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Abstract. The salivary glands of mosquitoes contain protein molecules that 
facilitate blood-feeding. One important protein in Aedes aegypti (Ae. 
aegypti) salivary glands is the D7 protein, which is known to inhibit platelet 
aggregation by binding to leukotriene A4 molecules upon blood-feeding. 
Leukotriene A4 is known as a molecule that improves platelet aggregation. 
This ability to bind to leukotriene A4 demonstrates the potential of a new 
thrombolytic agent. This can be investigated through an in-silico study using 
the molecular docking method. The present study involved the 3D structure 
of the D7 protein and the Leukotriene A4 ligand. It also comprised preparing 
their structures, validating the molecular docking method, and analyzing the 
outcomes. The result of the molecular docking documented an ΔG value of 
6.63 kcal/mol, which signified stable and spontaneous binding between the 
D7 protein and the leukotriene A4. The active site of the D7 protein when 
binding to the leukotriene A4 ligand involves several amino acid residues, 
namely GLN 177, TYR 178, ARG 176, VAL 193, ILE 175, MET 194, PHE 
154, PHE 186, HIS 189, TYR 248 and PHE 264. The ability to bind to 
leukotriene A4, as an inducer of platelet aggregation, evidences the potential 
as a novel thrombolytic agent. 

1 Introduction 
 Vectors have salivary glands which contain biological components associated with 
different functions [1]. These components serve as vasodilators and immunomodulatory 
factors influencing the host's immune response [2-3]. The vasodilator component is 
responsible for widening the host's blood vessels, eventually making it easier for mosquitoes 
to suck the host's blood. The immunomodulatory component modulates the host immune 
response [4]. Both of these components enable blood-feeding on the host. These components 
are also indirectly utilized by pathogens carried by vectors to penetrate the host's body [5]. 
For instance, the Dengue Hemorrhagic Fever (DHF) vector, Ae. aegypti, possesses salivary 
glands that are crucial in the blood-feeding process and transmitting the dengue virus into the 
human body [6]. 
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 Components present in the salivary glands of Ae. aegypti commonly involves protein 
molecules required for the blood-feeding [7]. Proteins present in the salivary glands of Ae. 
Aegypti comprises Apyrase, Serpin, Adenosine Deaminase, the D7 family, and other proteins 
[8]. Apyrase is necessary in inhibiting platelet aggregation by hydrolyzing ATP and ADP 
into AMP [9-10]. Serpin is a protease inhibitor to serine protease activity in numerous 
hemostatic mechanisms in the host body [11]. As an anti-inflammatory component, 
adenosine deaminase inhibits the proteases secreted by mast cells [12]. D7 proteins are the 
most common components in the saliva of vectors, especially the Aedes genus [13]. 

D7 protein falls into a group of Odorant Binding Proteins in the salivary glands of vectors 
that affect the blood-feeding process to a host body [14]. D7 protein from the salivary glands 
of Ae. aegypti has also been known to be an immunogenic protein [15-16]. The protein can 
bind to biogenic amine and eucosanoid compounds generated by the host during blood-
feeding [17]. One eucosanoid important in platelet aggregation is leukotriene A4, which 
triggers thrombus formation in the wound area [18]. Leukotriene A4 belongs to the 
eucosanoid group, a lipid-based chemical signal that affects cellular inflammatory response, 
vasoconstriction, and platelet aggregation [19]. Leukotriene A4 stimulates platelet activation 
by binding to the leukotriene A4 receptor on the platelet cell membrane [20]. D7 protein can 
bind to leukotriene A4 as a eucosanoid component of the host during the blood-feeding 
process [21]. The bond between the D7 protein and leukotriene A4 is reported to have 
antagonistic properties to the homeostasis of the host body. The bond can inhibit platelet 
aggregation in the wound area caused by the blood-feeding process [22]. The D7 protein 
from the salivary glands of Ae. aegypti inhibit platelet aggregation in the host body [23]. 

