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Abstract

Despite rapid advances in the human healthcare, the infection caused by certain viruses results in high morbidity and mor-
tality accentuate the importance for development of new antivirals. The existing antiviral drugs are limited, due to their
inadequate response, increased rate of resistance and several adverse side effects. Therefore, one of the newly emerging
field “peptide-based therapeutics” against viruses is being explored and seems promising. Over the last few years, a lot of
scientific effort has been made for the identification of novel and potential peptide-based therapeutics using various advanced
technologies. Consequently, there are more than 60 approved peptide drugs available for sale in the market of United States,
Europe, Japan, and some Asian countries. Moreover, the number of peptide drugs undergoing the clinical trials is rising
gradually year by year. The peptide-based antiviral therapeutics have been approved for the Human immunodeficiency virus
(HIV), Influenza virus and Hepatitis virus (B and C). This review enlightens the various peptide sources and the different
approaches that have contributed to the search of potential antiviral peptides. These include computational approaches, natu-
ral and biological sources (library based high throughput screening) for the identification of lead peptide molecules against
their target. Further the applications of few advanced techniques based on combinatorial chemistry and molecular biology
have been illustrated to measure the binding parameters such as affinity and kinetics of the screened interacting partners. The
employment of these advanced techniques can contribute to investigate antiviral peptide therapeutics for emerging infections.

Keywords Binding evaluation techniques - High throughput screening methods - In silico approaches - Peptide based
therapeutics

Introduction

The infections caused by viral pathogens including clini-
cal viruses or naturally emerging viruses pose a serious
threat worldwide. Unfortunately, only few therapeutics are
available for limited viruses like Human immunodeficiency
virus (HIV), Hepatitis virus, Herpes simplex virus (HSV)
and Influenza virus (Rider et al. 2011). Researchers are cur-
rently working to extend the range of specific and novel anti-
virals to other families of pathogens. Since, viruses depend
on host cell organism for replication, the selection of target
for the designing of effective and safe antiviral drugs with-
out harming the host cell, is an extremely difficult process.
Besides this, owing to the evolution, mutations occur in the

< Reema Gabrani
reema.gabrani @jiit.ac.in

Department of Biotechnology, Center for Emerging
Diseases, Jaypee Institute of Information Technology, Noida,
UP 201309, India

viral genome, which contribute to the development of resist-
ance to drugs and thus rendered many drugs ineffective (Lee
et al. 2019). The peptides can block infection by targeting
either virus or its host. The virus specific antiviral peptides
are known as virucidal, as they directly target the viral pro-
teins. Most of the antivirals have been reported to inhibit the
development of viruses by targeting its specific regions or
components. Various steps of viral life cycle have been tar-
geted for the discovery of novel antiviral drugs, such as viral
entry, viral synthesis, or assembly. Due to the extracellular
site of action and blockage of viral infection, the viral entry
inhibition is marked as an attractive strategy (Chew et al.
2017). Protein—protein interactions (PPIs) are the founda-
tion of important cellular processes and are considered as
primary targets for the drug discovery over the last decade
(Lee et al. 2019; Teissier et al. 2011). The knowledge of
crucial interactors involved in PPIs and their mechanism is
necessary to pave way for the selection of suitable target
for drug discovery. New approaches in therapeutics include
the use of small cyclic molecules, proteins/peptides, nucleic
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acids such as small interfering RNA (siRNA) and small hair-
pin RNA (shRNA) molecules (Teissier et al. 2011). Among
these advanced approaches, peptides as therapeutics is a
promising field in the drug discovery (Lau and Dunn 2018).
Peptides are the biologically active molecules composed of
amino acids residues that disrupt the PPIs. They are small
(Iess than 100 amino acids), and they can be easily syn-
thesized. They are also highly specific and effective even
in nanomolar range. The main benefit of using peptide as
therapeutics is its hydrolysis by peptidases present in the
body, which prevents its accumulation in specific organs and
minimizes the toxic side effects (Ali et al. 2013). Previously,
the pharmaceutical industries have shown poor interest for
the expansion of peptide-based therapeutics because of their
extremely poor ADME (absorption, distribution, metabolism
and elimination) properties. However, the advanced research
enables modifications of the peptides such as synthesis of
amino acid enantiomers, addition of chemical compounds
and their nanoparticle formulation to overcome the pharma-
codynamic flaws of peptides (Gentilucci et al. 2010; Zeng
et al. 2018). The advantages offered by the modified pep-
tides have sparked the interest amongst the researchers and
companies. Now-a-days peptide as therapeutics has come
to forte with nearly 20 new peptides added in clinical trials
annually. In fact, the global market of peptides as drugs has
reached to billion dollars with currently more than 60 pep-
tides approved by US Food and Drug Administration (FDA)
and over 400 peptides being under clinical phase trials (Lau
and Dunn 2018). Peptide as therapeutics are approved or
are being considered for the treatment of diseases such as
cancer, diabetes, cardiovascular diseases and even infection
caused by few viruses such as HIV, Herpes, Hepatitis and
Influenza virus. Thus, over the years peptide-based thera-
peutics has added a new dimension as the potential antivi-
ral candidate. This review focuses on the types of peptides
approaches that can be used for the identification of the lead
peptides against the target protein and the selected advanced
techniques reported for the validation of the peptide binding
affinity to their targets.

