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Abstract 
Quercetin is a naturally occurring flavonoid compound found in various species of vegetables and 
fruits. This compound have been widely demonstrated for having various medicinal properties including 
its capacity to inhibit enzymes that activate carcinogens, anti-viral, antioxidative activity as well as to 
modify signal transduction pathways by interacting with regulatory cell receptors etc., On the other hand, 
recent reports have evidenced significant anti-angiogenesis property of this compound on rat models 
targeting VEGFR2 regulated signalling pathways. In this scenario, we have carried out this present study 
to elucidate the underlying interactions responsible for this strong target specific inhibition at the 
molecular level using different computational approaches. Our docking, binding free energy along with 
molecular dynamic simulation studies revealed various interactions responsible for this target specific 
binding involving large negative binding energies. Quercetin compound demonstrated out ruling 
properties and interactions when compared the results with the VEGFR2 co-crystallized ligand AAZ. The 
present results would be of high value for further designing potent target specific anti-angiogenesis drug 
compounds. 
 
Keywords: Quercetin, VEGFR2, docking, Molecular dynamic simulations, anti-angiogenesis. 
 

1. Introduction 
Cancer is a group of various diseases all of which are involved in rapid division of cells 
leading to uncontrolled cell growth. There are about 200 different types of cancers known, 
which are classified based on the type of cells that could affect. Cancer can develop in almost 
any organ or tissue, such as the lung, colon, breast, skin, bones, or nerve tissue. The cancer is 
known to spread through lymphatic system or blood stream to all over the body [1]. Many 
things increase the complexity of the cancer by causing damage at gene level, including 
tobacco usage, infections, radiations, lack of physical activity and environmental pollutants [2]. 
As per GLOBOCAN review, in 2012 itself 14.1 million new cancer cases were reported and 
about 8.2 million cancer-related deaths occurred. Worldwide there are about 1.8 million 
(13.0%) lung cancer, 1.7 million (11.9%) breast cancer, and 1.4 million (9.7%) colorectal 
cancer types have been diagnosed. The most common causes of cancer death were reported 
with lung cancer 1.6 million, (19.4%), liver 0.8 million (9.1%) and stomach 0.7 million 
(8.8%). It was estimated that there will be a gradual increase of 19.3 million new cancer cases 
per year by 2025. Breast cancer is the most frequently diagnosed cancer type among women; 
12.7 million women were diagnosed with breast cancer and 5, 22, 000 deaths were recorded in 
the year 2012 [3]. Hence, finding potent drug candidates against cancer is of primary urgency. 
Since, there are various types of cancers present; it is an important strategy to choose a 
mechanism in common to inhibit all types of cancers. 
For any type of cancer to spread, new blood vessel formation is crucial for transportation of 
vital nutrition for the tumour growth and survival. The process of creating new blood vessels 
from pre-existing blood vessels is known as Angiogenesis. It involves a complex process of 
activation, proliferation and migration of endothelial cells to form new capillaries. This 
complete mechanism of angiogenesis can be found most extensively in the process of wound 
healing and the formation of placenta during embryonic development stage of pregnancy [4-8].  
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2. Role of VEGFR2 in angiogenesis 
At molecular level, various signalling pathways such 
as AKT/mTOR/P70S6K pathways induce angiogenesis. 
Activation of this signalling pathways involved in 
angiogenesis is reported to be because of Vascular Endothelial 
Growth Factor A (VEGF-A) binding with the extra cellular 
domain of Vascular endothelial growth factor receptor 2 
(VEGFR2) resulting for its auto-phosphorylation. 
Thus, inhibition of this VEGF-A binding with VEGFR2 is an 
attractive drug target for biological cancer therapies, moreover 
there is demonstrated evidence that inhibition of VEGFR2 not 
only blocks angiogenesis in tumors but can also destroy tumor 
vessels [9], hence it is considered as a validated drug target for 
angiogenesis [10]. Cabozantinib [11] 5-(Ethylsulfonyl)-2-
methoxyaniline (5)-aaz [12]; Taxifolin [13]; Decursin [14] and 
Bevacizumab [15] are few of the FDA approved compounds 
presently available in the market as anti-angiogenesis drugs 
targeting VEGFR2. Structurally, VEGFR2 contains the kinase 
core along with 18 residues from kinase insert domain. TYR 
1054 and TYR1059 residues present at the kinase activation 
loop of VEGFR2 is proven to be its autophosphorylation site 
[16]. Whereas, GLU883; VAL 914; GLU 915; PHE916; 
CYS917; ASN921 ASP1044 and PHE 1045 residues were 
reported to be the crucial role players towards forming strong 
receptor-ligand binding via hydrogen bonds and pi-pi 
stackings [17-18]. 
 
