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Abstract

Influenza is an extremely contagious respiratory illness that remains a significant public health issue because of its swift antigenic
drift and shift, resulting in the appearance of new strains. Seasonal vaccines necessitate regular updates and frequently exhibit
lower effectiveness, emphasizing the demand for universal and more potent vaccine options. This research utilized computational
methods to evaluate the Hemagglutinin (HA) Chain A protein of the influenza virus as a possible vaccine target, due to its essential
function in viral attachment, membrane fusion, and immune recognition. The HA protein sequence was sourced from the NCBI
database and examined using ProtParam to assess physicochemical attributes, PSIPRED for predicting secondary structures,
and DiANNA for evaluating disulfide bonds. VaxiJen was utilized to assess antigenicity, and AllerTOP was employed to confirm
non-allergenic potential. 3D structural modeling with high confidence was conducted using trROSETTA to confirm structural
integrity and find possible epitopic areas. Findings suggested that the HA protein has advantageous stability characteristics, an
elevated antigenicity score, and is expected to be non-allergenic, exhibiting a strong tertiary structure reinforced by disulfide
bonds. The trROSETTA model reached a TM-score of 0.908, validating precise folding and epitope availability. These results
illustrate the promise of HA Chain A as a viable vaccine candidate and highlight the importance of combined in silico analyses
for speeding up vaccine development. This computational pipeline provides a systematic approach for the logical creation of
next-generation influenza vaccines, facilitating experimental validation and subsequent clinical application.
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Universal Influenza Vaccine

1. Introduction

Influenza is a highly contagious respiratory disease that can
infect humans and is caused by a variety of RNA influenza
viruses. Influenza-related complications can resultin serious
morbidity and death [1]. Up to 500,000 people worldwide
lose their lives to influenza-related complications each year.
According to the Center for Disease Control and Prevention
(CDC), among Americans, seasonal influenza infection has
caused between 9.3 and 45 million infections, 140,000 and
810,000 hospitalizations, and 12,000 and 61,000 fatalities
every year since 2010 [2]. For high-risk people or groups,
influenza infection complications can be serious or even fatal
[3]. Fever, chills, headache, weakness, red eyes, sore throat,
dry cough, and nasal discharge are all signs of influenza
[4]. Influenza viruses frequently change their antigens,
which leads to rapid evolution. The processes by which
the virus mutates and produces new strains are referred
to as antigenic drift and shift [5]. The HA (Hemagglutinin),
NA (Nucleoprotein), and M2(Matrix protein) are found
within the outer envelope of the viral particle, with HA and
NA being prominently displayed, making them significant

immunogenic proteins. During the infection process, HA is
crucial for viral entry, including the stages of attachment
and penetration. HA serves as the primary antigenic
glycoprotein on the surface of the influenza virus, capable of
triggering neutralizing antibody responses in the host [6-9].
NA plays a role in severing the terminal sialic acid residues
on cell surfaces, thereby assisting in the release of progeny
virions from infected cells and is key in the dissemination
of influenza viruses [10]. Influenza viruses are categorized
into 18 hemagglutinin (HA) subtypes (H1-H18) and 11
neuraminidase (NA) subtypes (N1-N11), due to the antigenic
variability of HA and NA [11-13].

