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Abstract

Background: There are no known medicines or vaccines to control
the COVID-19 pandemic caused by SARS-CoV-2 (nCoV). Antiviral
peptides are superior to conventional drugs and may also be effective
against COVID-19. Hence, we investigated the SARS-CoV-2 Spike
receptor-binding domain (nCoV-RBD) that interacts with hACE2 for
viral attachment and entry.

Methods: Three strategies and bioinformatics approaches were
employed to design potential nCoV-RBD - hACE2 interaction-blocking
peptides that may restrict viral attachment and entry. Firstly, the key
residues interacting with nCoV-RBD - hACE2 are identified and hACE2
sequence-based peptides are designed. Second, peptides from five
antibacterial peptide databases that block nCoV-RBD are identified;
finally, a chimeric peptide design approach is used to design peptides
that can bind to key nCoV-RBD residues. The final peptides are
selected based on their physiochemical properties, numbers and
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positions of key residues binding, binding energy, and antiviral

properties. 3. Amjad Ali, National University of Sciences
Results: We found that: (i) three amino acid stretches in hACE2 and Technology (NUST), Islamabad, Pakistan
interact with nCoV-RBD; (ii) effective peptides must bind to three key

positions of nCoV-RBD (Gly485/Phe486/Asn487, GIn493, and Any reports and responses or comments on the

GIn498/Thr500/Asn501); (iii) Phe486, GIn493, and Asn501 are critical
residues; (iv) AC20 and AC23 derived from hACE2 may block two key
critical positions; (iv) DBP6 identified from databases can block the
three sites of the nCoV-RBD and interacts with one critical position,
GIn498; (v) seven chimeric peptides were considered promising,
among which cnCoVP-3, cnCoVP-4, and cnCoVP-7 are the top three;
and (vi) cnCoVP-4 meets all the criteria and is the best peptide.
Conclusions: To conclude, using three different bioinformatics
approaches, we identified 17 peptides that can potentially bind to the
nCoV-RBD that interacts with hACE2. Binding these peptides to nCoV-
RBD may potentially inhibit the virus to access hACE2 and thereby may
prevent the infection. Out of 17, 10 peptides have promising potential
and need further experimental validation.

article can be found at the end of the article.
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Introduction

The world is currently experiencing the severe coronavirus
disease 2019 (COVID-19) pandemic caused by SARS-CoV-2
or novel corona virus (nCoV) that originated from the Wuhan
city, China'?, and spread across the world. So far, two mil-
lion people have been infected and more than 120,000 deaths
are recorded across the globe. The death rate is 3-20% depend-
ing on the countries and the most affected countries are the USA,
Italy, Spain, the UK and France, which have each recorded
more than 10,000 deaths within a couple of weeks (WHO
COVID-2019 situation reports). SARS-CoV-2 is highly con-
tagious in humans and so far no medicine or vaccine has been
developed to tackle the virus, making it impossible to control
its spread across the globe’. Although drugs like hydroxychloro-
quine, remdesivir, and lopinavir' are currently being suggested
to treat COVID-19 infection, there is no clinical study so far to
prove their efficacy in treating these patients. Therefore, cur-
rently there is a global search for appropriate drug and vaccine
candidates against SARS-CoV-2.

SARS-CoV-2 has shown 80% genome identity with SARS-
CoV, which is the causal agent of severe acute respiratory syn-
drome (SARS) seen in 2002-2003°. SARS-CoV binds to the
human angiotensin-converting enzyme 2 (hACE2) receptor
through its Spike protein (S) to enter into the host cell®, and it is
now reported that SARS-CoV-2 also binds to ACE2 to trans-
mit its genetic material to human cells’”. Therefore, blocking
the Spike protein of SARS-CoV-2 could be an attractive and
effective way to prevent the SARS-CoV-2 infection.