3. Anti-angiogensis property by Quercetin 
Quercetin is naturally occurring flavonoid compound found in 
about 28 different vegetables and nine fruits varieties such as 
apples, tea (Camelia sinensis), red onions, capers, lovage, 
parsley, broccoli, berries and red grapes [19-20]. This flavonoid 
compound have been reported to be having various medicinal 
properties including its capacity to inhibit enzymes that 
activate carcinogens, anti-viral, antioxidative activity as well 
as to modify signal transduction pathways by interacting with 
regulatory cell receptors and other proteins [21-22]. 
Recently, Quercetin compound at 20mg/kg/d dosage was 
shown to be having significant anti-angiogenesis effect in ex 
vivo, in vivo and in vitro rat models. It was demonstrated that 
this compound suppress the VEGF induced phosphorylation of 
VEGFR2 and their downstream protein kinases mOTR, AKT, 
and ribosomal protein S6 kinase. On the other hand, 
significant reduction in solid tumour weight in prostate 
xenograft mouse models was observed, indicating this 
compound’s potential to act as anti-angiogenesis drug 
compound [23]. Based on this recent evidence it was clear that 
Quercetin could be used as a potential drug candidate for 
cancer therapy targeting VEGFR2 regulated signalling 
pathways. In this scenario, keeping in view of the increased 

applications and reliability on computational methods towards 
discovering novel drug candidates for reducing time and cost, 
we have carried out this present study to elucidate the 
underlying interactions responsible for this strong target 
specific inhibition at molecular level using different 
computational approaches. The knowledge thus gained could 
of high value in designing novel anti-angiogenesis drug 
candidates targeting VEGFR2.  
 
4. Computational Methods 
4.1 Preparation of protein structure 
Crystal structure of VEGFR2 in complex with 2-anilino-5-
aryl-oxazole (AAZ) [PDB ID: 1Y6A] [24] which was resolved 
using X-Ray diffraction method with a resolution factor of 
2.30 Å was retrieved from Protein Data Bank (www.rcsb.org) 
[25]. Retrieved structure has been further modified for Glide 
docking calculations as follows: For Glide v6.1 [26-29] 
calculations, VEGFR2-2-anilino-5-aryl-oxazole complex was 
imported to Maestro v9.6 [30]. Using Protein Preparation 
Wizard (PPW) [31-32], included Biological unit and assigned 
bond orders, created zero order bonds to metals, created 
disulfide bonds, converted any selenomethionines to 
methionines, deleted all water molecules, generated metal 
binding states, added missing hydrogens, filled any missing 
side chains and missing loops and capped the termini making 
use of the prime module integrated within PPW. Under review 
and modify tab of PPW, all the co-crystallized ligands/hetero 
atoms and waters were detected and removed from the 
structure. Under the refine tab of PPW, we have optimized the 
H-bond network to fix the overlapping hydrogens and the most 
likely positions of thiol and hydroxyl hydrogen atoms. 
Protonation states and tautomers of ‘His’ residues, and Chi 
‘flip’ assignments for ‘Gln’, ‘Asn’ and ‘His’ residues were 
selected by the protein assignment script shipped by 
Schrodinger. pH range was set to 7.0 and the protein was 
minimized by applying OPLS2005 force field [33-34]. Finally, 
restrained minimization was performed until the average root 
mean square deviation (RMSD) of the non-hydrogen atoms 
converged to 0.30 Å. Glide’s grid generation module has been 
used to represent the shape and properties of the receptor by 
different sets of fields that provide progressively more 
accurate scoring of the ligand poses. 
 
4.2 Preparation of ligands 
The three dimensional coordinates of AAZ (CID 4369497) and 
quercetin compounds (CID 5280343) were retrieved from 
Pubchem database (http://pubchem.ncbi.nlm.nih.gov/). 
Structures of these two compounds used in the present study 
are shown in Figure 1. 

