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Abstract—Dengue fever (DF) and dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS) are considered the most medically important and widespread 
mosquito-borne viral diseases.Dengueis an arbovirus that has a large occurrence in humans around the world. It is an infectious and debilitating disease caused by 
the dengue virus (DENV), by an arbovirus belonging to the family Flaviviridae and to the genus Flavivirus. The genome of this virus (DENV) encodes a long 
polyprotein, which is cleaved by viral and cellular proteases, giving rise to three structural proteins and seven non-structural proteins, among which is an NS1 
protein, which is a highly protein Conserved, does not act in the stage of viral replication, being also linked to virulence and morphogenesis of the virus. Thus, 
knowing that NS1 is a protein that plays an important role without DENV virus, acting on the replication of its viral genome, it was sought to use it as a target 
molecule in molecular docking tests, to identify binding molecules that They can interact with this protein and may be potentially active against this virus. As the 
binding molecules are introduced two curcuminoids, Curcumin and Monodemethylcurcumin. By means of the donation between this target molecule and these 
binding points, it could be observed that for both couplings it has ten attractive twists between these molecules. (NS1), a bond between the H6 of the curcuminoid 
binder with a phenylalanine (PHE) 565 E chain of the protein, obtained the lowest value for a distance (3.5 Å). As for monodemethylcurcumin with the protein, the 
shortest distance obtained (3.8 Å) was observed at the binding of H15 of the ligand. Monodemethylcurcumin with the amino acid Glycine (GLY) 408 of the D chain of 
the protein. These ligands, therefore, are shown to be promising for Docking tests with a dengue virus (NS1) protein. 

Keywords: Dengue virus. Docking Molecular. Protein NS1. Curcumin.Monodemethylcurcumin. 

 
1    INTRODUCTION 

Dengue is an arbovirus, an infectious and 
debilitating disease caused by dengue virus (DENV), an 
arbovirus belonging to the Flaviviridae family and to the 
genus Flavivirus, presenting four antigenically distinct 
serotypes (DENV-1, DENV-2, DENV-3 and DENV-4). 
The same is transmitted to humans through arthropods, 
specifically by the bite of mosquitoes of the genus Aedes, 
such as Aedes albopictus and Aedes aegypti, the latter 
being the main vector, being responsible in most cases 
Dengue fever (DF) and dengue hemorrhagic 
fever/dengue shock syndrome (DHF/DSS) are considered 
the most medically important and widespread mosquito-
borne viral diseases. [1]. 

This is the arboviruses that has the highest 
occurrence in humans worldwide [2], being the cause of 
large urban epidemics, which makes it a major public 
health problem in many developing countries, including 
Brazil [3]. Currently, about 3.5 billion people live in 
countries with a tropical and subtropical climate and are 
susceptible to dengue infection [4], as their vectors are 

present in the most populous tropical and subtropical 
areas of the world [1]. Research has revealed that Brazil 
is the country that points to the highest incidence of 
dengue cases in the Americas, compared to other 
countries. Whereas, in the last decade, more than 4 
million cases occurred in the American continent, of 
which about 80% belonged to Brazil [5]. On an annual 
basis, the incidence of 390 million cases of this disease is 
estimated [4]. 

Dengue has become one of the main cases or 
targets of study in the world, due to its great impact and 
being a major public health problem in the world, 6], 
since this is a disease, the virus of which has a great 
diversity and genetic variability, as DENV has a 
progressive size and density of the host / vector 
population, which facilitates rate growth Of 
transmission, and consequently, viral population and 
amount of replication [7]. 

 
DENV belong to the family Flaviviridae, genus 

Flavivirus, and occur as four antigenically related but 
distinct serotypes designated DEN-1, 2, 3 and 4, As for 
the, it consists of a small spherical virus, which has a 
diameter of approximately 50 nanometers (nm) [3] [8] [9]. 
Its genome consists of a single-stranded RNA of positive 
polarity [23], which behaves as a messenger RNA 
(mRNA) [3], it has an average of 11 kilobases (Kb) and an 
approximate molecular weight of 3.3x106 Daltons Da) 
[10]. It is surrounded by untranslated regions (UTRs) 5 
'and 3', and the secondary structures of these regions, 
5'UTR and 3'UTR, are linked and related in viral 
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replication, translation and in the packaging of the viral 
genome [11] [12]. 

