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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2 (COVID-19) epidemic has created an unprecedented medical and economic crisis all over the world.
SARS-CoV-2 SARS-CoV-2 is found to have more contagious character as compared to MERS-CoV and is spreading in a very fast
COVID-19

manner all around the globe. It has affected over 31 million people all over the world till date. This virus shares
around 80% of genome similarity with SARS-CoV. In this perspective, we have explored three major targets
namely; SARS-CoV-2 spike (S) protein, RNA dependent RNA polymerase, and 3CL or MP™ Protease for the in-
hibition of SARS-CoV-2. These targets have attracted attention of the medicinal chemists working on computer-
aided drug design in developing new small molecules that might inhibit these targets for combating COVID-19
disease. Moreover, we have compared the similarity of these target proteins with earlier reported coronavirus
(SARS-CoV). We have observed that both the coronaviruses share around 80% similarity in their amino acid
sequence. The key amino acid interactions which can play a crucial role in designing new small molecule in-
hibitors against COVID-19 have been reported in this perspective. Authors believe that this study will help the
medicinal chemists to understand the key amino acids essential for interactions at the active site of target
proteins in SARS-CoV-2, based on their similarity with earlier reported viruses. In this review, we have also
described the lead molecules under various clinical trials for their efficacy against COVID-19.

SARS-CoV-2 spike (S) protein
RNA dependent RNA polymerase
3CL or Mpro Protease

Clinical trials

triggered by SARS-CoV-2, first emerged in Wuhan City in December
2019 and emerged as an epidemic overworld [7-9]. This new virus

1. Introduction

Coronaviruses (CoVs) tend to have a high zoonotic potential and
according to the World Health Organization (WHO), these viral diseases
have emerged as a serious health issue to the world [1]. Two previously
identified coronaviruses (CoVs), severe acute respiratory syndrome CoV
(SARS-CoV) and Middle East respiratory syndrome CoV (MERS-CoV),
have dominated medical, science, and media attention over the past two
decades due to their dangerous epidemic potential [2,3]. The first SARS
case was found in Foshan, China, in November 2002 [4], and the first
case of MERS died in June 2012 in a hospital in Jeddah, Saudi Arabia.
Both zoonotic diseases remain on the list of priority diseases of the
World Health Organization (WHO) as they pose a major threat to the
global public health security [5,6]. The novel coronavirus pneumonia of
2019, called COVID-19 by the World Health Organization (WHO),
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shares 80% of its genome with SARS-CoV but more contagious which
leads to very fast spreading all over the globe and presented a great
challenge to the health system of the whole world [10,11]. Various
studies on COVID-19 reported its epidemiological and clinical charac-
teristics. Most patients effected from it were found to develop fever and
cough while some patients experienced acute respiratory failure, ARDS,
septic shock, and other serious complications. Critical patients tend to
have poor outcome and high mortality as compared with other forms of
CoV [12-14]. Currently, the diagnosed therapy of COVID-19 relies pri-
marily on a consensus guideline involving epidemic communication
history, laboratory testing, and CT imaging analysis [15,16]. Since the
first case in China, the epidemic has spread to a total of 213 countries
and regions, with more than 31 million confirmed cases as reported till
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Coronaviruses are Nidovirales single-strand RNA viruses which are
spherical or pleomorphic in shape with bear’s club-shaped glycoprotein
projections. These are classified into four genera: alpha, beta, gamma,
and delta coronaviruses (Fig. 2) [17]. Gamma and delta CoVs are pri-
marily associated with avian hosts, while alpha and beta CoVs contain
many human and domestic pathogens that are likely to be associated
with the transmission events of cross-species [18,19]. Both SARS-CoV
and MERS-CoV belong to the genus beta coronavirus and are associ-
ated with a severe infection of the respiratory tract with mortality rates
of 10% and 35% respectively [20]. The SARS pandemic was managed
rapidly through an unparalleled global containment campaign, and
since May 2004, the virus has not been identified in humans [4]. Despite
this rapid eradication, nearly 800 deaths in 27 countries were caused by
SARS-CoV, with persistent outbreaks in 18 countries on three continents
(WHO). Rhinolophid bats are gradually serving as natural reservoirs for
SARS-related CoVs with a potential spill-over to the non-flying mam-
mals. For example, as with the SARS coronavirus, some bat CoVs may
use angiotensin-converting enzyme 2 (ACE2) as a cell receptor [21-24].
In comparison, the role of bats in MERS-CoV epidemiology is less well
explained, since this human viruse is mostly linked to the viruses found
in dromedary camels [25]. In addition, while similar viruses have been
identified in bats, they are divergent in their spike sequences and appear
ineffective in the use of human dipeptidyl peptidase 4 (DPP4) as a re-
ceptor cell [23,26,27]. The MERS epidemic is ongoing in the Middle
East, with travel-related cases recorded in 27 countries around the world
[28]. Lastly, Alphacoronaviruses 229E and NL63, which induce a mild
human influenza-like syndrome, share a common ancestor with Hip-
posideros and Triaenops bat-sampled viruses, respectively [29-31].

Bats are considered to have high rates of CoV diversity with
geographical range and prevalence in almost every species investigated.
It supports the theory that bats played a major role in the evolution of
CoV [18,32]. Additionally, bat CoVs are interspersed taxonomically
with other associated mammals including humans and domestic animals
which is consistent with the theory that bats are a significant genetic
reservoir of CoVs [31,33]. The long-term evolutionary relations between
bats and coronaviruses are also confirmed by phylogenetic evidence that
CoVs display such tropisms unique to species and genus [34,35], and
those taxonomically-based viruses are identified independently of the
sampling position in different bat species. Conversely, that CoVs are not
always shared among bat species that co-roost suggests that there are
some barriers to transmission across species [18,26,35-38]. Due to the
topological similarity between the phylogenetic trees of CoVs and their
mammalian hosts, it has been proposed that the diversity of CoVs

Simple Corona virus
Common cold- flu
like symptoms
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represents primarily the long-term co-divergence between bats and
CoVs [35]. Indeed, recent studies of unique bat taxa from different lo-
cations indicate that the role of virus-host codivergence in the evolu-
tionary history of CoVs may have been overestimated relative to other
events like host-jumping [31,32,39].