The crystal structure of the hACE2 receptor and the receptor
binding domain (RBD) of the SARS-CoV-2 Spike protein
(nCoV-RBD) (PDB: 6MI17>) showed that a total of eight
residues, namely, GIn24, Asp30, His34, Tyr4l, GIn42 in ol
helix, Met82 in a2 helix, and Lys353 and Arg357 in the B3
and B4 linkers, are important for the binding”. The important
interactions between the nCoV-RBD with ACE2 are Lys417
(Spike) --Asp30 (hACE2), Tyr453 (Spike) --His34 (hACE2),
Gln474 (Spike) --GIn24 (hACE2), Phe486 (Spike) --Met82
(hACE2), GIn498 (Spike) --Tyrdl (hACE2), Thr500
(Spike) --GIn42 (hACE2), and Asn501 (Spike) --Lys353°.

Peptide-based drugs are a better choice than conventional drugs
due to their higher efficiency, lesser molecular weight, and
lower toxicity and side effects'’. In this regard, antiviral pep-
tides (AVPs), and a subset of antimicrobial peptides (AMPs),
are of specific interest due to their higher efficacy in inhibiting
viral infection by targeting various stages of the viral life cycle.
AVPs can directly invoke innate immune response'' and inhibit
viral entry by targeting viral attachment and entry to host cell,
and replication, transcription, translation, multiplication, and
release inside the host cell'>"*. Previously, several AVPs have been
reported to inhibit the SARS-CoV Spike protein or viral entry'*'°.

In this report, using bioinformatics strategies, we attempted
to design anti-Spike peptides for SARS-CoV-2 towards
motivating potential therapeutics against the SARS-CoV-2
infection.

F1000Research 2020, 9:576 Last updated: 24 AUG 2020

Methods
We adopted three strategies to predict potential AVPs against
the SARS-CoV-2 Spike protein.

Strategy |

In the first strategy, we re-analysed the SARS-CoV-2 Spike
RBD with hACE2 to identify the key interacting residues in
both the proteins. A recent report suggests that the B chain of
SARS-CoV-2 Spike protein interacts with the B or D homodo-
main of hACE2’. Therefore, in this analysis, we used the indi-
vidual B chain of SARS-CoV-2 Spike RBD (PDB: 6L.ZG) and
the B chain of hACE2 (PDB: 6M18) to dock with each other
using the HADDOCK 2.2 server'’, providing active residues of
both the proteins as described by Yan et al., (2020)” and using
default parameters. Based on the binding interactions and based
on previous reports’, we identified the key interacting residues.
In the next step, we designed a number of AVPs based on the
interacting hACE2 residues to the RBD of the Spike protein. To
design the AVPs, we used simple permutation and combination
approach of amino acids, keeping the key interacting amino acids
and their positions fixed in the peptide. Binding to SARS-CoV-2
Spike RBD with the designed AVPs was determined by the
HPEPDOCK protein-peptide docking server'®. For the HPEP-
DOCK analysis, we used the SARS-CoV-2 Spike RBD (PDB:
6L7ZG) B chain and the sequence of the peptides in FASTA for-
mat, specifying eight binding sites (Lys417, Tyr453, Gln474,
Phe486, GIn493, GIn498, Thr500, and Asn501) of Spike-RBD’
and 100 peptide binding mode. The final peptides were selected
based on their HPEPDOCK docking energy score, number of
binding sites, number and position of selected target residue
binding, physiochemical properties, and AVPpred prediction'’.
More negative binding energy and the number and position of
residue binding sites were given more importance in selecting
the final peptides (described in Results).

Strategy Il

In the second strategy, we screened the available anti-micro-
bial peptides (AMPs) against the SARS-CoV-2 Spike RBD. We
used the database of antiviral peptides (AVPdb)', database of
HIV inhibitory peptides (HIPdb)'?, Antimicrobial Peptide Data-
base (APD3)%, database of anti-microbial peptides (dbAMP)?!,
and database of FDA-approved peptide and protein therapeu-
tics (THPdb)* and screened the peptides against the SARS-
CoV-2 Spike RBD. In this process, we collected all the AMP
sequences from these databases and then each peptide was docked
against the Spike-RBD using the HPEPDOCK protein-peptide
docking server'®. The process and the parameters of HPEPDOCK
docking and selection of peptides were the same as used in
first strategy.