Antiviral Peptides as Therapeutics

The peptides possessing potential to inhibit the virus are
considered as antiviral peptides (AVPs). Usually, the AVPs
exhibit antiviral effects by inhibiting the virus directly, but
their inhibition sites and the mechanism of action vary
within the viral replication cycle (Rider et al. 2011). The
AVPs can be obtained through different approaches: (1)
Computational approach (2) Natural sources and (3) Biologi-
cal source such as High-throughput screening (Fig. 1). There
are many online databases available which contain informa-
tion regarding experimentally tested antiviral peptides such
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Fig. 1 Different sources of antiviral peptides

as Antiviral peptide database (AVPdp) (Qureshi et al. 2013)
where 2683 entries of peptides including 624 modified AVPs
are compiled till December 2019, while many others are
unreported. Since the field of peptides as antiviral is not
entirely explored, therefore, many research studies are being
undertaken to elucidate the role of peptides in blocking viral
infections. The first peptide drug approved for clinical indi-
cation, Enfuvirtide (Enf), a 36-amino acid residue peptide,
against HIV corresponds to the heptad-repeat (HR2) domain
of gp41 (HIV envelope protein). Enf prevents the fusion of
HR1 domain to HR2 during HIV formation and blocks HIV
infection (Teissier et al. 2011). Similarly, Boceprevir and
Telaprevir, both synthetic peptides against Hepatitis C virus
(HCV), got approval by FDA in 2011. These peptides act
on NS3/4, a protease inhibitor, and interfere with viral rep-
lication (Divyashree et al. 2020). Other peptide candidates
such as Myrcludex for Hepatitis B and D viruses (HBV and
HDV) (Bogomolov et al. 2016), Flufirvitide for Influenza
virus (Skalickova et al. 2015), Sifuvirtide for HIV-1 (Yu
et al. 2018), IM862 and SCV-07 for HCV and Thymosin
o-1 for HBV as well as HCV (Jenssen 2009), are under vari-
ous phase trials of pre-clinical and clinical studies. We have
discussed the different approaches used for the identification
of AVPs. Moreover, the few selected methodologies used for
the validation of identified peptides as potential AVPs have
also been described here. The techniques used in identifica-
tion and validation of peptides are compared in Table 1.

