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Abstract—Dengue fever is a disease caused by arboviruses, belonging to the family Flaviviridae, genus Flavivirus, presents four serotypes (DENV 1-4), 
being transmitted by the mosquito Aedes aegypti (female). The Flavivirus genome contains a single open reading frame, which encodes a single polyprotein and is 
then cleaved to generate three structural proteins that make up the viral particle: C (capsid), E and prM  and seven non-structural proteins: NS1, NS2A, NS2B, NS3, 
NS4A, NS4B and NS5. Protein E, approximately 60 kDa , is the largest structural protein in the virion, accounting for the fundamental biological properties of the 
virus. Its structure consists of three distinct domains: domain I or central domain, domain II and domain III, where domain III of protein E (ED3) is involved in receptor 
binding and is the highest target of neutralizing antibodies. The bixin and norbixin binders are major carotenoids found in Bixa orellana L. (urucum) belonging to the 
Bixaceae family, one of which is liposoluble and the other is water soluble, respectively. These substances are responsible for the reddish coloration of annatto, a 
plant native to South America. In this work, the interaction between the DENV-4 protein and the Bixin and Norbixin ligands, using computational simulation, aiming at 
molecular Between bixinoids ligands and dengue virus protein serotype four (DENV-4). The present study was developed in four stages: (1) Obtaining the structures 
of Bixin and Norbixin ligands in the chemspider repository (http://www.chemspider.com/); (2) Preparation of bixinoid ligands using Arguslab software; (3) Obtaining 
the protein from DENV-4 in the protein data bank repository and preparing it for docking; (4) Molecular protein-binding docking using the Chimera software. After 
completion of the molecular coupling between bixin-protein, the following values were found; RMSD l.b: 3,601 Å and RMSD u.b: 9,113 Å, Score of -4.3 and 17 active 
twists. As well as the values found for the molecular docking between the norbixin ligand and the DENV-4 protein were; RMSD l.b: 2,699 Å and RMSD u.b: 3,609 Å, 
and Score of -5.2, it being possible to identify that both ligand-protein complexes reached 17 active twists in the Chimera software. Using the Arguslab and Chimera 
software, it was possible to determine the spatial orientation of the bixinoids ligands to the active site of the DENV-4 protein, where the obtained distances of 2,4 Å 
between the protein and the Bixin ligand and 2,3 Å between The protein and the Norbixin ligand, indicate stability of the binding-protein compound, which reflects in 
great possibilities of the dockings realized to be used in the production of new drugs against dengue fever. 
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1    INTRODUCTION 

Dengue fever is a disease caused by arboviruses, 
belonging to the family Flaviviridae, genus Flavivirus, 
presenting four serotypes (DENV 1-4), being transmitted 
by the mosquito Aedes aegypti (female). In Brazil, the 
transmission has been occurring continuously since 1986, 
registering until December 2016 (1,487,673) cases of 
dengue [1], [2]. The Flavivirus genome contains a single 
open reading frame, which encodes a single polyprotein 
and is then cleaved to generate three structural proteins 
that make up the viral particle: C (capsid), E (envelope) 

and prM (precursor of the M membrane) and seven non-
structural proteins: NS1, NS2A, NS2B, NS3, NS4A, NS4B 
and NS5 [3]. 

Protein E, approximately 60 kDa (kilodalton), is 
the largest structural protein in the virion, accounting for 
the fundamental biological properties of the virus. In 
addition to being the main viral antigenic component, 
protein E acts as a viral hemagglutinin, has fusogenic 
capacity with host cell membranes, induces protective 
immune response and interacts with receptors on the 
surface of target cells [4], [5]. Responsible for the 
phenotypic, antigenic, tropism and by virus entry into 
the cell [6], [7]. Its structure consists of three distinct 
domains: domain I or central domain, domain II and 
domain III involved in the in vivo and in vitro 
production of neutralizing antibodies against DENV [8]. 
The domain III of protein E (ED3) is involved in receptor 
binding and is the highest target of neutralizing 
antibodies, so it is suggested that this domain contains 
residues responsible for tropism and virulence in 
flaviviruses [9], [10]. The same has been studied as a 
candidate for the development of subunit vaccines 
against various Flaviviruses. 
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Bixin and norbixin binders are major carotenoids 
found in Bixa orellana L. (Urucum) belonging to the  

 

Bixaceae family; One of which is liposoluble and 
the other is water soluble, respectively. These substances 
are responsible for the reddish color of urucum [11]; A 
plant native to South America, has as its main product 
the intense red color seed, which has a rich pericarp in 
bixin dye that belongs to the group of carotenoids [12]. 
The medicinal properties of urucum are still poorly 
studied; however, bixin may contribute to the protection 
of cells and tissues against free radicals [13].  

