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ABSTRACT
Cancer is the world’s second leading cause of death, and there are no approved herbal therapies. The
epidermal growth factor receptor tyrosine kinase (EGFR-TK) receptor is a transmembrane protein with
eight domains that is found in almost every cancer type and plays an important role in abnormal cell
cellular function and causes malignant outcomes. The current study aimed to virtually screen phyto-
chemicals from the NPACT database against EGFR-TKD and also to identify potential inhibitors of this
transmembrane protein among plant candidates for anticancer drug development. The docking scores
of the chosen phytochemicals were compared with the control (erlotinib). Kurarinone, (2S)-2-methoxy-
kurarnione, and Sophoraflavanone-G exhibited a stronger binding affinity of �18.102 kcal/mol,
�14.243 kcal/mol, and �13.759 kcal/mol than erlotinib �12.783 kcal/mol. Moreover, several online
search engines were used to predict ADME and toxicity. The drug-likeness of selected phytochemicals
was higher than the reference (erlotinib). A 100ns molecular dynamic (MD) simulation was also
applied to the docked conformations to examine the stability and molecular mechanics of protein-lig-
and interactions. Furthermore, the calculated molecular mechanics Poisson Boltzmann surface area
energy of (2S)-2-methoxykurarnione was found to be �129.555±0.512 kJ/mol, which approximately
corresponds to the free energy of the reference molecule �130.595±0.908 kJ/mol. We identify phyto-
constituents present in Sophora flavescens from the NPACT database, providing key insights into tyro-
sine kinase inhibition and may serve as better chemotherapeutic agents. Experimental validation is
required to determine the anti-EGFR potency of the potent lead molecules discussed in this study.
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1. Introduction

Cancer is the second most deadly disease globally. In 2022,
1.9 million new cases and 609,360 numbers of deaths were
reported only in the United States (ACS, 2022). Among all
cancers, breast and lung cancer is the leading cause of mor-
tality. Cancer can be prevented by using various therapies
such as radiation therapy proton beam therapy, three-dimen-
sional conformal radiation therapy, and chemotherapy (Xu
et al., 2017; Mori et al., 2020; Levin et al., 2005). However,
treating patients with these therapies cause multiple side
effects which may stumble the expectancy of life. Receptor
tyrosine kinases (RTKs) including VEGF, EGFR, EGFR-VIII, HER-
II, HER-III, IGFR, c-Met, PDGFR, FGFR, AXL, and IL-6R play a
crucial role in cellular signaling among abnormal cells (Fantl
et al., 1993). These receptors are transmembrane proteins
consisting of ectodomain and endodomain. The ectodomain
comprises 4 domains (I, II, III, and IV) and the endodomain is
a kinase domain known as the cytoplasmic domain. Besides
these two domains, the fourth domain of the ectodomain is

connected with the transmembrane domain followed by jux-
tamembrane and connects cytoplasmic domain thus forming
a complete epidermal growth factor receptor tyrosine kinase
(EGFR-TKD) transmembrane domain (Garrett et al., 2002;
Ogiso et al., 2002). Apart from EGFR-TKD, Ras protein and S-
Adenosyl-l-methionine (SAM III) are targeted because Ras
protein mutation-mediated activity has been found in cancer
patients on a regular basis (Chen et al., 2021; Chen et al.,
2022).

In almost all types of cancer cells, the RTKs are present to
initiate the downstream signaling upon binding of a ligand
(such as EGF, TGF, HGF), to the ectodomain of EGFR. During
ligand bindings, the EGFRs dimerize and activate auto-phos-
phorylations of the cytoplasmic domain thus activating the
tyrosine-dependent enzymes SOS, JAK, RAF, RAS, SRC, STAT,
etc., that are the key enzymes to regulate differentiation,
growth, survival proliferation, mortality and, angiogenesis
(Jeppe Knudsen et al., 2014; Xia et al., 2018), inhibiting the
function of the RTKs prevents abnormal cell growth (Shimizu
et al., 2008; Shimizu et al., 2011).
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Multiple synthetic drugs were rationale designed to
inhibit the function of RTK including erlotinib, gefitinib, ose-
mertinib, and sunitinib which accommodate themselves in
the binding pocket. Over the last five years, substantial tyro-
sine kinase inhibitors (TKIs) have been authorized for a var-
iety of cancers. These compounds block kinase enzymes,
which operate as ‘on’ or ‘off’ switches in a variety of cellular
processes such as proliferation, apoptosis, metabolism, and
transcription. Rash, mucositis, and diarrhea are all frequent
side effects of EGFR TKIs (Melosky & Hirsh, 2014).

