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ABSTRACT

Objective: Epidermal growth factor receptor (EGFR), a transmembrane protein with cytoplasmic kinase activity, transduces growth factor signaling
from the extracellular space to the cell. EGFR downstream signaling increases proliferation and reduces apoptosis. Agents that are targeted at
intracellular tyrosine kinase are tyrosine kinase inhibitor small molecules, which have a mechanism of action that affects adenosine triphosphate
binding to the receptor. The exploration of bioactive compounds from marine materials, including marine fungi, has become a major interest lately
for anticancer treatment.

Methods: In this research, a database was created and in silico screening was conducted using AutoDock and Vina to obtain potential marine fungi
bioactive compounds as EGFR-tyrosine kinase (EGFR-TK) inhibitors, which act as antiproliferative agents on tumor cell growth.

Results: This research has concluded that the three marine fungi compounds with the lowest binding free energy, FU0O015, FU0051, and FU0202, have
great potential as inhibitors of EGFR-TK.

Conclusions: Three active compounds were identified as inhibitors of EGFR-TK, which were Fiscalin A, derived from Neosartorya paulistensis
KUFC 7897 (FU0015); Aspergiolide B, derived from Aspergillus flavus (FU0051); and Sporothrix A, derived from Sporothrix sp. (FU0202).
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INTRODUCTION

Epidermal growth factor receptor (EGFR) is an important target in
the process of reducing tumor growth. More than 60% of non-small
cell lung cancers express EGFR [1]. EGFR downstream signaling
increases proliferation and angiogenesis and reduces apoptosis [2]. The
overexpression of EGFR has been detected in the majority of human
carcinomas [3].

Tyrosine kinase inhibitors (TKIs) are one of four classes of anti-EGFR
agents used for cancer therapy [4]. In 2015, gefitinib (one of the TKIs)
was approved by the Food and Drug Administration (FDA) as an
inhibitor of EGFR [5]. In addition to synthetic drugs, natural products
have an important role in cancer therapy. Chemical compounds from
natural products can be potential new medicines. The exploration of
bioactive compounds from marine materials, including marine fungi,
has become a major activity lately for anticancer treatment. Currently,
there are anticancer compounds from marine fungal metabolites that
have entered clinical trials. One of the alkaloid compounds, plinabulin,
is amodified structure based on the (-)-phenylahistin metabolites of the
terrestrial and marine fungi Aspergillus ustus [6]. As the development
of microbiology technology increases in the future, the availability of
microorganisms such as marine fungi will increase and the costs of
production will be reduced. Therefore, bioactive compounds of marine
fungi have the potential to be new drug compounds [7]. A database of
active compounds was created to ease in silico and in vitro research
further.

In silico research can support conventional research (wet lab) that is
relatively expensive and takes time [8]. AutoDock (Automatic Docking)
is widely used to predict the complex of a biomolecular structure or
to perform functional analysis and molecular design. AutoDock uses
a grid-based method to rapidly evaluate the target protein’s binding

energy binding energy in search of a large conformation space for
a large number of ligands around the protein. Visualization of active
sites and the volume of searching space can be conducted through the
AutoDockTools application [9]. AutoDock Vina (Vina) is a new program
for virtual screening. Vina achieves greater speed than AutoDock 4,
calculates the grid maps automatically and quickly, and does not need
to be stored on a disk [10]. AutoDock and Vina are tools that can assist
in the exploration of new drug compounds through virtual screening. In
this research, the virtual screening of marine fungi bioactive compounds
was conducted to find potential compounds for EGFR-tyrosine kinase
(EGFR-TK) inhibitors. A database of marine fungi was created using a
data mining method on literature about bioactive compound derived
from marine fungi, whether known specifically as anticancer or not.
Then, we explored whether those compounds can specifically inhibit
the growth of lung cancer.

To be reliable, virtual screening needs to be validated.
Validation was performed by calculating the value of the
root mean square deviation (RMSD), the enrichment factor (EF),
and receiver operating characteristics (ROC). RMSD was used to
interpret the protein model and the quality of the ligand positions as
the docking result that affects molecule conformation [11]. EF is a
virtual screening algorithm with parametersthatwasused to
determine the amountofactive compound contained in the database of
compounds [12]. ROC was used to analyze the amount of active and
inactive compounds from the database of screening results. Some
compounds were configured into a calculation formula and
represented in the form of curves [13]. The results
obtained in this research were hits compounds that are expected
to be developed further as novel inhibitors of EGFR-TK that
plays an important role in the growth of lung cancer. Further in
vitro research can be conducted to ensure the potency of those
hits compounds as EGFR-TK inhibitors.
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METHODS

Tools

This research used the following computer hardware: A central
processing unit (CPU; Intel® Xeon E5620), graphics processing unit
(GPU; Nvidia® GeForce GTX 780), and 32 gigabytes (GB) of DDR3
random access memory (RAM) connected to the Internet. Supporting
tools consisted of a monitor (AOC, China), mouse (Microsoft, China),
and keyboard (HP, China). The software used included AutoDockTools,
AutoDock 4.0, PyMOL, PyRx, MarvinSketch, Open Babel, LigandScout,
and UCSF Chimera.

