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ABSTRACT
Recent breakthroughs in peptide exploration have led to revolutionary medicinal discoveries for a number of 
different infectious illnesses. An immediate need exists for the development of viable treatment alternatives 
in light of the continuing danger of the COVID-19 pandemic. Peptide inhibitors have notable potential for the 
management of developing viral infections since they are safe, effective, and selective. Antiviral peptides may 
be rationally engineered and optimally formulated using information about the 3D structures of viral proteins 
and the cells they target. The resultant peptides may have broad antiviral action or be extremely selective for 
certain targets and targeted viral infections. In this article, we discuss the research done so far on severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) peptide medicines. Thus far, attempts to repurpose peptide 
medicines with antiviral and antibacterial properties have failed. Targeting the link between the SARS-CoV-2 
spike protein and the ACE-2 (Angiotensin-Converting Enzyme-2) that initiates cellular infection and viral 
replication has yielded the most promising discoveries, albeit by no means the only ones. While there exists no 
approved therapy for SARS-CoV-2, the experience gained in developing peptide drugs for this virus suggests 
that this approach may now be preferable to the use of smaller molecules.
Keywords: Coronavirus disease 2019, Peptides, Peptide-based therapeutics, Severe acute respiratory syndrome 
coronavirus 2, Treatment, Vaccines.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19), brough about 
by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), speedily spread all across the globe, 
resulting in many deaths and having far-reaching effects 
on healthcare systems, economies, and communities. 
Although significant attempts are being undertaken to 
rapidly create vaccines, it cannot be guaranteed that 
immunizations against this virus will give long-lasting, 
robust protection and a vaccine would probably not 
benefit individuals who are already affected.1,2 For this 
reason, it is crucial to create therapeutic drugs that can 
combat this pandemic virus.
     In the search for a medication that can neutralize 
COVID-19, researchers have tried a number of approaches. 
When used for COVID-19, peptide therapies show great 

promise. Peptides are subunits of proteins that can be 
easily synthesized at a low cost and in a short amount 
of time.3  By adjusting the peptides in terms of their 
sequence length, side-chain reactivity, and other artificial 
components, the door to progress in peptide-based 
treatments was pushed wide open.4,5 Peptides have 
advantages over other pharmaceuticals due to their 
high selectivity and low toxic effects, both of which stem 
from their limited chances for clumping in the body.6-8 
Several approaches to combat COVID-19 viral infection 
are discussed, including the use of peptide vaccines, 
peptide immune modulators, and peptides that suppress 
viral reproduction and release. There is not yet an exact 
cure for COVID-19. This highlights the need of identifying 
potential targets in order to develop and repurpose 
medications. Table 1 contains examples of some of the 
commercially available peptide-based products against 
Covid-19.
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1.1. Importance of Peptide Drug Delivery 
System    
• Proteins and peptides have critical roles in biological 

cells and organic molecules.
• A deficiency in proteins and peptides may lead to 

health problems including diabetes mellitus. (As a 
result of a deficiency of the protein “Insulin”)

• R-DNA technology and hybridoma procedures are 
now being applied in protein and peptide-based 
medicines.14

1.2. Advantages of Protein and Peptide Drug 
Delivery System15-21

• Erythropoietin is mostly used in the formation of red 
blood cells.

• Tissue plasminogen activator is a protein that is used 
to treat heart attacks and strokes.

• Oxytocin is used to relieve labor pain.
• Bradykinin stimulates peripheral circulation.
• Somatostatin lessens bleeding from stomach ulcers.
• Gonadotropin is a peptide hormone that causes an 

ovulation to occur.
• Insulin maintains steady glucose levels in the blood. 

1.3 Functions of Protein and Peptide Drug 
Delivery System22-28

• Small molecules and biomolecules are transported 
and stored.

• Muscle contraction allows for synchronized move-
ment.

• Fibrous protein provides mechanical support.
• Nerve impulse generation and transmission
• Catalysis by enzymes in biological reactions.
• Antibodies provide immune defense.
• Hormones are used to control growth and differen-

tiation.