In SARS-CoV-2 to date, three targets have been explored namely the
SARS-CoV-2 spike (S) protein [40], RNA dependent RNA polymerase
[41], and 3CL or MP™ Protease [42] with several mechanisms for the
inhibition of the SARS-CoV-2. Out of these two targets, RNA dependent
RNA polymerase and 3CL/MP™ Protease are reported with their in-
hibitors while the antibody-based inhibition was reported for the SARS-
CoV-2 spike protein receptor-binding domain (RBD) [43]. Other than
these three targets, some host-based targets, their role in SARS-CoV-2
transmission and problems in targeting them are also discussed in this
manuscript. However it is also known that SARS-CoV-2, as well as SARS-
CoV, are identical (80%) [44,45], So the information about the struc-
tural similarity and identical amino acids of targets has unlocked the
pathways of the medicinal chemists working in the area of computer-
aided drug design in generating new small molecules and structural
biologists to design the antibodies that might interact with these targets
to combat the COVID-19 disease.

1.1. History of the coronavirus

In 1960, the coronavirus was first reported for causing the common
cold [46,47]. More than 500 patients have emerged with flu-like the
symptoms in one study conducted in Canada in 2001. Virologic analysis
has shown that 3.6 percent of these cases were polymerase chain reac-
tion (PCR) positive for the HCoV- strain [48]. Coronavirus was consid-
ered as a fairly safe, non-virus until 2002. Before 2003, there were only 2
CoVs reported to cause human disease, human CoV 229E (HCoV-229E),
and HCoV-OC43 [48] which present mild symptoms such as common
cold in adults and more severe illness in children and elders along with
the weakened immune system. In November 2002, rare cases of un-
known cause of “atypical pneumonia” occurred in Foshan City,
Guangdong Province, China, where many health care workers were
infected [49]. The infection was brought to Hong Kong on 21 February
2003 by a physician who had looked after the similar cases of atypical
pneumonia in mainland China, which resulted in serious pneumonia
outbreaks in Hong Kong and on 15 March 2003, was named as “severe
acute respiratory syndrome” by the WHO [50-52]. Several months were
passed and several hundred cases of SARS were identified before
discovering SARS-CoV. On 22 March 2003, a novel CoV (SARS CoV) of
lineage B was identified as a cause of these cases of atypical pneumonia

1960 2002

2012

SARS-CoV
Symptoms- Atypical
pneumonia

Breathing difficulty,
Fever, Loss of taste

Fig. 1. History of coronaviruses.
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Fig. 2. Classification of different coronaviruses.

[51]. Therefore, a state of emergency was declared in 2004 by the
Centers for Disease Control and Prevention (CDC) and WHO [50,52,53].
The evolution of this virus has shown that coronavirus is not a stable
virus as well as it can adapt to humans to become more virulent, even
lethal. Indeed, another outbreak in Saudi Arabia in 2012 resulted in
numerous deaths. Afterwards it spreaded to other countries in the
Middle East and then around the world, leading to renewed interest in
studies of this new form of coronavirus (Fig. 1) [50-53].

2. Target proteins for COVID-19

In SARS-CoV-2 till date, three targets have been explored namely the
SARS-CoV-2 spike (S) protein [40], RNA dependent RNA polymerase
[41], and 3CL or MP™ Protease [42] with several mechanisms for the
inhibition of SARS-CoV-2. Out of these two targets, RNA dependent RNA
polymerase and 3CL or MP™ Protease are reported with their inhibitors
while the antibody-based inhibition is reported for the SARS-CoV-2
spike protein receptor-binding domain (RBD) [43]. So the information
about the structural similarity and identical amino acids of these targets
has unlocked the pathways for the medicinal chemists working in the
area of computer-aided drug design in generating new small molecules

and structural biologists to design the antibodies that might interact
with these targets for combating the COVID-19 disease. Each of these
virus proteins has an important role in the viral life cycle. For targeting
these virus proteins there is a need for the knowledge of the structural
insights of these proteins. The structural insights of these proteins pro-
vide knowledge about the protein regions actively participating in the
viral life cycle. The knowledge of the co-crystallized structures such as
3CL or MP™ Protease with inhibitor N3 (PDB ID: 6L.U7), RNA dependent
RNA polymerase with remdesivir (PDB ID: 7BV2), SARS-CoV-2 spike
protein interaction with Human ACE2 (PDB ID: 6MO0J) provides the
knowledge of active sites and the important amino acids that are
responsible for the inhibition of SARS-CoV-2. So the discussion about the
amino acids interacting with the inhibitors provided the insights for
targeting these different proteins viable for the viral replication.

2.1. Spike glycoprotein (S Protein)

The entry of the virus in the host cell is an important step towards
infection of SARS-CoV and SARS-CoV-2. This entry is facilitated by the
ACE 2 receptor. The Spike glycoprotein (S Protein) of these viruses is a
trimer of about 1300 amino acids that splits into S1 (700 amino acids)
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and S2 (600 amino acids) subunits [54-57]. The S1 contains the
receptor-binding domain (RBD) that interacts with the peptidase
domain (PD) of ACE 2 while S2 subunit is cleaved by the host proteases
in post interaction and facilitates membrane fusion and hence important
step in viral infection [55,58-60]. The interaction with the ACE 2 is
facilitated by polar interactions such as hydrogen bonding, pi-pi stack-
ing, and salt bridge interactions. The PD arc-shaped helix of ACE 2 binds
to the loop region of the RBD of S protein. The amino acid interactions
that helped in binding were observed between the RBD of SARS-CoV-2
and PD of ACE 2 and are considered as important aspects for the inter-
action inhibitor design [61]. There are 17 amino acids of SARS-CoV-2
and 20 amino acids of ACE 2. Out of these 14 amino acid interactions
of SARS-CoV-2 namely Tyr449, Tyr453, Leu455, Phe456, Phe486,
Asn487, Tyr489, GIn493, Gly496, GIn498, Thr500, Asn501, Gly502,
and Tyr505 are considered to be important. The 5 amino acid in-
teractions are explored to be more critical as these amino acids interact
with 18 amino acids of ACE 2. These critical amino acid interactions
involved Leu455 interaction with Asp30, Lys31, and His34; Phe486 with
GIn24, Leu79, Met82, Tyr83, and Leu472; Gln493 with ACE 2 Lys31,
His34 and Glu35; GLN498 of SARS-CoV-2 with Asp38, Tyr41l, GIln42,
Leu45, and Lys353. Amino acid Asn501 has a similar type of interactions
with ACE2 Lys353, Gly354, and Asp355 while H-bond interaction is
observed with Tyr41. The binding affinity of the RBD domain of SARS-
CoV-2 and PD of ACE2 is 4.7 nM which is strong as compared to the 31
nM in SARS-CoV. It was reported that in SARS-CoV-2 the amino acid
Lys417 showed a salt bridge interaction with Asp30 of ACE-2. The
positive patch on the surface of RBD of SARS-CoV-2 was added by
Lys417 that contributed towards the electrostatic potential. The struc-
ture of the SARS-CoV-2 and ACE 2 interaction was reported (PDB ID:
6MO0J) and the interactions of the residues are shown in Fig. 3.