Antiviral Peptides Designed from Computational
Approach

Computer assisted drug designing process is based on the
understanding of structural and functional aspects of the
viral machinery. The rational knowledge of the viral proteins
and the interactors/cellular partners assists in the selection
of target protein. This approach has expedited the process of
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Table 1 (continued)

References

Disadvantages

Advantages

Characteristics

Technique

S.No Approach

Rogers et al. (2012)

Requires fluorophore labeled

Simple, sensitive and easily

Radiation less transmission of

Fluorescence Resonance

molecules
Distance of donor—acceptor

automated
Non-radioactive

energy from donor to acceptor

Distance-dependant

Energy Transfer (FRET)

pair is limited (< 10 nm)

High time resolution
High throughput

Low reagent consumption

drug designing. Peptides can be identified computationally;
via in silico screening using molecular docking. A docking
program predicts the target site which is usually known as
pocket or protrusion with hydrogen bond donors and accep-
tors, hydrophobic characteristics and different molecular
shapes. Subsequently, library of peptides docked with these
pockets results in the highest binding peptide (Nevola and
Giralt 2015). For example, peptides have been designed
computationally using virtual docking against the surface
protein of Zika virus (ZIKV) for its detection. Tetra, penta,
hexa and heptapeptide libraries were docked using Open Eye
Scientific Software against envelope protein of ZIKV; sub-
sequently, eight peptides were selected. They were further
tested by Direct ELISA and out of them, three were delin-
eated with best performance for Zika detection (Mascini
et al. 2019). Another method is based on peptidomimetics
which mimics the designed targets, prevents the interaction
of proteins by competitive binding. Four putative peptide
inhibitors were designed against Nipah virus (NiV) proteins
using the approach of peptidomimetics and the stability of
peptide-protein complexes were analysed using MD simula-
tion (Sen et al. 2019). The in silico methods (Docking and
peptidomimetics) can predict the peptide sequence but fur-
ther validation using in vitro/in vivo approaches is required
to establish its biological activity.

Antiviral Peptides Derived from Natural Source

The peptides that exhibit immunomodulatory and inhibi-
tory properties against infection caused by bacteria, fungi,
viruses or protozoa, are expressed as naturally occurring
antimicrobial peptides (AMPs). The AMPs have been exten-
sively used as substitutes of antibiotics for bacterial infec-
tions, but recently their use has been expanded to antiviral
therapeutics also (Ahmed et al. 2019a). The naturally occur-
ring AVPs are amphipathic and cationic in nature with net
positive charge (Bulet et al. 2004). Moreover, it has been
proven that the hydrophobicity of the peptides is an essential
property for targeting enveloped viruses (Badani et al. 2014,
Wang et al. 2017). These AVPs can be derived from differ-
ent sources such as plants, bacteria, arthropods, amphibians,
marine organisms and mammals with their varied mecha-
nism of action (Zhang and Gallo 2016). A peptide family
called cyclotides derived from different plant sources has
been proven successfully for their antiviral activity against
HIV, Influenza virus and Dengue virus (Ireland et al. 2008;
Sencanski et al. 2015; Gao et al. 2010). The small size, cati-
onic and amphipathic nature of the cyclotides facilitates its
effective binding to the target and rupture the membrane.
This allows the leakage of cell components which further
leads to the cell death (Weidmann and Craik 2016). In a
study, kalata B1, a cyclotide isolated from the leaves of Old-
enlandia affins plant, showed destruction of viral particle

@ Springer
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at entry step along with inhibition of viral-host membrane
fusion, thus exhibiting anti-HIV activity (Henriques et al.
2011). Similarly, a peptide derived from arthropod, Hyal-
ophora ceecropia, known as cecropin A showed the inhibi-
tory activity against HIV, Junin virus JUNV) and HSV by
suppression of their gene expression (Wachinger et al. 1998;
Albiol Matanic and Castilla 2004). Moreover, in recent stud-
ies bovine lactoferrin (bLF) has showed the antiviral activity
against three Aedes mosquito transmitted viruses: Dengue
(DENYV), Chikungunya (CHIKV) and Zika virus apart from
anti-HBV activity established in a previous study (Li et al.
2009; Carvalho et al. 2017; Chen et al. 2017). The bLF
blocks the viral binding to its target site and thus prevents
its spread to host cells. Many other AVPs originated from
natural source are summarized in Table 2 with their varied
mode of action. However, despite promising efficacy, the
utility of these peptides is constrained due to weak bind-
ing, low stability, other side effects and virus resistance.
The shortcomings of AVPs from natural resource need to
be addressed so that they can be considered as mainstay
antiviral therapeutics.

