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ABSTRACT: Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) was emerged in 2003,
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) got reported in the year 2012. Following,
SARS-CoV-2 was observed as pandemic around the globe in the end of 2019. COVID-19 has produced
significant rate of morbidity and mortality rate causing severe loss of life. An immediate attention is
required to find out active therapeutic methods and appropriate vaccines to control this epidemic
condition. This is the crucial time to find out the lead compounds for the inhibition of SARS-CoV-2 by
targeting its enzymes. The present review will make it possible to better understand the pathogenesis
caused by the virus through their various proteins and finding path for the development of effective
new drug targets and vaccines for this newly raised pathogen. In order to achieve these objectives, the
current review will focus on the biology of the virus and describe the chemistry of a cellular targeted
drug delivery pattern of two novel drug conjugates: HA-2-Deoxy-D-Glucose and HA-
Hydroxychloroquine for treatment of COVID-19.
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INTRODUCTION

The COVID-19, a viral disease, was initiated in
February 2020 and accelerated in the beginning
of March 2020. Globally, COVID-19 has caused
serious health, social, trade, and economic
setback. In response to this severe condition, it
is the vital challenge for the scientists to invent
appropriate drugs and vaccines to keep the
pandemic under control. They have produced a
number of COVID-19 drugs and vaccines but as
yet, there is no definite prescription of drugs for
the disease. This important issue must be solved
immediately to avoid any more social and
economic encumbrance.

Coronaviruses (CoVs) are a large group of
viruses, enveloped with positive-sense, single-
stranded RNA genomes. SARS-CoV-2 is the

seventh type of coronavirus [1]. Coronaviruses
have gained regency due to the global pandemic,
as its rapid infection rate has caused worldwide
disruptions [2]. The most common symptoms
reported like fever (83%), cough (82%), and
shortness of breath (31%) [3], other symptoms
includes [4] fatigue, muscle/body aches, the new
loss of taste or smell, and nausea. Unfortunately,
the pandemic has had an impact beyond patients
and their families. Social distancing and self-
isolation have contributed too many travel
restrictions and reduced workforce leading to
many short-term and long-term economic issues
throughout the world [5]. Also, the pandemic
was a major threat to health care systems
around the globe. Many areas had resources and
staff diverted to focus on adequate testing and
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treatment for COVID-19. This disruption has led
to decreased access to other forms of care,
surgeries, and hospital services [6].

The coronaviruses are divided into four
genera like alpha, beta, gamma, and delta [7,8].
The alpha and beta coronaviruses are causing
only common cold like illness. But in contrast
SARS-CoV and MERS-CoV are posing life-
threatening disease and potentially pandemic
[9,10]. World Health Organization (WHO) have
reported the SARS-CoV emerged during 2002-
2003 in China and rapidly extended around the
world caused more than 8000 infections and
nearly 800 deaths [11]. MERS-CoV was reported
in 2012 around the Middle East and noticed in
other countries [12]. Initially the virus infection
is started with the binding of viral particles to
the cellular receptors of the host surface. The
recognition of the receptor is the determinant of
the viral tropism on the cell. The receptor of the
human  coronaviruses is  proteinaceous
peptidases. Specifically, human aminopeptidase
N (hAPN) is the receptor for HCoV - 229E and
human dipeptidyl peptidase 4 (hDPP4) for MERS
CoV [13,14]. The SARS-CoV and SARS-CoV-2
enter into the cell by the interaction of human
angiotensin-converting enzyme 2 (hACE2) [15,
16]. The present review will attempt to examine
the current status of the pandemic vis a vis the
biology of this viral disease and what has been
achieved in terms of efficacious medicines
without any toxicity and side effects in order to
cure SARS-CoV-2 (Figure 1).

Phylogeny of the virus

Phylogenetic analysis had revealed that the
bats might be the source for SARS-CoV-2,
there is a another intermediate host is involved
in between these zoonotic pathway. CoVs are
belonging to the order Nidovirales and family
Coronaviridae. It can be divided into four
genera: the alpha, beta, gamma, and delta
coronaviruses. Zhou et al,, [17] showed that the
bat coronavirus sequence is 96.2% similar with
the human coranavirus. In the genomes of
SARS-Cov-2, [18] found that there are three
variants by distinguished amino acid changes in
which two types are significant at outside East
Asia and one another type is common type in
East Asia. The researchers were used the data
for the phylogenetic study was obtained from
the Global Initiative on Sharing All Influenza
Data (GISAID) database
(https://www.gisaid.org/)  possessing 253
compilations of genes related to severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-
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Figure 1 Structure of SARS CoV- 2

Alpha variant or B.1.1.7 was found in the
United Kingdom and it comprises seventeen
mutations in which the maximum number of
mutations occurred in spike protein [19]. Beta
variant or B.1.351 with multiple mutations in
the spike protein was responsible for the second
wave of the pandemic situation observed in
South Africa. This variety expanded the
transmission and decreased the neutralization
effect of monoclonal antibodies and post
vaccination [20]. The next variety is P.1 or
gamma variant noted in Brazil that also have
spike protein mutations. Delta variant or
B.1.617.2 was detected in India and found to be
the reason for deadly second wave of the
pandemic during April, 2021 in India. This
variant is drastically spread around the globe
and considered to be a most dominant variety of
SARS-CoV-2. The variant B.1.1.529 or omicron
initially recorded in South Africa. Spike protein
of omicron has more than thirty changes and it
increases the spreading rate [21].