The ability of the D7 protein to inhibit platelet aggregation implies that it may afford the 
potential for a platelet anti-aggregation agent. The vectorial capacity of Ae. aegypti, known 
to be the key vector of DHF transmission, continues to be explored for biological components 
and functions in its salivary glands [24]. However, the ability of the D7 protein from Ae. 
aegypti salivary glands to bind to leukotriene A4 is not fully understood. The present study 
aims to address this gap by exploring the interaction between D7 protein from Ae. aegypti 
salivary glands and leukotriene A4 ligand. In-silico studies through molecular docking 
methods offer the advantage of predicting the interaction and binding mode of a target protein 
to a test ligand [25]. This method was undertaken to explore the protein's ability to bind to 
leukotriene A4 which could be developed as a new candidate thrombolytic agent. 

2 Materials and Methods  

2.1 The Time and Site of the Study  

 The researchers conducted the study from April to August 2023 at the Biotechnology 
Laboratory of the Faculty of Mathematics and Sciences at the University of Jember. 

2.2 Equipment and Materials  

 The study operationalized an ASUS laptop with Intel(R) Core™ i5-1035G1 (8 CPUs) 
processor specifications, ~1.2GHz with 8GB RAM. Furthermore, it employed AutoDock 
Tools 1.5.7 (Scripps Research Institute), Chem 3D 15.1 (Cambridge Soft), and BIOVIA 
Discovery Studio 2021. Some bioinformatics databases used are UniProt 
(https://www.uniprot.org/), SWISS-MODEL (https://swissmodel.expasy.org/), and also 
PubChem (https://pubchem.ncbi.nlm.nih.gov/).  

2.3 Methods 

2.3.1  Retrieving 3D Protein and Ligand 

 The amino acid sequence of the D7 protein from Ae. aegypti was retrieved from the 
UniProt database with accession number P18153. The 3D structure of the protein was derived 
from the D7 amino acid sequence of Ae. aegypti, which was obtained from the SWISS-
MODEL database. The best quality 3D structure model of D7 protein was downloaded in 
.pdb file format [26]. The 3D structure model of the D7 protein used in this study with the 
STML code is 3dye.1 which has a native ligand L-Norepinephrine (LNR). The 3D structure 
of the Leukotriene A4 ligand with accession number 5280383 was retrieved from the 
PubChem database in .sdf format [27]. 

2.3.2  Preparing and Optimizing the Structures of D7 Protein and LNR Native Ligand 

 With the aid of AutoDock Tools, the 3D structure of the protein binding to the native 
ligand was removed from any water molecules and non-functional ligands. Water molecules 
and other inessential residues were removed from the 3D structure. Afterwards, the 3D 
structure and the native ligand LNR were separated. Each 3D structure of the molecule was 
saved in distinctive .pdb files.  The separated 3D structure of D7 protein was pretreated with 
AutoDock Tools, by adding polar hydrogen, checking Missing Atoms, and adding Kollman 
Charge. Charge equalisation and file settings were applied to the 3D structure by using the 
AutoDock4 program. The protein 3D structure was then saved in. pdbqt format [28]. The 3D 
structure of native ligand LNR was prepared by adding a Gasteiger charge and administering 
a non-polar merge. This enabled polar hydrogen to interact with the target protein residues 
[29]. The arrangement and selection of rotation points on the LNR native ligand through the 
torsion tree helped to determine the best rotation results in molecular docking. The prepared 
ligand structure was saved in. pdbqt format [28]. 

2.3.3  Validating Molecular Docking 

 Molecular docking was validated through the re-docking between the 3D structure of the 
D7 protein and that of the native ligand LNR. It aimed to examine the binding location 
between the D7 protein molecule and the test ligand leukotriene A4 through griding on a 
gridbox region. The re-docking was accomplished by using AutoDock Tools. Gridbox data, 
showing the position of ligand bound to the protein, included number point dimension (x, y, 
and z), spacing (Angstrom), and Gridbox centre (x, y, and z). The results were saved in a .txt 
file. This validation was performed through RMSD (Root Mean Square Deviation) lower 
than 2 Angstroms (˂ 2Å) [30]. 

