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Abstract. The Aedes aegypti mosquito has been known as the primary vector
in the transmission of Dengue Hemorrhagic Fever (DHF). D7 protein has been
reported as a protein expressed in the salivary glands of mosquito vectors that can
increase the transmission of the pathogen because of its ability to immunosuppress
the host immune response (immunogenic). This study aimed to perform an in-silico
analysis of the antigenicity and immunogenicity of D7 protein from the salivary
glands of the Aedes aegypti vector. The results showed that the D7 Ae. aegypti
(accession number: P18153 (UNIPROT)) could be recognized as an antigenic and
immunogenic protein by finding its predicted protein epitopes on B cell as well as T
cell. The YYKCLVESS peptide was identified as a suitable candidate as a linear B
cell epitope. The peptides KGLYEKLGKDI and KNQAY SKPAVMEIDGKQCPQ
were identified as epitopes of conformational B cells. The LYDPVAQKEF peptide
has a high affinity; thus, it was identified as a T cell potential epitope. The identified
epitope could be further evaluated at in vivo study to be developed as a potential
transmission-blocking vaccine candidate for DHF.
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1 Introduction

Dengue Hemorrhagic Fever (DHF) is an infectious diseases caused by Dengue Virus
(DENV) that can be transmitted rapidly by mosquitoes throughout the tropic’s region and
some parts of the subtropic regions. Increasing of DHF cases in endemic areas occur in
a short period, even causing “Kejadian Luar Biasa” (KLB, extraordinary cases) in some
parts of the world, including Indonesia [1]. DENV is an RNA virus belonging to the
genus Flavivirus, family Flaviviridae. This virus has four serotypes, including DENV-1,
DENV-2, DENV-3, and DENV-4 [2]. Genus Aedes (Ae.) is an important mosquito vector
in transmitting DENV to the human body. Ae. aegypti has been known as the primary
vector, and Ae. albopictus as a secondary vector [3].
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Transmission of DENV by Aedes mosquitoes into the human body occurs in the
process of blood-feeding through salivary glands [4]. Mosquito saliva contains protein
substances that can modulate human immune response and activate anticoagulation,
anti-inflammatory, and vasodilating properties that make it easier for the blood-feeding
process [5]. Furthermore, the protein complexes in the saliva are known to have the
ability to induce cellular immunity and the production of specific antibodies [6].

The 31 kDa protein from the salivary gland of Ae. aegypti has been reported to
constitute protein D7 as the main component [7]. D7 protein is a protein expressed
in Diptera blood-feeding salivary glands. D7 protein in Aedes mosquitoes belongs to
odorant-binding proteins (OBP) family [8]. This protein is able to inhibit the activity
of biogenic amines such as serotonin, histamine, and leukotrienes which play a role in
the vasoconstriction process. and inflammatory response [9]. In addition, protein D7
can elicit an adaptive immune response that triggers the production of antibodies against
salivary components [10]. This indicates the properties of D7 protein to have antigenicity
and immunogenicity activities. Antigenicity is the ability of the antigen to be recognized
by antibodies, whereas immunogenicity is the ability of the antigen to induce cellular as
well as humoral immune responses [11]. However, the antigenicity and immunogenicity
active sites of the D7 salivary gland protein from Ae. aegypti have not yet been identified
so far. This research wanted to analyze the antigenicity and immunogenicity of the D7
protein from the salivary gland of Ae. aegypti by using in silico approach.

2 Materials and Methods

2.1 Time and Location

This research was conducted from April to June 2021 at the Biotechnology Laboratory,
Department of Biology - Faculty of Mathematics & Natural Sciences, The University
of Jember - Indonesia.

2.2 Material of Research

The material used in this research was amino acids sequences of D7 protein from Ae.
aegypti with Accession No. P18153 from UNIPROT (https://www.uniprot.org/). We also
used this protein’s 3D structure to predict the conformational B-Cell epitope from this
website.

2.3 Methods
2.3.1 Prediction of B-cell Epitopes

Prediction of linear B cell epitope from D7 protein sequence was conducted using ana-
lytical methods from the following website http://tools.iedb.org/main/. This analysis was
based on the methods available in Kolaskar and Tongaonkar [12]. From the 3D structure
of D7 protein (GDP ID: 3DXL; PDB Chain ID: A), conformational B cell epitope has
been predicted by DiscoTope 1.1 method [13], which was available on the page http://
tools.iedb.org/discotope/.
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2.3.2 Prediction of T-Cell Epitopes

T cell epitope prediction was performed using MHC I and MHC II analysis, which can be
accessed via http://www.iedb.org/. T cell epitope MHC I-based prediction was carried
out using NetMHCpan EL 4.1 [14]. The following specific alleles with a range size
of 9-m were used i.e. HLA-A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*11:01,
HLA-A*23:01, HLA-A*24:02, HLA- B*07:02, HLA-B*08:01, HLA-B*35:01, HLA-
B*40:01, HLA-B*44:02, and HLA-B*44:03 [15].

2.4 Data Analysis

Data analysis is carried out based on results from antigenicity and immunogenicity
analysis from B cell and T cell epitope prediction, resulting in a table and/or graphic.
The high linear B cell epitope value prediction was shown by residue scores above the
threshold specified by the server, which is 1.029. The potential amino acids sequences
for B cell epitope conformation were sequences with predicted epitope scores above
the threshold specified by DiscoTope i.e., -7.7. Method NetMHCpan 4.1 was used to
predict the binding affinity of the peptide with HLA-I on MHC I T cell epitope. Selected
peptides were sorted based on a low percentile rank (<2%) and a high sequence iden-
tity score (>90%), meaning they had a high and good affinity to the HLA-I molecule
[14, 15].

