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Abstract: Erlotinib, Afatinib, and WZ4002 are quinazoline derivative compounds and
classified as first, second, and third-generation EGFR inhibitor. All inhibitors have been
given directly to cancer patients for many years but find some resistance. These three
compounds are candidates as the lead compound in designing a new inhibitor. This work
aims to design a new potential quinazoline derivative as an EGFR inhibitor focused on the
molecular docking result of the lead compound. The research method was started in
building a pharmacophore model of the lead compound then used to design a new
potential inhibitor by employing the AutoDock 4.2 program. Molecular dynamics
simulation evaluates the interaction of all complexes using the Amberl15 program. There
are three new potential compounds (A1, B1, and C1) whose hydrogen bond interaction
in the main catalytic area (Met769 residue). The Molecular Mechanics Generalized Born
Surface Area (MM-GBSA) binding energy calculation shows that B1 and C1 compounds
have lower binding energies than erlotinib as a positive control, which indicates that B1

and C1 are potential as EGER inhibitor.
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= INTRODUCTION

Epidermal Growth Factor Receptor (EGFR) is a
protein receptor that plays an important role in
proliferation, angiogenesis, metastasis and inhibits the
process of apoptosis in several types of cancer cells [1-2].
Excessive expression of this protein responsible for the
growth of cancer cells [3-4]. One of the strategies to inhibit
the excessive expression of the EGFR receptor is employing
the small molecule tyrosine kinase inhibitors [5].

Quinazoline derivative is the group of compounds
that have been widely used as EGFR inhibitor [6], such as
erlotinib [7], gefitinib [8], afatinib [9], and WZ4002 [10].
Erlotinib and gefitinib are classified as the first-generation
EGFR inhibitor. Both compounds have been given to
cancer patients orally and show positive results in
inhibiting the growth of cancer cells. However, after
giving to patients for two years, resistance was found [11].

Afatinib is a second-generation inhibitor that showed
good activity against EGFR T790M, but its activity
decreased when given to patients who had previously
received treatment with erlotinib and found some side
effects such as diarrhea and skin rash [12]. Third-
generation inhibitors provide activities around 30 to 100
times better on EGFR T790M mutation. However, this
compound also showed resistance in the form of a
change in the cysteine amino acid to be serine at position
797 (C797S) [13]. Since many resistances were found to
the drug compounds that have been used, then the
discovery of new drug candidates is continuously
performed. One of the computational methods that can
be used to design new drug compounds is molecular
docking analysis.

Molecular docking is a method for predicting the
orientation and conformation of a molecule when
binding to another macromolecule to get a stable
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complex structure [14]. Besides, molecular docking is also
used to design a new inhibitor by using some molecules
as a lead compound. Traxler et al. [15] employed a
molecular docking method to design isoflavone and
quinolone derivatives based on the pharmacophore
model resulting from docking analysis on four lead
compounds. The advantage of molecular docking in
designing a new inhibitor does not require a large amount
of data or only employ some molecules as the lead
compounds. Previous research had designed quinazoline
derivative compounds by using quantitative structure-
activity relationship (QSAR) analysis in large data
compounds [16-18] and studied the stability of hydrogen
bond formed through compound and protein [19-22].
However, designing a new EGFR inhibitor using a
molecular docking approach of the lead compounds such
as erlotinib, afatinib, and WZ4002 has never been done.
These lead compounds can be used as guidance in
designing new compounds by observing the interaction of
each compound in EGFR protein and then obtaining the
new compounds with better activity. Thereby, this
research focused on designing a new quinazoline
derivative compound through the docking result of the
lead compounds. The interaction stability of new design
compounds is then evaluated through molecular
dynamics simulation. The new potential compound will
have interaction in the main catalytic area of EGFR
protein and stable interaction which can be seen in lower
binding energy value.

m COMPUTATIONAL METHODS
Materials

The complex of EGFR protein against erlotinib
(PDB  ID: IM17)  was
http://www.rcsb.org/structure/1IM17,
WZ4002 as lead compounds.

downloaded from

afatinib, and

Software

The program were used AutoDock 4.2 with the help
of AutoDockTools [23], Gaussian 09 [24], GaussView 5.0,
Discovery Studio Visualizer [25], UCSF Chimera 1.8.1
[26], and Amberl5 with help of AmberTools16 [27],
ChemDraw 15.0, and VMD 1.9.2 [28].
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Procedure