2.3.4  Preparing 3D Structure of Leukotriene A4 Test Ligand 

 The 3D structure of the leukotriene A4 ligand was prepared using Chem3D to maintain 
energy minimization. The energy minimization was carried out through the Force Field 
Molecular Mechanism (MM2) method. The structure of the leukotriene A4 test ligand was 
saved in a .pdb file, which was further pretreated through AutoDock Tools. This pretreatment 
included the addition of polar hydrogen and Gasteiger charge and rotation settings, involving 
similar stages to those in the preparation of LNR native ligands. The preparation results were 
saved in a.pdbqt file. 
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2.3.5  Molecular Docking between D7 Protein and Leukotriene A4 Test Ligand 

 The molecular docking between the 3D structure of the D7 protein and that of the test 
ligand leukotriene A4 was done by using AutoDock Tools. The files containing a 3D structure 
of the protein and test ligand were pre-processed in. pdbqt format, and these files were put 
into one folder. AutoGrid4 and AutoDock4 programs were added subsequently. The D7 
protein was set as the macromolecule, and the leukotriene A4 test ligand was selected as the 
ligand for gridbox generation. The next phase was setting the gridbox by following the 
coordinates from the re-docking.  
 The results of the gridbox settings were saved in a.gpf file. The AutoGrid4 programme 
was run using the Command Prompt (CMD) command by following the previous gridbox 
settings. Parameter settings and protein recognition were done to enable the AutoDock4 
program. The results were saved in a .dpf file. The AutoDock4 program was initiated using 
the Command Prompt command based on the Autogrid result and prior parameters [31]. 

2.3.6  Analyzing and Visualizing Molecular Docking Results between D7 Protein and 
Leukotriene A4 Test Ligand 

 The molecular docking between the D7 protein and test ligand Leukotriene A4 was 
analyzed to examine free energy value (ΔG), resultant bond, and amino acid residues 
involved in the eventual chemical bonds. The free energy value of molecular docking results 
between the D7 protein and leukotriene A4 test ligand was compared with that from the 
molecular docking involving the D7 protein and native ligand LNR. This aimed at 
investigating the difference in free energy stemming from the bonds between molecules. 
BIOVIA Discovery Studio was operative to visualize the bonding between the 3D structure 
of the protein and the test ligand as well as the various amino acid residues [32]. 

3 Results and Discussion 

3.1 The 3D Structure of D7 Protein from Ae. aegypti 

 The study examined the sequences of amino acid data retrieved from the D7 protein of 
Ae. aegypti. This data was obtained from the UniProt database with accession number 
P18153. The D7 protein data had an identity as 37 kDa salivary gland allergen Aed a 2. The 
D7 protein from Ae. aegypti was composed of 321 amino acid sequences. Table 1 shows the 
protein code and complete sequence of the D7 protein from Ae. aegypti. 
 

Table 1. The amino acid sequence of the D7 protein from Ae. aegypti 

Protein Data of D7 Ae. aegypti in .fasta Format 
>sp|P18153|ALL2_AEDAE 37 kDa salivary gland allergen Aed a 2 
OS=Aedes aegypti OX=7159 GN=D7 PE=1 SV=2 
MKLPLLLAIVTTFSVVASTGPFDPEEMLFTFTRCMEDNLEDGPNRLPMLAKWKEWINEPVDSPATQC
FGKCVLVRTGLYDPVAQKFDASVIQEQFKAYPSLGEKSKVEAYANAVQQLPSTNNDCAAVFKAYDPV
HKAHKDTSKNLFHGNKELTKGLYEKLGKDIRQKKQSYFEFCENKYYPAGSDKRQQLCKIRQYTVLDD
ALFKEHTDCVMKGIRYITKNNELDAEEVKRDFMQVNKDTKALEKVLNDCKSKEPSNAGEKSWHYYKC
LVESSVKDDFKEAFDYREVRSQIYAFNLPKKQVYSKPAVQSQVMEIDGKQCPQ 

 
The modelling of protein 3D structure was performed with the aid of the homology 

modelling process in the SWISS-MODEL database. The process was based on D7 protein 
sequence data from Ae. aegypti. The 3D structure model of the D7 protein was selected with 

STML ID code 3dye.1. The 3D structure was the D7 Protein Crystal Structure of the AED7- 
norepinephrine complex. A non-native ligand LNR was identified in the structure. The 3D 
structure of the D7 protein signified a monomer consisting of one protein chain (chain A). 
The 3D structure resulted from the visualization of the D7 protein structure using X-ray 
crystallography with a resolution of 1.75 Å. The resolution value of the 3D structure model 
was found to be satisfactory. The visualization of the protein structure showed the results of 
X-ray crystallography with a resolution value of < 2.5 Å, indicating that the structure 
visualization was more accurate [30].  Figure 1 below displays the 3D structure of the D7 
3dye.1 protein. 