This genome also has the open reading frame 
(ORF), encoding a long polyprotein, which is cleaved by 
viral and cellular proteases, generating three structural 
proteins: C (capsid), prM / M (Pre-membrane / 
membrane) and E (envelope); And seven non-structural 
proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b and 
NS5)[8] [13] [14]. 

Because proteins are the most abundant and 
important organic compounds in cells, they are found in 
all cells, playing a key role in structure and cellular 
functions. These functions performed by proteins are 
directly related to the native spatial structure, and the 
forces involved in their envelopment may be in the 
sequence of amino acids that make up their chain and in 
their interactions with the medium [15]. 

Thus, among the Dengue virus proteins, the NS1 
non-structural glycoprotein is the first non-structural 
protein with 353 to 354 amino acids, being highly 
conserved [16], acting in the early phase of viral 
replication, being involved in the Viral morphogenesis, 
and associated with virulence [12]. 

This protein acts in the initial phase of viral 
infection, and can occur in three forms: inside the plasma 
reticulum of infected cells (resident), where it co-localizes 
with the viral replication complex; On the surface 
associated with the cell membrane (anchored) and in the 
extracellular (secreted) environment, free in the serum of 
an infected individual [8] [17]. Since this latter form 
(secreted form) plays an important role in the 
pathogenesis of this arboviruses [18]; And it was also 
considered useful for the diagnosis of DENV infections 
in serum samples from individuals [3].  

Therefore, with the existence of distinct 
pathogenic serotypes, and with the proteins produced by 
them, researchers face great challenges to carry out 
research and development to prepare vaccines against 
this virus [2]. 

Therefore, in the same way that there are great 
challenges in the scientific world, when it comes to 
seeking cure or new drugs and / or treatments for certain 
diseases (such as dengue, for example), new Techniques 
or tools that can help in the search for and attainment of 
these objectives. As for example, molecular modeling 
techniques, such as Molecular Docking, used in 
Computational and Medicinal Chemistry. The modeling 
has a great contribution to the development of 
bioligands, since by means of this technique, a detailed 
characterization of the structure, the intermolecular 
interactions, and even of the chemical reactions between 
the bioligands and the biomacromolecule [19].  

In this way, the Molecular Docking is a 
technique can be associated as a game of "key" and 
"lock", where we try to find the relatively correct 
orientation of the "key" that will open the "lock", that is, 
the most favorable conformation of a linker with a 
protein, respectively. In the search for this favorable 
orientation, the ligand and the protein adjust their 
conformations, to find the one with the lowest possible 
global energy, also called "induced adjustment" [20].  

The docking, therefore, aims to find the affinity 
as well as the orientation and the most probable and 
stable conformation of a binder, anchored in the active 
site of a receptor target [21] [22]. Since, during the 
molecular combination process, where both molecules, 
enzyme and inhibitor, undergo conformational changes, 
occurring simultaneously to the interactions between 
them [23], it is possible to later identify which 
compounds have bound to the given receptor, and to 
classify Which of these compounds presented greater 
affinity in this active site [24] [25]. 

In this way, since molecular modeling has 
computational and theoretical tools and methods that 
aim to understand, predict and describe the behavior of 
real systems; As the protein docking study aims to test 
the affinity of a linker to a given substrate or binding site; 
And how these techniques have proved to be efficient for 
conducting research [15]. We attempted to perform some 
Molecular Docking tests using the NS1 protein of 
Dengue Virus (DENV1) as the target molecule, since it 
plays an important role in the replication of the viral 
genome, and activity in the modulation of cellular 
signaling pathways [26]. 