The rash is one of the most prevalent side effects seen in
people using EGFR inhibitors. The approval of afatinib in
non-small-cell lung cancer (NSCLC) revealed that 89 percent
of patients treated with the drug had a rash. Other prevalent
side effects are diarrhea (in 95% of patients), stomatitis
(72%), paronychia (57%), and dry skin (29%) (Oliveira, 2015).
Many inhibitors of EGFR-TKD have toxicity risks.
Malformations are also reported by using imatinib among
normal delivery pregnancy patients (Pye et al., 2008), and
erlotinib itself shows hepatotoxicity. Patients treated with
tyrosine kinase inhibitors showed mild to moderate toxicity.
But due to the adverse effects (AEs) of TKIs, the treated dose
was reduced to a small proportion and can improve the
quality of the life (Ding et al., 2017; ). The side effects include
dermatological responses, hepatoxicity, stomatitis, interstitial
lung diseases, and eye toxicity (Shah & Shah, 2019).
However, discontinuing tyrosine kinase inhibitors (TKIs)
before patients develop severe adverse effects such as hep-
atotoxicity, improves the performance of the drug among
patients with positive EGFR-mutated tumors (Sakata et al.,
2020). As the adverse effects on patients from these drugs
are a major issue in the present scenario, alternative
Phytochemicals have a wide history in Ayurveda. Combating
the hurdles occurring due to synthetic drug molecules, phy-
tochemicals are a good option to serve as chemotherapeu-
tics and inhibit the cellular function of abnormal cells with
no side effects. In this present study, we explore some phy-
tochemicals from the Naturally Occurring Plant-based Anti-
cancerous Compound Activity Target (NPACT) database that
may serve as better anti-EGFR-TKD agents. Thus, an in silico
approaches and various search engines were used to deter-
mine the efficacy of the phytochemicals from the selected
database against EGFR.

2. Methodology

2.1. Retrieval of target protein and binding site
prediction

The wild-type EGFR-TKD X-ray crystallographic structure
1M17 (Stamos et al., 2002) was searched and obtained from
the online database www.rcbs.com. Structural analysis of
tyrosine kinase domain was done by using the https://www.
ncbi.nlm.nih.gov/Structure/icn3d web server (Wang et al.,
2020).

The occupancy of the amino acids existed in the binding
site was found in the C-lobe and N-lobe of tyrosine kinase
domain. The 3D X-ray crystallographic structure 1M17 were
used to identify the binding site of TKD, using ArgusLab

software () and amino acids existing in the active site of the
TKD (1m17.pdb) were found to be Leu694, Ala719, Lys721,
Glu738, Leu764, Thr766, Gln767 Leu768, Met769, Pro770,
Phe771, Gly772, Leu820, Thr830, and Asp831.

2.2. Ligand properties and molecular docking
assessment

The Naturally Occurring Plant-based Anti-cancerous
Compound Activity Target Database was screened with the
aimed to identify the non-toxic drug-like molecule using
online servers such as pKCSM, and Swiss ADME, MolSoft L.L.C
(Pires et al., 2015; Daina et al., 2017). The 2D structures were
converted to a Simplified Line Entry System (SMILES) by
using open babel (O’Boyle et al., 2011). Furthermore, the
non-toxic molecules were screened for drug-likeness scores
using the MolSoft L.L.C server (Molsoft, 2007). Out of 1800
molecules, some molecules showed non-toxic behavior and
higher drug-likeness score (Table S1). These non-toxic mole-
cules were further implemented for molecular docking
simulation to observe the hits with the binding site of the
EGFR-TKD. The phytochemical database contains 1800 mole-
cules and erlotinib was taken as a reference. All phytochemi-
cals were prepared by using the MMFF94x force field in
MOE09 software. The structure was minimized in a vacuum
for 1 ns using the GROMOS96 force field. The final minimized
structure was obtained for further molecular investigations.
The protein was prepared, water molecules were removed,
and hydrogen was incorporated, partial charges were added
to the system by using 3D protonate application of MOE09
software. Virtual screening was carried out using the London
dG method, placement Triangle Matcher. Retain module was
dropdown to 10, and final refined poses was ranked by the
MM/GBVI binding free estimation. The data generated were
written in output database after the docking is finished.
Finally, LigX module was used to determine the interactions
exhibited by phytochemicals with the catalytical site of the
tyrosine kinase.

Table 1. Molecular docking of Kurarinone, (2S)-2-Methoxykurarinone,
Sophoraflavanone, and Erlotinib with the template protein EGFR-TKD and the
observed interactions were found with the key amino acids residues in the
binding site.

Ligand Receptor Residue Chain Type Score Distance

1. Kurarinone
H 4793 OD 2582 ASP 831 1M17 H-don 84.3% 1.22
O 4747 NZ 805 LYS 721 1M17 H-acc 14.4% 3.17
O 4746 OG 1500 THR 766 1M17 H-acc 73.3% 2.80

2. (2S)-2-Methoxykurarinone
O 4747 OG 1500 THR 766 1M17 H-don 17.7% 3.00
H 4809 O 2325 ARG 817 1M17 H-don 48.3% 1.42
O 4747 OG 1500 THR 766 1M17 H-acc 17.7% 3.00
O 4746 N 1544 MET 769 1M17 H-acc 16.6% 3.10

3. Sophoraflavanone-G
O 4748 OG 1500 THR 766 1M17 H-don 90.2% 2.43
H 4802 OD 2582 ASP 831 1M17 H-don 41.7% 1.33
O 4747 OG 1500 THR 766 1M17 H-acc 22.1% 2.94
O 4748 OG 1500 THR 766 1M17 H-acc 90.2% 2.43
O 4746 N 1544 MET 769 1M17 H-acc 77.5% 2.74

