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ABSTRACT 

The salivary glands of mosquito vector diseases contain various biological components which 

facilitate blood-feeding into the host's body. These components are mostly protein molecules. 

Numerous protein molecules in the salivary glands have gained substantial research emphasis 

to determine their role and function, including those in the salivary glands of Ae. albopictus. D7 

protein is the main component in Aedes salivary glands, which aids in inhibiting platelet aggre-

gation by binding to the Thromboxane A2 (TxA2) during the blood-feeding. TxA2 is a eico-

sanoid molecule that stimulates platelet aggregation. The protein's ability to bind TxA2 shows 

that this protein has potential as a new antiplatelet agent. The examination of the D7 protein in 

binding TxA2 was performed through an in-silico approach using the molecular docking 

method. This research included selecting the 3D model of the D7 protein and the TxA2 ligand, 

preparing the 3D model of the D7 protein, native ligands, and test ligands, targeted molecular 

docking method, validating the molecular docking, analysis and visualization of the docking 

results. The molecular docking validation shows an RMSD value of 1.657 Å. The results of 

molecular docking show an ΔG value of -5.60 kcal/mol, meaning that the D7 protein can bind 

to the TxA2 ligand stably and spontaneously. The active site of the D7 protein in binding the 

TxA2 ligand consists of several amino acid residues, namely THR 190, GLU 268, TYR 178, 

PHE 154, ILE 175, ARG176, VAL 293, TYR 248, and TYR 178. The ability of D7 protein to bind 

TxA2 as an inducer of platelet aggregation has demonstrated its potential as a novel antiplatelet 

agent. These results can pave further development of drug discovery in the medical and phar-

maceutical fields. 
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ABSTRAK 

Kelenjar saliva nyamuk vektor penyakit mengandung berbagai komponen biologis yang memu-

dahkan blood-feeding ke tubuh inang. Komponen biologis kelenjar saliva kebanyakan berupa 

molekul protein. Berbagai molekul protein kelenjar saliva vektor nyamuk terus dipelajari untuk 

mengetahui peran dan fungsinya, termasuk komponen protein kelenjar saliva Ae. albopictus. 

Protein D7 merupakan komponen utama kelenjar saliva Aedes yang berperan menghambat 

agregasi platelet dengan mengikat Thromboxane A2 (TxA2) ketika blood-feeding. TxA2 meru-

pakan molekul eucosanoid yang memacu agregasi platelet. Kemampuan protein D7 dalam 

mengikat TxA2 menunjukkan protein tersebut berpotensi sebagai agen baru trombolitik. Ek-

splorasi aktivitas protein D7 dalam mengikat TxA2 dapat diketahui melalui pendekatan studi in 

silico dengan metode molecular docking. Metode penelitian ini meliputi pemilihan struktur 3D 

protein D7 dan ligan TxA2, preparasi struktur 3D protein D7, ligan natif dan ligan uji, metode 
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targeted molecular docking, validasi metode Molecular Docking, dan analisis serta visualisasi 

hasil molecular docking. Validasi molecular docking mennunjukkan nilai RMSD 1.657 Å. Hasil 

molecular docking antara protein D7 dengan ligan TxA2 menunjukkan nilai ΔG sebesar -5.60 

kcal/mol. Hal ini menunjukkan bahwa protein D7 dapat berikatan dengan ligan TxA2 secara 

stabil dan spontan. Sisi aktif protein D7 dalam mengikat ligan TxA2 terdiri dari beberapa residu 

asam amino yaitu THR 190, GLU 268, TYR 178, PHE 154, ILE 175, ARG176, VAL 293, TYR 

248 dan TYR 178. Kemampuan protein D7 dari Ae. albopictus dalam mengikat TxA2 sebagai 

inducer agregasi platelet telah menunjukkan potensinya sebagai agen baru trombolitik. Hasil 

ini menjadi dasar untuk studi lanjut dalam pengembangan drug discovery di bidang kedokteran 

dan farmasi. 

 

Kata kunci: Antiplatelet, Protein D7, Eikosanoid, Molecular docking, TxA2 

 

INTRODUCTION 
 

The salivary glands of mosquito vector 

diseases contain various biological compo-

nents with different functions (Guerrero et al. 

2020). In general, these components func-
tion as vasodilators and immunomodulatory 

factors that influence the host's immune re-

sponse (Wathon et al. 2022b). The vasodi-

lator plays a role in enlarging the host's 
blood vessels, making it easier for mosqui-

toes to suck the host's blood. The immuno-

modulatory component modulates the im-

mune response in the host (Clinton et al. 

2023). These components facilitate the 
mosquito's blood-feeding on the host and 

are also indirectly utilized by pathogens car-

ried by the vector to penetrate the host's 

body (Marín-López et al. 2023). For exam-

ple, the vector for Dengue Hemorrhagic Fe-
ver (DHF) is the salivary glands of Ae. al-

bopictus facilitates the blood feeding and the 

transmission of the dengue virus into the hu-

man body (Gómez-Jeria et al. 2020). Re-

search on the biological components from 
the salivary glands of disease-vector mos-

quitoes has become crucial in efforts to con-

trol infectious and degenerative diseases in 

tropical regions. 

