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Abstract:
Background: Previous studies have shown that 5-O-benzoylpinostrobin derivatives is a potential anti-breast
cancer, with the highest potential being the HER2 inhibitors, is a protein’s member of the epidermal growth
factor receptor (EGFR) family. Overexpression of EGFR itself is known to be one of the causes of other cancer,
including non-small cell lung cancer (NSCLC). Thus, it is possible that 5-O-benzoylpinostrobin derivatives can
also inhibit the overexpression of EGFR in NSCLC. In the case of NSCLC, mutations of EGFR are often found
in several amino acids, such as L858R, T790M, and V948R. This study aimed to determine the potential of
5-O-benzoylpinostrobin derivatives as an inhibitor of wild type and L858R/T790M/V948R-mutant EGFR.
Methods: Docking was performed using AutoDock Vina 1.1.2 on both wild type and L858R/T790M/V948R-
mutant EGFR. Parameters observed, consisted of free energy of binding (ΔG) and amino acid interactions of
each ligand.
Results: Docking results showed that all 5-O-benzoylpinostrobin derivatives showed a lower ΔG for both wild
type and L858R/T790M/V948R-mutant EGFR, with the lowestΔG shown by 4-methyl-5-O-benzoylpinostrobin
and 4-trifluoromethyl-5-O-benzoylpinostrobin. Both the ligands have the similarity of interacting amino acids
compared to reference ligands between 76.47 and 88.24%. Specifically, the ΔG of all test ligands was lower in
mutant EGFR than in the wild type, which indicates the potential of the ligand as EGFR inhibitors where a
mutation to EGFR occurs.
Conclusions: These results confirm that 5-O-benzoylpinostrobin derivatives have the potential to inhibit EGFR
in both wild type and L858R/T790M/V948R-mutant.
Keywords: 5-O-benzoylpinostrobin, EGFR, molecular docking, NSCLC, pinostrobin
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Introduction

Lung cancer is one of the leading causes of cancer-related deaths among men and women, and non-small cell
lung cancer (NSCLC) comprises the majority of lung cancer [1]. Recent advances in the understanding of cell
signaling pathways that control cell survival have identified genetic and regulatory aberrations that suppress
cell death, promote cell division, and induce tumorogenesis [2]. One such discovery is that of the epidermal
growth factor receptor (EGFR). The EGFR is a family of transmembrane receptor tyrosine kinase protein that
is expressed in some normal epithelial, mesenchymal, and neurogenic tissue. Overexpression of EGFR has
been reported and implicated in the pathogenesis of many human malignancies, including NSCLC [3]. The
use of EGFR inhibitors in the form of monoclonal antibodies such as cetuximab, bevacizumab, nivolumab, and
pembrolizumab, as well as the small-molecule kinase inhibitors (SMKIs) such as icotinib, erlotinib, and gefitinib
are the first choices in the NSCLC therapy [4], [5].

In many cancer types, mutations affecting EGFR expression or activity could result in cancer or cause re-
sistance to specific cancer therapies [6]. In the case of NSCLC, mutations of EGFR are often found in several
amino acids such as L858R, T790M, and V948R [7]. Mutations in these amino acids are a problem, mainly be-
cause they can cause resistance to some EGFR inhibitors for NSCLC therapy such as erlotinib [8]. This underlies
Siswandono Siswodihardjo is the corresponding author.
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the development of the new generation of SMKIs, such as osimertinib, which can adapt to mutations of some
amino acids from the EGFR [9]. Therefore, the development of EGFR inhibitor compounds for NSCLC therapy
needs to consider the interaction of these compounds in both wild type and mutant EGFR.

