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Computational analysis in Influenza virus

Rahul Chavan', Sanket Bapat?, Vrushali Patil®, Abhay Chowdhary*, Avinash Kale'

'Department of Chemistry, UM-DAE Center for Excellence in Basic Sciences, Health Centre, University of Mumbai, Vidyanagari
Campus, Kalina, Santacruz (East), Mumbai, 400098, Maharashtra, India
Department of Bioinformatics, Dr. D.Y. Patil College of Biotechnology and Bioinformatics, Tathwade, Pune, 411033, Maharashtra,

India

*Department of Bioanalytical Sciences, Ramnarain Ruia College, Matunga, 400019, Mumbai, Maharashtra, India
“*Department of Microbiology, Grant Medical College and Sir J.J. group of Hospitals, Byculla, Mumbai 400008, Maharashtra, India

Correspondence: Rahul Chavan
E-mail: rahul.chavan@cbs.ac.in
Received: June 21, 2017

Published online: July 31, 2017

Introduction

Influenza is a most important cause of severe respiratory constant evolution of influenza virus

Influenza viruses are major human pathogens accountable for respiratory diseases affecting millions of people
worldwide and characterized by high morbidity and significant mortality. Influenza infections can be controlled
by vaccination and antiviral drugs. However, vaccines need yearly updating and give limited protection. In
addition, the currently available drugs suffer from the rapid and extensive emergence of drug resistance. All this
highlights the urgent need for developing new antiviral strategies with novel mechanisms of action and with
reduced drug resistance potential. Recent advances in the understanding of Influenza virus replication have
discovered a number of cellular drug targets that counteract viral drug resistance. With expanded
bioinformatics’ knowledge on computational modeling and molecular dynamic stimulations, novel small
molecule inhibitors of herbal/ayurvedic origin are being explored due to their non-toxicity and affordability.
Using in-silico techniques the structural details and information of influenza protein have been studied to
identify the potential drugs for inhibition. Further, we have discussed the various computational studies carried
out on major protein/targets of Influenza which could provide new clues for a newer class of antiviral
(ayurvedic) drugs. In the years to come ahead, the influenza treatment will go through major changes, with
advancing our knowledge of pathogenesis as new methods becoming clinically validated.
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infections (e.g., A/H5N1, A/H7N9; adapted for limited
human transmission) arise as a consequence of rapid,
M. The annual

infections foremost to unwarranted hospitalization and deaths
globally; annual epidemics (e.g., A/lH3N2, A/H1N1 B; due to
antigenic drift/shift), pandemics (e.g., A/HIN1pgmoe; due to
genetic re-assortment), and sporadic/endemic avian virus

epidemics outcome a considerable amount of hospitalizations
with an expected 3 to 5 million cases of severe disease and
300,000 to 500,000 deaths. Furthermore, during the 20th
century, three major influenza pandemics have taken place
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Table 1. Table of influenza databases

Influenza Databases

URL

Influenza Research Database

Influenza Virus Resource

Global Initiative on Sharing Avian Influenza Data
(GISAID) EpiFlu Database

Korea Influenza Sequence & Epitope Database
(KISED)

Influenza Virus Database (IVDB)

OpenFlu Database

http:// www.fludb.org
http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html
platform.gisaid.org

influenza.cdc.go.kr/home/a

http://influenza.psych.ac.cn/
http://openflu.vital-it.ch

with a total mortality of 50 -100 million people . The recent
appearance of the 2009 pandemic influenza AHIN1 virus
has decorated the cost of free and undoes access to influenza
virus genome sequence data integrated with information
about other significant virus characteristics Bl