Antiviral Peptides Identified Through Biological
Approach

Methodologies based on in vitro display approach, usually
offer genetically encoded peptides with superior quality and
high affinity to their targets. Among these methodologies,
phage display, mRNA display, ribosome display, yeast dis-
play and bacteria display are the most common technologies
to generate peptides. The phage display technology is widely
used and considered as the most appropriate for the screen-
ing of high efficiency peptides. While these technologies
have already been thoroughly illustrated in other reviews
(Nevola and Giralt 2015), we have focused on the use of
selected methodologies for the identification of antiviral
peptides and compared them in Table 1.

Phage Display

Phage display technology is an efficient in vitro screen-
ing method for the selection of high affinity and target
specific peptide binder from a randomly displayed peptide
library. The technology involves the fusion of exogenous
peptide sequence into the genome of phage, its expres-
sion on the surface as fusion product to phage surface pro-
tein. The phage displayed libraries thus constructed have
10°7!% variants at a time. In this method, biopanning is
performed in which the target molecule is immobilized
on surface and incubated with phage library. The unbound
or excess of phage particles are removed by washing and
potentially bound phages are eluted by acidic/basic buffer
or with appropriate ligand. These recovered phages are

@ Springer

amplified by infecting bacterial cells Escherichia coli and
are used for subsequent rounds of biopanning to obtain tar-
get specific phages using affinity selection. The sequenc-
ing of DNA isolated from binding phage, validated by
ELISA, helps to identify peptide sequence (Fukunaga
and Taki 2012; Matsubara 2012). A peptide named P3
against Japanese encephalitis virus (JEV) host fusion has
been identified as the potential AVP using phage display
library. The screened peptide has shown the highest affin-
ity to domain III of JEV envelope glycoprotein assessed
by Biolayer interferometry and ICqy;, of ~ 100 uM and ICy,
of ~1 uM in JEV infected BHK-21 cells (Wei et al. 2019).
Similarly, an analogous study conducted by de la Guardia
et al. (2017) identified three peptides against the domain
IIT of DENYV envelope protein to block the DENV infec-
tion. Further these peptides were non-toxic to the target
cells. Moreover, the same approach has also been used
to identify peptides targeting non-structural viral protein:
RNA-dependent RNA polymerase (NS5B) of HCV, by
screening a library composed of disulfide-constrained hep-
tapeptides (Amin et al. 2003). In another study, a novel
heptapeptide was identified using random peptide phage
library which inhibited the integration of HIV genome
into the host (Desjobert et al. 2004). The most important
advantage of this technology over others is its high rate of
mutability with affinity selection, which widely employs
the screening of phage displayed peptides for identification
of potential AVPs. There are many other AVPs derived
from the utilization of phage display technology which are
summarised in Table 3.

mRNA Display

mRNA display technology utilizes the covalently bonded
mRNA-polypeptide complexes formed during in vitro trans-
lation, which are linked through puromycin (an analogue
of the 3'tyrosyl-tRNA along with mimics of adenosine
and tyrosine) via A- site of ribosome. The complexes with
desired functions are allowed to bind to the immobilized
target protein, reverse transcribed to cDNA and amplified via
Polymerase chain reaction (PCR). This enables the reinforce-
ment of DNA template library for next round of screening
(Cotten et al. 2012; Newton et al. 2019). The most successful
use of mRNA displayed peptide library was described by
Litovchick and Szostal (2008), in which they have screened
potential AVPs using cyclic peptide-mRNA fusion library
targeting Internal ribosomal entry site (IRES) of HCV for
inhibition of virions. Another use of this technology was
reported for the reverse engineering of peptide vaccines for
HCV. High affinity peptides to neutralizing monoclonal anti-
bodies (mAbs) of HCV were selected in this study and used
for peptide-based vaccine development (Guo et al. 2015).
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Ribosome Display

