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COVID-19 is a disease that caused a prolonged pandemic in many countries 
caused by the SARS-CoV-2 virus. This study aims to identify the antiviral 
potential of secondary metabolites in Gorontalo traditional medicinal plants, 
which are believed to have the ability to inhibit the main protease protein of this 
virus. The methods used in this research were molecular docking and molecular 
dynamic. The main protease proteins for SARS-CoV-2 used based on the 
homology modeling results were 3V3M and 7TE0. The results of the active 
compounds in the paxlovid drug were also compared to obtain accurate data 
comparisons. The validation of the docking method on the 3V3M protein using 
the natural ligand 0EN revealed an RMSD of 0.75 Å. The RMSD value for 
validating the 7TE0 protein and natural ligand 4WI was 1.65 Å. The best 
molecular docking results were obtained using physalin F with a binding affinity 
of −10.3 kcal/mol for the 3V3M protein and physalin J with a binding affinity of 
−8.9 kcal/mol for the 7TE0 protein. The outcomes of the molecular dynamic 
method on the best complexes were determined by examining the value of 
changes in system energy, changes in system temperature, changes in system 
pressure, RMSD, RMSF, and bond-free energy (ΔG) of the complex. The 
standard 0EN ligand had a ΔG of −26.53 kcal/mol, while the standard 4WI ligand 
had a ΔG of −47.16 kcal/mol. The ΔG of the 3V3M-physalin F and 3V3M-
physalin J complexes were respectively −28.22 kcal/mol and −26.62 kcal/mol. 
The ΔG of the 7TE0-Vitexin 2”-O-gallate and 7TE0-physalin J complexes were 
found to be −28.08 kcal/mol and −26.62 kcal/mol, respectively. The ΔG produced 
in paxlovid with complexes 3V3M and 7TE0 was −19.38 kcal/mol and −25.44 
kcal/mol, respectively. Physalin F, physalin J, and Vitexin 2”-O-gallate have 
great potential to become SARS-CoV-2 inhibitor agents. However, in terms of 
structural stability and binding-active residues, these three compounds do not 
outperform the active substance in paxlovid. 

 

1. Introduction 

COVID-19 is an infection brought on by the highly 
contagious pathogen severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which has caused a 
worldwide pandemic. According to genome analysis, 
bats are the primary reservoir of infection for this 
disease. Although widespread human-to-human 
transmission has been proven, the exact method by 

which the pathogen was transmitted from bats to 
humans is unknown [1]. COVID-19 has spread to many 
nations, with the United States, United Kingdom, 
Germany, Denmark, France, Canada, Japan, India, 
Sweden, and Brazil registering the highest number of 
confirmed infections [2]. In the human body, SARS-
CoV-2 RNA found in infected samples can cause lung 
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transmission by binding to angiotensin-converting 
enzyme-2 (ACE-2) from alveolar epithelial cells [3]. 

Initial infection with SARS-CoV-2 occurs through 
inhalation of air that passes through the throat, 
bronchioles, and alveoli. The alveoli and trachea are 
respiratory system organs responsible for gas exchange. 
Mucus in the trachea, bronchi, and bronchioles filter 
microorganisms entering the respiratory system of 
humans. Inhaling the SARS-CoV-2 virus causes the 
bronchioles and alveoli to become inflamed, leading to 
acute inflammatory disease. The inability to detect the 
threat and the incapacity of the immune system to repair 
the damage caused by the SARS-CoV-2 virus have led to 
a deterioration of the diseased body. The SARS-CoV-2 
virus will continue to multiply if additional treatments 
are not administered to inhibit its replication [4]. 

The COVID-19 pandemic caused many changes to 
the order of life in the world community. The economic, 
social, cultural, and even employment sectors have 
experienced a very significant impact due to this 
pandemic. Restrictions on activities are implemented in 
various nations to slow the spread. The new habit of 
working from home is also a tremendous change that has 
an impact on the economy, society, and even in terms of 
technology which requires the entire world’s population 
to adapt to prevent the spread of COVID-19 [5]. The 
health sector has been the sector most severely affected. 
The inability to supply nutrient-rich food sources and 
the lack of access to healthcare in some countries have 
both led to an increase in mortality regardless of age [6]. 