4. Erlotinib
N 4787 N 1544 MET 769 1M17 H-acc 22.6% 3.15
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2.3. DFT assessment of lead phytochemicals

The lead phytochemicals obtained from the NPACT database
by in-silico prediction were subjected to molecular orbital
calculations by applying the Density Functional Theory (DFT)
method. The DFT calculations were carried out by setting up
a correlation function (B3LYP) and basis set 6-31þG� level.
Higher occupied and lower unoccupied atomic orbitals were
identified. The frontal orbitals HOMO and LUMO were calcu-
lated from those orbitals the energy gap (DE) was deter-
mined finally other QM parameters were calculated such as
ionization potential (I) I =-EHOMO (eV), softness (r) r¼ 1/g,
chemical potential (m) m=-IþA/2, electronegativity (v) v¼
IþA/2, hardness (g) g ¼ I-A/2, electron affinity A=-ELUMO

(eV) and global electrophilicity (x) x¼ l2/2g were calculated
(Parr et al., 1999; Mebi, 2011) by the mentioned descriptors.

2.4. Molecular dynamic simulations and molecular
mechanics Poisson Boltzmann surface area (MM-
PBSA) assessments

The molecular dynamic simulations were carried out by using
the gromacs 5.1.1 (Jo et al., 2008; Pereira et al., 2019). The
protein (TKD) was prepared by passing through multiple
steps. The structure was cleaned, and the inhibitor was
removed from the protein-ligand complex and generate top-
ology using AMBER99SB-ILDN.ff (Wang et al., 2006; Lindorff-
Larsen et al., 2010) with recommended TIP 3-point model.
The ligand topology was generated using t-leap and parame-
ters were assigned using GAFF (Sousa da Silva & Vranken,
2012; Kashefolgheta & Verde, 2017). Next, the complex was
placed in the grid box which is 1 nm apart from the periodic
boundaries. The system was solvated and neutralized by
using Naþ and Cl�. The steepest descent method was used
for energy minimizations. The temperature and pressure
were adjusted to 300 K at 1 bar using a thermostat and baro-
stat coupling constants. The coulomb’s cut-off scheme was
kept at 1.2 nm and long-range electrostatic interactions were
handled by the PME algorithm. To constrain bond length,
the LINICS algorithm was used (Borkotoky & Murali, 2018;
Hess et al., 1997). The NVT and NPT methods were used to
equilibrate the system for 100 ps (Brooks et al., 2009). The
simulations were performed by applying a time step of 2 fs
for 100 ns. The RMSD, RMSF, Hbond distance, RMSF modules
of gromacs were used for MDS analysis

2.5. Assessment of free binding energy (MM-PBSA)

Free energy was calculated by linearized traditional PBE
methods. Multiple Debye-Huckle sphere boundary conditions
and ionic strength of 0.150M concentrations were used. The
values of dielectric constants of protein and water consid-
ered for implicit solvation were set to 4 and 80 respectively,
while default grid dimensions of x¼ 129, y¼ 129, and
z¼ 97Å was maintain. Nonpolar solvation energy was calcu-
lated using solvent accessible surface area (SASA) model.
Also, the default values of surface tension of the solvent, and
SASA energy constant from previous MM/PBSA calculations

of 0.0226778 kJ/mol Å2, and 3.84982 kJ/mol were used
respectively (Ayoub et al., 2019).

The average free energy binding of non-toxic phytochemi-
cals and erlotinib-bound EGFR-TKD complexes was per-
formed by using g_mmpbsa (Kumari et al., 2014). The final
2000 frames from input files were obtained after the comple-
tion of molecular dynamic simulations and were used for
free energy binding calculations. The average free energy
binding was calculated by the bootstrap method using
MmPbSaStat.py. The decomposition energy of each amino
acid contributes to free energy bindings was calculated by
the MnPbDecomp.py module of g_mmpbsa. The DGbind was
calculated according to the following equation.

DGbinding ¼ DGcomplex � DGprotein þ DGligand (i)

Gcomplex denotes the total free energy of the protein-
ligand complex, whereas the isolated total free energy of
protein and ligand are represented as Gprotein and Gligand in
the above-given equation.

The free energy of an individual entity is summed up by
the equation given below:

Gx ¼ EMM – TS þ GSolvation (ii)

The protein-ligand complex is denoted by X, and EMM
denotes an average molecular mechanic’s potential energy
in a vacuum, as calculated by equation (ii).

Gsolvation denotes the free energy of solvation, TS
denotes the entropic free energy contribution in a vacuum,
and T denotes temperature and S entropy. For MD studies of
complexes with single trajectory approaches, the entropy
term is negligible as its inclusion does not improve the
agreement with the experiment (Muhammad et al., 2020;
Yang et al., 2011).

EMM ¼ Ebonded þ Enonbonded ¼ Ebonded þ EvdW þ Eelec
(iii)

Ebonded represents the collective interactions of the dihe-
dral, angle, and bond. whereas the nonbonded interactions
consist of van der Waals (EvdW) and electrostatic (Eelec)
interactions.

Furthermore, Free Energy of Solvation, Polar Solvation
Energy, Non-polar Solvation Energy, SASA-Only, and polar
models were calculated. The decomposed contributions of
the free energy binding of each amino acid are calculated
from DEMM, DGpolar, and DGnonpolar.

