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Abstract             

Objetivo: avaliar as interações de di- e tri-terpenos de Stillingia loranthacea com a enzima NSP16-NSP10 de SARS-CoV-2, importante para a replicação 
viral. Métodos: A técnica de docking molecular foi utilizada para avaliar essa interação. Resultados: A análise mostrou que os compostos avaliados 
obtiveram valores de RMSD de 0,888 a 1,944 Å e energia livre de -6,1 a -9,4 kcal/mol, observando-se ligações de hidrogênio, pontes salinas e pi-enxofre, 
pi-alquil, e interações hidrofóbicas. Conclusão: Assim, os resultados obtidos mostram o potencial dos compostos analisados frente ao alvo selecionado. 
Como as simulações computacionais são apenas um passo inicial nos projetos de desenvolvimento de medicamentos antivirais, este estudo fornece dados 
importantes para pesquisas futuras.
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Resumo            

Objective: This study aimed to evaluate the interactions of di- and tri-terpenes from Stillingia loranthacea with the enzyme NSP16-NSP10 of SARS-CoV-2, 
important for viral replication. Methods: The molecular docking technique was used to evaluate this interaction. Results: The analysis showed that the 
evaluated compounds obtained RMSD values of 0.888 to 1.944 Å and free energy of -6.1 to -9.4 kcal/mol, with the observation of hydrogen bonds, salt 
bridges, and pi-sulfur, pi-alkyl, and hydrophobic interactions. Conclusion: Thus, the results obtained show the potential of the compounds analyzed against 
the selected target. Since computer simulations are only an initial step in projects for the development of antiviral drugs, this study provides important data 
for future research.
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INTRODUCTION

In the 21st century, two types of human coronaviruses (HCoVs) 
with high pathogenic potential, the severe acute respiratory 
syndrome coronavirus (SARS-CoV) and the Middle Eastern 
respiratory syndrome coronavirus (MERS-CoV), emerged from 
their natural reservoirs, causing global epidemics with alarming 
morbidity and mortality1. In December 2019, another type 
of pathogenic HCoV was identified in Wuhan, China, the new 
2019 coronavirus (2019-nCoV/SARS-CoV-2)1–3, characterized as 
an enveloped beta-coronavirus with single-stranded, positive-
sense RNA3.

In this context, COVID-19, the disease caused by SARS-CoV-2, 
spread rapidly, infecting people in more than 200 countries/
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regions in only two months4, evidencing its easy transmission 
between individuals. Scientists believe it is spread mainly by 
direct contact or by droplets spread by infected people when 
coughing or sneezing5. In March 2020, due to the occurrence of 
logarithmic expansion of cases globally, COVID-19 was declared 
a pandemic by the World Health Organization (WHO)6. In this 
context, it has had a significant impact on health systems 
around the world, in addition to devastating economic effects 
in the primary, secondary and tertiary sectors7. 

After the SARS-CoV outbreak in 2003, researchers began 
to explore different extracts, drugs, and antiviral molecules 
as potential agents against SARS-CoV8. In a review study9, 
outlined the current status of natural compounds and/or their 
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derivatives with potential action against different species of 
coronavirus (CoV), concluding that many natural products 
and medicinal plants offer preventive and therapeutic options 
against viral infections, and due to their natural origin, safety 
and low cost compared to synthetic drugs, they can be 
important complementary compounds to fight viruses, with 
strong potential for the development of medicines against CoV.

In this respect, terpenes and terpenoids are recognized diverse 
natural compounds that have a wide range of biological activities, 
as indicated by10, including antitumor, anti-inflammatory, 
antioxidant, anticoagulant, sedative, and analgesic actions, thus 
having a broad spectrum of application in the pharmaceutical 
area11, 12. Studies have evaluated the antiviral activity of these 
substances present in extracts of species of the genus Stillingia 
(Euphorbiaceae)13–15, plants found in South, Central, and North 
America, and on islands in the Pacific and Indian Oceans14,16 
performed in silico analysis of the main components of essential 
oils in a specific target of SARS-CoV-2, the protein spike. They 
concluded that the terpenes and phenylpropanoids identified 
in the study may play a vital role in inhibiting viral replication in 
the host system. 

