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Abstract

The major goal of our project is to predict the 3D structure of Hemagglutinin protein of Influenza A Virus which is still unpredicted. And to understand the relationship between amino acid sequences with the three dimensional structure of protein and how the drugs/ligands interact with the proteins and inhibit their activity. By understanding this relationship it will be easier to treat the disease associated with the protein, using a suitable drug.

The 3D structure contains three elements: helix strands and loops. The 3D structure has been of great interest to the researchers for long. The structure of protein is useful in understanding its functionality and is therefore useful for the development of drugs. Influenza Viruses possess significant challenges to both human and animal health. “Influenza A” is an infectious disease of swine. 

Neuraminidase is a surface glycoprotein that catalyses the cleavage of sialic acid residues this plays an important role in replication of virus.on the glycosylated hemagglutinin (HA) during virus budding to facilitate virus release and hence disease spread. Also, plays an important role in replication of virus. its function is critical to the spread of virus to new cells, and if it's enzymatic activity is blocked, then virus infection is combated.
MATERIAL & METHODS

Firstly the target and template selection is done and then the model generation was done by MODELLER 9V7.After this the model validation and the the ligand search. The open babel tool used for converting of chemical file formats. Then the docking was done using the autodock and structure visualization by chimera and Swiss pdb viewer
RESULTS
Target selection:

Hemagglutinin is a protein of swine flu having accession no.CAG28944.1 has been chooses as a target protein. The target sequence is selected from NCBI. The target sequence is given in FASTA format:

>gi|55056922|emb|CAG28944.1| hemagglutinin [Influenza A virus (A/swan/Germany/62/81(H7N7))]

EQTKFYGSGSKLITVGSSNYQQSFVPSPGARPQVNGQSGRIDFHWLMLNPNDTVTFSFNGAFIAPDRASF

LRGKSMGIQSDVQVDANCDGDCYHSGGTIISNLPFQNINSRAVGRCPRYVKQESLLLATGMKNVPEIPKG

RGLFGAIAGFIENGWEGLVDGWYGFRHRNAQGEGTNH
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Template selection:

The template is selected by performing alignment using BLAST. The reference database used is PDB. The protein with maximum similarity is selected as the template. The template has PDB ID-.

1TI8.
The template sequence in FASTA format:


>gi|218681906|pdb|>1TI8:A|PDBID|CHAIN|SEQUENCE

ICLGHHAVSNGTKVNTLTERGVEVVNATETVERTNVPRICSKGKRTVDLGQCGLLGTITGPPQCDQFLEFSADLIIERREGSDVCYPGKFVNEEALRQILRESGGIDKETMGFTYSGIRTNGATSACRRSGSSFYAEMKWLLSNTDNAAFPQMTKSYKNTRKDPALIIWGIHHSGSTTEQTKLYGSGNKLITVGSSNYQQSFVPSPGARPQVNGQSGRIDFHWLMLNPNDTVTFSFNGAFIAPDRASFLRGKSMGIQSSVQVDANCEGDCYHSGGTIISNLPFQNINSRAVGKCPRYVKQESLMLATGMKNVPE
Protein-Protein blast:
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Figure 3: Protein-Protein blast: In the above fig. Hemagglutinin protein of accession no.CAG28944.1 is aligned with NCBI database.
Model generated by Modeller9v7:
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Figure 4: Model generated by Chimera. This fig used for the interactive visualization of the molecular structure of hemagglutinin protein having pdb id: 1TI8.
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[image: image9.emf] Figure 5: Ramachandran Plot: The Ramachandran plot of Hemagglutinin shows 75.9% residues in allowed region, 19.7% residues in additionally allowed region.

Pocket figure: 

We have to consider pocket on the basis of maximum area and volume respectively. So we have considered ID 82.since it has maximum area (4117.5) and maximum volume (18186).This can be done by submitting our model file to castp server.

CASTp:
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Figure 6: CASTp: This fig shows the pocket of the protein (Hemagglutinin protein having pdb id:1TI8) in which ligand can bind.

Selected Ligands:

We have selected 15 ligands on the basis of Lipinski rule of five. The table of potential ligand is as follows:

Table 2: Ligand information and structure

	Ligand information
	Structure

	1.Oseltamivir

a)Compound ID
65028
Molecular Weight

312.40452 [g/mol]

Molecular Formula

C16H28N2O4
XLogP3-AA

1.1

H-Bond Donor

2

H-Bond Acceptor

5
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	b)Compound ID
449381
Molecular Weight

284.35136 [g/mol]

Molecular Formula

C14H24N2O4
XLogP3-AA

-1.9

H-Bond Donor

3

H-Bond Acceptor

5
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	c)Compound ID
4631786
Molecular Weight

284.35136 [g/mol]

Molecular Formula

C14H24N2O4
XLogP3-AA

-1.9

H-Bond Donor

3

H-Bond Acceptor

5
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	d)Compound ID
44310478
Molecular Weight

284.35136 [g/mol]

Molecular Formula

C14H24N2O4
XLogP3-AA

-1.2

H-Bond Donor

2

H-Bond Acceptor

4
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	2.Peramivir

a)Compound ID
154234
Molecular Weight

328.40722 [g/mol]

Molecular Formula

C15H28N4O4
XLogP3-AA

0

H-Bond Donor

5

H-Bond Acceptor

7
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	b)Compound ID
151164
Molecular Weight

328.40722 [g/mol]

Molecular Formula

C15H28N4O4
XLogP3-AA

0

H-Bond Donor

5

H-Bond Acceptor

7
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	c)Compound ID
3465281
Molecular Weight

328.40722 [g/mol]