The development of EGFR inhibitors leads to the development of natural metabolite derivatives that have
cytotoxic activity [10]. Some criteria of metabolites that are ideal for developing derivatives are available and
can be extracted in sufficient quantities and has a pharmacophore group that can react with reagents and have
been investigated and proven to have pharmacological activity [11]. One of the metabolites of natural material
that is quite widely studied is pinostrobin. Pinostrobin is a flavanone present in Boesenbergia pandurata, which is
a marker compound for these plants. The pinostrobin content is found abundant in rhizome compared to other
secondary metabolites, including other well-known active metabolites such as pinocembrin and panduratin A.
Pinostrobin is known to have various pharmacological activities and have been proven through laboratory tests
as anticancer agent [12], [13], [14].

Pinostrobin derivatization has been done earlier, through various types of reactions. Previous research has
found that the prenylation of pinostrobin can increase its cytotoxic activity against various anticancer receptors
[15]. Previously, 5-O-benzoylpinostrobin derivatives design has been carried out by adding pinostrobin to the
benzoyl with several substituent groups at the position of oxygen atom number 5. Previous in silico preliminary
research have shown that 5-O-benzoylpinostrobin derivatives show potential as anti-breast cancer, as well, with
the highest potential being shown as HER2 inhibitors, one of the proteins in member of the EGFR family. Thus,
it is possible that 5-O-benzoylpinostrobin derivatives also have potential as EGFR inhibitors, both in wild type
and mutant. This study aimed to determine the potential of 5-O-benzoylpinostrobin derivatives as an inhibitor
of wild type and L858R/T790M/V948R-mutant EGFR. The limitations of this study are the prediction tests in
silico using the molecular docking method as a basis and guide for further in vitro testing.

Materials and methods

Materials

The hardware used was the ASUS A46CB series Ultrabook with an Intel™ Core i5-3337U@1.8 GHz and Win-
dows 7 Ultimate 64-bit SP-1 operating system. The software used was HyperChem 7.5 from Hypercube Inc.,
OpenBabel 2.4.1 from OpenBabel.org., AutoDockTools 1.5.6 and Autodock Vina 1.1.2 software from The Scripps
Research Institute Inc., PyMOL 2.3.1 from Schrodinger LLC., UCSF Chimera 1.13.1 from University of Califor-
nia, San Francisco, and Discovery Studio Visualizer 19.1.0.18287 from Dassault Systems BIOVIA [16], [17], [18],
[19]. Information on three-dimensional structures of receptor proteins obtained from the website of Protein
Data Bank (http://www.rscb.org).

Ligands preparation

The test ligands used consisted of pinostrobin and also 5-O-benzoylpinostrobin derivatives, as shown in Table
1. The two-dimensional structure was sketched using HyperChem 7.5. with geometry optimization ab initio
basis set 6-31G*. Optimization was done by the Polak-Ribiere algorithm and RMS Gradient 0.1 kcal/mol. Opti-
mization with large basis sets was carried out to obtain the ideal molecular conformation, which approves the
conformation of these compounds in nature [20]. The optimized structure then changes the format from. hin
to. pdb using Open Babel 2.4.1. The use of Open Babel makes it very easy to change ligands from one format
to another without losing their ideal conformation [17]. Docking software used was Autodock Vina 1.1.2. The
accuracy and speed of the calculation process are the main advantages of the docking process with Autodock
Vina, where the disadvantages are that it requires other software to interpret the results [21]. Docking results
with the most negative free energy are then stored in. pdb format using Chimera 1.13.1. Discovery Studio Visu-
alizer 19.1.0 was used for the observation of docking results in two dimensions. The advantage of the software
is that the type of amino acid interactions that occur can be observed in detail. All ligands are then given the
charge and set torque by using default AutoDockTools 1.5.6 [22].