Play protease (Mpro), also known as 3C-like 
protease (3CLpro), is a part of the protein structure that 
is included in the non-structural protein category. 
Therefore, the main protease is also called nsp5. The 
main protease has more than 11 cleavage sites. Inhibition 
of this enzyme activity can cause inhibition of the viral 
replication process [7] as shown in Figure 1. Mpro is a 
33.8-kDa cysteine protease that mediates the maturation 
of functional polypeptides that are directly involved in 
the replication process of viral transcription. This 
enzyme is essential in the survival of the SARS-CoV-2 
virus by mediating transcription and viral protein 
replication. The role of the main protease as a virus 
replication agent is what underlies many researchers to 
study and find inhibitors of the replication process and 
make them targets in designing antivirals/antiviruses 
for SARS-CoV-2 [8]. 

 

Figure 1. Structure of the main protease of SARS-CoV-2 

All countries require antiviral drugs capable of 
inhibiting viral replication in infected human bodies to 
prevent the SARS-CoV-2 virus from spreading to other 
cells [9]. Antiviral production is growing over time. 
Active compounds considered to affect the healing of 
COVID-19 patients have traditionally been tested to 
determine the level of inhibitory ability of these 
compounds against the main protease of the SARS-CoV-
2 virus. 

In more detail, the mechanism of antiviral 
inhibition of the main protease SARS-CoV-2 can be seen 
in Figure 2 and Figure 3. Generally, SARS-CoV-2 
infection begins with the attachment of the virus to the 
cell membrane of the human body. This attachment is 
characterized by an interaction between the S protein in 
the virus and the ACE2 receptor. A membrane fusion 
occurs once the virus has entered the cell, releasing it 
into the cytoplasm and translating into the polyproteins 
pp1a and 1ab. Moreover, antiviral compounds 
administered orally into the human body inhibit the 
principal protease of SARS-CoV-2 during the proteolysis 
stage, as shown in Figure 2, step number 3. Thus, the 
replication and transcription processes of the SARS-
CoV-2 virus can be halted [10]. 

 

Figure 2. Mechanism of inhibition of the main protease 
by antivirals [10] 

 

Figure 3. Mechanism of antiviral inhibition of active 
amino acids (Cys145 and His41) in the main protease of 

SARS-CoV-2 [11] 
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Paxlovid whose structure is presented in Figure 4 is 
an oral antiviral drug that reduces the ability of SARS-
CoV-2 to reproduce in the body. The active substance 
PF-07321332 blocks the activity of enzymes required by 
viruses to replicate [12]. Paxlovid reduces mortality and 
hospitalization rates among COVID-19 patients. COVID-
19 patients can safely use the drug as a therapeutic agent 
since it has no side effects [13]. Therefore, this study 
used the active compound in paxlovid as a comparison. 

 

Figure 4. Structure of paxlovid antiviral compound 

Indonesia can be explored for potential COVID-19 
drug candidates due to its abundance of plant species 
and the widespread use of these plants in traditional 
medicine [14]. Gorontalo is one of the regions with a 
relatively high prevalence of distribution and utilization 
of traditional medicinal plants. Traditional medicines are 
concoctions derived from natural ingredients with 
minimal processing but have a genuine therapeutic 
effect and are passed down from generation to 
generation [15]. Traditional medicinal plants in 
Gorontalo have many types and uses. Several types of 
plants that are commonly used in traditional medicine, 
such as shallots (Allium cepa L.), garlic (Allium sativum), 
green chiretta (Andrographis paniculata), yellow-fruit 
moonseed (Arcangelisia flava L.), papaya (Carica papaya), 
Centella asiatica, cinnamon (Cinnamomum zeylanicum), 
kaffir lime (Citrus hystrix), coriander (Coriandrum 
sativum), turmeric (Curcuma longa), asthma weed 
(Euphorbia hirta), physic nut (Jatropha curcas), plantain 
(Musa balbisiana), cutleaf groundcherry (Physalis angulata 
L.), caraway seed (Trachyspermum roxburghianum), blue 
porterweed (Stachytarpheta jamaicensis), kejibeling 
(Strobilanthes crispa), clove (Syzygium aromaticum), 
Indian almond (Terminalia catappa), ginger (Zingiber 
officinale), white turmeric (Curcuma zedoaria) and 
Javanese turmeric (Curcuma xanthorrhiza). Traditional 
medicinal plants that treat fever, headaches, shortness 
of breath, coughs, body aches, and stomach aches may 
potentially inhibit SARS-CoV-2 replication [14, 16]. This 
is consistent with the symptoms in patients exposed to 
this virus. 

