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be one of the possible ways in the development of COVID-19 specific drugs. SARS-CoV-2 enters
into a human via its S protein by attaching with human hACE2 present on the cell membrane
in the lungs and intestines of humans. hACE2 cleaves S protein into the S1 subunit for viral
attachment and the S2 subunit for fusion with the host cell membrane. The fusion mechanism
forms a six-helical bundle (6-HB) structure which finally fuses the viral envelope with the host
cell membrane. hACE2 based peptides such as SBP1 and Spikeplug have shown their potential
as antiviral agents. S protein-hACE2 interaction and the SARS-CoV-2 fusion machinery play a
crucial part in human viral infection. It is evident that if these interactions could be blocked
successfully and efficiently, it could be the way to find the drug for COVID-19. Several peptide-
based inhibitors are potent inhibitors of S protein-hACE2 interaction. Similarly, the antiviral
activity of the antimicrobial peptide, lactoferrin makes it an important candidate for the COVID-
19 drug development process. A candidate drug, RhACE2-APNO1 based on recombinant hACE2
peptide has already entered phase Il clinical trials. This review sheds light on different aspects
of the feasibility of using peptide-based therapeutics as the promising therapeutic route for
COVID-19.

© 2021 Société francaise de pharmacologie et de thérapeutique. Published by Elsevier Masson
SAS. All rights reserved.

Introduction
Origin of COVID-19 and symptoms

The novel Betacoronavirus named severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) is the causative agent

ACE angiotensin-converting enzyme of coronavirus disease-19 (COVID-19) [1,2]. The term COVID-
AMPs  antimicrobial peptide database 19 was issued by World Health Organization (WHO) and
ARDS  acute respiratory distress syndrome the name SARS-CoV-2 was suggested by the Coronaviridae
AVPs antiviral peptides Study Group of the International Committee on Taxonomy of
BPPs bradykinin potentiating peptides Viruses which published a detailed taxonomic classification
COVID-19 coronavirus disease 2019 on SARS-CoV-2 [3].

COVs human coronaviruses

The majority of the COVID-19 patients reported mild

CT cytoplasmic tail symptoms like fever, nonproductive cough, and sore throat
CTD carboxy(C)-terminal domain which are treated effectively. But the patients who develop
FDA Food and Drug Administration fatal complications such as organ failure, acute cardiac and
FP fusion peptide kidney injury, pulmonary edema, pneumonia, and acute res-
hACE2 human angiotensin-converting enzyme 2 piratory distress syndrome (ARDS) are difficult to treat, and

hAPN  human aminopeptidase

depending upon the severity of the case death may occur [4].

hDPP4 human dipeptidyl pepsidase4 Patients with a weak immune system and prevailing comor-

HKU1 human coronavirus HKU1

HR1 heptad repeat 1
HR2 heptad repeat 2
LF lactoferrin

bidities like cerebral and cardiovascular diseases, diabetes,
obesity, cancer, and respiratory diseases, and old age are
at maximum risk [5]. The virus has been confirmed to be of
zoonotic origin [6].

MERS  Middle East respiratory syndrome
NTD  amino(N)-terminal domain Coronaviruses and their associated diseases

RBD receptor-binding domain

RNA ribonucleic acid
RTD-1  rhesus theta-defensin 1
S (protein) spike protein

Coronaviruses are enveloped (spherical or pleomorphic)
particles comprising a single-stranded positive-sense unseg-
mented ribonucleic acid (RNA) genome. A matrix of protein

SARS  severe acute respiratory syndrome forms a capsid that is closely associated with the RNA. The
SARS-COV2 severe acute respiratory syndrome coronavirus  envelope consists of club-shaped glycoproteins throughout

2 its surface which are protruding outwards. These glyco-
SVM  support vector machine proteins spikes resemble the shape of a crown, hence the
™ tansmembrane region name is corona (Fig. 1) [7]. Coronaviruses can be divided
WHO  World Health Organization into four genera: Alphacoronaviruses, Betacoronaviruses,
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Figure 1. The diagrammatic representation of SARS-CoV-2. RNA:
ribonucleic acid;S protein: spike protein; SARS-CoV2: severe acute
respiratory syndrome coronavirus 2.

