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Dengue is a mosquito-borne viral disease of which incidence has rapidly increased in
the last few years. Despite the recent development of a licensed dengue vaccine, safer
and more efficacious dengue vaccine still needs to be developed. Dengue virus has
four antigenically and genetically distinct serotypes. Ancestral sequence reconstruction
(ASR) and consensus sequence (CS) might be able to overcome antigenic distinction
between those four serotypes. Envelope (E) protein is responsible for a wide range
of dengue virus biological activities. Domain lll of the E protein (EDIII) plays a role in
receptor binding for viral entry and inducing protective immunity against the dengue
virus. We utilised bioinformatics software to computationally design ancestral and
consensus sequences of Asian dengue E protein. E protein sequences of 987 DENV
strains and 5 outgroups were retrieved from GenBank. We constructed ancestral and
consensus sequences for each serotype. For ASR, ancestral sequences were gradually
designed to construct ancestral sequence for all serotypes using MEGA X. For CS, all
four consensus sequences were directly used to construct consensus sequence for all
serotypes using UGENE 1.32. Phylogenetic tree consisting existing dengue sequences
as well as ancestral and consensus sequences were visualised using FigTree 1.4.4. All
ancestral and consensus sequences were analysed for conserved motifs, especially
in domain Il region. ASR sequences were closer to the centre of phylogenetic tree
branches while consensus sequences were located among natural isolates. Further
CD4 T cell immunogenicity prediction on domain Ill (EDIIl) showed that both ASR
and consensus EDIII have the two-highest combined immunogenicity scores. These
sequences are potential for further in vitro and in vivo studies as dengue vaccine
candidate.
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Dengue is a wide-spread disease caused by the dengue virus (DENV), a member of
the Flaviviridae family [1]. The virus infects human, transmitted by Aedes aegypti and
Aedes albopictus mosquitoes as the vector [2]. Dengue virus (DENV) comprises four
different stereotypes: DENV1, DENV2, DENV3, and DENV4. All of them are in circulation
in Indonesia urban areas [3 - 4]. In 2004-2010 Indonesia became the second rank
country with highest dengue prevalence after Brazil; furthermore, the number kept on
increasing until it reached 129,650 cases in 2015 [5 - 6]. Due to the lack of available
anti-DENV drug [7], prevention is considered as the best management strategy.

Up until now, Food and Drug Administration (FDA) has only approved one vaccine
against dengue fever, Dengvaxia. Although it reduces the rates of getting severe
virologically confirmed dengue (VCD) among seropositive patients, it produces the
opposite effect for those who have not been infected before [8 - 9]. It might be caused
by Antibody-Dependent Enhancement (ADE) mechanism of the virus, which eventually
increases its infectivity [10 - 11]. Such condition resulted in a controversy in Philippine,
where many parents blamed the nation-wide dengue vaccination for their children's
death [9, 12]. Even though those accusations have not been scientifically-confirmed, the
limited utilization of the vaccine itself shows the need for better alternatives. According
to McArthur et al. [13], there are several main factors that need to be assessed in
developing dengue vaccine, including the viral immunology and epidemiology.

DENV is composed of a single-stranded RNA genome packed inside a core protein
surrounded by scaffolds and packed by a lipid envelope. The genome encodes a
polyprotein which later cleaves into three structural proteins: pre-membrane/membrane
(prM/M), envelope (E), and capsid (C) alongside with two other structural (pRM and
C protein) and seven nonstructural (NS) proteins [14 - 15]. Envelope (E) protein is an
antigenic protein that has been extensively studied. E protein is responsible for a wide
range of dengue virus biological activities.

E protein is composed of three domains (domain I, I, and Il). Domain Ill of the E protein
(EDIN) plays a role in receptor binding for viral entry and inducing protective immunity
against the virus [1]. Domain Il is able to trigger receptor binding that will lead to the virus
entry and replication of virus in the host[14]. EDIII-specific antibodies can give protection
to DENV infection and considered as protection correlated for anti-DENV vaccines [16 -
17]. Depending on the specificity, concentration and affinity of antibodies targeting the E

protein, the antibodies may block virus infection or promote enhancement of infection
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via cell entry mediated by Fc-y receptors [18 - 19]. EDIIl domain is also used to develop
recombinant protein vaccines [1].