2.6. Principal component analysis and free energy
landscape analysis

The movement of amino acids to a set of linearly uncorre-
lated variables is commonly studied using the principal com-
ponent (PCA) analysis of statistics (Aier et al., 2016, Mir &
Nayak, 2022). To begin with, the covariance matrix and
eigenvalues were built using the Gromacs package gmx
anaeig. By diagonalizing the covariance matrix, the eigenvec-
tors are calculated. The associated motions in a sampled sys-
tem were computed by using the gmx covar module. The
graphs were plotted using the free Xmgrace software avail-
able on (http://plasma-gate.weizmann.ac.il/Grace/).
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3. Results and discussion

3.1. Molecular docking simulations

Molecular docking simulations are very useful tools to pre-
dict the ligand binding with the respective receptor and are
used in both industrial and academic sectors. Molecular
dockings were carried out using molecular operating envir-
onment (MOE-09) software. The docking method was vali-
dated by identifying the RMSD of the control molecule using
the original experimental complex (1M17) and redocked in
the binding site through which the RMSD was calculated
and the value was found to be 1.3956 Å (Figure 1a). The
NPACT database was screened with the (EGFR-TK) and the
hits were observed with the binding site of the tyrosine kin-
ase (TK). The top hits exhibited by the ligands were found to
be with key amino acids MET 769, LYS721, ARG 817, and
ASP831 in the catalytical site. Interestingly, Sophoraflavanone
and (2S)-2-methoxykurarinone showed interactions with
Met769 at the hinge region of the catalytical site. The
Kurarinone did not show interactions with the Met769 but

with other amino acids in the binding site, the interactions
were found with better binding affinity. The 2-(2,4-
Dihydrophenyl)-7-hydroxy-5-methoxy-8-(5-methyl-2-prop-1-en-
2-ylhex-4-enyl)-2,3-dihydrochromen-4-one (Kurarinone) in
which the 7-hydroxy and 5-methoxy groups of dihydrochro-
men-4-one showed robust bindings with sidechain OH group
of Thr766, NH3 of Lys721, and COOH group of the Asp831.

Also, the (2S)-2-(2S)-7-hydroxy-2-(4-hydroxy-2-methoxy-
phenyl)-5-methoxy-8-[(2R)-5-methyl-2-prop-1-en-2ylhex-4enyl]-2,
3-dihydrochromen-4-one ((2S)-2-methoxykurarinone) in which
7-hydroxy-5-methoxy dihydrochromen-4-one exhibited interac-
tions with sidechain OH group of Thr766 and with Met769 NZ
backbone atom also the 2-(2,4-Dihydroxyphenyl) exhibited
interactions with amino acid Arg 817 COOH side chain group.
Furthermore, the (Sophoraflavanone) (2S)-2-(2,4-dihydroxy-
phenyl)-5,7-dihydroxy-8-[(2R)-5-methyl-2-prop-1-en-2-ylhex-
4-enyl]-2,3-dihydrochromen-4-one exhibited interaction
with Thr766 and Met769 and Asp831 through 2,4-dihydrox-
yphenyl moiety and 5,7-dihydroxy 2,3-dihydrochromen-
4-one.

Figure 1. (a) The representation of the redocked erlotinib drug molecule with the experimental complex. The green color erlotinib was redocked as the control
molecule and the pink carbon color erlotinib is complexed in the tyrosine kinase (1m17). (b) Phytochemicals achieved interactions with the key amino acids in the
binding site of the EGFR-TKD. The N-lobe, C-lobe, hinge region, and the binding site was marked by dashed circles in blue in the middle figure which represents
the binding site occupying the amino acids from N-lobe, C-lobe, and the hinge region.
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Figure 2. The 2 D interactions of respective phytochemicals with the binding site, phytochemicals exhibited similar interactions as reference molecule erlotinib.
Kurarinone, Sophoraflavanone, and (2S)-2-methoxykurarinone showed interactions with Lys721, Thr766, Met769, Arg817, and Asp831 in the catalytical site includ-
ing the hinge region of the tyrosine kinase.

Figure 3. Identification of lead molecules from the phytochemical database using online search engines and found three phytochemicals, Kurarinone, (2S)-2-
methoxykurarinone, and Sophoraflavanone-G.
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The hydrogen bonds of each amino acid take part in the
interactions as well as the hydrogen bonds of ligands were
removed for clear visualizations and orientations in the bind-
ing site of tyrosine kinase (Figures 1a, 1b, & 2).

The binding affinity of the selected phytochemicals
Kurarinone, (2S)-2-methoxykurarinone, Sophoraflavanone,
and Erlotinib were found to be �18.102 Kcal/mol,
�14.243 Kcal/mol, �13.759 Kcal/mol, and �12.783 Kcal/mol

Table 2. Global electrophilicity and associated terms, calculated by density functional theory using the B3LYP 6-31þG� method.