 
Fig. 1. 3D structure of D7 protein 3dye.1 

3.2 The 3D Structure of Native Ligand LNR and Test Ligan Leukotriene A4  

 The native ligand in this study was derived from the 3D structure of the LNR ligand in 
the 3D structure model of D7 3dye.1 protein retrieved from the SWISS-MODEL database 
(Table 2).  Native ligands were used to validate molecular docking and clarify the test ligands 
involved in the molecular docking. The LNR ligand has the molecular formula C8H11NO3 
[23]. 
 The 3D structure of the human Leukotriene A4 ligand in this study was obtained from 
the PubChem database with accession number 5280383 (Table 2). Leukotriene played a role 
in platelet aggregation. Leukotrienes were involved in neutrophil recruitment, vascular 
leakage, and epithelial barrier function, while CysLTs induced bronchospasm and neutrophil 
extravasation, and were influential in vascular leakage of C20H30O3 [33]. Leukotriene A4 
molecule has the molecular formula C20H30O3. 
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Table 2. The 2D dan 3D structures of LNR Ligand and Leukotriene A4 Ligand 

Ligand 
Ligand Structure 

2D 3D 

L-Norepinephrine 
(LNR) 

 

 

 

Leukotriene A4 

 

 

3.3 Validating Molecular Docking Method 

 The target protein structure was prepared and optimized by removing water molecules 
and non-standard residues to accelerate the molecular docking [34]. Furthermore, the native 
ligand was separated from the target protein structure to create binding sites for the test ligand 
with the target protein throughout the molecular docking [35]. Therefore, the native ligand 
LNR was separated from the 3D structure of the D7 protein. Polar hydrogen atoms were 
added as the PDB 3D structure of the protein from X-ray crystallography might not possess 
hydrogen atoms, which would otherwise facilitate the bonding with the ligand [36]. The 
addition of hydrogen atoms helped to place or rotate hydrogen to stimulate the interactions 
between ligands and proteins [37]. Setting missing atoms aimed to check the missing atoms 
in the protein 3D structure because the PDB file may contain missing atoms [38]. The 
addition of Kollman Charge aimed to add electrostatic potential energy to the amino acids of 
the target protein [39]. 
  Validation of the binding method began by setting the Gridbox coordinates for the re-
docking between the target protein and native ligand. Setting the Gridbox coordinates was 
done by creating a space for the native ligand that would be bound to the target protein. The 
space obtained from the grid-box coordinates constituted an interaction site for the ligand 
and the target protein [40]. Gridbox settings were determined through coordinate points on 
the active side of the target protein, which included the coordinate values of grid size, grid 
centre, and grid spacing [41]. Gridbox coordinates settings in the re-docking process are 
displayed in Table 3. In the re-docking, the native ligand LNR formed a binding conformation 
with the 3D structure of the D7 protein of Ae. aegypti in the grid-box space.   
 
  

Table 3. The setting of Gridbox coordinates in the 3D structure of protein from Ae. aegypti 

Grid Size Grid Center Grid Spacing 
x = 40 
y = 40 
z = 40 

x = -0.612 
y = 0.354 
z = 29.11 

0,375 Å 

 
The molecular docking was examined to identify the RMSD value, which was obtained 

from the conformational alignment between the re-docking result of the native ligand and the 
conformation of the native ligand from crystallography. The smaller RMSD value indicates 
that the conformational position of the re-docking result ligand is close to the conformation 
of the original ligand position on the target protein. The RMSD value is considered valid 
when it is below 2 Å [36]. In this study, the validation documented an RMSD value of 1.130 
Å. The overlap between the 3D structure of the native ligand LNR original conformation and 
the re-docking result conformation is shown in Figure 2. The re-docking result affirms 
satisfactory validation, the results of which can be used for further molecular docking 
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and Leukotriene A4 Ligand 

