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Abstract:

Respiratory viruses like SARS-CoV, MERS-CoV, SARS-CoV-2, and influenza A are constantly evolving, which
complicates the identification of conserved antiviral targets. In the present study, we combined sequence-based
evolutionary and structural analyses of viral surface proteins to identify potentially conserved and functionally
relevant regions. We carried out multiple sequence alignment and phylogenetic analysis of 13 representative viral
sequences and comparative structural analysis of representative surface proteins. The analysis showed that the
coronavirus surface proteins were more closely related to each other evolutionarily, while influenza A formed a
separate group. Combining evolutionary and structural information, candidate conserved regions that could be
potential targets for broad-spectrum antiviral development were identified. These results establish a
computational framework for selecting conserved regions of viral surface proteins for further experimental and
structure-based antiviral research.
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I. Introduction

Respiratory viral infections are a major health problem worldwide, with large associated morbidity and
mortality and a significant socioeconomic burden. Respiratory viruses include influenza viruses, coronaviruses,
respiratory syncytial virus, and adenoviruses, among others, and can cause clinical manifestations ranging from
mild respiratory illness to severe and potentially fatal disease.! Their efficient transmission through respiratory
pathways has resulted in repeated outbreaks and, in some cases, worldwide pandemics. Influenza viruses alone
cause a substantial disease burden annually. The emergence of SARS-CoV-2 in late 2019 has demonstrated the
significant effect an emerging respiratory virus can have on global health systems and economies.>? Despite
advances in vaccines and antiviral therapeutics, treating respiratory viral infections is still difficult because of
rapid viral evolution, the emergence of novel variants, and the development of antiviral resistance. These
challenges underscore the need for standard treatments that can maintain activity against genetically diverse and
evolving viral populations. One of the important steps of respiratory viral infection is the entry of the virus into
host cells, which is mediated by the interactions between viral surface proteins and specific receptors on host
respiratory epithelial cells. Viral tropism, host susceptibility and disease severity are in part determined by the
distribution and availability of cellular receptors. Coronaviruses and influenza viruses are among the major
respiratory viruses that use spike (S) glycoproteins and hemagglutinin (HA), respectively, for attachment to host-
cell receptors such as sialic-acid-containing receptors. For instance, the coronavirus spike proteins attach to host
receptors, including angiotensin-converting enzyme 2 (ACE2), while influenza HA interacts with sialic acid
receptors to trigger viral attachment and entry. These surface proteins are therefore important determinants for
viral infectivity and host-cell entry, and have thus become important targets for antiviral intervention.** However,
viral surface proteins are under constant evolutionary pressure, resulting in the accumulation of sequence
variations that can alter receptor recognition, antigenicity and susceptibility to therapeutic intervention.
Consequently, targeting highly variable regions may have limited durability, especially when viral variants
emerge that have mutations that reduce inhibitor binding or alter functional properties. Conversely, essential viral
functions may limit the number of tolerated mutations, thus leading to more evolutionary conservation.
Identification of such conserved regions is an attractive strategy for developing broad-spectrum antiviral agents.
In this respect, comparative evolutionary analysis can give insight into the relationships among viral proteins and
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help discriminate between conserved and highly variable regions. Multiple sequence alignment (MSA) and
phylogenetic analysis are useful characterization tools for sequence diversity, evolutionary relationships and
conserved motifs across viral strains and species. Here, we compared the surface-protein sequences of SARS-
CoV, MERS-CoV, SARS-CoV-2 and influenza A to examine their evolutionary relationships and to identify
regions under potential functional constraint. Sequence conservation reveals important aspects of evolutionary
stability, but sequence similarity alone may not fully reflect functional or therapeutic similarity. Proteins with low
sequence conservation may have structurally related elements. Structural features related to essential biological
functions can be preserved despite sequence divergence. Thus, structural analysis can complement evolutionary
analysis by identifying conserved three-dimensional features, functional motifs and potentially accessible binding
sites. Thus, a comparative structural analysis of viral surface proteins can offer an additional layer of information
to prioritise antiviral targets. In this study, representative structures of the influenza A hemagglutinin and the
spike glycoproteins of MERS-CoV, SARS-CoV and SARS-CoV-2 were evaluated to investigate structural
characteristics and conserved features among these respiratory viral surface proteins. Structural assessment was
carried out after a sequence-based evolutionary analysis, thus allowing candidate regions to be considered within
the framework of both evolutionary and structural information.® The paper methodology involved multiple
sequence alignment and maximum-likelihood phylogenetic analysis, followed by structural superimposition of
representative  viral  surface proteins to identify  potentially conserved structural  motifs.
One important factor in such a comparative analysis is the evolutionary distinction between influenza A and
coronaviruses. The phylogenetic analysis done in this study showed that influenza surface-protein sequences
grouped as a distinct clade, whereas SARS-CoV, MERS-CoV and SARS-CoV-2 fell into the coronavirus group,
indicating a closer evolutionary relatedness amongst the beta-coronaviruses. Hence, identification of broad-
spectrum antiviral targets need not be based solely on direct sequence homology among distantly related viruses,
but could also benefit from the evolutionary conservation within related viral groups combined with structurally
or functionally constrained features among different viral surface proteins. Therefore, in the present study, we
sought to integrate comparative evolutionary and structural analyzes of surface proteins from SARS-CoV, MERS-
CoV, SARS-CoV-2 and influenza A, so as to identify conserved and structurally relevant regions that could be
candidate targets for broad-spectrum antiviral development. Multiple sequence alignment and phylogenetic
analysis of viral surface-protein sequences were used to characterize evolutionary relationships and sequence
conservation. The representative experimentally determined protein structures were analyzed and compared in an
effort to find conserved structural features and functionally relevant regions. This integrated approach offers a
platform for the transition from viral evolutionary diversity to conserved molecular features and finally to
structurally defined antiviral targets, and thus provides an avenue for the identification of candidate regions for
broad-spectrum antiviral intervention.