Molecular docking is an important method that can provide a 
forecast of the structure of ligand-receptor complexes17. It is one 
of the most frequently used methods for structure-based drug 
design due to the ability to accurately predict the conformation 
of ligands to the appropriate target17, 18. 

Thus, analysis of the interactions of certain molecules, such 
as terpenes, with potential for study against SARS-CoV-219 
as important targets for viral replication, such as enzyme 
NSP16-NSP10 2'-O-methyltransferase from SARS-CoV-2, 
is important. According to [20], the stimulation of NSP16 
2'-O-methyltransferase activity by NSP10 is a common 
mechanism of CoV, so inhibitors can be developed targeting this 
enzyme to control viral infection.

Given this, the objective of the study is to evaluate the 
interactions of di- and tri-terpenes from Stillingia loranthacea 
with the NSP16-NSP10 enzyme from SARS-CoV-2 using 
molecular docking.

MATERIALS AND METHODS

Enzyme Collection and Preparation 

The structure of NSP16-NSP10 SARS-CoV-2 was obtained from 
the Protein Data Bank (https://www.rcsb.org/), identified in 
the repository as 1.98 Angstrom Resolution Crystal Structure 
of NSP16-NSP10 Heterodimer from SARS-CoV-2 in Complex 
with Sinefungin, PDB ID: 6WKQ. The resolution of 1.98 Å, was 
determined from X-ray diffraction (R-Value Free: 0.180, R-Value 
Work: 0.162). It is classified as a viral protein, organism [This is 
wrong grammatically, but I don’t know how to correct it without 
risking a technical mistake.] Severe acute respiratory syndrome 
coronavirus 2 and expression system Escherichia coli BL21(DE3), 

Escherichia coli BL21. In the protein preparation process, all 
residues were removed and polar hydrogens were added21, 22 
producing favorable protonation states for molecular docking23.

Obtaining and Preparing Ligands 

All two-dimensional coordinates of the molecules were rendered 
according to13 (Figure 1). The physicochemical properties were 
listed in Table 1.  To obtain the three-dimensional structures in 
the most stable thermodynamic conformation, the ligands were 
optimized following an adaptation of the method proposed 
by24,25. In this step, semi-empirical quantum formalism was 
used, with the algorithms available in the code of the Molecular 
Orbital Package, Version 16.111W26–28, which were used for 
optimization. The parametric method 7 (PM7)29 was used, with 
Hartree-Fock approximation (HF) (self-consistent field method), 
for wave function, considering the molecule in the fundamental 
state and a vacuum27.

Figure 1. Structural formula (A) and major microspecie at pH 7.3 
(B) of di and triterpenes from the Stillingia loranthacea.
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Table 1. Physical properties-clusters, lipophilicity and solubility of Di and triterpenes from the Stillingia loranthacea. 
Name Formula MW pKa H-bond logP TPSA Solubility

(mg/mL)D A
T1 (6aR,8aS,12aR,12bS,14bR)-4,6a,11,11,12b,14b-

hexamethyl-8-oxo-3-{[(2E)-3-phenylprop-2-enoyl]
oxy}-1,2,3,4,4a,5,6,6a,8,8a,9,10,11,12,12a,12b,1
3,14,14a,14b-icosahydropicene-4-carboxylic acid

C38H50O5 586.81 4.27 0 4 8.77 83.50 < 0.01

T2 (1R,2S,6R,10S,11R,13S,15R)-1,6-dihydroxy-8-
(hydroxymethyl)-4,12,12,15-tetramethyl-5-
oxotetracyclo[8.5.0.02,6.011,13]pentadeca-3,8-
dien-13-yl (5Z)-tetradec-5-enoate