The 380 secondary metabolites in Gorontalo 
traditional medicinal plants were thoroughly selected 
based on the stored database on the KNApSAcK-3D 
website (http://knapsack3d.sakura.ne.jp/). The website 
is a three-dimensional structure database maintained by 
the Maebashi Institute of Technology and the Nara 
Institute of Science and Technology. In this study, all of 
these compounds were evaluated. In order to determine 

SARS-CoV-2 antiviral candidates from active 
compounds found in traditional Gorontalo medicinal 
plants, a technique that can provide accurate data on 
ligand binding as the principal protease inhibitor agent 
for SARS-CoV-2 is required. This research employed 
molecular docking and molecular dynamic methods. 

2. Methodology 

2.1. Tools and Materials 

The tools used in this research were a computer HP 
L1950 12-core CPU with Intel® Xenon® CPU X5675 
@ 3.07GHz. Molecular docking and molecular dynamic 
simulations were supported with the help of several 
applications such as AutoDock Tools version 1.5.7 [17], 
Autodock Vina version 1.2.0 [18], Discovery studio 
visualizer version 21.1.0.20298 [19], Notepad++ version 
8.4.7 [20], Perl IDE version 5.14.21 [21], Open Babel 
version 2.3.1 [22], Pymol version 4.60 [23], Gromacs 
version 2022.1 [24], and xmgrace version 5.1.19 [25]. The 
materials used in this study were taken from several 
websites. The amino acid sequence of the main protease 
of SARS-CoV-2 can be accessed at the China National 
Center for Bioinformation 2019 Novel Coronavirus 
Resource (CNCB 2019nCoV) [26] Wuhan variation with 
access code MN908947.3 and omicron variation with 
code OM532067.1 [2]. The 380 test ligands were 
downloaded on the KNApSAcK-3D page 
(http://knapsack3d.sakura.ne.jp/). The 380 test ligands 
derived from traditional Gorontalo medicinal plants can 
be seen in Table S1. In addition to the active substance 
PF-07321332 in the drug paxlovid, which was also tested 
in this simulation, the three-dimensional structure of 
the active substance paxlovid was downloaded on the 
Pubchem compound server. 

2.2. Homology modeling 

Sequence data obtained were subjected to homology 
modeling to obtain a template structure used in the 
docking process. Homology modeling was performed 
using the I-TASSER website (https://zhanggroup.org/I-
TASSER/). The results of homology modeling were ten 
templates with different C-scores. 

2.3. Docking method validation 

The docking procedure was initially validated before 
docking the test ligands to assess its probability of 
success. Ligands and proteins were prepared using 
AutoDock Tools version 1.5.7. The preparation stage 
included removing water molecules, adding hydrogen 
atoms, adding charges, making a grid, and docking 
parameters. The grid box used was different for each test 
protein. 

2.4. Docking of test ligands 

The test ligands were prepared before entering the 
molecular docking process. The preparation stage was 
conducted to obtain a more stable ligand structure with 
lower energy. The stage of test ligand preparation 
included geometry optimization and energy 
minimization utilizing the Chem 3D Professional 
software and the MM2 forcefield. The ligand file format 
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was then changed to the formal .pdbqt using the Open 
Babel GUI software. 

After the preparation, ligand testing was performed 
by docking the molecule to the protein. The docking 
process was carried out using the Autodock Vina 
program, which is run with the Padre script from the 
Perl IDE (https://padre.perlide.org/) to facilitate the 
docking process in large numbers continuously. The 
script was downloaded and installed on the employed 
computer. The grid box used in this simulation was 
adjusted to the results of the previous docking validation 
so that the test ligand bound to the protein’s active site. 