I1. Materials and Methods

2.1 Sequence Retrieval

The surface protein sequences involved in substrate binding in respiratory viruses, including SARS-
CoV, MERS-CoV, Influenza and SARS-CoV-2, were systematically retrieved in this study. We performed a
systematic retrieval process using the National Center for Biotechnology Information (NCBI) virus repository
(https://www.ncbi.nlm.nih.gov/labs/virus/).” This repository provides a valuable resource for researchers when
searching for and accessing sequences of interest and contains a large collection of viral genomic sequences.
Relevant sequences of surface proteins associated with substrate binding were selected by using specific search
terms. The terms included the virus name and the surface protein name if available in the NCBI virus repository
search interface. This allowed us to specifically pull out the sequences of surface proteins that are involved in
substrate binding.® After retrieval, a comprehensive preprocessing step was used to clean the dataset and improve
its quality. Redundant and incomplete sequences were removed and ambiguous or discrepant sequences were
filtered out. These measures were taken to obtain a high-quality dataset that accurately represents the surface
protein sequences required for substrate binding in the targeted respiratory viruses. In addition to this dataset,
other data sources were used to improve its reliability and completeness, such as curated virus databases and
relevant scientific literature. These sources were useful for cross validation of the retrieved sequences, and
confirmed their accuracy and integrity. Finally, the curated and validated surface protein sequences represented
a robust dataset that served as a basis for downstream analyzes. These sequences were used in later studies to
elucidate the substrate-binding mechanisms and investigate their relevance in the setting of respiratory viral
infections. The dataset provided key inputs for the study of viral surface proteins interaction with host receptors,
which would aid in better understanding the molecular mechanisms of viral pathogenesis and in designing
possible therapeutics targeting substrate binding.
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2.2 Phylogenetic Tree and Multiple Sequence Alignment

To analyze the genetic relationships and evolutionary patterns among different strains and species of
SARS, MERS, Influenza and SARS-CoV-2, a multiple sequence alignment (MSA) was performed. The
Molecular Evolutionary Genetics Analysis software version (MEGA) was used to perform multiple sequence
alignment (MSA)."*> MEGA is a bioinformatics tool for annotation and analysis of nucleotide or proteomic
sequence information. It has a user-friendly user interface and a broad array of statistical methods and models.
The MSA process included alignment of surface protein sequences of the respiratory viruses by ClustalW
algorithm implemented into the MEGA software. This algorithm is recognized for its accuracy and efficiency in
the alignment of multiple sequences. The output alignment was able to show conserved areas and differences
between the sequences and helped to find evolutionary relationships and similarities between the sequences.
Finally, the phylogenetic tree was constructed using the aligned protein sequences.!® We employed the maximum
likelihood (ML) method, a well-established and robust approach for inferring phylogenetic relationships. The
parameters of the ML were set to default values. The robustness and reliability of the tree topology was tested by
the bootstrap method (1,000 replicates), which gives statistical support for the order of branching in the
phylogenetic tree . Gaps found in the sequence alignment were treated as missing or unknown characters in the
alignment. These gaps correspond to the areas where there are no conserved amino acid residues among the
aligned sequences. This could indicate variability in the regions of the surface proteins that bind to substrates.
The resulting phylogenetic tree was visualized using FigTree v1.4.4, a tool specifically designed for the
visualization and exploration of phylogenetic trees. The tree visualization clearly showed the evolutionary
relationships between the respiratory viruses and allowed for the identification of distinct clades or clusters within
each virus group.11 The multiple sequence alignment and the following phylogenetic analysis gave useful
information about the genetic diversity, relatedness and evolutionary patterns of the surface protein sequences
involved in the binding of the substrate across different strains and species of SARS, MERS, Influenza and SARS-
CoV-2. This information is important for understanding the evolutionary dynamics of these respiratory viruses.
It can be used to find conserved regions or motifs involved in substrate binding and gives insights for targeted
therapeutic interventions.