Table 1: 5-O-Benzoylpinostrobin derivatives test compound.
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Compound names Code Functional group

R1 R2 R3

Pinostrobin P – – –
5-O-Benzoylpinostrobin BP H H H
2-Chloro-5-O-benzoylpinostrobin 2Cl Cl H H
3-Chloro-5-O-benzoylpinostrobin 3Cl H Cl H
4-Chloro-5-O-benzoylpinostrobin 4Cl H H Cl
2,4-Dichloro-5-O-benzoylpinostrobin 24Cl Cl H Cl
3,4-Dichloro-5-O-benzoylpinostrobin 34Cl H Cl Cl
4-Bromo-5-O-benzoylpinostrobin 4Br H H Br
4-Fluoro-5-O-benzoylpinostrobin 4F H H F
4-Nitro-5-O-benzoylpinostrobin 4NO H H NO2
4-Methyl-5-O-benzoylpinostrobin 4C H H CH3
4-Methoxy-5-O-benzoylpinostrobin 4OC H H OCH3
4-Trifluoromethyl-5-O-benzoylpinostrobin 4CF H H CF
4-t-Butyl-5-O-benzoylpinostrobin 4TB H H (CH3)3

Receptors preparation

The molecular structure of wild type and L858R/T790M/V948R-mutant EGFR receptor was obtained from
the website of Protein Data Bank (PDB) with PDB ID 5FED and 5HG7, respectively. Both receptors are
in the form of a monomer with a resolution of 2.651 Å and 1.85 Å, respectively. The receptor was
downloaded in.pdb format and then the unused portion was removed, the polar hydrogen group was
added and given charge. The grid box size was set as well as coordinated using AutoDockTools 1.5.6.
The grid box size was obtained through the orientation process until the smallest grid box was obtained
with an RMSD value below 2 Å [23]. The used chain-domain of the receptor is the active site which
binds to EGFR inhibitor, in this case, ∼{N}-[7-methyl-1-[(3∼{R})-1-propanoylazepan-3-yl]benzimidazol-2-
yl]-3-(trifluoromethyl)benzamide for 5FED and 1-{(3R,4R)-3-[({5-chloro-2-[(1-methyl-1H-pyrazol-4-yl)amino]-
7H-pyrrolo[2,3-d]pyrimidin-4-yl}oxy)methyl]-4-methoxypyrrolidin-1-yl}propan-1-one for 5HG7 receptors [24],
[25].

Validation of docking protocol

The docking process is preceded by a validation process with the re-docking method using reference ligands,
which have been extracted from receptors as test ligands, and these reference ligands coordinate as the active
site [26]. Both reference ligands from the 5FED and 5HG7 receptors were extracted and the polar hydrogen
group was added, given the charge, torque and rotational bond was adjusted and then saved in the. pdbqt
format. The reference ligand was then re-docked at the grid box position and size was predetermined from
the orientation result [27]. The parameters observed in the validation process are root-mean-square deviation
(RMSD) of reference ligand at the selected binding site using PyMOL 2.3.1. The RMSD score illustrates the av-
erage difference in ligand atom position redocking with crystallographic results, while the smaller RMSD value
indicates the accuracy of the docking results that approaching the results of crystallography. The maximum
value of RMSD, which is the benchmark for the docking validation process, is 2 Å, where the RMSD value less
than 2 Å indicates a valid docking result [21], [28].
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Molecular docking

The primary objective of the molecular docking is to identify the energetically favorable binding modes or
binding pose of test ligands into the target receptor’s selected binding site [29]. Docking for all test ligands
were performed in the same way as the validation process with similar size and position of the grid box. The
main parameter used in the docking process with Autodock Vina was the free energy of binding (ΔG) and the
similarity of amino acid residues [30], [31]. The more similar amino acid residues indicate a higher probability
that the test ligand will have a similar type of interaction with the reference ligand [32], [33]. As for the two-
dimensional visualization of ligand-receptor, interactions were performed with Discovery Studio Visualizer
v.19.1.0.18287.

Results

Validation of docking protocol

RMSD scores after redocking results from this study were provided in the range between 1.853 and 1.964 Å,
which indicated that both receptors used was valid for docking purpose. Visualization of the overlay of ligand
resulted from redocking with reference ligands from crystallographic results is presented in Figure 1. Overall,
the redocking process shows results that can be used for the docking process. Other parameters observed in
the validation process are ΔG and amino acid residues, as well as the size and coordinates of the grid box, as
shown in Table 2.