C34H52O6 556.78 12.57
14.01
15.19

3 5 5.92 104.06 < 0.01

T3 (1R,2S,6R,10S,11R,13S,15R)-1,6-dihydroxy-8-
(hydroxymethyl)-4,12,12,15-tetramethyl-5-
oxotetracyclo[8.5.0.02,6.011,13]pentadeca-3,8-
dien-13-yl dodecanoate

C32H50O6 530.75 12.57
14.01
15.19

3 5 5.40 104.06 < 0.01

T4 (1R,2S,6R,10S,11R,13S,15R)-1,6-dihydroxy-8-
(hydroxymethyl)-4,12,12,15-tetramethyl-5-
oxotetracyclo[8.5.0.02,6.011,13]pentadeca-3,8-
dien-13-yl tetradecanoate

C34H54O6 558.80 12.57 3 5 6.28 104.06 < 0.01

T5 (1R,2R,6R,10S,11R,13S,14R,15R)-13-(acetyloxy)-
1-hydroxy-8-(hydroxymethyl) -4,12,12,15-
tetramethyl-5-oxotetracyclo[8.5.0.02,6.011,13]
pentadeca-3,8-dien-14-yl hexadecanoate

C38H60O7 628.89 13.92 2 5 7.44 110.13 < 0,01

T6 (1R,2S,3R,6S,8E,10S,12R,14R,15R)-1,2-dihydroxy-
3 , 7 , 7 , 1 0 , 1 4 - p e nta m e t hy l - 1 1 - oxo - 1 6 , 1 7 -
dioxatricyclo[10.3.1.13,6]heptadec-8-en-15-yl 
(2E)-4-hydroxy-3-methylpent-2-enoate

C26H40O8 480.60 10.09
12.93
14.77
15.50

3 7 3.52 122.52 0.04

Molecular Docking

The simulations were configured to perform continuous 
calculations of cycles of 500 interactions with a convergence 
value on the order of 10-10 kcal mol-¹ 30. In this stage, the 
conformational stability of the compound is given by the total 
energy, which is the sum of the nuclear repulsive energies 
with the electronic energy. The fitting simulations between 
the selected inhibitors and the proteins were performed using 
the code AutoDock Vina (version 1.1.2), employing 3-way 
multithreading, the Lamarkian genetic algorithm31, with the 
following docking parameters: m-pro(center_x = -26.734, 
center_y = 13.009, center_z = 56.185, size_x = 94, size_y = 112, 
size_z = 108, spacing = 0.642 and exhaustiveness = 8); NSP16-
NSP10 (center_x = 78.486, center_y = -1.045, center_z = -9.341, 
size_x = 102, size_y = 126, size_z = 108, spacing = 0.764 and 
exhaustiveness = 8). As a standard procedure, 100 independent 
simulations were performed, obtaining 10 poses for each 
protein target. As selection criteria, simulations that presented 
poses with RMSD (root-mean-square deviation) values less than 
2,00032 and bond-free energy (ΔG) below -6.0 kcal/mol33 were 
analyzed. To analyze the results, image plotting and generation 
of bi and tri-country maps the codes were used  from the 
Discovery Studio Visualizer  and UCSF Chimera28,34.

RESULTS 

Interactions of di- and tri-terpenes from Stillingia loranthacea 
with NSP16-NSP10 heterodimer

To better understand receptor-ligand interactions, the study of 
molecules through molecular docking has become increasingly 
relevant to predict modes of connection and elucidate 
experimental results [35]. With the molecular docking routines, 
we generated RMSD values [32] and connection-free energy 
[33] between the di- and tri-terpenes and the NSP16-NSP10 
heterodimer, observing variations in the RMSD values from 
0.888 to 1.944 Å and free binding energy ranging from -6.1 
to -9.4 kcal/mol (Table 2). Analysis of the molecular docking 
simulations showed that all terpenes were bound in the same 
region as the inhibitor Sinefungin, more specifically in the 
heterodimer A chain NSP16-NSP10 heterodimer of SARS-CoV-2 
(Figure 2).  