Molecular docking analysis

There were three compounds used as the lead
compound, i.e., erlotinib, afatinib, and WZ4002. These
compounds were then prepared to dock by selecting the
dock prep menu in Chimera software. The docking
procedure was performed by using the AutoDock 4.2
program with the help of AutoDockTools, which started
by saving the ligand file as a .pdbqt format. Grid box size
was set to be 50 x 50 x 50 A center to ligand with spacing
0.375 A. Each docking process was set to produce 10
conformations and then selected the best conformation
with  the
conformation. A complex of protein and ligand was

lowest binding energy and correct
saved in a .pdb format file and visualized using
Discovery Studio Visualizer program. Then, the
pharmacophore model complied based on the
interaction of the lead compound against EGFR protein
to design a new EGFR inhibitor. There were three new
compounds resulted (A1, Bl, and C1), then modeled
and optimized using DFT B3LYP/6-31G(d,p) method in
Gaussian 09 software. The new compounds were docked
into the EGFR protein active with the same grid size and

spacing.

Molecular dynamics simulation

There were three new compounds (A1, B1, and C1)
resulted from docking analysis (Fig. 1). These new
compounds then evaluated their stability interaction
against EGFR protein using the molecular dynamics
simulation method. The simulation was proceeded by
employing the Amberl5 and AmberTools16 software
package, applying the ff14SB force field.

Complex protein and ligand charges and other
parameters are obtained using the RESP fitting
procedure and the general AMBER force field (GAFF)
[29]. The system was then solvated with a truncated
octahedron box of 50661 water using the TIP3P water
model [30] and neutralized by eight of Na* ions as the
counterions. The SHAKE algorithm was used to keep
water molecules rigid.

Each system then subjected to 1000 steps of
steepest descent minimization followed by 4000 steps of
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Fig 1. Structures of newly designed compounds A1; B1; and C1

conjugate gradient minimization. Complex protein and
ligand were minimized by force constant of 100, 50, 5, and
0 (no constraint) kcal/mol A2 There were 20000 steps in
the minimization process.

Following minimization, the heating process was
performed. The system was gradually heated from 0 K
until 300 K and increase every 50 K in the NVT ensemble
for 300 ps. Then continued to density equilibration with
time step 2 fs for 300 ps simulation time. The pressure was
set at 1 bar applying Berendsen barostat with a relaxation
time of 1 ps and temperature was controlled using
Langevin thermostat with a collision frequency of 1 ps™
and kept at 300 K. Then the system was relaxed for 500 ps
before production data with time step 2 fs during 13 ns
[31-32]. In all simulation steps, Particle Mesh Ewald
(PME) [33] was computed with a non-bonded cut off of
12 A. Binding energies were calculated from the MD
trajectories using the PBSA module [34] in AMBERI15.
Every frame that resulted in the production step was
utilized to calculate the binding energy of complex
protein and ligand. MM-GBSA is typically used to
validate earlier molecular docking and MD simulation
result. Parameter descriptor of MM-GBSA, such as salt
concentration, was set to be 0.1 M, and igb was set to be 2
in sander option. Trajectory analysis was done to confirm
hydrogen bond distance, Radial Distribution Function
(RDF), Root Mean Square Deviation (RMSD), Root Mean
Square Fluctuation (RMSF), and binding energy of each

system. The stability of the complex is indicated by the
low value of binding energy and the highest potential
inhibitor from the stable complex protein-ligand.

m  RESULTS AND DISCUSSION
Design of Inhibitors

There are three compounds used as a lead
compound in this work to design new EGFR inhibitors,
which and WZ4002. These
compounds have been proven as the first, second, and
third generation of EGFR inhibitors [35]. The docking
analysis from all the compounds is used to build a

is erlotinib, afatinib,

pharmacophore model for the EGFR inhibitors. Fig. 2
shows the 2D and 3D visualization of docking results
from the lead compounds. 2D visualization displays that
the lead compounds have a hydrogen bond with Met769
or Met793 residue and the additional bond with Cys797
residue for afatinib compound.

