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Abstract:

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of the
COVID-19 pandemic, relies on a complex interplay of protein-protein and protein-RNA interactions
to facilitate its entry into host cells, viral replication, and assembly of infectious viral particles. This
research work investigates the potential of disrupting these critical interactions as therapeutic
strategies against COVID-19. Specifically, we explore the S1 domain interaction between the viral
spike protein and the human ACE2 receptor, which mediates viral entry. Additionally, we examine
the S2 domain-mediated membrane fusion process, essential for viral genome release into the host
cell. Furthermore, we investigate the M-M and E-FE interactions among the membrane and envelope
proteins, respectively, crucial for viral assembly and envelope formation. Moreover, we focus on the
N-RNA interactions between the nucleocapsid protein and the viral RNA genome, which are vital for
viral genome packaging and replication. Disrupting these interactions could potentially inhibit the
production of infectious viral particles and limit viral spread. Through a combination of
computational approaches, biochemical assays, and in vitro experiments, we aim to identify and
characterize small-molecule inhibitors, antibodies, or other therapeutic agents that can specifically
target these critical interactions. By interfering with these essential processes, we seek to develop
novel antiviral strategies that could impair SARS-CoV-2 replication, viral particle assembly, and
infection, ultimately contributing to the development of effective treatments or preventive measures
against COVID-19. This research provides insights into the molecular mechanisms underlying
SARS-CoV-2 infection and highlights promising targets for therapeutic intervention, offering
potential avenues for combating the ongoing COVID-19 pandemic and future emerging coronavirus
threats.
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Background

Viral surface glycoproteins play a pivotal role
in the intricate interactions between viruses
and their hosts. These proteins adorn the viral
envelope and dictate crucial processes such as
host cell recognition, entry, and immune
evasion. Among the most extensively studied
viruses, the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), the
causative agent of the ongoing COVID-19
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pandemic, features a prominently important
spike glycoprotein (S). (1) Understanding the
significance of these glycoproteins and their
roles in viral infection has far-reaching
implications for scientific endeavors aimed at
benefiting humanity. (2)

Spike Glycoprotein (S) and Host Cell
Interaction: The SARS-CoV-2 spike
protein,6 consisting of S1 and S2
subunits, interacts with the host cell receptor
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ACE2 in a process akin to a molecular
handshake. (4) This interaction facilitates the
virus's entry into respiratory epithelial cells,
initiating the infection process. Extensive
research has dissected the binding kinetics of
this interaction, revealing its exquisite
specificity. Unravelling the intricacies of the
S-ACE2 interface provides valuable insights

that inform  drug  design, vaccine
development, and potential therapeutic
interventions.

Viral Fusion and Membrane Proteins (M):
Following the initial interaction with the host
cell receptor, the S2 domain of the spike
protein orchestrates the crucial process of
membrane fusion. Upon receptor binding, the
S2 (5) domain undergoes conformational
changes that ultimately lead to viral entry into
the host cell. Membrane proteins (M) play a
supporting role in this process by interacting
with each other during virus assembly and
shaping the viral envelope. Disrupting these
M-M interactions could potentially halt the
virus assembly process, representing a
promising therapeutic avenue. (6)

Figure 1: Graphical Abstract of Current
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The present review delves into the intricate
web of interactions involving the surface
glycoproteins of SARS-CoV-2, the virus
responsible for the COVID-19 pandemic.
These glycoproteins, particularly the spike (S)
protein, play pivotal roles in the virus's life
cycle and pathogenesis. The review dissects
the molecular mechanisms underlying the S1
domain's interaction with the human ACE2
receptor, facilitating viral entry into host cells.
Furthermore, it explores the S2 domain's role
in mediating membrane fusion, a critical step
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for viral genome release. The review also
sheds light on the M-M and E-E interactions,
which govern viral assembly and envelope
formation, respectively. Notably, the review
examines the crucial N-RNA interactions
between the nucleocapsid protein and the
viral RNA genome, essential for genome
packaging and replication. By unravelling
these intricate interactions, the review
provides insights into potential therapeutic
targets that could disrupt the virus's ability to
infect, replicate, and spread, ultimately
contributing to the development of effective
antiviral ~strategies against COVID-19.
(Figure 1)

Envelope Proteins (E) and Stability:
Envelope proteins (E) are essential for the

formation of the viral envelope. The
interactions between these proteins, known as