2.5. Molecular dynamic simulation 

Molecular dynamic simulation is a method of 
calculating the evolution of systems and the movement 
of particles within a certain time interval. This method 
can show the stability of the complex between the 
protein and the ligand as a result of the previous 
molecular docking. This process was performed using 
the Gromacs program version 2022.1 [24]. This 
simulation included the creation of protein and ligand 
topologies, solvency and neutralization, energy 
minimization and equilibration, MD production, and 
MMGBSA analysis. 

3. Results and Discussion 

3.1. Homology Modeling 

I-TASSER webserver homology modeling of the 
primary protease sequence previously obtained on the 
2019nCoV CNCB server with the codes MN908947.3 for 
the Wuhan variant and OM532067.1 for the omicron 
variant. The homology modeling results were ten 
templates selected by comparing the highest C-score. 
The template with the highest C-score on the Wuhan 
variation was downloaded with the PDB code 3V3M, 
while the omicron variation was downloaded with the 
code 7TE0 [27] as shown in Figure 5. 

 

Figure 5. SARS-CoV-2 protein template a) Wuhan 
(3V3M), b) omicron (7TE0) 

3.2. Docking Method Validation 

Before validating the docking method, protein and 
ligand preparation must be performed for optimal 
docking results. The presence of water molecules in the 
protein structure can interfere with the binding process 
between ligands and proteins, resulting in suboptimal 
docking [28]. The addition of hydrogen atoms also needs 
to be done so that the hydrogen bonds formed are easier 
to observe [29]. Partial charges on the ligand and protein 
are added, respectively, Gasteiger and Kollman charge. 
Figures 6 and 7 show illustrations of natural proteins 
and ligands. 

 

Figure 6. 3V3M protein and natural ligand 0EN 

 

Figure 7. 7TE0 protein and natural ligand 4WI 

The natural ligand docking method was validated 
using AutoDock Tools. The grid box used as a ligand 
binding area for the protein’s active site differs in the 
3V3M and 7TE0 proteins. The grid size of the 3V3M 
protein has center x = 22.99, y = -27.239, z = -3.350 with 
size xyz respectively 12-12-10. The grid box size utilized 
for the 7TE0 protein was centered at x = -10.632, y = -
14.534, and z = -17.396, with an xyz size of 12-12-8. 
Spacing on the grid box of both proteins was set at 1 Å. 

Table 1. Natural ligand molecular docking results 

Ligand Run 
Binding energy 

(kcal/mol) 
Cluster 

RMSD 
(Å) 

0EN 9 -7.20 7 0.75 

4WI 9 -6.12 3 1.65 

The results of the docking of natural proteins and 
ligands are shown in Table 1. The docking method is valid 
and can be used if the resulting RMSD value is ≤ 2 Å [30]. 
In Figure 8, the overlay results on the ligand are shown 
in red (before the docking process) and green (after the 
docking process). The overlap shows the ligand’s 
position’s minimal deviation after docking. The overlap 
is tighter the lower the RMSD value. 

 

Figure 8. Docking results overlay a) 0EN, b) 4WI 

The interaction of amino acid residues in the 3V3M-
0EN complex is shown in Figure 9. Many hydrogen 
bonds are formed in the amino acids Gly143, Cys145, 
Glu166, Ser144, and Asn142. The formed bonds have 
different distances. In addition to hydrogen bonds, pi-
sulfur bonds are formed on the amino acids Met49 and 
Cys145, and there are hydrophobic bonds on the amino 
acid His41. In the 7TE0-4WI complex, hydrogen bonds 
are created in the amino acids Cys145, Glu166, Gln192, 

https://padre.perlide.org/
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and Glu166. Halogen bonds are also formed in this 
complex at the amino acids Glu166, Arg188, and Thr190. 
Hydrophobic interactions occur at the amino acids His41, 
Cys145, and His163. Complete interactions in the 3V3M 
and 7TE0 complexes can be seen in Tables 2 and 3. 