Molecular Formula

C15H28N4O4
XLogP3-AA

0

H-Bond Donor

5

H-Bond Acceptor

7
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	3.Amantadine

a)Compound ID
2130

Molecular Weight

151.24868 [g/mol]

Molecular Formula

C10H17N

XLogP3

2.4

H-Bond Donor

1

H-Bond Acceptor

1
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	b)Compound ID
124109
Molecular Weight

276.24512 [g/mol]

Molecular Formula

C14H23Cl2N

XLogP3-AA

4.1

H-Bond Donor

0

H-Bond Acceptor

1
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	c)Compound ID
11263842
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3

3.3

H-Bond Donor

1

H-Bond Acceptor

1
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	d)Compound ID
6604403
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3

3.3

H-Bond Donor

1

H-Bond Acceptor

1
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	e)Compound ID
1263681
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3

3.3

H-Bond Donor

1

H-Bond Acceptor

1
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	f)Compound ID
4054
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3

3.3

H-Bond Donor

1

H-Bond Acceptor

1
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	4.Rimantadine
a)Compound ID
5071
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3-AA

2.6

H-Bond Donor

1

H-Bond Acceptor

1
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	b)Compound ID
7048786
Molecular Weight

179.30184 [g/mol]

Molecular Formula

C12H21N

XLogP3-AA

2.6

H-Bond Donor

1

H-Bond Acceptor

1
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AUTODOCK

	Ligand
	Docked protein binding energy 
	Intermolecular energy
	Internal energy
	Torsional energy
	Unbound extended energy

	Compound ID:4631786
	-7.12 kcal/mol
	-9.50 kcal/mol
	-1.06 kcal/mol
	+2.39 kcal/mol


	-1.06 kcal/mol

	Compound ID:3465281
	-6.13 kcal/mol
	-7.36 kcal/mol
	-1.24 kcal/mol


	+2.47 kcal/mol
	+0.00 kcal/mol

	Compound ID:7048786
	-8.04 kcal/mol
	-8.51 kcal/mol


	-0.08 kcal/mol


	+0.55 kcal/mol


	  +0.00 kcal/mol



	Compound ID:2130
	-6.58 kcal/mol
	-6.91 kcal/mol


	+0.06 kcal/mol
	+0.27 kcal/mol
	+0.00 kcal/mol



	Compound ID:4054
	-7.28 kcal/mol
	-7.62 kcal/mol
	+0.07 kcal/mol


	+0.27 kcal/mol
	+0.00 kcal/mol

	Compound ID:65028
	-5.75 kcal/mol
	-6.49 kcal/mol


	-1.73 kcal/mol
	+2.47 kcal/mol
	  +0.00 kcal/mol

	Compound ID:151164
	-3.05 kcal/mol
	-4.34 kcal/mol
	-1.18 kcal/mol


	  +2.47 kcal/mol
	+0.00 kcal/mol

	Compound ID:449381
	-6.34 kcal/mol
	-7.43 kcal/mol
	-1.11 kcal/mol
	+2.20 kcal/mol
	+0.00 kcal/mol

	Compound ID:6604403
	-7.46 kcal/mol
	-7.80 kcal/mol
	+0.06 kcal/mol


	+0.27 kcal/mol


	+0.00 kcal/mol



	Compound ID:11263842
	-7.19 kcal/mol
	-7.54 kcal/mol
	+0.07 kcal/mol
	+0.27 kcal/mol
	+0.00 kcal/mol



	Compound ID:5071
	-8.03 kcal/mol
	-8.50 kcal/mol
	-0.07 kcal/mol


	  +0.55 kcal/mol


	+0.00 kcal/mol



	Compound ID:44310478
	-6.49 kcal/mol
	-7.21 kcal/mol
	-1.20 kcal/mol
	+1.92 kcal/mol
	+0.00 kcal/mol



	Compound ID:154234
	-5.14 kcal/mol
	-6.67 kcal/mol


	-0.94 kcal/mol
	+2.47 kcal/mol
	+0.00 kcal/mol



	Compound ID:1263681
	-7.20 kcal/mol
	-7.55 kcal/mol


	+0.07 kcal/mol


	+0.27 kcal/mol
	+0.00 kcal/mol

	Compound ID:124109
	-7.71 kcal/mol
	-8.25 kcal/mol


	-0.84 kcal/mol
	+1.37 kcal/mol


	+0.00 kcal/mol




Discussion:

We analyse the ligand on the basis of minimum energy and maximum stability. After analysing, out of 16 potential ligands we have selected the ligand that has minimum energy. i.e. - 8.31 k cal/mol.

We visualize the ligands with the help of Chimera visualisation tool.
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Figure 8: Ligand name is Rimantadine and Compound ID is 7048784.It has 15 atoms and 17 bonds and its binding energy is 8.31k cal/mol.
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Figure 9: Ligand name is Rimantadine and compound Id is 7048786.It have 15 atoms and 17 bonds and its binding energy is8.04 k cal/mol.
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Figure 10: Ligand name is Rimantadine and compound ID is 5071.It has 15 atoms and 17 bonds and its binding energy is 8.03 k cal/mol.
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Plot statistics


Residues in most favoured regions  [A,B,L]              377  75.9%
Residues in additional allowed regions  [a,b,l,p]        98  19.7%
Residues in generously allowed regions  [~a,~b,~l,~p]     17   3.4%
Residues in disallowed regions                            5   1.0%
                                                       ---- ------
Number of non-glycine and non-proline residues          497 100.0%


Number of end-residues (excl. Gly and Pro)                2       


Number of glycine residues (shown as triangles)          46       
Number of proline residues                               21       
                                                       ----       
Total number of residues                                566       


Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 


to have over 90% in the most favoured regions.