By comparing the calculated distances between the inhibitors 
and the residues of the NSP16-NSP10 heterodimer binding site 
(Table 2), it was possible to observe that all the ligands were 
at a distance less than or equal to the inhibitor (Sinefungin) 
complexed in the NSP16-NSP10 heterodimer of SARS-CoV-2 
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Figure 2. The di- and tri-terpenes from Stillingia loranthacea binding the NSP16-NSP10 SARS COV 2 residues compared to 
sinefungin.

(Figure 1). The interaction analysis showed that T1 exhibited 
eight interactions with the NSP16-NSP10 heterodimer, four 
of which are hydrophobic interactions, with Leu 7201C (3.50 
Å; 3.55 Å), Tyr 7233C (3.36 Å) and Phe 7246C (3.85 Å); one 
hydrogen bond, with Asp 7176C (2.71 Å), classified as strong 
[36]; two of the PI-Alkyl type, with Leu 7201C and Cys 7216C; 
and one PI-sulfur interaction, with Met 7232C (Table 3).

Table 2. RMSD and affinity energy values calculated in molecular 
docking simulations by Di and triterpenes from Stillingia 
loranthaceain in NSP16-NSP10 Heterodimer from SARS-CoV-2 
residues.

Inhibitor Affinity (kcal/mol) RMSD (Å)
T1 -9.4 1.523
T2 -6.7 1.163
T3 -7.0 1.270
T4 -6.9 0.888
T5 -6.1 1.333
T6 -7.7 1.944
Sinefugin -6.6 1.362

The T3 inhibitor showed ten interactions with the NSP16-NSP10 
heterodimer from SARS-CoV-2, three of the hydrophobic type, 
with Leu 6898A (3.71 Å), Ile 6910A (3.73 Å), and Val 7092A 
(3.44 Å); and seven hydrogen bonds, with Ile 6910A (2.44 Å), 
Ser 7090A (2.41 Å; 2.38 Å; 2.27 Å; 2.35 Å), Ser 7389C (2.01 Å), 
Ser 7389C (2.21 Å), all classified as strong [36] (Table 3).

The analysis of the interactions with T4 showed that the 
molecular docking simulation of the inhibitor resulted in the 
formation of 12 interactions with the enzyme, five of which are 
hydrophobic, with the residues Ile 7213C (3.67 Å; 3.91 Å), Thr 

7218C (3.86 Å), Val 7391C (3.36 Å) and Val 7391C (3.74 Å); and 
seven hydrogen bonds, with Ser 7090A (2.67 Å; 2.26 Å; 2.41 Å; 
2.19 Å), Ile 7213C (2.44 Å; 2.84 Å) and Ser 7389C (2.16 Å), all 
classified as strong [36] (Table 3).

T5 showed seven interactions with the residues of the NSP16-
NSP10 heterodimer, four hydrophobic, with Val 6902A (3.99 Å; 
3.54 Å), Leu 6909A (3.85 Å), and Val 7391C (3.75 Å); and three 
hydrogen bonds, Thr 6908A (2.65 Å), Ile 6910A (2.16 Å) and Ser 
7090A (2.10 Å), all classified as strong [36] (Table 3).

Analyzing the receptor-ligand complex formed with T2 revealed 
eight ligand interactions with the enzyme’s amino acid residues, 
three of which are of the hydrophobic type, with Lys 4346B (3.74 
Å), Val 6902A (3.72 Å), and Val 7391C (3.77 Å); four hydrogen 
bonds, with Ser 6903A (2.46 Å), Ser 6907A (2.60 Å) and Thr 
6908A (2.42 Å; 1.84 Å), all classified as strong [36]; and a salt 
bridge interaction, with Lys 4346B (3.61 Å) (Table 3).