Influenza belongs to the genus orthomyxovirus in the
family of Orthomyxoviridae. It is single stranded RNA
enveloped viruses with a helical symmetry. These are
enveloped particles 80-120nm in diameter. The RNA is
closely associated with the nucleoprotein (NP) to form a
helical structure. The genome is segmented; with 8 RNA
fragments (7 for influenza C). There are 4 antigens present,
the haemagglutinin (HA), neuraminidase (NA), nucleocapsid
(NA), the matrix (M) and the nucleocapsid proteins. The NP
is a type-specific antigen which arises in 3 forms, A, B, and
C, which provide the root for the classification of human
influenza viruses. The matrix protein (M protein) surrounds
the nucleocapsid and makes up 35-45% of the particle mass.
Two surface glycoproteins are seen on the surface as
rod-shaped projections. The haemagglutinin (HA) is made up
of 2 subunits, HA1 and HA2. HA mediates the attachment of
the virus to the cellular receptor. Neuraminidase molecules
are present in lesser quantities in the envelope .

Influenza is acute respiratory diseases differentiate in its
full form by the rapid onset of high fever, coryza, cough,
headache, prostration, malaise, and inflammation of the
upper respiratory tract and trachea. In the majority cases, the
pneumonic association is not clinically well-known. Acute
symptoms and fever frequently endure for 7 to 10 days.
Weakness and fatigue may remain for weeks. Influenza
usually takes place in winter outbreaks or epidemics (in
temperate climates). There are three antiviral drugs
recommended by the CDC and approved by the FDA. These
are oseltamivir (brand name Tamiflu®), zanamivir (brand
name Relenza®) and peramivir (brand name Rapivab®).
Tamiflu® comes as a pill or liquid, and Relenza® is an
inhaled powder. (Relenza should NOT be used in anyone
with breathing problems, like asthma or COPD, for
example.). Rapivab® is administered intravenously by a

health care provider. There are no generic flu antiviral drugs
[5]

Influenza databases

The computational approaches serve up to organize
numerous sets of data in an ordinary framework, to highlight
in these ways significant features and to enlighten
associations between special aspects of the system are under
study. The replica once built is used to ascertain biological
regimes which are confined by the research at hand, to skill
the likelihood that are test of replica, and to lead to new
insights about concealed components or unexplored relations
between known ones .

In the infectious disease research, with the commencement
of high-throughput new techniques, it has become obvious
that publicly open databases and bioinformatics are
eventually more needed (Table 1). NIAID has developed the
Bioinformatics Resource Centers (BRC) program to sustain
the management and analysis of data related to human
pathogenic microorganisms .. The Influenza Research
Database (IRD) is paying attention to data related to
influenza virus. IRD is distinctive in the size and intensity of
the data and analysis tools provided and in its approach to
data and workflow integration that aid in the development of
vaccines, therapeutics, and diagnostics . A number of
influenza-focused web-accessible databases exist: the NCBI
Influenza Virus Resource (IVR) ! Global Initiative on
Sharing Avian Influenza Data (GISAID) EpiFlu Database %,
Korea Influenza Sequence & Epitope Database (KISED) o)
the Influenza Virus Database (IVDB) ™!, and the OpenFlu
Database 2.

Computational studies

The multiple circulating human influenza A virus subtypes
united with the perpetual genomic mutations and segment
reassortment events challenge the progress of effective
therapeutics. The capacities to drug-most RNAs stimulate the
investigation on viral RNA targets ™. Thus various
computational techniques are now paying attention on three
important targets out of the 11 known proteins in the viral
life cycle: hemagglutinin (HA), neuraminidase (NA) and M2
protein. Protein mechanism of action, substrate binding
specificity and drug resistance, ligand-target interactions of
substrate binding to these three proteins either wild-type or
mutant strains were studied. Progress was made on the novel
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Figure 1. 3D structure of hemagglutinin with highlighted epitope predictions using chain A from the PDB

entry 2IBX. (adapted from [14])

anti-influenza agents, intended specifically to combat the
avian H5N1 and pandemic H1N1 viruses are introduced. An
understanding of molecular inhibition and source of drug
resistance, newly designed compounds is greatly useful as a
rotational guide for synthetic and medical chemists to build
up a new cohort of anti-influenza drugs 4.