 

 
 

Fig 1: Structures of 2-anilino-5-aryl-oxazole and Quercetin compounds. 
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Using LigPrep Ver 2.8 module [35] of the Schrodinger suite 
2013.3, each structure was minimized using OPLS_2005 force 
field and Ionization states was set to generate all possible 
states at pH 7.0 +/- 2.0  and metal binding states to the 
compounds were generated and retained the original states for 
the given ligand using “EpiK”. Ligands were desalted and 
allowed to generate tautomers. Under the stereoisomer’s 
column we have specified to retain chiralities and allowed to 
generate 32 per ligand at most. Keeping in view of the 
flexibility of the rings present in each ligand and their 
possibility to change conformations during docking 
calculations, we have specified to generate low energy ring 
conformation with 1 per ligand. 
 
4.3 Ligand docking 
GLIDE (Grid-based Ligand Docking with Energetics) v6.1 
module in Schrodinger software was used for all the docking 
calculations. It uses a grid based ligand docking method with 
energetic and searches for favourable interactions between one 
or more small ligand molecules and receptor protein. Once, it 
has been ensured that the protein and ligands are prepared for 
docking; a receptor grid file was generated using grid receptor 
generation program available with Glide module. In order to 
keep the protein receptor flexible, we have allowed the 
rotation of hydroxyl and thiol groups of THR862; CYS917; 
THR925; TYR1006; SER1035; CYS1043; ASH1044 residues. 
A grid box of size 80 x 80 x 80 Å with coordinates X = 0.35, 
Y = 29.8 and Z = 17.8 was generated and the size of ligands to 
be docked was selected as no more than 20 Å. The ligands 
were docked with the active site using the ‘extra precision’ 
Glide algorithm. 
 
4.4 ADME screening 
The QikProp ver.3.8 program [36] integrated within 
Schrodinger was used to obtain the ADME properties of the 
tested compounds. It predicts both physically significant 
descriptors and pharmaceutically relevant properties. The 
program was processed in normal mode with neutralized 
ligand input and allowed it to predict 35 principal and 
physiochemical properties for the given compound. Among 
the predicted descriptors, molecular weight, H-bond donors, 
H-bond acceptors, log P (Octanol/water), log P MDCK, log 
Kp (skin permeability), humoral absorption are few important 
ones. It also evaluates the CNS activity and Blood brain 
barrier crossing ability of the compounds along with 
acceptability of the ligands for drug like molecules based on 
Lipinski’s rule of 5 [37]. Lipinski’s rule of 5 is proven to be 
reliable criteria to evaluate drug likeness, or determine if a 
chemical compound with a certain pharmacological or 
biological activity has properties that would make it a likely 
orally active drug in humans. The rule describes molecular 
properties important for a drug’s pharmacokinetics in the 
human body, including its ADME. 
 
4.5 MM-GBSA/Prime binding-free energy calculation 
GLIDE XP docking output pose viewer file was used to 
calculate the binding free energies of protein-ligand complex 

using OPLS-AA force field and GB/SA continuum solvent 
model incorporated in Prime/MM-GBSA protocol [38-39].  
 
4.6 MD Simulations in water 
‘‘Desmond v3.6 Package’’ [40-42] was used to run the molecular 
dynamic simulations. Predefined TIP3P water model [43] was 
used to simulate water molecules using OPLS2005 force field. 
Orthorhombic periodic boundary conditions were set up to 
specify the shape and size of the repeating unit buffered at 10 
Å distances. In order to neutralize the system electrically, 
appropriate counter NA+/Cl- ions were added to balance the 
system charge and were placed randomly in the solvated 
system. After building the solvated system, we have performed 
minimization and relaxation of the protein/protein-ligand 
complex using default protocol of desmond; which includes a 
total of 9 stages among which there are 2 minimization and 4 
short simulations (equilibration phase) steps are involved 
before starting the actual production time.  
Summary of Desmond’s MD simulation stages: 
stage 1 – task (recognizing the simulation setup parameters) 
stage 2 - minimize, Minimization with restraints on solute 
stage 3 - minimize, Minimization without any restraints 
stage 4 - simulate, Berendsen NVT, T = 10 K, small timesteps, 
and restraints on solute                  
heavy atoms 
stage 5 – simulate, Berendsen NPT, T = 10 K, and restraints 
on solute heavy atoms 
stage 6 - solvate_pocket 
stage 7 – simulate, Berendsen NPT and restraints on solute 
heavy atoms 
stage 8 – simulate, Berendsen NPT and no restraints 
stage 9 – simulate (production time) 
Molecular dynamic simulations were carried out with the 
periodic boundary conditions in the NPT ensemble [44] using 
OPLS 2005 force field parameters. The temperature and 
pressure were kept at 300 K and 1 atmospheric pressure using 
Nose-Hoover temperature coupling and isotropic scaling [45], 
the operation was followed by running the 5 ns NPT 
production simulation and saving the configurations thus 
obtained at 5ps intervals. All the Glide dockings and molecular 
dynamic simulations were performed on Intel (R) Core (TM) 
i5-3330 Processor CPU @ 3.00 GHz with 8 GB DDR RAM. 
Schrödinger software was compiled and run under Linux 
CentOS 6.4 (Final) operating system. All the Glide docking 
and Molecular dynamics simulation snapshots were rendered 
using Schrodinger’s maestro interface v9.6. 
 
