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ABSTRACT 

The goal of this project is to contribute to the search for potential drug candidates for Covid-19 using 

molecular docking simulation. The Covid-19 receptor used in this study was coronavirus hemagglutinin 

esterase and the drugs were spirosolane, oridonin and silymarin. The protein and the ligands were 

downloaded from the protein data bank (PDB) and PubChem website, respectively. Using Autodock Tools, 

all downloaded proteins and ligands were then prepared. AutoDock Vina was used to perform molecular 

docking. The best binding sites were selected based on the ranking of binding energy or binding affinity 

given in kcal/mol. It was found that all three ligands produced low binding energies between -8 to -10 

Kcal/mol. The analysis on molecular interactions were carried out to investigate the formation of hydrogen 

bonds and hydrophobic interactions in all docked conformations and silymarin was found to be the best 

ligand out of the three in terms of binding to the coronavirus hemagglutinin esterase. 
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1. Introduction 

Around 2019, China reported an outbreak of pneumonia in Wuhan known as severe acute 

respiratory syndrome coronavirus 2 or SARS-CoV-2 (Covid-19) [1-3]. This pandemic is by far the most 

serious, but not the first human-related SARS outbreak [4]. The Covid-19 virus has high 

transmissibility and has the ability to cause societal and also economic disruption [5]. SARS-CoV-2 is 

a single stranded RNA-enveloped virus [6]. This virus is composed of crown-shaped peplomers with 

a diameter of 80-160 nm, with only single-strand, and is around 30 kilo meters in length [7]. It has a 

positive polarity RNA molecule with a 5' cap and a 3' Poly-A tail. The SARS-CoV-2 spike protein 
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interacts on its surface with the cellular receptor ACE2 (angiotensin-converting enzyme 2), which is 

extensively expressed in a variety of cell types in human tissues as described by [8]. The problem 

faced is that there is still no promising treatment to fight this epidemic that have been faced by the 

world since 2019. Many researches have been conducted either experimentally or computationally to 

better understand the behavior of this virus and its mechanism of actions. Previous molecular 

docking studies have revealed a few potential ligands or commercial drugs that could act as potentials 

anti-Sars-Cov-2 agents [9-13] 

Thus, the purpose of this study is to investigate the effectiveness of the binding of three different 

drugs (spirosolane, oridonin, silymarin) with the coronavirus hemagglutinin esterase using 

molecular docking simulations by looking at the binding energy and the molecular interactions 

between the ligand and the receptor. It is hoped that the outcome of this research could contribute in 

the search of potential drug candidates for Covid-19 using molecular docking simulation approach.  

 

2. Materials and Methods 

Figure 1 shows the summary of the molecular docking simulation carried out in this study.  The 

structures of the protein receptor, hemagglutinin esterase coronavirus was downloaded from The 

Protein Databank (PDB id: HKU1) and Kollman charges were added to the protein [12]. Biovia 

software was used to identify the binding site of the protein. The ligands used in this study are 

spirosolane, oridonin and silymarin in which the structures were obtained from PubChem and saved 

in PDBQT format [13]. The most critical step in molecular docking is to assign the grid parameters 

because it navigates the ligand to the protein’s binding site. Centre grid box for all three ligands were 

set to x = 128.793, y = 128.798 and z =129.182. Autodock Vina was used to run the docking simulation 

[14]. The molecular interactions analyses were carried out using the software LigPlot [15]. 

 

 
Figure 1. Molecular Docking Procedure. 
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3. Results and Discussion 

3.1 Binding Energy of Docked Conformation 

Table 1 shows the top 10 docked conformation between hemagglutinin esterase-spirosolane (Glut-

Spiro, hemagglutinin esterase-oridonin (Glut-ori), hemagglutinin esterase-silymarin (Glut-marin). It 

was shown that Glut-Spiro complex had the lowest energy compared to Glut-ori and Glut-marin with 

the docked energy values of -10.3 Kcal/mol compared to -8.1 and -9.6 Kcal/mol, respectively.  The 

more negative the energy, the better the ligand is for the receptor and the more stable the complex is. 