This study aimed to study the molecular 
docking between bixinoids ligands (bixin and norbixin) 
and dengue virus serotype four (DENV-4). Molecular 
docking consists of a molecular modeling method that 
aims to find the most likely orientation and conformation 
of a binder anchored at a given target, allowing the 
prediction of the spatial structure of the receptor-ligand 
complex and its respective free energy formation [ 14], 
[15]. The study of the binding-protein interaction is of 
great importance, since its understanding allows the 
discovery of drugs with high potency, greater selectivity 
and fewer adverse effects [16]. Thus, the aim of this work 
is to analyze the interactions between the DENV-4 
protein and the Bixin and Norbixin ligands, using 
computational simulation. 

 

2 METHODOLOGY 

2.1. Computer Resources  

For the accomplishment of this work, all the 
software of simulation used, are software with license 
free of charge for academic purposes. 

All simulations were performed on a personal 
computer, with Windows 7 Ultimate 64 Bit Operating 
System, with x64 processor with Intel® Core ™ i3-5005U 
CPU @ 2.0 GHz, 4 GB of RAM . 

2.2. Obtaining the molecular structures of the 
ligands Bixin and Norbixin 

From the ChemSpider repository 
(http://www.chemspider.com/), the Bixin and Norbixin 

ligand structures were obtained under identification 
codes ID 4444638 and ID 4444661. 

2. 3.Preparation of Ligands for simulation 
routines 

After obtaining the bixinoid ligand structures, 
the structural optimization and electronic 
characterization of ligands were performed using the 
Arguslab® software [18]; (HF-SCF) open shell (UHF-
Unrestricted Hartree-Fock), configured for 200 
interactions (using the Austin Model 1 (QM-AM1) 
(NDDO) method). 1000 cycles), with a convergence value 
of 10-10 kcal mol-1 using STO-6G base function sets, with 
the purpose of minimizing energy, aiming at the 
identification of the electronic and structural properties 
of the molecule [19]. 

2. 4.Obtaining and preparation of DENV-4 
protein 

The crystalline structure of the DENV-4 ED3 
mutant protein with L387I PDB code (5B1C) was 
obtained from the protein databank repository, which is 
a database for 129,367 biological macromolecular 
structures [17]. Then the preparation of the protein for 
the molecular docking using the Chimera® software [20] 
was carried out, in which the residues (H2O and SO4) 
that could influence the satisfactory coupling result were 
removed, later the structure was saved in Mol2 format.  

2. 5.Molecular docking simulations 

The molecular dockings simulations were 
performed in the Chimera® software, and the inputs 
were prepared to execute the simulation routines under 
the conditions of flexible bixinoids and rigid protein 
(PROTEIN E- DENV4). 

 

3    RESULTS AND DISCUSSIONS 

Arguslab® and Chimera® software are 
important tools used in scientific development, they help 
and guarantee practicality and speed in molecular 
modeling and coupling processes [21]. Molecular 
modeling produces information essential for the 
development and discovery of new drugs, making it 
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possible to obtain specific properties of a molecule that 
can interact with the receptor [22]. 

The bixin ligand molecule (Figure 1) has 
molecular formula C25H30O4, mass of 394,503 Da and 
mass of the monoisotope of 394.214417 Da.Structurally it 
can be classified as a mixed-chain organic compound, 
because it has two functional groups, carboxyl and 
methoxyl, branched as it presents fourth methyl, 
polyunsaturated substituent groups being classified as 
belonging to the norcarotenoid family. 

 

 

Fig.1. Molecular structure of the bixin ligand 
obtained from the ChemSpider repository. 

However, the norbixin binder (Figure 2) has a 
molecular formula C24H28O4, a mass of 380,477 Da and 
a mass of the monoisotope of 380.198761 Da.Structurally 
it can be classified as an organic compound belonging to 
the carboxylic acid function because it has two carboxyls 
at the ends,indicating a higher acidity character than 
bixin, branched because it presents fourth methyl, 
polyunsaturated substituent groups. 

