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Abstract:  The current pandemic of COVID- 19 is caused by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) , which has increased the 
morbidity and mortality rate throughout the world. World Health Organization 
has declared this COVID- 19 outbreak as a health emergency throughout the 
world. At this time, there are very few drugs against SARS-CoV-2. So, this study 
aimed to screen 91 Andrographis paniculata against three targets of SARS-CoV-2: 
main protease, spike protein, and Nsp15 by molecular docking. The calculation 
result revealed that mostly bioactive compounds from Andrographis paniculata 
are a good binding affinity with the main   protease than that of Nsp15 and spike 
protein.  The top six compounds and their interactions with the active site were 
visualized. Among them, 7,8-dimethoxy flavone-5--D-glucopyranosyloxy flavone 
and Stigmasterol compounds from Andrographis paniculata had a superior 
binding affinity of - 11. 65 and - 11. 33 kcal/ mol toward the main protease.  A 
detailed understanding of ligand-protein interaction could be helpful in further 
drug design and development for COVID-19 treatment. 

Keywords: COVID-19; Molecular docking; Thai herbs; MPro; Nonstructural proteins 

1. Introduction 
 Coronavirus disease 2019 (COVID-19), an infectious disease caused by 
SARS-CoV-2 (severe acute respiratory syndrome coronavirus-2)  has become a 
pandemic.  It has infected more than 285 million people all over the world since 
it was discovered and reported 5. 5 million deaths by end of 2021 
( https: / / www. worldometers.  info/ coronavirus/ ) .  COVID- 19 is clinically 
characterized by fever, slight pain in the neck, headache, dry cough, breathing 
problem, vomit, and it might lead to death through multi-organ failure [1]. The 
SARS- CoV- 2 re- emergence in Thailand especially in April 2021 has kept the 
government under high alert and has made a severe situation demanding fast 
treatment to prevent the infected patients.  Currently, there are no efficient 
antiviral drugs for the prevention of COVID-19 infection. The current prevention 
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methods are directed on quarantine and containment of infected patients for preventing human- to-human 
transmission along with vaccinations.  The need for rapid time- to- solution in drug discovery has become 
accentuated by the COVID-19 pandemic. Therefore, structure-based molecular docking for screening anti-SARS-
CoV-2 potential drug candidates from natural sources is the main goal of this study. 
 The coronavirus is a single-strand RNA virus (+ssRNA) that can cause severe respiratory syndrome 
in humans [2]. SARS-CoV-2 (also called 2019-nCoV) is an enveloped, single-stranded, positive-sense RNA 
virus with genome sizes ranging from 26 to 32 kb and virion sizes from 50 to 200 nanometers in diameter. Four 
essential structural proteins, i.e., Spike protein (S), Envelope protein (E), Membrane protein (M), and 
Nucleocapsid protein (N) are found in SARS-CoV-2 and to generate the major components of the virus particle, 
polyprotein processing is an essential mechanism [3]. Each of the key viral proteins of the SARS-CoV-2 viral 
replication cycle steps such as spike protein, nonstructural proteins 15 (Nsp15), and main protease have been 
used as a target region for screening anti-SARS-CoV-2 potential drugs. The spike (S) glycoprotein homotrimer 
on the COVID-19 virus surface plays an essential role in receptor binding and virus entry in which it uses the 
angiotensin-converting enzyme 2 (AEC2) receptor for cell entry. The S protein is a multifunctional molecular 
machine that plays key role in the early steps of viral infection by interacting with host susceptibility factors, 
including receptors and proteases [4]. While the nonstructural proteins (Nsps) and the N protein are required 
for packaging of the viral genome into the newly assembled virion. SARS-CoV-2 Nsp15 is a uridine-specific 
endoribonuclease with a C-terminal catalytic domain belonging to the EndoU family that is highly conserved 
in coronaviruses [5].  The polyproteins are cleaved and transformed into mature nonstructural proteins by the 
main proteases and are responsible for playing a role in the replication/transcription process.  Therefore, spike 
protien, Nsp15 and main   protease could be an effective drug targets for anti-SARS-CoV-2. 
 The structural-based virtual screening of small molecules from natural sources with key viral proteins 
target will provide the potential drug candidates. Many natural products showed inhibitory activity on the 
COVID-19 virus. Andrographolide and its derivatives derived from Andrographis paniculata have been used 
for the treatment of COVID-19 virus with fever [6-7], sore throat, chronic cough, and other human diseases [8-9]. 
The herbs such as gallic acid, curcumin, and its derivatives and mushroom [1, 6, 10-11], have attracted 
increasing attention for COVID-19 virus agent targeting. Though several in vitro studies showed that natural 
compounds have anti-virus activity , their inhibition mechanism of action is not known and even more difficult 
to analyze at the molecular level using experimental methods. Therefore, comprehensive studies are required 
to determine their molecular interactions. Recently, several studies have used the molecular docking method 
to study the interactions and conformations of ligand against the SARS-CoV-2 virus [3, 10-12] which leads 
away to in vitro and in vivo studies.  In this study,  we aimed to explore the lead compound from Andrographis 
paniculata herb for their medicinal potentials as therapeutic agents against the spike protein, Nsp15, and the 
main protease of  SARS-CoV2. So, the 91 bioactive molecules (Figure 1) were used to explore the lead 
compound for their medicinal potentials as therapeutic agents against influenza. A detailed understanding of 
ligand-protein interaction could be helpful in further drug design and development for COVID-19 treatment. 