The salivary glands of Ae. albopictus 
was detected to contain immunogenic pro-

tein that aids in blood-feeding (Oktarianti et 

al. 2021). Several immunogenic protein frac-

tions from the salivary glands of Ae. albopic-

tus is known to induce host immune re-
sponses (Wathon et al. 2022a). Proteins in 

the salivary glands of Ae. albopictus include 

Apyrase, Serpin, Adenosine Deaminase, 

the D7 family, and several other proteins 

(Wichit et al. 2016). Apyrase inhibits platelet 

aggregation by hydrolyzing ATP and ADP 
into AMP (Chowdhury et al. 2021). Serpin 

acts as a protease inhibitor that inhibits ser-

ine protease activity in various hemostatic 

mechanisms in the host body (Shrivastava 

et al. 2022). Adenosine deaminase plays an 
anti-inflammatory role by inhibiting the ac-

tion of proteases secreted by mast cells (Li 

et al. 2022). The D7 protein is commonly 

found in vector saliva, including in mosqui-
toes of the Aedes genus (Conway et al. 

2016). 

 D7 protein belongs to Odorant Bind-

ing Proteins and determines the success of 

the blood-feeding to the host body (Al-
varenga et al. 2022). D7 protein can bind bi-

ogenic amine and eicosanoid produced by 

the host during the blood-feeding (Jablonka 

et al. 2019). One type of eicosanoid signifi-

cant for platelet aggregation is the Throm-
boxane A2 (TxA2) molecule which triggers 

thrombus formation in an injured area (Al-

varenga and Andersen 2023). The molecule 

belongs to the eicosanoid group which is a 

lipid-based chemical signal and plays a role 
in cell inflammatory responses, vasocon-

striction, and platelet aggregation (Szczuko 

et al. 2021). TxA2 triggers platelet activation 

by binding to the TxA2 receptor located on 

the platelet cell membrane (Xiang et al. 
2019). The presence of D7 protein during 

the blood-feeding can bind TxA2 as an eico-

sanoid component of the host (Martin-Martin 

et al. 2021). By binding TxA2, D7 proteins 

inhibit its biological activity, helping mosqui-
toes feed more efficiently by preventing 

blood clotting and reducing inflammation at 

the bite site. This shows that the binding be-

tween the D7 protein and TxA2 has antago-

nistic properties toward host body  
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homeostasis. The bond can inhibit platelet 

aggregation in the injured area due to the 

blood-feeding (Fontaine et al. 2011). As 

such, D7 protein can prevent platelet aggre-

gation in the host body. This interaction is 
significant for understanding vector-host dy-

namics and developing targeted interven-

tions against vector-borne diseases. 

That D7 protein inhibits platelet aggre-

gation shows its potential as a new anti-
platelet aggregation agent. Meanwhile, the 

vectorial capacity of Ae. albopictus, which 

constitutes the main vector for transmitting 

DHF, remains extensively explored for the 

components and biological functions of its 
salivary glands (Ferreira-de-Lima et al. 

2020). However, the ability of the D7 protein 

to bind TxA2 is hardly understood. In re-

sponse, in-silico studies employing the mo-

lecular docking method aid in predicting the 
interaction and binding of a target protein to 

the test ligand (Torres et al. 2019). In-silico 

analysis can provide insights into the bind-

ing models and interactions between target 
proteins and ligands. The results of in-silico 

analysis are important as they can serve as 

a basis for further testing of the target pro-

tein's activity through in-vitro and in-vivo ex-

periments. Through an in-silico approach, 
this study aimed to explore how the D7 pro-

tein from the salivary glands of Ae. albopic-

tus in binding TxA2 which can be developed 

as a new candidate for antiplatelet agent. 

These outcomes have the potential to drive 
further progress in drug discovery within the 

medical and pharmaceutical sectors.  

 

MATERIALS AND METHODS 

 
The Retrieval of the 3D Structure of Pro-

tein and Ligand 

The amino acid sequence of the D7 

protein was obtained from the UniProt data-

base (https://www.uniprot.org/) with  
accession number Q5MIW6. 3D structure of 

protein based on amino acid sequence of 

the D7 protein from A. albopictus was ob-

tained from the SWISS-MODEL database 

(https://swissmodel.expasy.org/). The qual-
ity of the protein model's 3D structure was 

evaluated using various parameters, includ-

ing Ramachandran Plots, MolProbity, Qual-

itative Model Energy Analy-sis (QMEAN), 

Qualitative Model Energy Analysis Distance 

Constraints (QMEANDisCo), Global Model 

Quality Es-timate (GMQE), and sequence 

identity values. The best quality of 3D struc-

ture model of D7 protein was downloaded in 

.pdb file format (Bienert et al. 2017). The 3D 
structure model of D7 protein used in this 

study with the STML code was 3dye.1 which 

had a native ligand L-Norepinephrine (LNR). 