Gammacoronavirus, and Deltacoronavirus [8]. In general,
coronaviruses are prominent throughout the animal kingdom
including bats, camels, civet cats, pangolins, birds, rodents,
and domestic animals as well. There are seven human coron-
aviruses known which fall under alpha (NL63, and 229E) and
beta sub-groups (HKU1, OC43, Middle East respiratory syn-
drome coronavirus [MERS-CoV], SARS-CoV, and SARS-CoV-2)
[9,10]. The two coronavirus-related outbreaks like severe
acute respiratory syndrome (SARS) and MERS were caused
by SARS-CoV and MERS-CoV respectively. Both of these out-
breaks were caused by zoonotic transmission possibly from
bats to humans via intermediate hosts civet cats (MERS)
and dromedary camels (SARS) [11,12]. Currently, there are
no specific treatments or antivirals available to battle any
of the diseases. Antiviral drugs like ribavirin, interferon,
lopinavir, ritonavir, interferons, and corticosteroids were
used in the SARS and MERS patients, but their effectiveness
is controversial. Traditional preventive measures, including
travel restrictions and patient isolation, gradually halted the
SARS epidemic in 2002-03 and MERS in 2012 [11]. The COVID-
19 pandemic is far more rapid as compared to SARS and
MERS. Since the emergence of COVID-19 in Dec-2019, the
number of cases by mid-Sep-2020 has been recorded to be
29,729,993 out of which 939,188 corresponds to total deaths
[13].

Repurposed drugs for the pandemic

The pandemic needs to be checked as soon as it is possi-
ble. The COVID-19 pandemic has more or less stopped the
world. To this date, there is no effective and specific ther-
apy for COVID-19. The traditional drug discovery method is
time taking. Scientists and researchers all over the world
are working round the clock to find the cure for COVID-19.
Antiviral drugs such as ribavirin, nafamostat, penciclovir,

chloroquine, nitazoxanide, remdesivir, and favipiravir were
repurposed against SARS-CoV-2 in vitro by Wang et al. (2020)
[14]. At the earlier stage of the study, it was discovered
that remdesivir and chloroquine as highly effective against
SARS-CoV-2 infection. The researchers emphasized these
pre-developed drugs as effective candidates for COVID-19,
as these are Food and Drug Aministatration (FDA)-approved
against Ebola virus infection (remdesivir), malaria, and
auto-immune diseases (chloroquine) [14]. But in a recent
randomized clinical trial with moderate COVID-19 patients,
therapy with remdesivir did not show results with any clin-
ical importance [15]. Presently, there are 24 ongoing trials
with chloroquine and hydroxychloroquine [16]. No benefit of
the use of hydroxychloroquine has been identified in COVID-
19 and is rather unsafe [17].

Peptides as emerging therapeutics

Peptides are easy to develop both in terms of time, and
technology; and the peptides are cost-effective. Peptides
are small fragments of proteins consisting typically of 2-
50 amino acid residues bound together by amide bonds.
Peptide-based drug candidates or structurally modified pep-
tides have several advantages such as easy availability,
low production cost, better bioavailability, low immuno-
genic responses, high specificity, high biological activity, low
intrinsic toxicity, convenient purification, and storage [18].
Peptides-based therapeutics can be developed to resolve
some of their disadvantages such as instability in serum,
low bioavailability, and hydrophobicity through different
types of modifications in peptide backbone, amino acid side
chains, and peptide structure (primary, secondary, tertiary,
and quaternary) [19].

Peptides are suitably designed and formulated by adding
additives to administer through the non-invasive routes like
oral, pulmonary, buccal, vaginal, transdermal, and ocu-
lar drug delivery systems. Polymer carriers, penetration
enhancers, enzyme inhibitors are used as additives in for-
mulating the peptides. The suitably formulated peptide
enhances the absorption and stability of peptide-based
drugs. The peptides for the oral route of administration are
designed to protect from proteolytic enzymes and an acidic
environment. The use of permeability enhancers, design of
peptide analogs, prodrug strategy, and mucoadhesive deliv-
ery is actively under the consideration to enable the peptide
drug delivery by oral route. The lower molecular weight
(<75-100 D) of the peptide, entrapment of peptide in a lipo-
some, and nanoscale formulation of the peptide have also
shown significant improvement in bioavailability when the
peptides were administered through the oral route [20].