2. Materials and Methods 
2.1. Compound data set 
 The 91 structures of Andrographis paniculata were structurally drawn using Gauss View [13]. Their 
three-dimensional (3D) structures were optimized at the Hartree-Fock level of theory with a 6-31G* basis set 
using the Gaussian 03 program [14]. The optimized structures (Figure 1) were viewed and converted to .pdb 
format using GaussView [13] for molecular docking study. The three-dimensional (3D) structures of the two 
targets of SARS-CoV-2: main protease and spike protein were retrieved from the Brookhaven Protein Data 
Bank (PDB) [15]. The PDB ID of main  protease, spike protein and Nsp15 were 6XBG (Resolution: 1.45 Å, R-
Value Free: 0.206, R-Value Work: 0.181) [16],  7BZ5 (Resolution: 1.84 Å, R-Value Free: 0.191, R-Value Work: 
0.167) [17] and 6WXC (Resolution: 1.85 Å, R-Value Free: 0.194, R-Value Work: 0.171) [5], respectively. The 
water molecules were eliminated while the missing hydrogen atoms were added to this protein. 
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 2.2. Molecular docking  
 The molecular docking technique was applied to study the binding orientation and affinity of the 
bioactive compounds from Thai herbs toward the binding site of the main protease of COVID-19 using 
Autodock 4.2 [18]. Partial atomic charges of protein and ligands were assigned using the Gasteiger–Marsili 
method [19] implemented in AutoDock Tools [20]. By semiflexible docking protocol, the protein molecule was 
kept rigid, while the ligand was flexible to attain a degree of freedom torsions bridged by the rotational 
parameter. The protein and ligands were converted to .pdbqt format after initial addition of hydrogen bonds 
and charges. These molecules were considered for docking analysis. The cubical grid box of 50 × 50 × 50 sizes 
with 0.375 Å was fixed around the key residues of the three proteins. UAW246 was re-docked into the main 
protease binding site for assessing binding affinity. Favipiravir, lopinavir, hydroxychloroquine, and ritonavir 
were used as control molecules for filtering bioactive compounds from Andrographis paniculata herbs. The 
autogrid4 parameter was used to attain a rigid grid box. Furthermore, autodock4 with Lamarckian genetic 
algorithms was conducted to obtain the best docking conformation. Note that the AutoDock estimates free 
energies of binding based on the typical molecular mechanics’ energy terms for dispersion/repulsion, 
hydrogen bonding, and electrostatic interactions [21], torsional entropy upon binding, and the desolvation 
upon the ligand binding and corresponding hydrophobic effect [22]. 