The T3 inhibitor showed ten interactions with the NSP16-NSP10 
heterodimer from SARS-CoV-2, three of the hydrophobic type, 
with Leu 6898A (3.71 Å), Ile 6910A (3.73 Å), and Val 7092A 
(3.44 Å); and seven hydrogen bonds, with Ile 6910A (2.44 Å), 
Ser 7090A (2.41 Å; 2.38 Å; 2.27 Å; 2.35 Å), Ser 7389C (2.01 Å), 
Ser 7389C (2.21 Å), all classified as strong [36] (Table 3).

Analyzing the receptor-ligand complex formed with T2 revealed 
eight ligand interactions with the enzyme’s amino acid residues, 
three of which are of the hydrophobic type, with Lys 4346B (3.74 
Å), Val 6902A (3.72 Å), and Val 7391C (3.77 Å); four hydrogen 
bonds, with Ser 6903A (2.46 Å), Ser 6907A (2.60 Å) and Thr 
6908A (2.42 Å; 1.84 Å), all classified as strong [36]; and a salt 
bridge interaction, with Lys 4346B (3.61 Å) (Table 3).
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Table 3.  Molecular interactions of the Di and triterpenes from Stillingia loranthaceain with the NSP16-NSP10 Heterodimer from 
SARS-CoV-2 residues.

T1
Hydrophobic 
Interactions 

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Leu 7201C 3.50 - 34 5073
Leu 7201C 3.55 - 37 5075
Tyr 7233C 3.36 - 1 5364
Phe 7246C 3.85 - 36 5500

Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classificationb Donor Atom Acceptor Atom

Asp 7176C 2.71 Strong 4841 [Nam] 43 [O.co2]
PI-Alkyl COVID-19 (NSP16-

NSP10) residue a
- - - -

Leu 7201C - - - -
Cys7216C - - - -

PI-Sulfur COVID-19 (NSP16-
NSP10) residue a

- - - -

Met 7232C - - - -
T2

Hydrophobic 
Interactions

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Lys 4346B 3.74 29 3691
Val 6902A 3.72 23 1060
Val 7391C 3.77 9 6965

Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classification Donor Atom Acceptor Atom

Ser 6903A 2.46 Strong 1062 [Nam] 39 [O2]
Ser 6907A 2.60 Strong 36 [O3] 1105 [O3]
Thr 6908A 2.42 Strong 1116 [O3] 39 [O2]
Thr 6908A 1.84 Strong 1110 [N3] 36 [O3]

Salt Bridges COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Group Ligand Atoms

Lys 4346B 3.61 - Carboxylate 38, 39
T3

Hydrophobic 
Interactions

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Leu 6898A 3.71 - 27 1007
Ile 6910A 3.73 - 19 1130
Val 7092A 3.44 - 17 2959

The T6 molecular docking routines showed the formation of 
nine interactions with the protein target, six hydrophobic, with 
Val 6902A (3.75 Å), Thr 6908A (3.95 Å), Leu 6909A (3.75 Å), 
Ile 6910A (3.94 Å), Ile 6910A (3.88 Å) and Val 7391C (3.93 Å); 

two hydrogen bonds, with Cys 4330B (1.98 Å) and Ile 6910A 
(3.34 Å), one classified as strong (Cys 4330B) and the other as 
medium (Ile 6910A) [36]; and one salt bridge interaction, with 
Lys 4346B (3.86 Å). 
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Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classification Donor Atom Acceptor Atom

Ile 6910A 2.44 Strong 1125 [Nam] 34 [O3]
Ser 7090A 2.41 Strong 2942 [O3] 34 [O3]
Ser 7090A 2.38 Strong 34 [O3] 2942 [O3]
Ser 7090A 2.27 Strong 2931 [N3] 38 [O3]
Ser 7090A 2.35 Strong 2932 [N3] 38 [O3]
Ser 7389C 2.01 Strong 6936 [Nam] 38 [O3]
Ser 7389C 2.21 Strong 38 [O3] 6939 [O2]