Proteins are positively/negatively charged large
molecules with hydrophilic properties in nature. There-
fore, the peptides permeate the cell membrane poorly.
The penetration of peptides across biological membranes
like plasma membranes, and nuclear membrane limits
their application as therapeutic agents. However, the
problems associated with the membrane permeability of
peptides can be overcome by the use of a viral/non-viral
carrier delivery system. Cell-penetrating peptides are
effective in penetrating the cells to deliver therapeutic
agents. Cell-penetrating peptides are small molecules (~30
amino acids), amphipathic and hydrophobic; and the basic
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mechanism may be endocytosis/direct penetration [21].
More than 60 US FDA-approved peptides are in the markets,
more than 150 peptides are in clinical trials, 260 peptides
are already tested in human clinical trials, and about 500
peptides are in preclinical phases [22,23].

Peptides targetting the viral entry

SARS-CoV-2 recognizes the human angiotensin-converting
enzyme 2 (hACE2) domain present in the cell membrane. The
attachment causes a downstream signaling process. Peptide-
based therapeutics interacting and attaching with hACE2
would cease the virus-receptor interaction. Similarly, pep-
tides might also attack SARS-CoV-2 MP™ protein inside the
cell membrane thus stopping the virus replication (Fig. 2).
At this moment, only a handful of published studies (Table 1)
are available that have the perspectives of targeting the
interaction of S protein of the viral particle with the cell
surface receptor (hACE-2) of the host cell via peptide-based
therapeutics. As the entry point of the virus is the most crit-
ical part of the onset of the infection, targeting this point
of interaction might lead to the discovery and design of the
specific drug for COVID-19. The objectives of this review
are to throw light on the ongoing and pre-existing peptide-
based antiviral therapeutics, their discovery methods, and
their viability in this outbreak. One of the major objectives
is to save human lives which could be done by the imme-
diate development of a drug for COVID-19. The significance
and potential of peptide-based therapeutics are elaborated
in this review. Besides, it also reveals the importance of
S protein—hACE2 interaction as a therapeutic target. The
importance of AMPs, hACE2 fragments, and in silico method
of peptide-based drug design are also elucidated in this
review.

Pathogenicity of SARS-CoV-2 in the human

The role of ACE2 in the viral entry

The binding of the viral particle to the host cell via a
cell receptor is the initiation of the viral infection. There-
fore, the host cell surface receptor is a critical attribute
in the cell and tissue tropism of a viral particulate. Out
of the seven human coronaviruses (CoVs), two (HKU1, and
0C43) bind through sugar and the other five recognizes pro-
teinaceous peptidases. MERS-CoV attaches itself to human
dipeptidyl peptidase 4 (hDPP4) [24] while HCoV-229E com-
plexes with human aminopeptidase N (hAPN) as its receptor
[25]. SARS-CoV and HCoV-NL63 both use hACE2 as a recep-
tor [6]. The receptor of the SARS-CoV-2 S protein is the
human angiotensin-converting enzyme-2 (hACE2) similar to
that of the spike (S) protein of SARS [26,27]. hACE2 is a
monocarboxypeptidase, and is a homolog of the angiotensin-
converting enzyme (ACE). It is expressed abundantly in the
lungs, intestines, kidneys, and heart. hACE2 takes part in the
maturation of the peptide hormone, angiotensin, which con-
trols vasoconstriction and maintains blood pressure [27,28].

