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Abstract

Protein components of the salivary glands of disease vectors have been known
to facilitate the blood-feeding process in the host body. The main component of
the salivary glands of Aedes aegypti is the immunogenic D7 protein. During the
blood-feeding process, the D7 protein can bind to biogenic amine compounds, such
as serotonin, which is a neurotransmitter involved in platelet activation. This ability
indicates that the D7 protein can inhibit the platelet aggregation process. This study
aims to explore in silico the interaction between serotonin and the D7 protein from the
salivary glands of Ae. aegypti using a molecular docking approach. The methods used
in this study include the selection of the 3D structure of the D7 protein and serotonin
ligand, preparation of the 3D structure of the D7 protein, native ligands, and test
ligands, validation of the molecular docking method, and analysis and visualization of
the molecular docking results. The results of molecular docking between the D7
protein and the serotonin ligand showed a ∆G value for the interaction of −9.25
kcal/mol. The serotonin ligand binds to the active site of the D7 protein through several
amino acid residues, including GLU 158, ILE 175, ARG 176, TYR 178, TYR 248,
ASP 265, and GLU 268. These amino acid residues of the D7 protein bind to atoms
on the serotonin ligand through conventional hydrogen bonds, carbon hydrogen bonds,
π-σ bonds, π-π T-shaped bonds, and π-alkyl bonds. Based on the in silico data, it is
shown that the D7 protein from the salivary glands of Ae. aegypti can bind stably and
spontaneously to serotonin ligands. This indicates that the D7 protein has potential as a
platelet aggregation inhibitor agent for the development of drug discovery in the fields
of health and pharmacy.
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Introduction
The salivary glands of disease vector arthropods are known to be important organs for the success

of the blood-feeding process in the host body [1]. This is because the salivary glands contain various

bioactive components that can suppress the host’s immune response. In general, components in the

salivary glands of disease vectors act as vasodilator and immunomodulatory factors that can affect the

host’s hemostasis [2]. Several previous studies have identified components of the salivary glands of

disease vectors that affect the host’s immune response, including bioactive components in the salivary

glands of Aedes aegypti as a vector of dengue fever [3; 4].

The salivary glands of Ae. aegypti contain various types of bioactive components in the form of

protein molecules. The protein components of the salivary glands of Ae. aegypti generally include

apyrase, aegyptin, serpin, and the D7 Family [5]. The apyrase protein has the activity to hydrolyze

ATP into ADP and AMP, which can inhibit platelet activation [6]. Aegyptin is an allergen that can

bind to collagen and von Willebrand factor, reducing the formation of blood clots [7]. Serpin is a

protease inhibitor that inhibits the activity of serine proteases in various host hemostasis reactions [8].

The D7 protein is known to be the most abundant component in the salivary glands of Ae. aegypti

[9]. Ae. aegypti performs the blood-feeding process on the host’s body by inserting its proboscis into

the skin layer until it reaches the endothelium of the blood vessels. The host’s body responds to this

action by releasing biogenic amine compounds to stop the blood flow through the mechanism of
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platelet aggregation. During the blood-feeding process, Ae.
aegypti releases the D7 protein component from its salivary
glands into the host’s body. The D7 protein has a high affinity for
biogenic amine compounds, such as norepinephrine, histamine,
and serotonin [10]. Serotonin is a type of biogenic amine that
plays an important role in platelet activation [11]. When the D7
protein from the salivary glands of Ae. aegypti binds to serotonin,
the process of platelet aggregation around the host’s wound is in-
hibited, allowing the blood-feeding process to proceed smoothly.
This activity indicates that the D7 protein can inhibit the platelet
aggregation process in the host’s body. D7 has the ability to
block platelet aggregation, which makes it an excellent candidate
for an anti-platelet medication. However, its effects on biogenic
amines, including its interaction with serotonin from the salivary
glands of Ae. aegypti, are not well characterized. One branch
of biochemistry involves the study of proteinligand interactions,
which can be explored through in silico approaches that predict
molecular interactions using computer simulations. For instance,
molecular docking analysis enables the identification of specific
binding sites on target proteins for a test ligand [12].