The AutoDock estimates the free energy of binding (ΔG) based on empirical weighting factors:  

∆G = ∆Gvdw + ∆Ghbond + ∆Gelec + ∆Gtor + ∆Gsol 

where ∆Gvdw, ∆Ghbond, and ∆Gelec are the typical molecular mechanics’ energy terms for van der Waals, 
hydrogen bonding, and electrostatic interactions, respectively.  While ∆Gtor characterizes the loss of torsional 
entropy upon binding and ∆ Gsol displays the desolvation upon the ligand binding and corresponding 
hydrophobic effect. 

3. Results and Discussion 
 The molecular docking was performed using the AutoDock program to screen the binding affinity of 
482 bioactive compounds against the three targets of SARS-CoV-2: main protease, spike protein, and Nsp15. 
The 3D structure of these bioactive compounds from 91 Andrographis paniculata (A1-A91) compounds is shown 
in Figure 1. The key residues of main protease, spike protein, and Nsp15 are considered as active residues to 
bind with bioactive compounds. The binding energy (BE, kcal/mol) and the percentage of possible conformation or 
dock score (% DS) of 91 bioactive compounds were varying from -3.89 to -11.65 kcal/mol and 13 to 100%, 
respectively. The BE and %DS of bioactive compounds from Andrographis paniculata are summarized in Table 1. 
 The docking program was verified by re-docking of Tipiracil back into Nsp15 [5] binding site together 
with the re-docking of UAW246 [16] back into the main protease binding site. Tipiracil, an FDA-approved 
drug that is used in the treatment of colorectal cancer, as a potential anti-COVID-19 drug by interacting with 
the uridine binding pocket in the enzyme’s active site of SARS-CoV-2 Nsp15. The docking model of Tipiracil 
and UAW246 were well-posed in the Nsp15 and main protease binding site, respectively (Figure not show). 
The BE and % DS of Tipiracil and UAW246 re-docking were -5.09 and -6.58 kcal/mol and 45% and 7%, 
respectively, suggesting that the setting parameters were suitable for this study. Darunavir, favipiravir, 
hydroxychloroquine, lopinavir, remdesivir, and ritonavir were also docked into its binding site of the three 
targets of SARS-CoV-2: main protease, spike protein, and Nsp15 (Table 1). The result shows that all the well-
known drugs are a good binding affinity in the cavity of the main protease than that of the spike protein. 
Lopinavir had the highest binding energy (-8.91 kcal/mol) but the %DS was quite low (4%) while favipiravir 
had the highest %DS (48%) but the binding energy is lower (-4.88 kcal/mol) than that of lopinavir in the binding 
pocket of the main protease. Most of the Andrographis paniculata compounds have lower BE than the known 
drugs. This finding result can be suggested that Andrographis paniculata is more effective in treating Covid-19 
than the drug Fapiravir, which is commonly used in Thailand. However, to confirm this suggestion, the result 
from the experimental laboratory is necessary. The docking result revealed that mostly bioactive compounds 
are a good binding affinity with the main protease than that of the spike protein. On comparing the binding 
energy values of all compounds, the top twenty-four bioactive compounds and well-known drugs are shown 



ASEAN J. Sci. Tech. Report. 2022, 25(1) 69-77.72
ASEAN J. Sci. Tech. Report. 2022, 25(1), 69-77. 4 of 9 
 

 

in Table 1. The 3,19-isopropylidene andrographolide, 7,8-dimethoxy flavone-5-ß-D-glucopyranosyloxy flavone, 
14-acetyl-3,19-isopropylidene andrographolide, alpha1-Sitosterol, indosterol, oleanolic acid, and stigmasterol 
from Andrographis paniculata were possessed a higher binding affinity with the binding site of the COVID-19 
main protease and Nsp15. 
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Figure 1. Structures of optimized geometry of 91 Andrographis paniculata compounds in HF/6-31 G* level of theory. 
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 Table 1. The BE and %DS of commercial drugs and selected most favorable Andrographis paniculata compounds in 
the binding pocket of spike protein, Nsp15, and main protease.  