Hemagglutinin is the primary protein found on the surface
of the influenza virus and plays a crucial role in the
viral entry process through its binding to receptors and
facilitating membrane fusion [14]. As the main antigenic
protein, HA demonstrates the highest levels of adaptive
evolution compared to other influenza proteins [15].
Despite significant sequence diversity among the various
subtypes, the HA protein retains essential components
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such as the cleavage site, secretory signal, fusion domain,
transmembrane domain, and cytoplasmic tail, along with
common structural motifs [16]. Vaccination continues to
be the most effective method for preventing influenza and
its associated complications. Seasonal vaccines are updated
each year to align with circulating strains and demonstrate
an effectiveness of 40-60%; however, they often do not reach
the WHO target of 75% coverage, largely due to vaccine
hesitancy, restricted access to healthcare, and spreading
misinformation. The two primary types of vaccines are live
attenuated influenzavaccines (LAIV), which are administered
as nasal sprays to healthy adults aged 2 to 49, and inactivated
influenza vaccines (IIV), which are advised for most age
groups, including those at higher risk [17,18]. Emerging
alternatives such as recombinant hemagglutinin (Flublok)
and cell-based vaccines enhance effectiveness by eliminating
egg-adapted mutations. Antiviral medications encompass
neuraminidase inhibitors (oseltamivir, zanamivir) and cap-
dependent endonuclease inhibitors (baloxavir marboxil),
which yield the best results when given promptly [19].
The growing issue of antiviral resistance and inconsistent
vaccine efficacy caused by antigenic drift highlight the

necessity for universal vaccines and advanced therapeutic
options [20,21]. In this research, the Hemagglutinin protein
(Chain A) of the influenza virus was chosen as the target
for vaccine development because of its essential function
in viral entry and immune detection. The FASTA sequence
underwent analysis through various computational tools,
such as ProtParam for physicochemical properties, PSIPRED
for predicting secondary structure, DIANNA for analyzing
disulfide bonds, VaxiJen for predicting antigenicity, AllerTOP
for assessing allergenicity, and trROSETTA for structural
modeling. These analyses facilitated the assessment of
various parameters to determine if this protein might act as
a potential vaccine candidate, establishing a solid basis for
additional in silico vaccine development.

2. Methodology

For the development of a possible vaccine against influenza,
the Hemagglutinin Chain A protein was chosen as the target
because of its essential function in viral entry and immune
detection. The approach included a sequential computational
examination (Fig.1), as outlined below:

Acquisition of Physicochemical Prediction of
Desired Protein  [»| Assessment Utilizing Secondary Structure
Sequence ProtParam with PSIPRED

v
Prediction of Prediction of
Antigenicity with < Disulfide Bonds via
VaxiJen DiANNA
Evaluation of Structural Modeling
Allergenicity with > | with trROSETTA
AllerTOP

Figure 1: Workflow of Vaccine Design

2.1. Acquisition of Desired Protein Sequence

The FASTA sequence for Hemagglutinin Chain A was obtained
from the NCBI protein database [22]. Its accession ID and
locus details were noted to guarantee precise identification.
This sequence acted as the basis for all later computational
analyses.

2.2. Physicochemical Assessment Utilizing ProtParam

The obtained sequence was analyzed using ProtParam to
determine physicochemical properties including molecular
weight, theoretical isoelectric point (pl), amino acid
composition, instability index, aliphatic index, and GRAVY.
These parameters assist in assessing the stability, solubility,

and appropriateness of the protein as a potential vaccine
candidate [23].

2.3. Prediction of Secondary Structure with PSIPRED
The sequence was examined with PSIPRED a dependable
tool for forecasting secondary structural components such as
alpha-helices, beta-sheets, and coils [24]. This phase offered
understanding of the structural arrangement and possible
antigenic areas.

2.4. Prediction of Disulfide Bonds Via DIANNA
The protein sequence was sent to DiANNA, utilizing neural
networks and SVM-based algorithms to forecast cysteine
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connectivity and the creation of disulfide bonds. The
existence of disulfide bonds signifies the stability of tertiary
structure, an essential factor for vaccine development [25].

2.5. Prediction of Antigenicity with VaxiJen

The antigenic capacity of Hemagglutinin Chain A was
assessed using VaxiJen v2.0, applying a threshold of 0.4 for
viral proteins. A score exceeding this threshold indicates that
the protein may function as a likely vaccine candidate [26].

2.6. Evaluation of Allergenicity with AllerTOP

To ensure safety, the protein was evaluated for allergenicity
through AllerTOP v2.0, which forecasts if a protein is
an allergen or non-allergen based on sequence-derived
descriptors. Only proteins that do not cause allergies were
taken into account for the creation of the vaccine [27].