PATHOGENESIS

Antigenic and Genomic variance in
Coronavirus

The genome structure of the Coronaviruses is
well known among the RNA viruses. Two thirds
of the viral genome is having ORFlab encoded
with replicase polyproteins and the remaining is
having genes encoded with structural proteins
like spike (S), envelope (E) membrane (M), and
nucleocapsid (N) proteins. ORF1lab has enzymes
like  papain-like  protease  (PLpro), 3-
chymotrypsin-like protease (3CLpro), RNA-
dependent RNA polymerase (RdRp) and helicase
(Hel). There is a huge variation observed in the
genome by four nonstructural proteins present
in ORF1a/ORF1b [22].
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Mode of Infection

Initially the viral infection is caused by the
interaction of the spike protein of the virus with
the human cells. The spike protein of the
Coronavirus is a type I glycoprotein which
formed the peplomers on the viral particles. A
stalk-like structure present in the spikes of the
virus is attached on the cell membrane. The
attachment of coronavirus produces the
conformational change in the spike protein that
activates the fusion of the cell membrane by the
viral particle. Encoding and expression of genes
happen after the entry of the viral particles
which enable the adaptation of CoVs to the
human host [23]. Genome changes were
observed to be more frequent amount CoV by
the way of recombination, exchange of the
genes, insertion and deletion ofgenes. This is the
reason for the outbreaks by the CoVs during past
epidemics and current pandemic in recent
periods.

The encapsulated, polyadenylated viral
genomic RNAs are encoded with structural and
nonstructural proteins exhibiting chymotrypsin-
like activity, resulting in the production of RNA
through replication and  transcription.
Replication of the genome had resulted in the
full length RNA genome generation by using
RNA copies as a template. The sub genomic
RNAs and all structural proteins are synthesized
by discontinuous transcription. In the
cytoplasm of the host cell, the viruses are

actively inducing the viral protein synthesis in
large amounts. The larger production of viral
protein resulted in misfolded proteins observed
in the endoplasmic reticulum. This leads to the
limited amount of chaperone in the endoplasmic
reticulum and thereby the process of unfolded
protein response. It can result in either the
production of more chaperones or the host cell
to apoptosis. The virions are assembled and
budded into the lumen of the endoplasmic
reticulum. The new virions from the virus
infected cells are released by exocytosis (Figure-
2). The new viruses released are capable of
infecting kidney cells, hepatic cells, intestinal
cells, respiratory tract and T lymphocytes. After
the infection of these cells, the symptoms and
signs are formed [24].

Structural and functional target proteins of
SARS - CoV

The virus genes encoded with structural
proteins like spike (S), envelope (E) membrane
(M), and nucleocapsid (N) proteins (Table.1).
The size of each protein is displayed in Table
1. Initially the viral infection is caused by the
interaction of human cells with the spike
glycoprotein. The S protein is cleaved by
proteases of the host into S1 and S2 subunits.
The S1 subunit is involved in receptor
recognition and S2 in membrane fusion. S1
subunit is again divided into two receptor
binding units called N-terminal domain (NTD)
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and C-terminal domain (CTD) [25]. Receptor
binding domain (RBD) is found on S1 subunit
which acts as a key antigen observed on the
surface of the virus and targeted by ample drug

designing experimental studies [26,27]. The S2
subunit comprises two heptad-repeat regions
(HR1 and HR2) along with hydrophobic fusion
peptide [28].

Table.1 SARS-CoV-2 Proteins and its functions

Proteins of Coronavirus

Non Structural Proteins Structural Proteins
PLpro: 3CLpro: RdRp: Helicase: Spike Membrance Envelope Nucleocapsid
L . L . Protein: Protein: Protein: Protein:
Replication Proteolytic | Replication Protein
Complex activity, Central attachment, Virus- Shape of Virus | Virulence Factor | Viral Genome
Formation, . entra Virus host cell Envelope, Coordination Packaging,
Processing | component P -
. . . replication receptor L. with other L.
Deubiquitation, | polyproteins of Viral o Virion Assembly, - Replication,
. L binding Proteins,
. yield of Replication s
deISGlation, . . Intracellular . . Transcription,
. viral /Transcripti . Disruption of
Proteolysis F - homeostatis
‘unctional on Secondary RNP
proteins Pathway. Complex
Formation
Spike Protein compared to SARS-CoV, the cells infected with
SARS-CoV-2 were established to produce typical
The development of vaccine by the syncytium, which might use the plasma

researchers is focusing on the coronavirus spike
glycoprotein which is responsible for the entry
to the host cells. Angiotensin-converting enzyme
2 (hACE2) is a type I transmembrane metallo
carboxypeptidase related to ACE and which is
responsible for the infection of the host cell by
SARS-CoV-2. S-glycoprotein and ACE-2 receptors
are glycosylated which contain covalently linked
complex oligosaccharides known as glycans. It is
reported that the spike glycoprotein consists of
66 glycosylation sites [28]. Ten different
glycoforms are occupied in glycosylation sites of
S glycoproteins which are site specific N-linked
glycosylation of MERS and SARS. The glycans
are extending the epitope diversity [29]. When

membrane fusion pathway for the entry and
replication in the host cells [30]. Studies
supported the host recognition by SARS-CoV-2
by spike protein [31]. It is reported that S-
protein O-glycosylated on threonine near to the
cleavage site of furin. LC-MS analysis also
provided the spike protein structural motifs like
LacdiNAc and PolyLacNacs [32]. Spike protein
processed by human transmembrane protease
serine 2 (TMPRSS2) and fusion peptide was
observed in the subunit S2 exposed to ACE-2, a
host receptor [33]. Primary and processing of S-
protein by TMPRSS2 plays an important role for
the infection of SARS-CoV- 2 [34].