5. Results and Discussion                                                                        
5.1 Molecular Docking:  
In order to study the detailed molecular basis of interactions 
and binding affinity of the ligands comparatively with 
VEGFR2 active site. Prepared structures of 2-anilino-5-aryl-
oxazole (co-crystallized compound with VEGFR2) along with 
Quercetin compound were docked into the active site of 
VEGFR2. The docking results of the ligand are given in table 
1. 
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Table 1: Docking energies and interaction profile of 2-anilino-5-aryl-oxazole (VEGFR2 co-crystallized ligand found in PDB 1Y6A) and 

Quercetin compound with VEGFR2: 
 

S.No 
Ligand 
name 

Pubchem 
ID 

XP 
GLIDE 
score 

Interactions 

H-bond Hydrophobic 

1. 
2-anilino-5-
aryl-oxazole 

4369497 -8.9 
ILE1042, 
LEU1034 

LEU1017, MET1014, CYS1043, LEU838, PRO837, ILE1032, 
LEU1033, VAL896, PHE1086, VAL897, VAL1040, VAL914, 

VAL865, ILE847 , CYS917, LEU1034, PHE919 

2. Quercetin 5280343 -9.1 LEU1033 
PHE916,LEU1033, LEU1034, PHE919, CYS917, ALA864, ILE1042, 

VAL914, PHE1016,VAL897, LEU1017, VAL845, PHE1045, 
CYS1043, ILE1032, LEU838, 

 
The results of docking simulations demonstrated high 
binding affinity with promising interactions with 
catalytically important residues present at the VEGFR2’s 
active site with binding energies of -8.9 and -9.1 Kcal/mol 
for 2-anilino-5-aryl-oxazole and Quercetin compounds 
respectively. The high binding affinity of quercitin 
compound towards VEGFR2 in comparison to 2-anilino-5-
aryl-oxazole has evidenced its potent inhibiting capability. 

When the docked complexes were analyzed for the 
interactions involved, it was observed that 2-anilino-5-aryl-
oxazole was shown to be forming direct hydrogen bonds 
with ILE1042 and LEU1034 along with hydrophobic 
interactions with LEU1017, MET1014, CYS1043, LEU838, 
PRO837, ILE1032, LEU1033, VAL896, PHE1086, 
VAL897, VAL1040, VAL914, VAL865, ILE847, CYS917, 
LEU1034 and PHE919 residues of VEGFR2 (Figure 2). 

 

 
 

Fig 2: Docking snapshot of VEGFR2 in complex with 2-anilino-5-aryl-oxazole:: a) Showing H-bond and contacts formed by AAZ with 
VEGFR2 residues LEU 1034 and ILE 1042 b) 2D interactions snapshot showing various interactions formed by AAZ at the catalytic active 

site of VEGFR2. 
 

When the docking snapshot of Quercetin in complex with 
VEGFR2 was analysed, Quercetin compound was shown to 
be forming a direct hydrogen bond with LEU1033 residue, 
along with hydrophobic interactions with PHE916, 

LEU1033, LEU1034, PHE919, CYS917, ALA864, ILE1042, 
VAL914, PHE1016, VAL897, LEU1017, VAL845, 
PHE1045, CYS1043, ILE1032 and LEU838 (Figure 3). 

