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Abstract

These molecules are commonly
delivered via injection. Recent protein and
peptide research has shifted infectious
disease treatment, particularly in the
COVID-19 pandemic. Understanding viral
infection at the molecular level may lead to
new antiviral drugs targeting viral proteins
or host components. These peptides could
help clinical scientists develop and test
COVID-19 therapeutic and preventative
medications.
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I. INTRODUCTION

The use of proteins and peptides as a drug delivery system is cutting-edge research.
Most living systems and cells contain protein and peptides[1]. Hormones, enzymes, structural
elements, and immunoglobulins are all in there[2, 3].1t also plays a role in various metabolic
processes, immunogenic defense, and biological functions[4]. When it comes to biological
systems, proteins are among the most common organic substances. The Greek term Proteios,
from which we get the English word "protein,” meaning "first." Proteins are large polymers
of alpha-amino acids with peptide links between them. Protein contains the elements
nitrogen, oxygen, and sulphur [5-7].The Covenant Linkages hold the molecules with linear
chain amino acids together. Peptide Bonds Peptides are Alpha Amino Acid Condensed
Products[8]. An aminoacid's alpha amino group is a condensed alpha carboxyl group. Protein
is found in all living cells and is used for nutrition and bodybuilding. It is vital for plant and
animal cells. Proteins operate as enzymes in biochemical reactions and transport metabolites
and genes. It is used to shape and strengthen cells and tissues. It can affect temperature, PH,
osmotic pressure, and metabolic processes.[9, 10]. Insulin regulates blood sugar levels.
Muscle growth and mechanical work require it. Two amino acids are dipeptides, three amino
acids are tripeptides, four amino acids are tetrapeptides, and polypeptides are 2-20 amino
acids. Proteins are polymers of 100 or more amino acids. Proteins are categorized into two
categories based on solubility and architectural complexity. First, they are split into two
categories according to their solubility in protein, globularity, and fibrousness. Water or
common salts may dissolve globular proteins, however water or common solvents cannot
dissolve fibrous proteins. The second type of protein is categorized by complexity[11].
Thirdly, physiological agents including heat, chemicals, and enzymes hydrolyze protein
molecules to form derived proteins. Protein structure has four classes. Protein primary
structure. Protein's fundamental structure is its amino acids, polypeptide chain, and quantity.
Secondary protein structures include alpha helical and beta pleated sheets. The (R-) group is
a side chain amino acid, hence these folding results are mostly (H-) bound. Proteins' ultimate
tertiary structures are elapsed, spherical, or irregular [12]. Hemoglobin has a quaternary
structure comprising two or more polypeptide chains linked together by non-covalent bonds.
Endogenous Proteins and Peptides support biological environments. Several hormones and
peptides have important medical, pharmacological, and research uses.[13].

Il. NECESSITY OF PROTEIN AND PEPTIDE IN DELIVERY SYSTEM OF DRUG

¢ Biological organisms and chemical compounds rely heavily on proteins and peptides.

¢ A deficiency in proteins and peptides can lead to health problems including diabetes
mellitus. (As a lack of the protein INSULIN is to blame)

e Protein and peptide-based medications are increasingly making use of R-DNA
technology and hybridoma techniques.[14].

111. ADVANTAGES OF PROTEIN AND PEPTIDE IN DELIVERY SYSTEM OF
DRUG[15-21]

e Erythropoietin is mostly used in the formation of red blood cells.
e Tissue plasminogen activator is a protein that is used to treat heart attacks and strokes
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Oxytocin is used to relieve labor pain.

Bradykinin stimulates peripheral circulation.

Hemorrhaging from stomach ulcers is lessened with somatostatin.
Ovulation is persuaded by gonadotropin.

Blood Glucose levels are regulated by insulin.

FUNCTIONS OF PROTEIN AND PEPTIDE DRUG DELIVERY SYSTEM[22-28]
Transport and storage of biological and other small molecules.

Coordination of movement is possible because of muscle contraction.

Protein fibers serve as a structural backbone.

Nerve impulse generation and transmission

Catalysis by enzymes in biological reactions.