The difference in binding energy between Glut-spiro and Glut-marin is only 0.7 Kcal/mol. Both drugs 

can be considered as the best ligands for this current receptor.   Figure 2, Figure 3 and Figure 4 show 

the surface presentation of Glut-spiro for the former and Glut-marin, for the latter, in which it can be 

seen that the ligand was docked in the vicinity of the active site of hemagglutinin esterase.   

Table 1. Binding Energy of the Docked Conformations. 

No. Glut-spiro 

Kcal/mol 

Glut-ori 

Kcal/mol 

Glut-marin 

Kcal/mol 

1 -10.3 -8.1 -9.6 

2 -10.3 -8.1 -9.6 

3 -9.5 -7.5 -9.4 

4 -9.5 -7.5 -9.4 

5 -9.4 -7.5 -9.1 

6 -9.3 -7.5 -9.1 

7 -9.3 -7.4 -8.9 

8 -8.9 -7.3 -8.9 

9 -8.8 -7.3 -8.7 

10 -8.7 -7.3 -8.5 

 

 
Figure 2. Surface presentation of the docked glut-spiro complex. The drug spirosolane is shown as stick 

model. 

 

 
Figure 3. Surface presentation of the docked glut-marin complex. The drug silymarin is shown as stick 

model. 
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Figure 4. Surface presentation of the docked glut-ori complex. The drug oridonin is shown as stick 

model. 

 

3.2 Binding Interactions of Protein and Drug Candidates 

 Table 2 shows the summary of the formations of hydrogen bonds and hydrophobic 

interactions for the three docked complexes. The simulation produced 20 docked complexes but only 

the first five were chosen as they showed the lowest binding energy compared to the rest. It was 

shown that the complex Glut-spiro had no hydrogen bonds compared to Glut-Ori and Glut-marin. 

This is in accordance with the previous finding by Patel and friends [9]. They also conducted 

molecular docking of similar protein with spirosolane and found that there was zero formation of 

hydrogen bonds. The presence of hydrogen bonds and hydrophobic interactions are the indicators of 

the presence of binding activities between the receptor and the ligand. The complex with the highest 

number of both hydrogen bonds and hydrophobic interactions was Glut-marin in which the values 

are 8 and 10, respectively which signifies the strongest binding among the three docked complexes. 

Table 2. Hydrogen bonds and hydrophobic interactions for the docked complexes. 

Drugs Complex Hydrogen Bonding Hydrophobic 

Interactions 

Spirosolane 

 

 

1 0 8 

2 0 8 

3 0 6 

4 0 6 

5 0 6 

Oridonin 

 

 

1 2 7 

2 2 7 

3 2 8 

4 2 8 

5 1 7 

Silymarin 

 

 

1 3 10 

2 4 10 

3 8 7 

4 5 8 

5 5 7 
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Figure 5 shows the hydrogen bond interactions and hydrophobic interactions for the complex 

Glut-marin. The hydrogen bonds are shown as green dotted lines while the hydrophobic interactions 

are represented by the “eyelid”.  The residues Ser205(A), Gly208(B), Val206(A), Val206(B), Ser205(B) 

and Tyr221(A) of hemagglutinin esterase were found to form hydrogen bonds with the ligand, 

silymarin as shown in the figure.  The residues that formed hydrophobic interactions with the ligand 

were Ile220(B),Tyr207(A), Gly208(A), Tyr207(B),Ile220(A), Tyr221(B), Ile222(B). 

 

Figure 5. Hydrogen bonding (as green dotted lines) and hydrophobic interactions (eyelid shape) 

between hemagglutinin esterase and silymarin. 

4. Conclusions 

From the analyses, it can be concluded that out of the three drugs, spirosolane formed the most 

stable complex with hemagglutinin esterase followed by silymarin and oridonin. However, the 

hydrogen bond analyses indicated that silymarin formed better hydrogen bonding network with 

hemagglutinin esterase compared to the other two drugs. It is recommended to conduct a real 

experimental study to investigate the effectiveness of spirosolane towards the coronavirus 

hemagglutinin esterase as one of the future work. 
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