Figure 1: Overlays of redocking ligands (blue) with reference ligands from crystallography (green) at receptors (A) 5FED
with RMSD 1.964 Å and (B) 5HG7 with RMSD 1.853 Å. Overlays of redocking ligands (blue) with reference ligands from
crystallography (green) at receptors (A) 5FED and (B) 5HG7 visualized with PyMOL 2.3.1

Table 2: Results of the validation process.

Parameters Value

PDB ID 5FED 5HG7

Reference ligand ∼{N}-[7-methyl-1-[(3∼{R})-1-
propanoylazepan-3-yl]benzimidazol-2-yl]-
3-(trifluoromethyl)benzamide

1-{(3R,4R)-3-[({5-chloro-2-[(1-methyl-1H-
pyrazol-4-yl)amino]-7H-pyrrolo[2,3-
d]pyrimidin-4-yl}oxy)methyl]-4-
methoxypyrrolidin-1-yl}propan-1-one

Grid box size (Å) 30 × 30 × 36 28 × 36 × 36
Grid box position x: −2.124 x: −13.489

y: 51.583 y: 15.359
z: −20.440 z: −25.336

RMSD (Å) 1.964 1.853
ΔG, kcal/mol −8.5 −8.7
Amino acid residues 718-Leud 718-Leuc

719-Glyb 719-Glyb

− 723-Pheb

726-Vald 726-Valc
743-Alac 743-Alac
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745-Lysf 745-Lysb

– 775-Cysc

790-Thrb 790-Metg

– 791-Glna

792-Leub 792-Leub

793-Meta 793-Meta

794-Prob 794-Prob

795-Pheb 795-Pheb

796-Glyb 796-Glyb

797-Cysb 797-Cysc

800-Aspb –
– 841-Arga

842-Asnb 842-Asnb

844-Leuc 844-Leud

854-Thra 854-Thrb

855-Aspe –
– 856-Phed

aHydrogen bond; bVan der Waals interaction; cAlkyl/Pi-alkyl interaction; dPi-sigma interaction; eHalogen; fUnfavorable
Bump/Donor-donor; gPi-Sulfur.

Molecular docking

The docking of all test ligands showed exciting results that form a consistent pattern of all test ligands: the
ΔG value shown for L858R/T790M/V948R-mutant EGFR is always lower than the wild type, as presented in
Table 3 and Table 4. Besides, the ΔG value of test ligands in L858R/T790M/V948R-mutant EGFR showed lower
values except for pinostrobin than the reference ligands. Specifically, two test ligands have lower ΔG values
than other test ligands in both wild type and L858R/T790M/V948R-mutant EGFRs consisting of 4-methyl-5-
O-benzoylpinostrobin and 4-trifluoromethyl-5-O-benzoylpinostrobin. Both ligands have the same ΔG value in
wild type-EGFR and only have a difference of 0.1 kcal/mol in L858R/T790M/V948R-mutant EGFR, practically
showing similar potential ΔG values.

Table 3: Results of the docking of test ligands at the binding site of 5FED receptor.