Previous studies have primarily focused on the interaction
between the D7 protein and leukotriene A4, demonstrating the
formation of a stable and natural complex [13]. However, no
prior research has specifically examined the ability of D7 from
Ae. aegypti to bind serotonin, a crucial biogenic amine involved
in platelet aggregation. This study addresses this gap by utilizing
in silico molecular docking to explore the potential interaction
between D7 and serotonin. By doing so, we aim to provide
new insights into the functional role of D7 and its potential as a
foundation for developing novel anti-platelet aggregation agents.

Materials and Methods
Downloading 3D structure D7 protein and ligand

The amino acid sequence of the D7 protein from Ae. aegypti
was downloaded from the UniProt database with accession code
P18153 [14]. The three-dimensional (3D) structure of the D7
protein was obtained from the SWISS-MODEL database [15].
The resulting model was selected based on its best quality and
downloaded in .pdb file format [16]. The 3D model structure
of the D7 protein uses the D7 protein with the template PDB
id 3dye.1. The model structure from this template includes a
native ligand, which is l-norepinephrine. In this study, a test
ligand was used to observe its interaction with the D7 protein.
The test ligand selected was serotonin. The three-dimensional
structure of serotonin was obtained from the PubChem database
with accession code 5202. This serotonin entry originates from
human metabolism. The serotonin molecule was downloaded
from the PubChem database in .sdf file format [17].

Preparation and optimization of the 3D structure of D7 protein and
the native ligand l-norepinephrine

The preparation of the 3D structure of the D7 protein involves
removing the native ligand, non-functional ligands, and water

molecules. This preparation is carried out using AutoDock Tools
software [18]. The first step in preparing the D7 protein struc-
ture is the removal of all water molecules and non-functional
ligands. The D7 protein is then separated from its native ligand,
l-norepinephrine. The structure of the D7 protein is saved in
.pdb format, and the structure of l-norepinephrine is also saved
in .pdb format within the same folder. The structure of the D7
protein is then optimized by adding polar hydrogen atoms and
checking for missing atoms to ensure the integrity of the down-
loaded 3D structure. The D7 protein is subsequently charged
using Kollman charges, resulting in charge neutralization. The
optimized structure is saved in .pdbqt format [19].

Further optimization is performed on the 3D structure of
the l-norepinephrine ligand. The ligand is optimized by adding
Gasteiger charges, followed by a non-polar merge, with the ex-
pectation that only hydrogen atoms will be available to form
bonds with the target protein residues (D7 protein) [20]. The
native ligand is then prepared for docking by selecting rotation
points using the torsion tree menu. This process identifies and
assigns torsion points, improving the accuracy of ligand position-
ing predictions. The final optimized structure of the native ligand
is saved in .pdbqt format in the same folder as the optimized
D7 protein structure [19]. Preparation and optimization of the
native ligands 3D structure were also performed using AutoDock
tools software.

Validation of the molecular docking method
The next step in the molecular docking phase is to validate the

method through a re-docking process of the D7 protein with its
native ligand, l-norepinephrine, which has already been prepared
and optimized. The initial step of the re-docking process involves
determining the interaction site by defining the grid area using a
grid box. This stage is conducted using AutoDock tools software
[18].

The grid box settings include the number of points in each di-
mension (x, y, and z), the spacing in Å, and the center coordinates
of the grid box (x, y, and z). These settings are saved in the .gpf
(grid parameter file) format. The validation of the molecular
docking method between the D7 protein and its native ligand is
evaluated using the RMSD (root mean square deviation) value.
An RMSD value of less than 2 Å(< 2 Å) is considered acceptable
and indicates good reproducibility of the docking result [21].

Preparation of 3D structure of serotonin test ligand
The preparation and optimization of the test ligand, serotonin,

were carried out using Chem3D and AutoDock tools software
[19]. The 3D structure of serotonin was prepared through energy
minimization using the force field molecular mechanism (MM2)
method [22]. The resulting minimized structure was saved in
.pdb format. Subsequently, the test ligand structure was opti-
mized by adding hydrogen atoms, followed by a non-polar merge.
Gasteiger charges were then applied to the ligand structure. The
final step involved adjusting the torsional rotation points using
the same procedure applied to the native l-norepinephrine ligand.
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The fully optimized structure of the serotonin ligand was saved
in .pdbqt format.