 

 
 

Fig 3: Docking simulation snapshot of VEGFR2 in complex with QUERCETIN: a) Showing H-bond and contacts formed by Quercetin with 
VEGFR2 residues LEU1033 b) 2D interactions snapshot showing various interactions formed by Quercetin at the catalytical active site of 

VEGFR2. 
 

On the other hand, ADME predictions by Qikprop program 
have shown to be having significantly promising ADME 
properties which are well within permissible range 
(Supplementary table 1).  

5.2 MM-GBSA/Prime binding-free energy analysis 
We have applied binding free energy analysis approach in 
order to further validate the docking energy predictions, for 
the receptor and ligand complex, since the exclusivity of the 
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scoring functions used in docking program is not fully 
reliable [46]. VEGFR2-Quercetin complex predicted to be 
having binding free energy of -54.245 Kcal/mol, whereas 
VEGFR-2-AAZ complex was predicted to be having -33.14 
Kcal/mol. This results further validates and evidences high 
binding affinity along with thermodynamic stability of 
VEGFR2-Quercetin complex in comparison to VEGFR2-
AAZ complex.  
 
5.3 MD Simulations 
We have performed molecular dynamic simulations in order 
to study the protein-ligand interactions in motion 

contributing for their thermodynamic stability and to 
visualize the effect of ligand binding on protein 
conformational changes. For better understanding and 
comparison, firstly we have subjected the protein VEGFR2 
(without any ligand) to MD simulations, then after VEGFR2 
in complex with AAZ (co-crystallized ligand with VEGFR2) 
and finally VEGFR2 in complex with Quercetin. Statistically 
significant comparative results have been presented in Table 
2 and overall stability of the simulated system was 
demonstrated via simulation quality analysis report, results 
of which have been presented in Supplementary table 2. 

 
Table 2: MD trajectory analysis of VEGFR2 without any ligand and in complex with QUERCETIN: 

 

S.No Molecule 

Statistical Parameter 
Total energy 
(Kcal/mol) 

RMSD 
(Backbone) 

Radius of 
gyration 

Intra molecular  
H-Bonds 

Inter molecular    
H-Bonds 

Range Mean Range Mean Range Mean Range Mean Range Mean 

1. 
VEGFR2 

(without any 
ligand) 

-5.6 to     
-4.8 

-5.2 
0.0 to 

2.8 
2.3 

20.2 to 
20.9 

20.6 
106 to 

142 
121 N/A N/A 

2. 
VEGFR2 in 

complex with 
AAZ 

-3.7 to -
3.0 

-3.3 
0.0 to 

2.7 
2.0 

20.3 to 
21.0 

20.6 66 to 92 80 
0.0 to 

5.0 
3.1 

3. 
VEGFR2 in 

complex with 
quercetin 

-5.6 to -
4.8 

-5.3 
0.0 TO 

5.2 
3.9 

20.5 to 
21.2 

20.9 
108 to 

140 
123 

1.0 to 
6.0 

3.4 

 
To analyze the stability and overall conformational changes 
of VEGFR2 protein receptor comparatively, we have studied 
the total energy [Figure 4], Root mean square deviation 
(RMSD) [Figure 5], Radius of gyration (ROG) [Figure 6], 
Root mean square fluctuations (RMSF) [Figure 7]; total intra 
molecular hydrogen bonds [Figure 8] and total secondary 
structure elements (SSE) [Figure 9] contributions as the time 
dependant function of MD simulations. We have analyzed 
the total energy involved for the stabilized conformation of 
this protein, it was observed to be having an average of -5.2 