2.7. Structural Modeling with TROSETTA

Ultimately, TROSETTA was utilized to forecast the 3D
tertiary structure of Hemagglutinin Chain A. This modeling
confirmed the predictions of secondary and disulfide
bonds and allowed for the identification of epitopic regions
appropriate for vaccine targeting [28].

3. Result

3.1. Retrieval of Target Protein Sequence

The desired protein Hemagglutinin Chain A, was obtained
from the NCBI database in FASTA format. Its accession ID
and locus details (Table-1) were documented to guarantee
accurate identification. This sequence acted as the core data
for all later computational evaluations in the vaccine design
process.

Protein

Accesion ID

Locus PDB

Chain A, Hemagglutinin

8TP2_A

8TP2_A 8TP2

Table 1: Desired Protein Details from Ncbi

3.2. FASTA Sequence-

MAIIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVT-
VTHAKDILEKTHNGKLCKLNGIPPLELGDCSIAGWLLGN-
PECDRLLSVPEWSYIMEKENPRDGLCYPGSFNDYEELKH-
LLSSVKHFEKVKILPKDRWTQHTTTGGSRACAVSGNPSF-
FRNMVWLTKKGSNYPVAKGSYNNTSGEQMLIIWGVHH-
PNDETEQRTLYQNVGTYVSVGTSTLNKRSTPDIATRPKVNGQ-
GGRMEFSWTLLDMWDTINFESTGNLIAPEYGFKISKRGSS-
GIMKTEGTLENCETKCQTPLGAINTTLPFHNVHPLTIGECP-
KYVKSEKLVLATGLRNVPQIESRGLFGAIAGFIEGGWQGM-
VDGWYGYHHSNDQGSGYAADKESTQKAFDGITNKVNS-
VIEKMNTQFEAVGKEFSNLERRLENLNKKMEDGFLDVW-

TYNAELLVLMENERTLDFHDSNVKNLYDKVRMQLRDNVKEL-
GNGCFEFYHKCDDECMNSVKNGTYDYPKYEEES

3.3. Physicochemical Analysis Using ProtParam

The obtained FASTA sequence of Hemagglutinin Chain A
was entered into ProtParam to evaluate its physicochemical
characteristics (Table-2) such as molecular weight, predict-
ed isoelectric point (pl), amino acid composition, instability
index, aliphatic index, and grand average of hydropathicity
(GRAVY). These parameters aided in evaluating the stability,
solubility, and appropriateness of the protein as a possible
vaccine candidate.

Parameters Result
Number of amino acids: 506
Theoretical pl: 5.84
Molecular weight: 57066.40

Total number of negatively charged residues (Asp + Glu): 65

Total number of positively charged residues (Arg + Lys): 55
Total number of atoms: 7916
Instability index: 31.89
Aliphatic index: 73.56
Grand average of hydropathicity (GRAVY): -0.532

Table 2: Physicochemical Characteristics of Protein

3.4. Secondary Structure Prediction Using PSIPRED

The FASTA sequence of Hemagglutinin Chain A was uploaded
to PSIPRED for predicting elements of its secondary
structure, such as alpha-helices, beta-sheets, and coils.

This analysis revealed details about the protein's structure,
critical for pinpointing possible antigenic areas for vaccine
development. Psipred, Memsat and aatype are demonstrated
in Fig.2, Fig.3 and Fig.4.
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Figure 2: Psipred
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Figure 3: Memsat
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Figure 4: Aatypes

3.5. Disulfide Bond Prediction Using DiANNA

The FASTA sequence of Hemagglutinin Chain A was uploaded
to DIANNA to determine the existence and location of
disulfide bonds in the protein. Recognizing these bonds is
crucial for comprehending the protein’s structural integrity
and for identifying areas appropriate for vaccine candidate
development. The predicted disulfide bonds indicate that
Hemagglutinin Chain A has a stable tertiary structure,

making it a promising candidate for vaccine design.