 Leukotriene A4 ligand preparation was done through energy minimization with MM2 
settings to obtain a stable 3D conformation, which would enable the ligand to bind to the 
active side of the target protein [42]. The addition of hydrogen atoms aimed to bind the ligand 
to the target protein [37]. The non-polar merge setting allowed only polar hydrogen atoms to 
interact with the target protein residues [29]. Furthermore, ligand preparation through 
Compute Gasteiger Charges settings helped to add partial charges to the molecule [43]. 
 Molecular docking was performed between the D7 protein and the prepared Leukotriene 
A4 ligand. The molecular docking was performed using Gridbox settings from the re-docking 
results with the native ligand. The Gridbox coordinate settings were similar to those in the 
re-docking validation. This aimed to make the Leukotriene A4 ligand bound to the active side 
region of the D7 protein. A rigid file setting was set on the D7 protein structure while a 
flexible setting was applied to the structure of the Leukotriene A4 test ligand. The setting was 
aimed at forming a conformation by binding the test ligand to the active side of the target 
protein [44].  

6

BIO Web of Conferences 101, 04002 (2024)	 https://doi.org/10.1051/bioconf/202410104002
5th ICOLIB



Table 2. The 2D dan 3D structures of LNR Ligand and Leukotriene A4 Ligand 

Ligand 
Ligand Structure 

2D 3D 

L-Norepinephrine 
(LNR) 

 

 

 

Leukotriene A4 

 

 

3.3 Validating Molecular Docking Method 

 The target protein structure was prepared and optimized by removing water molecules 
and non-standard residues to accelerate the molecular docking [34]. Furthermore, the native 
ligand was separated from the target protein structure to create binding sites for the test ligand 
with the target protein throughout the molecular docking [35]. Therefore, the native ligand 
LNR was separated from the 3D structure of the D7 protein. Polar hydrogen atoms were 
added as the PDB 3D structure of the protein from X-ray crystallography might not possess 
hydrogen atoms, which would otherwise facilitate the bonding with the ligand [36]. The 
addition of hydrogen atoms helped to place or rotate hydrogen to stimulate the interactions 
between ligands and proteins [37]. Setting missing atoms aimed to check the missing atoms 
in the protein 3D structure because the PDB file may contain missing atoms [38]. The 
addition of Kollman Charge aimed to add electrostatic potential energy to the amino acids of 
the target protein [39]. 
  Validation of the binding method began by setting the Gridbox coordinates for the re-
docking between the target protein and native ligand. Setting the Gridbox coordinates was 
done by creating a space for the native ligand that would be bound to the target protein. The 
space obtained from the grid-box coordinates constituted an interaction site for the ligand 
and the target protein [40]. Gridbox settings were determined through coordinate points on 
the active side of the target protein, which included the coordinate values of grid size, grid 
centre, and grid spacing [41]. Gridbox coordinates settings in the re-docking process are 
displayed in Table 3. In the re-docking, the native ligand LNR formed a binding conformation 
with the 3D structure of the D7 protein of Ae. aegypti in the grid-box space.   
 
  

Table 3. The setting of Gridbox coordinates in the 3D structure of protein from Ae. aegypti 

Grid Size Grid Center Grid Spacing 
x = 40 
y = 40 
z = 40 

x = -0.612 
y = 0.354 
z = 29.11 

0,375 Å 

 
The molecular docking was examined to identify the RMSD value, which was obtained 

from the conformational alignment between the re-docking result of the native ligand and the 
conformation of the native ligand from crystallography. The smaller RMSD value indicates 
that the conformational position of the re-docking result ligand is close to the conformation 
of the original ligand position on the target protein. The RMSD value is considered valid 
when it is below 2 Å [36]. In this study, the validation documented an RMSD value of 1.130 
Å. The overlap between the 3D structure of the native ligand LNR original conformation and 
the re-docking result conformation is shown in Figure 2. The re-docking result affirms 
satisfactory validation, the results of which can be used for further molecular docking 
between the 3D structures of the D7 protein and Leukotriene A4 test ligand. 