Antibodies provide immune defense.

Hormones are used to control growth and differentiation.

INCORPORATION OF PROTEINS AND PEPTIDES INTO DRUG DELIVERY
MATRIX

The drug incorporated into the Protein and Peptide system in drug delivery is

subjected to three different processes, which are as follows:[29-34]

1.

e Emulsification
e Drying with Extrusion and Spray Drying
e Polymerization

Emulsification: Aqueous medium -soluble medicines first dissolve in agueous medium.
Mixing the two liquids produces an emulsion-free mixture. The main emulsion is made
w/o/w by adding the emulsifier. At last, the emulsion's organic solvent is burned out
using a combination of filtering and heating.[35].

Extrusion and Spray Drying

e There are two ways to make microspheres: with the help of extrusion and spraying.
The Solution, which acts as the matrix and contains the active ingredient, and the
Particulate, which are the tiny droplets that emerge from the orifices, which are very
small tubes or nozzles. The ratio of the orifice diameter to the velocity of the jet is the
primary factor in determining the droplet size, along with the liquid's characteristics.

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. Protein and peptide
medication delivery methods have the drawback of losing protein molecule integrity
when exposed to radiators.
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VI. APPLICATION

e Cardiovascular system-affecting medications Anti-Angiotensin-I1  antagonists,
Bradykinin, and Captopril are proteins and peptides crucial to the treatment of heart
failure because of their roles in reducing blood pressure and improving peripheral
circulation.

e Cholecystokinin and B-endorphin are CNS active proteins and peptides that are
essential for appetite control and pain alleviation.[36].

e Gl-active proteins and peptides (Gastrin antagonists, pancreatic enzymes) are essential
for digestion supplements and are vital for lowering gastric acid production.[37].

e Protein and peptide immunomodulation (Cyclosporin, Bersin, and Interferon) is
required for selective B-cell differentiation. T-lymphocyte activity is inhibited while
Killer cell activity is increased.[38].

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

VII. THE CHARACTERISTICS OF SARS-COV AND SARS-COV-2 PROTEINS, AS
WELL AS THEIR USEFULNESS IN DRUG DISCOVERY

SARS-CoV-2 has four structural proteins: spike (S), envelope (E), membrane (M),
and nucleocapsid (N). 16 non-structural proteins (NSPs) might be medicines. S protein has
two subunits [40]. S1. S2. S1's receptor-binding domain (RBD) helps viral entry and ACE2
binding, whereas S2 helps viral fusion. 41, 42 M and E proteins mainly assemble viruses.
Viral replication and genome packaging need RNA-binding multivalent N protein. Structural
and nonstructural protein changes affect virulence and viral propagation, thus they should be
considered when creating therapies and vaccines.[43]

The human innate immune system has never seen SARS-genetic CoV-2's changes.
Research shows this virus can infect a large percentage of humans. Ganesh et al. collected
the data, which may be used to compare SARS-CoV-2 epidemiology and pathobiology to
SARS and MERS as therapies are 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. Second, high-throughput screening of molecular databases for anti-coronavirus drugs
[45]. Novel coronavirus-targeted drugs are the third option. We gathered peptide therapy and
molecular mechanism studies from these findings. This article reviews SARS-CoV peptide
therapeutics that might be reused for SARS-CoV-2 and updates previously produced
peptides. Wet lab and clinical studies are needed to understand SARS-CoV-2 infection and
enhance therapy development.[46].

VIIl. SARS-COV-2 AND PEPTIDE THERAPIES.
Existing antivirals have adverse effects, insufficient activity, resistance, safety, and

effectiveness issues. They disrupt lengthy protein binding surfaces poorly. Pharma is
embracing peptides. Peptide-based drugs outperform small molecule treatments due to their
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lower toxicity, adverse effects, and selectivity [47]. Synthesized and chemically stabilised.
Chemical biology embraces peptides and peptidomimetics. Protein-mimicking peptides
compete for binding. Peptide medications are unstable, hydrolysis and oxidation-prone, have
a short half-life, and low membrane permeability. Over 60 peptide-based drugs are in clinical
development. Peptides may enable epitope-based vaccine screening. Peptide-based SARS-
CoV-2 treatments are ineffective.[48].