Structural segments of SARS-CoV-2 S-protein

The core element of the host specificity of CoVs is the S gly-
coprotein embedded in the viral envelope [29]. S proteinis a

type of class-I fusion protein. S protein is a trimeric protein
that possesses an N-terminal S1 subunit and a membrane-
embedded C-terminal S2 region (Fig. 3). The S2 subunit
exists in metastable pre-fusion conformation. Moreover, the
S1 subunit of coronavirus is composed of two domains: an
amino (N)-terminal domain (NTD) and a carboxy (C)-terminal
domain (CTD). The CTD recognizes the receptors on host
cells in SARS-CoV and MERS-CoV [30]. The S1 CTD domain is
also known as the receptor-binding domain (RBD). A compar-
ative analysis shows that the extent of atomic interaction
between SARS-CoV-2 RBD and hACE2 is more than that of
SARS-CoV RBD and hACE2 meaning a higher affinity between
SARS-CoV-2 RBD and hACE2 [31]. The higher affinity might
impart the meaning that SARS-CoV-2 has more infectivity
and transmissibility than SARS-CoV.

The viral entry into the host cell

The host protease, hACE2 cleaves the S protein into S1 and S2
subunits; the S1 subunit functions to recognize the host cell
receptor hence easing the virus attachment to the host cell;
while the S2 fuses with the host cell membrane. TMPRSS2,
a serine protease has been identified to help in the priming
of SARS-CoV-2 S protein. The priming of S protein is neces-
sary for the entry of the virus into the cell. This involves
the S protein cleavage at the S1/52 and the S2’ sites. The
S1/S2 cleavage site contains several basic arginine residues
which render high cleavable characteristics [26]. Because
of receptor binding, the S protein undergoes a consider-
able conformational change that destabilizes the pre-fusion
trimer, leading to the detaching of the S1-subunit and acti-
vation of the S2-subunit’s fusogenic activity. S2 subunit is
composed of an N-terminal fusion peptide (FP), heptad
repeat 1 (HR1), heptad repeat 2 (HR2), a transmembrane
region (TM), and the cytoplasmic tail (CT). FP is exposed
and incorporated into the target cell membrane during the
fusion process, leading to S2 in a pre-hairpin intermediate
that bridges the membranes of the virus and the cells. Then,
a trimeric coiled-coil is self-assembled by three segments
of HR1, and three segments of HR2 fold into the grooves on
the surface of the inner core of HR1, this results in a for-
mation of a six-helical bundle (6-HB) structure which drives
cell and viral membrane together thus initiating the process
of membrane fusion [32].

hACE2-based peptides as inhibitors

Zhang et al. (2020) [33] have reported an engineered
peptide-based inhibitor as a first-in-class treatment for
COVID-19 therapy. hACE2 which specifically binds the
S protein was truncated into small fragments. Several
hACE2 fragments demonstrate potent antiviral activity and
attribute high-binding affinity to SARS-CoV-2. The authors
reported a 23-mer peptide, SBP1 which they synthesized via
automated fast-flow peptide synthesis in just 1.5 hours. SBP1
peptide showed a micromolar affinity with insect-derived
SARS-CoV-2-RBD protein [33]. This discovery raises inter-
est in using an engineered peptide as an antiviral agent for
COVID-19 treatment.

In a preprint made available on bioRxiv, the authors
engineered an 85-mer N-terminal truncate of the hACE2
mini-protein, Spikeplug with the motive of creating a stable
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Figure 2.  Mechanistic pathway of peptide-based drug that interacts with Spike protein and SARS-CoV-2 MP™ protein. SARS-CoV2: severe

acute respiratory syndrome coronavirus 2.