2.4 Target Finalisation and Structure Modelling

The study was a comparative structural analysis of the surface proteins of four different viruses,
including Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), Middle East Respiratory Syndrome
Coronavirus (MERS-CoV), Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), and Influenza A
virus. For this purpose, the Protein Data Bank (PDB) identifiers of the surface protein of each virus were carefully
chosen (Table 3.1). The individual protein superimposition analyzes were performed by Swiss-PDB Viewer
(SPDBV) software suite. The first aim of this approach was to find conserved structural motifs across the viral
surface proteins. These conserved regions are potentially functionally important elements important for viral
activity.'?

Table - 2.1
Details of Crystal structures
PDB ID IDescription Method Resolution Ramachandran
A outlier

1RU7 1934 human IX-Ray 2.30 1.0%

IH1hemagglutinin Diffraction

IPrefusion structure of MERS-CoV spike

glycoprotein, three-fold [Electron Microscopy
5X59 symmetry 3.70 1.3%

SARS Spike [Electron Microscopy
6CRV Glycoprotein, Stabilized variant, C3 3.20 0%

symmetry

S protein of SARS-CoV- [Electron Microscopy
7DWY 2 in the locked conformation 2.70 0.4%
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Fig. 2.1: 1RU7_1: Represented by Chain A

Furthermore, a comprehensive quality assessment was conducted for all four crystal structures: 1RU7
(Influenza A virus), 5X59 (MERS-CoV), 6CRV (SARS-CoV), and 7DWY (SARS-CoV-2). This evaluation,
detailed in Table 3.1, considered factors such as crystallisation method, resolution, and Ramachandran plot
statistics to ensure structure integrity. Based on these metrics, IRU7 and 7DWY were ultimately chosen for
further analysis due to their superior quality parameters. It is important to note that while a single target could
have been selected for this investigation, the deliberate inclusion of diverse viral surface proteins enriches the
analysis by providing a broader perspective. This approach

LR

= D
Fig. 2.3: 5X59 1: Represented by Chain A
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Further, the quality of all four crystal structures was comprehensively evaluated, namely 1RU7
(Influenza A virus), 5X59 (MERS-CoV), 6CRV (SARS-CoV) and 7DWY (SARS-CoV-2). This assessment
included crystallization method, resolution and Ramachandran plot statistics to ensure structure integrity (Table
3.1). Based on these parameters, IRU7 and 7TDWY were finally selected for the further analysis, as they presented
superior quality parameters. It should be mentioned that, although a single target could have been chosen for the
present study, the intentional inclusion of different viral surface proteins expands the view of the analysis."®

Fig. 2.4: TDWY_1: Represented by Chain A

I11. Results and Discussion

3.1 Sequence Retrieval

In this study, a thorough and careful selection process was conducted to determine the most suitable
surface protein sequences for further analysis. Thirteen sequences were selected after careful consideration of
factors such as the prevalence of infection in the Asian population, highly pathogenic strains that can infect
humans and pose a serious threat to public health, and the recency of sequence collection to ensure the most up-
to-date information. Table 4.1 lists the top thirteen selected sequences, the organisms, genotypes/variants, and
National Center for Biotechnology Information (NCBI) sequence IDs from which they are derived. The selected
sequences correspond to a variety of respiratory viruses such as SARS-CoV , MERS-CoV , Influenza (HIN1
subtype) and SARS-CoV-2 (Delta variant, B.1.617.2 lineage) .'*!3

Table - 3.1
List of the top thirteen chosen sequences

Organism NCBI sequence ID
SARS-CoV ADC35483.1, ADC35497.1
MERS-CoV QDP16206.1, AZK15900.1
Influenza AND61370.1, AIT93147.1, AHB59395.1, AWH65845.1
SARS-CoV-2 IUNA09639.1, U0S65895.1, UZC40670.1, UZU73061.1, WAZ69178.1

3.2 Multiple Sequence Alignment & Phylogenetic Tree

After conducting a detailed analysis of the phylogenetic tree, notable observations were made regarding
the relationships among the surface proteins of Influenza (hemagglutinin), SARS, MERS, and SARS-CoV-2. The
phylogenetic tree revealed distinct clades, indicating evolutionary connections between these viruses. '®