Hemagglutinin

Hemagglutinin (HA) and neuraminidase (NA) are two
chief viral envelope glycoproteins that identify sialic acid
(SA) on the host cell. HA binds to sialylated host cell
receptor and intervenes membrane fusion, whereas NA
removes sialyl residues from the membrane of infected cells
and from viral membranes to facilitate budding and let go of
newly synthesized virus particles. Once the influenza virus
infects the host, both HA and NA is continuously under fire
by neutralizing antibodies and depending on their antigenic
properties, they are further classified into 18 HA subtypes
(H1 - H16 in wild waterfowl, and H17 and H18 in bats) and
into 11NA subtypes (N1-N9 in wild waterfowl, and N10 and

N11 in bats) >,

The cell surface receptors that influenza binds to are
glycolipids or glycoproteins that include terminal SA
moieties ™%, The host receptor that influenza virus binds to
contain the three common terminal saccharides SA1,
galactose (Gal2) and N-acetylglucosamine (GlcNAc3) 2,
and the penultimate Gal is lined to either a2,3-SA or
a2,6-SA. Modulation of hemagglutinin protein will enable
the H1N1 virus to bind to the sialic acid of target cell surface
and thus won’t be able to enter the cell cytoplasm 2. The
two disulfide-linked subunits (HA1 & HA?2) are responsible
for low pathogenic influenza virus (LPIV) where HA
cleavage site is cleaved by trypsin-like protease enzymes and
in high pathogenic influenza virus (HPIV) it is cleaved by
pro-protein-processing  endoproteases PC6 and furin.
Structure analyses suggested that the HA cleavage site of
LPIV contains a single basic amino acid residue (Q/E-X-R)
while the insertion of polybasic amino acids (R-X-R/KR)
leads to the HPIV (H5 and H7 subtypes of HA) M1,
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Figure 2. Tetrameric neuraminidase with drug bound. Close up of oseltamivir and its surrounding
residues in NA subtype N1 of the influenza H5N1 and pH1N1 viruses. The active site cavity of NA subtypes

N1 and N2. (adapted from [14])

Receptor binding preference of HA is a critical factor
determining the host range specificity. Li and Wang applied
molecular docking and MD simulations to identify the
binding characteristics of influenza H5N1 HA with either
avian or human receptors. Studies found that the SA- a
-2,3-Gal and SA- a -2,6-Gal bound with HA active residues
via trans and cis conformations, respectively. In the study by
Iwata and colleagues, ab initio fragment molecular orbital
method (FMO) at MP2/6-31G level was applied to examine
the binding specificity of different HAs of human H1, swine
H1, avian H3 and avian H5 to avian and human receptor
analogs. In contrast, the avian H3 and H5 HAs exhibited
more preferentially favorable to avian receptor than the
human analog ™. In all complexes, the HA binding area is
composed of residues member of 190-helix and 130- and
220-loops. Among five glycan units, SA strongly interacted
with HA receptor binding residues, thereby exhibiting the
highest contribution to stabilize protein-glycan affinity
(Figure 1). The human receptor specificity was greatly
enhanced in H2, H3 and H5 subtypes in avian influenza virus
when mutation occurred in two vital amino acids Q226 and

G228 to L226 and S228. Besides the mutation of residues
226 and 228, another double mutation L129V and A134V of
avian H5N1 HA was reported to be a potential route for H5
to adapt the human receptor specificity 21 A novel
combination of V135S and A138S was predicted to
significantly increase the human receptor binding preference
due to its high contribution of electrostatic interaction.
Substitutions of serine at both positions 135 and 138 resulted
in a conformational rearrangement in the HA-glycan binding
area, therefore accommodating the stable hydrogen bonds
between HA and SA-a-2,6-Gal receptor 241 Further research
showed that the tert-butyl hydroquinone (TBHQ) showed
potent activity with IC50 values of 5 to 10 pM against the
conformational rearrangement of H3N2 %1,

QSAR studies were done for Hemagglutinin of Influenza
A virus using the available synthetic drugs like Oseltamivir
and Zanamivir and also natural products like Shikimic acid
for studying the physicochemical/molecular properties using
Molinspiration software. It was found that Amantadine, an
antiviral drug which is not used in Swine flu treatment;
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Shikimic acid, a natural compound show better docking
energies in comparison with available synthetic drugs with
this protein. We can further go for future modifications of the
shikimic acid compound to get a better drug with high
efficacy 1%,

Progress in the discovery and development of inhibitors
against the HA of the virus could bring to the hope of a
successful finding new anti-influenza drugs.