Materials

Dataset with a total of 268 three-dimensional compound structures
from marine fungi were used as ligands and EGFR-TK was used as a
receptor.

Working methods
Preparation of the marine database

To collect the three-dimensional structures of marine fungi, data
mining was conducted on the literature related to marine fungi
bioactive compounds and the chemical structures of those bioactive
compounds were downloaded from PubChem and ChemSpider. If the
three-dimensional structures could not be downloaded, they were
created using MarvinSketch with the minimization parameters of the
MMFF94 force field and a strict optimization limit. Various marine fungi
bioactive compounds, whether known specifically as anticancer or not,
were included in the marine database, resulting in 268 structures that
were downloaded from PubChem and ChemSpider or created using
MarvinSketch [14-33].

Preparation of target macromolecules

The target macromolecules (EGFR-TK) were downloaded from Protein
Data Bank (PDB) with PDB ID “4WKQ” using inclusion criteria of wild
type/non-mutant and exclusion criteria of macromolecules with a
resolution higher than 2.5 A (Angstroms) and macromolecule with
an incomplete chain. 4WKQ is the structure of EGFR, which binds
to gefitinib. This protein is a monomer consisting of 330 amino acid
(AA) residues. There are two similar subunits in the structure of
the crystal, both Chain A and B with length of 330 AA residues. The
4WKQ crystal has a resolution of 1.85 A and occupies a volume of
14.4x14.4x14.4 mm [34]. The macromolecules were separated from
their solvent and ligand/non-standard residues. Then, optimization
was conducted, which included the deletion of water molecules, the
addition of hydrogen, the preparation of charges by adding Gasteiger
partial charges, the administration of the AutoDock force field, and the
implementation of minimization. The macromolecules were saved in
*.pdb and then converted to *.pdbqt.

Virtual screening

The following parameters were evaluated using AutoDock and Vina
before screening was performed. In AutoDock, the Lamarckian GA
option was chosen, and the maximum number of energy evaluations
was 10 for validation and 100 for virtual screening. In Vina, the number
of modes option was 9 for validation and 100 for virtual screening, and
exhaustiveness was 8. The virtual screening of the marine database
against EGFR-TK was done using AutoDock and Vina. The virtual
screening methods were validated using positive controls from the
macromolecules’ ligands and FDA-approved EGFR inhibitors. The FDA-
approved drugs that were used consisted of afatinib, erlotinib, gefitinib,
imatinib, lapatinib, and neratinib. The results of binding energy,
inhibition constant, and molecule interaction were analyzed.

Protein-ligand interaction

The superposition and interaction of the database compounds against
cocrystal ligands were inspected visually using LigPlot*, PyMOL, and
LigandScout software. The aim of superposition visualization is to
visualize the proximity of ligands from the screening results against the
cocrystal ligands and positive control while the objective of interaction

Asian ] Pharm Clin Res, Vol 10, Suppl 5, 2017,

visualization is to visualize the interaction between ligands and AA
residues.

RESULTS AND DISCUSSION

Coordinates for the target receptor (4WKQ) were determined using a
grid box (x=2.436; y=193.257; z=21.771) searching method by focusing
on the crystal ligand.

Virtual screening method optimization using AutoDock tools

The virtual screening method was optimized for the EGFR target by
redocking the cocrystal to determine the optimum box size position.
One target receptor was used for the virtual screening, EGFR. The
virtual screening parameters were set to generate more negative
binding energy values, more homogeneous cluster distributions, and
RMSD with a value below 2A. Based on the results of the data, the RMSD
of the EGFR target receptor for a 60x60x60 box reached the criteria
(2.113 from the *.dlg file), so it can be used for further virtual screening.
The value of the cocrystal ligand binding energy was -7.43 kcal/mol
and the value of the inhibition constant was 3.56 uM. The ideal position
change was within <2 A. If a molecule has a value of RMSD >2 4, it
indicates that there was a far enough shift of molecules [11]. Fig. 1
shows the further analysis of cocrystal superposition before and after
the virtual screening.