Table 2 Coronavirus virion-associated proteins

Name of the Protein

Size (kDa)*

Spike glycoprotein (S) 180-220
Membrane protein (M) 23-35
Nucleocapsid protein (N) 50-60
Small envelope protein (E) 9-12

Hemagglutinin-esterase protein (HE) | 65

*= Molecular weight given by [35] using SDS-PAGE estimation

Envelope Protein

Envelop protein (E) is a tiny protein consisting
of two domains like hydrophobic domain and
charged cytoplasmic tail. It is involved in the

viral morphogenesis having variable structure
compared with the different groups of
coronaviruses. Several studies reported that the
E protein is acting as a virulence factor, showing
immature, inefficient progenies and
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coordinating with other intracellular proteins.
Ion channels of E proteins formed by
oligomerization and the significance of these
channels are involved to disrupt the secondary
pathway during viral infection. In cell culture,

the E protein shows lower virus titers, but it
plays an important role in assembly and budding
formation in coronaviruses [36-39].

Spike protein: 7BNN

Helicase : 7NIO

Figure 3 Molecular target proteins observed in SARS COV- 2: Structure obtained from
Protein Data Bank (PDB)

Membrane protein

Membrane protein (M) is a structural protein,
as a central organizer interacting with other
structural proteins. These proteins found
abundantly in the coronaviruses which are
responsible for the shape of the viral envelope
[40,41]. Virion envelope formation driven
homotypic interactions by the M protein, but
this is not alone adequate for virion formation.
Retention of S protein in the Endoplasmic
reticulum-Golgi complex intermediate

compartment (ERGIC) is mediated by the
interaction between S with M protein. The M
protein binds to the nucleocapsid and leads to
the virion assembly [42]. The M and E proteins
interact together to form an envelope of the
virus. Their interaction is adequate for the
production and discharge of virus-like particles
(VLPs) [43]. M protein is acting as an important
role in intracellular homeostasis of viruses by
multiple protein-protein interaction and these
proteins sensitize the host cells by the virus. The
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M and N proteins define the shape of the virus.
They are the envelope proteins of the virus [44].

Nucleocapsid protein

The size of the nucleocapsid protein (N) is 50-
60 KDa (see Table 2) which comprises three
regions known as intrinsically disordered
regions viz., N-arm, Central Linker (CL) and C-
Tail and similar characters found in the
nucleocapsid proteins of all coronaviruses.
These proteins are involved in the replication,
transcription of virus and viral genome
packaging. N proteins are participated in the
active phase of viral infection and highly
conserved. The N protein is proportionately
high immunogenic in nature and having
conserved amino acid sequences giving rise
pathway for making diagnostic assay and
vaccine and therapeutic formulations [45-48].
The N protein is involved in the vital function
known as the formation of ribonucleoprotein
(RNP) complexes consisting of nucleocapsids by
the binding of viral RNA genome. The
nucleocapsid protects the viral genome by
maintaining the replication process of the virus
on time and consistent transmission. The RNA
binding and oligomerization are caused by the
presence of nucleocapsid protein terminals
known as N Terminal Domain (NTD) and C
Terminal Domain (CTD) respectively [49]. The
N protein causes the translational suppressive
effect through the CTD with the interaction of
elongation factor 1a (EF1a) which are the major
translation factor of mammalian cells. SARS-
CoV- N protein inhibits the translation of the
protein by direct binding of EFla. Recent
research reported that the N protein epitope
triggered T cell response revealed prolonged
protection up to 11 years and can be used to
design prophylactic trials [50]. A motif rich in
serine/arginine was reported to be important
for oligomerization of N protein [51]. Folding of
nucleic acid in proper mode assists RNA
chaperone. This chaperone activity suggests a
common activity of all coronaviruses N proteins
and it has been validated for N proteins of the
SARS-CoV [52]. The N protein of SARS-CoV also
regulates the host cell cycle by controlling
cyclin-dependent kinase (CDK) activity. Similar
to other viruses, Coronaviruses deliberately
encourage host translational shut off during the
steady synthesis of their own viral gene
products through affecting the defense
mechanism of the host cells. The N protein of
the SARS-CoV, ORF3b and ORF6 are the three 8

interferon (IFB) antagonists and N protein
inhibits the synthesis of IFp. Synthesis of type-1
interferon (1FN) was inhibited by N protein
[53].