Due to the co-circulation of all four DENV serotypes in Indonesia, a vaccine capable
to induce immunity against all serotypes is highly needed. One consideration in dengue
vaccine is antibody-dependent enhancement. The vaccine needs to induce strong
immunity against all four serotypes. The presence of low affinity suboptimal neutralising
antibodies against heterotypic DENV can cause ADE, which is enhanced viral uptake

and replication in macrophages and monocytes [20].

Ancestral and consensus sequences can be designed to minimise the genetic differ-
ences between vaccine strains and naturally-occurring strains [21]. Ancestral sequence
is computationally derived to represent the most recent common ancestor of a pool of
viruses [22]. It maximises the likelihood that selected amino acid represents universally
shared evolutionary forces. As for the consensus sequence, it incorporates the most
common amino acid at each position [21]. Construction of ancestral and consensus
sequences as vaccine candidate has been utilised for other highly divergent viruses,
such as hepatitis C virus HCV [21], avian influenza H5N1 [22 - 23], and HIV [24].
Considering these, we have utilised available bioinformatics software to design ancestral

and consensus E protein of DENV.

2.1. Sequence collection

We retrieved 987 E protein sequences of DENV and 5 of Japanese Encephalitis Virus
(JEV) from National Centre for Biotechnology Information (NCBI). All viruses were iso-
lated from human patients in Asia. In order to avoid certain country representation, only
10 isolates were retrieved from each country every year. The number of isolates per

sampling location and time were shown in Table 1 and 2, respectively.

2.2. Initial phylogenetic tree construction

Multiple Sequence Alignment (MSA) of the initial sequences was done by using MUSCLE
[25], followed by phylogenetic tree construction by using Maximume-Likelihood (ML)
algorithm with 250 bootstrapping in MEGA X [26].
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TABLE 1: Number of isolates based on the sampling location.

Bangladesh

Cambodia

East Timor

Indonesia

Laos

Myanmar

Philippines 2 il 5 1
Sri Lanka

Thailand

Total

TABLE 2: Number of isolates based on the sampling period.

Year DENV1 DENV2 DENV3 DENV4
msewes 2 043
1967 - 1976

Ev T - I
1987 - 1996

10572006 - - - -
2007 - 2017

2.3. Ancestral and consensus sequence reconstruction

The ancestral sequence of the virus was constructed by using ML algorithm based on the
generated phylogenetic tree in MEGA X. On the other hand, MSAs were done for each

serotype by using MUSCLE, followed by strict serotype-based consensus sequence
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reconstruction by using UniPro UGENE 1.32 [27] with 50% threshold. The final consensus
sequence was inferred from the consensus of the four serotypes by using the same

parameter.

2.4. Sequence analysis

Multiple Sequence Alignment (MSA) of the initial, ancestral, and consensus sequences
was done by using MUSCLE, followed by phylogenetic tree construction by using ML
algorithm with 250 bootstrapping in MEGA X. The tree was then visualized by using
FigTree 1.4.4 [28].

Analysis of EDIII of ancestral and consensus sequences were conducted by MSA
in ClustalW. Next, CD4 T cell immunogenicity predictions on EDIIl of ancestral and
consensus sequences were done by using IEDB T Cell Epitope Prediction Tools [29 -

30], which was available at http://tools.iedb.org/CD4episcore/.

3.1. Sequence collection

In this study, we retrieved 987 sequences of DENV E protein comprised of four
serotypes: DENV1 (324), DENV2 (365), DENV3 (233), and DENV4 (65). All of the
sequences came from Asia with isolation time ranged from 1956 to 2017. In addition,
we also retrieved five E protein of JEV to be used as an outgroup in the phylogenetic

tree construction.

3.2. Phylogenetic position of constructed sequences

Initial phylogenetic tree showed that DENV is well-clustered between serotypes (Figure
1). DENV1 had the closest relationship with DENV3, followed by DENV2 and DENV4,
respectively. It was also observable that the branching within-serotype was very shallow,
whereas the ones between-serotypes were deep. This might infer that each DENV
serotype had majorly evolved since their divergences. Incorporation of ancestral and
consensus sequences also supported this structure (Figure 2).