The 3D structure of TxA2 ligand with acces-

sion number 5280497 was obtained from 
the PubChem database (https://pub-

chem.ncbi.nlm.nih.gov/). The 3D structure 

of TxA2 was downloaded in .sdf file format 

(Wang et al. 2021). 

 
The Preparation and Optimization of 3D 

Structure of D7 Protein and LNR Native 

Ligand 

The 3D structure of D7 protein bound 

to the native ligand was removed from all 
water molecules and non-functional ligands 

using Autodock 1.5.7 (Scripps Research In-

stitute). Next, the 3D structure of D7 protein 

and that of the native LNR ligand were sep-
arated, with each 3D structure saved in a dif-

ferent .pdb files format.  

The 3D structure of D7 protein sepa-

rated from the native LNR ligand was pre-

pared using Autodock Tools, adding polar 
hydrogen, checking for missing atoms, and 

adding Kollman Charge. Then, the 3D struc-

ture of D7 protein was generated by equal-

izing the load and setting the files using Au-

toDock Tools. The 3D structure of D7 pro-
tein was then saved in .pdbqt file format 

(Huey et al. 2012). 

The 3D structure of LNR native ligand 

was prepared by adding Gasteiger charges 

and performing a non-polar merger. The na-
tive ligand was prepared by adding a Gas-

teiger charge and performing a non-polar 

merger in that only polar hydrogen was en-

abled to interact with the target protein resi-

due (Sari et al. 2020). Next, the rotation 
point was set for the LNR native ligand 

through a torsion tree to determine the best 

rotation results for the molecular docking. 

The prepared ligand structure was saved in 

.pdbqt file format (Huey et al. 2012). 
 

The Validation of Molecular Docking 

Methods 

Validation of the molecular docking 

method was carried out through a  

https://www.uniprot.org/
https://swissmodel.expasy.org/
https://pubchem.ncbi.nlm.nih.gov/
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re-docking process between the 3D struc-

ture of D7 protein and the native ligand LNR. 

The re-docking determined the binding loca-

tion between the D7 protein and the TxA2 

ligand through gridding in the grid box area 
using AutoDock Tools. The grid box, indicat-

ing where the ligand attached to the protein, 

showed number point dimension (x, y, and 

z), spacing (Angstrom), and center grid box 

(x, y, and z). The point dimension can define 
the size of the grid box and ensure it covers 

the entire binding pocket or desired region. 

Grid spacing can set the grid resolution and 

determine how finely the space within the 

box is divided for energy calculations. The 
grid box is centered around the specific part 

of the protein, usually the binding site or any 

predicted active site. The file was saved in 

.txt file format. Validation of molecular dock-

ing parameters is determined by an Root 
Mean Square Deviation (RMSD) below 2 

Angstroms (˂ 2Å) (Ramírez and Caballero 

2018). The RMSD value derived from the 

conformational alignment between the na-
tive ligand from re-docking and its crystallo-

graphic conformation. 

 

The Preparation of 3D Structure of TxA2 

Ligand 
The 3D structure of TxA2 ligand was 

prepared using Chem 3D 15.1 (Cambridge 

Soft) to minimize ligand energy through the 

use of Force Field Molecular Mechanism 

(MM2). The 3D structure of TxA2 was saved 
in .pdb file format. The file was then pre-

pared further via AutoDock Tools by adding 

polar hydrogen and Gasteiger charge as 

well as setting rotation through the same 

stages as the LNR native ligand preparation. 
The preparation results were saved in 

.pdbqt file format. 

 

The Molecular Docking between D7 Pro-

tein and TxA2 Ligand 
The molecular docking between the 

3D structure of D7 protein and TxA2 ligand 

was carried out using AutoDock Tools. The 

3D structure of D7 protein previously pre-

pared in .pdbqt file format were put into one 
folder, and AutoGrid4 and AutoDock4  

programs were added. The D7 protein was 

arranged as a macromolecule and the TxA2 

as a ligand was used for grid box construc-

tion. The next stage was setting the grid box 

based on the coordinates from the previous 
re-docking. 

 The results of grid box settings were 

saved in .gpf file format in the same folder. 

AutoGrid4 was operated using the Com-

mand Prompt (CMD) command based on 
the grid box. Parameter settings (Docking-

Search Parameters-Genetic Algoritm-Ac-

cept-Docking-Docking Parameters-Accept) 

and protein stiffening were carried out to en-

able AutoDock4. The results were saved in 
a file in .dpf  file format. AutoDock4 was run 

via the Command Prompt command based 

on the Autogrid result and previously cre-

ated parameters (Endriyatno and Walid 

2022). 
 