This SARS-CoV-2 — ACE 2 interaction blocking agents is a novel
approach as there is a no protein-protein interaction inhibitor available
till date. However, Adedji et al. reported three mechanisms with their
inhibitors for stopping the interaction in SARS-CoV with ACE 2 [62].
This approach could be applicable to the SARS-CoV-2 as well because of
the identical (80%) structures of SARS-CoV and SARS-CoV-2 [44,45].
The first sequence of RBD domain of the SARS-CoV (PDB ID: 2DD8) and
SARS-CoV-2 (PDB ID: 6M0J) are aligned to show similar identical resi-
dues between them [63]. The residues that show interaction with ACE 2
are highlighted in the red boxes for SARS-CoV and SARS-CoV-2. The
sequence alignment of the RBD domains of the SARS-CoV-2 and SARS-
CoV showed that these are 70% identical and 80% similar to each
other (Fig. 4).
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2.2. 3CL or MP™ proetease

COVID-19 virus MP™ protease is a 33.79 kDa protein and its crystal
structure was determined to elucidate the mechanism of inhibition by
ligand N3 [42]. The co-crystallized structure of MP™ with N3 contains
303 amino acid residues that are divided into three domains. The first
two domains contain the antiparallel B sheets while the third domain
consists of 5 a-helices connected to the second domain by a loop region.
Domain I runs from the 8 to 101 residues which extend to domain II from
102 to184 residues. The loop region runs from 185 to 200 residues
connecting domain III (201-303 residues) to domain II. The binding site
for the substrate was located between domains I and II near to the Cys-
His catalytic dyad. The substrate-binding pocket consists of backbone
atoms with residues 164-168 (part of long strand 155-168) and
189-191 residues of loop region (connecting domain II to domain III)
(Fig. 5) [64-671.

The co-crystallized ligand N3 is divided into 4 regions the first region
contains the phenyl bulkier group that interacts with the Thr24 and
Thr25 while O atom in the region interacts with Glyl143. Region 2
contains lactam ring that interacts with the Phel40, Asn142, Glul66,
His163, His172 via van der Waals, and H-bond interactions while the
hydrophobic vinyl side chain binds to the Cysl145 via covalent in-
teractions. Region 3 of ligand consist of consists of the three amino acids
leucine, valine, and alanine in which leucine interacts with the hydro-
phobic chain consisted of His41, Met49, Tyr54, and Metl65 and its
dimethyl side chain interacts with Asp187. Valine interacts with the
Glul66, Leul67, and GIn189 via hydrogen bonding while alanine in-
teracts with Thr190 via hydrogen bonding and fits into the cavity
formed by Metl65, Leul67, Phel85, GIn189, and GIn192. Region 4
contains an oxazole ring and showed van der Waals interaction with
Thr190 and Alal91 (Fig. 6).

Moreover, the sequence alignment of SARS-CoV-2 and SARS-CoV
MP™ has shown around 96% identical and 98% similar residues with
no gaps. The similarity between the MP™ has suggested that there is no
difference between the residues in the active site of SARS-CoV-2 and
SARS-CoV [68] (Fig. 3). The interacting residues with the ketomide
inhibitor N3 of SARS-CoV-2 and the residues interacting with an in-
hibitor in SARS-CoV are highlighted. The highlighted residues in
different colors represent the interactions based on the region and the
residues colored twice to show the interaction with both the regions
(Fig. 7).

2.3. RNA dependent RNA polymerase

The transcription of the mRNA and replication is an important

AS
SARS-CoV-2
(RBD)

Fig. 3. Interaction of the SARS-CoV-2 RBD domain (pink) with PD domain of Human ACE2 (blue) (PDB ID: 6M0J). (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)
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SARS-CoV-2 12 PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASF-STFK 60
FEERERREE Rt b e s EEREREEEEET T 11
SARS-CoV 1 PNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNS-TFFSTFK 49
SARS-CoV-2 61 CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG-KIADYNYKLPD  1@9
LR R R A
SARS-CoV 50 CYGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGV-IADYNYKLPD 98
SARS-CoV-2 119 osmcvm.nsmos kvcchw L‘V Fk--KSh"_KPFERDISTEI 154
IRHNE O g =1,
SARS-CoV 99 DFMGCVLAK ﬂ'Q’JIDnTSTG NYNYK-YRYL - RHGK - - LRPFERDISN- v o142
SARS-CoVv-2 155 -YQA--GSTDCH--GVEGFH TNGVGVQDYRV\NLSFEL 199
R O P IIIIIIIIIII
SARS-CoV 143 PF-SPDGK-PCTPPAL---N ~PL ITTTGIG‘( PYRVWLSFEL 187
SARS-CoV-2 200 LHAPATVCGPK-KSTN 214
HIIEIE
SARS-CoV 188 LNAPATVCGPKL-STD 202
Length: 216
Identity: 153/216 (70.8%)
Similarity: 173/216 (89.1%)
Gaps: 27/216 (12.5%)

Fig. 4. Sequence alignment of fasta sequence of SARS-CoV-2 (PDB ID: 6M0J) and SARS-CoV (PDB ID: 2DD8) RBD domains with residues (highlighted in red)
interacting with Human ACE 2. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. 3D crystal structure of SARS-CoV-2 MP™ with co-crystallized a-ketomide inhibitorN3 (PDB ID: 6LU7).