Based on the Figure, the ASR sequences were located near to the divergence tips
of each serotype [31 - 32], while the consensus sequences were found among natural

isolates. This result was similar to the previous studies [33 - 34]. Specifically, it might
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correlate with the consensus threshold and genetic evolution of each serotype. As
mentioned before, the short within-serotype branching might infer low genetic diversity
of E protein between DENV isolates with the same serotype. In comparison, highly
divergent viruses would have longer branches, indicating a greater genetic distance
between isolates [22 - 24]. However, as we set the threshold to be 50% with a strict
algorithm, this produced gaps that might reduce the representation for all isolates [35].
Nevertheless, both Figures showed that the E protein of DENV had clear clustering
between serotypes, where ancestral and consensus sequences summarized the genetic

variation between the isolates.

Denvi

Outgroup

Figure 1: Initial phylogenetic tree of DENV based on E protein. Coloring was based on serotypes: red
(DENV1), yellow (DENV2), green (DENV3), blue (DENV4), black (JEV; outgroup).
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Figure 2: Phylogenetic tree of DENV based on E protein. Coloring was based on serotypes: red (DENV1),
yellow (DENV2), green (DENV3), blue (DENV4), black (JEV; outgroup), pink (ancestral and consensus
sequences).

3.3. Analysis of EDIII in constructed sequences

EDIIl of ASR and consensus sequences are 103-amino acids long, with conserved N-
terminal of KGMSY and C-terminal of KGSS. All sequences contain cysteine residue
in positions of 8 and 39 [1]. CD4 T cell immunogenicity prediction on EDIIl (Table 3)
showed that both ASR and consensus sequences for all 4 serotypes had the two-
highest combined immunogenicity scores. ASR and consensus sequences for DENV1
and for DENV2 were also the ten peptides with highest combined immunogenicity.
Sequences have conserved linear B cell neutralising epitope 16KEVAETQHGT25.
Substitution in 18V and 19A residues are putative antigenically silent [36 -37]. ETQH is

also an epitope recognised by 2H12, cross-reactive antibody capable to neutralise all
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TABLE 3: Peptides with the ten highest combined immunogenicity score.

Sequence Peptide Score

Consensus -- All RLITANPIVTNKESP 49,67564
ASR -- All RDVNKKKVVGRLITV 49,48832
Consensus -- All RDVNKKKVNGRLITA 49,07948
ASR -- DENV 1 RLITANPIVTDKEKP 49,05320
ASR --DENV 1& 3 RLITANPIVTDKEKP 49,05320
Consensus -- DENV 1 RLITANPIVTDKEKP 49,05320
Consensus -- DENV 2 KGMSYSMCTGKFKVV 48,97028
ASR -- DENV 2 MDLEKRHVLGRLITV 48,20512
Cons -- DENV 2 MDLEKRHVLGRLITV 48,20512
ASR -- DENV 2 RLITVNPIVTEKDSP 48,14608

four DENV serotypes [38]. These sequences are potential for further in vitro and in vivo

studies as dengue vaccine candidate.

Construction of ancestral and consensus sequences has been utilised to design
vaccine for other highly divergent viruses. Burke et al. [21] compared the capacity of
ancestral, consensus, and natural strains of HCV to expand CD8 T cell populations
in vitro. Ancestral sequence expanded CD8+ T cells into broader and more robust
recognition towards highly diverse circulating HCV strains. On the contrary in HIV
vaccine design, Kothe et al. [24] observed that while pseudovirions containing ancestral
and consensus HIV envelope proteins induced comparable immune responses, the

consensus was significantly more infectious than the ancestral.

We have designed ancestral and consensus sequence of DENV EDIIl. However, ances-
tral and consensus sequences reconstruction techniques are highly dependent on
several aspects, including the number of sequences, software, and parameters that
were used. Nevertheless, the results of this study warrant further in vitro and in vivo
studies to analyse immunogenic properties of these computationally designed dengue

vaccine candidate.

The authors declare no conflict of interest.
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