Molecular docking between D7 protein and serotonin test ligand
The process of molecular docking of D7 protein with the

serotonin test ligand is carried out using AutoDock tools soft-
ware. The first step of this process is to place the structure file
of D7 protein in .pdbqt format and the structure file of the sero-
tonin ligand into the same folder. This folder also contains the
programs AutoGrid4 and AutoDock4 [23].

The D7 protein was first set up as the macromolecule, and
the serotonin ligand configuration was used to determine and
create the gridbox. The gridbox used is based on the result of
coordinate adjustments from the validation or re-docking process
between D7 protein and the native ligand l-norepinephrine. The
coordinate adjustments of the gridbox on protein D7 with the
test ligand serotonin are then saved in .gpf format in the same
folder. The next step is to run the AutoGrid4 program using
the Command Prompt (CMD). This program is executed based
on the coordinate settings of the gridbox that have been created.
The next step is to run the AutoDock4 program, which treats the
protein as rigid. The AutoDock4 program is run with the same
command based on the previous AutoGrid data [24].

Analysis and visualization of molecular docking results between D7
protein and serotonin test ligand

The analysis of the molecular docking results between D7
protein and the serotonin test ligand is shown from several pa-
rameters such as the Gibbs free energy value (∆G), types of
chemical bonds, and amino acid residues involved in the interac-
tions formed. The results of the Gibbs free energy values were
compared with the validation results of the re-docking of D7
protein with the native ligand l-norepinephrine. This comparison
was made to observe the differences in Gibbs free energy in the
formation of interactions between D7 protein and the test ligand.

Table 1. Properly formatted D7 protein sequence of Ae. aegypti

>sp|P18153|ALL2_AEDAE 37 kDa salivary gland allergen

Aed a 2 OS=Aedes aegypti OX=7159 GN=D7 PE=1 SV=2

MKEDTLAAVIFSVVASTGPFDPEEMLFTFTRCMEDNLLEDGPNRLPMLAKW

KEWINEPVDSPATQCGFKCVLVRTGLYDPVAQKFDASVIQEGFKAYPSLG

EKSKVEAYANAVQQLPSTNNDCAAVFKAYDPVHKAHKDTSKNLFHGNKEL

TKGLYEKLGKDIROKKQSYFEECENKYYPAGSDKRQQLCKIROYTVLDDA

LFKEHTDCVMKGIRYITKNNELDAEEVKRDEMQVNKDTKALEKVLNDCKS

KEPSNAGEKSWHYXKCLVSSVKDDEKEAFDYREVKSQIYAFNLPKKQVYS

KPAVQSQVMEIDGKQCPQ

The results of the molecular docking were then visualized to
observe the conformation of the bond between the 3D structure
and the two-dimensional structure of the protein and test ligand.

The visualization results can include information on amino acid
residues and the types of bonds formed. Visualization and analy-
sis of the interaction between D7 protein and the serotonin test
ligand were performed using BIOVIA discovery studio software
[25].

Results and Discussions
3D structure of D7 protein from Ae. aegypti salivary gland

The amino acid sequence data of the D7 protein from the Ae.
aegypti salivary gland was obtained from the UniProt database
with accession number P18153. The protein is identified by the
gene name D7 and is known as the salivary gland allergen Aed
a 2, with a molecular weight of 37 kDa. The D7 protein with
accession number P18153 is a monomeric protein with a long
chain domain that has binding affinity for a ligand. The protein is
composed of 321 amino acid residues, as shown in Table 1. The
3D structure of the D7 protein from Ae. aegypti was obtained us-
ing homology modeling techniques through the SWISS-MODEL
protein database. Construction of the 3D protein structure was
carried out using amino acid sequence data of the D7 protein
from the salivary glands of Ae. aegypti. Based on the homology
modeling process, the best model selected used the template with
PDB id 3dye.1. The information on the 3D structure model of
the protein is known as the D7 protein crystal structure of the
AeD7–norepinephrine complex.

