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Abstract 

A series of 46 chalcone derivative compounds with their inhibitory activity against colorectal cancer 
were used as data set for developing the quantitative structure activity relationship (QSAR). 2D QSAR 
and 3D QSAR models have been developed with high predictive ability with r2 and r2(CV) of 0.81 and 
0.78, respectively. Results from the 2D and 3D quantitative structure activity relationship models indicate 
that electrostatic parameter enhanced bioactivity of the chalcone derivatives. Further, docking and 
molecular dynamic simulation was performed using 2wft PDB ID as the molecular target of colon cancer. 
Based on the docking, molecular dynamic, and biological assay, it is confirmed that compound 2, cpd 4, 
cpd 21, cpd 23, cpd 27, cpd 32, cpd 38, and cpd 39 show better activity (active) against colorectal cancer 
cells. 
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Introduction 

Chalcones, considered to be the precursor of flavonoids and isoflavonoids, are abundant in edible 
plants. They consist of open-chain flavonoids in which the 2 aromatic rings are joined by a 3-carbon α, β-
unsaturated carbonyl system. Studies have revealed that compounds with a chalcone-based structure have 
anti-inflammatory [1], anti-bacterial [2], antifungal [3] and anti-tumor activities [4]. 

Cancer is a multifactorial disease characterized by uncontrolled and abnormal cell growth. Among 
the various types of cancers diagnosed, it is worth mentioning that colorectal cancer is the third most fatal 
malignancy, affecting both men and women [5]. Most patients die with a year after diagnosis. The 
primary treatments used for colorectal cancer are chemotherapy and surgery. However, synthetic drugs 
are costly, and have several side effects. Searching for potential anticancer agents with high efficacy and 
low side effects are hot trends in research nowadays. 

Drug design is an area where a computational approach has created a major impact, since it is very 
fast, cost efficient, and are almost universally applicable across a wide range of targets. The 
computational approach can aid in various ways and has played a critical role in the discovery of new 
inhibitors. This study was conducted to investigate the correlation between the structure of chalcone-
based compounds and their activities; in addition, docking was used to model the interaction between a 
small molecule and a protein at the atomic level, which allows us to characterize the behavior of small 
molecules in the binding site of target proteins [6]. 
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Materials and methods 

2D, 3D QSAR modeling and pharmacophore 
A data set of 45 chalcone-based compounds (presented in Table 1) were taken from the literature 

[7]; then, the data set was divided into a training set for QSAR model development and a test set for 
model validation. The 2D molecular structures of the ligands were sketched, converted into 3D structures, 
and followed with descriptor calculation. Some descriptors were generated from this calculation; these 
descriptors were then reduced to a smaller set of descriptors. 
 
 
Table 1 Molecular structures of chalcone 
 

A
R3

R4
R5

R6

R2 O R'2

R'4
R'5

R'6

R'3
B

 
 

No Ring A Ring B 
Cpd R2 R3 R4 R5 R6 R’2 R’3 R’4 R’5 R’6 

1 H H H H H H H H H H 
2 H H H H H OH H H H H 
3 H H H H H H OH H H H 
4 H H H H H H H OH H H 
5 OH H H H H H H H H H 
6 OH H H H H OH H H H H 
7 OH H H H H H OH H H H 
8 OH H H H H H H OH H H 
9 OH H H H H H H OCH3 H H 