Code Name 

Spike protein Nsp15 Main  
protease 

BE 
(kcal/
mol) 

%DS 
BE 

(kcal
/mol) 

%DS 
BE 

(kcal/
mol) 

%DS 

  Redocking - - -5.09 45 -6.58 7 
a Darunavir -5.14 4 -7.17 4 -8.00 4 
b Favipiravir -3.51 82 -3.44 29 -4.88 48 
c Hydroxychloroquine -4.17 9 -5.35 21 -8.28 22 
d Lopinavir -4.75 3 -5.85 3 -8.91 4 
f Remdesivir -3.3 2 -5.51 3 -7.62 3 
g Ritonavir -4.03 2 -3.71 2 -6.31 2 
A3 (Z)-gamma-Bisabolene -5.02 87 -6.03 89 -7.60 96 
A10 2-hydroxy-5,7,8-trimethoxy flavone -4.60 35 -6.17 42 -7.81 72 
A12 3',2,5,7-tetramethoxy flavone -4.96 54 -6.27 53 -8.29 61 
A14 3,7,8-trimethoxy 1-hydroxyxanthone -4.54 46 -6.10 89 -7.65 99 
A19 3,19-isopropylidene andrographolide -6.41 44 -8.25 94 -10.08 91 

A23 
5,2'-dihydroxy-7,8,-dimethoxy flavone-3'-ß-
D-glucopyranosyloxy 

-5.06 5 -7.43 13 -11.83 14 

A33 5-hydroxy-3,7,8,2'-tetramethoxy flavanone -4.43 23 -6.24 52 -8.49 66 
A40 5-hydroxy-7,8-dimethoxy flavanone -4.82 74 -5.93 60 -7.53 55 

A41 
7,8,2'-trimethoxy flavone-5-ß-D-
glucopyranosyloxy flavone 

-4.71 6 -6.77 16 -10.39 37 

A42 
7,8-dimethoxy flavone-5-ß-D-
glucopyranosyloxy flavone -5.49 15 -8.23 14 -11.65 50 

A43 14-acetyl andrographolide -5.48 23 -7.14 73 -9.03 30 

A44 
14-acetyl-3,19-
isopropylideneandrographolide 

-6.54 94 -7.91 93 -10.36 54 

A51 
14-deoxy-15-isopropylidene-11,12-
didehydroandrographolide 

-5.88 24 -7.61 45 -8.69 53 

A55 19-o-acetyl anhydroandrographolide -5.78 45 -7.20 31 -8.49 41 
A56 alpha1-Sitosterol -6.56 47 -9.11 97 -10.97 44 
A57 Andrograpanin -5.56 48 -7.05 51 -8.22 43 
A66 Andrographolide -5.71 48 -6.55 69 -8.62 53 
A67 Andrographoside -5.30 23 -6.79 11 -9.94 19 
A68 Andropanoside -5.54 32 -6.92 13 -9.32 12 
A74 Daucosterol -7.24 27 -8.75 44 -10.53 23 
A78 Indosterol -7.18 87 -9.83 60 -10.56 48 