process in the viral life cycle that is carried out by the RNA dependent
RNA polymerase (RdRp) [69]. The major part of the RdRp is viral non-
structural proteins 12 (nspl2) which is a major catalytic subunit
[70,71]. Non-structural protein 12 (nspl2) itself is less active and
require nsp7 and nsp8 for the binding of the template and processing of
the mRNA [72,73]. The structure of the complex of nsp12-nsp7-nsp8 has
been determined (RdRp complex) [73-77]. Nsp 12 consists of p-hairpin
with residues from 31 to 50, and is extended with seven helices and
three p-strands [73,77] to nidovirus RdRp-associated nucleotidyl-
transferase domain (NiRAN) that contains residues from 115 to 250
[78]. The NiRAN domain connects to an interface domain that contains
three helices and five p-strands from the residues 251-365 [79]. This
interface domain is followed by the main RdRp domain (residues
366-920) (Fig. 7). The RdRp domain contains the finger subdomain that
runs from 397 to 581 residues and 621-679 residues, followed by palm
subdomain from 680 to 815 residues and connecting to the thumb
subdomain from 819 to 920 residues. The complex of nspl2 was

stabilized by the binding of nsp7 and nsp8 (Fig. 8).

nspl2 RdRp catalytic active site consists of 7 conserved motif A to G.
The motifs ABCD are in the palm subdomain with an SDD (Ser759,
Asp760, and Asp761) in C motif that is an active catalytic center. Asp760
and Asp761 are involved in the coordination with two magnesium ions.
The motifs F and G in the finger subdomain interacts with the RNA with
residues Lys545 and ARG 555. Remdesivir is a prodrug that gets con-
verted to RTP (Remdesivir triphosphate) binds covalently to the mRNA
strand and stops the mRNA transcription and replication of SARS-CoV-2.
It also interacts with the magnesium ions present in the active site. The
residues Asp760 and Asp761 also interact with the Remdesivir
triphosphate via hydrogen bond interactions. The nsp12 of the SARS-
CoV-2 and SARS-CoV are subjected to clustalW alignment and found
to be 94% identical and 96% similar (Fig. 9).
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Fig. 6. a-ketomide inhibitor four regions that interact with the different residues.

3. Specificity and key different amino acids residues in these
target proteins

Table 1 shows the two types of columns, one column represents the
binding residues and the other represents the residues that affect the
specificity. The two columns are segregated based on differences/simi-
larities in the binding site of SARS-CoV and SARS-CoV-2. It was observed
that many of the residues in SARS-CoV and SARS-CoV-2 are similar in
the case of S protein- ACE2 interaction, MP™, and RNA dependent RNA
polymerase (RdRp) i.e. more than 96%. So the specificity can be
explained based on the difference between the active site residues,
binding residues in case of (S1 subunit and ACE2 interaction), nature of
residues, and the conformation of the residues in or near to the active
site hence providing the insights to the specific inhibitor design for the
SARS-CoV-2 as compared to SARS-CoV [80].

Firstly the difference and similarities are highlighted in between the
S1 subunits of the SARS-CoV and SARS-CoV-2 (Fig. 4). These helped in
the shortlisting of the residues that are involved in the interaction of S1
with the ACE2. Although the binding is affected by the residues, some of
the residues play an important role and contribute towards the binding
affinities in case of SARS-CoV (31 nM) and SARS-CoV-2 (4.7 nM) [81-
83]. The differences between the residues in the active site are important
factors that affect the binding affinity of SARS-CoV and SARS-CoV-2.
The important residue like Phe486 is present in the active site of
SARS-CoV-2 while absent in the case of SARS-CoV. The other residues
such as Tyr442, Leu443, Asn479, Tyr484, Thr487 are present in SARS-
CoV while Leu455, Phe456, GIn493, GIn498, Asn501 are present in
SARS-CoV-2 which contributes towards the binding affinities of the S1
subunits towards ACE2. These differences in the residues and nature also
affect the specificity and binding towards ACE2 and useful for the me-
dicinal chemists to design a strategy for inhibition of the interaction
between S1 and ACE2. The representations of the difference between the
active site residues, the nature of residues, and conformation (Fig. 10)
depicts the specificity and may help in designing new inhibitors to stop
S-protein-ACE2 interaction.

On the other hand, 3CL or MP™ is another important target for the

inhibitor design, when the active sites of the protease of SARS-CoV and
SARS-CoV-2 are compared there is no difference between the residues in
the active site and their nature but the conformation of the residues in
the active site was different and the binding site entry residues such as
Ala46 in SARS-CoV while Ser46 in SARS-CoV-2 that effects the entry as
well as binding of ligands to the MP™ active site. The difference between
active site residue and conformation of the active site residues are shown
in Figs. 11 and 12.

The RdRp (RNA dependent RNA polymerase) is another imperative
target in SARS-CoV and SARS-CoV-2 and its active site also shares
almost 100% similarity while there is only conformational difference of
the residues in the active site. These conformational differences in the
active site were highlighted in Fig. 13.

4. Host-based druggable target
4.1. Transmembrane serine protease 2 (TMPRSS2)

This type II transmembrane enzyme belongs to the serine protease
family. Some studies reported that SARS-CoV-2 uses TMPRSS2 for S
protein priming [84]. SARS-CoV-2 initiate the cleavage of S protein and
these TMPRSS2 inhibitors such as camostat were found to prevent the
coronavirus infection [85]. A study on the Vero E6 cell line, TMPRSS2
overexpressed cells, demonstrated higher chances of corona infection
which further describes its role in the progression of SARS-CoV-2 in
patients. Thus, overexpression of TMPRSS2 in lung tissues makes them
more vulnerable to SARS-CoV-2 [86,87]. These facts make TMPRSS2
another important target for the treatment of SARS-CoV-2. TMPRSS2
inhibitors can be repurposed for their role in the treatment of SARS-CoV-
2. A study in TMPRSS2 knockout mice revealed that these knockout
mice were immune to coronavirus [88]. Some studies suggest that
TMPRSS2 expression is controlled by estrogens or androgen, thus to
target by which pathway is still under consideration [89]. Moreover,
there is no crystal structure of TMPRSS2 reported to date. It is another
problem in target-based drug designing as it can be done only via ho-
mology modeling from other similar serine protease enzymes.
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Fig. 7. Sequence alignment of fasta sequence of SARS-CoV-2 (PDB ID: 6LU7) and SARS-CoV (PDB ID: 1WOF) MP™ protein with interacting residues (highlighted

different regions of ligand).

