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			ABSTRACT

		

		
			Avian influenza A virus subtype H9N2 has been in circulation since last two decades in poultry flocks of Pakistan. It is causing immense economic losses to the farmers. Avian influenza H9N2 virus were isolated from infected birds of different poultry farms in the Province of Punjab, Pakistan. Segment eight gene of the virus was amplified using RT-PCR and sequenced to analyze mutations in this viral segment. Phylogenetic tree analysis showed sequences from 2015 to 2017 form a single evolving clade. Valdar residues conservation scores by multiple sequence alignment showed the C terminal region of NEP protein is conserved while C terminal region of effector domain (ED) of NSI protein exhibit mutations. These mutations are enhancing the total hydrophobicity of the molecules. Hydrophobicity was calculated by using Kyte and Doolittle method. High hydrophobicity of NS1 protein is also posing a potential for H9N2 virus to adapt in host, which might be contributing to the increase in pathogenicity of the circulating H9N2 virus.
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			INTRODUCTION

			Avian influenza (AIV)A is negative sense single stranded RNA virus which belongs to Orthomyxoviridae family (Wang et al., 2018). AIV H9N2 has been circulating in birds worldwide since 1966. The virus consists of lipid bilayer envelope derived from their host and nucleocapsid with inner shell of matrix proteins (Lazniewski et al., 2017). There are eight segments of viral genome encoding several proteins named as hemagglutinin (HA), neuraminidase (NA), proton channel protein M2, nucleoprotein (NP), complex of viral polymerases (PA, PB1, PB2), and matrix protein (M1) (Yamayoshi et al., 2016; Wu et al., 2014). Viral 8th segment about 840 nucleotides long encodes the two proteins, nuclear export protein (NEP) and nonstructural protein 1 (NS1) by alternating splicing mechanism (Hsu, 2018).

			NA and HA proteins act as antigen of influenza A virus (Wu et al., 2014). The HA protein of AIV virus binds to terminal sialic acid residues of glycoprotein receptors on respiratory epithelial cells. The NA protein hydrolyzes terminal sialic acid from cell receptors to facilitate the release of viral progeny from the cells to spread the infection. Viral proteins are always in evolution to perform different functions; a prominent example is nuclear export protein (NEP) also referred as NS2. Basic function of NEP is the export of ribonucleoprotein (RNP) complex from nucleus to cell membrane where it assembles into viral particles. NEP also contributes in multiple biological path ways during influenza virus life cycle (Paterson and Fodor, 2012). Influenza A virus neutralizes host antiviral activities mainly interferons (IFNs) and other associated protein induced by (IFNs). AIV viral NS1 protein plays vital role to counteract such IFN base host antiviral activities (Krug, 2015). NS1 protein also acts as virulence determinant in viral infection (Kuo et al., 2018). The NS1 protein of AIV also participates in cell necroptosis via interacting the mixed-lineage kinase domain-like protein (MLKL) and increases the inflammation of cells (Goba et al., 2019). So NS1 protein can perform function both in nucleus and cytoplasm as well. NS1 could also generate nucleolar stress based on epigenetic change of rRNA gene promoter via interaction with nucleolin (Yan et al., 2017). Purpose of this study is to explore the genetic changes in NEP and NS1 protein as these proteins are responsible for human infection (Mahardika et al., 2019), and has always remained a priority target to discover the anti-influenza compounds (Kleinpeter et al., 2018).

			In this study we have reported the different mutations in NEP and C terminal region of ED of NS1 protein H9N2 viruses isolated from diseased birds submitted in Grand Parent (GP) Laboratory Lahore from different locations of Punjab, Pakistan during 2016.These amino acid mutations in NEP and NS1 proteins might have collaboratively enhanced the pathogenicity of H9N2 virus along with HA and NA proteins.

