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This viral respiratory disease, Influenza infection, poses a major threat both to the global health and economy causing
a thousand deaths and millions of hospitalizations every year. The biggest challenge is that although there are
vaccinations and drugs available for prevention, there is always a risk of a new strain of virus emerging at any time.
The emergence of a drug-resistant influenza virus strain highlights the importance of developing an anti-influenza
drug which can combat any influenza strain during a pandemic outbreak when vaccination is not immediately
available. H1N1, H5N1, and H7N9 are influenza virus strains always at a high risk of undergoing mutation forming a
resistance against the currently available antiviral drugs. The purpose of this research is to study the various binding
sites or drug targets on the H5N1 strain and analyze the binding affinity of several available drugs such as Zanamivir
using molecular docking and drug repurposing. Results from bioisosteric replacements to improve drug docking will
be presented as a means of developing potential novel drugs.
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ABSTRACT
This viral respiratory disease,
Influenza infection, poses a
major threat both to the global
health and economy causing a
thousand deaths and millions of
hospitalizations every year. The
biggest challenge is that
although there are vaccinations
and drugs available for
prevention, there is always a risk
of a new strain of virus emerging
at any time. The emergence of a
drug-resistant influenza virus
strain highlights the importance
of developing an anti-influenza
drug which can combat any
influenza strain during a
pandemic outbreak when
vaccination is not immediately
available. H1N1, H5N1, and
H7N9 are influenza virus strains
always at a high risk of
undergoing mutation forming a
resistance against the currently
available antiviral drugs. The
purpose of this research is to
study the various binding sites or
drug targets on the H5N1 strain
and analyze the binding affinity
of several available drugs such
as Zanamivir using molecular
docking and drug repurposing.
Results from bioisosteric
replacements to improve drug
docking will be presented as a
means of developing potential
novel drugs.

INTRODUCTION
2.a)

What is Influenza virus?
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b)

-Influenza virus is a RNA-virus causing respiratory disease
causing about 20,000 deaths annually

1. All the repurposed drugs
seemed to have more negative
binding affinities than the
original drug.

Residu
e trials

-highly aggressive strains such as H1N1, H5N1 and H7N9
always impose a major threat of undergoing mutations
- Every season they tend to form a resistance against the
currently available antiviral drugs
What are the Current Prevention methods for influenza
virus arising seasonally?

Fig 2. a) 2htq N8 neuraminidase complex with Zanamivir drug b) Proteinligand interactions at the active site.
Measurements using Pymol shows bond lengths between interactions to be less
than 3 angstroms.

3. a)

b)

1) Vaccination
2) Anti-viral drugs such as Zanamivir and Oseltamivir (few
active molecule inhibitors)
a)

b)

Fig 2. a) ZMR1 with the –COOH replaced by –OH group. b) ZMR4 with –COOH
group replaced by CH2-OH group. ( Refer to Table 1)
Both these groups have the most negative binding affinities which indicates more
stable protein-ligand interaction. These functional groups were chosen based on the
high bioactivity compared to the –COOH group using SwissBioisostere database,

4.a)

2. Both the complexes formed
with drugs containing functional
group –OH seemed to have more
stable interactions.

3. Trial 5 seemed to
overlap more efficiently with
Zanamivir than trial 2.
4. Further research should be
based on measuring the bond
Lengths, orientation and bond
strength with each amino acid
In the active site pocket.

Figure 1a shows the surface proteins Haemagglutinin(HA) and Neuraminidase (NA)
that have various subtypes in different types of Influenza. Figure 1b shows the
structural formula of Zanamivir drug that is widely used to inhibit NA and prevent virus
from spreading.

b)

Chart 1. Label in 20pt Arial.

drug.

MATERIALS
1) RCSB Protein Data Bank (PDB)
2) ZINC15 database
3) Pymol Molecular Graphics System
4) Pyrx Virtual Screening tool for Model Docking
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Study the drug-binding pocket of N8 neuraminidase in avian

protein-ligand interactions. Use the information of binding
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Fig 1: a) Simplified version of Influenza virus b) Zanamivir drug compound
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Fig 2. a) ZMR1(green) complex with N8 neuraminidase compared to
Zanamivir(yellow)- N8 neuraminidase complex. b) ZMR4(pink) complex with N8
neuraminidase compared to Zanamivir(yellow)- N8 neuraminidase complex.
Both the repurposed drugs seem to overlap with the original Zanamivir drug in the
first orientation. Some of the bond lengths with ZMR1 is greater than 3 angstrom and
forms lesser bonds. ZMR4 has equal or less than 3 angstroms of bond length with
similar interactions with the active site.

METHOD
1) Use Pymol to visualize and analyze the active site of N8 neuraminidase where the Zanamivir drug
binds
2) Use SwissBioisostere Database to replace group of atoms/ Functional groups in Zanamivir to improve
bioactivity of the drug. 10 functional groups with greater or similar activity compared to the original
functional group were used for replacement.
3) Use Pyrx to dock each repurposed drug with the neuraminidase using Vina wizard. More negative
binding interactions represents more stable binding interaction.
4) Compare the binding affinities and visually compare and naylse the orientation of the repurposed
drugs with Zanamivir
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Introduction
RNA-virus causing respiratory disease causing about 20,000 deaths annually
Highly aggressive strains such as H1N1, H5N1 and H7N9 always impose a major threat of
undergoing mutations
Every season they tend to form a resistance against the currently available antiviral drugs

Purpose
-

Making vaccines and anti-viral drugs take time.
Repurposing a drug that is more efficient in working against various strains will help prevent the
disease.
Study the drug-binding pocket of N8 neuraminidase in avian H5N1 strain that interact with
Zanamivir drug to analyze the protein-ligand interactions. Use the information of binding affinity to
repurpose a potential improved and more efficient drug.

Method
-

Steps of Model Docking
Loading and preprocessing the protein in Pyrx
Loading and preprocessing the ligand I Pyrx
Grid Box setting
Docking
Visualizing and analyzing the results in PyMol.

Results

Discussion
1.All the repurposed drugs
seemed to have more negative
binding affinities than the
original drug.

Fig 5. An example of the Docking step using Vina in Pyrx.
The active sites are selected in pink. The Grid is shown to help set a perimeter within which the docking of the
protein and the ligand takes place.

2. Both the complexes formed
with drugs containing functional
group –OH seemed to have more
stable interactions.
3. Trial 5 seemed to
overlap more efficiently with
Zanamivir than trial 2.
4. Further research should be
based on measuring the bond
Lengths, orientation and bond
strength with each amino

Fig 2 Visualization and Analysis using PyMol.
a) ZMR1(green) complex with N8 neuraminidase compared to Zanamivir(yellow)- N8 neuraminidase complex. b)
ZMR4(pink) complex with N8 neuraminidase compared to Zanamivir(yellow)- N8 neuraminidase complex.