T4
Hydrophobic 
Interactions

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Ile 7213C 3.67 - 19 5182
Ile 7213C 3.91 - 22 5183
Thr 7218C 3.86 - 27 5218
Val 7391C 3.36 - 17 6964
Val 7391C 3.74 - 30 6965

Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classification Donor Atom Acceptor Atom

Ser 7090A 2.67 Strong 2939 [O3] 40 [O3]
Ser 7090A 2.26 Strong 2933 [N3] 40 [O3]
Ser 7090A 2.41 Strong 2934 [N3] 40 [O3]
Ser 7090A 2.19 Strong 40 [O3] 2940 [O2]
Ile 7213C 2.44 Strong 5177 [Nam] 36 [O3]
Ile 7213C 2.84 Strong 36 [O3] 5180 [O3]
Ser 7389C 2.16 Strong 6938 [Nam] 40 [O3]

T5
Hydrophobic 
Interactions

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Val 6902A 3.99 - 26 1063
Val 6902A 3.54 - 27 1064
Leu 6909A 3.85 - 4 1129
Val 7391C 3.75 - 3 6971

Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classification Donor Atom Acceptor Atom

Thr 6908A 2.65 Strong 1114 [N3] 44 [O3]
Ile 6910A 2.16 Strong 1131 [Nam] 43 [O3]
Ser 7090A 2.10 Strong 2948 [O3] 43 [O3]

Salt Bridges COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Group Ligand Atoms

Lys 4346B 5.20 - Carboxylate 44, 45
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T6
Hydrophobic 
Interactions

COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Atom Protein Atom

Val 6902A 3.75 - 24 1054
Thr 6908A 3.95 - 16 1109
Leu 6909A 3.75 - 18 1119
Ile 6910A 3.94 - 16 1126
Ile 6910A 3.88 - 7 1125
Val 7391C 3.93 - 14 6958

Hydrogen Bonds COVID-19 (NSP16-
NSP10) residue a

Distance H-A Classification Donor Atom Acceptor Atom

Cys 4330B 1.98 Strong 32 [O3] 3527 [O2]
Ile 6910A 3.34 Average 1121 [Nam] 29 [O2]

Salt Bridges COVID-19 (NSP16-
NSP10) residue a

Distance - Ligand Group Ligand Atoms

Lys 4346B 3.86 - Carboxylate 30, 31
a. The crystal structure of COVID-19 main protease - PDB ID: 6LU7
b. Hydrogen bond classification: 2,5 Å <d <3,1 Å => Strong interaction; 3,1 Å <d <3,55 Å => Average interaction; d> 3,55 Å => Weak interaction

DISCUSSION

Potential therapies against CoV are classified because of their 
targets, which are related to the action of the main agent in the 
immune system, in host cells, or in the virus itself37. Thus, one 
of the ways to identify therapeutic options targeting the virus is 
through computational methods, which are carried out by38 in 
the context of drug repositioning.

Terpenoids and terpenes produced by plants of the 
Euphorbiaceaea family have highly diverse structural 
compositions, one of the reasons that are a target in research 
for new drugs39. In this respect40, evaluated the antiviral activity 
of diterpene compounds derived from the Euphorbiaceae 
family, which demonstrated the potent selective activity of 
these derivatives on the Chikungunya virus, HIV-1, and HIV-2, 
with EC50 = 0.76, IC50 = 0.34 and 0.043 μM, respectively. The 
study conducted by [13] also demonstrated the action of tri- 
and di-terpenoids derived from S. loranthacea against the Zika 
virus strain circulating in Brazil in an in vitro viral replication 
assay, further demonstrating its low cytotoxicity in epithelial 
cells.