Table 1 Peptide-based therapeutics for of SARS-CoV-2.
Peptide-based Types Targets Stage of the References
therapeutics development
SBP1 hACE2 fragment SARS-CoV-2-RBD Preclinical [33]
Spikeplug hACE2 fragment SARS-CoV-2-RBD Preclinical [34]
Inhibitors 1-4 hACE2 fragment SARS-CoV-2-RBD Theoretical [35]
Not available In silico SARS-CoV-2 RBD Theoretical [54]
EK1 HR2 domain of S protein-HR1 Preclinical [37]
HCoV-0C43
EK1C4 HR2 domain of S protein-HR1 Preclinical [38]
HCoV-0C43
2019-nCoV-HR1P & HR1 & HR2 of S protein-HR1 Preclinical [37]
HR2P SARS-CoV-2
IBPO1 HR2 of SARS-CoV-2 S protein-HR1 Preclinical [32]
P9R AMP Viral binding and Preclinical [49]
endosomal
acidification
AC20, AC23, DBP6, In silico S protein- hACE2 Theoretical [51]
and cnCoVP-1- interaction
cnCoVP-7
HR2-anti-P In silico S protein- hACE2 Theoretical [53]
interaction
RhACE2-APNO1 hACE2 S protein- hACE2 Phase- Il clinical [59]
interaction trial (NCT04335136)

and soluble S protein interactor. Spikeplug has an «-helical
conformation and interacts at a nanomolar affinity with
SARS-CoV-2-RBD protein. Spikeplug was designed based on
the interaction between the S protein and hACE2 amino
acid residues. According to the authors, the receptor mimic,
Spikeplug would recognize the viral S protein and thus block
the viral entry into the cells. Further, Spikeplug can effi-
ciently cover the interaction with S protein and hence raise
its potential to stop the interactions with the hACE2 receptor
[34].

On analyzing the interacting amino acids from the crystal
structure of hACE2 and SARS-CoV-2 RBD, Han et al. (2020)
identified 15 critical amino acid residues in combination with
a-helices- a1, and a2 and B-sheets- B-1and B-2 as criti-
cal binding components from hACE2. They designed peptide
inhibitors extracted from hACE2 and showed that these are
promising in blocking the SARS-CoV-2 virus through molec-
ular dynamics simulations. Out of their designed inhibitors,
inhibitors 2-4 were more stable than inhibitor 1. Because the
former uses a1 and a2 which can support each other and they
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Figure 3.

(A) The interaction of S-protein of SARS-CoV-2 with the ACE2 [transmembrane protease serine 2 (TMPRSS2) promotes priming

of S-protein] (B) The structural segments of S-protein (C) The three-dimensional binding mode of S-protein with ACE2 (PDB ID: 7C8D) [29].

also retain their bent shapes thereby matching conforma-
tionally and covering the whole surface of RBD. The authors
further explained that the binding affinity of the peptides
could be improved and be used in the future to design more
inhibitors [35].

Peptide inhibitors targeting S protein-hACE2
interaction

S protein-hACE2 interaction is the basis of the viral infec-
tion. The elucidation of the interaction between the RBD
domain of S protein and hACE2 via electron microscope has
been completed recently. It has revealed that polar residues
from the peptidase recognize the RBD domain which can
be a potential target for the development of a novel drug
[27]. Alternatively, the SARS-CoV-2 fusion machinery can
also be treated as an important target for coronavirus fusion
inhibitor development.

EK1, a pan-coronavirus fusion inhibitor was developed
to target the HR1 domains of HCoV S proteins. It was
proved to be effective in MERS as well [36]. EK1 molecule,
when tested on hACE2-expressing 293 T cells infected with
SARS-CoV-2 pseudovirus, showed a half-maximal inhibitory
concentration (ICsg) of 2.38 uM [37]. On conjugation of
a cholesterol molecule with EK1, EK1C4 lipopeptide was
formed that displayed extremely potent inhibitory action
against SARS-CoV-2 S protein mediated-membrane fusion.
In vitro and in vivo experiments showed that EK1C4 was
240-times more potent than EK1 peptide. EK1C4 has also
shown promising results with other coronaviruses, for exam-
ple, HCoVOC43 and MERS-CoV [38]. Based on the previously
designed inhibitors of SARS-CoV and MERS- CoV where S-
heptad repeat 1 (HR1) of the fusion machinery was used as
the target, HR1 and heptad repeat 2 (HR2) derived peptide

inhibitors were designed for SARS-CoV-2 named as 2019-
nCoV-HR1P and 2019-nCoV-HR2P. 2019-nCoV-HR2P showed
significant fusion-inhibitory activity with an I1Cso of 0.18 pM
in vitro [37]. This observation points out the importance of
targeting the HR1 region of the S protein for the develop-
ment of a potent peptide inhibitor.