 

 

Fig.2. Molecular structure of the Norbixin ligand 
obtained from the ChemSpider repository 

Initially the bixin and norbixin ligand structures 
were submitted to the semi-empirical calculations of the 
Arguslab® program, where it was possible to 
characterize and optimize the bixinoids (Figure 3).  

 

 

Fig.3. Molecular structures of the ligands Bixina 
[A] and Norbixina [B], optimized by Arguslab software. 

When submitted to hydrolysis in alkaline media, 
bixin loses one molecule of methanol, producing 
norbixin [23]. In that it is possible to notice that bixin has 
the methyl ester in its structure and norbixin has the 
carboxyl. Therefore, the difference between bixinoid 
ligands is easily identified by the simple analysis of their 
structures.The pharmacological effect of a molecule is 
due to its interaction with receptors, which are in most 
cases, macromolecules present in the cell membrane [24]. 
Proteins are an important group of drug receptors that 
normally serve as receptors for ligands [25].In this 
perspective, Figure 4 demonstrates the molecular 
docking between the bixin ligand and the DENV-4 
protein run in the Chimera® software. 
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Fig.4. Molecular docking between Bixin Binder and 
DENV-4 Envelope E Protein using Chimera® software. 

After termination of the molecular coupling, the 
deviation between the bixin binder and the 5B1C protein 
was analyzed, where RMSD values (mean root mean 
square deviation) between the structures were 
calculated. The following values are found; RMSD l.b: 
3,601 Å and RMSD u.b: 9,113 Å, Score of -4.3 and 17 
active twists. It was also possible to observe that the H30 
atom of the linker is closest to the amino acid ASP77 
(Aspartic Acid), located in the B chain (represented by 
the blue color) of the DENV-4 protein at 2.4 Å of 
distance. 

The active site is associated with a specific 
region of the macromolecule and can be considered 
isolated from the remainder of this [26], in Figure 5 we 
can identify the active site of 5B1C protein coupled to 
bixin ligand,Indicating the potential of this ligand in 
interacting with the active site of the proteins. 

The molecular docking methodology proposes 
the assembly of the experiment through four situations: 
rigid ligand and rigid protein, rigid ligand and flexible 
protein, flexible ligand and rigid protein, and flexible 
ligand and flexible protein. While more options for 
flexibility, more functions, or variables are included for 

calculations, the more computationally the experiment is 
[27]. Therefore, performing the molecular docking 
between the Norbixin ligand and the protein (Figure 6) 
was developed using the flexible linker and the rigid 
protein. 

 

 

Fig.5. Active site of Dengue Virus 4 Protein 5B1C, bound 
to bixin; Where the hydrophobic regions are shown in 
orange and the hydrophilic regions in blue. 

 

Fig.6. Molecular docking between the Norbixin binder 
and the DENV-4 protein, using the Chimera software. 

In figure 7, it is possible to observe that norbixin 
binds to the protein, by means of the hydrophilic region, 
highlighted in blue color. 
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Fig.7. Molecular docking between the Norbixin binder 
and the DENV-4 protein, using the Chimera 
software,Application of the protein binding interaction 

The RMSD values found for the Norbixin ligand 
were; RMSD l.b: 2,699 Å and RMSD u.b: 3,609 Å, and 
Score of -5.2, as well as the bixin binder, norbixin also 
achieved 17 active twists in the Chimera software. The 
four oxygen atom (O4) of the linker is closest to the 
amino acid ASP77, located in the B chain (Blue) of the 
protein at 2.3 Å away. 

After analyzing the results obtained, it was 
possible to notice that the bixin and norbixin ligands 
were coupled in the same chain and amino acid of the 
DENV-4 protein, in blue chain (B) and amino acid ASP77 
(Aspartic Acid), both produced 17 kinks Active in the 
Chimera software, differing only in the atoms bound to 
the protein and in the distance between binder-receptor, 
in which the h30 atom of bixin was 2.4 Å away from 
ASP77, and norbixin O4 was at 2.3 Å Away from the 
amino acid. 

3 CONCLUSION 
 

Using semi-empirical quantum molecular 
modeling and molecular docking simulations, it was 
possible to determine the spatial orientation of the 
bixinoid ligands to the active site of the DENV-4 protein, 
where the obtained distances of 2,4 Å between the 
protein And the Bixin ligand and 2.3 Å between the 

protein and the Norbixin ligand, indicate stability of the 
ligand-protein compound, which reflects the potential of 
these ligands in binding to the active site of that protein, 
this being an initial step for the development of Future 
drugs. 
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