Strategy I

In the third strategy, we adopted a chimeric peptide design
approach where the two fragments of two different peptides
selected in our previous two approaches are composed in such
a way that the resultant peptide can bind to our given target
residues in the SARS-CoV-2 Spike RBD. In this approach, we
first selected the peptides that bind to any of the three key resi-
dues (Phe486, GIn493, and Asn501) of the Spike RBD. Next,
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we took various lengths of fragments of these peptides (4-15)
that interact with the key residues of Spike RBD. Next, we joined
these peptides keeping the key residue position fixed to make
chimeric peptides of 20-25 amino acids in length. In these pep-
tides, various permutations and combinations of amino acids were
made, keeping the key interacting amino acids and their posi-
tions fixed. A total of 500 such chimeric peptides were designed
and docked with Spike RBD target residues (Lys417, Tyr453,
GIn474, Phe486, GIn493, GIn498, Thr500, and Asn501) using the
HPEPDOCK server'® as described in the first strategy . The final
peptides were selected based on similar criteria as adopted in the
first and second strategy.

Physiochemical analysis of peptides

Antiviral properties of the peptides were predicted using AVP-
pred” using its default parameters. The molecular formula,
molecular weight, net charge, grand average hydropathy, total
hydrophobic ratio, hydrophobicity, and protein-binding poten-
tial (Boman index) were calculated using the APD3 antimicrobial
peptide calculator and predictor®. The IC,; of the peptides was
predicted using the AVP-IC, Pred server, selecting the RSV/INFV/
HSV prediction model* and other default parameters. Hemolytic
potency of peptides was determined using the HemoPI server”
with default parameters, where the values tending towards
“0” are unlikely to be hemolytic. ToxinPred”, with default
parameters, was used to predict the toxicity (toxic or non-
toxic) of the peptides. The final peptides were selected based
on theirr HPEPDOCK docking energy score (cut-off -120
or less), number of H bonds (>2), number of selected target
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residue bonds (2-10), number of key target residue bonds (>2),
physiochemical properties (parameters acceptable for AMPs,
see Extended data’), and AVPpred prediction (Yes)".

Results and Discussion

Identification of hACE2 residue-based peptides

In SARS-CoV-2 Spike RBD - hACE2 interaction analysis, simi-
lar to Yan et al. (2020)°, we found that three stretches of peptides
that harbour the active residues of hACE2 interact with Spike
RBD. These stretches have amino acid positions: 21-43 (five
sites), 78-87 (one site), and 348-361 (two sites). In the Spike
RBD, the key interacting amino acid stretches are 480-489 and
490-505. A previous report suggests that among the Spike resi-
dues, the most important residues interacting with hACE2 are
Phe486, GIn493, and Asn5017’. An in-depth analysis revealed that
any peptide that potentially blocks the Spike RBD should bind
at least three critical positions of the RBD: (i) Gly485 or Phe486
or Asn487, (ii) GIn493, and (iii) GIn498 or Thr500 or Asn501
among which the Phe486, GIn493, and Asn501 are essential.

We designed three peptides from the first stretch of the hACE2
that shows maximum active binding residues with the Spike RBD.
A 26 amino acid peptide (AC26) binds to Thr500 and Asn501
of the Spike RBD (Figure 1A), a 23 amino acid peptide (AC23)
binds to Tyr489 and Thr500 of the Spike RBD (Figure 1B),
and a third 20 amino acid peptide (AC20) binds to GIn493 and
Asn501 of the Spike RBD (Figure 1C). All these peptides show
acceptable physiochemical properties to be used as therapeu-
tic peptides (see Extended data’). However, none of these

Figure 1. The binding interfaces between SARS-CoV-2 Spike receptor-binding domain with hACE2 derived peptides. (A) AC26, (B)

AC23, and (C) AC20.

Page 4 of 12


http://crdd.osdd.net/servers/avppred/
http://crdd.osdd.net/servers/avppred/
http://aps.unmc.edu/AP/prediction/prediction_main.php
http://aps.unmc.edu/AP/prediction/prediction_main.php
http://crdd.osdd.net/servers/ic50avp/
https://webs.iiitd.edu.in/raghava/hemopi/
http://crdd.osdd.net/raghava/toxinpred/

three peptides are able to block all the key three positions of the
Spike RBD. Therefore, these peptides may not be suitable for
developing very effective anti-SARS-CoV-2 therapeutics targeting
its Spike RBD. However, AC20 and AC23 can be further tested.