Analysis and Visualization of Molecular 

Docking Results between D7 Protein and 

TxA2 Ligand 
The results of molecular docking be-

tween the 3D structure of D7 protein and 

TxA2 ligand were analyzed using free en-

ergy value (ΔG), the type of bond formed, 

and the amino acid residues in forming the 
chemical bond. The binding conformation at 

this stage was visualized using BIOVIA Dis-

covery Studio (Minovski 2021). 

 

RESULTS AND DISCUSSION 
 

The 3D models of D7 Protein of Ae. al-

bopictus 

This study used an amino acid se-

quence for the D7 protein of Ae. albopictus 
from the UniProt database with accession 

number Q5MIW6. The D7 protein of Ae. al-

bopictus data was identified as long-form D7 

salivary protein D7I2. Composed of 323 

amino acid sequences, the D7 protein was 
obtained from the species Ae. albopictus 

(Asian tiger mosquito) (Stegomyia al-

bopicta). The protein code and complete 

amino acid sequence from the D7 protein of 

Ae. albopictus are shown in Table 1.
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Table 1.  The amino acid sequence of the D7 protein from Ae albopictus 

 

Protein Data of D7 Ae. albopictus in .fasta File Format 

tr|Q5MIW6|Q5MIW6_AEDAL Long form D7 salivary protein D7l2 OS=Aedes albopictus 

OX=7160 PE=2 SV=1 

MNILLVLAVVTISSLALVTAKGPFDPEEMHFIFTRCMEDNLKDGPDRVKTLLKWKEWVTEP
KDDPATHCFAKCVLEMSGLYDAASGKFDASVIEAQHKAYPNSEDKGKVDAFVKAVQALP
PTKNDCTAVFRAFGPVHMAHKATSINLFHDNKALTKGIYEKLGKDIRQRKQSYFEFCENKH
YPVGSPKRSDLCKIRQYVVLDDAQFKQHTDCIMKGLRYITKDNILNCDEIKRDFKQVNKDT
GALEKVLNTCKAKEPRDVKEKSWHYYKCLVESSVANDFKEAFDYREVRSQNYGYHLMQ
KQPYNKPAVQAQVSEVDGKQCPS 

 

The 3D structure of D7 protein model 

was created through homology modelling on 
the SWISS-MODEL based on amino acid 

sequence of D7 protein from Ae. albopictus. 

The 3D structure of D7 protein model was 

selected with the STML ID code, namely 

3dye.1. The 3D structure of protein model 
was the D7 Protein Crystal Structure of the 

AED7-norepinephrine complex, and this 

structure showed a native ligand LNR. 

Based on its conformation, the 3D structure 

of protein model represented a monomer 

consisting of one protein chain (chain A). A 

decent 3D structure of protein model re-
sulted from the visualization of the D7 pro-

tein using the X-ray crystallography with a 

resolution of 1.75 Å. By contrast, a protein 

structure of X-ray crystallography results 

with a resolution below 2.5 Å indicates that 
accurate visualization is gradually achieved 

(Ramírez and Caballero 2018). The 3D 

structure of D7 protein model with ID code 

3dye.1 is shown in Figure 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The 3D structure of D7 protein model (STML ID: 3dye.1) 

 
The Assessment of the 3D Structure of 

D7 Protein Model 

The quality of the 3D structure of pro-

tein model was assessed through several 

parameters, namely Ramachandran Plots 
and MolProbity, QMEAN, QMEANDisCo, 

QMQE, and Seq Identity values (Ahmed 

2021). The 3D structure of protein model 

was found satisfactory since there were 

more amino acid residues in the favoured 

region than those in the outliers region 

(Sharma et al. 2013). The assessment 

demonstrated that the 3D structure of D7 

protein model had a favoured area of 
98.66% and an outliers area of 0.00%. Ra-

machandran Plots of the 3D structure of D7 

protein model are hereby presented in Fig-

ure 2.
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Figure 2. Ramachandran plots of the 3D structure of D7 protein model 

 

Table 2.  The analysis of 3D structure of D7 protein model 

 

No. Parameters Score 

1 MolProbity Score  0,85 

2 Clash Score 
1,24 

(A97 HIS-A104 GLU) 

3 Ramachandran favoured 97,99% 

4 Ramachandran outliers 
0,33% 

A170 LYS 

5 Rotamer Outliers 0,00% 

6 C-Beta Deviations 
1 

A149 HIS 

7 Bad Bonds 0/2499 

8 Bad Angels  

11/3369 

A150 ASP, A165 ASP, A97 HIS, (A306 LYS-A307 PRO), A43 

ASP, A241 ASP, A266 HIS, A209 HIS, A68 HIS, A140 

HIS, A137 HIS, (A100 TYR-A101 PRO), A297 HIS, A149 HIS 

9 Cis Prolines 
2/15 

(A22 GLY-A23 PRO), (A60 GLU-A61 PRO) 

 As can be appreciated in Table 2, the 

MolProbility value is 0.85, which signifies a 

very decent model. The value denotes a log-

weighted combination of clash score, per-

centage of unfavorable Ramachandran, and 
percentage of bad side-chain rotamers. It 

also represents one value to describe crys-

tallographic resolution. Any 3D structure of 

protein model with a MolProbity value lower 
than the crystallographic resolution value 

implies that the protein model quality is bet-

ter than the average structure at that protein 

resolution (Chen et al. 2010). The crystallo-

graphic resolution value of the 3D structure 
of the D7 protein model is 1.75 Å. 