Fig. 8. X-ray structure of RNA dependent RNA polymerase (Rdrp) with the remdesvir tri-phosphate bound with nsp12, nsp7 and nsp8 regions (PDB ID: 7BV2).

4.2. Cathepsin L

Cathepsin L is found to play a key role in the entry of SARS-CoV-2 to
host cells via endocytosis [90]. Cathepsin L inhibitors prevent pulmo-
nary fibrosis. This fact indicates the importance of Cathepsin L as a
target for the treatment of SARS-CoV-2 [91]. A research study on HEK
293/hACE2 cells in which these cells were treated with specific
Cathepsin L inhibitor demonstrated very low chances of SARS-CoV-2

entry to host cells. It decreased the entry rate by more than 76%. It
showed the key role of Cathepsin L in S protein priming by SARS-CoV-2
in lysosomes [92]. Earlier, Cathepsin L inhibitors were also found
effective in the treatment of SARS-CoV [62] which also describes it as a
potential target for the treatment of novel coronavirus.

The main problem behind designing Cathepsin L inhibitors for the
treatment of SARS-CoV-2 is their specificity. There are different types of
cathepsins reported which can play a key role in entry of the virus to
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Fig. 9. ClustalW Sequence alignment of fasta sequence of SARS-CoV-2 (PDB ID: 7BV2) and SARS-CoV (PDB ID: 6NUR) RNA dependent RNA polymerase (RdRp) with
interacting residues (highlighted in blue). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 1

The important residues affecting the specificity and binding of the in SARS-CoV
and SARS-CoV-2.

Spike Protein (S1 Subunit
interacting to ACE 2)

Spike protein residues affecting
specificity

SARS-CoV Tyr436, Tyr442, Leu443, Lys439, Tyr442, Leu443, Trp476,
(PDB ID: Asn473, Tyr475, Asn479, Asn479, Asp480, Tyr484,
2DD8) Gly482, Tyr484, Thr486, Thr485, Thr487

Thr487, Gly488, Tyr491

SARS-CoV-2 Tyr449, Leu455, Phe456, Leu452, Leu455, Phe456,
(PDB ID: Phe486, Asn487, Tyr489, Phe486, Phe490, GIn493, Ser494,
6MO0J) GIn493, Gly496, GIn498, GIn498, Pro499, Asn501

Thr500, Asn501, Gly502,

Tyr505

MP™ (Active site Residues) MP™ (Residues affecting the
specificity)

SARS-CoV Thr24, Thr25, His41, Met49, Ala46, Ser65
(PDB ID: Tyr54, Phe140, Asn142,
1WOF) Gly143, His163, Met165,

Glul66, Leul67, His172,
Phel85, Asp187, GIn189,
Thr190, Alal91and GIn192

SARS-CoV-2 Thr24, Thr25, His41, Met49, Ser46, Asn65
(PDB ID: Tyr54, Phel40, Asn142,
6LU7) Gly143, His163, Met165,

Glul66, Leul67, Pro168,

His172, Phel85, Asp187,

GIn189, Thr190, Alal91and

GIn192

RdRp (Binding to the ligand) RdRp (Residues affecting
specificity)

SARS-CoV Lys545, Arg555, Ser759, Only conformational in the
(PDB ID: Asp760, and Asp761 residues
6NUR)

SARS-CoV-2 Lys545, Arg555, Ser759, Only conformational in the
(PDB ID: Asp760, and Asp761 residues
7BV2)

cells via endocytosis. Although, targeting Cathepsin L with other target
proteins can provide some beneficial effects in SARS-CoV-2 patients.

4.3. Furin

Walls et al. reported an unexpected furin cleavage site as S1/Sa
boundary of SARS-CoV-2. This site is cleaved during biosynthesis and is
reported as a key feature to differentiate SARS-CoV-2 from SARS-CoV
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[40,93]. Furin is found highly expressed in various tissues like lungs
by which SARS-CoV-2 can successfully infect the respiratory system via
this convertase and initiate activation of its surface glycoprotein [94].
Similarly, in some sample studies obtained from SARS-CoV-2 infected
persons in China, various mutations in the furin cleavage site were
observed which ultimately affect the binding ability of S-protein to
surface [95]. Thus, this site is an important feature in the pathogenicity
of SARS-CoV-2. As furin is also overexpressed in the liver, kidney, and
glands, it may play a role in infecting these tissues too with the novel
coronavirus.

The major issue in targeting furin for treatment of SARS-CoV-2 is
their role in various cellular processes. Thus, inhibition of these furin-
like enzymes in our body can lead to the various side or adverse ef-
fects. Different kinds of mechanisms of furin activation reported are also
still confusing in designing novel furin inhibitors.

4.4. Other host-based targets

Other host-based targets that can play a key role in the treatment of
SARS-CoV-2 in the future include Adaptor-Associated Kinase 1 (AAK1),
Cyclin G-Associated Kinase (GAK), and Phosphatidylinositol 3-Phos-
phate 5-Kinase (PIKfyve). AAK1 and GAK are serine-threonine related
proteins that play a key role in the endocytosis process of cells. These

s Thr24 ! Thr24

SARS-CoV-2
SARS-CoV

Ser46
Ala46

Fig. 11. The difference between the residues at the site of entry of inhibitor in
MP™ of SARS-CoV (Magenta; PDB ID:6Y7M) and SARS-CoV-2 (Teal blue; PDB
ID: 6LU7) affects the specificity. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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Fig. 10. The difference between the residues affects the binding affinity of the SARS-CoV (Yellow, PDB ID: 2DD8, 31 nM) and SARS-CoV-2 (Red, PDB ID: 6M0J, 4.7
nM) towards the ACE2. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. There conformational changes of the residues affect the specificity and binding to the active site residues in MP™ of SARS-CoV (Magenta; PDB ID:6Y7M) and
SARS-CoV-2 (Teal blue; PDB ID: 6LU7). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

enzymes are reported to play important role in regulating the transport
of virus entry, binding, and release of RNA in host cells in case of rabies,
ebola, dengue etc. [96,97]. Recently, an AAK1 and GAK inhibitor is
reported to decrease the entry of SARS-CoV-2 to cells but still, no
mechanism is reported for this study [98]. This inhibitor, baricitinib, is
also beneficial in relief from inflammation which might be advantageous
in the treatment of SARS-CoV-2 caused lung inflammation also [99]. For
targeting AAK1 and GAK in COVID-19 patients still, a lot of clinical
studies are required as these inhibitors are also found to increase the
chances of lung infection in clinical trials which is too risky for COVID-
19 patients [100].