10 OH H H H H H OCH3 OCH3 H H 
11 OH H H H H H OCH3 OCH3 OCH3 H 
12 OH H H H H H 1,3 dioxolone H H H 
13 OH H H H H H H CH3 H H 
14 OH H H H H H H Cl H H 
15 OH H H H H H Phenyl H H H 
16 OH H OCH3 H OCH3 H H N(CH3)2 H H 
17 OH H OCH3 H OCH3 H H OCH3 H H 
18 OH OCH3 OCH3 H H H H Br H H 
19 OH H OCH3 H OCH3 H H H H H 
20 OH H OCH3 H OCH3 NO2 H H H H 
21 OH H OCH3 H OCH3 H H NO2 H H 
22 OCH3 H OCH3 H H H H NO2 H H 
23 OCH3 H OCH3 H H H H Cl H H 
24 OCH3 H OCH3 H H H H Br H H 
25 OCH3 H OCH3 H H H 1,3-dioxolone H H H 
26 OCH3 H H OCH3 H H 1,3-dioxolone H H H 
27 OCH3 H H OCH3 H H OCH3 OCH3 OCH3 H 
28 H OCH3 OCH3 H H H H Cl H H 
29 H OCH3 OCH3 H H H H SCH3 H H 
30 OCH3 H H H H H H F H H 
31 H H OCH3 H H OCH3 H H H H 
32 H H OCH3 H H H H Cl H H 
33 H H OCH3 H H H Phenyl H H H 
34 H H CH3 H H H H N(CH3)2 H H 
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No Ring A Ring B 
Cpd R2 R3 R4 R5 R6 R’2 R’3 R’4 R’5 R’6 
35 H H CH3 H H H H F H H 
36 H H CH3 H H H H Cl H H 
37 H H CH3 H H H H SMe H H 
38 NH2 H H H H H H H H H 
39 NH2 H H H H H H NO2 H H 
40 NH2 H H H H H H Cl H H 
41 NH2 H H H H H H OCH3 H H 
42 NH2 H H H H H Phenyl H H H 
43 H H NH2 H H H H H H H 
44 H H NH2 H H H H H H H 
45 H H NH2 H H H H Cl H H 
46 H H NH2 H H Cl H Cl H H 

 
 
Correlation matrix can be used to choose the best subset of descriptors by eliminating the high 

correlation between each descriptor. The next step is scaling descriptors; scaling descriptors are required 
to prevent the manipulation of each descriptor, since there may be underlying relationships between these 
descriptors. Scaling can be calculated as follows; 
 
yi = xi  - xmin ,                    (1) 
      xmax - xmin 
 
yi is the scaled value, xi is the original value, xmin is the minimum of the collection of x object and xmax is 
the maximum of the collection of x object. QSAR models were developed using multiple linear 
regression analysis (MLRA) technique. In this technique, leave-one-out (LOO) method was used to 
perfom the cross-validation analysis. 

The 3D QSAR model was carried out using partial least squares (PLS) technique. The 3D QSAR 
model consisted of 2 variables- independent and dependent variable. Biological activity was used as the 
dependent variable, and descriptors were used as the independent variables. Cross validation was 
performed to validate the QSAR model by predicting the biological activity of unknown compounds in 
the test set.  The pharmacophore modeling was generated using some features, such as hydrogen bond 
donor, hydrogen bond acceptor, and hydrophobic atom. The pharmacophore features were then used to 
ensure that the 3D QSAR model had a predictive power to predict the biological activities of unknown 
compounds. The applicability of the 3D QSAR model to the molecules using the same properties as 
pharmacophore allignment was also shown. 
 

Docking and molecular dynamic simulation 
Docking was performed using Autodock. 45 chalcone compounds and macromolecules 

(downloaded from pdb database www.pdb.org: PDB ID 2wft) were prepared before the docking process. 
The protein had been previously minimized, the water molecule removed, non-polar hydrogen merged, 
Kollman charges assigned, and the solvation parameters added. The ligands were sketched using the 
ChemDraw software package, followed with the addition of the Gasteiger charges to the minimized 
ligand structures, and all bonds were made rotatable and flexible by allowing the detection of root torsion. 
Grid maps with grid spacing of 0.39 Å in the x, y, and z-dimensions of 126×126×126 points were set to 
cover the entire protein. The Lamarckian Genetic Algorithm (LGA) was used to search for the lowest 
binding energy by implementing local minimization of the genetic algorithm, to enable modification of 
the gene population. Docking was then performed with the clustered output based on the root-mean-
square deviation (RMSD) tolerance of 2.0 Å. 

The relationship between structure and protein function is directly connected to atomistic aspects of 
protein dynamics. As a major methodology in structural biology, molecular dynamics (MD) simulations 
permit the exploration of the physical mechanism underlying the function of proteins by examining their 
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dynamical behavior. In this study, MD was performed using CHARMM (Chemistry at HARvard 
Macromolecular Mechanics) as a force field. NAMD (Nanoscale Molecular Dynamics program; v 2.9) 
and visual MD (VMD), 2 widely-used software programs, were used to run the MD simulation. 
 
Results and discussion 

2D, 3D QSAR modeling and pharmacophore 
Multiple regression calculates an equation describing the relationship between a single dependent Y 

variable (biological activity) and several explanatory X variable (descriptors). The statistical output of 
this model is shown in Table 2, with the equation presented as follows; 

 
Y = -0.92513633*vamp octupole XXX + 0.89910382*vamp octupole YYX  
       + 2.3147724*vamp octupole ZZY + 1.212097*vamp octupole ZZZ           (2) 
        - 1.4879624 .         
 