2. Incorporation of proteins and peptides 
into drug delivery matrix

The drug incorporated into the Protein and Peptide drug 
delivery system is subjected to three different processes, 
which are as follows:29-34

2.1. Emulsification
Aqueous (water solution) -soluble medicines first dissolve 
in aqueous (water solution). Mixing the two liquids pro-
duces an emulsion-free mixture. The emulsifier is added 
to the primary emulsion to make it w/o/w. Finally, the 
organic solvent is removed from the emulsion by filtra-
tion and increasing the temperature.35

2.2. Extrusion And Spray Drying    
There are two ways to make microspheres: with the help 
of extrusion and spraying. The core material or matrix, 
which is made of drug-filled Solution, and the Particulate, 
which comes out of the orifice, fine tubes or nozzles to 
make small droplets. The size of the droplet is mostly 
determined by the properties of the liquid (melt, solu-
tion, and suspension) and the diameter of the orifice to 
the speed of the jet.

2.3. Polymerization     
Polymerization in hydrogels created by mixing monomer, 
drug, initiator, and cross linking agents. Intra vascular 
protein distribution by a photo polymerized hydro 
system on the inner side of a blood artery. One of the dis-
advantages of protein and peptide drug delivery systems 
is that radiators degrade protein molecule integrity.

3. Application peptide drug delivery system    
• Drugs that act on the cardiovascular system Proteins 

and peptides (anti-Angiotensin 2 antagonists, Brady-
kinin, and Captopril) are critical for lowering blood 
pressure and increasing peripheral circulation in the 
therapy of heart failure.

• CNS active proteins and peptides (Cholecystokinin, 
B-endorphin) are required for appetite suppression 
and pain relief.36

• GI-active Proteins and Peptides (Gastrin antagonist, 
pancreatic enzymes) are critical for reducing gastric 
acid output and are necessary for digestive supple-
mentation.37

• Immunomodulation of proteins and peptides (Bersin, 
Cyclosporin, and Interferon) is critical for selective 
B-cell differentiation. Inhibits T-lymphocyte activities 
and enhances the activity of killer cells.38 

• Proteins and peptides that modulate metabolism 
(Insulin, Vasopressin) are critical in the treatment of 
diabetes mellitus and diabetes insipidus.39

Company Product 
name Peptide design References

Axon 
neuroscience ACvac1 Pluri-epitope 

peptide vaccine 9

CytoDyn Leronlimab Leronlimab (PRO 
140) 10

Vaxxinity UB-612 Multi-tope protein; 
UB-612 11

Flow pharma Flovid-20 T-cell targeted 
immunotherapy 12

Axon 
neuroscience ACmab1

Humanized 
monoclonal 
antibody

9

Vir 
biotechnology Sotrovimab Monoclonal 

antibody 13

Table 1: Marketed peptide-based compounds for covid-19
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4. Sars-cov-2 proteins and their role in drug 
discovery

The four main structural proteins of SARS-CoV-2 are the 
spike (S) protein, the envelope (E) protein, the membrane 
(M) protein, and the nucleocapsid (N) protein. Further-
more, 16 NSPs (non-structural proteins) have therapeutic 
potential. There are two different parts that make up a 
S protein: S1 and S2.40 S1 has a receptor-binding domain 
(RBD) that is important in viral entrance and adherence 
to protein ACE-2 (Angiotensin-Converting Enzyme-2), 
while S2 is involved in viral fusion.41,42 M and E proteins 
are engaged mostly in viral assembly. N protein is an 
RNA-binding protein that is required for replication and 
genome packaging. Due to importance of structural and 
nonstructural protein mutations in virulence and virus 
propagation, they must be taken into account when 
developing treatments and vaccinations.43

     SARS-CoV-2 carries major genetic alterations that are 
entirely novel to human population’s innate immune 
system. According to research, the virus doe not have 
the ability of infecting a sizable proportion of human 
population. Ganesh et al. Gathered the reports, which 
may be used to compare the prevalence of SARS-CoV-2 
to that of SARS (Severe acute respiratory syndrome) and 
MERS (Middle East Respiratory Syndrome) while treat-
ments are being developed.44