Global Electrophilicity Parameters Kurarinone (2S)-2-methoxykurarinone Sophoraflavanone G Erlotinib

EHOMO (eV) �5.888 �5.847 �6.112 �5.068
ELUMO (eV) �1.237 �1.176 �1.912 �2.845
E gap (eV) 4.651 4.671 4.199 2.222
I =-EHOMO (eV) 5.888 5.847 6.111 5.068
m=-IþA/2 �3.562 �3.511 �4.012 �3.957
A=-ELUMO (eV) 1.236 1.176 1.911 2.845
v¼ IþA/2 3.562 3.511 4.012 3.957
g ¼ I-A/2 2.325 2.335 2.099 1.111
r ¼1/g 0.430 0.428 0.476 0.900
x¼l2/2g 2.729 2.639 3.832 7.041

Figure 4. (a) The higher occupied molecular orbital (HOMO), lower unoccupied molecular orbitals (LUMO), and energy gap (DE) of the potent EGFR-TKD inhibitors
Kurarinone, (2S)-2-methoxykurarinone, Sophoraflavanone G, and erlotinib were calculated. (b) RMSD plots of ligand Kurarinone, (2S)-2-methoxykurarinone,
Sophoraflavanone-G, and erlotinib when superposed on TK and trajectories were achieved. Each complex is represented by the colors given in the legend box.
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respectively (Table S1). The interactions exhibited by the lig-
and with the template protein EGFR-TKD were represented
in Table 1 and the associated parameters such as interacted
moieties of Kurarinone, (2S)-2-methoxykurarione,
Sophoraflavanone-G and Erlotinib with EGFR-TKD, residues
involved in interactions, type of bonding, docking score and
distance of bonds in Å. The lead phytochemicals (2S)-2-
methoxykurarione, and Sophoraflavanone-G showed similar
interactions like erlotinib, and the interactions were found
with key amino acid MET 769 those interactions find support
from the several studied (Stamos et al., 2002, Mir et al.,
2022). The amino acids surrounding to the molecules were
represented in elemental color also Kurarinone, (2S)-2-
methoxykurarione, Sophoraflavanone-G, and Erlotinib were
colored in orange, green, marron, and elemental. The dock-
ing results showed that all three phytochemicals achieved
higher binding affinity than reference molecule erlotinib
against TKD (Table S1). These preliminary in-silico investiga-
tions demonstrated that present chosen phytochemicals
interacted with key amino acid residues and accommodated
in a binding pocket thus may serve as a potent inhibitor of
the TK. Further investigations such as molecular dynamics
simulations and MM-PBSA calculations are necessary to valid-
ate the docking study.

3.2. ADMET analysis

The Pharmacokinetic properties of 1800 molecules were
investigated using online search engines SwissADME and
pkCSM and MolSoft L.L.C. Potential drug-like candidates were
filtered at early stages and selected molecules were chosen
which are non-toxic and followed ADMET properties. This
method is cost-effective, reliable, and reduces experimental
costs. We assessed the ADMET filter of the NPACT database
and remove molecules that are highly toxic such as AMES
toxic, hepatotoxic, Ether go-to-go related toxicities (herG-1 &
II), low drug-likeness scores, and low oral bioavailability. After
completing the ADMET search using multiple online servers
we found that 55 molecules showed non-toxic behavior.
Among the 55 molecules, some molecules have a molecular
weight (MW) of more than 500 but not exceeding 700.
Furthermore, the drug-likeness of these molecules was
assessed, and found three molecules showed higher drug-
likeness, and docking hits were found to be higher than the
reference molecule (Figure 3, Table S1 & S2).

Toxicity is a major issue in the reported drug molecules (1
to 3 generations) approved by FDA. Currently approved
drugs available in the market show multiple complications
such as diarrhea, vomiting, skin rashes, and overexpression
of EGFR oncogenic target. The erlotinib itself showed hepato-
toxicity during prediction in the early stages; hence, alterna-
tive medicine is needed to prevent the abnormal and
redundant signaling pathways. Further in-silico investigations
of three phytochemicals from the database with MW � 500
to determine their suitability as EGFR inhibitors.

3.3. Global electrophilicity parameters of lead
phytochemicals calculated by the DFT method

The DFT calculations of the best lead phytochemicals
Kurarinone, (2S)-2-methoxykurarinone, Sophoraflavanone-G,
and erlotinib were done. The calculated values of HOMO,
LUMO, electronegativity, hardness, softness, ionization poten-
tial, and electron affinity parameters determine the global
electrophilicity of the lead molecules and compare them
with the reference molecule. The graphical representations
of HOMO LUMO and the attained energy band gap (DE) in
eV are represented in Figure 4a.

The ionization potential (I) directly relates to HOMO
energy EHOMO. The regions of HOMO and LUMO were
investigated, HOMO orbitals were uniformly distributed over
the whole TPSA of molecules and the LUMO was assigned to
chromen-6-one among phytochemical Kurarinone, (2S)-2-
methoxykurarinone but in Sophoraflavanone G the HOMO
orbitals were assigned on the substituted moieties of
chromen-6-one and the LUMO shifts were assigned to chro-
men-6-one. The electronegativity of the reference molecule
erlotinib (3.957 eV) matches with the phytochemicals and the
values were found to be 3.562 eV, 3.511 eV, and 4.012 eV for
Kurarinone, (2S)-2-methoxykurarinone and Sophoraflavanone
G respectively (Table 2). These results demonstrated that the
reactivity of these phytochemicals is less than that of erloti-
nib, whereas the stability showed by erlotinib is lower than
the stability achieved by the phytochemical lead molecules
this envisages that the present selected molecules may show
more stability when meets the biological target.