			MATERIALS AND METHODS

			Sample collection

			Tracheal swabs were collected during 2016 at Grand Parent Diagnostic laboratory, Lahore from diseased/dead birds of poultry flocks. Anigen Rapid AIV Ag Test Kit (RG1501MH) was used to detect the Avian Influenza Type A virus in samples according to manufacturer’s instructions. Tracheal swabs of AIV positive samples were mixed thoroughly in 5mL of phosphate buffered saline(PBS) SIGMA-ALDRICH® with penicillin 2.0 mg/ml, streptomycin 2.0 mg/ ml and gentamycin 50μg/mL and stored at -20 °C till further processing for virus isolation. 

			Isolation of virus

			Embryonated chicken eggs (ECE), 9-11 days old provided by Big Bird hatchery Raiwind, Pakistan were used for isolation of H9N2 virus. Frozen samples were thawed and centrifuged at 4000 rpm for 30 min at room temperature. The supernatant (200μl/egg) was inoculated into ECE through the allantoic sac route using 1.0 mL syringe. ECE were incubated at 37 °C for 72 h. To check any mortality of embryos, eggs were candled at regular interval of 12 h until the completion of 72 h’ incubation. After the incubation eggs were chilled at 4 °C. Then allanto-amniotic fluid (AAF) was harvested using the sterile syringes. Presence of AIV in AAF was confirmed by using the hemagglutination (HA) assay (Alexander and Chettle, 1977).

			Confirmation of H9N2 by RT-PCR

			Diagnostic RT-PCR was applied to confirm the presence of H9N2 virus. Qiagen Viral RNA Extraction Mini Kit (Cat: 52906) was used to extract the viral RNA. Thermo Scientific Revert Aid First Strand cDNA kit (Cat # K1822) and Uni-12 oligo (AGCAAAAGCAGG) was utilized to perform cDNA synthesis from viral genomic RNA. Dream Taq green master mix (2X) Thermo Fischer ScientificTM along with H9N2 specific primers was used to prepare RT-PCR reaction mixture. Primer sequences are mentioned in the Table I.

			Amplification and sequencing of genomic segment eight

			Gene specific primers (Table I) reported by Hoffmann were used for amplification of viral genomic segment eight using the T100TM thermocycler (Bio-Rad). The first cycle of the PCR program consisted of initial denaturation at 95 °C for 5 min, followed by 30 cycles of 94 °C for 30 Sec, 58 °C for 30 Sec, and 72 °C for 3 min, and final elongation at 72 °C for 10 min (Hoffmann et al., 2001). The amplified and purified genes were sequenced by1st Base41 Science Park Rd, Singapore 117610, using the Sanger dideoxy sequencing method. Sequences were submitted to NCBI GenBank with the nucleotides and proteins accession numbers given in the Table II.

			Computational analysis

			Then MEGA X (Molecular evolution and genetic analysis) version 10.0.5 software was used to construct the Neighbor-Joining phylogenetic tree using MEGA X (version 10.0.5) software by applying the Tamura-Nei model and 1000 bootstrap replicates values. Online server Clustal Omega was used for multiple sequence alignment (MSA) analysis. The Sequence Manipulation Suite Copyright © (Stothard, 2000)was used to calculate the Valdar residue conservation scores and grand average hydropathy (GRAVY) of protein sequences. GRAVY of a protein is calculated by adding the hydropathy values of each individual amino acid then dividing by the number of amino acids residues in the protein sequence or length.

			RESULTS AND DISCUSSION

			Identification and confirmation of H9N2 virus

			HA assay of H9N2 suspected samples was performed in a 96 well plate. Only six samples produced strong agglutination with RBCs. Samples screened by HA assay were tested for H9N2 virus by RT-PCR. Separate PCR reactions were performed for H9 and N2 segments. All six samples produced the specific band of 276 and 149 base pairs for H9 and N2 respectively (Fig. 1). H9N2 RT-PCR positive samples were proceeded for amplification of genomic segment 8 according to (Hoffmann et al., 2001) procedure. PCR product of segment 8 was purified by using the Gene All ExpinTM kit followed by1% agarose gel electrophoretic run Figure 2. 
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			Fig. 1. Agarose gel (2%) electrophoresis for six H9N2 RT-PCR positive samples. First lane 50 base pair DNA ladder, second lane is negative control followed by six positive samples of H9N2 virus.