As ligands, Curcuminoids, the main active 
compounds of the curcuma plant (Curcuma longa Linn), 
were used. These were used, since they are highly 
pleiotropic molecules, which interact with their various 
molecular targets, being able to directly bind and 
modulate their activity or indirectly regulate their 
functions [27]. Allowing them to demonstrate a great 
therapeutic potential, since these are responsible for a 
wide variety of activities, such as: anti-inflammatory, 
antiviral, antibacterial, antioxidant, antifungal, 
anticarcinogenic, among other therapeutic functions [28]. 
What makes them stand out and as an important object 
of study in the scientific community [29].  

The Docking tests were performed through a 
program that provides visualization of molecular 
structures in an interactive way, the UCSF Chimera® 
Software [15] [30]. The aim of this research was to use 
two curcuminoids (Curcumin and 
Monodemethylcurcumin) as ligand molecules to identify 
if these binding molecules can interact with the virus 
protein (DENV), that is, they could be Potentially active 
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against this virus. Finding, identifying and predicting 
compounds from a database capable of interacting with 
the molecular target binding site, ordering these 
molecules according to their affinity for the receptor site, 
to identify promising ligands with potential 
pharmacological activity. 

2 METHODOLOGY 

Computational resources 
Molecular Docking was done using free access 

software based on the Windows 7 Ultimate 64-bit 
Operating System with Intel® Core ™ i3-5005U CPU @ 
2.0 GHz processor, 4GB of RAM and 10TB of HD. If 
using the UCSF Chimera® software 
(https://www.cgl.ucsf.edu/chimera/), this is a 
Computational Chemistry program that allows 
interactive visualization and analysis of molecular 
structures, as well as Density, anchorage results, 
trajectories and conformational sets. 

Computational strategies 
We also used three repositories: the repository of 

protein structures, the RSCB Protein Data Bank 
(http://www.rcsb.org/pdb/home/home.do), through 
which the structure of the non-structural protein (NS1) of 
Dengue Virus, which is registered with the code PDB 
(4OIG), being possible to obtain other information about 
it; The ChemIdplus 
(https://chem.nlm.nih.gov/chemidplus/), where through 
it, the structures of the Curcumin ligands were obtained, 
and six curcuminoids were found. However, now only 
two of them were subjected to Docking tests, with the 
others being tested for later tests. The curcuminoids used 
in the tests were: Curcumin (code 458-37-7; MW: 368,383 
-100% similar) and Monodemethylcurcumin (code 
149732-51-4; MW: 354.3562 -90.5123% similar); And the 
ChemSpider repository (http://www.chemspider.com/), 
where the respective structures mentioned above were 
downloaded in the mol format. After obtaining the 
protein (NS1) and its curcuminoid binders, both were 
submitted to the Molecular Docking simulation, through 
the software UCSF Chimera® [30] AutoDock Vina, 
where at the beginning, the protein preparation was 
carried out to perform this simulation, being removed 
from this molecule all residues of H2O and (SO4)-2.   

During the docking, the search for the scoring 
function was performed, this function is used to identify 
and select the possible and better conformations formed 
between ligand-protein, being used during the same, the 
algorithm of conformational search, being that this 
algorithm Predicts and analyzes the values of Free 
Binding Energy (ΔG), which will locate the best coupling 
of the ligand in the active site of the receptor, During the 
same, is also obtained. After docking, the coupling 

region between this receptor and its respective ligands 
was obtained. 

 
3 RESULTS AND DISCUSSIONS 
 

Molecular docking, also known as molecular 
anchoring, is a technique that provides the researcher 
with various spatial conformations, that is, estimates of 
the free energy binding between a protein and the 
ligand, even before they are synthesized [31]. From each 
spatial conformation, the free energies of binding 
(between the binder and its target) are provided, and the 
lowest energy is considered the most likely to justify the 
conformation of the interaction [21], thus helping to 
"Targeting" the non-target compounds, those having a 
good interaction with the active site of the receptor [32]. 

Thus, the non-structural glycoprotein (NS1) of 
the Dengue Virus (Fig. 1) was initially obtained through 
the RSCB Protein Data Bank repository, which is 
registered with the PDB code (4OIG). Is a resolution 
equal to 2.7 Å. 

 

 
Fig.1. Protein Structure NS1 (4OIG) Source: RSCB Protein 
Data Bank, 2017. 