Kcal/mol of energy in a range of –5.6 to -4.8 Kcal/mol for 
apo protein (figure 4a); -3.3 Kcal/mol of energy in a range of 
-3.8 to -3.0 kcal/mol for VEGFR2-AAZ complex (figure 4b) 
and an average -5.3 Kcal/mol of energy in a range of -5.7 to -
4.8 Kcal/mol for VEGFR2-Quercetin complex (figure 4c), 
which clearly demonstrates the comparative high binding 
affinity of Quercetin compound in comparison to AAZ, this 
much minimized negative energy further substantiates high 
thermodynamic stability of this complex in comparison 
along with its inhibitory potential. 
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Fig 4: Analysis of total energy of the VEGFR2 protein in its A) Apo state (red); B) in complex with AAZ (green) and C) in 
complex with Quercetin compound (blue) during simulated time. 
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Fig 5: Analysis of Root mean square deviations (RMSD) of the VEGFR2 protein in its A) apo state; B) in complex with AAZ 
and C) in complex with Quercetin compound during simulated time.   
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Fig 6: Analysis of radius of gyration of the VEGFR2 protein in its A) apo state (red); B) in complex with AAZ (green) and C) 
in complex with Quercetin compound (blue) during simulated time. 
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Fig 7: Analysis of Root mean square fluctuations (RMSF) of the residues present in VEGFR2 protein in its A) apo state (red); 
B) in complex with AAZ (green) and C) in complex with Quercetin compound (blue) during simulated time. 

 
 
 
 
 
 
 
 
 
 



 

~ 39 ~ 

European Journal of Biotechnology and Bioscience 

 
 

Fig 8: Analysis of total intra molecular hydrogen bonds present in VEGFR2 protein in its A) apo state (red); B) in complex 
with AAZ (green) and C) in complex with Quercetin compound (blue) during simulated time. 
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Fig 9: Analysis of Secondary structure elements (SSE) percentage like alpha helices and beta strands present in VEGFR2 in its 
A) apo state B) in complex with AAZ and C) in complex with Quercetin compounds during the simulation trajectory. 

 
In order to understand the conformational changes in the 
overall protein in its apo state and in presence of the given 
ligands, RMSD of the protein’s c-alpha chain, backbone, 
side chains and heavy atoms present in the protein has been 
analyzed along with the RMSD of ligand with reference to 
the protein as well as with reference to the docked ligand 
conformation. When the RMSD of the protein VEGFR2 in 
its apo state was analyzed, its c-alpha chain and backbone 
found to be fluctuating around 2.4 Å, where as the side 
chains and heavy atoms were shown to be fluctuating around 
3.6 Å and 2.8 Å respectively (figure 5a). Further, we have 
calculated RMSDs for the trajectory of VEGFR2 in complex 
with AAZ using its initial model as a reference structure. The 
results in figure 5b show that the RMSDs of the trajectory 
for the complex shows that the c-alpha chain and backbone 
are fluctuating around 2.0 Å, where as the side chains and 
heavy atoms were shown to be fluctuating around 3.6 Å and 
2.4 Å respectively. We have also analyzed the ligand AAZ’s 
RMSD with reference to the protein (ligand fit to protein) as 
well as with reference to its docked conformation (ligand fit 

ligand). The results shows that the ligand fit to protein 
RMSD is fluctuating around 2.5 Å, with few high peaks upto 
4.0 Å in between 2-3ns of simulated chemical time, whereas 
ligand fit ligand RMSD showed a steady graph maintaining 
at 1.0 Å. Finally, we have analyzed the RMSDs for the 
trajectory of VEGFR2 in complex with Quercetin. The 
results in figure 5c show that the RMSDs of the trajectory for 
the complex shows that the c-alpha chain and backbone are 
fluctuating around 4.8 Å, whereas the side chains and heavy 
atoms were shown to be fluctuating around 5.4 Å and 4.9 Å 
respectively. We have also analyzed the ligand Quercetins’ 
RMSD with reference to the protein (ligand fit to protein) as 
well as with reference to its docked conformation (ligand fit 
ligand). The results shows that the ligand fit to protein 
RMSD is fluctuating around 3.0 Å, whereas ligand fit ligand 
RMSD shown to be maintaining an average of around 0.6 Å. 
In order to estimate the overall compactness of the protein 
structure, we have calculated the radius of gyration (ROG) 
during the simulated time (figure 6). Throughout the 
simulation time, VEGFR2 protein was measured to be 
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having a ROG in a range of 20.2 Å to 20.9 Å with an average 
of 20.6 Å for apo protein; 20.3 Å to 21.1 Å with an average 
of 20.7 Å for VEGFR2 in complex with AAZ and 20.5 Å to 
21.3 Å with an average of 21.0 Å for VEGFR2 in complex 
with Quercetin compound (table 2). With this ROG data we 
can say that the protein is quite stable, however, as the 
simulation progresses, protein was found to be expanding a 
bit in its overall structure in its apo state after passing half of 
the simulation time, in contrary VEGFR2 in complex with 
AAZ compound shows that the protein compactness is 
fluctuating comparatively and found to be contracting at the 
last 3 ns of the simulated time. Whereas, in case of VEGFR2 
in complex with Quercetin, the overall protein was found to 
be expanding compared to ROG data of apo protein.  
To identify the actively moving residues during the 
simulation, which might be contributing for protein’s 
functionality and flexibility regions, we have calculated the 
averaged RMSF analysis of all the residues during the MD 
simulated time. From the comparative graphs (figure 7), it 
can be inferred that majorly fluctuating residues are present 
at 1100-1150 numbered residues. These residues were found 
to be fluctuating well below 3 Å for apo protein; above 4 Å 
for protein in complex with AAZ and around 3.5 Å for 
protein in complex with Quercetin compound, which 
signifies that this part of the protein in specific might be 
playing a crucial role for stronger ligand binding to the 
protein. 
Hydrogen bonds are the main contributors for the overall 
stability of the protein structures along with other non-
bonded forces. More the total number of hydrogen bonds, 
higher will be the rigidity of the protein, which might result 
in reduced activity of the protein. When the total number of 
intra molecular Hydrogen bonds present in the protein 
VEGFR2 in its apo form; in complex with AAZ and in 
complex with Quercetin was analyzed (table 2), it was 
revealed that protein structure was highly rigid in its apo 
state with an average of 120 intra molecular hydrogen bonds 
in a range of 105 to 145; As the simulation progresses, the 
graph (figure 8) evidenced that the overall intra molecular 