			Table I. Primers used for multiplex RT-PCR and for amplification of genomic segment eight of H9N2 Virus.

			
				
					
					
					
					
					
					
				
				
					
							
							Primer 

						
							
							Oligonucleotide sequence

						
							
							Length

						
							
							Annealing

						
							
							Product bp

						
							
							Reference

						
					

					
							
							H9-F

						
							
							GTAGAGGGCTATTTGGIGC

						
							
							19

						
							
							57 °C

						
							
							276

						
							
							Tahir et al., 2016

						
					

					
							
							H9-R

						
							
							CGTCTTGTATTTGGTCATCA

						
							
							20

						
							
							57 °C

						
					

					
							
							N2-F

						
							
							ATGTTATCAATTTGCACTTGGGCAG

						
							
							25

						
							
							40 °C

						
							
							149

						
							
							Huang et al., 2013

						
					

					
							
							N2-R

						
							
							CATGCTATGCACACTTGTTTGGTTC

						
							
							25

						
							
							40 °C

						
					

					
							
							NS-F

						
							
							TATTCGTCTCAGGGAGCAAAAGCAGGGG

						
							
							28

						
							
							58 °C

						
							
							840

						
							
							Hoffmann et al., 2001

						
					

					
							
							NS-R

						
							
							ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTTT

						
							
							35

						
							
							58 °C

						
					

				
			

			Table II. Sequences numbered 1 to 6isolated during this and sequence 7 is wild type strains and its NEP and NS1 protein sequences were used as reference.

			
				
					
					
					
					
				
				
					
							
							Isolates

						
							
							Abbreviation

						
							
							NCBI accession number

						
							
							Protein ID / NS2 +NS1

						
					

					
							
							(A/chicken/Pakistan/101/2016(H9N2))

						
							
							101/2016

						
							
							MG230435

						
							
							ATS91874 + ATS91873

						
					

					
							
							(A/chicken/Pakistan/102/2016(H9N2))

						
							
							102/2016

						
							
							MG230436

						
							
							ATS91876 + ATS91875

						
					

					
							
							(A/chicken/Pakistan/103/2016(H9N2))

						
							
							103/2016

						
							
							MG230437

						
							
							ATS91878 + ATS91877

						
					

					
							
							(A/chicken/Pakistan/104/2016(H9N2))

						
							
							104/2016

						
							
							MG230438

						
							
							ATS91880 + ATS91879

						
					

					
							
							(A/chicken/Pakistan/107/2016(H9N2))

						
							
							105/2016

						
							
							MG230439

						
							
							ATS91882 + ATS91881

						
					

					
							
							(A/chicken/Pakistan/115/2016(H9N2))

						
							
							115/2016

						
							
							MG230440

						
							
							ATS91884 + ATS91883

						
					

					
							
							(A/Avian/Pakistan/984/2015(H9N2))

						
							
							984/2015

						
							
							MH180645

						
							
							AVX27241+AVX 27240
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			Fig. 2. Agarose gel (1%) electrophoresis for amplified and purified segment 8 of six H9N2 virus. First laneis 100 base pair DNA ladder, followed by six lanes with purified segment 8 of 840 base pairs.

			Phylogenetic tree

			Nucleotide sequences data of segment eight of avian influenza A virus H9N2 from NCBI GenBank was retrieved to construct phylogenetic tree with 1000 bootstrap values using freeware MEGA X (Molecular evolution and genetic analysis) version 10.0.5 developed by Pennsylvania State University. Phylogenetic tree has been divided into two clades, A and Bas demonstrated in Figure 3. The sequences from 2004 to 2015 form clade A and sequences from 2015 to 2017 clustered in clade B. The sequences of strains isolated during this study are labeled with square boxes in the phylogenetic tree and linked to A/Avian/Pakistan/984/2015(H9N2) strain. The phylogenetic analysis showed that majority of H9N2 isolates clusterd in clade A belongs to Iran, Israel and India. Clade B containing H9N2 isolates reported from Pakistan demonstrated that evolutionary changes in H9N2 virus prevailing in poultry flocks have adopted the virus to persist in the country since 2015.This indicates a potential threat for Pakistani poultry and there should be strong concern in developing some vaccines or inhibitors to cease the virulent transmission.