E-E interactions, contribute to the
stabilization of the envelope structure.
Targeting these E-E interactions could

destabilize the virus, potentially rendering it
less infectious. Insights into the dynamics of
envelope proteins guide the development of
novel antiviral strategies. (7)

Nucleocapsid Proteins (N) and Genome
Packaging:

Nucleocapsid proteins (N) play a crucial role
in binding to the viral RNA genome, ensuring
its proper packaging and enabling viral
replication. (8) Disrupting the interactions
between these proteins and the viral RNA (N-
RNA interactions) could halt the wviral
replication  process. (9)  Furthermore,
nucleocapsid proteins serve as diagnostic
markers, as they are targeted by antibody-
based tests to detect SARS-CoV-2 infection.
(10)

The  significance  and  benefits  of
understanding viral surface glycoproteins
extend far beyond the COVID-19 pandemic.
First, insights into glycoprotein interactions
aid in the design of effective vaccines, as
exemplified by the success of mRNA-based
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vaccines targeting the SARS-CoV-2 spike
protein. Second, the development of
inhibitors targeting glycoprotein interactions,
including small molecules, peptides, and
neutralizing antibodies, holds promise for
novel therapeutic interventions. Third,
glycoproteins serve as diagnostic markers,
enabling the detection of anti-SARS-CoV-2
antibodies and aiding in disease diagnosis and
surveillance efforts. Finally, the knowledge
gained from  studying SARS-CoV-2
glycoproteins informs pandemic
preparedness strategies, equipping us with
valuable lessons to shape our responses to
future outbreaks of emerging viral threats.

(11)
S1 domain:

The spike protein on the surface of SARS-
CoV-2 is a large protein that plays a crucial
role in viral entry into host cells. (12) This
spike protein has two subunits: S1 and S2.
The S1 domain is responsible for binding to
the host cell receptor.

ACE2 receptor:

For SARS-CoV-2, the host cell receptor that
the S1 domain binds to is called ACE2
(angiotensin-converting enzyme 2). ACE2 is
a protein found on the surface of many human
cells, particularly in the lungs, heart, and
blood vessels. (13)

Viral entry:

The interaction between the S1 domain of the
spike protein and the ACE2 receptor is crucial
for viral entry into the host cell. This binding
allows the virus to attach to the cell and
initiate the process of membrane fusion,
which ultimately leads to the release of the
viral genetic material into the host cell. (14)

Host range:

The binding affinity or the strength of the
interaction, between the S1 domain and ACE2
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determines the virus's host range. A higher
binding affinity means that the virus can more
effectively infect and replicate in cells
expressing the ACE2 receptor. (15) This
binding affinity plays a role in determining
which species the virus can infect and how
efficiently it can spread within a host
population. S1 domain interaction refers to
the crucial binding between the S1 subunit of
the SARS-CoV-2 spike protein and the ACE2
receptor on human cells. This interaction is
essential for viral entry and determines the
virus's ability to infect and spread among
humans, making it a crucial target for
therapeutic  interventions and vaccine
development. (16)

The S2 domain interaction refers to the
second crucial step in the viral entry process
of SARS-CoV-2 after the S1 domain has
bound to the ACE2 receptor. Here's an
explanation of the key points:

S2 domain:

The S2 subunit of the spike protein is
responsible for mediating the fusion of the
viral membrane with the host cell membrane,
enabling viral entry.

Conformational changes:

Upon binding of the S1 domain to the ACE2
receptor, the S2 domain undergoes structural
changes, or conformational changes, which
expose and activate specific functional
regions within the S2 subunit. (17)

Fusion peptide:

Within the S2 domain, there is a region called
the fusion peptide. This fusion peptide is a
short sequence of amino acids that can
interact with and insert into the host cell
membrane.