Proteases

The genome of SARS-CoVs have two open
reading frames ORFla and ORF1b joined by a
ribosomal frameshift and that encode two
overlapping viral replicase polyproteins PPla
and PPlab by host ribosomes. These are the
functional proteins produced by the proteolytic
process. The polyprotein ppla of 5'-terminal
open reading frame ORF1a cleaved by two viral
proteases called as a papain-like protease
(PLpro) and 3- chymotrypsin-like protease
(3CLpro). The PLpro is employed to cut the first
three cleavage sites of the polyprotein, whereas
3CLpro is engaged for the cleavage of the rest of
the 11 locations to release 16 nonstructural
proteins (Nsp). The Nsp included RNA-
dependent RNA polymerase (RdRp) and helicase
and participated in the transcription and
replication process of the virus [54]. Replication
of SARS-CoV-2 happened in the cytoplasm of the
host cells to produce a capping mechanism. 2°0-
Methyl transferase dependent to S-adenosyl - L-
Methionine (SAM) catalyzes viral mRNA
structure in nsp-16 which prevents the response
of cellular immune system [55, 56].

Main Protease (Mpro)

3CLpro capable to cleave 11 sites available in
pl position of ppla and pplab by the way it
produces mature proteins which attached on the
replication/transcription complex and finally
releases matured nonstructural proteins [57].
The other name of 3CLpro enzyme is main
protease (Mpro) actively involved in the
replication and viral infection processes and it is
considered as an ideal target for antiviral
therapeutics. 3CLpro is a cysteine protease
consists of domains I to IIl engaged in the
maturation cleavage events occurred in the
polyprotein precursor. Highly conserved active
sites observed in 3CLpro of all coronaviruses
consist of four sites namely S1’, S1, S2 and S4.
Among which S1 sites have thiol of a cysteine
residue responsible for attaching inhibitors. The
covalent linkage by the inhibitors is considered
to be important for sustaining antiviral activity
[58, 59]. Mpro consist of catalytic dyad His41
and Cys145 [60]. His41 received a proton from
Cys145 and nucleophilic attack by suphur atom
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observed in Cys145 on carbonyl carbon atom in
the peptide bond resulted thiohemiketal
intermediate formation. This transformation
produces intermediate of acyl-enzyme complex
supports the breakage of peptide bonds [61].
The enzyme protease acts as a prominent role in
viral protein synthesis machinery
transformation into the cellular cytosol found in
the host cells. The protease is the opt target to
control the viral multiplication. The SARS-CoV-2
has conserved main protease and the virus
lethally affected by mutation and the progeny of
the virus is affected the mutation. Targeting this
protease greatly reduces the impact of mutated
viruses and its resistance to antiviral drugs [62].
It was reported that ebselen, an organo selenium
drug strongly inhibit the Mpro and
recommended for the usage of therapeutic
purpose [63].

Papain-like protease (PLpro)

The N terminal region of polyprotein splits by
the PLpro to produce three nonstructural
proteins viz., Nsp 1, 2 and 3 [64]. PLpro is the
major multi domain viral protein important for
replicase transcriptase complex [65] and it has
proteolytic and other related functions [66].
PLpro has 3.5 % of cystein and its structure has
Cys111 and zinc ions. It is more reactive and
consists of active cystein like Mpro [67]. The
multi-domain non-structural protein (Nsp3) of
SARS-CoV protein consist of 1,922 amino acids
and it plays important role during the viral
replication complex formation through their
insertion in to the membranes of the host and
several interaction with Nsp and Nsp6 [68].
PLpro of SARS-CoV is the peptidase enzyme
having catalytic triad consisting of Cys112,
His273 and Asp287 [67] involved in the key role
including viral replication and pathogenesis
[68]. It is reported that PLpro of SARS-CoV
function is mediated by cysteine protease
catalytic activity in which Cys112 functions as
nucleophile, His273 acts as a general acid-base,
and Asp287 is combined with histidine assisting
for the alignment process and encourage the
deprotonation of Cys112 [69]. The enzymatic
activities of the PLpro are established that the
viral polyprotein processing, deubiquitination
and DelSGylation from the proteins of the host
cells. The deubiquitination is the process of
removing ubiquitin and DelSGylation is the
removal of Interleukin Stimulating Genes (ISG).
The different functions mediated by PLpro of

SARS-CoV to escape from the anticoronaviral
innate immune response of the host.

Helicase

Helicases(HE) are motor proteins that couple
the released energy from nucleoside
triphosphate hydrolysis with double-stranded
(ds) nucleic acid unwinding into single stranded
nucleic acids [70]. The helicase of SARS-CoV is
the part of the Nsp13 and the residues of the
protein sequences from 5302 to 5902 mediating
ATPase and DNA unwinding process [71].
Hemagglutinin esterase (HE) is a homodimeric
class | protein present in the envelope of
betacoronavirus associated with the enzyme
activity. The membrane fusion activity is lacking
in this virion and attached to the spike protein
which is considered as a receptor binding
protein. HE of coronavirus is binding to O-
acetylated sialic acids and involved in the virion
attachment [72,73]. HE is considered to
function as a second attachment protein in
addition to the S protein which initiates the
infection [74].

Prophylactic options for COVID-19

Vaccines are an important tool in the medical
field to prevent infection, decrease the
prevalence of disease and finally global
eradication of the disease [75]. Inactivated and
attenuated pathogenic strains, subunits of the
pathogens are used in the vaccine production to
propel the immune response. Milestone of
vaccine comprises use of virus like particle,
recombinant viral vectors, and conjugates of
proteins, polysaccharides and toxoids. Nearly six
million lives can be saved by vaccines and it
increases the lifespan of human beings [76].