First, the surface protein of Influenza (hemagglutinin) constituted a well-formed clade, which
demonstrates a close genetic relationship among different strains of Influenza. This clustering suggested a
common origin and shared evolutionary history. Secondly, another clade was identified in which SARS, MERS
and SARS-CoV-2 were grouped together.!” This clustering suggests a strong evolutionary link between these beta
coronaviruses. This group was supported by a relatively high bootstrap value, indicating a strong support for this
clade, further emphasizing the close genetic relationships of these respiratory viruses. In addition, the full-length
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sequence comparison showed that the surface proteins of the beta coronavirus family had a high sequence
similarity. This result is indicative of a common evolutionary history and gives us an insight into the evolutionary
relationships of these viruses. The high sequence similarity indicates potential common functional features and
conserved structural elements of their surface proteins.

Figure 4.1 shows the maximum likelihood phylogenetic tree with bootstrap validation scores and branch
lengths. The bold numbers above each branch are the bootstrap validation scores indicating support for the
respective branching patterns. The numbers under the branches are branch lengths, and thus genetic distances
between the sequences.

———(8) UOS65895.1 surface glycoprotein Severe acute respiratory syndrome coronavirus 2

(21) | 0.00002
0.0007 _
() mu 1) WAZ69178.1 surface glycoprotein Severe acute respiratory syndrome coronavirus 2
000002 '
@ (7) UNA09639.1 surface glycoprotein Severe acute respiratory syndrome coronavirus 2
002 0.00002
(2 ; i ;
T preses (9) UZC40670.1 surface glycoprotein Severe acute respiratory syndrome coronavirus 2
) = (10) UZUT3061.1 surface glycoprotein Severe acute respiratory syndrome coronavirus 2
097145
(19) m(ﬂ) ADC35483.1 spike glycoprotein precursor SARS coronavirus HKU-39849
() 0.8365 ‘ ‘ ,
0534 M(B) ADC35497.1 spike glycoprotein precursor SARS coronavirus HKU-39849
“ M(S) QDP16206.1 spike glycoprotein Middle East respiratory syndrome-related coronavirus
0.782
M(G) AZK15900.1 spike protein Middle East respiratory syndrome-related coronavirus
w— (3) AHB59395.1 hemagglutinin Influenza A virus (AThailand/Sirira]CRC NMA 1/2011(HIN1)
(1)
162194 W(Z) AIT93147 1 hemagglutinin Influenza A virus (A/Shanghai/6109T/2014(HIN1)
CI
0.00887 " W(1)AND61370,1 hemagglutinin Influenza A virus (A/Eskisehirl01/2016(HIN1))

0.0069

m;—(li) AWHG5845.1 hemagglutinin Influenza A virus
Fig. 3.1: Maximum likelihood phylogenetic tree with bootstrap validation scores and branch lengths

This study aimed to improve the understanding of the evolutionary relationships of Influenza, SARS,
MERS and SARS-CoV-2 through phylogenetic analysis and sequence comparison. Such findings have
implications for the understanding of possible origins of these viruses and their modes of transmission. The
phylogenetic tree shows common evolutionary history and genetic links that offer useful insights into the interplay
of respiratory viruses and aid in the creation of specific interventions and preventive measures.

3.3 Finalisation of Target, Structure, and Active Site Identification

In our investigation, we used the Protein Data Bank (PDB) to search related structures. IRU7 was chosen
for further investigation after a quality assessment based on metrics like X-ray diffraction resolution (with a
priority for structures at or below 2.30 A). However, upon detailed analysis of the 1RU7 structure (Influenza A
virus), some discrepancies were found, which required a more detailed literature review. Our extensive literature
search indicated 1RVZ as a better alternative structure for further analyzes, possibly containing a better binding
pocket for our study. mainly on its putative binding pocket formed by the amino acid residues Lys222, Asp225,
Ala227, GIn226, Alal37, Thr136, Glu190, Asn193 and Val135.'®

IV. Conclusion
Herein, we integrated evolutionary and structural analyses of SARS-CoV, MERS-CoV, SARS-CoV-2
and influenza A surface proteins to identify potential conserved and structurally important antiviral target regions.
Phylogenetic analysis showed that the coronavirus surface proteins and influenza A were separated into a distinct
evolutionary group. Structural analysis also reinforced the prioritisation of functional relevance. To summarise,
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the study demonstrates that the combination of viral evolution, sequence conservation and structural analysis can
provide a useful framework for identifying candidate targets for future broad-spectrum antiviral development.
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