hydrogen bonds present in the protein are depleting from an 
average of 130 at initial time to 115 at the end of the 
simulation, which suggests that the protein is becoming 
flexible resulting for its activity. When intra molecular 
hydrogen bonds were analyzed in presence of AAZ 
compound, it was found to be maintaining an average of 80 
with a range of 65 to 95, which shows that the protein has 
become flexible in presence of this compound leaving scope 
for its activity. When the intra molecular hydrogen bonds 
were analyzed for protein in presence of Quercetin 
compound, it was found to be maintaining an average of 125 
in a range of 105 to 140, which depicts its strong inhibiting 
capability of this compound by make it further rigid to lessen 
its activity.  
To further understand the contributions involved for the 
protein stability, we have monitored total Secondary 
structure elements (SSE) present in the protein like alpha 
helices and beta strands throughout the simulation trajectory. 
From the analysis it was revealed that the protein VEGFR2 
maintaining about 36-42% of SSE composition of helices 
and strands over simulated time with an average of 39% in 
its apo state (Figure 9a); 32 to 44% with an average of 40% 
in complex with AAZ (Figure 9b) and 39-45% with an 
average of 42% in complex with Quercetin compound 
(Figure 9c). This SSE results further substantiates that 
protein in Quercetin is higher stable comparatively. 
In order to visualize the conformation change behavior of 
VEGFR2 in presence of the ligands AAZ and Quercetin, we 
have superimposed the first (Pre MD) and last frames (Post 
MD) of the MD generated trajectory structures, it is observed 
that the protein structure has slightly expanded, and the 
minor movements responsible for this expansion have been 
observed with helices and loops in specific as shown in 
figure 10. As simulation progresses we have observed that 
the compounds AAZ and Quercetin are showing a flip of 
around 900 at the catalytic active site of VEGFR2 for its 
stabilization; further depicting the compound compatibility 
to the conformational changes at the VEGFR2’s active site. 

 

 
 

Fig 10: Superimposition of Pre MD and Post MD simulated VEGFR2 protein in complex with A) AAZ and B) Quercetin.
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5.3 Interaction profile of AAZ and Quercetin with 
VEGFR2 during MD simulations 
We have used Simulation interactions diagram protocol 
integrated within Desmond module for studying the detailed 
inter-molecular interactions involved in the receptor-ligand 
complex during MD simulations. A total of 3 (for AAZ) and 
4 (for Quercetin) hydrogen bonds were observed with 
VEGFR2, frequent direct h-bonds were observed with 
residues CYS917; LEU1033 and CYS 1043 with around 
80% occupancy during MD trajectory analysis for AAZ 
compound, these residues are also found to be participating 
in water bridges and hydrophobic contacts, apart from above 
mentioned direct hydrogen bonds forming residues, AAZ 
was found to be forming various other interactions like ionic 
interactions; water bridges and hydrophobic contacts with 
residues LEU838; VAL 846; GLU848; ALA 864; VAL 897; 
PHE 916; LYS 918; PHE 919; LEU 1017; ASN 1031; LYN 