Vector vaccines

Viral vector constructed by using the genetic
material of SARS-CoV-2 virus is placed in a
modified version of a different kind of virus. The
genetic information is delivered to host cells,
where the initiation of the immune defense
system creates antibodies.

Protein subunit vaccines

Subunit vaccines implement on the parts of
the virus that activate the immune system. In the
case of SARS-CoV-2, these happen to be
harmless spike proteins. This provides the body
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with a better immune response in the case of an
infection. Antigenic proteins from the subunit of
proteins have more immune response. Protein
subunit vaccines or acellular vaccines stimulate
immunity of the host and these fragments
protein molecules do not cause disease. These
vaccines have peculiar protein molecules
developed against the COVID-19 virus. The
protein subunit has adjuvants which support the
immune system.

mRNA & DNA Vaccines
History of mRNA and DNA vaccines

First discovered in 1990 when scientists
experimented by injecting mice with mRNA and
DNA. This resulted in the mouse cells creating
proteins that lasted for a few weeks. mRNA
vaccines potentially used in the year 1990. The
in vivo expression of proteins observed when
mRNA code is injected into the skeletal cells of
mice [77]. After the successful expression noted
in the experiments, many studies were carried
out to give rise to the immune response by using
mRNA in mammalian cell culture. mRNA
vaccines drastically work due to its expression
as a specific antigenic response [78]. Humoral
and cell mediated immune response happens by
using mRNA vaccine and increases the innate
immune response [79].

In 1992, mRNA coding for vasopressin was
injected in mice, resulting in resolved diabetes
insipidus symptoms. The only issue was the
instability of mRNA outside of the cell. During
the SARS-CoV-2 coronavirus pandemic, some
institutions found ways to deliver the mRNA
vaccine with relatively stable delivery methods.
Large-scale funding and public urgency allowed
for human trials.

A piece of messenger RNA (mRNA) found in
the outer membrane of the virus introduced to
produce mRNA vaccine. mRNA is responsible for
viral protein synthesis. When administered, the
mRNA vaccine is used as a blueprint for making
viral proteins, spike proteins in the case of SARS-
CoV-2 coronavirus, and then the mRNA may
break down. The immune system of the host
recognizes the protein as a foreign particle and
synthesizes antibodies specific to the virus. The
function of antibodies is to find the pathway
surrounding them and mark them for
phagocytosis. These antibodies remain in the
body and allow for quicker response times if the
body is infected by a specific pathogen.

DNA vaccines work very similarly to mRNA
vaccines, except for the fact that they involve

DNA genetic information instead of mRNA. DNA-
based vaccines are also believed to be less
potent, requiring higher doses in order to
activate an immune response. DNA vaccines in
India require a device that pushes a stream of
vaccines into the skin.

Liposome encapsulated RNA developed for the
effective immune response without the limiting
degradation in the host cells [80]. It can induce
antigen  specific  antibody and  T-cell
multifunctional response during cancer trials
[80].

Benefits and limitations of mRNA vaccines
Benefits of mRNA vaccines

In the case of SARS-CoV-2 vaccines, mRNA
vaccines have an efficacy rate of more than 90%.
Large-scale administration of the vaccines could
promote the needed levels of herd-immunity in
order to return to the status quo pre-pandemic,
allowing for the global economy to recover.
mRNA vaccines are independent of developing
cellular processes, making them extremely
adaptable, inexpensive, and able to manage the
scale of the pandemic. The adaptability factor is
best expressed when considering the mutation
ability of the SARS-CoV-2 virus. If a new variant
were to become more prevalent, it would be
relatively easy to code the nucleotide sequences.
This also facilitates its production, therefore
contributing to the inexpensiveness and ability
to produce vaccines on a larger scale at a faster
rate. mRNA vaccines are produced void of the
infectious pathogen, relieving the responsibility
of pathogen cultivation and purification.
mRNA/DNA vaccines can be produced in
comparatively  low-resource  settings in
comparison to handling highly contagious
pathogens like SARS.

Limitations of mRNA vaccines

The Pfizer SARS-CoV-2 vaccine was the fastest
formulated, in 11 months, and the fastest
approved. About a week later, the Moderna
COVID-19 vaccine was released. This is frankly
not enough time to acquire data on the long-
term safety of these vaccines. Low dosage of
single vaccine or combined vaccines might
possess the capacity to induce neurological,
articular, and autoimmune disorders in the
system. There is no risk for genomic integration
with an mRNA vaccine but could lead to
damaged immune response due to T-cell
exhaustion as the mRNA and DNA vaccines serve
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as long-term antigen production. Duration of
protection is another limitation as it can only
last for about a couple of months.