3 Results and Discussion

3.1 Prediction of B-Cell Epitopes

Prediction of linear B cell epitope with Kolaskar and Tongaonkar method used the default
of window size 7 and the threshold of 1.029. This analysis showed in Fig. 1. 12 peptides
were predicted to have high antigenicity, as shown in Table 1. Those predicted peptides
had amino acids residues that were higher than the threshold. The higher score of amino
acid residues compared to the threshold meant a higher probability of its acting as epitope
candidate [9].

This research used the prediction of conformational B cell epitope with DiscoTope
approach by using the default threshold of -7.7 for epitope identification. The predicted
results of the conformational B cell epitope can be seen in Fig. 2.

Using DiscoTope approach, 102 amino acid residues have been identified as part
of the epitope region. This B-cell epitope region is displayed in Fig. 3 as 3D structure
marked with yellow. Previous studies showed that conformational B cell epitope should
be consisted of about 10-22 residues [16]. Therefore, in this research, the following
peptides could be considered as candidates for conformational B cell epitopes, includ-
ing KGLYEKLGKDI peptides at position 154-164 with 11-m length as well as the
PKKQVYSKPAVQSQYV peptides at position 297-311 with 15-m long.
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Fig. 1. Antigenicity analysis result.

DiscoTope Prediction
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Fig. 2. Prediction of B cell conformational epitope.

Based on the prediction of linear B cell epitope (antigenicity analysis) and confor-
mation, there was an overlapping of the KKQVYSKPAVQSQV peptide at positions
298-311, indicating that these peptides could be the best candidate for B cell epitope.
This linear B cell epitope is predicted as the most antigenic part of a protein. It has been
widely observed that the antigenicity properties of an antigen are shown by its ability to
be recognized by antibodies [11].

Amino acids residues identified as epitopes using the conformational method are
known to have immunogenicity or the ability to increase cellular immune response and
trigger specific antibody production [6]. The B cell epitope is a molecule in antigens
capable of interacting with specific antibodies produced by the immune response. Anti-
bodies in host immune response have function to bind specifically to the target antigen
and activate other cell components from cellular as well as the humoral immune system
of the host [17].
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Table 1. Prediction of peptides with its potential amino acids

No Start End Peptide Length
1 4 19 PLLLAIVTTFSVVAST 16
2 61 77 DSPATQCFGKCVLVRTG 17
3 79 85 YDPVAQK 7
4 87 93 DASVIQE 7
5 107 117 VEAYANAVQQL 11
6 124 137 CAAVFKAYDPVHKA 14
7 188 202 QQLCKIRQYTVLDDA 15
8 208 213 TDCVMK 6
9 243 249 LEKVLND

10 265 273 YYKCLVESS 9

11 289 295 SQIYAFN

12 298 311 KKQVYSKPAVQSQV 14

Positive prediction

Model Structure

Negative prediction

Fig. 3. 3D structure with epitope prediction
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Table 2. Prediction of T-cell epitopes

Allel Start |End | Length | Peptide Score Percentile Rank
HLA-A*24:02 78 86 LYDPVAQKF | 0.987085 |0.01
HLA-A*23:01 78 86 LYDPVAQKF | 0.984488 |0.01
HLA-A*03:01 77 85 GLYDPVAQK |0.982311 |0.01
HLA-A*03:01 96 104 KAYPSLGEK |0.937474 |0.02
HLA-A*11:01 |197 205 TVLDDALFK | 0.91721 0.02
HLA-B*44:02 | 102 110 GEKSKVEAY |0.916324 |0.02
HLA-A*24:02 | 109 117 AYANAVQQL |0.902793 |0.02

O | O|O|\©O | O |0v O

3.2 Prediction of T-Cell Epitopes

Prediction of T-cell epitope based on its ability to bind MHC I with NetMHCpan EL
4.1 method could determine the ability of each protein sequence to bind certain MHC 1
molecules [14]. T cell epitope prediction results using NetMHCpan EL 4.1 method can
be seen in Table 2. There were 7 peptides with high affinity to bind HLA 1 with a score
of more than 90% and percentile rank of less than 2% [14], [15]. Results of antigenicity
analysis and T cell epitope prediction showed that peptide YDPVAQXK at positions 79—
85 and peptide AYANAVQQL at position 109-117 were a potential candidate for T cell
epitope. Particularly, YDPVAQK had higher score with lower percentile rank compared
to AYANAVQQL, thus YDPVAQK peptide was very likely to be the best candidate for
T cell epitope especially for further development design vaccine design. This was also
strengthened by its ability to bind with the 3 most common HLA alleles found in the
world i.e., HLA-A*24:02, HLA-A*23:01, and HLA-A*03:01.

This ability to bind HLA (MHC) is an important property for predicting T-cell
epitope. HLA binding allows APC-antigens to involve T cells via T cell receptors to
stimulate proinflammatory response. The high affinity of specific peptides to MHC
molecules is the most critical determinant for protein immunogenicity. This is essential
in designing vaccines as those immunogenic antigens will stimulate T-cells and antibody
responses [18].

This in silico study showed that D7 protein from the salivary gland of Ae.
aegypti (Accession No.: P18153) was an antigenic and immunogenic protein because
B-cell and T-cell epitopes were predicted on these proteins. Peptide sequences of
KQVYSKPAVQSQV and YDPVAQK were identified as the best candidates for B cell
epitope and T cell epitope, respectively.
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