Identification of peptides from antimicrobial peptide
databases

We identified seven peptides by screening the five different AMP
databases. It is known that SARS-CoV directly interacts with
hACE2 through their RBD located in the B chain of the Spike
protein’’”’ and the Spike protein sequence of SARS-CoV-2
is highly similar to SARS-CoV*® and SARS-related corona-
viruses. In our peptide database analysis, we also observed
that the peptides that have been experimentally proven to be effec-
tive against SARS-CoV have the potential of being used against
the SARS-CoV-2 Spike protein. All of the seven identified pep-
tides (see Extended data™) are of 20 amino acids in length and
are reported to target the Spike protein of SARS-CoV to exhibit
their anti-SARS virus activities'”. Although the peptides show

F1000Research 2020, 9:576 Last updated: 24 AUG 2020

four to 11 “H” bonds and form between two to four bonds with
our eight given target residues, most of these peptides do not
bind to all the three positions ((i) Gly485 or Phe486 or Asn487,
(i1) GIn493, and (iii) GIn498 or Thr500 or Asn501) to effectively
block the Spike RBD.

The DBP1, DBP2, and DBP3 peptides bind to only the third
position (GIn498 and Asn501) of the Spike RBD without
binding to the other two sites (Figure 2A-C; Extended data™).
DBP4, DBP5, and DBP7 interact with the first (Gly485 or Phe486
or Asn487) and third (Glnd498 and Asn501) sites of the Spike
RBD without binding to the middle or the second site (GIn493)
(Figure 2D, E, G; Extended data®). DBP6 binds to all the three
sites within the range of the target residues but does not inter-
act with the key residues of the first and third sites (Figure 2F;
Extended data™). DBP6 is also predicted to be an antiviral pep-
tide by AVPpred". Therefore, DBP6 could be a potential pep-
tide to be tested for SARS-CoV-2 Spike protein-based drug
development.

Figure 2. The binding interfaces between SARS-CoV-2 Spike receptor-binding domain with peptides screened from the antimicrobial
peptide databases. (A) DBP1, (B) DBP2, (C) DBP3, (D) DBP4, (E) DBP5, (F) DBP6, and (G) DBP7.
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Chimeric peptides against SARS-CoV-2 Spike RBD

Out of 500 chimeric peptides generated, only seven were selected
for final analysis. All these peptides are non-hemolytic, non-toxic,
and meet all the criteria of a therapeutic peptide (see Extended
data™). Among these seven peptides, cnCoVP-3, cnCoVP-4,
and cnCoVP-7 interact with all the three sites and two key resi-
dues of the second (GIn493) and third (Asn501) sites. However,
these peptides bind one amino acid apart from the key resi-
due (Phe486) in the first site and potentially block the access of
SARS-CoV-2 Spike Phe486 to the hACE2 (Figure 3C, D, G;
Extended data™). AVPpred” also predicted cnCoVP-4 to be
an antiviral peptide. Therefore, these three peptides could be
selected for further in vitro and in vivo testing.

Although the chimeric peptides cnCoVP-2, cnCoVP-5, and
cnCoVP-6 interact with all the three sites, they do not interact
with the key residue (Phe486) or the immediate to key residue of
the first site. Instead they bind a residue that is two to three amino
acids apart from the key residue (Phe486) (Figure 3B, E, F;
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Extended data®). Therefore, these three peptides may not
block the first site of the Spike RBD in interacting with hACE2.
However, they should also be synthesized and tested for their
in vitro effects. The last peptide, cnCoVP-1, was found to inter-
act with all the three sites; however, it only interacts with the key
residue (GIn493) of the second site. In the other two sites, it
interacts at position (Tyr489) of the first site and (GIn498) of the
third site (Figure 3A; Extended data’®). Although GIn498 is a
key residue of the third site Tyr489, it is not an interacting resi-
due in the original interaction between SARS-CoV-2 Spike RBD
and hACE2. Thus, this peptide may partially block the access
of SARS-CoV-2 Spike RBD to hACE2 and needs further in
vitro and in vivo testing and validation.

