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ABSTRACT

Neuraminidase inhibitor has been an attractive &rdor the development of novel anti-
influenza drugs. In present work we have carrietldmcking analysis of Zanamivir with Human
Neuraminidase (H1N1) to understand the structuedtdres responsible for their potent anti-
Anti-Aiv activity. The analysis reveals that thejonidy of interactions of Zanamivir are
hydrophobic, polar and steric in nature. Zanamiforms hydrogen bond with the amino acid
residues Asp(a)l5l, Arg(a)ll8, Arg(a) 371, Arg(892,5lu(a)277, Glu(a)276, Arg(a)
152,Trp(a) 178,Glu(a)227(Figure 4(b) ). The presdatking analysis reveals that three water
molecules directly affect the interaction of Zamamiith neuraminidase. Field analysis divulge
that acetamido group at c-3 position of pyran nuslés serve as strong electronegative centre
(charges -9.88 and -10.18) and act as electron ptmrein Zanamivir neuraminidase H-bond
interaction. This can be useful to get alert abthé particular part of the field is required for
binding.
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INTRODUCTION

Influenza is a long-standing health problem causiggificant mortality in annual epidemics by
infection of the human respiratory system. The dwitle spread of H5N1 avian flu and the
recent outbreak of the new type HIN1 human flu harsed public concerns of the global
influenza pandemics. Neuraminidase (NA), a glyctgroexpressed on the influenza virus
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surface, is essential for virus replication anceatiivity by breaking the linkage between the
progeny virus from the surface sialo-receptor oftheells. Thus, inhibition of NA by the
structure-based strategy has been applied in disgonf anti-influenza drugsl.Currently few
drugs are available for AlV treatment. The licensadsting drugs are the zanamffil) and
oseltamivir phosphatd?2) (Fig. 1) as specific neuraminidase (NA) intobs.
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Figurel: Thestructures of Oseltamivir (1) and Zanamivir (2).

Sixteen subtypes have currently been defined ferhmagglutinin protein (H1-H16) and nine

for the neuraminidase protein (N1-N9Yhe hemagglutinin antigen binds to the sialic acid
receptor on the cell surface, which mediates thiasventry. The neuraminidase cleaves the
specific linkage of the sialic acid receptor, réggl in the release of the newly formed virions

from the infected cells. Additionally, the neuramdase may function to facilitate the early

process of influenza virus infection of lung eplthlecells®> Hence, neuraminidase inhibitor has

been an attractive target for the development g€hanti-influenza drugs.

Modern drug designing techniques like QSAR, MolacuDocking etc. are widely used to
understand the structural features responsibleliarmacological activities of compoufid$he

in depth understanding can be utilized to enhaheepharmacological properties of organic
compounds. In this article we are reporting dockanglysis of Zanamivir with HIN1 receptor.
The objectives of this work are: (1) to understatdictural features responsible for Anti-AlV
activity of Zanamivir. (2) to identify the types ofteractions involved between Zanamivir with
receptor site of HIN1 receptor. (3) to analyze bptiobic, electronic and steric characteristics
of Zanamivir and (4) to explain the role of waterdirug receptor interaction.

MATERIALSAND METHODS
Modeling studies:
Molecular modeling study and conformational aligminestudies of the Zanamivir were

performed in order to rationalize the obtaineddgatal results (Fig. 1). The complete molecular
docking studies were performed using human H1N&tahgtructure (PDB ID: 3b7e).
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(a) (b)
Figure 1. (a) Energy minimized 3D conformation and (b) M olecular surface areas of Zanamivir red= mild
polar, blue= H-bonding and white = hydrophobic region.

Experimental Protocol:

Computerassisted simulated docking experiments were caoigdn human MAC-A crystal
structure (PDB ID: 3b7e). Docking simulation stusfyZanamivir using Autodock 4.2 with tt
following protocol.

(1) Enzyme structure was checked for missing atmsds and contacts. Ramchandran plot
plotted to check the health of protein. (2) Hydmgatoms were added to enzyme struct
Bound ligands were manually deleted from the enzy(® The ligandmolecules were
constructed using ACD Chem Sketch 12.0 freeware @pitmized structure was used -
docking. (4) The active site was generated anchtlgavere docked within the Human H1
active site. (5) The lowest energy conformation veatected and bjected to an energy
minimization.
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Figure 2: (a) Docking pose of Zanamivir in the active site of human H1IN1 receptor.(b) Ramchandran Plot for
pdb 3b7e after energy and residue optimization.