The 3D structure of the D7 protein contains a norepinephrine
molecule which will then be used as a native ligand. The 3D
structure of the D7 protein shows two domains of the polypeptide
chain with different functions. The N-terminal domain can bind
cysteinyl leukotriene molecules, while the C-terminal domain
can bind biogenic amine molecules [10]. Visualization of the
3D structure model of protein D7 was carried out using the X-
ray crystallography method with a resolution of 1.75 Å. The 3D
structure model of a protein is said to have good quality if it shows
a resolution of < 2.5 Å from the results of X-ray crystallography
[20]. The 3D structure model of the D7 Ae. aegypti protein can
be seen in Figure 1.

Figure 1. 3D structure of D7 protein (STML ID: 3dye.1), A: domain terminal-N,

B: domain terminal-C, C: native LNR ligand binding site
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Assessment of the structural quality of the Ae. aegypti salivary
gland D7 protein model

Data from the results of homology modeling of D7 protein
were obtained from the UniProt website with the accession code
P18153. The sequence obtained was then copied to the SWISS-
MODEL website to build the model. The results of the model
build obtained the template PDB id 3dye.1. The results of ho-
mology modeling were obtained with crystallography results of
1.75 Å using the X-ray method. For crystallography, a smaller
value indicates better resolution [26]. Assessment of homology
modeling results is based on several parameters such as GMQE
value, QMEAN value, QMEANDisCo value, and sequence iden-
tity [27].

The GMQE (global model quality estimate) value parameter
is a value that describes the quality of the alignment between the
target and template. The range for the GMQE value means that
if it approaches one, it indicates a higher level of accuracy of
the protein model [28]. The value of GMQE is expressed with
a range of values between 0 and 1. The value of the D7 protein
model on the GMQE value parameter is 0.91, where the results
indicate that the accuracy of the model is good. Table S1 shows
the results of the model quality assessment on the D7 protein.

The QMEAN value is a composite score of a combined as-
sessment that can determine an estimate of the global absolute
quality (entire structure) and local (per amino acid residue) based
on a single model. The QMEAN score ranges from 0 to 1, where
a value of 1 means good [29]. This QMEAN value can be rep-
resented by the Z-score value. The Z-score value at the model
position (marked with a red asterisk) in the Z-value distribution.
This result is marked in Figure 2. The red asterisk indicates the
model’s Z-score is within the typical range for native proteins of
similar size, suggesting reasonable overall quality. Estimates of
the local quality of the model per amino acid residue can also
help in providing an explanation regarding the quality of the D7
protein to be used. This Z-score reflects the overall model quality
(QMEAN).

The sequence identity of the D7 protein model results has a
value of 95.70%. Sequence identity is a value that can indicate
the percentage of residues in the target protein sequence that are
identical to those in the template protein sequence [30]. The
value of the acceptable sequence identity starts at 30%, where the
higher value indicates the level of accuracy between the target
protein and the template protein.

The results based on the Ramachandran plot in Figure 3, the
protein has good structural quality if the amino acid residues are
mostly in the favored area rather than the outliers. Lighter shades
or white indicate residues with less favorable conformations. The
Φ sign is the phi dihedral angle and the Ψ sign is the psi dihedral
angle, where both represent the dihedral angles of the amino
acid residue backbone. The Ramachandran plot shows residues
primarily in the allowed regions. The results of the D7 protein
parameters in the Ramachandran plot show residues distributed
across the favored and allowed regions, indicating a good and

Figure 2. Model position (star) on Z Score of protein D7

stable structure. Protein D7 shown in Table 2 has a favored
area of 98.66% and an outlier area of 0.00%, which means the
structure of the model is very good. The plot uses contour lines
to indicate regions of probability density; 98.66% of residues
fall within the favored regions (darkest contours), and 0.00% are
in outlier regions Table 2, indicating very good stereochemical
quality.