Ribosome display is an entirely in vitro and cell-free sys-
tem which makes it efficient in comparison to other display
systems (Nevola and Giralt 2015). In this system, the cou-
pling of genotype and phenotype is essential for the selec-
tion of high affinity peptides from their pool. During in vitro
translation, the association between the mRNA, ribosome
and the nascent polypeptide leads to a stabilized protein-
ribosome-mRNA complex. This ternary complex is feasi-
ble due to the presence of spacer sequence, without stop
codon, inserted into the DNA library coding for proteins/
peptides. The spacer ensures that the peptide folds prop-
erly and stays attached to the mRNA and ribosomes. These
specific ribosomal complexes that display folded peptides
are then allowed to bind to the immobilized target and the
non-specific ones are washed off. The mRNA complexes
having bound polypeptide chains are recovered and their
sequences are obtained (Zahnd et al. 2007). A large library
that contains 10'*~10'* clones can be screened as it is not
dependent on the living cell system and is free of any bias.
This technology has numerous advantages above others as
the diversity of library depends on the number of available
ribosomes and mRNA in the system rather restricted by the
bacterial transformation efficiency (Dreier and Pluckthun
2011). Moreover, such system allows insertion of random
mutations at any round of selection since library has not
been transformed after any diversification step. The riboso-
mal display technology has opened a new insight for using
peptide inhibitors for early diagnostic as well as therapeutic
agent. For instance, the peptide inhibitor against envelope
protein E2 of HCV was identified using ribosomal display
library. After extensive selection of 13 rounds, 12-mer pep-
tides were generated. This peptide named PE2D has not only
being verified to bind E2 protein but also blocks the virus
entry inside hepatocyte cells (Chen et al. 2010).

Yeast Display

The main advantage of the yeast display system over the
others is the complete exposure of the peptides/protein for
fusion and its compatibility with the fluorescence-activated
cell sorting (FACS), which enables the high-throughput
screening and characterization of protein/peptide combinato-
rial libraries (Linciano et al. 2019). Moreover, it also allows
the expression of proteins with post translational modifica-
tions which has encountered the problem of misfolding in
the field of antibody engineering (Mei et al. 2017). Saccha-
romyces cerevisiae strain based on the Agal—Aga?2 proteins
is the most widely used display system. In this system, the
protein/peptide is displayed either as N- or C-terminal fusion
to the Aga?2 protein of yeast cell, which is linked to the Agal
via disulphide bonds. Every yeast cell exhibits ~ 10*-10°

@ Springer

copies of the Aga2 fusion protein/peptide on its surface
though the expression of individuals may vary. The construct
of yeast cell also contains two epitope tags at the N and C
terminus of Aga2 fusion protein, which facilitates the real
time quantification of their expression using flow cytometry.
Moreover, the tags also enable to estimate and quantify the
binding of the target via different labelling approaches (Lin-
ciano et al. 2019). Though yeast display system is a valuable
platform for screening purpose, however, the library size is
restricted due to limited transformation efficiency of yeast.
Another major limitation of yeast display is complicated
affinity maturation process in comparison to other systems.
Besides, these drawbacks, this technology has provided a
wide application of high throughput screening in peptide
engineering and a platform to study protein—protein/peptide
interactions in vivo. In a recent study, this technology was
used to screen the hits from a grafted C-peptide library of
HIV gp41 against N-peptide trimer of HIVgp41. As a result,
four hits suppressed the HIV entry better than others (Ten-
nyson et al. 2018).

Application of Advanced Techniques
to Validate Identified Peptides

Another challenging task in the intervention of antiviral
peptides is the corroboration of the binding of selected
peptides to the target protein, and their antiviral efficacy.
Various techniques have been developed to evaluate the
PPIs in vitro/in vivo such as Surface Plasmon Resonance
(SPR), Optical based Biolayer interferometry, Fluorescence
Resonance Energy Transfer (FRET), Nuclear Magnetic Res-
onance (NMR), Isothermal Calorimetry (ITC), yeast two
hybrid display, microscopic visualization and many more.
Some of them can be used for the binding evaluation of the
peptides to their target proteins. Since various reviews and
reports are available on PPIs detection methods in detail
(Nevola and Giralt 2015), this review focuses only on the
recent techniques used to determine/ validate the peptide
binding efficiency (Table 1).