3.6. Antigenicity Prediction Using Vaxi]Jen

The sequence of Hemagglutinin Chain A was evaluated with
VaxiJen v2.0 at a cutoff of 0.4 to forecast antigenic capability
(Table-3) . Proteins that exceed the threshold are seen as
likely vaccine candidates.
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Threshold for this model: Overall Prediction for the Protective Result
Antigen
0.4 0.4612 Probable ANTIGEN

Table 3: Antigenicity Prediction

3.7. Allergenicity Assessment Using AllerTOP

The protein underwent analysis using AllerTOP v2.0
to evaluate its allergenic potential, confirming that the
candidate vaccine is non-allergenic and suitable for
subsequent development.

e Most similar protein: sp|Q9H799|CE042_HUMAN
Uncharacterized protein C5orf42 OS=Homo sapiens
GN=C5o0rf42 PE=1 SV=4

« Classification based on the most similar protein: Probable
NON-ALLERGEN

3.8. Structural Modeling Using TrROSETTA

Ultimately, the protein arrangement was simulated with
TROSETTA to illustrate its three-dimensional shape,
confirm secondary and tertiary structure forecasts, and

100

locate possible epitopic areas for vaccine development.
The estimated TM-score of the model is extremely high at
0.908. The TM-score serves as a measure for assessing the
similarity of two protein structures, ranging from 0 to 1. A
score exceeding 0.5 suggests a model with the correct overall
fold or topology, while a score nearing 1 represents a highly
precise model. The graph (Fig. 5) displays the Predicted
Local Distance Difference Test (LDDT) scores for each amino
acid position within the protein. The majority of the scores
fall within the range of 70 to 90, indicating that the local
structure of the protein is anticipated with great precision.
The confidence of the model is very high. The picture shows
the anticipated three-dimensional form of the protein (Fig.
6).

80 1
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0 100 200

T T T
300 400 500

Position
Predicted per-residue LDDT for model1 @

Figure 5: LDDT Graph
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Figure 6: Protein Structure
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According to the trRosetta findings you shared, the model
depicts the anticipated 3D configuration of a protein along
with its quality. The model's confidence is characterized as
"extremely high." The elevated confidence score indicates
that the forecasted 3D structure is probably correct and
trustworthy. The model was created using deep learning
techniques along with homologous templates, which are

)

p % e
Contact Distance

similar protein structures that already exist. The findings
additionally offer an expected distribution (Fig. 7) of
inter-residue distances and orientations, beneficial for the
subsequentexamination of the protein's folded configuration.
This result reflects a robust and assured forecast of the
protein's three-dimensional structure.

Figure 7: Predicted Inter-Residue Distances and Orientations

4. Conclusion

The research utilized an extensive computational method
to assess the Hemagglutinin Chain A protein of the
influenza virus as a possible vaccine candidate. Utilizing
various bioinformatics assessments, the protein exhibited
advantageous traits, such as reliable physicochemical
properties, a clearly defined secondary and tertiary
structure, along with disulfide bonds suggesting structural
stability. The prediction of antigenicity validated its ability
to induce an immune response, while evaluations of
allergenicity guaranteed its safety for human application. The
high-quality 3D structural model produced by trROSETTA
further confirmed the protein's appropriateness for vaccine
development by pinpointing possible epitopic areas. These
results underscore the potential of Hemagglutinin Chain A as
a focus for developing influenza vaccines. The computational
approaches employed in this research establish a strong
foundation for in silico vaccine creation, setting the stage for
forthcoming experimental confirmation and clinical testing.
Utilizing these advanced tools, researchers can expedite the
creation of more effective and universal influenza vaccines,
tackling the issues presented by antigenic drift and shift, and
ultimately diminishing the worldwide impact of influenza-
related illness and death.
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