Some interactions were identified, such as van der
Waals interactions, salt bridge, and pi- sigma stacking.
3D visualization of docking results present that all the
compounds have fulfilled the cavity of protein EGFR.
Using these docking results, potential inhibitors could
be obtained with the following conditions: There is a
hydrogen bond to the main catalytic residue that is
Met769 or Met793, as well as an additional hydrogen
bond to the Cys797 residue. This interaction is obtained
from docking analysis of afatinib to the EGFR protein;
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Fig 2. 3D and 2D interactions of (al) and (a2) erlotinib, (b1) and (b2) afatinib, and also (c1) and (c2) WZ4002 against
EGER protein. Type of interactions: = van der Waals, [ salt bridge, ™ conventional hydrogen bond,  carbon
hydrogen bond, ¥ pi-sigma, and  pi-alkyl

there is a -NH linker group and substitute with small =~ compounds have hydrophobic interactions with some
groups to avoid steric obstruction. That linker belongs to ~ EGFR protein residues, but it should be noted that this
all lead compounds that influence the accuracy of thelead  interaction should be formed in the hydrophobic region
compound conformations; there are functional groups  of EGFR protein. All these requirements have been in
that can form hydrophobic interactions. All lead  line with previous research [13,15,35-39].
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The docking analysis result of the new compounds
is shown in Fig. 3. All new compounds present a hydrogen
bond in the main catalytic area, Met769 residue. This
hydrogen bond has an important role in the inhibition
mechanism of the EGFR inhibitor. An additional hydrogen
bond in the Cys773 residue suppresses the survival of
tumor growth in EGFR and HER2 mutants [12].

(@1)

(b1)

(c1) (c2)
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All new compounds also display hydrophobic
interactions that act as anchors in maintaining the
position of inhibitors in the EGFR protein pocket. This
docking result was then evaluated through molecular
dynamics simulation to identify the interaction stability
of new compounds in EGFR protein. Besides protein-
ligand interactions, a comparison of docking scores could
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Fig 3. 3D and 2D interaction of (al) and (a2) A1-EGFR, (bl) and (b2) B1-EGFR, and (cl) and (c2) C1-EGFR

complexes. Type of interactions:

bond, M pi-sigma,  pi-alkyl,

van der Waals, Il salt bridge, ¥ conventional hydrogen bond,
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pi-sulfur, and M unfavorable donor-donor
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be used as preliminary indications of whether the design
compound better or not. Table 1 shows the docking score
of each ligand, and it appears that the new design
compound has a lower docking score indicating it has the
potential to be a better inhibitor.

Molecular Dynamics Simulation

Hydrogen bond stability

Molecular dynamics simulation had been carried
out through 13 ns simulation time for all new compounds
against EGFR protein. Fig. 4 showed the hydrogen bond
distance plot of compound Al with some residues of
EGFR. Interaction ligand Al and EGFR before and after
simulation showed similar interaction despite different
residual numbers due to the renumbering system by the
Amber program.

Two hydrogen bond interactions are in Met98 and
Cys102 residues. The stable interactions resulting from
compound A1(N) and Met98(H), which could be seen
through the constant distance during simulation time,
were about 2-3 A. An additional hydrogen bond is also
presented from compound A1(O) against Cys102(H)
residue, and this belongs to weak interaction due to the
distance during simulation time was about 4-5 A. Fig. 5
showed the snapshot of complex Al and residue of EGFR
protein.

Hydrogen bond stability of compound B1 against
EGFR showed a different result between docking results
and molecular dynamics simulation. Docking result
showed that ligand B1 interacted with Met769, Cys773,
and Asp831. However, after simulation, Bl interacted
with Met98 (supposed to Met769), Lys50, and Thr95. Fig.
6 presented the graph of hydrogen bond distance of Bl
compound against amino acid residues Met98, Lys50, and
Thr95. Stable interaction was obtained from B1(N) with
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Met98(H) residue, while the other two interactions tend
to be unstable. Interaction B1(N3) with Lys50(HZ3) had
a high fluctuating distance of about 2 until 6 A.
Furthermore, BI(N1) and Thr95(HG]1) interaction had

[=x)

— Al-Metdd
s AT-Cys102

Hydrogen bond distance (A)

=

" l 1 1
0 4000 8000 12000
Simulation time (ps)
Fig 4. Hydrogen bond distance plot of compound Al

with EGFR protein

. Met98

Cys102

Fig 5. Snapshot of complex Al and residue of EGFR
protein in water

Table 1. Docking score value and hydrogen bond interaction of each ligand

Compound Docking Score (kJ/mol) ~ Hydrogen bond interaction residue
Erlotinib -20.2506 Met769
Afatinib -25.0622 Met793; Cys797; Leu718; Asn842
WZ4002 -22.2589 Met793
Al -25.5642 Met769; Cys773
B1 -29.3298 Met769; Cys773; Asp831
Cl -29.2043 Met769; Met769; Cys773; Asp831
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Fig 7. Snapshot of complex Bl and residue of EGFR
protein in water

a fluctuating bond distance as well, about 2 until 7 A. Fig,
7 showed the snapshot of compound B1 and the residue
of EGFR protein.