Membrane fusion:

The interaction between the fusion peptide of
the S2 domain and the host cell membrane
initiates the process of membrane fusion. This
fusion process brings the viral membrane and



theprogressjournals.com

the host cell membrane together, creating a
single continuous membrane and allowing the
viral genetic material to be released into the
host cell cytoplasm. (18)

Inhibiting viral entry:

Since the S2 domain-mediated membrane
fusion is a critical step for viral entry,
inhibiting this interaction could potentially
prevent SARS-CoV-2 from entering and
infecting host cells. Developing drugs or
antibodies that block or interfere with the
conformational changes, fusion peptide
interactions, or membrane fusion process
could be a therapeutic strategy to combat
COVID-19. (19) S2 domain interaction
involves the structural changes and fusion
machinery within the S2 subunit of the SARS-
CoV-2 spike protein, which facilitates the
fusion of the viral and host cell membranes,
enabling viral entry. Disrupting this
interaction could be a target for preventing
viral infection and disease progression. (20)

Membrane protein (M):

The membrane protein (M) of SARS-CoV-2
plays a pivotal role in the virus assembly
process through interactions known as M-M
interactions. During virus assembly, these
membrane proteins interact with each other
via specific protein-protein interactions.
These M-M interactions are essential for the
proper organization and shaping of the viral
envelope, which is a lipid bilayer derived
from the host cell membrane. The M-M
interactions facilitate the assembly of the viral
components, including the viral genome,
nucleocapsid proteins, and envelope proteins,
into a complete virus particle. They act as a
scaffold, providing a platform for the
assembly of the other viral components and
the formation of the viral envelope.
Importantly, the M-M interactions help to
curvature the viral envelope, giving the virus
its characteristic spherical shape, which is
crucial for the stability and infectivity of the
virus particle. Disrupting these M-M
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viral envelope, thereby preventing the virus
from efficiently packaging its genetic material
and producing infectious particles. As a result,
targeting the M-M interactions with small
molecules or other therapeutic agents could
be an approach to inhibit viral replication and
spread, making them a potential target for
therapeutic interventions against COVID-19.

@1
Envelope protein (E):

The envelope protein (E) of SARS-CoV-2
plays a vital role in the formation and
stabilization of the viral envelope through
specific protein-protein interactions known as
E-E interactions. During the virus assembly
process, these envelope proteins interact with
each other via E-E interactions, facilitating
the proper assembly and organization of the
envelope proteins within the viral envelope,
which is a lipid bilayer derived from the host
cell membrane. These E-E interactions are
essential for the proper formation and shaping
of the viral envelope, as the envelope proteins
act as building blocks, coming together and
interacting through E-E interactions to form
the complete envelope structure that
encapsulates the viral genome and other
components. Moreover, the E-E interactions
contribute significantly to the structural
stability of the envelope, helping to maintain
its integrity and rigidity, ensuring that the
virus particle remains intact during its life
cycle and transmission. (22) Disrupting these
E-E interactions could potentially destabilize
the viral envelope structure, making the virus
more susceptible to environmental factors or
host defenses. As a result, targeting these
interactions with small molecules or other
therapeutic agents could be an approach to
impair viral stability and infectivity, thereby
inhibiting viral replication and spread,
making the E-E interactions a potential target
for therapeutic interventions against COVID-
19.

Nucleocapsid protein (N):

interactions could potentially impair the virus
assembly process and the formation of the

The nucleocapsid protein (N) of SARS-CoV-2
plays a pivotal role in the viral life cycle
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through its interactions with the viral RNA 3. Cai, Y., Zhang, J., Xiao, T., Peng, H.,

genome, known as N-RNA interactions. These
interactions are essential for the proper
packaging and organization of the viral genetic
material. During virus assembly, the N-RNA
interactions facilitate the encapsidation of the
viral RNA genome into a compact structure
called the nucleocapsid, which is a complex
consisting of the viral RNA tightly bound to
multiple nucleocapsid proteins, forming a
protective and organized structure. (23) Proper
packaging of the viral genome is crucial for the
subsequent steps of virus assembly and the
production of infectious viral particles.
Additionally, the N-RNA interactions also play
a role in the viral replication process, as the
nucleocapsid proteins interact with the viral
RNA genome during the transcription and
replication stages, facilitating the synthesis of
new viral RNA molecules.(24) Disrupting these
N-RNA interactions could potentially inhibit
the viral replication machinery, preventing the
virus from producing new copies of its genetic
material. Consequently, targeting the N-RNA
interactions with small molecules, antibodies,
or other therapeutic agents could potentially
disrupt the packaging and replication of the
viral genome, thereby inhibiting the production
of infectious viral particles and limiting viral
spread and disease progression. (25) Thus, the
N-RNA interactions represent a promising
target for antiviral interventions against
COVID-19, as disrupting these interactions
could be an effective strategy for inhibiting
SARS-CoV-2 replication and spread.
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