Table 2. 0EN ligand interaction on docked 3V3M protein 

Category Interaction 
Bond 

distance 
(Å) 

bond type 

Hydrogen 
bond 

gly143 2.42503 Conventional 
Hydrogen Bonds 

Cys145 2.97913 Conventional 
Hydrogen Bonds 

Glu166 2.11781 Conventional 
Hydrogen Bonds 

Ser144 2.46627 Conventional 
Hydrogen Bonds 

Asn142 3.65101 Hydrogen 
carbon bonds 

Other Met49 5.13551 Pi-Sulfur 

Other Cys145 4.13593 Pi-Sulfur 

Hydrophobic His41 4.79032 Pi-Alkyl 

Table 3. 4WI ligand interactions on the docked 7TE0 
protein 

Category Interaction 
Bond 

distance 
(Å) 

Bond type 

Hydrogen 
bond 

Cys145 3.6936 
Conventional 

Hydrogen 
Bonds 

Glu166 2.04665 
Conventional 

Hydrogen 
Bonds 

gln192 2.18163 
Conventional 

Hydrogen 
Bonds 

Glu166 2.15552 
Conventional 

Hydrogen 
Bonds 

Halogen 

Glu166 2.6779 
Halogens 
(Fluorine) 

Arg188 3.47939 Halogens 
(Fluorine) 

Thr190 3.03429 Halogens 
(Fluorine) 

Hydrophobic 

His41 3.79223 Pi-Sigma 

Cys145 5.18576 Alkyl 

His163 4.60017 Pi-Alkyl 

 

 

Figure 9. 3D interactions of a) 0EN-3V3M and b) 4WI-
7TE0 complexes 

3.3. Docking of Test Ligands 

The test ligands used were derived from secondary 
metabolite compounds in 22 kinds of traditional 
Gorontalo medicinal plants. These plants include Allium 
cepa L., Allium sativum, Jatropha curcas, Andrographis 
paniculata, Physalis angulata L., Carica papaya, Centella 
asiatica, Citrus hystrix, Curcuma longa, Euphorbia hirta, 
Musa balbisiana, Arcangelisia flava L., Trachyspermum 
roxburghianum, Syzygium aromaticum, Stachytarpheta 
jamaicensis, Strobilanthes cusia, Cinnamomum zeylanicum, 
Terminalia catappa, Zingiber officinale, Coriandrum 
sativum, Curcuma zedoaria, and Curcuma xanthorrhiza. The 
active substance PF-07321332 from the paxlovid drug 
was also used in docking to obtain comparative data. A 
total of 830 test compounds underwent the docking 
process on each 3V3M and 7TE0 protein. 

The test ligands were docked using Autodock Vina; 
therefore, the natural ligands previously docked using 
Autodock Tools were redocked using Autodock Vina. The 
results from the docking of natural ligands using 
Autodock Vina to determine the binding affinity value as 
an indicator in comparing receptor and ligand binding 
abilities as a SARS-CoV-2 inhibitor agent are shown in 
Table 4. 

Table 4. Results of natural ligand redocking using 
Autodock Vina 

Protein 
name 

Natural 
ligand 
code 

Mode 
Affinity 
bindings 

(kcal/mol) 
RMSD 

Wuhan 0EN 1 -7.5 0.000 

Omicron 4WI 1 -8.6 0.000 

In the docking process of the test ligands, the grid 
boxes used were adjusted to the grid boxes validated by 
the docking method. Molecular docking can forecast the 
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interactions, conformations, and binding energies of 
proteins and their ligands. The identical grid box was 
utilized to maximize the formation of ligand bonds on 
the target protein’s active site. The results of the best 
test ligand docking can be seen in Table 5. 

Based on the binding affinity of the docking results, 
the compound physalin F from the Physalis angulate L. 
plant has the potential for inhibition of 3V3M protein 
with a binding affinity value of -10.3 kcal/mol. The 
physalin J compound from the Physalis angulate L. plant 

had the best inhibitory potential for the 7TE0 protein, 
whereas it had a binding affinity value of -8.9 kcal/mol. 
Figure 10 provides the most accurate two-dimensional 
representation of the interactions between complexes of 
amino acids and ligands. 