     Scientists created three medication development 
strategies to combat coronaviruses. First, test existing 
broad-spectrum antivirals. Their spectrum is too vast, 
notwithstanding their advantages in terms of metabolic 
properties, doses, potential efficacy, and adverse effects. 
Another method is to search through current molecular 
databases quickly and efficiently for compounds with 
anti-coronavirus activity.45 The third option is to create 
novel targeted medications based on coronavirus genetic 
and clinical features. On the basis of these discoveries, 
we compiled research findings on peptide therapies and 
their molecular mechanisms. This article includes an 
overview of SARS-CoV peptide treatments that poten-
tially be repurposed for SARS-CoV-2 along with an 
update on SARS-CoV-2 peptides previously developed. 
Nevertheless, lab and clinical investigations are required 
to fully comprehend SARS-CoV-2 infection and enhance 
treatment development.46

5. Role of peptides in sars-cov-2 study   

Insufficient action, resistance, safety and effectiveness dif-
ficulties, and adverse reactions are among the drawbacks 
of existing antiviral medicines. They are not as efficient 
at preventing long protein binding surfaces. Peptides 

are gaining popularity in the pharmaceutical business. 
Less toxicity, less side effects, and less selectivity make 
peptide-based medications a better alternative than 
small molecule therapies.47 These are synthesized and 
chemically stabilized. Peptides and peptidomimetics are 
widely accepted in chemical biology. Peptides compete 
for binding by mimicking a protein surface. Peptide 
medicines are unstable, susceptible to degradation, have 
a quick half-life, and have poor membrane permeation. 
Over 400 peptide-based medications are now in clinical 
trials, with about 60 already authorized. Using peptide 
research, epitope-based vaccination screening may 
potentially be possible. However, no effective peptide-
based medicines exist for SARS-CoV-2.48

     Antiviral peptides (AVPs) could be an effective antivi-
ral against SARSCoV2. AVPs are of particular relevance 
since they are more effective than other antiviral agents 
at inhibiting viral infection. AVPs block viral adsorption, 
permeation, endosomal discharge, uncoating, replication, 
and mature viri release. Studies on natural and bio-
logical sources, as well as computer methodologies like 
high-throughput screening, help find a potential AVP. 
We previously discovered seven antimicrobial peptides 
(AMPs) as potential MERS therapeutics. Fosgerau et al. 
reviewed the numerous peptide therapy techniques and 
potential. It has been postulated that existing antiviral 
peptide medicines could be repurposed to treat MERS-
CoV. The current coronavirus epidemic can be managed 
using available antivirals and knowledge gathered previ-
ous SARS and MERS pandemic.49-55

      Several publications have reviewed the use of pep-
tides as COVID-19 treatment alternatives. Cherian et al. 
evaluated virus- and host-based medication repurposing 
potential for these viruses, particularly SARS-CoV-2.56 
Many publications stress the importance of repurposing 
medications for SARS-CoV-2. It is clear that peptides may 
be employed as anti-SARS-CoV-2 components. On the 
other hand, we give a complete assessment of peptides 
having therapeutic and preventive activities in SARS-CoV 
that might be used against SARS-CoV-2. As seen in Tables 
1–3, tremendous Following SARS-CoV’s identification, 
several positive developments have taken place.57-60

6. Mechanism-based categorization of 
covid-19 peptide therapies   

Anti-coronavirus treatments may be of two types based 
on the target: those that work on the virus itself or those 
that work on host’s immune response. Depending on how 
the peptides might work, we put them into three groups: 
virus entry/fusion inhibitors, replication blockers, and 
immunomodulators.
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6.1 Viral Entrance and Fusion-inhibiting 
Peptides
Specifically, the S protein of SARS-CoV interacts with 
the ACE2 receptor to allow coronavirus entrance into 
cells. Lu et al. used bioinformatics for detecting peptides 
with B cell epitopes inside S protein of SARS-cove that 
could be used in diagnosis. RBD in the spike protein’s S1 
subunit is a target for virus fusion inhibitors, neutralising 
antibodies, and vaccinations. Barh et al. reported pos-
sible SARS-CoV-2 spike RBD inhibitor peptides. Using 
bioinformatics, they identified critical fragments adher-
ing to spike RBD. -helices from ACE2’s protease domain 
were employed to create SARSCoV-2 peptide inhibitors. 
RBD S1 binds directly to ACE2 PD. SBP1 (Spike-binding 
protein 1), can inhibit the SARS-CoV-2 spike protein from 
binding with ACE2.61