Antiviral peptides (AVPs) may fight SARSCoV2. AVPs are more effective than other
antivirals at preventing viral infection. AVPs prevent adsorption, penetration, endosomal
escape, uncoating, genome replication, and mature viri release. High-throughput screening
and natural and biological studies help uncover a possible AVP. Seven AMPs may treat
MERS. Fosgerau et al. examined peptide treatment methods and possibilities. EXisting
antiviral peptide drugs may treat MERS-CoV. Antivirals and SARS and MERS expertise can
handle the present coronavirus epidemic.[49-55].

Several studies have examined COVID-19 therapy using peptides. Cherian et al.
examined virus- and host-based medicine repurposing for coronaviruses and SARS-CoV-2
[56]. Many papers emphasize SARS-CoV-2 drug repurposing. Peptides can combat SARS-
CoV-2. We also evaluate SARS-CoV-2-targeted peptides with therapeutic and preventative
potential. Tables 1-3 show significant improvement since SARS-CoV was discovered.[57-
60].

IX. MECHANISM-BASED COVID-19 PEPTIDE THERAPEUTIC
CLASSIFICATION.

Anti-coronavirus medicines target either the virus or the host/immune system. We
classified the peptides as viral entry/fusion blockers, virus replication blockers, and immune
modulators based on their potential effects.

X. INFLUENCING VIRAL ENTRANCE AND FUSION PEPTIDES

Human angiotensin-converting enzyme 2 (hACE2) receptor binding by the SARS-
CoV spike (S) protein enables coronavirus entry into cells. Bioinformatics was employed by
Lu et al. to locate SARS-cove S protein peptides that had B cell diagnostic epitopes. RBD is
a target for viral attachment inhibitors, neutralising antibodies, and vaccines in the S1
component of the spike protein. Potential SARS-CoV-2 spike RBD inhibitor peptides were
discovered by Barh et al. They discovered crucial residues interacting with the spike RBD
using bioinformatics. The development of SARSCoV-2 peptide inhibitors involved the use of
-helices from the protease domain of ACE2. RBD S1 binds to ACE2 PD directly. The SARS-
CoV-2 spike protein's ability to connect with ACE2 can be inhibited by SBP1, a 23 MER
peptide fragment of the ACE2 PD 1 helix.[61].

Coronavirus spike proteins are class | fusion proteins with HR1 and HR2 heptad
repeats (HR). The target cell's ACE2 receptor and the heptad repeat form a six-helical bundle,
a conserved viral fusion and entry mechanism. Many fusion inhibitors for CoV infections
have been tried. HR2 peptides that inhibit SARS-CoV may also inhibit SARSCoV-2 because
their HR1 and HR2 portions share 92.6 percent and 100% sequence homology, respectively
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[62, 63]. Tang et al. tested HR2-based inhibitory peptides for SARS-CoV and MERS-CoV,
allowing peptide or small molecule anti-CoVfusogenics to suppress SARS-CoV-2 membrane
fusion. A few HR2 sequence-based fusion inhibitors prevented cell fusion in a SARS-CoV-2
research. Xia et al. developed HR1-targeting pan-coronavirus inhibitor EK1. They also
developed the potent lipopeptide EK1C4, which targets pan-coronavirus fusion spike protein
[64]. By adding cholesterol residue to EK1, EK1C4 increased SARS-CoV-2 inhibitory
effectiveness. EKIC4 blocked membrane fusion by SARS-CoV-2 spike protein and
pseudotyped human coronaviruses like SARS and MERS. EK1C4, with an EC50 of 36.5 nm,
is stronger than the EK1 peptide, which has 2.47 M. HR2-based lipopeptide fusion inhibitor
IPB02 blocked SARS-CoV-2 spike protein-mediated cell-cell fusion and pseudovirus
transmission. EK1C4, unlike other peptide drugs, may be inhaled as an aerosol to reduce lung
viral load and pulmonary inflammation. Intranasal EK1C4 may treat SARS-CoV-2. The HR1
domain of the S2 subunit of the S protein is highly conserved, making drug resistance
mutations difficult to evolve.[64, 65].