 

 
Fig. 2. The overlap between the 3D structure of the native ligand LNR original crystallographic 

conformation (blue) and the re-docking conformation (yellow) 

3.4 Molecular Docking between 3D Structure of D7 protein from Ae. aegypti 
and Leukotriene A4 Ligand 

 Leukotriene A4 ligand preparation was done through energy minimization with MM2 
settings to obtain a stable 3D conformation, which would enable the ligand to bind to the 
active side of the target protein [42]. The addition of hydrogen atoms aimed to bind the ligand 
to the target protein [37]. The non-polar merge setting allowed only polar hydrogen atoms to 
interact with the target protein residues [29]. Furthermore, ligand preparation through 
Compute Gasteiger Charges settings helped to add partial charges to the molecule [43]. 
 Molecular docking was performed between the D7 protein and the prepared Leukotriene 
A4 ligand. The molecular docking was performed using Gridbox settings from the re-docking 
results with the native ligand. The Gridbox coordinate settings were similar to those in the 
re-docking validation. This aimed to make the Leukotriene A4 ligand bound to the active side 
region of the D7 protein. A rigid file setting was set on the D7 protein structure while a 
flexible setting was applied to the structure of the Leukotriene A4 test ligand. The setting was 
aimed at forming a conformation by binding the test ligand to the active side of the target 
protein [44].  

7

BIO Web of Conferences 101, 04002 (2024)	 https://doi.org/10.1051/bioconf/202410104002
5th ICOLIB



3.5 Analyzing and Visualizing Molecular Docking between D7 Protein and 
Leukotriene A4 Ligand 

 The results of molecular docking between the test ligand and the target protein were 
evaluated through several parameters, including the types of bonds formed, the value of bond 
energy, and the amino acid residues on the active side of the target protein that interact with 
the ligand [45]. The Gibbs free energy (ΔG) or bond energy parameter corresponded to the 
amount of energy required to form a chemical bond on the active side of the D7 protein. The 
value of Gibbs free energy indicates the bond strength between the test ligand and the target 
protein [35]. 
 The ΔG value of molecular docking results was found at -6.63 kcal/mol. This value 
indicates substantial energy released when a bond is formed between the ligand and the target 
protein. By contrast, a smaller ΔG value indicates less energy required to trigger the bond. 
This result indicates that the interaction between the protein and the ligand occurs 
spontaneously and in a stable state [46]. The ΔG value <0 indicates that the reaction is 
irreversible and spontaneous while ΔG = 0 indicates a reversible reaction. The value of ΔG 
> 0 indicates the absence of reaction [47]. The magnitude of negative ΔG indicates a stronger 
bond between the ligand and the target protein [48]. Negative ΔG indicates that the 
interaction between molecules occurs exothermically, meaning that the binding between the 
ligand on the active side of a protein is stable and spontaneous [49]. In the present study, the 
negative ΔG evinced that the D7 protein was able to bind to the Leukotriene A4 molecule 
stably and spontaneously. In harmony with a previous study [23], this result corroborates that 
D7 protein from mosquito saliva can inhibit platelet aggregation during the blood-feeding 
process as it can bind and inhibit Leukotriene A4.    
 The interaction between the D7 protein and Leukotriene A4 ligand was explored with the 
aid of molecular docking. The visualization aided in the identification of the amino acid 
residues of a protein crucial in stimulating the interaction involving ligands [50]. Various 
amino acid residues on the active side of the target protein aid in forming interactions with 
ligands [29]. Several chemical bonds were created through the interactions between amino 
acids of a target protein and atoms on the test ligand, such as hydrogen bonds, alkyl 
interactions, pi-alkyl interactions, pi-sigma interactions, and pi-pi T-shaped interactions [51]. 
Figure 3 shows the results of molecular docking between the 3D structure of the D7 protein 
and the Leukotriene A4 ligand.  

 

Fig 3. The interaction of amino acid residues of D7 protein with Leukotriene A4 ligand 

 Table 4 describes the amino acid residues of the D7 protein interacting with Leukotriene 
A4. The interaction indicates that the active side of D7 protein can bind to the Leukotriene 
A4 ligand. The active side of D7 protein includes GLN 177, TYR 178, ARG 176, VAL 193, 
ILE 175, MET 194, PHE 154, PHE 186, HIS 189, TYR 248 and PHE 264. Chemical bonds 
resulting from these interactions involve conventional hydrogen bonds, Pi-Sigma bonds, 
alkyl interactions, and Pi-Alkyl interactions. Conventional hydrogen bonds are formed on 
one amino acid residue, GLN 177. Pi-Sigma bond is formed on one amino acid, TYR 178. 
Alkyl interactions are formed on four amino acid residues, inter alia, ARG 176, VAL 193, 
ILE 175, and MET 194. Pi-alkyl interaction is formed on five amino acids, among others, 
PHE 154, PHE 186, HIS 189, TYR 248, and PHE 264. 