Phosphatidylinositol 3-Phosphate 5-Kinase (PIKfyve) is another
enzyme that sought to play a key role in the endocytosis process and its
dynamical control [101,102]. A study on treatment with PIKfyve, IL-12,
and IL-23 inhibitors (apilimod and YM201636) of 293/hACE2 cells
showed the reduced entry of SARS-CoV-2 virus to cells [103,104]. Thus,
PIKfyve can be an important target in the treatment of COVID-19 but
major problem is that its 3D crystal structure is still unavailable. The
target-based drug designing for this protein is still difficult.

5. Different repurposed drug molecules under clinical trials
against COVID-19

The fast spread of infectious COVID-19 in the world outbroken the
surge of clinical trials against it in search of treatment. The race to find a
treatment of this deadly viral infectious disease has started all over the
world [105-107]. More than one thousand trials of various synthetic
small molecules, natural molecules, antibodies, or vaccines are under
progress in search of effective treatment against this deadly disease
(clinicaltrials.gov) [108-111]. Most synthetic small molecules under
clinical trials are repurposed for COVID-19 which are already reported
for their efficiency against other disease states (Table 2, Figs. 15 and 16).
Recently, remdesivir (RNA dependent RNA polymerase inhibitor) has
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been approved for the treatment of COVID-19. Many drugs are under
trials that act at different phases of the viral lifecycle (Fig. 14).

Hydroxychloroquine, an antimalarial drug, is sought to play a key
role in treated patients of COVID-19 [112]. This drug molecule is under
multiple phase-III clinical trials (NCT04345692, NCT04342221,
NCT04322123) against this disease by different health improvement
agencies and companies (Table 2). In combination with antibiotic azi-
thromycin, hydroxychloroquine is under phase-II (NCT04329832) and
phase-IIT (NCT04322123) clinical trials. Hydroxychloroquine is found to
show a significant reduction in the viral carriage at D6-post inclusion
with lower carrying duration as compared to control and untreated
patients. In combination with azithromycin, the efficiency was increased
and the viral elimination rate was significantly higher [113]. Lopinavir
and ritonavir, anti-HIV drugs, are two other molecules that are sought as
future treatment of this COVID-19 disease. These drug molecules are
also in alone or in combination with other molecules are under different
clinical trials for determining their effectiveness in COVID-19 patients
(NCT04330690, NCT04307693, NCT04315948). These studies will also
determine if these drugs reduce the viral load from the respiratory sys-
tem in COVID-19 patients or not. Similarly, in various studies effec-
tiveness of Lopinavir/ritonavir is reported against COVID-19 [114,115].
Remdesivir, drug for ebola virus, is the first drug which is observed in
clinical trials to show effectiveness in COVID-19 patients and treated
patients with 30% more rapidly as compared to placebo and treated the
first patient in US successfully [116]. It has shown possibility in various
in vitro studies against COVID-19 and MERS viral infections [117-119].
The efficiency of this drug against SARS-CoV and MERS-CoV also
increased expectations from it against COVID-19 [118,120]. During
some in vitro studies, remdesivir is efficiently found to inhibit this novel
coronavirus COVID-19 [121]. Further, it is under phase-III clinical trials
against COVID-19 to determine its efficiency concerning clinical status
assessed by a 7-point ordinal scale on Day 14 (NCT04315948,
NCT04292899).
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Fig. 13. There conformational changes of the residues affect the specificity and binding though sharing the similarity between the active site residues in RARp of
SARS-CoV (pink; PDB ID:6NUR) and SARS-CoV-2 (cyan; PDB ID: 7BV2). (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

Favipiravir, an RNA polymerase inhibitor [122], is under phase-II
clinical trial (NCT04336904) to determine its safety and performance
in the treatment of COVID-19 patients by Giuliano Rizzardini, ASST
Fatebenefratelli Sacco. Fuyjifilm Pharmaceuticals U.S.A., Inc. is con-
ducting another phase-II trial of Favipiravir in hospitalized patients of
COVID-19 for 14 days treatment (NCT04358549). In one study, against
lopinavir, ritonavir, and control groups, Favipiravir receiving patients
showed shorter viral clearance time along with improvement in chest
imaging [123]. Ruxolitinib, a Janus kinase inhibitor approved for the
treatment of myelofibrosis, polycythemia vera, and graft-versus-host
disease [124], is under different phase-I, II, and III trials
(NCT04348071, NCT04334044) by various agencies to learn its effect
on the progression of COVID-19, inflammation caused by this virus and
its severity. Losartan, an orally available angiotensin-receptor antago-
nist [125], is under phase-I clinical trials (NCT04335123) for evaluation
of its safety in the failure of respiratory system of COVID-19 patients.
Dapagliflozin, an antidiabetic drug [126], is under phase-III studies
(NCT04350593) by Saint Luke’s Health System in US and high preva-
lence countries to determine its role in reducing the progression of
COVID-19, its complication and mortality due to this disease. Tocilizu-
mab, a recombinant human monoclonal antibody [127], is gone to
phase-III study on 310 patients (NCT04317092) for determining its
clinical benefits in COVID-19 patients with risk of the cytokine storm.
Although in initial studies, tocilizumab treatment was found associated
with an increase in CRP (C-reactive proteins) in few patients, it was also
found to clinically stabilize the patients with risk of complications of
cytokine storm [128]. Zhang et al. reported the successful treatment of
COVID-19 patients with multiple myeloma with tocilizumab treatment
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[129]. Further, tocilizumab is under various phase-II and III studies by
various health agencies to determine its efficacy in the early treatment of
COVID-19 patients with evaluation of its safety parameters and role in
the prevention of inflammation (NCT04331795, NCT04346355,
NCT04320615). Sirolimus, an immunosuppressive agent [130], under
phase-II, double-blind, placebo controlled trial to determine its benefits
in hospitalized patients with COVID-19 pneumonia (NCT04341675).
Clazakizumab is another human monoclonal antibody under phase-II
clinical trial to study its efficiency against COVID-19 (NCT04343989).
Eculizumab (NCT04346797) and canakinumab (NCT04365153) are
other monoclonal antibodies under phase-II studies separately for
determining their efficiency against COVID-19. Camostat mesylate, a
serine protease inhibitor, is under phase-I and I (NCT04321096) studies
to determine efficacy against COVID-19 infection in patients.