Whereas for paxlovid, the results of docking and 
visualization of complex amino acid interactions in the 
3V3M and 7TE0 proteins can be seen in Table 6 and 
Figure 11. 

 

Table 5. The best docking results on 3V3M and 7TE0 proteins 

Protein 
code 

Ligand test Binding affinity 
(kcal/mol) 

Plant 

3V3M 

Physalin F -10.3 Physalis angulate L. 

Physalin J -10.2 Physalis angulate L. 

Physalin U -10.2 Physalis angulate L. 

Physalin B -9.5 Physalis angulate L. 

Physalin G -9.1 Physalis angulate L. 

Physalin T -8.9 Physalis angulate L. 

Thalifendine -8.9 Arcangelisia flava L. 

Cyanin -8.7 Allium cepa L. 

(+)-Homoaromoline -8.6 Arcangelisia flava L. 

Physalin D -8.5 - 

Limacine -8.4 Arcangelisia flava L. 

Physalin I -8.4  

5-Carboxypyranocyanidin-3-O-beta-
glucopyranoside 

-8.3 Allium cepa L. 

Vitexin-2”-O-gallate -8.3 Terminalia catappa 

Withangulatin E -8.3 Physalis angulate L.  

Cyanidin-3-(6”-malonyllaminaribioside) -8.2 Allium cepa L. 

Dihydrowithanolide E -8.2 Physalis angulate L. 

Quercetin -8.2 Allium cepa L. 

5-Hydroxy-7,8-dimethoxyflavone-5-glucoside -8.1 Andrographis paniculata  

Cyanidin-3-(3”,6”-dimalonylglucoside) -8.1 Allium sativum 

Cyanidin-3-(3”-malonylglucoside) -8.1 Allium sativum 

Cyanidin-3-(6”-malonylglucoside) -8.1 Allium sativum 

Skullcapflavone-1,2'-O-beta-D-glucopyranoside -8.1 Andrographis paniculata  

Verbascoside -8.1 Strobilanthes cusia 

Withangulatin A -8.1 Physalis angulate L. 

Alpha Amyrine -8.0 Euphorbia hirta 

Cyanidin-3-O-glucoside -8.0 Allium cepa L. / Allium sativum 

Hydroxyanigorufone -8.0 Musa balbisiana 

Neoandrographolide -8.0 Andrographis paniculata 

Peonidin-3-arabinoside -8.0 Allium cepa L. 

Shogasulfonic acid D -8.0 Zingiber officinale  

Withangulatin I -8.0 Physalis angulate L. 

5,2’,3'-Trihydroxy-7,8-dimethoxyflavone-3'-
glucoside 

-7.9 Andrographis paniculata 

Andrographidin A -7.9 Andrographis paniculata 

Campesterol -7.9 Syzygium aromaticum 

Euphorbianin -7.9 Euphorbia hirta 

14-Acetyl-3,19-isopropylideneandrographolide -7.8 Andrographis paniculata 

14-Deoxy-11,14-didehydroandrographolide -7.8 Andrographis paniculata 

Myricetin-3-neohesperidoside -7.8 Physalis angulate L. 

Palmarumycin JC1 -7.8 Jatropha curcas 
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Protein 
code 

Ligand test Binding affinity 
(kcal/mol) 

Plant 

Palmarumycin JC2 -7.8 Jatropha curcas 

Paxlovid -7.8 - 

Physagulin M -7.8 Physalis angulate L. 

Physalin W -7.8 Physalis angulate L. 

Quercetin-3-O-rhamnosyl-1-6-galactoside -7.8 Physalis angulate L. 

Tellimagrandin I -7.8 Syzygium aromaticum 

Chlorogenic acid -7.7 Andrographis paniculata and Stachytarpheta 
jamaicensis 

Cyanidin-3-laminaribioside -7.7 Allium cepa L. 

Gibberellin A1 -7.7 Allium cepa L. dan pepaya 

Gibberellin A4 -7,7 Allium cepa L. 

Shogasulfonic acid C -7.7 Zingiber officinale 

Withaphysalin A -7.7 Physalis angulate L. 

