLC, may serve as
a platform for future NSCLC targeted medication development.

Table 1. The molecular docking studies of compounds with the crystal structure of CPd8

S.No | Compound name | Docking score H-Bond Distance
Interaction
1. Lupeol -6.4 VAL2867 3.81
4.66
THR2864 4.61
4.95
2.87
2.59
VAL2899 4.55
4.66
4.24
LYS2903 4.23
4.27
5.16
LYS2906 4.75
4.89
LEU2902 4.19
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Bound values of Lupeol

Table 2 shows the various binding affinity and root mean square deviation [RMSD] Upper and Lower

Ligand Binding Affinity | rmsd/ub | rmsd/lb
pro7dn4_A_Lupeol_uff E=928.20 -6.4 0 0

-6.3 22.112 19.457
-6.3 27.735 22.741
-6.2 19.255 16.35
-6 25.263 21.046
-5.9 23.696 19.884
-5.9 23.113 2091
-5.9 25.153 22.376
-5.8 23.462 20.093
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Figure 1 shows 3d structure of crystal
structure of CPd8

Figure 3 shows the interaction of Lupeol with
the crystal structure of CPd8
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Figure 2 shows the 3d structure of Lupeol

Figure 4 shows the interaction of Lupeol with
the crystal structure of CPd8 with a receptor
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Figure 7 shows the interaction of Lupeol with the Figure 8 shows the 2d diagram of the
crystal structure of CPd8 interaction of Lupeol with the crystal
structure of CPd8
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Figure 10 shows the interaction of Lupeol with the crystal structure of CPd8 in Hydrophobicity Plot
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Figure 11 shows the interaction of Lupeol with the crystal structure of CPd8 in
C-Alpha Plot
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Figure 12 shows the interaction of Lupeol with the crystal structure of CPd8 in
C-Beta Plot

BEPLS Vol 11 [4] March 2022 35|Page ©2022 AELS, INDIA



Baskaran et al

complexl :SideChain

L .I - -
=" .. s n - -"_J
- il i - -
- ‘ - LB
100 =+ - g—- - -: .; -P.‘..d# a1
l'_ .- -‘_.!"
o
— '.: -__ J:‘J‘- ._-..- -
80+ - ] = . g ar - 5
- a™ B = - -, - =
" - - = - - .
=2 - sl
E 1_ [l :i - ;s ]
@ &0t gl =0 - = - bt T
é -r‘ - d h‘c- = > r -
e e - - |
- - - -
‘-.- e = g
a0t - m . 1
- ea
- y -
= - B
- B = - - - - -
AR 7 " eis TR
- - - #
> A% B -1
- -- . : y h - p 2 - : ‘
°3 20 20 &0 80 100
Residue Index
Figure 13 shows the interaction of Lupeol with the crystal structure of CPd8 in
Sidechain Plot
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Figure 14 shows the interaction of Lupeol with the crystal structure of CPd8 in
H-bond Plot
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Figure 15 shows the interaction of Lupeol with the crystal structure of CPd8 in
Residue Plot

CONCLUSION

Even though there are numerous treatments for lung cancer, the development of effective therapy is
critical due to the high death rate. As a result, computational analyses of the crystal structures of CPd8
and Lupeol were conducted. With 15 interactions, the greatest binding score is -6.4. Literature and
different graphs also support the receptor-ligand relationships. VAL2867, THR2864, VAL2899, LYS2903,
LYS2906, and LEU2902 are the residues identified in the receptor's binding site. As a result, Lupeol has
the potential to be a cure for lung cancer.
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