Some food supplements like Vitamin C and D (Cholecalciferol) are
under different clinical investigations as interventions against COVID-
19. Various studies evidenced that a high dose of vitamin C and sup-
plementation of vitamin D reduces the chance of viral infection and
COVID-19 [131,132]. Thus, these supplements are also sought to play a
key role in the intervention of COVID-19 and need to be evaluated. To
determine the short-term effect of colchicine in COVID-19 patients, it is
under phase-III trial by Montreal Heart Institute (NCT04322682).

6. Perspective and conclusion
SARS-CoV-2 (COVID-19) has emerged as a more contagious virus

compared to earlier found CoVs and was declared as pandemic by World
Health Organization. It is challenging the health system of the world.
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Table 2

Drugs under clinical trials against COVID-19.

Bioorganic Chemistry 104 (2020) 104326

S.
No.

Drugs

NCT No.

Status

Sponsor

Start date/Expected End date

Phase

1.

2.

10.

11.

12.

13.

14.

15.

Hydroxychloroquine

Hydroxychloroquine
Sulfate

Hydroxychloroquine
Azithromycin

Lopinavir/ritonavir
Hydroxychloroquine
sulfate
Hydroxychloroquine,
azithromycin

Chloroquine Sulfate
Hydroxychloroquine

Chloroquine
Diphosphate

Chloroquine

Chloroquine phosphate

Favipiravir

Favipiravir
Lopinavir/ritonavir

Lopinavir/ritonavir
Hydroxychloroquine
sulfate

Remdesivir
Lopinavir/ritonavir
Interferon Beta-1A
Hydroxychloroquine
Remdesivir

NCT04345692

NCT04342221

NCT04329832

NCT04307693

NCT04322123

NCT04362332

NCT04342650

NCT04349371

NCT04344951

NCT04336904

NCT04358549

NCT04330690

NCT04307693

NCT04315948

NCT04292899

Recruiting
patients
Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients

Recruiting
patients
Recruiting
patients
Recruiting
patients

Recruiting

patients

Recruiting
patients

Queen’s Medical
Centre

University Hospital
Tuebingen

Robert Bosch
Medical Center
Universitatsklinikum
Hamburg-
Eppendorf

Bernhard Nocht
Institute for Tropical
Medicine
Intermountain
Health Care, Inc.
University of Utah
Asan Medical

Center

Hospital do
Coracao

Hospital Israelita
Albert Einstein
Hospital Sirio-
Libanes

Brazilian Research
In Intensive Care
Network

EMS

UMC Utrecht
ZonMw: The
Netherlands
Organisation for
Health Research
and Development

Fundacao de
Medicina Tropical
Dr. Heitor Vieira
Dourado

Columbia
University

Study Start:
Uni-Pharma
KleonTsetis
Pharmaceutical
Laboratories S.A.
Athens General
Hospital Hippokrateio
Athens General
Hospital of Thoracic
Diseases SOTIRIA
General Hospital of
Athens Sismanoglio
Divine Providence
Hospital
Pammakaristos
Giuliano Rizzardini
ASST
Fatebenefratelli
Sacco

Fuyjifilm Pharmaceuticals
U.S.A., Inc.
Sunnybrook Health
Sciences Centre
Asan Medical
Center

Institut National
de la Santé Et

de la Recherche
Médicale, France
Gilead Sciences
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March 26, 2020
/December 31, 2021
March 29, 2020
/February 2022

March 30, 2020
/December 31, 2021

March 11, 2020
/May 2020

April 1, 2020
/August 30, 2020

April 14, 2020
/May 14, 2021

April 8, 2020
/September 2020

April 2020
/April 2021

April 6, 2020
/April 30, 2021

March 25, 2020
/July 2020

April 17, 2020
/December 2020
March 18, 2020
/May 18, 2022
March 11, 2020
/May 2020