3.4. Analysis of MD simulations

Molecular dynamics simulations are a convenient tool to
determine the stability of ligands with the respective target.
After screening 1800 phytochemicals, the top docking and
higher drug-likeness candidates were assessed for stability
and flexibility. Besides these calculations, the Hydrogen bond
distance, motions of sampled complexes, Gibbs energy
Landscape, compactness of complexes, and protein folding
were also calculated. The molecular dynamics simulations
were performed for 100 ns. Phytochemicals Kurarinone, (2S)-
2-methoxykurarinone, Sophoraflavanone, and erlotinib bound
EGFR were subjected to MD Simulations. These phytochemi-
cals are non-toxic as per prediction and share structural iden-
tity with reference molecules. Three complexes bound with
EGFR and reference-erlotinib bound tyrosine kinase were
investigated at the atomistic level.

3.5. Ligand RMSD

The stability of ligand in the binding site of tyrosine kinase
was performed and all-lead candidates achieved stability
throughout the simulation period. The computed RMSD of
the Kurarinone-TKD was found to be 0.25� 0.45 nm till 78 ns
of simulations and then the RMSD increased slightly till the
end of simulations. Also, it was observed that the ligand
remained in the catalytical site of tyrosine kinase. The
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Sophoraflavanone bound TKD attains stability from the very
initial step of the simulations and the computed RMSD was
found to be 0.3� 0.5 nm. In complex (2S)-2-methoxykurari-
none the computed RMSD was 0.2� 0.3 nm approximately
for the first 12 ns of the simulations then the value remained
between 0.3� 0.4 nm throughout the simulation period also
the reference ligand achieved RMSD 0.1 to 0.3 nm till the
end of simulation.

The linear RMSD trajectories of ligands reflected from all
complexes in this study provide insights into tight bindings
with the receptor and thus pave a way for the development
of novel phytochemicals (Figure 4b).

The snapshots at different time intervals were taken to
analyze the ligand binding pattern and conformations during
simulations. It was observed that ligand achieved bindings
with the binding site till the end of the simulation period.
The interactions were also identified with key amino acids

Lys721, Thr766, Gln767, Met769, and Asp830 by each com-
plex (Figure 5).

Kurarinone, (2S)-2-methoxykurarionone, and
Sophoraflavanone-G bound with tyrosine kinase showed
robust binding with the binding site also conformational
changes in ligand Kurarinone were observed after 78 ns of
the simulation period. This is because of the conformational
change of the ligand that resulted and a slight change in
RMSD ranging from 78–100 ns.

3.6. Receptor RMSD

The Ca interconnects all the residues of the protein and thus
acts as a major component for the development of protein
structure. Higher Ca variability during simulations leads to
the deformity of a protein and becomes unstable. Thus, the
deformation of protein results in poor structural arrange-
ment. During simulations, the Ca of the TKD bound with the
Kurarinone and Sophoraflavanone was computed, and it was
found that the Ca attained an equilibrium state when
reached 65 to 70 ns and thus attained stability for the rest of
the simulation period. Whereas the Ca of the TKD bound
with (2S)-2-methoxykurarinone and erlotinib (reference)
attained stability from the very initial step till the end of the
simulations. Both structures reach the equilibrium at 10 ns of
the simulation and achieved stable structural conformations
(Figure 6).

3.7. H-bond distance

The Hydrogen bond distance of ligand erlotinib exhibited
interactions with Met769 at the hinge region computed by
using the gmx_dist module of the gromacs 5.1.1., which pro-
vides insights into the ligand bindings and their stability. The
Kurarinone does not show interactions with the Met769

Figure 5. Snapshots of the ligand in the binding site of tyrosine kinase at 200 ps, 25 ns 50 ns, 75 ns, and 100 ns snaps were taken, and analyze the ligand binding
pattern also ligand bindings decipher lead molecules remained in the binding site till the simulation is over.

Figure 6. The RMSD Ca of TKD bound with phytochemicals and reference mol-
ecules and the color of each complex were annotated and represented in the
legend box.
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residue at the hinge region but showed interactions with the
binding site. Moreover, the (2S)-2-methoxykurarinone and
Sophoraflavanone exhibited interactions with the Met769 at
the hinge region and with other key amino acid residues in
the binding site. The average distance and standard devi-
ation of the bond formed between the ligand and receptor
were also calculated (Table 3). The computed trajectory of
the bond distances was given in Figure 7.

3.8. RMSF Analysis of protein

The terminal ends of each phytochemical bound with the TKD
were found higher and followed the trend Sophoraflavanone>
Kurarinone > (2S)-2-methoxykurarinone> Erlotinib. However, in
each complex, the fluctuations in the binding site were lower and
values were found to be 0.1� 0.25nm, determined from the
below given MD plots. This analysis demonstrated that the ligand
binding with the key amino acid residues and the stability of the

protein was within permissible limits (Figure 8). This finding is in
agreement with the recent published work (Mir et al., 2022)

3.9. Compactness and folding of the TKD bound with
phytochemicals

The compactness of the protein during simulations deter-
mines the rigidity of the protein computed through the
radius of gyrations. The folding of the protein was computed
by solvent accessibility surface area which is a driving force
on the protein folding. Moreover, both calculations were
done using gromacs 5.1.1 software. It was found that com-
pactness in each complex was higher and comparable in
each complex bound with phytochemicals as well as erloti-
nib, except Kurarinone bound TKD showed a gradual
increase of the radius of gyrations, determined less compact-
ness of the protein after 90 ns of the simulations which were
not too higher (Figure 9).