Table 2. Ramachandran Plot Parameters of D7 protein

Parameter Model-1

MolProbity Score 0.65

Clash Score 0.41

Ramachandran Favoured 98.66%

Ramachandran Outliers 0.00%

Rotamer Outliers 0.00%

C-beta Deviations 0

Bad Bonds 0/2504

Bad Angles

A276 ASP, (A296 LEU-A297 PRO),

A163 ASP, A140 ASP, (A132 ASP-

A133 PRO), (A304 LYS-A205 PRO),

A264 HIS, A135 HIS, A207 HIS,

A138 HIS, A263 TRP

The MolProbity score of Model-1 is 0.65. The MolProbity
score is a combination of the log-weighted clash score, the per-
centage of unfavorable Ramachandran outliers, and the percent-
age of bad side chain rotamers. This score indicates a value that
is expected to describe the equivalent resolution of a compara-
ble experimental structure. A lower MolProbity score generally
indicates better quality. If the score is lower than typical for
structures at the template’s resolution (1.75 Å), then the model
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Figure 3. Ramachandran Plot of Aedes aegypti salivary gland D7 protein

quality is considered very good. The resolution of the template
crystallography is 1.75 Å.

3D structure of native ligand l-norepinephrine and test ligand
serotonin

The 3D structure model of D7 protein with template PDB
id 3dye.1 has a native ligand in the form of l-norepinephrine.
The l-norepinephrine molecule is a type of biogenic amine which
is a component of monoamine neurotransmitters [31]. The l-
norepinephrine molecule is a non-polymer molecule with a molec-
ular weight of 169.178 g/mol. L-norepinephrine has a structure
containing an aromatic ring and a carbon chain with the chemical
formula C8H11NO3. The structure of l-norepinephrine consists
of 23 atoms, each of which is connected by chemical bonds and
has one aromatic ring [32]. The use of native ligands is impor-
tant for the validation stage of the molecular docking method as
well as for determining the orientation of the binding site for test
ligands in the molecular docking process [33].

The test ligand used in this study was the serotonin molecule,
which is one of the biogenic amines in the human bloodstream.
Serotonin in the human body plays a role in the platelet aggrega-
tion process through the activation mechanism between platelet
cells [34]. The structure of serotonin can interact with functional
groups to form hydrogen bonds and can also participate in aro-
matic interactions [35]. Serotonin (also known as enteramine)
has the chemical formula C10H12N2O with a molecular weight
of 176.21 g/mol. Serotonin is composed of 25 atoms connected
by chemical bonds and has an indole ring system [36]. The differ-
ences in the 2D and 3D structures of the l-norepinephrine ligand
and the serotonin test ligand can be seen in Table 3.

Molecular docking validation method
Validation of the molecular docking method was carried out

through the re-docking technique using the native ligand and
D7 protein as the target protein in this study. Before validating

Figure 4. Visualization of the overlapping conformation between the native

ligand l-norepinephrine from crystallography (green) and the conformation of

the native ligand l-norepinephrine from re-docking (yellow).

the molecular docking method, it is necessary to prepare and
optimize the structure of the D7 protein by separating it from the
native ligand l-norepinephrine and removing water molecules,
which are non-standard residues. The separation of the native
ligand from the target protein structure aims to provide a binding
pocket for the test ligand and the target protein. The removal of
water molecules from the target protein structure is carried out so
that they do not become an obstacle during the molecular docking
process. This step is important so that in the molecular docking
process, only the ligand structure interacts with the target protein
[37].

The results of the molecular docking method validation pro-
cess can be seen from the RMSD value. The RMSD parameter
can show the results of the conformational alignment between the
native ligand pose resulting from the re-docking process and the
native ligand conformation from X-ray crystallography [21]. The
RMSD value is obtained by examining the overlap between the
conformation of the native ligand resulting from re-docking and
the native ligand in its original crystallographic conformation. A
smaller RMSD value indicates that the predicted binding pose
from re-docking closely matches the experimentally observed
binding pose. The validity of the RMSD value is indicated by a
value < 2 Å [38].