Conclusions

In this article, we screened and designed several peptides that
may potentially block the interaction between SARS-CoV-2
Spike RBD and hACE2. Ten peptides (AC20, AC23, DBP6, and
cnCoVP-1- cnCoVP-7) have very high potential to achieve this

Figure 3.The binding interfaces between SARS-CoV-2 Spike receptor-binding domain with designed chimeric peptides. (A) cnCoVP-1,
(B) cnCoVP-2, (C) cnCoVP-3, (D) cnCoVP-4, (E) cnCoVP-5, (F) cnCoVP-6, and (G) cnCoVP-7.
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interaction, indicating that these peptides could be attractive
therapeutics against SARS-CoV-2. However, peptide synthe-
sis, in vitro, and in vivo experiments are required to evaluate and
ensure their potential therapeutic efficacy.

Data availability

Source data

B chain of SARS-CoV-2 Spike RBD from PDB, Accession
number 6LZG: https://identifiers.org/resb/pdb:6LZG

B chain of hACE2 from PDB, Accession number 6M18: https:/
identifiers.org/rcsb/pdb:6M 18
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?  Amjad Ali
Atta-ur-Rahman School of Applied Biosciences (ASAB), National University of Sciences and
Technology (NUST), Islamabad, Pakistan

The study manuscript “Potential chimeric peptides to block the SARS-CoV-2 spike receptor-binding
domain” by Barh et al., focuses on chimeric peptides to potentially block the SARS-CoV-2 receptor
binding domain; the work is interesting and well designed and written. I have few minor
comments and suggestions if they could be considered by the authors for improvement and
clarification.

As mentioned “SARS-CoV binds to the human angiotensin-converting enzyme 2 (hACE2) receptor
through its Spike protein (S) to enter into the host cell®, and it is now reported that SARS-CoV-2 also
binds to ACE2 to transmit its genetic material to human cells’=%"

In these lines the authors stated that SARS-CoV-2 also binds to ACE2, I think the authors intended
to write hACE2 (as stated earlier). The abbreviation is inconsistent in the whole manuscript. Please
have a look.

Comment: The authors stated that AVP are a better choice in catering viral infection, but as they
are peptides, they are prone to be attacked by proteases. How to overcome this issue?

Comment: Do these AVPs have a role in generating memory response? If the AVPs directly evoke
innate immune response there is a possibility the PAMPs present on these can be recognized by
PRRs which may lead to degradation.

Comment: A study similar to Strategy 1 has been conducted by Ibrahim et al. (2020") to predict
binding residues between RBD and hACE2. Does your study validate those findings? Are there any
differences?

Comment: Which tool or database was used to design AVPs in strategy 1?

Comment: As the authors discussed the hemolytic potential of chimeric peptides, were peptides
designed using Strategy 1 and Strategy 2 also fulfilling the criteria of therapeutic potential? Also,
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among the ten peptides mentioned in the conclusion which of them are best? Is it possible to give
a brief comparison of these 10 peptides?
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potentially block the interaction between SARS-CoV-2 Spike RBD and hACE2. Thus, the authors
concluded that ten peptides (AC20, AC23, DBP6, and cnCoVP-1- cnCoVP-7) have a very high
potential of interaction, indicating that these peptides could be attractive therapeutics against
SARS-CoV-2.

The authors have used proper methodologies to conclude the report, so it can be accepted for
indexing.
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urgent search for prevention and treatment of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection.

Barh and his colleagues describe in this article the important role of immuno-informatics by using
molecular modeling and docking for chimeric peptide design anti-Spike peptides for SARS-CoV-2
potential therapeutics against the covid-19 infection. The introduction provides a good,
generalized background of the topic that quickly gives the reader an appreciation of the
applications of the technique. “A large global effort is required to stop viral epidemics and
pandemics, and these manuscript insights may lead to identifying novel ways to stop infection.” To
this end, this manuscript highlights clearly the potential opportunities several peptides blocking
the interaction between SARS-CoV-2 Spike RBD and hACE2 as probable application in clinical
practice.

Overall the topic and the data are very interesting. The manuscript is very well written, well
organized, easy to follow, and appropriate in scope and method. Certainly this study will
contribute much to the literature.
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