Then, the molecular structures of the 
curcuminoid ligands were obtained. The first binder 
used was Curcumin (Fig.2), formally known as: (1E, 6E) -
1,7-Bis (4-hydroxy-3-methoxyphenyl) -1,6-heptadiene-
3,5-dione, according to IUPAC, whose molecular formula 
is C21H20O6; Percent composition: C 68.47%, H 5.47%, O 
26.06%, and mass 368.380 Da.  
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Fig.2. Molecular structure of Curcumin 
Source: ChemSpider Repository, 2017 

The second ligand used in the Docking tests was 
the curcuminoid Monodemethylcurcumin (Fig. 3), its 
nomenclature according to IUPAC is (1E, 6E) -1- (3,4-
Dihydroxyphenyl) -7- (4-hydroxy-3-methoxyphenyl) -
1,6-heptadiene-3,5-dione, its molecular formula is C20 
H18 O6, and its mass is 354,353 Da. 

 

 
Fig.3. Molecular structure of Monodemethylcurcumin 
Source: ChemSpider Repository, 2017 

In short, molecular docking has two important 
steps: in the first it provides the complexes, formed with 
the protein and the binder, and in the second, it analyzes 
these possible complexes to identify the most favorable 
ones, recognizing those that present a Good steric and 
electrostatic complementarity between ligand-receptor, 
classifying the most potent compounds [33]. For this, the 
Docking [34] conformational search algorithm, which 
predicts and analyzes the Free Binding Energy (ΔG) 
values, is used to locate the best positioning of the ligand 
in the active site of the receptor [34]; And the scoring 

function, which is used to describe the intensity of the 
association or binding affinity between the molecules 
(ligand-receptor), identifying and selecting the best 
conformations formed [20]. 

Thus, after performing the molecular anchoring 
between the target molecule (NS1) and the respective 
binding molecules (Curcumin and 
Monodemethylcurcumin), it was observed that for both 
couplings, ten attractive twins were found between 
them, and the data of these twins were Available in table 
form (TABLE 1).   

 

TABLE 1 

Attractive NS1 protein docking with curcumin ligand 

CURCUMIN 

CHIMERA 

MODEL 
SCORE RMSD L.B RMSD U.B 

#1.1 -5.6 0.0 0.0 

#1.2 -5.6 11.888 16.641 

#1.3 -5.3 12.85 16.127 

#1.4 -5.2 1.103 2.576 

#1.5 -5.2 54.092 55.653 

#1.6 -5.1 1.063 1.966 

#1.7 -5.0 53.905 56.465 

#1.8 -4.9 33.825 37.1 

#1.9 -4.8 53.434 55.418 

#1.10 -4.8 2.81 4.167 

 

After analyzing the interactions between the 
Curcumin binder and the NS1 protein, it was observed 
that among the molecular coupling distances between 
them, the torsion that obtained the shortest distance was 
# 1.6, which obtained a value equal to 3.5 Å (Fig. 4); In 
this torsion, the H6 of the curcuminoid binder is linked 
to the phenylalanine (PHE) 565 of the E chain of the 
protein (shown in red); As for the scoring function, 
which is the parameter used to classify the binder 
according to its affinity, a value equal to 5.1 was found in 
this torsion, and for the mean root mean square 
deviation (RMSD) values: RMSD lb 1.063 Å and RMSD 
ub 1.966 Å. In AutoDock Vina, the lower the value of the 
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score function, the better is the affinity between ligand-
receptor, and a high affinity between a ligand-receptor 
usually occurs when these compounds have a low 
number of torsions and favorable steric interactions [35].  

 

 

Fig. 4. Molecular coupling of NS1 Protein with Curcumin 
ligand 

The best coupling region, also called the 
"induced fit", can be observed between the ligand and 
the active site of the target molecule (Fig. 5), that is, 
where the best Curcumin ligand interacted with the 
active site of the target molecule. Target molecule (NS1), 
this being the orientation and the most favorable and 
stable conformation between them. 

 

 

Fig. 5. Molecular coupling of the Curcumin ligand at the 
active site of the target molecule (NS1). 