The RMSD value of the re-docking process between the
l-norepinephrine ligand and the D7 protein shows a value of
1.088 Å. These results indicate that the validation of the molecu-
lar docking method is accepted and the method can be used for
the molecular docking process between the D7 protein and the
serotonin ligand. The results of the alignment or overlapping
conformation between the crystallographic pose (green) and the
re-docked pose (yellow) of the native l-norepinephrine ligand can
be seen in Figure 4.

Molecular docking of protein D7 from Ae. aegypti and serotonin
test ligand

The molecular docking process is carried out using serotonin
ligands that have been prepared and optimized against the D7
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Table 3. Differences in 2D and 3D structure of native ligands and test ligands

Ligand 2D 3D

[l]Native ligand (l-norepinephrine)

[l]Test ligand (serotonin)

protein from Ae. aegypti. The grid box coordinates obtained
from the re-docking stage with the native ligand are then used
as the basis for the grid box for the molecular docking process
between the D7 protein and the serotonin ligand. This is done so
that the test ligand can bind to the active site of the target protein
[39]. In the molecular docking process, the structure of the D7
protein is kept rigid during the docking process. The structure of
the serotonin ligand is treated as flexible. This is done so that the
test ligand can interact and bind in the most stable conformation
within the active site of the amino acid residues of the target
protein [40].

Analysis and visualization of molecular docking results of Ae.
aegypti D7 protein with serotonin ligand

A ∆G value > 0 indicates that the binding reaction between
the target protein and the test ligand cannot occur spontaneously.
Conversely, if the ∆G value < 0, it indicates that the binding reac-
tion between the target protein and the test ligand occurs sponta-
neously (a reaction that favors product formation). A ∆G value =
0 indicates that the reaction is at equilibrium. The more negative
the ∆G value, the stronger the binding affinity between the target
protein and the ligand [41]. In addition, the negative value of
∆G indicates that the interaction between the target protein and
the ligand binding process is thermodynamically favorable. This
means that the binding between the ligand and the active site of
a target protein occurs in a stable condition and spontaneously
[42]. The results of molecular docking between protein D7 and

serotonin ligand show a ∆G value of -9.25 kcal/mol. These re-
sults indicate that protein D7 can bind to serotonin ligands in a
stable and spontaneous manner. This can be correlated with the
mechanism during the blood feeding process, where protein D7
from the salivary glands of Ae. aegypti can inhibit platelet aggre-
gation by binding biogenic amines, including serotonin, thereby
inhibiting serotonin’s role in platelet aggregation and disrupting
the host’s homeostasis reaction [5].

The D7 protein from Ae. aegypti has been studied for its
potential role in modulating host hemostasis, primarily through
its ability to bind biogenic amines and eicosanoids, thereby fa-
cilitating blood feeding. However, direct experimental evidence
demonstrating its specific function as an inhibitor of platelet
aggregation is limited. In contrast, studies on the D7 protein
from Aedes albopictus, a related mosquito species, have provided
functional evidence of its role in inhibiting platelet aggregation.
For instance, AlboD7L1, a long-form D7 protein from Aedes
albopictus, has been shown to bind various ligands and inhibit
platelet aggregation in ex vivo experiments [10].

Visualization of molecular docking results was carried out
to determine the binding interaction mode between protein D7
and serotonin ligand. The target protein can bind to the test
ligand through several amino acid residues [20]. The interaction
between the target protein and the test ligand is indicated by the
formation of several types of chemical bonds, such as hydrogen
bonds, hydrophobic interactions, electrostatic interactions, and
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Figure 5. Visualization of the interaction of amino acid residues of D7 protein

with serotonin ligand.

Van der Waals bonds [43]. The results of molecular docking
visualization between protein D7 and serotonin ligand can be
seen in Figure 5.