A82 Oleanolic acid -6.77 34 
-

10.07 56 -9.43 100 

A88 Paniculoside I -5.62 23 -7.11 33 -11.35 44 
A91 Stigmasterol -6.89 64 -9.10 90 -11.33 65 
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Figure 2. The hydrogen bond interaction and bond distances (Å) of six potential bioactive compounds from 
Andrographis paniculata (A19, A42, A44, A78, A82, and A91) with key amino acid in the binding pocket of the 
spike protein, Nsp15, and main protease of  SARS-CoV-2. 
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 However, the important criteria of strong interaction with key residues in the receptor-binding 
domain were also considered for finding potential inhibitors. The H-bond interaction of the top six bioactive 
compounds were shown in Figure 2. Considering all the hydrogen bond data given above, the hydrogen bonds 
of the 3,19-isopropylidene andrographolide, 7,8-dimethoxy flavone-5-ß-D-glucopyranosyloxy flavone, and 
stigmasterol ligand with key residues in the binding pocket of the main protease were found more than that 
of the other ligands. The important amino acid residues in the binding pocket of the main protease are H41, 
M49, F140, N142, G143, S144, C145, H164, M165, E166, P168, and Q189 [16].   While the important amino acid 
residues in the binding pocket of spike protein are G26, I28, S30, S31, N32, Y52, Y58, and R97, and the important 
amino acid residues in the binding pocket of Nsp15 are Q245, G248, H250, K290, C293, S294, E340, T341, Y343, 
P344, and K345. These hydrogen bond patterns seem to correspond with the binding affinities. From the 
computational findings, it can be suggested that the 3,19-isopropylidene andrographolide, 7,8-dimethoxy 
flavone-5-ß-D-glucopyranosyloxy flavone, and Stigmasterol compounds from Andrographis paniculata had a 
superior binding affinity of -11.08, -11.65, and -11.33 kcal/mol toward the main protease. However, the 
hydrogen bond of many compounds has counts in the active site of nsp15 > spike > the main protease, as 
opposed to BE that the main protease > nsp15 > spike. This is due to the molecular docking result could provide 
more interaction types besides hydrogen bonds such as van der Waals and electrostatic interaction. 

4. Conclusions 
 In the present study, a set of commercial drugs and 91 structures of Andrographis paniculata (A1-A91) 
against three targets of SARS-CoV-2: spike protein, Nsp15, and main protease were screened by computational 
chemistry techniques. The docking results showed that mostly bioactive compounds are a good binding 
affinity with the main protease than that of spike protein and Nsp15 of SARS-CoV-2. Among them, 3,19-
isopropylidene andrographolide, 7,8-dimethoxy flavone-5-ß-D-glucopyranosyloxy flavone, and Stigmasterol 
compounds from Andrographis paniculata had a superior binding affinity of -11.08, -11.65, and -11.33 kcal/mol 
toward the main protease. A detailed understanding of ligand-protein interaction could be helpful for further 
drug design and development for COVID-19 treatment. 

5. Acknowledgements 
This work was supported by National Higher Education, Science, Research and Innovation Policy 

Council, Thaksin University (Basic Research Fund; 64A105000028) Fiscal Year 2021. The authors would like to 
thank the Computational Chemistry Unit Cell, Faculty of Science, Chulalongkorn University, and the 
Department of Chemistry, Faculty of Science, Thaksin University, for providing research facilities, software 
packages, and computing times. 

Author Contributions:  

Funding: This research was funded by National Higher Education, Science, Research and Innovation Policy 
Council, Thaksin University (Basic Research Fund; 64A105000028) Fiscal Year 2021. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
[1]  Pulakuntla, S. ; Lokhande, K.B. ; Padmavathi, P. ; Pal, M. ; Swamy, K.V. ; Sadasivam, J. ; Singh, S.A.;  

Aramgam, S.L.; Reddy, V.D.. Mutational  analysis in international isolates and drug repurposing 
against SARS-CoV-2 spike protein: molecular docking and simulation approach. Virusdisease. 2021, 32, 
1-13. 

[2] Luo, L.; Qiu, Q.; Huang, F.; Liu, K.; Lan, Y.; Li, X.; Huang, Y.; Cui, L.; Luo, H.. Drug repurposing against 
coronavirus disease 2019 (COVID-19): A review. Journal of Pharmaceutical Analysis. 2021, 11, 683-90.  

[3]  Hasan, M.; Parvez, M.S.A.; Azim, K.F.; Imran, M.A.S.; Raihan, T.; Gulshan, A.; Muhit, S.; Akhand, R.N.; 
Ahmed, S.S.U.; Uddin M.B..  Main protease inhibitors and drug surface hotspots for the treatment of 



ASEAN J. Sci. Tech. Report. 2022, 25(1) 69-77.76ASEAN J. Sci. Tech. Report. 2022, 25(1), 69-77. 8 of 9 
 

 

COVID-19: A drug repurposing and molecular docking approach. Biomedicine & Pharmacotherap. 2021, 
140, 111742.  