In a detailed study by Zhu et al. (2020) [32], it was
confirmed that the S protein of SARS-CoV-2 has increased
fusogenic properties as compared to the S protein of SARS-
CoV. They developed an HR2 based lipopeptide to function as
an inhibitor of the fusogenic machinery. Lipopeptides inter-
act with viral envelopes increasing the concentration of the
peptide inhibitor at the site where the fusion is supposed to
take place. Thus, it increases the inhibition capacity of the
peptide inhibitor. On the C-terminal end of a peptide IBPO1,
derived from HR2-a cholesterol moiety was added resulting
in a peptide IBP02. DSP-based cell fusion assay was used to
examine the inhibitory activity of IBP02 and it revealed that
IBP02 inhibited the cell fusion with an ICsq value of 0.025 M.
Further, a single-cell infection assay was carried to evaluate
the inhibitory potency of the lipopeptide with pseudovirus.
The ICs values were determined as 0.08 uM and 0.251 uM for
SARS-CoV-2 and SARS-CoV respectively [32]. These results
are promising and highly suggest that the peptide could be
a potent inhibitor of the cell-fusion activity of the viral S
protein.

Antimicrobial peptides as peptide-based
therapeutics

Antimicrobial peptides (AMPs) can be considered promis-
ing candidates for COVID-19 therapy. Antimicrobial peptides
are amphipathic molecules ranging from 5-50 amino acid
sequences and show secondary a-helix, B-sheets, and other
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configurations [39]. The amphipathic structure is due to the
presence of 40—50% hydrophobic residues. In general, AMPs
are cationic molecules (+2 to +9). These properties are the
basis of the mechanism of action against various pathogens.
For example, cations cause electrostatic attraction with
anionic phospholipids present on the microbial membrane
and the hydrophobicity helps the AMPs to incorporate them-
selves with the viral membrane, causing membrane lysis.
Also, the amphipathic nature of AMPs enables them to be
soluble in both aqueous surroundings and lipid membranes
[40].

The antimicrobial peptide database (APD) features
3241 AMPs including 190 peptides exhibiting antiviral activ-
ities [41]. In another database called AVPdb contains 2683
peptides, among which 624 are modified peptides evaluated
for antiviral activity experimentally and 2059 are normal
peptides tested on different cell lines with varying effec-
tiveness. There are 76 peptides sourced from SARS-CoV
[42]. These databases could be screened further to discover
antiviral peptides that might be potent against COVID-19.

Lactoferrin (LF) is an iron-binding glycoprotein that is
present in several mucosal secretions. LF, which is proved
to be potent against several pathogens including viruses. It
can also inhibit replication in DNA or RNA viruses including
rotavirus, respiratory syncytial virus, herpes viruses, and HIV
[43]. Lang et al. (2011) used LF against SARS-CoV and showed
that LF prevented dose-dependent infection with the SARS
pseudo-virus. They further suggested that LF exercised its
inhibitory role at the viral attachment stage and could block
the binding of spike protein to host cells [44]. LF prevents
viral entry into the host cell by either blocking cell recep-
tors or by direct binding to virus particles. It is not reported
to function against the virus after infection. LF’s substantial
antiviral activity makes it a possible alternative to be used
as a drug or a drug-conjugate with traditional antivirals [45].

Defensins are highly abundant and play a central role
in innate immunity in humans [46]. Defensins have been
found to show antiviral activities in SARS-CoV [47]. The
theta-defensin, Rhesus theta-defensin 1 (RTD-1), a cyclic
AMP with three disulfide bonds was first located in rhe-
sus macaque leukocytes and is not expressed in humans.
Wohlford-Lenane et al. (2009) used RTD-1 in mouse SARS-
CoV models to evaluate its therapeutic properties and found
that RTD-1 intranasal application has shown a 100% survival
rate in the infected mouse whereas the untreated mouse
death rate was 75%. The authors concluded that RDT-1 did
not participate in the direct inactivation of the viral parti-
cle but rather revealed an immunomodulatory mechanism of
action as indicated by the expression of the N gene antigen
in lung tissue [48].