Another parameter to assess the qual-

ity of a 3D structure of protein model is the 

QMEAN value which requires bioinformatic 

analysis and computational biology. This is 

because the QMEAN value indicates the re-
liability and accuracy of the 3D structure of 

a protein model (Studer et al. 2020). The 

QMEAN value lies between 0-1, with a 

higher value corresponding to a better 
model. The SWISS-MODEL database 

showed that QMEAN values were converted 

into Z-scores for correlating the relationship 

between what was expected from high-res-

olution X-ray structures. The Z-score value 
for the 3D structure of D7 protein model was 
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indicated by the position of the model (red 

asterisk) in the Z-score distribution. The 

data in Figure 3 demonstrates that the red 

asterisk is located in the 1<ǀZ-scoreǀ<2  

areas and close to the ǀZ-scoreǀ<1 area, 

which infers satisfactory 3D structure of pro-

tein model.  

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure 3.  The Z-Score value on the 3D structure of D7 protein model 

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure 4. The QMEANDisCo value of the 3D structure of D7 protein model 

 

The QMEANDisCo is a combined as-

sessment parameter between global values 
of the entire protein structure and local val-

ues per amino acid residue to determine ab-

solute quality estimates based on one pro-

tein model. The QMEANDisCo global value 

shows the model quality based on the dis-
tance constraints of the model protein. The 

QMEANDisCo global value of 3D model of 

D7 protein identified in the study was 0.88 ± 

0.05. The data in Figure 4 shows the simi-

larity between the model amino acid resi-
dues (as the x-axis) and the original struc-

ture (y-axis). Based on the local model qual-

ity values per amino acid residue, there are 

no amino acids lower than 0.6. This shows 

that the amino acid residues of the 3D  

structure of D7 protein model have good 

quality. If the QMEANDisCo global value is 
below 0,6, it indicates signifies poor 3D 

structure of protein model (Studer et al. 

2020).  

The GMQE the accuracy rate or match 

between the 3D structure of a protein model 
and the corresponding 3D structure of pro-

tein model in the SWISS-MODEL database. 

The GMQE value is expressed as a number 

from 0 to 1. The GMQE value of the 3D 

structure of D7 protein model shows a figure 
of 0.87, which confirms that the 3D structure 

of protein model has good quality. Any 

GMQE closer to 1 indicates a higher  

accuracy rate of the 3D structure of protein 

model (Biasini et al. 2014).  
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The Seq Identity value shows the 

number of identical residues between the 

amino acid sequence of a protein and the 

amino acid sequence of the protein model 

(Kanduc 2012). The Seq Identity value in the 
3D structure of D7 protein model shows 

71.19%. The acceptable Seq Identity value 

is >30%. A higher Seq Identity value indi-

cates the accuracy level between the amino 

acid sequence and the 3D structure of  
protein model sequence. If Seq identity 

value shows <30%, so it is included in the 

twilight zone, which indicates unsatisfactory 

accuracy (Khor et al. 2015). 

3D Structure of LNR and TxA2 Ligand 

The native ligand used in this study 

came from the 3D structure of the LNR lig-

and contained in the 3D structure of D7 pro-

tein model (3dye.1) obtained from the 
SWISS-MODEL database (Table 3). Native 

ligands aided in validating molecular dock-

ing and informed test ligands used in the 

molecular docking. The LNR ligand had the 

molecular formula C8H11NO3 (Martin-Martin 
et al. 2020). 

 

 

Table 3. The 2D and 3D structures of LNR and TxA2 ligand 

 

Ligand Name 
Ligand Structure 

2D Structure 3D Structure 

L-Norepinephrine 

(LNR) 

  

Thromboxane A2 

(TxA2) 

 

 

 

 
The 3D structure of TxA2 ligand in this 

study was obtained from the PubChem da-

tabase with accession number 5280497 

(Table 3). The TxA2 compounds is a platelet 

aggregation agonist produced from platelets 
and smooth muscle when tissue damage or 

inflammation occurs in the body by reducing 

fluid loss in the vascular system (plasma 

and blood) (Martin-Martin et al. 2020). In ad-
dition, the TxA2 has pro-thrombotic proper-

ties, stimulating platelet activation and ag-

gregation. The TxA2 is also known to be a 

vaso-constrictor that is triggered by tissue 

damage and inflammation. The TxA2 has 

the molecular formula C20H32O5 (Rucker and 

Dhamoon 2024). 