Table 3. The average distance and standard deviations of the bonds formed between the ligand and the receptor in the binding
site were computed.

Ligand Bond Average distance (nm) Standard deviation (nm)

Kurarinone UNK-O; Thr766-OG1 0.63403 0.04718
UNK-O; Lys721-NZ 0.78085 0.06490
UNK-H; Asp831-OD1 0.85449 0.16072

Sophoraflavanone UNK-O1; Met769-N 0.54004 0.04528
UNK-HO4; Asp831-OD1 0.50972 0.06383
UNK-O3; Thr766-OG1 0.52158 0.05266
UNK-O2; Thr766-OG1 0.31069 0.04763

(2S)-2-methoxykurarinone UNK-H5; Arg817-O 0.62692 0.08978
UNK-H; Thr766-OG 0.96780 0.07762
UNK-O1; Met-769-N 0.56306 0.08446

Erlotinib UNK-N2; Met-769-N 0.25031 0.01543

Figure 7. The bond distance trajectories of each complex were computed. All trajectories in each complex were found to be linear.
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This implied higher compactness resulted in less fluctua-
tions of complexes during simulations in the aqueous
medium. The SASA values were found similar in each com-
plex bound with TKD. There were no significant differences
when compared with the reference complex. The SASA val-
ues ranged between 147.5 and 167.5 nm2 reflected from the
obtained trajectories (Figure 10).

3.10. Principal component analysis and Gibbs energy
landscape analysis

The flexibility of a protein is commonly determined using
essential dynamics. The PCA was used to analyze the protein
movements and variations of the simulated TKD bound with
the phytochemicals and the reference molecule erlotinib by
using backbone Ca dynamics trajectory data. Using gromacs
5.1.1, the eigenvalues and eigenvectors were calculated,
using gmx the gmx covar and angien modules, and the prin-
cipal components were determined (PC1 & PC2).

The difference between the four sampled systems, one
reference-bound TKD, and three phytochemicals-bound TKD
was shown by the PCA scatter plot created from Ca. Based
on the PCA plot, a comparison analysis was conducted. At
the C-helix, C-lobe, and N-lobe of the reference-bound TKD
complex, compactness was observed in the C-lobe and N-

lobe of TKD (Figure 11). This essential dynamic provides
insights into the structural conformity of the complexes.
Further, the Gibbs energy landscape was done to determine
the meta-energy stable states of the complexes. The Gibbs
energy landscape was computed for four sampled systems, a
reference complex, and three phytochemicals (Kurarinone,
Sophoraflavanone, and (2S)-2-methoxykurarinone) bound
TKD. The red color indicated the maximum stable conforma-
tions state and the blue color denoted the minimum con-
formational stable energy. The average Gibbs energy
landscape of reference bound EGFR-TKD and reference com-
plex was found to be 12 kJ/mol, and (2S)-2-methoxykurari-
none bound TKD showed 12.4 kJ/mol (Figure 12). The
highest stable conformational state was found in the refer-
ence bound TKD which aligns with the (2S)-2-methoxykurari-
none bound TKD. The graphical meta-state stable
conformations were obtained by using the gmx sham mod-
ule and gmx xpm2ps was used to generate the quality
images. This study demonstrated the reference-bound TKD
achieved maximum stability than the other three complexes.
But the (2S)-2-methoxykurarinone bound achieved metasta-
ble conformations parallel to reference bound TKD.

3.11. Free energy calculations

To compute the average free energy binding of phytochemi-
cals and reference, the last 2000 frames were taken for calcu-
lations. The MmPbSaStat.py was used to calculate the
binding affinities of ligand-bound receptors. Also, bootstrap
analysis was used to determine the average free energy
bindings. The free binding energy is a sum of changes in
electrostatic energy, van der Waals energy, SASA energy, and
polar solvation energy. The average binding free energy of
the (2S)-2-methoxykurarinone was found to be
�129.555 ± 0.512 kJ/mol and erlotinib exhibited �130.595 ±
0.908 kJ/mol (Table 4). The DG binding of (2S)-2-methoxykur-
arinone aligns with the reference molecule erlotinib. Further,
the net contributions of free binding energy by each amino
acid residue during simulations were calculated by using the
MmPbSaDecomp.py code. The favorable energy contributions
by residues of the TKD-bound Sophoraflavanone were found
among amino acid residues Val702 ¼ �6.3650, Leu768 ¼
�2.1898, Met729 ¼ �2.2444, and Leu820 ¼ �8.5993 kJ/mol

Figure 8. The root mean square fluctuations were computed and the key
amino acids show lower fluctuations during simulation in an aqueous medium
for a 100 ns time period.