The present study analyzed the interactions of di- and tri-
terpenes from S. loranthacea with the NSS16-NSP10 enzyme 
from SARS-CoV-2, reported in the literature as a possible target 
for the development of antiviral drugs against CoV [20], by 
elucidating through in silico verification, the interactions of 
these substances with this target. A detailed understanding of 
the interactions between molecules and proteins can serve as 
the basis for more rational drug design, with the potential to 
reduce costs and time compared to traditional random screening 
protocols for the discovery of new drugs, besides being able to 
facilitate the development of more specific therapeutic agents41. 

Furthermore, the study of intermolecular interactions is of 
fundamental importance, since in biological systems, molecular 
recognition is based on specific stable interactions between 
molecules. In this context, one of the objectives of drug design 
is the identification of these interactions42.

From the analysis of the results, all the compounds under 
study presented hydrogen bonds or hydrophobic interactions 
with the target in question. Hydrogen bonds are one of the 
most important types of interaction in molecular biology, by 
shaping three-dimensional structures of macromolecules and 
influencing their interactions with the surrounding environment 
and ligands43. Hydrophobic interactions have relevance in drug 
design considering the potential to increase the link affinity 
between drug and target interfaces44. According to the anti-
SARS compound screening carried out by45 through molecular 
docking, hydrogen bonds exercise, important collaboration 
is not said to respect the interactions between binder and 
receptor, so that in addition, as Hydrophobic Interactions 
we can make contributions to the total free energy of Gibbs 
induced by the binding, so that as Hydrogen Bonds can act 
as "âncora", determining the position of the binder in the 
binder bag, also facilitating Hydrophobic Interactions. In 
another study46, cooperation between non-covalent bonds 
in a systematically varied series of ligands was assessed, and 
cooperation between hydrophobic interactions and hydrogen 
bonds was demonstrated, where they can reinforce each other. 
In addition to the mentioned interactions, it is important to 
note that compound T1 also showed PI-sulfur and PI-alkyl 
interactions. Sidechains containing sulfur can interact favorably 
with aromatic rings through PI interaction and can contribute 
to protein stability through non-covalent interactions47. 
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Furthermore, Alkyl CH-PI interactions are known to be an 
important element in the molecular recognition between 
carbohydrates and proteins48, 49.

Salt Bridges were also observed for compounds T2 and T6, 
which are configured in a non-covalent interaction between two 
ionized molecules, mixing two contributions, a hydrogen bond 
and an electrostatic bond, which in the case of a Salt Bridges 
formed in receptor-complex ligand, as with the compound 
T2, the proton can migrate a side chain of the carboxylic acid 
group to an amine fraction of a ligand (and vice versa) or the 
functional amino acid group42. In general, salt bridges directly 
contribute to binding and indirectly influence protein folding50. 

Regarding the free energy of binding, it varied from -6.1 to -9.4 
kcal/mol for the interactions of the di- and tri-terpenes analyzed 
with the NSP16-NSP10 enzyme from SARS-CoV-2. These values 
are adequate according to the literature, which corresponds to 
- 6.0 kcal/mol or less51. 

CONCLUSION

Thus, the results of this study elucidate the interactions 

between the di- and tri-terpenes of S. loranthacea concerning 
the NSP16-NSP10 enzyme of SARS-CoV-2. The evaluation of 
the simulations using molecular docking demonstrated that 
the analyzed terpenes are bound in the same region as the 
inhibitor Sinefungin (NSP16-NSP10 heterodimer A chain) and 
that all ligands are present at a distance less than or equal 
to that of Sinefungin complexed in the enzyme in question. 
Regarding the interactions, hydrogen bonds, hydrophobic, Pi-
sulfur, and Pi-alkyl interactions, and salt bridges were observed 
in the analyzed target. Furthermore, regarding the free energy 
of binding, the values found were adequate according to 
the standard considered in the literature. Thus, this study 
elucidates important molecular aspects regarding the analyzed 
compounds, providing important data for future studies.
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