The r2(CV) value of 0.78 indicates the very good internal predictive capability of the developed 
model. The model also exhibited a non-cross-validated correlation coefficient r2 of 0.81. The high value 
of this parameter adds to its usefulness as a predictive tool. The statistical output of this QSAR model is 
presented in Table 2. 
 
 
Table 2 Statistical outpout of QSAR model 
 

Statistical output Value 
r2 0.81 
r2(CV) 0.78 
Residual sum of square (RSS) 2.01 
Predictive sum of square (PRESS) 4.68 

 
 
Based on the QSAR model developed above, the electrostatic parameter is observed to be positively 

correlated with the biological activity. The electrostatic parameters are properties of a molecule which are 
related to the electron affinitiy, and characterize the susceptibility of the molecules toward attack 
nucleophiles. Biological activity improves with an increase in the electrostatic parameter. 

A plot of experimental vs. predicted IC50 is shown in Figure 1. This plot is important to 
graphically demonstrate the predictive capability of QSAR, hence, the developed QSAR is considered to 
be stable. The inhibition concentration of the compounds in the test set was predicted using the QSAR 
model (Eq. (2)); this is listed in Table 3. 

The 3D QSAR model was then validated by predicting the IC50 of compounds in the test set, and the 
descriptors in the 3D QSAR model were validated using pharmacophore allignment. A pharmacophore 
can be defined as the effect of the steric or electronic features that are used to confirm the interaction 
between a protein with the biological target. The pharmacophore was developed with the most active 
ligand, and also generated the importance of features; they are features of hydrophobic (green sphere), 
hydrogen bond donor (purple sphere), and aromatic ring features (orange sphere). These features were 
located in the pharmacophore alignment, as presented in Figure 2. It can be concluded and presumed that 
the biological activity of the most active compounds, such as compound 38, will be influenced by the 
existence of these 3 features. 
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Figure 1 Plot of actual value vs predicted value 
 
 
Table 3 Predicted value of IC50 compounds in the test set based on 2D QSAR model 
 

No of compound Log 1/IC50 Predicted log 1/IC50 
16 -2 -2.01 
17 -2 -2.13 
20 -2 -1.97 
22 -2 -1.96 
25 -2 -1.98 
29 -2 -2.04 
30 -2 -2.03 
31 -2 -2.1 
33 -2 -1.95 
34 -2 -1.95 
35 -2 -1.98 
36 -2 -1.97 
37 -2 -1.98 
41 -2 -2.11 
42 -2 -2.03 
43 -2 -1.9 
46 -2 -2.01 

 
 

Docking and molecular dynamic simulation 
Molecular docking is a good tool to predict and match the desired binding site, understand the 

possible conformation of the compounds, and further clarify the binding interactions in the binding pocket 
method [8]. Knowledge of the preferred orientation, in turn, may be used to predict the strength of 
association or binding affintiy between 2 molecules. The best poses from the docking results were 
selected based on the lowest docked energy values. Eight compounds (the most active ligands) of 46 
compounds were observed in a similar manner orientation of the protein active site. Superimposition of 
these 8 ligands is shown in Figure 3. 
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Figure 2 Best pharmacophore hypothesis for the most active ligand (compound 38). Orange sphere is 
featured for aromatic ring, green sphere for hydrophobic, and purple for hydrogen bond donor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Superimposition of compound 2 (pink), compound 4 (purple), compound 21 (orange), 
compound 23 (blue), compound 27 (green), compound 32 (yellow), compound 38 (red), and compound 
39 (white) 
 
 

Compound 2 was shown to have one interaction via hydrophobic interaction with Ser578, and one 
van der Waals interaction with the residue Glu257. The best docking poses for compound 4 exhibited the 
hydrogen bond between the hydroxyl group of the ligand with Ser224. In addition, van der Waals 
interaction was also observed involving Glu221 amino acid. The binding interaction for compound 2 and 
compound 4 are depicted in Figure 4. 