As for the molecular anchoring of NS1 with the 
second binder, Monodemethylcurcumin, ten attractive 

twists were also found, ie ten favorable interactions 
between both molecules (TABLE 2).  

TABLE 2 

Attractive NS1 protein doping twist with 
Monodemethylcurcumin ligand 

MONODEMETHYLCURCUMIN 

CHIMERA 

MODEL 
SCORE RMSD L.B RMSD U.B 

#1.1 -6.3 0.0 0.0 

#1.2 -6.2 40.444 43.732 

#1.3 -6.0 23.982 26.743 

#1.4 -5.9 53.188 57.609 

#1.5 -5.9 21.37 24.109 

#1.6 -5.9 3.116 6.754 

#1.7 -5.8 33.435 39.004 

#1.8 -5.8 41.779 45.171 

#1.9 -5.7 2.155 4.741 

#1.10 -5.7 21.886 24.626 

 

When analyzed, it was observed that the 
coupling that obtained the shortest distance was # 1.6, 
whose distance was 3.8 Å (Fig.6), where it can be 
observed that the H15 of the binder 
Monodemethylcurcumin is bound to the amino acid 
Glycine (GLY) 408 of the D chain of the protein 
(represented by green color); For this torsion the values 
obtained for the scoring function and root mean square 
deviation (RMSD) were: score (-5.9), RMSD l.b 3.116 Å 
and RMSD u.b. 6,754 Å. 

Since this coupling was the one that obtained the 
shortest distance, it is possible to observe this region 
where the best docking of the Monodemethylcurcumin 
occurred in the active site of the target molecule (NS1) 
(Fig.7). 
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Fig. 6. Molecular coupling of NS1 Protein with 
Monodemethylcurcumin ligand. 
 

 

Fig. 7. Acoplamento molecular do ligante 
Monodemethylcurcumin no sítio ativo da molécula-alvo 
(NS1). 

 

At first, by comparing both ligands, it is possible 
to observe that they differ in the presence of a methyl 
group, since the Curcumin ligand has an additional 
methyl group in its structure, which considerably 
influences the reactivity difference of both molecules. 
Thus, after the accomplishment of both Docking and 
after comparing them, it was observed that of the two 
couplings performed, which obtained the shortest 
distance (3.5 Å) of binding between the protein and the 
respective ligand, was what involved the Curcumin 
lingand. 

4 CONCLUSÕES 

Molecular docking consists of a computational 
technique that is able to predict / test the affinities and 
interactions between a ligand and a given receptor site, 
in order to identify the most probable and stable 

conformations in this molecular complex, that is, this 
technique gives the Opportunity to analyze and evaluate 
how molecular systems behave or can behave in the face 
of a medium or situation; Being that the behavior of 
these complexes are generated and provided by means of 
graphical representation.  

Thus, this screening was performed with the 
purpose of analyzing how some interaction between 
dengue virus NS1 protein (DENV) with two 
curcuminoid ligands: Curcumin and 
Monodemethylcurcumin would occur or would occur. 
Since they were submitted to the Docking tests two 
curcuminoids, since these are molecules that have a great 
utility in popular medicine, being cited as molecules, 
which present antiviral activity against several types of 
virus. By means of the molecular docking between the 
protein (NS1) and both curcuminoids, it was noticeable 
that for each anchorage between these molecules ten 
attractive twists occurred, that is, ten favorable 
interactions. In the anchorage of NS1 with the Curcumin 
ligand, the interaction that obtained a lower value for the 
distance (3.5 Å) was the binding of the H6 of the 
curcuminoid linked to phenylalanine (PHE) 565 of the E 
chain of the protein. Already in the anchorage of NS1 
with the Monodemethylcurcumin ligand, the shortest 
distance obtained (3.8 Å) was with the H15 binding of 
the Monodemethylcurcumin ligand bound to the amino 
acid Glycine (GLY) 408 of the D chain of the protein. 
Both curcuminoids were shown to be promising ligands, 
since their molecules interacted well with the receptor 
site of the protein, however, their activities are still 
unknown, which is why, there is a need to deepen these 
studies. 
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