Peptides preventing the release and multiplication of viruses processing of
polyproteins. When the coronavirus invades a host cell, it modifies the transcriptional
machinery to make copies of itself. Two polyproteins, ppla and pplab, are encoded by the
SARS-CoV positive stranded RNA genome at ORF1a and ORF1b, respectively. Proteolytic
breakdown of these polyproteins generates 16 non-structural proteins necessary for viral
replication, including two proteases, 3-chymotrypsin-like (3CLpro/Nsp5) and papain-like
(PLpro/Nsp3). The sequence identity between SARS-CoV and SARS-3CLpro CoV-2 is
99.02. While looking into the feasibility of developing peptide inhibitors that target the
substrate binding site of SARSCoV-2 3CLpro, two peptidomimetic aldehydes, 11a and 11b,
were discovered. Both showed significant effectiveness against SARS coronavirus type 2
infection. As an alternative protease involved in the proteolytic processing of the replicase
polyprotein, PLPro (Papain like protease) is an attractive target for antiviral therapy.
Glutathione, which is used to treat liver problems, was shown to be effective against PLPro
with a docking score of 20.[66-68].

EK1C4 (Xia et al., 2020),
HR2 based peptide inhibitors (Cannalire et al., 2020)

4 i
PROTEOLYSIS /)
k ) ENTRY

TMPRSS2

ACE2-bused peptide Inhibitors
(Han and Kral,2020, Barh et al, 2020)

Figure 1.This schematic illustrates the CoV-2's and fusion mechanism during SARS
infection. Represented are peptide compounds that have been linked to coronavirus entrance
and fusion.
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Figure 2: Peptide therapies target viral replicase, a protein complex controlling RNA
synthesis. Remdesivir, a nucleoside analogue, targets Nsp12 and targets Ebola, Nipah, RSV,
SARS-CoV, and MERS-CoV. It may affect viral RNA synthesis in these coronaviruses,
potentially aiding COVID-19 emergency therapy.

Remdesivir reduced respiratory tract infection in COVID-19 adults in a recent
placebo-controlled trial.

SARS-CoV-2 Cryo-EM structural investigations confirm Nsp12's conserved mode of
action with SARS-CoV. Nspl2 contains a right-hand RdRp domain and a
nidovirusnucleotidyl transferase architecture. Nsp12 and Nsp7/Nsp8 may synthesize viral
RNA. Nsp7-Nsp8 synthesizes a 6-nucleotide primer for RARp RNA transcription to enhance
Nspl12's RNA binding and enzymatic activity. Nsp12-Nsp8 interaction is therapeutically
promising.

Nsp9 is thought to be involved in viral replication, pathogenicity, and viral genomic
RNA reproduction. Selinexor, a synthetic peptide, is an inhibitor of CRM1 (Chromosome
region maintenance protein), also known as exportin 1 (XPO1), involved in nuclear export.
Currently, low oral dosages of this peptide are being evaluated against COVID19. In addition
to inhibiting adipogenesis, the mushroom-derived Ternatin 4-N-methylated cyclic
hexapeptide also inhibits the translation machinery. Because ternatin 4 affects host
translation, it is included as a potential SARS-CoV-2 preclinical compound.

Viral pathogenicity involves epigenetic changes that alter chromatin. SARS-CoV
study emphasises epigenetic regulators. ACE2 DNA methylation research illuminated SARS-
CoV-2 epidemiology. BET epigenetic readers control ACE2 expression. Gordon et al. found
a BRD4-SARSCoV-2 E protein interaction, suggesting peptide-based bromodomain
inhibitors for SARS. The SARS-CoV-2 interactome found an HDAC2-Nsp5 connection.
Nsp5 inhibits HDAC2 nucleus trafficking. Since COVID-19 seems to flip, we suggest Nsp5
peptide inhibitors. HDAC inhibitors may prevent COVID-19. Epigenetic therapeutics like
epidrugs may aid treatment or prevention. Intriguingly, Apicidin was found utilising a cyclic
3-tetrapeptide scaffold, which may be used to develop new anti-coronaviral peptide
inhibitors.[69-73].
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XI. RNA PROCESSING