			Multiple sequence alignment (MSA) analysis

			Sequences of NSI and NS2 proteins were aligned and compared with the wild type (ancestor)strain A/Avian/Pakistan/984/2015(H9N2) sequences (NCBI-Accesssion AVX 27240-41). For this purpose online server Clustal Omega was used and mutations were highlighted with red color on sequences. From alignment analysis it is evident that NEP protein has remained conserved in all isolates only few mutations were observed, even the NEP protein (Accession number: ATS91874) of a strain 101/2016 is completely conserved like ancestor (Fig. 4). NS1 protein also exhibited conservation of amino acids from 1 to 71 which is N terminal RNA-binding domain (RBD). While C terminal region of ED of NS1 has acquired greater number of substitutions, highlighted in Figure 5.
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			Fig. 3. Neighbor-Joining phylogenetic tree constructed using MEGA X (version 10.0.5) software with Tamura-Nei model and 1000 bootstrap values.
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			Fig. 4. Multiple Sequence Alignment (MSA) analysis by online server Clustal Omega: NEP sequnces alligned and compared with the sequence of wild type AVX 27241(grey colour), mutations are highlighted in red colour. 
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			Fig. 5. Multiple Sequence Alignment (MSA) analysis by online server Clustal Omega: NSI sequences alligned and compared with wild type AVX 27241 (grey colour) mutations are labelled in red colour.

			NEP conservation and mutations

			Valdar residues conservation scores show that NEP proteins of all sex isolates are strongly conserved. The C terminal helix has the most conserved regions which interact with the M1 protein (Akarsu et al., 2003). Whereas N terminal region in NEP of A/chicken/Pakistan/115/2016(H9N2) has some mutations, which account for adaptation of pathogenic avian influenza virus in their host cells with increased replication (Mänz et al., 2012). Threonine and glutamine at positions 33 and 34 are conserved in all isolates, these amino acids enhance the interaction of NEP with CRM1 protein with greater affinity (Boukharta et al., 2019). N terminal region of NEP protein also contains leucine rich two nuclear export signal motifs (NES) at positions 11 to 21 and 22 to 45 (Huang et al., 2013). In sequences for this work five leucine residues at positions 21, 28, 38, 40 and 45 are strongly conserved. These residues are involved in identification and binding of cellular CRM1-RanGTP to the NES and is very important for the transport of viral ribonucleo- protein (vRNPs) out of the infected nucleus (Akarsu et al., 2003). These motifs in isolated strains also exhibit strong conservation without a single mutation and could be the ideal target regions for designing of novel antiviral inhibitors to face the challenges of evolving strains of AIV H9N2 virus in Pakistan.

			Potential mutations in NS1 protein 

			The size of NS1 protein of influenza A H9N2 virus is 230 amino acids with two functional domains linked by short linker region. N terminal RNA-binding domain (RBD) consist of amino acids from 1 to 73 and residues from 85 to end form C terminal effector-domain (ED) (Hale et al., 2008). It has been reported that the sequences of NSI proteins of most AIV virus strains are strongly conserved but variations occur in C terminal region of ED (Krug and Gracia, 2013). A single amino acid arginine (R) at position 38 is prerequisite for dsRNA binding but other adjoining basic amino acids also contribute in this binding process (Cheng et al., 2009). We have observed R38 in RBD has remain conserved in all six isolates. It has been reported that S42 residue of the NS1 protein of H1N1 strain is the key amino acid residues in modulating the host IFN response by inhibiting the activation of IRF3 and facilitate virus replication (Cheng et al., 2018). S42 residue in NS1 has been conserved in all six isolates H9N2 virus. Some strains of H9N2 from Iran have been reported to have mutation M81I, two isolates A/chicken/Pakistan/103/2016(H9N2) and A/chicken/Pakistan/107/2016(H9N2) in this study also exhibit the same mutation at same position.