Scholar Research Library 3



Rahul D. Jawarkar et al J. Comput. Method. Mol. Design., 2011, 1 (1): 1-6

: >/N—I
9) HO CH R N
(2R,3R,49)-3-acetamido-4-guanidino-2- R12R)-1,2,3-trihydroxypropyl)-3,4-dihydro+2 -pyran-6-

carboxylic acid

Figure 3: (a) Structure of Zanamivir (b) Receptor based Electrostatics regionsin the active site of human
H1N1 receptor. Blue = donor, Red = acceptor and white = hydrophobic regions.
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(a) (b)
Figure.4: (a) Showing % H-bond interaction between Zanamivir and human H1N1 receptor .
(b) Showing various amino acid residue bind to human H1N1 receptor through hydrogen bonding.

Before molecular docking, the 3D structure of ligawas optimized. The pdb 3b7e was
subjected to energy and residue optimization. Téath of protein was ascertain by plotting
Ramchandran plot (Fig. 2).
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‘3.22

Figure: 5 showing important field pointswith respective chargesin Zanamivir.
Blue: Negative field pointsRed: Positive field pointsYellow: van der Waals surface field points (steric),
Gold/Orange: Hydrophobic field points

RESULT AND DISCUSSION

Molecular docking of ligands with target proteing aoutinely and extensively used to reduced
cost and time of drug discovery. Docking of Zanamiato the active site of human H1N1
receptor reveals some interesting facts like Zam@nmtereact with HIN1 receptor through
hydrogen bonding ,hydrophobic as well as sterieradtions. When Zanamivir dock into the
active site of the receptors where it forms hydrogend with the amino acid residues
Asp(a)151, Arg(a)l18, Arg(a) 371, Arg(a) 292,Gl@@j, Glu(a)276, Arg(a) 152,Trp(a)
178,Glu(a)227(Figure 4(b) ). Amino acids like Agd@l, Glu(a)277, Arg(a) 292, Glu(a)227 are
involved in Zanamivir neuraminidase interactionotigh water which support the hypothesis of
involvement of water and its crucial role in driageptor interactions (Figure 4(b) ).The present
docking analysis reveals that three water molecdiectly affect the interaction of drug with
neuraminidase. Strong drug receptor interactionedép upon % of Hydrogen bonding. The
amino acid Arg (a) 371(55-57%), Arg (a) 118 (52%3l aArg (a) (66%) Clarified the above fact
and interacted strongly with human neuraminidaseujh hydrogen bonding. (Figure 4 (a)). To
disclose better insight into the Zanamivir neuradase interaction, we have carried out field
analysis of Zanamivir in order to get better idéawt field point and alignment with charges
necessary to interact with the neuraminidase (Eigyr This can be useful to get alert about the
particular part of the field is required for bindinField analysis reveals that acetamido group at
c-3 position of pyran nucleus is serve as stroegtednegative centre (charges -9.88 and -10.18)
and act as electron acceptor in Zanamivir neuratagse H-bond interaction . Further 1, 2, 3-
trinydroxypropyl group at c-2 position serve asosy electronegative centre and played
important role in interaction.

Stereospecificity has long been known as being venportant for biologically active

compounds to exhibit their activity. In particulérhas been believed to play significant roles in
the interactions with their targets in vivo as ptested in the classical lock and key theory of
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enzymatic reactions as well as in the receptorrthebdrugs. Herein Zanamivir interacts with
neuraminidase by van der Waal’s interaction (Figyre

In order to get useful results that may be valuablduture drug designing we carried out
receptor based electrostatic analysis also (Fig(b®. Acetamido group at c-3 position of pyran
nucleus showing strong electronegative field ad aglhydrophobic region which reveals that
presence of acetamido group is favourable and eslsarboth electrostatic as well as
hydrophobic interaction with neuraminidase.1, 2 trgyydroxypropyl group at c-2 position of

pyran nucleus showing strong electropositive regiadicating presence of electron donor is
favourable for Anti-Aiv activity. Guanidine functiality at c-4 position showed characteristic
electropositive region which indicate that presenéeelectron donar enhances the activity.
Further carboxylic group at c-6 position showedrsty electronegative field which indicate that
electron acceptor group is favorable and enhareedrug receptor interaction.

Acknowledgement: Authors are thankful to the Prof. Vijay Masand Relpful Discussion.
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