Andropanolide -7.6 Andrographis paniculata 

Gibberellin A3 -7.6 Carica papaya 

Irenolone -7.6 Musa balbisiana 

isoandrographolide -7.6 Andrographis paniculata 

Kaempferol-4'-glucoside -7.6 Allium cepa L 

Rutin -7.6 Euphorbia hirta 

7TE0 

Physalin J -8.9 Physalis angulate L 

Vitexin 2”-O-gallate -8.8 Terminalia catappa 

Skullcapflavone 1,2'-O-beta-D-glucopyranoside -8.8 Andrographis paniculata 

5-Carboxypyranocyanidin 3-O-beta-
glucopyranoside -8.7 Allium cepa L 

Paxlovid -8.7 - 

Physalin F -8.7 Physalis angulate L 

Cyanin -8.6 Allium cepa L 

Physalin T -8.6 Physalis angulate L 

Rutin -8.6 Euphorbia hirta 

 

Figure 10. Interactions of the protein complex a) physalin F-3V3M, b) physalin J-7TE0 
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Figure 11. Interaction of the protein complex resulting from the docking of paxlovid ligands in the (a) Mpro Wuhan 
complex and (b) Mpro omicron 

Table 6. Paxlovid docking results on 3V3M and 7TE0 
proteins 

Compound Protein code affinity 
bindings 

RMSD 

Paxlovid 
3V3M -7.8 0.000 

7TE0 -8.7 0.000 

3.4. Molecular Dynamics 

Protein topologies and ligands were produced 
separately in different orders. The protein topology was 
created using the pdb2gmx command. The force field 
used in protein topology was AMBER99SB-ILDN protein 
and nuclear AMBER94. This force field was chosen 
because it has improved simulation accuracy from the 
ff99SB force field [31]. The TIP3P water model was 
selected in this simulation. Meanwhile, the ligand 
topology was produced using the acpype program. Then 
a complex file was formed from the protein and ligand 
coordinate data. 

The box area on the system was formed with the 
triclinic model with the editconf command. The solvent 
was added after the previously defined box was 
accompanied by adding Na and Cl ions to change the 
system to a neutral state [32]. The system must first 
minimize energy to achieve stability using the steepest 
descent method before entering Molecular dynamic 
production. Temperature and pressure were also 
regulated according to the simulation needs. In the 3V3M 
complex, the potential energy produced is around -
4.6×105 kJ/mol. Whereas in the 7TE0 complex, the final 
energy yield of the system shows -4.7×105 kJ/mol. 
Convergent and declining graphs and system energy 
below -1×105 kJ/mol indicate that the minimization 
process has been successful. 

The temperature parameter setting was done in the 
NVT phase of 50,000 steps. The system temperature was 
maintained using a modified Berendsen thermostat V-
rescale at 300 K. Fluctuations occur in each ligand at 
different simulation time intervals. The highest 
fluctuations occurred in physalin J ligands at 50-60 ps 
and physalin F at 80-90 ps. Fluctuations appeared in the 
paxlovid ligand of the 7TE0 complex at 20-30 ps during 

the simulation. However, all ligands experience stability 
towards the end of the simulation. The system pressure 
was also regulated at the NPT equilibration stage. The 
system pressure was set at 1 bar using the Parrinello-
Rahman barostat method. 

After the energy, temperature, and pressure of the 
system are at optimal conditions, the next stage is the 
production of MD. MD production was conducted in 
50,000,000 steps within 50 ns. The Grompp and mdrun 
commands are utilized to run this step. The integrated 
timestep was set at 2 fs, and the coordinates, output 
control energy, and log files were stored every 10 ps. 
Before analyzing the results of MD manufacturing, any 
atom damage was repaired by recentering and 
rewrapping coordinates. The performed analysis 
included RMSD, RMSF, and MMGBSA analysis. 