Neuraminidase

Neuraminidase is responsible for cleaving the terminal
sialic acid from the host receptors in the viral replication
cycle. In the treatment and prophylaxis of influenza
infections, NA acts as chief target for anti-influenza agents
because by blocking the NA activity the new infectious
virions cannot be released from the host cell The nine
subtypes of NA, named N1-N9, are classified into two groups,
group-1 (N1, N4, N5 and N8) and group-2 (N2, N3, N6, N7
and N9). The main discrepancy in the structural feature
between the two NA groups was revealed by Russell et al. in
2006.2%) The highly conserved active site in all subtypes
consists of the catalytic residues (R118, D151, D152, R224,
E276, R292, R371 and Y406) and the framework residues
(E119, R156, W178, S179, D198, 1222, E227, H274, E277,
N294, and E425). Up to date, the four anti-influenza drugs-
zanamivir, oseltamivir, peramivir and zanamivir targeting NA
are available to combat the influenza virus.

In one of the studies " of NA substrate specificity for
H5N1 virus using SA and two trisaccharides, SA-02,
3-Gal-Glc (3SL) and SA- a 2, 6-Gal-Glc (6SL), it was
experimentally confirmed that the conformational transition
was in SA while the distorted boat conformation was adopted
for both trisaccharides. With comparable ligand protein
binding in the three complexes via the E276, R292, Y347,
R371 and Y406 residues, the SA1 units of the two
trisaccharides were proposed to stronger interact with the
binding pocket than the sialic acid alone. The strength of the
substrate binding is in the following order: 3SL > 6SL >>
sialic acid. This might be a reason that an avian N1 was
experimentally found to cleave the SA-a-2,3-Gal
glycoconjugates better than the SA-a-2,6-Gal 2%,

The efficiency of Oseltamivir (OTV) Toward the Group-1
and Group-2 NA Strains was studied using MD simulations
B Lower drug-target interactions at the influenza NA
subtype N1 was found relative to those of the N2 and N9
complexes (Figure 2). This may be due to the rotational design
of commercial NA inhibitors is primarily based on the NA

group-2. Therefore, designs of novel antiviral agents
according to the N1 crystal structure are needed and reviewed
hereafter . Identification of inhibitor-binding residues is an
important factor for understanding the enzyme function as
well as for developing the new potent inhibitors. By using MD
simulation approach the Key Binding Interactions at the Sialic
Acid Site in N1, are as follows:

Avian Influenza A H5N1 Virus

The tamiphosphor and its analogs which are termed as the
phosphonate congener of OTV demonstrated major inhibitory
potency than OTV against the native NA strains of the HIN1
and H5N1 influenza viruses BY. The OTV-2 compound with
-CH2NH3+ substitution on the C3 position of OTV was
suggested to be a drug candidate since it showed highly
predicted binding affinity through an additional interaction
with E119 as well as good bioavailability 2.