Virtual screening method validation

RMSD, EF, and ROC are validation criteria. The grid box from the
optimization result was used (60x60x60 units). Validation was
conducted to ascertain whether the optimum box for virtual screening
generates a valid result for each validation parameter as well as to
verify whether macromolecules and cocrystals can be used as standard
parameters for further drug development. EF and ROC were used to
determine the ideal parameters for the virtual screening process. EF
validation and ROC were conducted using 10% of the compounds
that were downloaded from a database of useful (docking) decoys-
enhanced, which was about 83 actives and 3,505 decoys.

Virtual screening method validation using AutoDock

Based on the data results, the RMSD of the EGFR target receptor for
a 60x60x60 box using AutoDock does not meet the criteria (6.076
from the *.dlg file), so it cannot be used for further virtual screening.
The value of cocrystal ligand binding energy was -6.81 kcal/mol and
the value of the inhibition constant was 10.14 uM. After validating the
cocrystal, virtual screening validation was conducted to control the
positive compounds that have been approved by the FDA or have at
least entered Phase II of the clinical trials. Table 1 shows the results of
positive control virtual screening with AutoDock on the PyRx parameter.

Virtual screening method validation using Vina
The EGFR cocrystal position with a grid box of 22,500 before and after
redocking showed no significant difference based on its RMSD value

Sirvr

Fig. 1: Superposition result of IRE cocrystal from epidermal
growth factor receptor macromolecule using Chimera before
(brown) and after (blue) virtual screening on the optimum box of
60x60x60 using AutoDockTools
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(2.268 using PyMOL), so virtual screening for EGFR macromolecules can
be performed using Vina on PyRx. The binding energy was 8.5 kcal/mol.
After the validation of the cocrystal, positive control virtual screening
optimization was conducted. Table 2 shows the results of the positive
control validation using the Vina parameter.

Based on the screening results, EF 1% (2.61), 10%, (2.16), and 20%
(1.99) were above the random value (>1). Ideal EF is 21 which shows
that the parameter is less prone to an error result (false positive/false
negative) [12]. Fig. 2 shows that the ROC curve is above the random line.
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Fig. 2: Receiver operating characteristics curve as the result of
epidermal growth factor receptor virtual screening using Vina
with a grid box parameter of 22,500 A

Table 1: Virtual screening results of positive control against EGFR
target receptor (4WKQ) with AutoDock on the PyRx parameter

Positive control (FDA) Binding energy/AG (kcal/mol)

Pazopanib -9.01
Axitinib -8.21
Dasatinib -7.81
Imatinib -7.64
XL-647 -7.58
Lapatinib -7.48
Vandetanib -7.29
Sorafenib -7.04
Motesanib -6.96
Gefitinib -6.83
BMS-690514 -6.64
Neratinib -6.56
Sunitinib -6.48
Afatinib -6.15
Erlotinib -5.82

EGFR: Epidermal growth factor receptor, FDA: Food and Drug Administration

Table 2: Virtual screening results of positive control against
EGFR target receptor (4WKQ) with Vina on the PyRx parameter

Positive control (FDA) Binding energy/AG (kcal/mol)

XL-647 -8.8
Imatinib -8.7
Axitinib -8.5
Gefitinib -8.4
Sorafenib -8.4
Neratinib -8.3
Vandetanib -8.3
Motesanib -8.2
BMS-690514 -8.1
Sunitinib -8.1
Afatinib -8

Pazopanib -8

Lapatinib -7.9
Dasatinib -7.7
Erlotinib -7
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The result of the area under a curve calculation using the trapezoidal
method is 0.6966. Based on the statement above, the EGFR screening
result in a 22,500 & grid box using Vina is valid because it meets the
criteria (>0.5). The ideal ROC value is >0.5 (above the random line); the
greater the ROC value, the closer it gets to the ideal line [13].

Molecular docking

We obtained 47 active compounds (ligand) after screening the
268 marine fungi bioactive compounds with EGFR using the Vina
parameter. All showed lower to equal binding energy to the EGFR
cocrystal; gefitinib with AG amount of -8.5 kcal/mol. Further analysis
determined the ligand ability to bind to the binding site (AA residues)
and their capability of delivering inhibitory activity against these
receptors.