Zhao et al. (2020) developed an antiviral peptide with
broad-spectrum activity, P9R from a pre-existing P9 pep-
tide, and mouse B-defensin-4. P9R showed antiviral potency
towards SARS-CoV-2, MERS-CoV, SARS-CoV, A(H1N1)pdm09,
A(H7N9) virus, and rhinovirus. P9R’s antiviral activity
involved both viral binding, and endosomal acidification
inhibition. The authors demonstrated that a rise in the
positive charge of P9R raised the inhibition of endosomal
acidification [49]. These types of broad-spectrum antiviral
peptides are today’s urgent need and are a must for fighting
the emerging and re-emerging viral outbreaks.

In silico method of designing peptide-based
therapeutics

Often peptides synthesized are not potent enough to
advance the drug development process. Hence, it is advan-
tageous to design peptides by in silico methods which could
be time and cost-effective. AVPpred is a support vector
machine (SVM)-based in silico method that could be used
for the prediction of antiviral peptides (AVPs). The algo-
rithm for AVPpred is based on positive and negative data
sets of experimentally verified AVPs against several viral dis-
eases. The authors have created four different models of
predictions of AVPs based on parameters like composition,
physicochemical, sequence, and alignment [50]. By the use
of this webserver, researchers are anticipated to develop
peptide-based therapeutics for SARS-CoV-2 on-chip and then
to the laboratory for experimental verifications.

Barh et al. (2020) [51] utilized bioinformatics tools to
design potential peptide therapeutics which could act on
the S protein-hACE2 interaction. They utilized three strate-
gies: first, analyzing the major amino acids residues that are
interacting between S protein and hACE2; second, screening
some databases of AMPs against SARS-CoV-2 S protein RBD
domain; and lastly, designing a chimeric peptide from the
two fragments of two different peptides obtained from the
above first two steps. The authors designed several hybrid
peptides and the resulting peptides were docked via HPEP-
DOCK server with the S protein RBD target residues [51].
HPEPDOCK is a blind peptide-peptide docking web server
that works on a hierarchical algorithm [52]. Out of the clus-
ter of about 500 peptides, only 10 peptides (AC20, AC23,
DBP6, and cnCoVP-1- cnCoVP-7) showed the characteristics
to block the S protein-hACE2 interaction [53].

Ling and co-workers (2020) [53] have designed an AVP
that could target the S protein of SARS-CoV-2. They designed
an HR2-based AVP based on biomolecular simulations of the
fusion core and HR2 of SARS-CoV-2. They found that the
binding energy of HR1 and HR2 of the virus is lower than
that of HR1 and HR2-based AVP (HR2-anti-P) signifying that
the HR2-anti-P binds competitively to HR1. Thus, the entry
of the virus into the cell can be prohibited by blocking
the formation of the fusion mechanism [53]. Based on the
crystal structure of the SARS-CoV-2 RBD/hACE2 complex,
hybrid peptides were created from two different peptide
fragments of hACE2 that could block the binding of S pro-
tein with hACE2. The fragments were attached via a glycine
residue. By the use of protein designing tools like EvoEF2
and EvoDesign, the amino acid sequences of the hybrid pep-
tides were completely re-designed so that they could match
the peptide scaffold and also increase the binding affin-
ity to SARS-CoV-2 [54]. There is an urgent requirement of
in vitro and in vivo studies to evaluate the above-mentioned
peptides generated through in silico methods.

Baig et al. [55] identified the peptide inhibitors to restrict
the entry of SARS-CoV-2 into the host cell using in silico
methods like molecular docking and dynamics. SARS-CoV-2
enters into the cell based on the interaction between the S
protein of the virus and the ACE2 of the cell. Therefore, the
peptide has been designed by blocking the interaction of S
protein-ACE2. A short sequence of twenty-three amino acids
(PDB ID: (6M17-2019-nCoV RBD/ACE2-BOAT1 complex) from
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Glu23 to Leu45 was selected and the initial five amino acids
were removed to design the eighteen amino acids peptide.
The peptides were designed by the alanine scanning method
by analyzing the importance of each of the contributing
amino acids. The results of the designed peptides were ana-
lyzed based on the binding free energies and conformation.
However, it is not validated with in-vitro/in-vivo studies
[55].