During the simulation, the RMSD of the 3V3M and 
7TE0 complexes were analyzed to determine the ligand 
bond stability on the protein’s active site. RMSD size of 
less than 0.25 nm is acceptable and has similarities with 
the reference structure [33]. Increasing the plot of the 
RMSD results indicates increased ligand activity in 
finding the best binding site to the protein. When RMSD 
begins to show stability, the bonds formed by the ligands 
on the protein’s active site tend to be maintained by the 
system [32]. The RMSD graph of the 3V3M complex is 
shown in Figure 12. With an average RMSD value of 0.18 
nm, the physalin J ligand demonstrated the highest level 
of stability. Figure 13 depicts fluctuations in the 7TE0 
complex; each test ligand also experiences fluctuations. 
The 7TE0-physalin J complex formed the stable RMSD 
graph for 50 ns, with an average thickness of 0.22 nm. 

RMSF (root mean square fluctuation) analysis 
shows the flexibility of amino acids during the 
simulation. Sharp fluctuations describe the increased 
flexibility of amino acids, while low RMSF values 
indicate the limitations of movement experienced by 
amino acid residues [34]. The results of the RMSF 
analysis can be seen in Figure 14. 
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Figure 12. RMSD analysis of the 3V3M complex 

 

Figure 13. RMSD analysis of the 7TE0 complex 
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Figure 14. Complex RMSF results in a) 3V3M b) 7TE0 

3.5. Molecular Mechanics Generalized Born Surface 
Area (MMGBSA) 

In molecular dynamics simulations, the MMGBSA 
(Molecular Mechanics Generalized Born Surface Area) 
method is utilized to calculate the free energy of ligand-
macromolecule bonds. Calculating bond-free energy 
values was used to predict the strength of the bonds 
formed [35]. Bond-free energy (ΔG), which has a 
negative value (≤ 0), goes straight with bonding ability. 
The more negative the result of ΔG, the stronger the 
bond formed. 

Table 7. The results of the calculation of the bond-free 
energy MMGBSA method 

Complex ΔVDWAALS ΔEEL ΔEGB ΔESURF ΔGGAS ΔGSOLV ΔTOTAL 

3V3M-
0EN 

-37.44 -13.24 28.68 -4.53 -50.67 24.15 -26.53 

3V3M-
paxlovid 

-27.72 -14.54 26.37 -3.50 -42.25 22.87 -19.38 

3V3M-
physalin 

F 
-36.61 -13.02 25.58 -4.17 -49.63 21.41 -28.22 

3V3M-
physalin 

J 
-37.30 -13.79 28.64 -4.16 -51.08 24.47 -26.61 

7TE0-
4WI 

-49.78 
-

48.78 
57.70 -6.29 -98.56 51.40 -47.16 

7TE0-
paxlovid 

-37.45 -11.46 28.19 -4.72 -48.92 23.47 -25.44 

7TE0-
physalin 

J 
-38.50 

-
20.36 

36.35 -4.11 -58.86 32.24 -26.62 

7TE0-
vitexin 

-35.93 -30.42 43.43 -5.16 -66.35 38.27 -28.08 

In the 3V3M complex, the ΔG values of the 0EN, 
paxlovid, physalin F, and physalin J ligand complexes 
were -26.53 kcal/mol, -19.38 kcal/mol, -28.22 kcal/mol, 
and -26.61 kcal/mol, respectively. In the 7TE0 complex 
that binds to the 4WI ligand, paxlovid, physalin J, and 
vitexin-2”-O-gallate show ΔG values of -47.16 
kcal/mol, -25.44 kcal/mol, -26.62 respectively kcal/mol 
and -28.08 kcal/mol. Complete information about the 
energy produced in the MMGBSA analysis can be seen in 
Table 7. 

4. Conclusion 

Secondary metabolite compounds contained in 
Gorontalo traditional medicinal plants have the potential 

to be inhibitors of the main protease of SARS-CoV-2. 
Based on the binding affinity results from molecular 
docking and molecular dynamic simulations, Physalis 
angulate L. plants with the active compounds of physalin 
F and physalin J on the 3V3M protein and physalin J and 
Vitexin 2”-O-gallate on the Terminalia catappa plant for 
the 7TE0 protein have great potential as inhibitors. 
However, in terms of structural stability and active 
residues which play a role in binding, the compounds 
physalin F, physalin J, and Vitexin 2”-O-gallate did not 
show better results than the active substances in 
paxlovid. 
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