Analysis and visualization screening results

Superposition and bonding analysis of five ranked marine fungi
active compounds against EGFR

Table 3: Active compounds as the virtual screening results of
marine fungi bioactive compounds to EGFR (4WKQ) target using
Vina parameter

Ligand Binding energy/AG (kcal/mol)
FU0202 -10.4
FU0056 -10.1
FU0015 -9.9
FU0051 -9.9
FU0208 -9.9
FU0209 -9.9
FU0017 -9.8
FU0050 -9.6
FU0204 -9.6
FU0203 -9.4
FU0018 -9.3
FU0037 -9.3
FU0091 -9.3
FU0231 -9.3
FU0057 -9.1
FU0107 -9.1
FU0112 -9.1
FU0129 -9.1
FU0198 -9.1
FU0199 -9.1
FU0210 -9.1
FU0048 -9
FU0115 -9
FU0229 -9
FU0038 -89
FU0101 -89
FU0103 -8.9
FU0193 -8.7
FU0195 -8.7
FU0264 -8.7
FU0014 -8.6
FU0033 -8.6
FU0079 -8.6
Fuo126 -8.6
FU0185 -8.6
FU0254 -8.6
FU0036 -8.5
FU0105 -8.5
FU0106 -8.5
FU0113 -8.5
FU0119 -8.5
FU0123 -8.5
FU0125 -8.5
FU0128 -8.5
FU0183 -8.5
FU0184 -8.5
FU0194 -8.5

EGFR: Epidermal growth factor receptor, FDA: Food and Drug Administration

EGFR: Epidermal growth factor receptor
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OH-NH
(3,014)
OH-NH
(3,01 4)

Table 4: Analysis and visualization of marine fungi active compounds against EGFR with Vina parameter

OH-NH
(3,20 4)

Leu718 Ala743 Lys745 Glu762 Met766 Leu788 Thr790 GIn791 Met793 Pro794 Gly796 Csx797 Asp800 Leu844 Thr854 Val726 Leu844
v

FU0015 (LP) v

v

FU0051 (LP) v

FU0015 (LS)
FU0051 (LS) D

ID
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Out of the total number of 47 active compounds resulting from
the marine fungi virtual screening using Vina on PyRx, the top
< five compounds with the lowest binding energy were selected for
Z5S5 S S " - . s
superposition and bonding analysis. Based on the superposition
analysis, FUO051 compounds Fig. 3 show the most similar posing result
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Fig. 6: (a and b) Interaction analysis and visualization result of cocrystal and positive control against target receptor epidermal growth
factor receptor (4WKQ) using LigPlot+ from the Protein Data Bank site

considered as active compounds by regarding binding energy. Further
analysis will be presented in the bonding analysis.

Based on the top five compounds, three ligand results were selected
as potential inhibitors of EGFR (FU0015, FU0051, and FU0202)
(Figs. 3-5). Interaction analysis was conducted to obtain visualization
result of cocrystal and positive control against the target receptor EGFR
(4WKQ) (Fig. 6).

From the analysis, it can be seen that the majority of the compounds
bind to MET-766, THR-790, and THR-854, which proves that these AA
residues have potential as active sites for an EGFR-TK inhibitor agent.
VAL-726 and LEU-844 AA also seem to always interact with cocrystal
ligands, positive control, and the active compounds of marine fungi. Such
interactions can be observed when visualized using LigPlot*, PyMOL,
and LigandScout. Although they are not described as AA residues that
interact with ligands on the cocrystal structure sequences by the PDB,
both of these residues are hydrophobic, thereby allowing the formation
of hydrophobic pockets on the receptor. Their appearance on the AA
residues makes them able to have a significant role.

Marine fungi active compounds against EGFR

So far, this research has concluded that the three marine
fungi compounds with the lowest binding free energy,
FU0015, FU0051, and FU0202, have great potential as inhibitors
of EGFR-TK. Fiscalin A is derived from Neosartorya paulistensis

KUFC 7897 (FU0015), Aspergiolide B is derived from
Aspergillus ~ flavus  (FU0051), and Sporothrix A is derived from
Sporothrix sp. (FU0202).

CONCLUSION

In this research, a database consisting of marine fungi

chemical compounds was created by collecting structures from the
literature of marine fungi bioactive compounds. The structures were
downloaded from PubChem’s  Open  Chemistry  Database,
ChemSpider Search, and Share Chemistry if they were available
or created manually using MarvinSketch if they were unavailable.
The total number of molecules obtained was 268. After binding
energy analysis, superposition, and bonding analysis, we obtained
three potentially active compounds that can be wused as
inhibitors of EGFR-TK; Fiscalin A, derived from N. paulistensis
KUFC 7897 (FU0015); Aspergiolide B, derived from A. flavus
(FU0051); and Sporothrix A, derived from Sporothrix sp (FU0202).
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