Surface Plasmon Resonance (SPR)

SPR is an optical based detection and label-free technique
which utilizes the protein in small amount for the real time
quantification and evaluation of the binding affinity as well
as kinetics between peptide and target protein (Patching
2014). The binding affinity between interacting partners is
measured via small variation in the refractive index at sensor
surface. This response change is calculated as the change
in the angle of resonance of refracted light when flowing
analyte binds to the immobilized ligand. The change in the
angle of resonance is measured in the form of resonance unit
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Table 3 Characteristics of the AVPs derived from Phage display technology

S.No Peptide sequence

Library used

Targeted virus

Targeted protein

References

1

w AW

10

11

12

13

14

15

16

17

18

19

20

21

22
23

24

25
26
27

28
29
30

GSHHRHVHSPFV

HAWDPIPARDPF

AAWHLIVALAPN
ATSHLHVRLPSK

NDFRSKT

HSIRYDF
YSLRSDY
DRATSSNA

SYQSHYY
STSFWIT
ELLASPW
CWSFFSNIC
KHMHWHPPALNT

WTDMFTAWWSTP

FPWGNTW

ATWVCGPCT

WPWHNHR

RINNIPWSEAMM

VSWPELYKWTWS

FHNHGKQ

GWWYKGRARPVS-
AVA

RAVWRHSVATPSHSV

SENRKVPFYSHS

TPDCTRWWCPLT

RLNNRARIILRA
LAHKSRLYERHM
CTLTTKLYC

EVSHPKVG
SGGSNRSP
WVTTSNQW

12-mer peptide library:
New England Biolabs

(NEB)
12-mer peptide library
(NEB)

7-mer disulfide con-

strained peptide library

(NEB)

7-mer peptide Library
(NEB)

Octapeptides peptide
library

7-mer peptide Library
(NEB)

7-mer disulfide con-

strained peptide library

(NEB)
12-mer peptide library
(NEB)

M13-based 12-mer pep-

tide library
7-mer disulfide con-

strained peptide library

(NEB)
Phage-displayed

nonapeptide library

(PVIII9aa)

heptapeptide M 13 phage-

display library

libraries of random

12-mers, 7-mers, and

cyclic 9-mers
7-mer disulfide con-

strained peptide library;
12-mer peptide library

(NEB)
7-mer peptide library
(NEB)

Pentadecapeptides pep-

tide library

12-mer peptide library
(NEB)

12-mer peptide library
(NEB

12-mer peptide library
(NEB)

7-mer disulfide con-

strained peptide library

(NEB)
Heptapeptide library-

pSKANS-HyA library

Avian infectious bronchi-
tis virus

Avian influenza A virus-
subtype H5N1

Avian influenza virus
HON2

Bovine ephemeral fever
virus

Classical swine fever
virus

Dengue virus

Hepatitis B virus

Hepatitis B virus
Hepatitis B virus

Hepatitis C virus

Hepatitis C virus

Hepatitis C virus

Human immunodefi-
ciency virus

Human immunodefi-
ciency virus

Human immunodefi-
ciency virus

Influenza virus A

Japanese encephalitis
virus

Japanese encephalitis
virus

Mink enteritis virus

Newcastle disease virus

Newcastle disease virus

Purified whole virus

H5N1 viruses

AIV sub-type HON2
virus particles

Neutralization site 1 of
glycoprotein: G1

Envelope protein: E2

Recombinant dengue
envelope protein and its
domain III

Full-length HBcAg

PreS1 region of L-protein
Thio-PreS

NS5B (del 21-His)
protein

mADb JS-81 against CD81

Truncated envelope
protein E2

Envelope glycoprotein
gpl20

mAb VRCO1

HIV-1 Integrase

Monolayer of the
ganglioside:GM3

Domain III of the virus
envelope glycoprotein
E protein

Purified whole virus

Inactivated whole virus

Inactivated whole virus

Peng et al. (2006)