      The spike proteins of coronaviruses are examples of 
class I fusion proteins; they consist of two halves, human 
receptor (HR) 1 and 2. An essential and constant method 
for viral fusion and entry is the formation of a six-helical 
bundle by the heptad repeat via interaction with the 
ACE2 receptor on the target cell. As a result, numerous 
researchers have looked for fusion inhibitors that might 
be employed for treating CoV infections. The HR1 and 
HR2 regions of SARS-CoV and SARSCoV-2 have 92.6% 
and 100% sequence homology, correspondingly, indicat-
ing that HR 2 peptides demonstrated to suppress SARS-
CoV may potentially impede SARSCoV-2.62,63 It is now 
possible to develop peptide or small molecule derived 
anti-CoV fusogenics to halt SARS-CoV-2 membrane 
fusion according to the work of Tang et al., who investi-
gated HR2-derived inhibitory compounds for SARS-CoV 
and MERS-CoV. Several HR2 sequence-derived fusion 
blockers were discovered to block SARS-CoV-2 cell fusion 
in a latest investigation. In order to stop the spread of 
coronaviruses, Xia et al. developed an inhibitor called 
EK1 that specifically blocks the HR1 domain. They also 
created the very powerful lipopeptide EK1C4, which 
targets the spike protein in pan-coronavirus fusion.64  To 
increase inhibitory efficacy against SARS-CoV-2, EK1C4 
was created by merging together cholesterol fragment 
and EK1. The EKIC4 protein blocked the entrance of 
pseudotyped viruses, particularly, SARS-CoV and MERS-
CoV and also blocked membrane fusion facilitated by the 
SARS-CoV-2 S-protein. EK1C4, having an EC50 of 36.5 nm, 
is more potent than that of EK1 peptide, which has an 
EC50 of 2.47 M. SARS-CoV-2 S-protein-mediated fusion 
and pseudovirus transmission were suppressed by the 
HR2-based lipopeptide fusion inhibitor IPB02.
      Unlike previous peptide medicines, EK1C4 may be 
breathed as aerosol, lowering viral accumulation in lungs 

and minimising inflammatory reaction. Intranasal injec-
tion of EK1C4 shows promise as a SARS-CoV-2 therapy. 
This is because HR1 domain present in S2 subunit of S 
protein is extensively regulated, making drug resistance 
mutations difficult to develop (Figure 1).64,65

6.2 Peptides that Suppress Viral 
Multiplication and Release
Once within the host cell, the virus modifies the tran-
scription pathway to manufacture its proteins. With open 
reading frames, ORF1a and ORF1b, two polyproteins 
(pp1a & pp1b) are encoded by the positive-stranded 
RNA of SARS-CoV. Enzymatic degradation of such poly-
proteins yields sixteen non-structural proteins essential 
for replication, including two proteases, papain-like 
protease (PLpro/Nsp3), and 3-chymotrypsin-like pro-
tease (3CLpro/Nsp5). SARS-3CLpro CoV-2’s shares 99.02 
percent sequence identical with that of SARS-CoV. Two 
peptidomimetic aldehydes, 11a and 11b, were found after 
researchers investigated the possibility of designing 
peptide inhibitors to block the substrate binding domain 
of SARSCoV-2 3CLpro. Both were quite effective in pre-
venting SARS-CoV-2 infection. The replicase polyprotein 
is also processed by another protease called PLpro, is an 
attractive antiviral therapeutic target. Glutathione, used 
to treat liver problems, was found to be effective against 
PLpro with a docking score of 20.66-68