There were four hydrogen bond interactions during
simulation time between compound C1 against EGFR
protein. One of the residues shown before simulation but
disappeared after simulation time, that is Asp831 replaced
by Glu67. Fig. 8 depicted the distance graph of each
interaction. Hydrogen bond interaction of CI(N) with
Met98(H) residue was formed at about 2 A during the
simulation time. Interaction C1(O1) and Cys102(H)
appeared at about 4 until 8 A, while interaction C1(H1)
and Glu67(OE2) had a more stable distance about 2 until

4 A. The other interaction, C1(N1) and Lys50(HZ3)
showed a weak hydrogen bond interaction because the
distance appeared at 2 until 6 A. A snapshot of
interaction compound C1 and residue of EGFR protein
was performed in Fig. 9.

Stability analysis

All the design compounds were then evaluated for
stability by RMSD and RMSF analysis for each compound
compared with erlotinib as a standard and EGFR protein
without any binding ligands.

This analysis was used to identify whether the three
design compounds can improve the stability of EGFR
protein compared to erlotinib and EGFR without the
presence of ligands. Compounds that potential as EGFR
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Fig 9. Snapshot of C1 complex and residue of EGFR
protein in water
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inhibitors are certainly expected to increase the stability
of EGFR compared to erlotinib compounds that had been
resistant to EGFR.

Fig. 10 represents an RMSD analysis for each
complex ligand against EGFR protein. Compounds Bl
and C1 showed the lowest RMSD compared to other
compounds during simulation time. Both compounds
showed increased stability toward the EGFR protein,
which can be caused by the number of hydrogen bonds
produced during the simulation time, which is greater
than the hydrogen bond of compound Al. This result is
also supported by RMSF analysis, where the lowest
fluctuations based on residual numbers occurred in the
complex B1 against EGFR protein (see Fig. 11).

MM-GBSA Binding Energy Calculation

Binding energy calculation of all complexes was
exhibited by the MMGBSA method [34] (Eq. (1)). Table 2
showed the calculation result that ligand A1 and C1 have
lower binding energy than erlotinib. Furthermore,
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Fig 10. RMSD graph of EGFR and complex EGFR-ligand

compound Al had the lowest binding energy indicated
that compound Al is the potential to be an EGFR
inhibitor.

AGbmdmg = Gcornplex (1) _Gprotein (1) _Ginhibitor (i)i (1)
s CONCLUSION

The combination of docking and molecular
dynamics simulation had been carried out to design new
quinazoline derivatives compounds. Molecular docking
was successful in designing new potential compounds
using the pharmacophore model of lead compounds.
There were three new potential compounds produced
(A1; B1; and C1), and their interactions were evaluated
via molecular dynamics simulation. The result of the
simulation showed a more stable interaction between
the Al and C1 compounds. Furthermore, compound Al
exhibits the lowest binding energy result; about
-164.4330 kJ/mol indicated that Al is a potential
compound as an EGFR inhibitor.

0y — EGFR
— EGFR-Erlonitib
25 EGFR-A1
i — EGFR-B1
EGFR-C1
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0 100 200 300
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Fig 11. RMSF graph of EGFR and complex EGFR-ligand

Table 2. MMGBSA energy calculation result (kJ/mol)

Energy Al Bl Cl Erlotinib
Van der Waals -208.7230 -171.5590 -189.4682 -209.7849
EEL -102.9808 -140.8163 -89.6832 -97.6156
EGB 174.6008 189.5344 139.2376 171.8373
ESURF -27.3190 -22.8948 -23.5304 -25.4303
AGgs -311.7038 -312.3753 -279.1514 -307.4005
AGo 147.2818 166.6396 115.7072 146.4070
AGyinding -164.4220 -145.7357 -163.4442 -160.9935
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