The coronavirus replicase employs many RNA processing enzymes not present in
other RNA viruses, including RNA polymerase, RNA helicase, and protease. The cap is then
ribose 2-O-methylated to hide viruses from the host immune system. Nsp13, an RNA/NTP
triphosphate triphosphatase and helicase; Nspl4, an RNA cap N7 methyltransferase; and
Nspl6, a ribose-O methyltransferase and unknown guanylyl translocator. Nspl4's N7-
Methyltransferase domain is an attractive antiviral target since it folds differently from
cellular methyltransferases. Coronavirus methyltransferases are intriguing antiviral
targets.[74-78]

XIl. VIRUS MATURATION

RTC negative-stranded intermediates produce offspring genomes and subgenomic
MRNAs. These mMRNAs produce structural proteins S, M, E, and N. SARS-CoV-2 E protein
participates in envelope synthesis, pathogenicity, budding, and assembly. N is the sole
structural protein that forms the nucleocapsid with the CoV RNA genome. SARS-N CoV-2's
protein resembles SARS- CoV's. Cascarina et al. found that the SARS-CoV-2 N protein
regulates biomolecular interactions with RNA and key host cell proteins. N protein-stress
granule protein interaction activates host immunity. Stress granules may reduce coronavirus
proliferation. N protein-G3BP1 interactions inhibit RNA virus replication.[79-81].

XIll. PEPTIDES THAT ACT AS IMMUNE MODULATORS

The virus activates the target cell's immune system. SARS-CoV-2 infects ACE2
receptor-expressing cells in the lungs via the nose and mouth. These viruses reproduce
unchecked by innate immune cells. Immune cells like macrophages release cytokines.[82]

1. Innate immune response: SARS-CoV-2 upper and lower respiratory tract infections
produce ARS. AMY-101 effectively cured COVID-19 pneumonia-induced severe ARDS.
An interleukin-1 receptor antagonist and remdesivir diminish SARS-CoV-2 pathogenic
immune response.[83]

NK cells lyse virus-infected cells. COVID-19 patients have less peripheral NK
cells. Chemokine production boosted lung NK cell migration in SARS-CoV mice. NK
cells may move from the blood to the lungs because to COVID-19 patients' increased
chemokine expression. A transcriptome signature revealed CXCR3-mediated NK cell
lung invasion. Peptide inhibitors that block chemokine receptors may cure SARSCoV-2
by recruiting NK cells to kill the virus. New peptide therapies are also required since
peptide antagonism activates NK cells.[84].

2. Adaptive Immune Response: Vaccination depends on antibody response and
immunological memory. Vaccines should activate antigen-specific B-cells, CTLs, or T
helper cells. SARSCoV-2 causes antibodies, CD4+, and CD8+ T cells. T cells release
cytokines after identification. Others provide CD4+ T cells SARS-CoV peptides.
Vaccines should boost immunity to the target infection. Kiyotani et al. discovered 781
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HLA class | and 418 Class Il SARS-CoV-2 peptide epitopes using computational
screening. ITLCFTLKR, a vaccine candidate from the SARS-CoV-2 proteome, has HLA
allele binding affinity. Peptides binding to MHC class | and Il were promising epitope-
based peptide vaccination candidates for envelope protein. Ten structural protein-based
SARSCoV-2 peptide vaccine epitopes were found by molecular docking against MHC-1.
New vaccines may be developed using immunogenic epitopes. In silico procedures are
preferred over expensive and time-consuming experimental methods.[85-88].
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Figure 3: Peptide treatments in the foreground show how SARS-CoV-2 affects the immune
system.

XIV.CONCLUSION

Peptide therapies face challenges in ADME performance, prompting pharmaceutical
companies to explore innovative approaches. SARSCoV treatment insights can improve the
process, but further research is needed for COVID-19 solutions.
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