Pandemic Influenza A HIN1 Virus

In February 2009, the pandemic influenza A HIN1 virus
(pHAIN1) emerged from swine’s in Mexico and rapidly spread
worldwide had raised a global human health concern. This
new influenza virus already contains the adamantine-resistant
mutation in M2 protein. After a couple of months of the
outbreak, Thanyada et al. ™! had modeled the complex
structure of the A/California/04/2009 (H1IN1) NA strain with
the most important anti-influenza drug, OTV, using homology
modeling and multiple MD simulations. The comparative
study of OTV and ZNV in the N1 cavity of Spanish HIN1,
H5N1 and pHIN1 viruses presented a relatively conserved
and unique drug binding pattern among all different N1 strains
B3] More intermolecular interaction through hydrogen bonds
with ZNV than OTV was detected. Also the discovery of the
open N1 conformation with the 150-cavity and 430-cavity
adjacent the sialic acid binding site has provided the new
opportunity for drug design of anti-influenza inhibitors 234,

M2 Protein Channel

The M2 protein of Influenza A virus is a tetrameric type 111
integral transmembrane (TM) protein whose structures and
functions are revised since 1900s using different methods
such as functional mutagenesis %) site-directed infrared
dichroism ¥, solution NMR (soINMR) B, solid-state NMR
(ssNMR) [, X-ray crystallography “**2 and computational
modeling “**7. 1t plays an essential role in viral replication
by mediating the acidification and uncoating of endosomally
entrapped virus 04 The proton specific conductance of M2 is

activated by low pH, evidenced by the channel recordings
[48-50]
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Figure 3. The current M2 drugs, amantadine (amt) and rimantadine (rmt), and the newly designed M2

inhibitors. (adapted from [14])

Molecular Dynamic Stimulation

As said earlier, different techniques used such as sSNMR,
SoINMR and X-ray led to different M2 structures. In the MD
studies using the ssSNMR structure, H37/W41 gate was almost
found in closed form at low protonation state and open form at
high protonation state “****1 in which the V27 is always
opened. Chen et al. ™ and Hu et al. ®* reported that the
highest proton permeability is the triple protonation state of
H37. Leonov et al. “® and Khurana et al. ¥ performed
various MD simulations. In one report by Lenov et al 8 the
water conductance was correlated to the protonation state of
the channel since it always closes at V27 in the OH and 2H
states and even at low pH in the 3H state as stated by X-ray
which is the most stable one. Khurana et al. " found that at
high pH the channel is opened at the V27 and closed at H37
gates, and in vice versa at the low pH. Recently, the fragment
residues 21-61, 21-51 and 22-46 in Xenopus oocytes were
studied and compared. The results showed that the assembly,
drug binding, and proton translocation in both micelles and
bilayer can be studied with confidence by using the short
fragment M2/TM only. The mechanism of proton transport
through the aqueous pore of the channel is actually not known
yet. The two acceptable mechanisms are the shuttling and
gating (or shutter). Hirata group % proposed the new proton
transport mechanism describing the low proton conductance
of the M2 channel through two histidines, one protonated and

another non-protonated.

As known, the proton conductivity can be inhibited by
amantadine (AMT) and rimantadine (RMT), the first effective
drugs licensed for influenza virus. The drug binding sites are
often predicted by the location of drug-resistance to the
mutant viruses L26, V27, A30, S31 and G34 1¥548.3%:54] Base(
on the MD simulations studied by Voth group, the 3H triply
protonated H37 was found to be the most likely open state in
which the AMT primarily bound at A29, therefore reducing
the proton conductance by 99.8% ! MD studies of the
entirely six protonation states of M2 complexed with AMT
and RMT by Intharathep et al. P suggested that the
preferential position of the two drugs depends on a number of
charged His37. The total number of Influenza A cases are
reduced to 60%-70% by using either AMT or RMT as
demonstrated by clinical studies but their continual usage lead
to neuropsychiatric side effects and the widespread of drug
resistance .

The recent outbreak of 2009 H1Nlinfluenza A virus
appears a combination of double V27A/S31N mutation, fully
resistant to both AMT and RMT P In one of the
experiments, the use of reverse genetics to describe and
generate mutations of L26F, V27A, A30T, S31N, and G34E
in M2 gene of recombinant influenza A HIN1 was carried out
by Abed et.al B8l The experimental result supported a
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high-level resistance of AMT (Figure 3) to A30T in
comparison with S31N B9 In southern California, the early
2009 HIN1 influenza virus, A/California/04/2009 (H1N1)
isolated from infected patients, harbors with V28I, S31N and
L43T mutations which has strong resistance to AMT, results
in loss of hydrogen bonding with the M2 residues; as reported
by Thanyada et al ™.