The immunoinformatic approaches have been employed
to design multiepitope-based vaccines for the treatment
of COVID-19. The vaccine was designed by fusing B cells,
cytotoxic T lymphocytes, and helper T lymphocytes and by
linking B-defensin and pan-HLA DR binding epitopes through
the EAAAK linker at the N-terminal. Further, a short TAT
sequence comprising eleven amino acids was introduced at
the C-terminal. The molecular docking was carried out to
determine the interaction between the vaccine and immune
receptors. However, the efficacy of the vaccine has not been
evaluated experimentally [56].

Other peptide-based therapeutics

A recent literature review has suggested the use of
snake-derived bradykinin-potentiating peptides (BPPs), par-
ticularly BPP-10c in developing the drug for COVID-19.
BPP-10c increases bradykinin-related effects and decreases
angiotensin Il levels by inhibiting ACE. BPP-10c is also
safe as no cytotoxic effects have been observed in its
administration. BPP-10c exhibits organo-protective and
antihypertensive effects. As COVID-19 is involved in organo-
destructive effects, the administration of BPP-10c may help
in reducing the severity of COVID-19 infection [57,58].

A phase-Il clinical trial (NCT04335136) with more than
200 participants is being conducted to study the therapeu-
tic effect (RhACE2-APNO1). The trial is being conducted at
a multinational level consisting of Austria, Denmark, and
Germany [59].

Interferon B is an acid-resistant glycoprotein. Recombi-
nantly developed interferon B has been under consideration
for the various therapeutic actions. The regulation of the
immunological response of interferon B after the viral
infection is well known. The safety and efficacy of inter-
feron B-1a for the treatment of severe COVID-19 have
been evaluated in a randomized clinical trial. The study
employed forty-two patients who received interferon B-
1a (44 ng/mL three times in a week for two consecutive
weeks) along with hydroxychloroquine, lopinavir, and riton-
avir or atazanavir-ritonavir. The control groups consisted of
thirty-nine patients who received only hydroxychloroquine,
lopinavir, and ritonavir, or atazanavir-ritonavir. The inter-
feron treated group has decreased the 28 days mortality and
increased the 14 days discharge rate among the COVID-19
patients [60,61].

Conclusion

COVID-19 is growing unprecedently and has become a
threat to humanity. The search for the cure of COVID-19
is indispensable; this has led the researchers to search the
available domains for the development of COVID-19 specific
drugs. Peptide-based therapeutics (structurally modified

peptides) have many advantages in comparison to antibody-
based treatment and small-molecule drugs. The advantages
of peptides are easy availability, low production cost.
The structurally modified peptides have shown improved
bioavailability, low immunogenic responses, high biological
activity, low intrinsic toxicity. Moreover, the time taken to
develop a peptide drug is also less. The peptide-based ther-
apeutics used in several preclinical studies reviewed in this
paper imparts the importance of peptide and peptide-based
therapeutics in the development of the drug for COVID-19.
Further, as discussed herein S protein—hACE2 interaction is
a very promising target for a potential drug investigation.
AMPs might be a good candidate drug for the COVID-19 as
the majority of them exist as natural entities and are even
produced in the human body; hence they are non-toxic and
safe. Time is a critical factor here as each passing day is
costing thousands of lives. Computer-aided peptide drug dis-
covery could play a crucial role in this aspect. Moreover, a
peptide-based drug, RhACE2-APNO1 based on recombinant
hACE2 peptide has already entered phase Il clinical trials.
This review reveals many facets of the feasibility of using
peptide-based therapeutics as the promising therapeutic
route for COVID-19. More detailed preclinical studies and
inputs from the scientific community are required for the
development and screening of peptide-based therapeutics
against COVID-19.
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