1041 and PHE1045 residues as shown in below figure 11.  
When the interaction profile of Quercetin was observed, 
LYS866; GLU883; LYN1041 and ASH1044 residues were 
found to be forming direct hydrogen bonds with Quercetin 
compound within a range of 40 to 100% occupancy during 
MD trajectory. Among the hydrogen bonds forming residues, 
LYS866; LYN 1041 and ASH1044 residues were also found 
to be forming water bridges.  Apart from above mentioned 
direct hydrogen bonds forming residues, AAZ was found to 
be forming various other interactions like ionic interactions; 
water bridges and hydrophobic contacts with LEU 838; ARG 
840; GLY 841; ALA 842; VAL 846; ILE 847; GLU 848; 
ALA 864; VAL 897; VAL 914; PHE 916; CYS 917; LYS 
918; PHE 1016; LEU 1017; HIS 1024; ILE 1042; CYS 1043; 
PHE 1045 and LEU 1047 residues as shown in below figure 
12.  

 

 
 

Fig 11: A) Analysis of various interactions involved in stabilizing VEGFR2-AAZ complex. B) Analysis of percentage 
occupancy of the direct hydrogen bonds formed between AAZ and VEGFR2 residues. C) Analysis of total contacts formed 

between VEGFR2 residues and AAZ during MD simulation. 
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Fig 12: A) Analysis of various interactions involved in stabilizing VEGFR2-Quercetin complex. B) Analysis of percentage 
occupancy of the direct hydrogen bonds formed between QUERCETIN and VEGFR2 residues. C) Analysis of total contacts 

formed between VEGFR2 residues and QUERCETIN during MD simulation. 
 
To examine and estimate the ligand conformational 
evolution of every rotatable bond (RB) in the ligand 
throughout the simulation trajectory facilitating for their 
stabilized conformation, we have analyzed the torsional 
degree of freedom for the rotatable bonds present in the 
ligand. Each rotatable bond torsion is accompanied by a 
color-coded dial plot and bar plots of the same color. 
Conformation of the torsion is described by Dial (or radial) 
plots. Center of the radial plot represents the beginning of the 
simulation and the time evolution is plotted radially 

outwards. The probability density of the torsion is 
summarized by the bars on the dial plots. Potential energy 
consumed for that particular conformation is expressed in 
kcal/mol on the left Y-axis of the chart. For the compound 
AAZ, a total of 7 rotatable bonds were observed with various 
degrees of freedom as shown in figure 13a by utilizing a total 
of 47.67 kcal/mol of energy. For the compound Quercetin, a 
total of five rotatable bonds were observed with various 
degrees of freedom as shown in figure 13b by utilizing a 
total of 28.04 kcal/mol of energy. 
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Fig 13: Analysis of torsional degree of freedom during MD simulation trajectory for the rotatable bonds present in the A) AAZ 
and B) Quercetin compounds. 

 
6. Conclusion 
The present study demonstrated that VEGFR2 is a target of 
Quercetin and provided mechanistic insights for the ability of 
naturally occurring Quercetin as a valuable small ligand 
molecule for cancer treatment via anti-angiogenesis targeting 
VEGFR2. Results from de novo molecular dynamic 
simulations for 5 ns showed that the trajectories of the 
protein complexed with ligand Quercetin was stable over a 
considerably long time period of 5 ns, with the energies of 
the complex being lowered in comparison to the un-docked 
protein and in complex with AAZ consolidating the 
thermodynamic stability and substantiates the hypothesis that 
Quercetin has the potential to inhibit VEGFR2. Furthermore, 
ligand interactions revealed during docking and molecular 
dynamic simulations with catalytically important residues 
could be critical for its inhibitory potential. The present 
knowledge is of high value for computational screening of 
VEGFR2 drugs towards further enhancing the discovery of 
VEGFR2 target specific drug compounds by understanding 
the molecular interaction basis between ligand and receptor.  
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