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Abstract

Influenza is a highly pathogenic virus well known by a higher mutation rate, resulted 
from antigenic drift and shift of its surface proteins. The hemagglutinin- influenza major 
virus surface protein is responsible for viral entry through targeting sialic acid present 
on the lipid membrane of the host cell. Nowadays, peptides become the perspective 
therapeutic agents for various infection diseases including influenza. Utilization of 
peptides could provide high specifity, attained by a number of possible modifications, 
which can be simply proposed by using in silico modeling. 

Molecular modeling of peptides with high affinity towards sialic acid binding site 
of influenza hemagglutinin may be thus helpful for inhibition of viral entry. Hence, we 
employed Yasara program for molecular modeling to estimate a binding energy of 
selected peptides to specific hemagglutinin binding site in the amino acids range of 
116 – 261. We designed a mimicking peptide with sequence WLVFFVIFYIFR showing 
binding energy 412.669 kcal/mol, which could be suitable to inhibit the influenza 
infection.

ABBREVIATIONS
HA: Hemagglutinin; NA: Neuraminidase

INTRODUCTION
Influenza is a highly pathogenic, respiratory disease caused 

by RNA influenza virus belonging to Orthomyxoviridae family. 
As the other RNA genome viruses, influenza virus undergoes 
high mutation rates and frequent genetic reassortment leading 
to variability in viral surface antigens hemagglutinin (HA) and 
neuraminidase (NA). While hemagglutinin helps to host cell 
entry, the neuraminidase is responsible for virus release from a 
host cell [1]. Both of antigens show potential to be an important 
target for antiviral drugs. Antiviral peptides seem to be helpful 
due to their effective antiviral properties, relative cost-effective 
production, rapid elimination following treatment and low levels 
of possible side effects [2]. The possibilities of therapeutically 
targeting brings on vary of their structure e.g. posttranslational 
modifications, point-mutations or conformational changes and 
possibility to utilize nano carriers to protect a peptide degradation 
in bodily internal environment [3]. Hence, the rational drug 
design using molecular modelling methods has become a highly 

efficient tool for development of the new therapeutic agents [4]. 
Also, the potential toxicity of novel antiviral peptides could be 
explored by preliminary studies [5]. The aim of our work was 
to suggest an antiviral peptide with potential activity to inhibit 
influenza virus entry into a host cell. The peptide sequence was 
designed with high affinity to sialic acid binding site of influenza 
hemagglutinin. It is known, that sialic acid, naturally present 
on host cell membranes, is responsible for hemagglutinin 
attachment to cell followed by viral fusion. Although, the same 
principle is applied by several antivirals drugs, the peptides 
provide reduction of viral resistance towards treatment. We 
think that by blocking the channel inside the HA1, by which it is 
bound to sialic acid receptor on the host cell membrane, we can 
block the binding or, at least reduce the affinity of HA, and thus 
inhibit the virus fusion to the host cell.The size of the peptide was 
chosen somewhat randomly, but the criteria were to best fit into 
the size of the active size of the HA1, which is between 10 to 15 
A. We do not want to have too short peptide which might not to 
be specific enough, on the other hand, the peptide which would 
be too long, could create unfunctional tertiary structures before 
it reaches the target. Based on recent findings the peptides entry 
inhibitors should be rich in aromatic amino acids and strongly 
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hydrophobic. Our assumption is that active site inside the HA 
creates almost straight hydrophobic channel, so the peptide must 
be conformationally flexible and hydrophobic with positively 
charged end, which directs the peptide out of the channel [6].