Figure 9. The radius of gyration of the phytochemicals bound with TKD was
computed for 100 ns of simulations.

Figure 10. The SASA of the phytochemicals bound with TKD was computed for
100 ns of simulations.
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and net free energy decomposition contributed by ligand is
�54.3916kJ/mol. (2S)-2-methoxykurarinone bound TKD com-
plex showed favorable net decomposition energy exhibited by
amino acids are Val702 ¼ �6.3098, Lys721 ¼ �4.4184, Met769
¼ �1.5030, Leu820 ¼ �4.5792 and ligand contributes net free
energy �72.0803 kJ/mol. Also, the TKD bound Kurarinone

complex contributed free energy decomposition via amino
acids Leu694 ¼ �2.5847, Phe699 ¼ �4.4156, Val702 ¼
�5.6206, Thr766 ¼ �5.2785, Met769 ¼ �2.7118, Leu820 ¼
�6.9645, Thr830 ¼ �3.5616 and reference complex showed
net higher decomposition energy exhibited by amino acid
Val702 ¼ �6.7934, Lys721 ¼ �5.1734, Leu768 ¼ � 6.4397,

Figure 11. The motion of phytochemical and reference bound TKD were computed by the PCA method using gromacs modules achieved by diagonalizing eigen-
value and eigenvectors and PC1 & PC2 were calculated.

Figure 12. The Gibbs energy landscape of the phytochemicals and reference-bound TKD complexes were represented as (I) Kurarinone (II) Saphoraflavanone (III)
(2S)-2-methoxykurarinone and (IV) Erlotinib-TKD complexes showed more conformational stability.

Table 4. Calculated (DG) free binding energy of phytochemicals and reference molecule erlotinib along with associated parameters.

Ligand DEVdW (kJ/mol) DEElec (kJ/mol) DGpolar (kJ/mol) SASA (kJ/mol) DGbinding (kJ/mol)

1. Kurarinone �120.898 ± 1.025 �65.983 ± 1.779 113.557 ± 1.349 �13.865 ± 0.337 �87.170 ± 0.907
2 Sophoraflavanone �169.033 ± 1.607 �54.877 ± 0.698 165.168 ± 1.794 �18.175 ± 0.171 �76.906 ± 0.787
4 (2S)-2-methoxykurarinone �177.421 ± 0.480 �42.432 ± 236 105.510 ± 1.081 �15.212 ± 0. 529 �129.555 ± 0.512
4. Erlotinib �222.066 ± 0.532 �53.449 ± 0.623 165.597 ± 0.752 �20.680 ± 0.042 �130.595 ± 0.908
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Met769 ¼ �2.5473 and Leu820 ¼ �8.5463 and ligand
�76.9875kJ/mol.

3.12. Post docking analysis of ligand bindings with the
tyrosine kinase domain (TKD)

We observed the interactions exhibited by the Kurarinone,
(2S)-2-methoxykurarione, Sophoraflavanone-G and erlotinib

with tyrosine kinase domain at different time intervals to
determine the binding pattern of the ligand during simula-
tions. It was found that both the hydrophobic and hydrogen
bonding was achieved by the phytochemicals and control
molecule erlotinib with TKD. These insights into the ligand
bindings and stability with the catalytical site of the TKD and
the interactions are given in Figure 13.

Figure 13. Hydrophobic interactions exhibited by the phytochemicals with the tyrosine is denoted by red dotted lines contacts with amino acids colored in black
whereas the amino acids represented in green shows hydrogen bonding with the phytochemicals including control molecule erlotinib. The snapshots were taken
at different time intervals (0 ns, 50 ns and 100 ns). The post docking analysis regarding binding of the ligand were explored in detail it was observed the phyto-
chemicals showed hydrogen as well as hydrophobic interactions with the key amino acids in the binding site. Kurarinone, (2S)-2-methoxykurarione,
Sophoraflavanone-G and erlotinib are represented in I, II, III, & IV.
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4. Conclusion

This study aimed to identify novel phytochemicals from the
NPACT database that inhibit redundant tyrosine kinase sig-
naling, which regulates cell metabolism, survival, prolifer-
ation, angiogenesis, and motility. We found molecules that
follow ADMET properties and are nontoxic. Finally,
Kurarinone, (2S)-2-methoxykurarinone, and Sophoraflavanone
G phytochemicals showed top docking hits with tyrosine kin-
ase domain and showed higher drug-likeness index.
Furthermore, molecular dockings validations of these phyto-
chemicals were done by using molecular dynamics simula-
tions and free binding energy calculations. These
computational methods help to determine the movements
of selected phytochemicals in the binding pocket and the
strength of the bindings. We found phytochemical (2S)-2-
methoxykurarinone as a potent molecule that exhibited free
binding energy (DG binding) comparable to the reference
molecule erlotinib. Furthermore, since (2S)-2-methoxykurari-
none was used in food supplements, it may be the best
choice for inhibiting tyrosine kinase enzyme and the down-
stream regulating pathways which plays a pivotal role in cel-
lular functions and regulating abnormal cell growth, cell
proliferation, angiogenesis, and motility. Further in-vitro and
in-vivo studies are essential to determine the efficiency of
selected phytochemicals for further validation and clinical
trials.
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