Virus mediated drug targets

The virus life cycle mediated by many proteins
discussed previously provides highly potential
opening to inventors for the drug discovery and
therapeutic targets. The viral replication is
mediated by the prominent enzymes and
proteins present in the coronaviruses. The
capable targets are including nonstructural
proteins like 3-chymotrypsin-like protease,
papain like protease, RNA-dependent RNA
polymerase which resembled with other
coronaviruses (Figure. 4). The 3-chymotrypsin
like protease (3CLpro) of CoV is the key protein
also known as main protease (Mpro) that is
involved in the cleavage of replicase
polyproteins in the time of viral replication. The
invitro studies were carried out for finding the
potent antagonist against CoV found that the
drugs lopinavir-ritonavir combination basically
developed for HIV-1 protease was showing
protease inhibiting activity on 3CLpro [81].
Lopinavir-ritonavir combination is used to
inhibit the protease activity to treat the SARS-
CoV-2 [82]. Lopinavir/ritonavir targeted to 3CL
protease potentially inhibit the main protease
especially in the His/Cys catalytic dyad [83] and
arrest the viral entry. Lopinavir developed by

ORF1la

ORF1b

Abbott Laboratories for the inhibition of human
immunodeficiency virus (HIV) protease. They
are peptodomimetic drug containing hydroxyl
ethylene inhibits HIV protease. Earlier stage of
SARS-CoV-2 has been controlled by the
combination of lopinavir, ritonavir and ribavirin
[84]. Overdose of these drugs cause risk to the
infants, it may pose cardiac effect,
hepatotoxicity, hypersensitivity and other side
effects (drug bank). Based on the report
released by National Institute of health (NIH)
showed that the drug Lopinavir/ritonavir was
not effective to treat COVID- 19 patients [85].

N finger residues available in the SARS 3CLpro
are engaged in the prominent role in enzyme
dimerization. N-terminal octapeptide known as
N8 is the inhibitor actively targeting the dimeric
interface noted in the SARS 3CLpro explicitly
making a way to find out the drug designing
pathway [86]. The promising and efficient
inhibitors for 3CLpro are mercury containing
compounds like thimerosal, phenylmercuric
acetate and hexachlorophene [87], compounds
with metal-conjugates with mercury and zinc
[88], stable benzotriazole esters based
inactivators [89], the keto-methylene isosteres
and tripeptide a,b-unsaturated esters [90] series
of trifluoro methyl ketones [91], C2-symmetric
diol [92] and anilide derived from 2-chloro-4-
nitroaniline, I-phenylalanine and 4
(dimethylamino) benzoic acid [93].

5l

PLpro 3CLpro

RARp Hel

{ W (s
J-o'.lj mll @
S E M N

Figure 4 Coronavirus gene Structure

PLpro enzymes of SARS-CoVare important
proteolytic enzymes involved in the specific
activities  including deubiquitylating and
delSGylating and the characterization of these
enzymes are performed by using
crystallography [94]. Many classes of PLpro
inhibitors are reported which includes zinc ion
and conjugates of zinc molecule, natural
products, thiopurine, naphthalene and small
molecule inhibitors [95]. Further studies are
required to find out the vibrant drug to inhibit
the enzymatic activities of PLpro and to prevent

the viral replication process facilitated by the
enzyme. Hydroxychloroquine is used to inhibit
the PLpro during the post entry stage of viral
infection and formoterol is used as a
bronchodilator to treat the patients and inhibit
the PLpro enzyme activity. SARS PLpro can be
inhibited by zinc and conjugates of zinc with
high dose [96]. Benzodioxol is also inhibiting the
enzyme activity [97]. All the coronaviruses are
structurally different and it shows narrow
spectrum activity by the PLpro enzyme
inhibitors. The structural difference between
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SARS-CoV and MERS Cov is due to the flexible
blocking loop 2 (BL2) domains observed in the
PLpro enzymes [98].

Broad spectrum antiviral activity is noted with
nucleoside ribavirin for the treatment of severe
respiratory syncytial infection caused by virus
[99, 100]. Remdesivir is an adenosine analog
experimentally demonstrated
monophosphoramidate prodrug against some
RNA viruses comprising Filoviridae,
Pneumoviridae, and Coronaviridae. RdRp is the
main target of remdesivir [101] and it is
extremely conserved within the gene groups
that are beta 2b with the amino acid similarity
among the groups showing variation between
70 to 90% [102]. A research reported that the
RdRp binding efficiency of approved drugs like
Ribavirin, Remdesivir, Sofosbuvir, Galidesivir,
and Tenofovir which are highly potent against
SARS-CoV-2 [103].

Sheahan et al, [104] reported many small
molecules which are actively inhibiting
replication of SARS-CoV. Further they indicated
that SSYA10-001, a 1,2,4 triazole which block
SARS-CoV replication and inhibits the helicase
activity of SARS-CoV Nsp13. Helicases comprise
vastly variable glycoproteins observed in the
surface and this SSYA10-001 is showing broad
spectrum inhibition from different
coronaviruses. Triazoles are well known
heterocyclic moieties showing broad spectrum
antiviral activities which are inhibiting helicase
activity [105].

Griffithsin is a lectin derived from red algae
which binds to the glycans of spike protein it is
utilized for the potential antiviral agent
inhibiting the entry of the virus observed in-vitro
and in vivo. [106, 107]. HR1(Heptad Repeat 1)
domain of HCoV spike protein is the vital target
and the structures of protein data bank (PDB) id
5zvm, 5zvk, and 5zuv are showing stable six
helix bundle structure with long HCoV HR1
region [108]. HR2P is a hopeful antiviral agent
which is inhibiting spike protein mediated cell
fusion and can be used to treat and prevent the
infection by HCoV [109]. Studies show that panel
of monoclonal antibodies isolated by using
immunized mice exhibit an efficient viral
neutralizing effect on alpha, beta, delta and
omicron variety of SARS-CoV-2 [110].