Thus, on the urgent need to development of new
anti-influenza, the discovery of new types of M2 inhibitor for
replacement of the AMT and RMT becomes a crucial issue.

Recently, Hu et al. ®® have reported the identification of
several new hits as M2 inhibitors through the focused
screening of a small primary amine library 51 Based on
non-adamantane compound 6 (Figure 3), Wang et al 52 have
been searching for new classes of M2 inhibitors. With a
structure activity relation, the spiro-piperidine compound 9
(Figure 3) was found as the most active with low IC50 of
0.92+0.11 pM. They also suggest based on that this
spiro-piperidine compound 9(Figure 3) binds more extensive
with M2 channel, thus leading to stronger inhibitory potency.

Hence, an enhanced perceptive of role of protein
mechanism as well as drug-target interaction is likely to aid in
the design of novel effective drug; particularly ones enable to
fight the drug-resistant variants.

Computational tools for epitope vaccine design/strain
selection:

Computational tools can now be used for epitope vaccine
design and evaluation for viral pathogens like influenza for
which empirical approaches have failed. The main objective
of a rational vaccine strategy is to design novel immunogens
that are capable of inducing long-term protective immunity.
In practice, this requires structure-based engineering of the
target neutralizing epitopes and a quantitative readout of
vaccine-induced immune responses. Therefore,
computational tools that can facilitate these two areas have
played increasingly important roles in rational vaccine design
in recent years %,

The importance of such computational research is such
that Human influenza A viruses continuously change
antigenically to circumvent the immune protection evoked by
vaccination or previously circulating viral strains. To
maintain vaccine protection and thereby reduce the mortality
and morbidity caused by infections, regular updates of the
vaccine strains are required. Thus developing a data-driven
framework for vaccine strain prediction facilitates the
computational analysis of genetic and antigenic data and
does not rely on explicit evolutionary models. Besides

serological analysis, computer-guided analysis is becoming
increasingly important in the interpretation of the large
amounts of generated data **.

Herbal/Ayurvedic medicines:

Ayurvedic medicine (also called Ayurveda) is one of the
world’s oldest medical systems. It originated in India more
than 3,000 years ago and remains one of the country’s
traditional health care systems. Its concepts about health and
disease promote the use of herbal compounds, special diets,
and other unique health practices. The Government of India
established the Ministry of AYUSH in November 2014, with
a view to providing focused attention to the development of
education and research in Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homeopathy system. More than 277
Essential drugs list of Ayurveda has been published by
Ministry of AYUSH in March 2013 ). The increased global
travel and rapid urbanization, epidemic outbreaks caused by
emerging and reemerging viruses represent a critical threat to
public health, particularly when preventive vaccines and
antiviral therapies are unavailable. Examples include the
recent surfacing of dengue virus, influenza virus, measles
virus, severe acute respiratory syndrome (SARS) virus, and
West Nile virus outbreaks °®®!. To date, however, many
viruses remain without effectual immunization and only a
few antiviral drugs are licensed for clinical practice. The
situation is further exacerbated by the potential advance of
drug-resistant mutants, especially when using viral
enzyme-specific inhibitors, which drastically hampers drug
efficacy **"2. This calls for the urgency to explore new
antivirals which are highly potent and cost-effective  which
helps in management of viral infections when vaccines and
other standard therapies are lacking.