Wu et al. (2011)

Rajik et al. (2009)

Hou et al. (2018)

Yin et al. (2014)

de la Guardia et al. (2017)

Ho et al. (2003)

Wang et al. (2011)
Deng et al. (2007)

Amin et al. (2003)

Cao et al. (2007)

Lu et al. (2014)

Ferrer and Harrison (1999)

Chikaev et al. (2015)

Desjobert et al. (2004)

Matsubara et al. (2009)

Zu et al. (2014)
Wei et al. (2019)

Zhang et al. (2012)

Ramanujam et al. (2002)

Ozawa et al. (2005)
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Table 3 (continued)

S. No Peptide sequence

Library used

Targeted virus

Targeted protein

References

31

32

33

IQTAFNQGA

HRILMRIR

CHWMEFSPWC

7-mer disulfide con-
strained peptide library
(NEB)

12-mer peptide library
(NEB)

Random heptapeptide

Porcine reproductive and
respiratory syndrome
virus

Porcine reproductive and
respiratory syndrome
virus

Puumala orthohantavirus

mAb N3H2 against
nucleocapsid protein

ORF1b

Inactivated whole virus

Liu et al. (2012)

An et al. (2005)

Heiskanen et al. (1997)

library
flanked by cysteines

34 TATTEK
35 VVDGPETKEC
36 P9 peptide

12-mer peptide library
(NEB)

Peptide library (Spring
Bioscience)

West Nile virus

West Nile virus

Non-structural protein 1~ Sun et al. (2011)

Recombinant E protein Bai et al. (2007)

(RU), where 1RU is equivalent to the 10~ deg/107!> gmm™>
angle shift. It has become the gold standard in research, typi-
cally characterizes the interaction between two molecules
in which one is in mobile state and the other is fixed on a
gold film. This technique can be used to screen the library of
molecules for their binding affinity against a single soluble
protein which is immobilized on the sensor surface (Tang
et al. 2010). Thus, SPR has emerged as a powerful tech-
nique in therapeutic intervention. It can also be adapted to
study the interactions involving complicated proteins in situ,
such as, membrane-bound proteins, ion channels and other
growth, immune and cellular receptors, which are consid-
ered as potential targets for drug discovery (Patching 2014).
Bai et al. (2007) have investigated the affinity interaction
of screened peptides to the Envelope protein of West Nile
virus (WNV) using SPR, in which they found peptide P9 to
have the highest affinity to the target. Besides this, in another
study, the binding of Helix-A peptide to the neuronal micro-
tubules (MTs): B-tubulin was determined by SPR. Helix-A
peptide prevents the binding of the gp120 protein of HIV
to the f-tubulin, a neuronal MT and possesses neuroprotec-
tive activity (Avdoshina et al. 2019). Moreover, the SPR has
been used as a ligand screening strategy for Influenza virus
and HSV-1, in which the technique enables the continuous
screening of inhibitors that inhibit the viral entry. The major
advantage of this technique is the use of minimal amount of
immobilized viral surface proteins or receptors as compared
to other techniques (Kumar 2017).

Biolayer Interferometry

Another optical based and label-free technique is the Bio-
layer interferometry (BLI) which validates the interaction
between two molecules by quantifying the change in an
interference pattern. The target molecule is immobilized
on the tip of fiber optic biosensor that moves toward the
wells containing the binding partner present in solution. The

@ Springer

association and dissociation of the binding partner with the
immobilized molecule is monitored by BLI, leading to the
generation of optical thickness at the tip of biosensor that
produces an optical interference pattern. This pattern can
be quantified and used to determine real time kinetic rates
of binding and dissociation (Shah and Duncan 2014). Thus,
it has become a valuable tool for monitoring interactions
between small molecules in the field of drug discovery. This
technique is advantageous over others as nonspecific and
non ideal interactions can be differentiated in initial steps
by examining their binding response and moreover, it has
low false positive rate. Besides, the varied flow rate, avail-
able unbound molecules and the refractive index of adja-
cent medium do not affect the obtained interference pattern,
which is the unique property of this technique (Wartchow
etal. 2011). In this context Zu et al. (2014) have analysed the
real time binding affinity of chemically synthesized screened
peptides to the Domain III of JEV envelope protein and
reported peptide P3 possessed the highest affinity.