Viroporin decreases the ion channel activity of
envelope protein of SARS-CoV-2 and shows

narrow spectrum activity. Lipophilic thiazolidine
derivatives are photo sensitizers which generate
singlet oxygen molecule making changes in the
lipid membrane properties by the way it is
preventing the fusion of virus and target cell
membranes. They are showing broad spectrum
against various enveloped viruses [111-113].

Host mediated drug targets

The viral infection resulted in the replication
of virus cells inside the host cells controlling the
innate immune response through the production
of interferon. Approved recombinant
interferons including pegylated alpha 2a (IFN-
a2a) and beta 2b (IFN- 1a, 1b) are used to treat
metastatic renal carcinoma and melanoma and
these are used to inhibit the replication of SARS-
CoV and MERS-CoV observed during in vitro and
animal model based studies [114-116].Trial
testing was approved for the pegylated
interferon combined with ribavirin for
coronavirus treatment [117].

Development of the Anti-COVID Drugs

There are many drugs and vaccines are
observed in and around the world to race the
SARS-CoV-2  prophylaxis, treatment and
eradication of this current pandemic
development. The familiar antiviral drug

Chloroquine and hydroxychloroquine are
reported and recommended by many
researchers by showing their maximum
publication of articles recently. These

compounds are exhibiting its potential through
their active inhibition of SARS-CoV-2 in the in
vitro studies [118]. These drugs are modifying
the ACE 2 receptor profiles and maximizing the
pH of the intra cellular organelles. Virus entry to
the host cells and their subsequent replication is
interrupted by the action of the drug candidate.
The top ten drugs ranked by IBM based on the
total publication of articles and clinical trial
undertaken were Remdesivir, Chloroquine,
Hydroxychloroquine, Hidroxicloroquina,
Angiotensin II, Plaquenil, Lopinavir, Ribavirin,
Ritonavir and Serine [119].

The N protein of the SARS-CoV encoded with
DNA vaccines creates a robust humoral and T
cell mediated immune response specific to the N
protein extensively decreasing the viral titer
during the vaccination studies using mice [120].
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Few months after the virulence and fatality of
the SARS-CoV-2, there are nearly hundred
vaccines for preventing viral infection which are
at various stages to meet the present threat
faced by millions of people globally. There are
different types of vaccines under trial basis
prepared by using virus and viral parts including
viral derived, virus vector used, nucleic acid and
protein based vaccines. WHO’s immunization
head Katherine O'Brien told that under
emergency situations no vaccine has even been
deployed and in the path of finding new vaccine
extra reassurance for the safety of the virus by
the regulators is required.

A number of antiviral drugs have been
considered and some have been used for the
treatment of different viral diseases such as
Hydroxychloroquine, originally used for malaria,
rheumatoid arthritis, Remdesivir (GS.5734-
RDV), developed for the Ebola virus disease,
MERS and SARS Viruses (SARS-CoV-2) has been
proposed for COVID-19 and so has the
Favipiravir (Avigan), an antiviral drug with
activity against RNA diseases, is approved in
Japan and China for COVID-19; Cyclodextrins, a
sugar based polymers, show some promise in
the treatment of COVID-19; Lopinavir and
Ritonavir for HIV/AIDS and other antiretroviral
diseases has been proposed for COVID-19.

It is of interest to note that with all the current
scientific research activities on this disease, yet
no definitive prescription drug has emerged. We
are facing a new and a very difficult and
challenging problem but provided the
considerable scientific research and financial
resources it demands, a drug for COVID-19 will
be found.

Research on the development of organic
molecules with anticancer drugs activity have
highlighted the importance of the use of
hyaluronic acid (HA), a natural biopolymer
present in our body, as a conjugate in improving
the efficiency of the physiological properties of
the drugs[121-124]. Hyaluronic acid (HA), also
known as hyaluronan, is a naturally occurring
polysaccharide of a linear repeating
disaccharide unit consisting of -(1—4)-linked
D-glucopyranuronic acid and B-(1—3)-linked 2-
acetamido-2-deoxy-D-glucopyranose, which is
present in extracellular matrices, the synovial
fluid of joints, and scaffolding that comprises
cartilage. Despite the simplistic structure of
hyaluronan, it behaves quite differently from the
glycosaminoglycans in its mechanism of

synthesis, its size, its biochemical properties
such as the network-forming, viscoelasticity, and
its charge characteristics, important to many
biochemical properties of living tissues. It
mediates its biological functions through specific
protein receptors present on the different cell
surfaces, which include CD44 [125], HARE [126],
RHAMM [127], and LYVE [128].

The Conjugation Technology of Hyaluronic
acid with drugs

Hyaluronic acid has been covalently
conjugated with a number of pharmacologically
active compounds, for example anticancer drug
Taxol, a  poorly soluble  antimitotic
chemotherapeutic agent, has been conjugated to
HA by way of their intermediate Taxol 2’-
hydroxyl succinate and the adipicdihydrazide-
modified HA to afford HA-Taxol conjugates
[129]. Akima et al, [130] have described a
process to conjugate Mitomycin C at the C-5’
position of the glucuronic acid residue of the HA
by way of an amide bonding of hyaluronic acid
and the Mitomycin C; the conjugate under
metabolism is completely decomposed in the
cell by metabolism in the action region, whereby
the medicinal ingredient is gradually and
quantitatively released.