Despite the availability of vaccines based on predicted
circulating strains, influenza viruses are known to
continuously change their hemagglutinin (HA) and
neuraminidase (NA) envelope proteins ™. This difference
renders any preexisting circulating antibody from earlier
exposure or immunization ineffective at neutralizing the
virus, hence making the host susceptible to infection.
Furthermore, probable risks of cross-species’ transmission
and host adaptation of influenza viruses between animals and
humans resulting in highly pathogenic strains have also
raised concerns ™ In addition to this, the extensive
development of drug resistance which has been observed
with earlier anti-influenza medications, specifically with the
M2 ion channel blockers amantadine and rimantadine [™®),
Resistant  strains  against the currently approved
neuraminidase inhibitors (which prevent the release of
mature influenza viruses) including oseltamivir and
zanamivir have also already appeared " Due to the drug
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resistance problems, the rapid evolution of influenza viruses,
and the incidence of several recent outbreaks (e.g., H5N1,
HIN1, H7N9) 8 ‘more sophisticated antiviral strategies are
right away needed to prevent and control potential pandemics
with emerging influenza strains. Several natural products
have been examined for their effects against influenza.
Standardized elderberry (Sambucus nigra) liquid extract
exerts in vitro antiviral effects against Influenza A (IFA),
Influenza B (IFB), as well as respiratory bacterial pathogens
91 A licensed commercial extract from Pelargonium
sidoides roots inhibits the entry of IFA, impairs viral
hemagglutination as well as neuraminidase activity, and
improves the symptoms of influenza-infected mice 1 The
aqueous extracts from dandelion (Taraxacum officinale)
delay IFA infection and decrease its polymerase activity as
well as the nucleoprotein (NP) RNA level P4
Spirooliganone B from the roots of Illicium oligandrum
exhibits potent anti-IFA activities ™. A multitude of
secondary plant metabolites have also been recognized as
potential influenza NA inhibitors 31 ‘and more recent ones
consist of chalcones from Glycyrrhiza inflate 4, xanthones
from Polygala karensium ¥ and homoisoflavonoids from
Caesalpinia sappan ®®. Additional exploration of these
natural anti-influenza agents for clinical application will help
widen the drug portfolio for prophylactic/therapeutic
treatment of potential flu epidemics or pandemics. The
phytochemicals or the secondary metabolites also play a
major role in the mechanism of inhibition of viral replication.
Vasicine a major alkaloid present in the leaves of Justicia
adhatoda was found to be the most active antiviral agent
against Herpes simplex viruses and Influenza viruses & %!,

In the light of computational biology systems in hand,
majority of the research are paying attention to structure
based drug design that engage in improvement of organic
molecules or macromolecular scaffolds that are similar in
shape and charge to potential ligand-binding pockets of the
viral target protein. On the same note, various in-silico
subtractive genomics and docking technology models were
used and Allicin and Plumbagin were predicted as the potent
multi-drug targets against the Neuraminidase, Hemagglutinin
and M2 protein channel of HIN1/A/2009 ®%. Further, by
in-vitro methodologies, it was confirmed that Plumbagin
(Plumbago indicia) extracts are good candidates for
anti-influenza therapy and should be used in medical
treatment after further research . Curcuin, a
ribosome-inactivating protein, from Jatropha curcas Linn.
(Euphorbiaceae), an herbal plant has been used in traditional
folk medicine in many tropical countries, was investigated
against two proteins of Pandemic Influenza H1N1/2009.
Although the structural properties of curcuin are well
documented in the literature, the modeling and docking
studies by in-silico techniques with photoproteins are limited.

With the use of current tools like Molecular operating
environment (MOE) to investigate the protein interactions
between  Curcuin  with  Hemagglutinin  and  with
Neuraminidase, it was put forward for use as powerful
inhibitor against the Influenza virus %,

Conclusion

As many reports in this field are only preliminary,
additional investigation in differentiating the bioactive
ingredients, defining the essential machinery, as well as
evaluating the efficacy and prospective application in vivo is
expectant in order to help build up effectual antiviral
treatments. The newly designed compounds which is really
useful for medical chemist to put together a new group of
anti-influenza drugs is by understanding the molecular
inhibition and source of drug resistance with the aid of
computational studies. Further research is required to look at
the option of combination therapies with other natural agents
or with standard therapeutics, as a multi-target therapy may
reduce the peril of drug-resistant viruses. We believe that
natural products will go on to play a central role and add up
to antiviral drug development
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