 
Table 4. The amino acid residues of D7 protein interacting with Leukotriene A4 

Amino Acid Residues 

D7 Protein 

Atoms 

Ligan Leukotriene A4 
Chemical Bonds 

Glutamine 177 (GLN 177) H (Hydrogen) Hydrogen bonds conventional 

Tyrosine 178 (TYR 178) C-H (Carbon Hydrogen) Pi-Sigma bonds 

Arginine 176 (ARG 176) Alkyl 

Alkyl 

Valine 193 (VAL 193) Alkyl 

Valine 193 (VAL 193) Alkyl 

Valine 293 (VAL 293) Alkyl 

Isoleucine (ILE 175) Alkyl 

Metionine (MET 194) Alkyl 

Phenylalanine 154 (PHE 154) Alkyl 

Pi-Alkyl 

Phenylalanine 186 (PHE 186) Alkyl 

Histidine 189 (HIS 189) Alkyl 

Tyrosine 248 (TYR 248) Alkyl 

Tyrosine 248 (TYR 248) Alkyl 

Tyrosine 248 (TYR 248) Alkyl 

Phenylalanine 264  (PHE 264) Alkyl 
 
Hydrogen bonds between proteins and ligands facilitate the binding to the active side 

[52]. The bonds occur between hydrogen atoms and electronegative atoms, such as fluorine 
(F), nitrogen (N), or oxygen (O) [53]. These bonds consist of conventional hydrogen bonds 
and carbon-hydrogen bonds. Conventional hydrogen bonding occurs because the donor and 
acceptor atoms have strong electronegativity [54]. Hydrogen bonds affect the stability of 
protein structure. This happens because proteins are formed from NH and OH groups that act 
as electron donors in forming hydrogen bonds, and electrons will be accepted by other groups 
[55]. Pi-Sigma bonds occur between Pi bonds and sigma bonds. Pi bonds tend to be weaker 
than sigma bonds because hybridization in pi bonds occurs laterally, with side-by-side hybrid 
orbitals and no paired electrons in one orbit. This causes the electrons to interact more easily 
with other, more electropositive atoms. As a result, pi bonds break more easily than sigma 
bonds [56]. 
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Alkyl bonds occur in alkyl groups, which are defined as non-pi and non-polarised systems 
whose side chains are mostly aliphatic amino acids. These amino acids include alanine, 
valine, leucine, isoleucine, methionine, selenomethionine, cysteine, proline, CB, CG, and CD 
atoms of lysine, and CB and CG atoms of arginine. Alkyl denotes an organic chemical group 
containing only carbon and hydrogen atoms, constituting a chain. Pi-alkyl interactions occur 
in the pi electron cloud with an aromatic group and electron groups of several alkyl groups. 
Pi-alkyl interactions occur when the centroid of the pi ring and the alkyl group are inside the 
alkyl centroid and have at least a pair of nearest atoms with similar pi-pi [57]. 

4 Conclusion 
 The outcomes of molecular docking between D7 protein from Ae. aegypti to Leukotriene 
A4 ligand have demonstrated a binding energy value of -6.63 kcal/mol. This has confirmed 
that D7 protein can stably and spontaneously bind to Leukotriene A4. Amino acid residues 
on the active side of D7 protein that interact with atoms on the Leukotriene A4 include GLN 
177, TYR 178, ARG 176, VAL 193, ILE 175, MET 194, PHE 154, PHE 186, HIS 189, TYR 
248 and PHE 264. The interactions between D7 protein residues and Leukotriene A4 ligand 
comprise conventional hydrogen bonds, Pi-Sigma bonds, alkyl interactions, and Pi-Alkyl 
interactions. The findings acknowledge the potential of the D7 protein from Ae. aegypti as a 
new thrombolytic agent for the advancement in health and pharmaceutical fields. 
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