 

The Validation of Molecular Docking 

Methods 
The target protein structure was pre-

pared by removing water molecules and 

non-standard residues to allow the molecu-

lar docking (Attique et al. 2019). The native 
ligand was also separated from the target 

protein structure to provide binding space or 

site for the test ligand with the target protein 

during molecular docking (Susanti et al. 

2019). The native ligand of LNR was  
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separated from the 3D structure of D7 pro-

tein. Polar hydrogen atoms were added be-

cause the PDB file of the 3D protein struc-

ture from X-ray crystallography may not 

have a hydrogen atom which is essential to 
make possible binding to the ligand 

(Ferencz and Lucia 2015). The addition of a 

hydrogen atom rotated the hydrogen, ena-

bling the ligand and the protein to interact 

(Sastry et al. 2013). The missing atoms set-
ting aimed to check for missing atoms in the 

3D structure of the target protein because 

the PDB file sometimes contained several 

missing atoms (Duan et al. 2020). The addi-

tion of Kollman charge aimed to add charge, 
namely electrostatic potential energy, to the 

amino acids of the target protein (Kolina et 

al. 2019).  

The docking was validated by setting 

grid box coordinates for the re-docking be-

tween the native ligand and the target pro-

tein. This was achieved by creating space 

for the native ligand tethered to the target 
protein. The resultant space indicated a site 

for ligands to interact with target proteins 

(Alhazmi 2015). The grid box settings were 

determined through the coordinate points on 

the active site of the target protein, which in-
cluded the coordinate values of grid size, 

grid center, and grid spacing (Afriza et al. 

2018). The grid box coordinate settings are 

displayed in Table 4. The LNR native ligand 

formed a binding conformation with the 3D 
structure of D7 protein in the grid box.   

 

 

Table 4.  The arrangement of grid box coordinates in the 3D structure of D7 protein 

 

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 parameter for validating the mo-

lecular docking was the RMSD value ob-

tained from conformational alignment be-

tween the native ligand resulting from re-
docking and the native ligand conformation 

resulting from crystallography. A smaller 

RMSD value indicates that the conformation 

of the re-docked ligand position is closer to 

the conformation of the original ligand posi-
tion on the target protein. The RMSD value 

<2 Å is deemed valid (Ferencz and Lucia 

2015). The re-docking showed an RMSD 

value of 1,130 Å. The overlapping position 

between the 3D structure of native ligand 

LNR, the original conformation, and the con-
formation resulting from the re-docking is 

shown in Figure 5. The re-docking results 

show that the molecular docking is accepta-

ble and eligible for further molecular docking 

between 3D structures of D7 protein and 
TxA2 test ligands.

 

 

 
 

 

 

 

 
 

Figure 5.  Visualization of the overlaps between the 3D structure of the native ligand LNR, the original 

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

 

The Molecular Docking of D7 protein with 
TxA2 Ligand 

TxA2 ligand was prepared through en-

ergy minimization with MM2 settings to ob-

tain a stable 3D conformation. This enabled 

the ligand to bind to the active site of the tar-
get protein (Fadlan and Nusantoro 2021). 

Likewise, the addition of hydrogen atoms 

enabled the ligand to bind to the target pro-

tein (Sastry et al. 2013). The non-polar 
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merge arrangement ensured that only polar 

hydrogen atoms interacted with target pro-

tein residues (Sari et al. 2020). Next, ligand 

preparation went through compute Gastei-

ger charges settings to add partial charges 
to the molecule (Alsafi et al. 2020). 

The molecular docking involved the 

D7 protein and TxA2 ligand. The molecular 

docking was carried out using a grid box ar-

rangement based on the results of re-dock-
ing with the native ligand LNR. The grid box 

coordinate settings were similar to the re-

sults of re-docking validation so that the 

TxA2 ligand bound to the active site of the 

D7 protein. The 3D structure of D7 protein 
was rigid while the TxA2 ligand was flexible. 

This arrangement aimed to ensure that the 

ligand forms a conformation by binding to 

the active site of the target protein (Martínez 

2015). 
 

The Analysis and Visualization of Molec-

ular Docking Results between D7 Protein 

and TxA2 Ligand 
The molecular docking results be-

tween the target protein and the test ligand 

were evaluated based on the binding energy 

value, the types of chemical bonds, and the 

amino acid residues on the active site of the 
target protein that interact with the ligand 

(Pratama 2016). The parameter of Gibbs 

free energy (ΔG) or binding energy is the 

amount of energy required to form a chemi-

cal bond on the active site of D7 protein to 
the test ligand TxA2. The Gibbs free energy 

value indicates the bond strength between 

the target protein and the test ligand (Sapu-

tra and Susanti 2018). 

 The ΔG value resulting from molecu-
lar docking between the 3D structure of D7 

protein and TxA2 ligand was -5.60 kcal/mol. 