      In a recent randomized placebo-controlled experi-
ment, remdesivir was found to reduce respiratory tract 
infection in COVID-19-infected individuals.
     SARS-CoV-2 Nsp12 shares significant homology with 
SARS-CoV, signifying a well-regulated mode of action 
validated by cryo-EM structural analyses. Nsp12 has a 
nidovirus RdRp (RNA-dependent RNA polymerase)-
derived nucleotidyl transferase structure and a right 
hand RdRp domain. Nsp12 may help synthesise viral 
RNA with Nsp7 and Nsp8 serving as cofactors. The Nsp7-
Nsp8 complex boosts Nsp12’s RNA binding and RdRp 
enzymatic activity by synthesising a 6-nucleotide primer 
for RdRp RNA production. The Nsp12-Nsp8 interaction 
offers tremendous therapeutic potential.
      Nsp9 is responsible for viral replication, pathogenic-
ity, and viral RNA translation. Selinexor is a synthetic 
peptide that inhibits the nuclear export protein CRM1 
(Chromosomal Maintenance 1), sometimes referred 
to as exportin 1 (XPO1). Currently, its low dosages are 
being evaluated against COVID19. In addition to inhib-
iting adipogenesis, the mushroom-derived Ternatin 
4-N-methylated cyclic hexapeptide impedes the transla-
tion pathway. Because ternatin 4 affects host translation, 
it is incorporated as a potential preclinical compound.
Epigenetic modifications which govern chromatin rear-
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rangement are linked to viral pathogenesis. The signifi-
cance of epigenetic regulators in SARS-CoV research has 
been emphasized. Lately, DNA methylation studies of 
ACE2 protein shed light on SARS-CoV-2 epidemiology. 
The BET (bromodomain and extra-terminal domain) 
proteins function as epigenetic readers and control the 
expression of ACE2. Gordon et al discovered a BRD4 (Bro-
modomain-containing protein 4)-SARSCoV-2 E protein 
interaction, raising the prospect of peptide-derived 
bromodomain blockers as SARS-CoV2 treatments. An 
interaction between HDAC2 (Histone deacetylases-2) and 
the viral protein Nsp5 was discovered in SARS-CoV-2 
investigation. Nucleus transport of HDAC2 is thought 
to be inhibited by Nsp5. We propose exploring for Nsp5 
peptide inhibitors, as this appears to be a shift in COVID-
19. Futhermore, HDAC blockers may be used to prevent 
COVID-19. Epigenetic therapies such as epidrugs may 
be useful therapeutic or preventative tools. Intriguingly, 
Apicidin was discovered by using a cyclic 3-tetrapeptide 
scaffold, a method that can be applied to find other anti-
coronaviral peptide inhibitors.69-73

6.3 RNA Processing   
Apart from RNA polymerase, RNA helicase, and protease 
capabilities, the coronavirus replicase utilises a range of 
RNA enzymes that are specific to it. This is followed by 
ribose 2-O-methylation of the cap, which permits viruses 
to evade detection by the host immune system. These 
include Nsp13, an RNA/NTP triphosphate triphosphatase 
and helicase; Nsp14, an RNA cap N7 methyltransferase; 
and Nsp16, an RNA cap ribose-O methyltransferase and 
an unknown guanylyl translocator. N7-Methyltransferase 
domain of Nsp14 serves as an intriguing target because 
it differs from cellular methyltransferases in its fold. The 
methyltransferase of coronaviruses is a potential and 
promising antiviral therapeutic target.74-78

6.4 Virus Maturation   
The RTC employs negative-stranded intermediates to 
generate progeny genomes and subgenomic mRNAs. 

Translation of these mRNAs results in the structural 
proteins S, M, E, and N. The E protein is responsible for 
many steps of viral replication, particularly envelope 
production, pathogenicity, budding, and assemblage. 
When the CoV RNA sequence is bound to N, it forms the 
nucleocapsid, contrary to the other important structural 
proteins. Cascarina et al recently discovered that the 
N protein can regulate biomolecular interactions with 
RNA and critical host cell proteins. N protein interacts 
with stress granules, triggering the host immunological 
system. Modification of stress granules may be effective 
in reducing coronavirus replication. N protein interacts 
with G3BP1, which limits the RNA virus replication 
(Figure 2).79-81

6.5 Modulatory Peptides for the Immune 
System   
Once within the target cell, the virus triggers an immune 
response (innate or adaptive). The virus enters the 
nose and mouth, then enters the lungs, infecting ACE2 
receptor-expressing cells. These viruses evade immune 
cells, culminating in the unrestricted viral reproduction. 
Activated macrophages and other immune cells produce 
cytokines.82

A) Innate Immune Response   
When the SARS-CoV-2 virus infects the upper or lower 
respiratory airways, it may lead to the development 

Figure 2: A graph depicting SARSCoV2 replication and maturation 
mechanism, highlighting peptide treatments. The viral replicase 
coordinates both continuous and discontinuous RNA production. 
These proteins form membranebound replication-transcription 
complexes (RTC) with viral and perhaps cellular proteins. Nsp12 
(non-structural protein-12) is the principal target in case of remde-
sivir, a nucleoside analogue antiviral agent utilized for SARSCoV-2. 
The drug has antiviral action against numerous viruses, particularly 
RSV, Ebola, Nipah, SARS-CoV, and MERS-CoV. In the three 
coronaviruses, this chemical may impact viral RNA production by 
delaying chain termination (MERS-CoV, SARS-CoV and SARS-
CoV-2). It is now being evaluated in numerous countries for COVID-

19 emergency treatment.