Ligand P BP 2Cl 3Cl 4Cl 24Cl 34Cl 4Br 4F 4NO 4C 4OC 4CF 4TB

ΔG,
kcal/-
mol

−7.1 −8.3 −8.3 −8.6 −8.5 −8.3 −8.5 −8.2 −8.6 −8.7 −9.0 −8.3 −9.0 −8.3

Amino
acid
residues

– – – – – – – – – – – 716-
Lysb

716-
Lysb

–

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leuc

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leua

718-
Leud

718-
Leud

718-
Leud

– – – – – 719-
Glyb

– – – – 719-
Glyb

– 719-
Glyb

–

– – – – – 720-
Serb

– – – – – – – –

– – – – – 724-
Glyb

– – – – – – – 724-
Glyb

726-
Valc

726-
Valc

726-
Valb

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Vald

726-
Valb

726-
Valc

726-
Valc

726-
Valb

726-
Valc

726-
Vald

728-
Lysb

– 728-
Lysc

728-
Lysb

728-
Lysb

– 728-
Lysb

– 728-
Lysc

728-
Lysb

728-
Lysc

728-
Lysc

728-
Lysc

–

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

– 745-
Lysf

745-
Lysb

745-
Lysc

745-
Lysg

745-
Lysg

745-
Lysf

745-
Lysf

745-
Lysb

745-
Lysf

745-
Lysc

745-
Lysf

745-
Lysg

745-
Lysf

– – – – – – – 762-
Glub

– 762-
Glub

– – – 762-
Glub

– – – – – 766-
Metb

– – – – – – – –
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– – – – – – – 775-
Cysb

– – – – – –

– – – – – 788-
Leub

– – – – – – – –

790-
Thra

790-
Thra

790-
Thra

790-
Thra

790-
Thra

790-
Thrf

790-
Thra

790-
Thrb

790-
Thra

790-
Thra

790-
Thra

790-
Thra

790-
Thrf

790-
Thrb

– – 791-
Glnb

– – – – – 791-
Glnb

– – 791-
Glnb

– –

792-
Leuc

792-
Leub

792-
Leuc

792-
Leuc

792-
Leuc

792-
Leub

792-
Leub

792-
Leub

792-
Leuc

792-
Leuc

792-
Leuc

792-
Leuc

792-
Leuc

792-
Leub

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Meta

793-
Metb

793-
Metb

793-
Metb

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

– 794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Proe

794-
Prob

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glya

796-
Glyb

797-
Cysb

797-
Cysb

797-
Cysb

– 797-
Cysb

797-
Cysc

797-
Cysb

797-
Cysb

– 797-
Cysb

– 797-
Cysb

– –

– – 841-
Argb

– – – – – – – – 841-
Argb

– –

– – 842-
Asnb

– – – – – 842-
Asnb

– – 842-
Asnb

– –

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leub

844-
Leuc

844-
Leub

844-
Leuc

– 854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thra

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

854-
Thrb

– 855-
Aspb

855-
Aspb

855-
Aspb

855-
Aspb

– 855-
Aspb

855-
Aspg

855-
Aspa

855-
Aspb

– 855-
Aspb

– 855-
Aspg

aHydrogen bond; bVan der Waals interaction; cAlkyl/Pi-alkyl interaction; dPi-sigma interaction; eHalogen; fUnfavorable
Bump/Donor-donor; gPi-Cation/Anion.

Table 4: Results of the docking of test ligands at the binding site of 5HG7 receptor.

Ligand P BP 2Cl 3Cl 4Cl 24Cl 34Cl 4Br 4F 4NO 4C 4OC 4CF 4TB

ΔG,
kcal/-
mol

−8.3 −9.4 −9.0 −9.4 −9.6 −9.2 −9.5 −9.6 −9.5 −9.5 −9.8 −9.4 −9.9 −9.6

Amino
acid
residues

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

718-
Leud

719-
Glyb

719-
Glyb

719-
Glya

719-
Glyb

719-
Glya

719-
Glya

719-
Glyb

719-
Glya

719-
Glya

719-
Glya

719-
Glya

719-
Glya

719-
Glyb

719-
Glyb

720-
Serb

720-
Serb

720-
Serb

720-
Serb

– 720-
Serb

– – – – – – 720-
Serb

720-
Serb

– – – – – – – – – – – – – 721-
Glyb

723-
Pheb

723-
Pheb

723-
Phec

723-
Pheb

723-
Pheb

723-
Phec

723-
Phec

723-
Pheb

723-
Pheb

723-
Pheb

723-
Pheb

723-
Pheb

723-
Pheb

723-
Phec

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

726-
Valc

– 728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

728-
Lysb

–

743-
Alac

743-
Alac

743-
Alab

743-
Alac

743-
Alac

743-
Alab

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alac

743-
Alab

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

790-
Metb

791-
Glnb

– – – – – – – – – – – – –

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub

792-
Leub
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793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