The substantial ΔG value indicates the 

amount of energy released when the ligand 

binds to the target protein, while a smaller 
ΔG value indicates that lower amount of re-

quired energy (Arwansyah et al. 2014). The 

finding of ΔG value was -5.60 kcal/mol indi-

cates the spontaneous interaction between 

the protein and the ligand, generally occur-
ring at a constant trend. A ΔG value <0 indi-

cates an irreversible and spontaneous reac-

tion that produces products. The ΔG = 0 in-

dicates a reversible reaction. A ΔG value > 

0 indicates that the absence of reaction 

(Wang et al. 2021). The increasingly  

negative ΔG value indicates the stronger the 

bond between the ligand and the target pro-

tein (Umamaheswari et al. 2013). In addi-

tion, a negative ΔG value indicates that the 
interaction between molecules occurs exo-

thermically, meaning that the binding be-

tween ligands on the active site of a protein 

is stable and occurs spontaneously (Forouz-

esh and Mishra 2021). In this study, the D7 
protein can bind to the TxA2 molecule stably 

and spontaneously. These results confirm 

that during the blood-feeding, D7 protein 

from Ae. albopictus saliva can inhibit platelet 

aggregation because it can bind and inhibit 
TxA2.  

Previous studies have shown that the 

D7 protein from the salivary glands of Ae. al-

bopictus exhibits binding affinity and interac-

tions with several molecules as ligands. The 
D7 protein has moderate and stable binding 

affinity toward histamine. It also exhibits 

high and stable affinity for dopamine. Fur-

thermore, the D7 protein demonstrates the 
higher and more stable binding affinity to-

ward norepinephrine. The highest binding 

affinity and most stable interaction are ob-

served when the D7 protein binds to seroto-

nin. Meanwhile, the D7 protein shows mod-
erate and stable binding affinity for hista-

mine. The D7 protein also has a low but rel-

atively stable binding affinity toward trypta-

mine. Low binding affinity and unstable in-

teractions are shown by the D7 protein when 
binding to epinephrine (Martin-Martin et al. 

2020). 

Another study showed that the D7 pro-

tein from the salivary glands of Ae. aegypti 

species exhibits relatively stable binding af-
finity and interaction with leukotriene A4, 

with a ΔG value of -6.63 kcal/mol (Wathon 

et al. 2024). The D7 protein from Ae. aegypti 

forms moderately stable bonds and interac-

tions with epinephrine, with a ΔG value of -
5.8 kcal/mol. The D7 protein from Culex 

quinquefasciatus demonstrates more stable 

binding affinity and interaction to the hexa-

decanolide, as evidenced by a ΔG value of -

7.82 kcal/mol (Govindan et al. 2020). Mean-
while, the D7 protein from Anopheles gam-

biae shows significantly higher and more 

stable binding affinity toward tryptamine (ΔG 

-10.1 kcal/mol) and serotonin (ΔG -11.9 

kcal/mol) (Mans et al. 2007). These studies 
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indicate that the D7 protein from different 

species exhibits varying binding affinities 

and interactions with different ligands. This 

variation is likely due to the formation of dif-

ferent bonds between the D7 protein and di-
verse ligands, resulting in varying ΔG val-

ues. The variety of amino acid residues in 

the binding pocket of the D7 protein that in-

teract with the ligand's atoms also plays a 

role in determining the type of bonds and the 
stability of the interactions. The spontane-

ous and stable binding between the 3D 

structure of D7 protein and TxA2 ligand indi-

cates the potential of D7 protein in prevent-

ing platelet aggregation. This potential indi-
cates that D7 protein from Ae. albopictus 

salivary glands can be developed as a new 

antiplatelet agent. 

 The interaction between the D7 pro-

tein and the TxA2 ligand was determined 

through visualizing molecular docking. The 

visualization helps to identify the amino acid 

residues of a protein that establish the sta-
bility of interaction with ligands (Furmanová 

et al. 2019). Various amino acid residues 

present in the active site help sustain inter-

actions with ligands (Sari et al. 2020). The 

chemical bonds formed through interactions 
between the amino acids and the atoms of 

the test ligand can vary, such as hydrogen 

bonds, alkyl interactions, pi-alkyl interac-

tions, pi-sigma interactions, and T-shaped 

pi-pi interactions (Kumar et al. 2021). The 
visualization of molecular docking results of 

D7 protein and TxA2 ligand is shown in  

Figure 6.