MATERIALS AND METHODS
All computations were performed in YASARA STRUCTURE 

(www.yasara.org) using the crystal structure of the hemagglutinin 
(PDB: 1RUZ). The sequence of P1WLVFFVIFYFFR andP2 
WLVFFVIFYIFR were also generated to evaluate the robustness of 
the ligand binding to hemagglutinin.The docking results of each 
independent run were then treated with the docking analysis 
macro (Docking_EM_analysis S1) calculating the potential 
binding energy of the ligand, using default docking parameters 
and point charges assigned according to the AMBER03 force field. 
All dockings were performed after the short molecular dynamic 
simulation of either HA and the possible ligands in the water at pH 
7.4 were run. The structures were cleared from water molecules 
and all necessary hydrogen was added. The simulations were 
run in periodic boundary conditions, with long range force cut 
off at 7.84 A. The docking was performed in the box of the length 
of 15 A around the active side of HA1, residues 116-261, which 
was confirmed by the docking of the sialic acid beforehand. The 
binding energies were calculated after splitting the ligand and 
the rest of the objects, against the rest of the soup. All atoms were 
surrounded by the box without periodical boundary conditions.

RESULTS AND DISCUSSION
Computational docking allows the fast screening of a 

large number of candidate ligands, which may afterwards be 
analyzed through more demanding computational techniques 
in the search for suitable leads for further development and 
experimental characterization. In our study, we selected peptide 
(P1)WLVFFVIFYFFR [7] with antiviral activity against influenza 
virus and change one amino acid in the chain WLVFFVIFYIFR 
(P2)to obtain higher hydrophobicity. Using molecular modeling 
we obtained, P1 and P2 bind preferentially to an exposed pocket 
in hemagglutinin subunit (Figure 1A) formed by the globular 
domain consists of HA1 residues 116–261 folded into a jelly-roll 
motif of eight stranded antiparallel β-sheets which is binding 
pocket for sialic acid (Figure 1B).Binding energies of each peptide 
to hemagglutinin were 372,279kcal/mol for P1 and 412,669 
kcal/mol for P2. Thus, P2 peptide is potentially more suitable 
antiviral agent against influenza virus due to its hydrophobicity 
[8], and higher binding energy.

CONCLUSION
Our computational study confirms that P1 and P2 peptides 

are able to bind to the specific binding site of hemagglutinin 
and P2 shows higher binding energy and is more suitable for 
inhibiting influenza virus entry to the host cell by binding to the 
sialic acid binding pocket. This preliminary study will be used for 
further in vitro and in vivo experiments.

ACKNOWLEDGEMENTS
Financial support from the following project P102/11/1068 

is highly acknowledged. 

REFERENCES
1.	 Saito T. [Review on replication cycle of influenza virus].  Nihon Rinsho. 

2006; 64: 1803-1807.

2.	 Thakur N, Qureshi A, Kumar M. AVP pred: collection and prediction of 
highly effective antiviral peptides.  Nucleic Acids Res. 2012; 40: W199-
204.

3.	 Duarte AG. ARDS in pregnancy.  Clin Obstet Gynecol. 2014; 57: 862-
870.

4.	 Hetényi C, Van der Spoel D. Efficient docking of peptides to proteins 
without prior knowledge of the binding site.  Protein Sci. 2002; 11: 
1729-1737.

5.	 Gupta S, Kapoor P, Chaudhary K, Gautam A, Kumar R. Open Source Drug 
Discovery Consortium, Raghava GP. In silico approach for predicting 
toxicity of peptides and proteins.  PLoS One. 2013; 8: e73957.

6.	 Badani H, Garry RF, Wimley WC. Peptide entry inhibitors of enveloped 
viruses: the importance of interfacial hydrophobicity.  Biochim 
Biophys Acta. 2014; 1838: 2180-2197.

7.	 Nicol MQ, Ligertwood Y, Bacon MN, Dutia BM, Nash AA. A novel family 
of peptides with potent activity against influenza A viruses.  J Gen 
Virol. 2012; 93: 980-986.

8.	 Liu X, Huang Y, Cheng M, Pan L, Si Y, Li G, et al. Screening and rational 
design of hepatitis C virus entry inhibitory peptides derived from GB 
virus A NS5A.  J Virol. 2013; 87: 1649-1657.

Figure 1 Peptide (P2) bound to sialic acid binding site of 
hemagglutinin: A) General view to exposed pocket in hemagglutinin 
subunit, B) Detailed view on peptide – hemagglutinin interaction.
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