According to the docking results, compound 21 interacts with one amino acid residue Glu258 via 
van der Waals interaction, and this compound also builds hydrophobic interaction with amino acid 
residue Arg544. For compound 23 and compound 27, both of these compounds have the same interaction 



A Computational Approach to Drug Discovery Neni FRIMAYANTI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(2) 
 
70 

as each other. As other active compounds, these 2 compounds have 2 kinds of interactions with the amino 
acid residue, van der Waals interaction with Glu227 and π interaction with residue Val598. The spatial 
arrangement of compound 21, compound 23, and compound 27 are depicted in Figure 5. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)                                                                              (b) 

Figure 4 Spatial arrangements of compound 2 (a) and compound 4 (b) 
 
 

Based on the biological activity, and from the docking results, it is also confirmed that compounds 
32, compound 38, and compound 39 are active compounds. Based on their spatial arrangement, 
compound 32 has 3 types of hydrogen bonding; they are between carbonyl of ligand with amino acid 
residue Lys262, and between methoxy of ligand with Asn330 and Lys329. Compound 38 only has one 
hydrogen bonding between carbonyl group of the ligand with Ala601; in addition, this compound also has 
a hydrophobic interaction with His332, probably caused by the compound becoming active. Compound 
39 has one hydrogen bonding interaction with His332 and van der Waals interaction with Glu257. The 
spatial arrangement of these compounds is presented in Figure 6. Based on this, the biological activity 
and the docking results suggests that the presence of carbonyl may enhance the hydrogen bonding and 
make the compound became active. In addition, the presence of van der Waals interaction or hydrophobic 
interaction with the residues surrounding the active site may increase the biological activity. 
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Figure 5 Binding interaction of compound 21, compound 23, and compound 27 
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Compound 32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compound 38 
 
 
 
 
 
 
 
 
 
 
 
 

Compound 39 
 
Figure 6 Binding site of compound 32, compound 38, and compound 39 
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Another computational technique involved in this study is Molecular Dynamic simulation (MD). 
MD simulations have enabled researchers to rationalize experimentally-measured properties, to analyze 
ligand-receptor interactions, and to refine models of biomolecules determined by X-ray or NMR methods 
[9]. A properly-constructed MD simulation, in which a solvated protein and its unbound ligand are 
subjected to physical laws, can yield a stable protein-ligand complex [10]. Using MD, it is possible to 
theoretically characterize how protein structure and stability are affected by an explicit solvent. 

In this study, MD simulation is carried out on these 8 active compounds to further explore the 
interaction between ligand and receptor [11]. The properties of each complex were inspected to check the 
stability of MD. In this study, the MD simulations were performed at a temperature of 3000K to check the 
affinity of the ligand to the binding site. Generally, 8 of these ligands are maintaned to binding with the 
essential residues, such as Gly258 and Lys578. The MD simulation results are depicted in Table 4. After 
the MD simulation, 8 of these active ligands were maintained to interact with the same residues, and those 
residues (Gly258 and Lys578), presumably, can enhance biological activity. 
 
 
Table 4 Interaction of ligands through molecular dynamic simulation and docking 
 

No Cpd Docking MD 
1 Cpd 2 Val223, Ser224, Glu257, Gly258, Tyr546, Lys578 Val223, Ser224, Glu257, Tyr580, Tyr546, Lys578 
2 Cpd 4 Glu221, Ser224, Gly258, Tyr580, Ser542, Lys578  Glu221, Ile260, Lys262, Asn576, Gly549, Lys578 
3 Cpd 21 Gly256, Gly258, Ser542, Arg544 Lys247, Leu245, Glu246, Gly258, Lys578  
4 Cpd 23 Thr255, Glu257, Gly545 Gly258, Gly545, Lys578 
5 Cpd 27 Thr255, Glu257, Gly545 Leu245, Glu257, Gly258, Lys578 
6 Cpd 32 Lys262, Glu263, Asn330, Lys329 Asn330, Glu257, Gly258 
7 Cpd 38 Phe251, Thr255, Pro331, His322, Asn330, Ala601 Phe251, Glu257, Lys578 
8 Cpd 39 Glu257, Asn330, Gly258, Lys578 Asn330, Gly258, Gly545, Lys578 

 
 
Conclusions 

The computational approach can be used in the design of new drugs in the pharmaceutical 
industries. From the 2D QSAR model, it is shown that the electrostatic propeties can increase inhibitory 
activity and, from the 3D QSAR model, it is shown that biological actvity will be enhanced with 
influence from the hydrogen bond donor and hydrophobic and aromatic ring properties. Docking and 
molecular dynamic simulation showed the maintain hydrogen bond and van der Waals interaction in the 
binding pocket. It is indicated that these chalcone can be used as potential candidates for second 
generation drug discovery. 
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