Figure 1: SARS-entrance CoV-2’s and fusion mechanism is 
depicted in this diagram. Peptide molecules that have been identi-
fied as being involved in the entry and fusion of the coronavirus 

are depicted.
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of acute respiratory syndrome (ARS). The compstatin-
derived complement C3 peptidic antagonist AMY-101 
proved effective in treating extreme ARDS (Acute respira-
tory distress syndrome) due to COVID-19 pneumonia in 
an individual. The pathogenic immunological response to 
SARS-CoV-2 may be mitigated by using an IL-1 receptor 
inhibitor in conjunction with remdesivir.83

      To fight viral infection, natural killer (NK) cells lyse 
infected cells. Peripheral blood in COVID-19 individuals 
has a lower amount of NK cells. In a SARS-CoV mouse 
model, enhanced chemokine production linked with 
increased NK cell migration towards the lungs. Elevated 
chemokines production in COVID-19 patients’ lungs may 
also help NK cells migrate towards the lungs. A transcrip-
tome signature suggested NK cell penetration into lungs, 
potentially via the CXCR3 (C-X-C Motif Chemokine 
Receptor 3) pathway. Because chemokines recruit NK 
cells for removing the virus, peptide blockers that block 
chemokine receptors are prospective SARSCoV-2 treat-
ments. Furthermore, peptide blockade is a well-proposed 
means for NK cell activation, so new peptide treatments 
are needed here.84

B) Adaptive Immune Response   
Antibody and immunological response are critical for vacci-
nation effectiveness. A successful vaccine should stimulate 
antigen-specific B-cells, or T cells. In response to SARS-
CoV-2 infection, antibodies, cluster of differentiation (CD) 
cells including CD4+ and CD8+ cells are produced. As a 
result of this recognition, T cells produce cytokines. Others 
provide SARS-CoV peptides to CD4+ cells (Figure 3). Effec-
tive vaccines should be designed such that it stimulates 
immunological responses against the infection. Vaccines 
that work against a specific pathogen are those that suc-
cessfully elicit a protective immune response. Kiyotani 
et al. detected 781 HLA (human leukocyte antigens) 
class I and 418 Class II antigenic determinants for 
SARS-CoV-2 by computerized examination of poten-
tial determinants expressed on HLA class I molecules. 

SARS-CoV-2 proteome was studied immunologically 
and an epitope, ITLCFTLKR, was discovered as a 
vaccine candidate. When using envelope protein as an 
immunogenic target, peptides that attach to MHC (major 
histocompatibility complex) class I and II are attractive 
vaccine candidates. Ten epitopes derived from structural 
proteins created by molecular docking of MHC-I are 
discovered as possible SARS-CoV-2 peptide vaccine 
epitopes. They are immunogenic elements that may be 
utilised to discover new vaccines. Because traditional 
experimental methods are costly and take time, in silico 
strategies are chosen.85-88

7. CONCLUSION
Effective vaccinations and antivirals must be developed 
quickly for battling the SARS-CoV-2 pandemic and reduce 
the number of deaths caused by the disease. Peptides are 
an excellent framework for developing novel medications 
because of their rapid design and development, extreme 
selectivity, and low adverse reactions. Although synthetic 
peptide vaccines are currently in the research and devel-
opment phase, vaccine development has proved to be 
both effective and quick. Drug repurposing has shown 
to be the superior technique for developing new chemi-
cal medicines. Furthermore, innovative drug delivery 
systems might be designed for improving their admin-
istration approaches. This article will be very helpful 
in hastening the design of new therapies for COVID-19, 
despite the fact that its accuracy and scope will be tem-
porary owing to the quick improvements being made 
in this field.
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