Table 4. Amino acid residue D7 protein that binds to the serotonin ligand

Amino acid residue D7 protein Serotonin ligand atom Chemical bond

Glutamic Acid 158 (GLU 158)

H (Hydrogen)
Conventional

hydrogen bond

Tyrosine 178 (TYR 178)

Tyrosine 248 (TYR 248)

Aspartic Acid 265 (ASP 265)

Glutamic Acid 268 (GLU 268)

Arginine 176 (ARG 176) C (Carbon)
Carbon hydrogen

bond

Isoleucine 175 (ILE 175) C-H (Carbon Hydrogen) π-sigma bond

Tyrosine 178 (TYR 178) Pi-Orbitals π-π T-shaped bond

Arginine 176 (ARG 176) Pi-Orbitals π-Alkyl bond

Table 4 shows the various types of chemical bonds formed
between amino acid residues of the D7 protein that interact with
atoms on the serotonin ligand. The chemical bonds formed are
interactions that occur at the active site of the D7 protein binding
to the serotonin test ligand. Amino acid residues on the active site
of the D7 protein that bind and interact with the serotonin ligand
include GLU 158, ILE 175, ARG 176, TYR 178, TYR 248, ASP
265, and GLU 268. The chemical bonds formed in the interaction
between the D7 protein and the serotonin ligand include conven-
tional hydrogen bonds, carbon-hydrogen bonds, π-sigma bonds,
π-π T-shaped bonds, and π-alkyl bonds. Conventional hydrogen

bonds are formed involving several amino acid residues: GLU
158, TYR 178, TYR 248, ASP 265, and GLU 268. The carbon-
hydrogen bond formed involves one amino acid residue, namely
ARG 176. The π-sigma bond formed only involves one amino
acid residue, namely ILE 175. The π-π T-shaped bond formed
also involves one amino acid residue, namely TYR 178. The
π-alkyl bond also involves one amino acid residue, namely ARG
176.

Hydrogen bonds are formed between hydrogen atoms and
electronegative atoms. This hydrogen bond formation is related
to binding energy (∆G). The formation of hydrogen bonds can
release energy due to covalent interactions, resulting in a negative
change in enthalpy (∆H). A negative change in enthalpy can
occur when a protein and ligand bind. This result can lead to a
negative ∆G value, meaning the binding occurs spontaneously or
is stable [44]. The interaction between the serotonin ligand and
protein D7 involved in hydrogen bonding consists of conventional
hydrogen bonds. In conventional hydrogen bonds, hydrogen is
shared between electronegative atoms acting as donors (e.g., O-H,
N-H on the ligand or protein) and acceptors (e.g., O, N on the
protein or ligand) [45].

Hydrogen bonds significantly influence the stability of the
D7 protein-ligand complex because both the protein and ligand
contain potential hydrogen bond donors (like N-H and O-H)
and acceptors. These structures act as donors or acceptors in
hydrogen bonds. The next type is the π-sigma bond, which is
an interaction involving the π-system of an aromatic ring and a
sigma bond (like C-H) [46]. The π-sigma bond occurs between
the amino acid ILE 175 and the ligand. The next bond is a π-π
T-shaped bond, which is an electron interaction between two
aromatic groups but in a T shape [47]. In this geometry, the edge
of one aromatic ring points towards the face of the other aromatic
ring. The last interaction is a type of π-alkyl bond, which is an
interaction between electrons from the aromatic group and the
electron group from the alkyl group [47].

Conclusions
The molecular docking results show that there is an interac-

tion between the D7 protein from the salivary gland of Ae. aegypti
(accession number P18153) and the serotonin test ligand (acces-
sion number 5202). The interaction between the D7 protein and
the serotonin test ligand shows stability and spontaneity based on
the ∆G value of -9.25 kcal/mol. Based on the ∆G parameter, this
indicates that the D7 protein and the serotonin ligand can bind
spontaneously and stably. The amino acid residues of protein D7
that interact with the serotonin ligand atoms include GLU 158,
ILE 175, ARG 176, TYR 178, TYR 248, ASP 265, and GLU
268. Thus, the D7 protein from the salivary gland of Ae. aegypti
has potential as a new agent for platelet aggregation inhibition
for drug discovery and development in the fields of health and
pharmacy.

Supplementary
Table S1: D7 protein model quality assessment parameters.
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