793-
Metb

794-
Proa

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

794-
Prob

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

795-
Pheb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

796-
Glyb

797-
Cysb

797-
Cysb

797-
Cysb

797-
Cysb

797-
Cysb

797-
Cysb

– – 797-
Cysb

797-
Cysb

– – – 797-
Cysb

– 841-
Argb

841-
Argb

841-
Arga

841-
Argc

841-
Argb

841-
Arga

841-
Argc

841-
Arga

841-
Arga

841-
Argc

841-
Arga

841-
Arga

841-
Argb

– 842-
Asnb

842-
Asnb

842-
Asnb

842-
Asnb

842-
Asnb

842-
Asnb

842-
Asnb

842-
Asnb

842-
Asna

842-
Asnb

842-
Asnb

842-
Asna

842-
Asnb

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leuc

844-
Leub

– 854-
Thra

– 854-
Thrb

854-
Thra

– 854-
Thra

854-
Thra

854-
Thra

854-
Thra

854-
Thra

854-
Thra

854-
Thrb

–

856-
Pheb

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

856-
Phee

aHydrogen bond; bVan der Waals interaction; cAlkyl/Pi-alkyl interaction; dPi-sigma interaction; ePi-Pi stacked.

Observations of amino acid interactions show a similar trend between the results of each test ligand with
the reference ligand. The similarity of test ligands except for pinostrobin against wild type-EGFR is in the range
of 76.47–88.24%, while against L858R/T790M/V948R-mutant EGFR is in the range of 80–85% shown in Table 5.
For observations of amino acid interaction types, the similarity is shown at a lower percentage, which is between
23.53 and 64.71% for wild type-EGFR and between 30 and 55% for L858R/T790M/V948R-mutant EGFR. Also,
the two test ligands have relatively similar binding motives in both wild type and L858R/T790M/V948R-mutant
EGFRs, that can be seen visually in Figure 2 and Figure 3.

Table 5: Number and percentage similarity of amino acid residues in all test ligands compared to reference ligands.

Ligands 5FED 5HG7

Similar amino acids Similar amino acids
interactions

Similar amino acids Similar amino acids
interactions

Σ % Σ % Σ % Σ %

P 11 64.71 7 41.18 15 75 7 35
BP 14 82.35 9 52.94 17 85 9 45
2Cl 15 88.24 8 47.06 16 80 6 30
3Cl 14 82.35 7 41.18 17 85 11 55
4Cl 14 82.35 8 47.06 17 85 8 40
24Cl 13 76.47 6 35.29 16 80 6 30
34Cl 14 82.35 9 52.94 16 80 9 45
4Br 14 82.35 11 64.71 16 80 8 40
4F 14 82.35 8 47.06 17 85 9 45
4NO 14 82.35 8 47.06 17 85 8 40
4C 13 76.47 6 35.29 16 80 8 40
4OC 15 88.24 9 52.94 16 80 9 45
4CF 13 76.47 10 58.82 16 80 10 50
4TB 13 76.47 4 23.53 16 80 7 35

Note: percentages were compared to the amount and type of amino acid residue interactions of reference ligands.
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Figure 2: Interactions of (A) 4-methyl-5-O-benzoylpinostrobin and (B) 4-trifluoromethyl-5-O-benzoylpinostrobin in amino
acid residues from 5FED receptors. Interactions of (A) 4-methyl-5-O-benzoylpinostrobin and (B) 4-trifluoromethyl-
5-O-benzoylpinostrobin in amino acid residues from 5FED receptors visualized with Discovery Studio Visualizer
v.19.1.0.18287.