Fluorescence Resonance Energy Transfer (FRET)

FRET is a sensitive method to investigate the interaction of
proteins with large diverse set of peptides/proteins librar-
ies for high throughput screening efficiently. This technique
is reliable on the distance-dependent transfer of energy
between dye-labelled molecules, where the excited donor
fluorophore transfers its energy to an acceptor chromophore
(Rogers et al. 2012). This energy transfer determines the
ratio metric signal generated by the reduction in fluores-
cence of donor molecule and the increment in fluorescence
of acceptor molecule. The technique of FRET can be used as
both screening as well as validation method. In view of this,
various FRET based studies have been reported for the iden-
tification of potent inhibitors against several viral proteases
such as SARS coronavirus 3CLpro protease, DENV NS2B-
NS3 protease, WNV Serine Protease, HCV NS3/4A protease
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and HIV protease. Similarly, a FRET based proteolytic assay
was used to screen the compounds against CHIKV capsid
protein (Aggarwal et al. 2015).

Challenges to the Peptide as Therapeutic
Use

Several limitations that obstruct the way of peptide to be a
successful therapeutic drug, are its instability, short half-
life, lower potency, inability to cross membrane barriers
and poor bioavailability due to protease degradation (Ali
et al. 2013). The main challenge is to overcome these limi-
tations and to achieve the desired efficacy for the required
time span. Various modifications have been employed to
enhance the stability and physiochemical properties of the
peptides (Gentilucci et al. 2010). For instance, the conju-
gation of peptide to polymers such as polyethylene glycol
(PEG) has enhanced the stability of peptides by increasing
their molecular weight (Chew et al. 2017). Likewise, the bio-
availability was improved by balancing the aqueous solubil-
ity via replacement of redundant hydrophobic amino acids
to charged/polar residues (Mant et al. 2009; Wu et al. 2010).
Moreover, there are two computational softwares based on
support-vector machine (SVM) to predict the solubility of
the peptides, thus assisting in the designing and optimising
the peptide bioavailability (Lee et al. 2019). In addition to
the strategies involved in the improvement of peptide prop-
erties, the delivery of peptides has also been improved by
linking of peptides to the cell penetrating peptides (CPPs)
to enhance their cell permeability (Chew et al. 2017). CPPs
are general peptides (<30 amino acids) derived from natu-
ral/unnatural sources or chimeric sequences, considered as
promising carrier for successful delivery of therapeutic mol-
ecules varying from small chemical molecules, liposomes,
proteins, peptides and nucleic acids for in vitro as well as
in vivo applications (Heitz et al. 2009). Alternatively, pep-
tides can be encapsulated in nanoparticles for efficient deliv-
ery, or administered through primary parental or transder-
mal routes with variations such as prefilled syringes, auto
injectors and biodegradable micro needles (Lee et al. 2019).
These modifications help to address the challenges of poor
ADME properties of non-modified peptides (Lau and Dunn
2018).

Conclusion

In summary, the discovery of the peptide-based therapies
have made a significant impact in the research. Many peptide
therapies are available in the clinical and pre-clinical trials
which are expected to yield positive results. The various
approaches including computational, natural and biological

sources provide a wide repository for identification of pep-
tides involved in viral therapeutics. These promising thera-
peutics/inhibitors are advantageous because of their high
specificity, selectivity against target and can be easily devel-
oped without the prior structural knowledge of target (except
docking). Novel technologies like SPR, BLI and FRET vali-
date the binding of identified peptides to their target which
further aid in the selection of high affinity potential AVPs.
However, there is a dearth of knowledge in the field of iden-
tification and characterization of antiviral therapeutics; fur-
ther advancement and commercialization of peptide-based
therapeutics is warranted.
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