March 22, 2020
/March 2023

March 6, 2020
/May 2020

Phase
3
Phase
3

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase

Phase
3

(continued on next page)
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Table 2 (continued)
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S. Drugs NCT No. Status Sponsor Start date/Expected End date  Phase
No.
16. Deferoxamine NCT04333550  Recruiting Kermanshah University of Medical Sciences April 2020/March 2021 Phase
patients 1
Phase
2
17. Sarilumab NCT04315298  Recruiting Regeneron Pharmaceuticals March 18, 2020/April 1, Phase
patients Sanofi 2021 2
Phase
3
18. Sarilumab NCT04324073  Active/not Assistance Publique - Hopitaux de Paris March 27, 2020/December Phase
recruting 31, 2021 2
Phase
3
19. Amiodarone NCT04351763  Recruiting Nicolaus Copernicus University April 27,2020/April 10,2021  Phase
Verapamil patients 2
Phase
3
20. Ruxolitinib NCT04334044  Recruiting Grupo Cooperativo de Hemopatias Malignas April 15, 2020/June 1, 2020 Phase
patients 1
Phase
2
21. Ruxolitinib NCT04348071  Active University of Colorado, Denver April 15, 2020/October 2020  Phase
2
Phase
3
22. Ruxolitinib plus simvastatin NCT04348695  Recruiting Fundacién de investigaciéon HM April 12, 2020/May 13, 2020  Phase
patients Apices Soluciones S.L. 2
23. Losartan NCT04335123  Recruiting University of Kansas Medical Center March 25, 2020/October Phase
patients 2020 1
24. Dapagliflozin NCT04350593  Recruiting Saint Luke’s Health System April 15, 2020/December Phase
patients AstraZeneca 2020 3
George Clinical Pty Ltd
25. Tocilizumab NCT04317092 Recruiting National Cancer Institute, Naples March 19, 2020/December Phase
patients 19, 2022 2
26. Anakinra NCT04330638  Recruiting University Hospital, Ghent April 2020/December 2020 Phase
Siltuximab patients Belgium Health Care Knowledge Centre 3
Tocilizumab
27. Tocilizumab NCT04331795  Recruiting University of Chicago April 4, 2020/December Phase
patients 2020 2
28. Tocilizumab NCT04346355  Recruiting Azienda Unita Sanitaria Locale Reggio Emilia March 31, 2020/May 30, Phase
patients 2020 2
29. Tocilizumab NCT04320615  Recruiting Hoffmann-La Roche April 3, 2020/September 30, Phase
patients 2020 3
30. Sirolimus NCT04341675  Recruiting University of Cincinnati April 24, 2020/September Phase
patients 2020 2
31. Clazakizumab NCT04343989  Recruiting NYU Langone Health March 31, 2020/July 1, 2020  Phase
patients 2
32. Pyridostigmine Bromide NCT04343963  Recruiting Instituto Nacional de Ciencias Medicas y Nutricion  April 4, 2020/April 30, 2021 Phase
patients Salvador Zubiran 2
33. Danoprevir/Ritonavir NCT04345276  Recruiting Huoshenshan Hospital March 18, 2020/May 31, Phase
patients Ascletis Pharmaceuticals Co., Ltd. 2020 4
34. Atovaquone/Azithromycin NCT04339426  Recruiting HonorHealth Research Institute April 20, 2020/April 2021 Phase
patients 2
35. Fluvoxamine NCT04342663  Recruiting Washington University School of Medicine April 10, 2020/July 1, 2020 Phase
patients 2
36. Eculizumab NCT04346797  Recruiting Assistance Publique - Hopitaux de Paris April 16, 2020/December 31,  Phase
patients 2020 2
37. Canakinumab NCT04365153  Recruiting The Cleveland Clinic April 24, 2020/December 31,  Phase
patients 2020 2
38. Valsartan NCT04335786  Recruiting Radboud University April 2020/August 2021 Phase
patients 4
39. Anakinra NCT04357366  Recruiting Hellenic Institute for the Study of Sepsis April 15,2020/April 15,2022  Phase
Drug: trimethoprim/ patients 2
sulfamethoxazole
40. Camostat Mesilate NCT04321096  Recruiting University of Aarhus March 31, 2020/May 1, 2021  Phase
patients 1
41. Sevoflurane NCT04359862  Recruiting Fundacién para la Investigacion del Hospital April 16, 2020/September 16,  Phase
Propofol patients Clinico de Valencia 2020 4
42. Bevacizumab NCT04275414  Recruiting Qilu Hospital of Shandong University February 15, 2020/May 2020  Phase
patients Renmin Hospital of Wuhan University 2

Moriggia-Pelascini Gravedona Hospital
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Table 2 (continued)

S. Drugs NCT No. Status Sponsor Start date/Expected End date  Phase
No.
Phase
3
43. Leronlimab Recruiting CytoDyn, Inc. April 1, 2020/April 4, 2021 Phase
patients 2
44. Selinexor NCT04349098  Recruiting Karyopharm Therapeutics Inc April 17, 2020/August 31, Phase
patients 2020 2
45. Abidol hydrochloride NCT04255017  Recruiting Tongji Hospital February 1, 2020/July 1, Phase
Oseltamivir patients 2020 4
Lopinavir/ritonavir
46. Methylprednisolone Sodium NCT04343729  Recruiting Fundacao de Medicina Tropical Dr. Heitor Vieira April 18, 2020/September Phase
Succinate patients Dourado 2020 2
47. Colchicine NCT04322682  Recruiting Montreal Heart Institute March 23, 2020/September Phase
patients DACIMA Software 2020 3
48. Cholecalciferol NCT04344041  Recruiting University Hospital, Angers April 15, 2020/July 2020 Phase
patients Mylan Laboratories 3
49. Honey NCT04347382  Recruiting Sohaib Ashraf April 20, 2020/May 30, 2020  Phase
Nigella Sativa/Black Cumin patients Sheikh Zayed Federal Postgraduate Medical 3
Institute
50. Vitamin C NCT04264533  Recruiting ZhiYong Peng February 14, 2020/ Phase
patients Zhongnan Hospital September 30, 2020 2
Antibodies .
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s . Umifenovir
l Baricitinib
SARS-CoV-2 binding l J_ Darunavir
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Q S - Proteolytic cleavage Lopinavir
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Fig. 14. Various inhibitors in trials act at different stages of the life cycle of SARS-CoV-2.

The information about its structural similarity with SARS-CoV has reported. In case of spike proteins, the important residue like Phe486 is
unlocked pathways for the rapid development of new molecules for present in the active site of SARS-CoV-2 while absent in the case of
targeting this virus. The exploration of the X-ray crystal structure of SARS-CoV. The other residues such as Tyr442, Leu443, Asn479, Tyr484,
SARS-CoV-2 spike (S) protein, RNA dependent RNA polymerase, and Thr487 are present in SARS-CoV while Leu455, Phe456, GIn493,

3CL or MP™ Protease has provided critical information for developing GIn498, Asn501 are present in SARS-CoV-2 which contributes towards
small molecule inhibitors for the SARS-CoV-2. The sequencing of SARS- the binding affinities of the S1 subunits towards ACE2. Similarly, in 3CL
CoV-2 and SARS-CoV was found around 80% similar and key amino or MP™ target, the conformation of the residues in the active site was
acids responsible for the interactions of these proteins have been found different and the binding site entry residues such as Ala46 in
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Fig. 15. Small molecules or drug molecules under various clinical trials against COVID-19.

SARS-CoV while Ser46 in SARS-CoV-2 were found to affect the entry as
well as binding of ligands to the MP™ active site. Further, in case of RARp
(RNA dependent RNA polymerase), the only conformational difference
of the residues in the active site. These findings will help medicinal
chemists to understand the binding mechanism and key interactions of
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these proteins responsible for the virus cycle. Further, it will help the
medicinal chemists to design new small molecules to target these en-
zymes of COVID-19 and help in its treatment. Authors also believe that
this perspective will help the chemists and biologists to understand the
key proteins to target for finding the cure of this epidemic.
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Fig. 16. Some synthetic and natural molecules under various clinical trials against COVID-19.
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