Figure 3: Interactions of (A) 4-methyl-5-O-benzoylpinostrobin and (B) 4-trifluoromethyl-5-O-benzoylpinostrobin in amino
acid residues from 5HG7 receptors. Interactions of (A) 4-methyl-5-O-benzoylpinostrobin and (B) 4-trifluoromethyl-
5-O-benzoylpinostrobin in amino acid residues from 5HG7 receptors visualized with Discovery Studio Visualizer
v.19.1.0.18287.

Discussion

The docking protocol is done by using energy range 3, exhaustiveness 18, and the number of modes 9. In
addition to exhaustiveness, values for other parameters were the default values of Autodock Vina. The value of
exhaustiveness is increased from 8 to 18, to increase the robustness of the docking performed [30]. Validation is
carried out at the active site of both receptors using reference ligands to determine the size and coordinates of
each grid box. Molecular docking was performed using configuration settings similar to the validation process,
with changes to the test ligand file used [34]. However, one consideration in determining the size of the grid
box is the size of the test ligands, so that the size of the test ligand does not exceed the specified grid box size
[35]. The RMSD value of the validation results is relatively high, which is in the range of 1.8–1.9 Å, although it
still meets the requirements under 2 Å.  The reliability of docking results is determined by the value of RMSD,
where the higher RMSD value indicates a higher probability that the position of crystallography ligand will be
different from the docking ligand position [36].

One interesting finding from this research is that all the test ligands have lower ΔG values in
L858R/T790M/V948R-mutant than wild type-EGFR. The lower ΔG value in the L858R/T790M/V948R-mutant
compared to the wild type-EGFR indicates the potential of the test ligand to anticipate the occurrence of NSCLC
resistance to anticancer compounds [37], where mutations in the three amino acids L858R, T790M, and V948R
are the main causes of resistance in NSCLC [38]. In other words, all test ligands are predicted to be able to
adapt to mutations from EGFR and still maintain their potential as inhibitors despite mutations in some amino
acids. A similar trait is shared by third-generation EGFR inhibitors that have been marketed, such as osimertinib
or TAS-121, a novel EGFR inhibitor which is still under investigation [39], [40]. However, both can overcome
different types of mutations, although basically, they are focused on mutations in the T790M.

Among all test ligands, the lowest ΔG value in both types of EGFR receptors was shown by 4-
trifluoromethyl-5-O-benzoylpinostrobin and 4-methyl-5-O-benzoylpinostrobin. Observations of the Hansch
QSAR parameters of the two compounds showed quite different results from the parent compounds,
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but were not interconnected [41]. When compared with 5-O-benzoylpinostrobin, 4-trifluoromethyl-5-O-
benzoylpinostrobin has higher hydrophobicity (π) and electronic (σ) parameters. The values of the two
parameters are relatively not much different compared to 4-bromo-5-O-benzoylpinostrobin. Therefore, the
ΔG value of 4-bromo-5-O-benzoylpinostrobin in L858R/T790M/V948R-mutant EGFR is also not too differ-
ent from that shown by 4-trifluoromethyl-5-O-benzoylpinostrobin (0.3 kcal/mol). While for 4-methyl-5-O-
benzoylpinostrobin, the π parameter is relatively lower than 4-trifluoromethyl-5-O-benzoylpinostrobin, but
is still higher than 5-O-benzoylpinostrobin, while the σ parameter is lower than 5-O-benzoylpinostrobin. In
other words, when 4-trifluoromethyl-5-O-benzoylpinostrobin tends to be hydrophobic and polar, 4-methyl-5-
O-benzoylpinostrobin is relatively more non-polar. However, highly hydrophobic test ligands such as 4-t-butyl-
5-O-benzoylpinostrobin and very polar ones like 4-nitro-5-O-benzoylpinostrobin show ΔG values not as low as
both. This research shows that other parameters affect the value of ΔG besides the two parameters.