[4]  Wrapp, D. ; Wang, N. ; Corbett, K.S. ; Goldsmith, J.A. ; Hsieh, C. -L. ; Abiona, O. ; Graham, B.S.; Mclellan, 
J.S.. Cryo-EM structure  of the 2019-nCoV spike in the prefusion conformation. Science Advances. 2020, 
367, 1260-3. 

[5]  Kim, Y.; Wower, J.; Maltseva, N.; Chang, C.; Jedrzejczak, R.; Wilamowski, M.; Kang, S.; Nicolaescu, V.; 
Randall, G.; Michalska, K.; Joachimiak, A.. Tipiracil binds to uridine site and inhibits Nsp15 
endoribonuclease NendoU from SARS-CoV-2. Communications Biology 2021, 4:193, 1-11. 

[6]  Murugesan, S. ; Kottekad, S. ; Crasta, I. ; Sreevathsan, S. ; Usharani, D. ; Perumal, M.K. ; Mudliar, S.N.. 
Targeting COVID- 19 (SARS- CoV- 2) main protease through active phytocompounds of ayurvedic 
medicinal plants –  Emblica officinalis (Amla), Phyllanthus niruri Linn.  (Bhumi Amla)  and Tinospora 
cordifolia (Giloy) – A molecular docking and simulation study. Computers in Biology and Medicine. 2021, 
136, 104683. 

[7]  Murugan, N. A. ; Pandian, C. J. ; Jeyakanthan, J.  Computational investigation on Andrographis 
 paniculata phytochemicals to evaluate their potency against SARS-CoV-2 in comparison to known 
 antiviral compounds in drug trials. Journal of Biomolecular Structure and Dynamics. 2021, 39, 4415-26. 
[8]  Sukardiman, Ervina, M. , Fadhil Pratama, M. R. , Poerwono, H. , Siswodihardjo, S.  The coronavirus 
 disease 2019 main protease inhibitor from Andrographis paniculata (Burm.  f)  Ness.  Journal of advanced 
 pharmaceutical technology and research. 2020, 11, 157-62. 
[9]  Rajagopal, K. ; Varakumar, P. ; Baliwada, A. ; Byran, G.  Activity of phytochemical constituents of 
 Curcuma longa (turmeric)  and Andrographis paniculata against coronavirus (COVID-19) :  an in silico 
 approach. Future Journal of Pharmaceutical Sciences. 2020, 6, 104. 
[10]  Verma, D. ; Mitra, D. ; Paul, M. ; Chaudhary, P. ; Kamboj, A. ; Thatoi, H. ; Janmeda, P. ; Jain, D. ; 

 Panneerselvam, P . ; Shrivastav, R . ; Pant, K. ; Das Mohapatra, P .  K.  Potential inhibitors of SARS-
CoV- 2 (COVID-19) proteases PLpro and Mpro/  3CLpro: molecular docking and simulation studies of 
three pertinent medicinal plant natural components.  Current Research in Pharmacology and Drug 
 Discovery. 2021, 2, 100038. 

[11]  Xu, J. ; Gao, L. ; Liang, H. ; Chen, S. -d.  In silico screening of potential anti–COVID-19 bioactive natural 
 constituents from food sources by molecular docking. Nutrition. 2021, 82, 111049. 
[12]  Alghamdi, H. A.; Attique, S. A.; Yan, W.; Arooj, A.; Albulym, O.; Zhu, D.; Bilal, M.; Nawaz, M. Z. 
 Repurposing the inhibitors of COVID-19 key proteins through molecular docking approach. Process 
 Biochemistry. 2021, 110, 216-222. 
[13]  Dennington, R.; Keith, T.; Millam, J. GaussView, Version 5. Semichem Inc., Shawnee Mission KS. 2009.  
[14]  Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, 