Camptothecin 20-(S), (CPT), a naturally
occurring alkaloid, with a significant antitumor
activity against a variety of human solid tumors;
however because of its limited solubility in
water and severe toxicity its trial as an
anticancer drug was stopped. In order to
enhance its water solubility and impart targeting
ability it was conjugated with the hyaluronic
acid at the C-6 position of the N-acetyl-D-
glucosamine moiety involving the following
chemical steps: (a) replacement of the C-6
hydroxyl group by the amino group and then
treating with CPT-20-0-hemisuccinate with HA-
6-ammino TBA salt in DMSO to afford HA-CPT
conjugate [131,132].

Hydroxychloroquine (HCQ) and 2-Deoxy-D-
glucose have both exhibited anti-COVID-19 but
they also revealed some toxicity as side effects.
On the basis of the insilico molecular docking
studies HA-2-Deoxy-D-Glucose (HA-2DQG)
conjugate has been proposed as novel drug for
the treatment of COVID-19 (Figure 5). In silico
molecular docking studies of HA-2DG and 2-
Deoxy-D-Glucose (2DG) against four different
SARS-CoV-2 viral proteins (Mpro, RdRp, PLpro
and S protein) revealed that HA-2DG conjugate
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showed better binding affinity (-6.2, -7.2, -7.0
and 6.4 Kcal/mol) with all four screened SASR-
CoV-2 viral targets than the antimetabolite drug
2DG alone (-4.8, -4.9, -4.6 and 4.7 Kcal/mol)
respectively [133]. Similarly, In-Silico anti-viral
activity of Hydroxychloroquine (HCQ) and its
Hyaluronic Acid-derivative (HA-HCQ) towards
different SARS-CoV-2 protein molecular targets
were reported (Figure 6). Four different SARS-
CoV-2 proteins molecular target i.e., three
different main proteases and one helicase were
chosen for in-silico anti-viral analysis. The HA-
HCQ conjugates exhibited superior binding
affinity and interactions with all the screened
SAR-CoV-2 molecular target proteins with the
exception of a few targets [134].

The Potential Mode of Action of the HA-HCQ
Conjugate Drug against SARS-CoV-2

The role of hyaluronic acid-binding receptors,
CD44 and receptor for hyaluronan-mediated
motility RHAMM have attracted much attention
because they are believed to be involved in
cancer metastasis and it also possesses
therapeutic potential in the treatment of
arthritis and wound healing. The following
diagram reveals the potential process of the HA-
HCQ drug conjugate internalization in the cell
and its mode of action against SARS-CoV-2.

|||O
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Figure 5 Structure of Hyaluronic Acid- 2-Deoxyglucose conjugate (HA-2DG)

Figure 6 Hyaluronic acid - Hydroxychloroquine Conjugate (HA-HCQ)

SARS-CoV-2
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Figure 7 SARS-CoV-2 and HA-HCQ internalization Diagram
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The Diagram (SARS-CoV-2 and HA-HCQ
internalization) shows the key biological steps
indicating how the HA- HCQ drug conjugate
would function in the cell to deactivate and
eliminate the SARS-CoV-2 from the cell (Figure
7).

The SARS-CoV-2 virus enters the cell via
Angiotensin Converting Enzyme 2, ACE-2,
receptor mediated endocytic pathway, which is
composed of a series of highly dynamic
membrane-enclosed tubule-vesicular structures
with different biological functions such as early
endosomes, late  endosomes, recycling
endosomes and lysosomes.

The following key steps are involved in the
metabolism of the drug conjugate:

a) The HA-HCQ drug enters into the cell
mediated by the CD44 receptor.

b) The HA-HCQ drug then under the influence
of hydrolytic enzymes, released from the
lysosome, splits the HA-HCQ ester covalent
bond and releases the HCQ drug into the cell.

c) Glycosylation is an important and highly
regulated mechanism in the cell that
determines protein structure, function,
recruitment, interaction, and activates their
signaling properties.

d) Autophagosome initiates the important
catabolic process for the virus that delivers
to the cytoplasmic material to the lysosome
for degradation of viral protein aggregates
by facilitating bioenergetic homeostasis; it
delivers the cytoplasmic degradation
components to lysosomes for digestion
allowing them to either excrete out of the
cell using the exocytosis process or the cell
to recycle them to produce new cells.

CONCLUSION

Finding the appropriate drug target to capture
viral or host mediated targets needs further
research. The lining of the nose readily accepts
the viral pathogen when someone inhales virus
containing droplet. The cell surface receptors
ACE-2 is suppressed by virus assembly
machinery or the cell and making innumerable
copies of cells. The drugs reported in this
review are very limited and appropriate and
many more vibrant medications are constantly
reported by researchers every day. Many drugs
and vaccines are under trial and preclinical are
proving the hectic efforts made by the research
community constantly. The review also

highlights a new cellular targeted drug target
pattern employing hyaluronic acid conjugates of
not only anti-COVID drugs but other
pharmacological active compounds.
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