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Single-strand RNA (ssRNA) viruses such as the coronavirus family replicate the virus genomes by taking
advantage of host cells. For example, after coronavirus approaches the ribosome of the epithelial cells or other
host cells, it uses the ribosome of the host cell to replicate polyproteins. The replication and subsequent processes
of precursor polyproteins can occur in the epithelial cells. After the coronavirus’ polyproteins are expressed, two
enzymes — specifically, coronavirus main proteinase (3CLpro) and the papain-like protease (PLpro) — are thought
to be involved in cleaving the polyproteins into smaller products used for replicating new viruses. In order to
generate the daughter RNA genome, the coronavirus expresses an RNA-dependent RNA polymerase (RdARp),
which is a crucial replicase that catalyzes the synthesis of a complementary RNA strand using the virus RNA

template

SARS-CoV2 S protein ACE2 RdRp

| 1. Molecular Mechanisms of Coronavirus Invasion

The coronavirus (CoV) family has a large homogeneous “spike protein”. This spike protein (S protein) is
responsible for interacting with the host cells, such as the pulmonary and parabronchial epithelial cell, and helps
the coronavirus get through the epithelial cell membranelll. In addition, the alveolar epithelial cells have abundant
expression of angiotensin-converting enzyme 2 (ACE2), which is targeted by the virus. The recognition of ACE2 by
the S protein of the virus enables the invasion of the coronavirus into the human circulation system(2l. Recent study
demonstrates that ACE2 is the SARS-CoV-2 receptor, which is required for cell entry2. Single-strand RNA
(ssRNA) viruses such as the coronavirus family replicate the virus genomes by taking advantage of host cells. For
example, after coronavirus approaches the ribosome of the epithelial cells or other host cells, it uses the ribosome
of the host cell to replicate polyproteins. The replication and subsequent processes of precursor polyproteins can
occur in the epithelial cells®l. After the coronavirus’ polyproteins are expressed, two enzymes — specifically,
coronavirus main proteinase (3CLpro) and the papain-like protease (PLpro) — are thought to be involved in
cleaving the polyproteins into smaller products used for replicating new viruses®. In order to generate the daughter
RNA genome, the coronavirus expresses an RNA-dependent RNA polymerase (RdRp), which is a crucial replicase

that catalyzes the synthesis of a complementary RNA strand using the virus RNA template as shown in Figure 1.
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This puts a stop to Coronavirus genome replication

Figure 1. Mechanisms of remdesivir to inhibit RNA-dependent RNA polymerase (RdRp). (A) The genome
composition model of single strand RNA (ssRNA) of coronavirus. (B) The RNA-dependent RNA polymerase RdRp

mediated RNA replication during coronavirus infection. (C) Remdesivir functions as the ATP analog to inhibit RdRp.

2. Factors Involved in Transcription and Release of
Coronavirus Particles

Although genome replication and transcription are well known to be regulated by the viral RdRp, several host
factors have been implicated in this process. RNA chaperones are usually nonspecific nucleic acid binding
proteins, which have long disordered structures that promote RNA molecules to adjust conformational changes.
For example, coronavirus nucleoproteins (N protein) have RNA chaperone activity and function as an RNA
chaperone, which could help template switching®I& |n addition, recent studies demonstrate that glycogen
synthase kinase 3 (GSK3) phosphorylates the N protein of SARS-CoV and further inhibition of GSK3 can
effectively inhibit viral replication in Vero E6 cells infected with SARS-CoVI2%, Furthermore, heterogeneous nuclear

ribonucleoprotein A1 (hnRNP Al) is involved in the pre-mRNA splicing in the nucleus and translation regulation in
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the host cells. Importantly, it has been shown that the nucleocapsid protein of SARS-CoV had binding ability to
human hnRNP Al with high affinity by using kinetic analyses with a surface plasmon resonance (SPR) approach.
These studies suggest that hnRNPAL is able to bind to SARS-CoV N protein to form a replication/transcription
complex and control viral RNA synthesis11],

In addition, several virus proteins and host factors are essential for the assembly and release of coronavirus.
Homotypic interaction of M protein serves as the scaffold for the virus assembly and morphogenesis in the infected
cells, specifically, both the interaction between the membrane (M) and S protein and the interaction between M and
N protein promote the recruitment of structural components to the assembly location of host cells22l3l For
example, both envelope (E) protein and N proteins are required to be co-expressed with M protein for the formation
and release of virus-like particles (VLPs) after transfection of Vero E6 cells. Two crucial structural proteins, the M
protein and E protein, play important roles in the coronavirus assembly. In addition, the E protein is involved in
particle assembly by binding with M and further inducing membrane curvaturel24l. Subsequently, coronavirus
particles can be budded into the ER-Golgi intermediate compartment (ERGIC) of host cells, then trafficked in a

smooth-wall vesicle and transported through the secretory pathway for assembly and release by exocytosis22I16],
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