 

Table 5. The amino acid residues of D7 protein interacting with TxA2 ligand  

 

Amino Acid Residues  

D7 Protein 

Ligand Atoms 

TxA2 
Chemical Bonds 

Threonine 190 (THR 190) 
H (Hydrogen) Hydrogen bonds conventional 

Glutamic Acid 268 (GLU 268) 

Tyrosine 178 (TYR 178) 
C (Carbon) Carbon-hydrogen bonds 

Phenylalanine 154 (PHE 154) 

Isoleucine 175 (ILE 175) - 

Alkyl Arginine 176 (ARG176) - 

Valine 293 (VAL 293) - 

Tyrosine  248 (TYR 248) - 
Pi-Alkyl 

Tyrosine 178 (TYR 178) - 

 

 Table 5 shows the amino acid resi-

dues of the D7 protein interacting with TxA2 

ligand. This indicates that the active site of 

the D7 protein can bind to the TxA2 ligand. 
The active sites in the D7 protein binding to 

TxA2 ligand are THR 190, GLU 268, TYR 

178, PHE 154, ILE 175, ARG176, VAL 293, 

TYR 248, and TYR 178. The chemical 
bonds from these interactions involve hydro-

gen bonds conventional, carbon-hydrogen 

bonds, alkyl interactions, and Pi-Alkyl inter-

actions. Conventional hydrogen bonds are 

formed on 2 amino acid residues, namely 
THR 190 and GLU 268. Carbon hydrogen 

bonds are formed on another pair of amino 

acids, TYR 178 and PHE 154. Alkyl interac-

tions comprise 3 amino acids, namely ILE 

175, ARG176, and VAL 293. Finally, Pi- Al-
kyl is formed in 2 amino acids, namely TYR 

248 and TYR 178. 

 

 The hydrogen bond between proteins 

and ligands aids in binding to the active site 

(Kataria and Khatkar 2019). This bond oc-

curs between hydrogen atoms and electro-
negative atoms, such as flour (F), nitrogen 

(N), or oxygen (O) (Głowacki et al. 2013). 

The bonds consist of conventional hydrogen 

bonds and carbon-hydrogen bonds. Con-
ventional hydrogen bonds occur because 

the donor and acceptor atoms have strong 

electronegativity (Mishra et al. 2021). Car-

bon-hydrogen bonds occur when the donor 

atom is polarized carbon. A carbon-hydro-
gen bond is one of the weakest bonds 

among other hydrogen bonds (Gómez-Jeria 

et al. 2020). Hydrogen bonds influence the 

stability of protein structures because pro-

teins are formed from NH and OH groups 
which act as electron donors in the for-

mation of hydrogen bonds. As a corollary, 

the electrons will be received by other 
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groups to form chemical bonds (Dhorajiwala 

et al. 2019). 

 Alkyl interactions or bonds occur in al-

kyl groups, defined as a non-pi and non-po-

larized system in which most of the side 
chains are aliphatic amino acids. These 

amino acids include alanine, valine, leucine, 

isoleucine, methionine, selenomethionine, 

cysteine, proline, CB, CG, CD atoms of ly-

sine, and CB and CG atoms of arginine. Al-
kyl is an organic chemical functional group 

that only contains carbon and hydrogen at-

oms, in the form of a chain. Pi-alkyl interac-

tions occur in the pi electron cloud with an 

aromatic group and electron groups from 
several alkyl groups. Pi-alkyl interactions oc-

cur when the centroid of the pi ring and the 

alkyl group are present inside the alkyl cen-

troid which possesses at least one pair of at-

oms with common pi-pi atoms (Gómez-Jeria 
et al. 2020). 

This study involves modeling the inter-

action between the D7 protein from Ae. al-

bopictus salivary glands and the eicosanoid 
molecule TxA2 as a ligand. The results of 

this in-silico interaction modeling provide a 

basic information for further analysis of D7 

protein activity through in-vitro and in-vivo 

studies. This is crucial for understanding the 
role of the D7 protein in inhibiting platelet ag-

gregation, whether by studying biological, 

chemical, or physical processes in a con-

trolled environment (outside of a living or-

ganism) or by investigating biological path-
ways within a living organism. This ap-

proach aims to better define the potential of 

the D7 protein from Ae. albopictus as a 

novel antiplatelet agent. 

 
CONCLUSION 

 

The results of molecular docking be-

tween D7 protein from Ae. albopictus and 

TxA2 ligand shows a binding energy value 
of -5.60 kcal/mol. This explains that the D7 

protein can bind to TxA2 molecule stably 

and spontaneously. The amino acid resi-

dues in the active site of the D7 protein that 

interact with the atoms in TxA2 ligand in-
clude THR 190, GLU 268, TYR 178, PHE 

154, ILE 175, ARG176, VAL 293, TYR 248, 

and TYR 178. The interactions between the 

amino acid residues of D7 protein and TxA2 

ligands generate carbon-hydrogen bonds, 

alkyl interactions, and Pi-Alkyl interactions. 

The stable and spontaneous binding mode 

of a protein to a ligand is a key factor in de-

termining its potential as a candidate for bi-

ological drug development. Further explora-
tion of the potential of the D7 protein from 

the salivary glands of Ae. albopictus through 

in-vitro and in-vivo analysis is crucial to 

specifying the target for the development of 

a new antiplatelet agent. This is important to 
study the pharmacology, pharmacokinetics, 

and bioavailability of the D7 protein as a bi-

ological drug. The findings have acknowl-

edged the potential of the D7 protein from 

Ae. albopictus as a new antiplatelet agent 
for the development in the health and phar-

maceutical sectors. 
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