 G.; Barone, V.; Petersson, G. A.; Nakatsuji, H.; Li, X.; Caricato, M.; Marenich, A. V.; Bloino, J.; Janesko, 
 B. G.; Gomperts, R.; Mennucci, B.; Hratchian, H. P.; Ortiz, J. V.; Izmaylov, A. F.; Sonnenberg, J. L.; 
 Williams; Ding, F.; Lipparini, F.; Egidi, F.; Goings, J.; Peng, B.; Petrone, A.; Henderson, T.; Ranasinghe, 
 D.; Zakrzewski, V. G.; Gao, J.; Rega, N.; Zheng, G.; Liang, W.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, 
 R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Throssell, K.; 
 Montgomery Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M. J.; Heyd, J. J.; Brothers, E. N.; Kudin, K. 
 N.; Staroverov, V. N.; Keith, T. A.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A. P.; 
 Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Millam, J. M.; Klene, M.; Adamo, C.; Cammi, R.; 
 Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Farkas, O.; Foresman, J. B.; Fox, D. J. Gaussian 16 
Revision a. 03. Wallingford CT, 2016, 2, 

[15]  Bernstein, F.C. ; Koetzle, T.F. ; Williams, G.J. ; Meyer, E.F. ; Brice, Jr. ; M.D. ; Rodgers, J.R. ; Kennard, O.; 
Shimanouchi, T.; Tasumi, M. The Protein Data Bank:  a computer- based archival file for 
macromolecular structures. Journal of Molecular Bioogyl. 1977, 112, 535-42.  



ASEAN J. Sci. Tech. Report. 2022, 25(1) 69-77. 77
ASEAN J. Sci. Tech. Report. 2022, 25(1), 69-77. 9 of 9 
 

 

[16]  Sacco, M.D. ; Ma, C. ; Lagarias, P. ; Gao, A. ; Townsend, J.A. ; Meng, X. ; Dube, P.; Zhang, X.; Hu, Y.; 
Kitamura, N.; Hurst, B.; Tarbet, B.; Marty, T.M.; Kolocouris, A., Xiang, Y.; Chen, Y.; Wang, J.. Structure 
and inhibition of the SARS-CoV-2 main protease reveal strategy for developing dual inhibitors against 
M(pro) and cathepsin L. Science Advances. 2020, 6, eabe0751.  

[17]  Wu, Y. ; Wang, F. ; Shen, C. ; Peng, W. ; Li, D. ; Zhao,  C. ; Li, Z. ; Li, S. ; Bi, Y. ; Yang, Y. ; Gong, Y. ; 
 Xiao, H. ; Fan, Z. ; Tan, S. ; Wu, G. ; Tan, W. ; Lu,  X. ; Fan, C. ; Wang, Q. ; Liu, Y. ; Zhang, C. ; Qi, J. ;  
 Gao, G. F.; Gao, F.; Liu, L. Science. 2020, 368 (6496), 1274-1278.  
[18]  Morris, G.M. ; Goodsell, D.S. ; Halliday, R.S. ; Huey, R. ; Hart, W.E. ; Belew, R.K. ; Arthur, O. Automated 
 docking using a Lamarckian genetic algorithm and empirical binding free energy function. 
 Journal of Computational Chemistry. 1998, 19, 1639-62.  
[19]  Gasteiger, J. ; Marsili, M.  Iterative partial equalization of orbital electronegativity-a rapid access to 
 atomic charges. Tetrahedron. 1980, 36, 3219-28.   
[20]  Morris, G.M.; Huey, R.; Lindstrom, W.; Sanner, M.F.; Belew, R.K.; Goodsell, D.S.; Arthur, O. AutoDock4 
 and AutoDockTools4:  automated docking with selective receptor flexibility.  Journal of Computational 
 Chemistry. 2009,  30, 2785-91.   
[21]  Huey, R.; Morris, G.M.; Olson, A.J.; Goodsel, D.S. A semiempirical free energy force field with charge-
 based desolvation. Journal of Computational Chemistry. 2007, 28, 1145–52.  
[22]  Ermakova, E.  Structural insight into the glucokinase-ligands interactions.  Molecular docking study. 
 Computational Biology Chemistry. 2016, 64, 281-96.  
 