Prediction of similarity of amino acids that interact and the type of interaction are important parameters
to be evaluated from docking results. There is a possibility that higher the amino acid similarity that interacts
and the type of interaction, the higher is the chance that the test ligand will have similar activity with reference
ligands [42]. Observation in the similarity of the amino acid that interacts with the test ligand as well as the
type of interaction that occurs from each ligand show results that vary with the ΔG value of each test ligand
without conclusions. Although the types of amino acids that interact, are in a relatively high range of similarity,
the types of interactions that occur tend to be more different. The different types of interactions are caused by
differences in the pharmacophores of each ligand, where different types of pharmacophores will cause different
types of interactions [43]. Thus, an analysis of each type of amino acid that interacts with all test ligands was
carried out.

Overall, amino acids that interact with both the test ligand and reference ligands are 718-Leu, 726-Val,
743-Ala, 790-Thr, 792-Leu, 793-Met, 795-Phe, 796-Gly, and 844-Leu for wild type-EGFR, and 718-Leu, 719-Gly,
723-Phe, 726-Val, 743-Ala, 790-Met, 792-Leu, 793-Met, 794-Pro, 795-Phe, 796-Gly, 844 -Leu, and 856-Phe for
L858R/T790M/V948R-mutant EGFR. From the results of this study it can be seen that there are more amino
acids in L858R/T790M/V948R-mutant compared to wild type EGFR (13 vs. 9). Hence, it was observed that all
amino acids in wild type also interact with L858R/T790M/V948R-mutant EGFR. However, four amino acids
interact with the L858R/T790M/V948R-mutant but not with the wild type-EGFR of all test ligands, consisting
of 719-Gly, 723-Phe, 795-Phe, and 856-Phe.

This research also shows interesting results where all test ligands interact with amino acids at position 790,
both in the form of wild type (threonine) and mutated (methionine). In the wild type-EGFR, the interaction at
position 790 is influenced by the phenyl group, which means that the role of the interaction at that position is
an “anchor.” The variation of the substituents of the benzoyl group does not directly influence the interaction
of the amino acid. While in L858R/T790M/V948R-mutant EGFR, the interaction of amino acids is shown by
the 7-methoxy group, which also has no direct effect on variations in the substituents of the benzoyl group.
One factor that plays a role in the differences in position of the test ligand is the difference in tertiary structure
of the two types of EGFR [44]. Mutations in one amino acid located at a particular position can dramatically
affect the tertiary or quaternary structure of a receptor protein so that it can affect its biological function [45].
In other words, 5-O-benzoylpinostrobin derivatives have different interaction approaches for the wild type and
L858R/T790M/V948R-mutant EGFR.

Conclusions

In conclusion, this study has successfully demonstrated the potential of 5-O-benzoylpinostrobin derivatives
as inhibitors of both wild type and L858R/T790M/V948R-mutant EGFR. In general, all test ligands have a
lower ΔG value against L858R/T790M/V948R-mutant than the wild type-EGFR, showing their potential as an
inhibitor of mutated EGFR occurring in NSCLC. The enormous potential is shown by two ligands consisting of
4-methyl-5-O-benzoylpinostrobin and 4-trifluoromethyl-5-O-benzoylpinostrobin, where both show the lowest
ΔG value in both wild type and L858R/T790M/V948R-mutant EGFRs. The indicated ΔG value is even lower
than the reference ligands in both receptors, with a fairly high percentage of amino acid interaction similarities
with the reference ligands in the range of 76.47–88.24%. However, the limitation of this study is that the study is
only limited to the in silico prediction stage. Further, in vitro testing with a cytotoxic assay must be carried out to
re-evaluate the potential of 5-O-benzoylpinostrobin derivatives as both wild type and L858R/T790M/V948R-
mutant EGFRs inhibitors.
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