			A substitution D139A in strain A/chicken/Pakistan/102/2016 and substitution P228S in A/chicken/Pakistan/104/2016 and A/chicken/Pakistan/115/2016 have been observed. It was reported that these two substitutions does not alter the anti- cellular defense mechanism and strains retained their virulence potential (Boukharta et al., 2015). Sequence ATS91875 contain leucine instead of glutamine at position 109. ATS91877 and ATS91881 contain glutamic acid 221 instead of lysine 221 which contribute in nucleolus localization signal (NoLS2) (Han et al., 2010). Nuclear export signal (NES) amino acids 138 to 147 of ATS91875 contain two mutations at 139 aspartic acid to 139 Alanine and 145Valine to 145Leucine (Keiner et al., 2010). Domain ARTIK (223 to 227) has shifted to AGTIK in sequences ATS91879 and ATS91883which is reported to cause defects in the transcription of antiviral gene by interacting with the polymerase-II associated factors (Hsu, 2018). However apart from mutations a number of regions has remained conserved in NS1 proteins of all isolated strains. These conserved mutated regions of NS1 from different clades could be used to generate recombinant NS1 antigen for the development of diagnostic test for differentiation of different clades of AIV (Lorch et al., 2019).

			GRAVY

			More positive values of GRAVY indicate the greater the hydrophobicity of protein molecules (Kyte and Doolittle, 1982). GRAVY-values for NEP and NS1 proteins are provided in Tables III and IV. Due to mutations a gradual increase in positive GRAVY values were observed for both NS2 and NS1 proteins only the exception is NEP protein of strain 107/2016 due to insertion of asparagine with hydropathy index (HI: -3.5) an amino acid with basic side chain instead of threonine (HI -0.7) at position 05 and glutamine replacing glutamic acid at position 67, both amino acids have the same H1 (-3.5). All mutations in NEP and NS1 protein would have resulted in enhanced stability due to more hydrophobicity. As hydrophobicity is most important factor in protein folding and aggregation and contributes to protein stability (Durell and Ben-Naim, 2017). A comprehensive understanding of origins of the hydrophobicity in protein molecules and its role in protein aggregation and folding has remained an open problem (Camilloni et al., 2016). The hydrophobicity of nonstructural proteins facilitates the interaction with membranous markers during various stages of AIV virus replication cycle (Al-Saadi and Jones, 2019). Alpha helical bundle of matrix proteins of orthomyxo virus are also stabilized by hydrophobic residues which help in membrane association and self-polymerization (Zang et al., 2017).

			Table III. Mutations of amino acid in isolated NEP protein in comparison to close ancestor (A/Avian/Pakistan/984/2015(H9N2)) and their calculated GRAVY value, according to the (Kyte and Doolittle,1982).

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Isolate

						
							
							Protein Ids

						
							
							Mutation in NEP

						
							
							GRAVY

						
					

					
							
							Positions of amino acids

						
					

					
							
							984/2015

						
							
							AVX27241

						
							
							T5

						
							
							S7

						
							
							S8

						
							
							Q10

						
							
							N29

						
							
							G30

						
							
							E67

						
							
							R76

						
							
							M99

						
							
							-0.405

						
					

					
							
							101/2016

						
							
							ATS91874

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-0.405

						
					

					
							
							102/2016

						
							
							ATS91876

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							A

						
							
							-

						
							
							-

						
							
							-

						
							
							-0.387

						
					

					
							
							103/2016

						
							
							ATS91878

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							K

						
							
							-

						
							
							-0.400

						
					

					
							
							104/2016

						
							
							ATS91880

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							-0.39

						
					

					
							
							107/2016

						
							
							ATS91882

						
							
							N

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							Q

						
							
							-

						
							
							-

						
							
							-0.429

						
					

					
							
							115/2016

						
							
							ATS91884

						
							
							-

						
							
							K

						
							
							A

						
							
							R

						
							
							S

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							-0.38

						
					

				
			

			Table IV. Amino acid mutations in isolated NS1 proteins in comparison to close ancestor (A/Avian/Pakistan/984/2015(H9N2)) and their calculated GRAVY value, according to the (Kyte and Doolittle,1982).

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Isolate/ protein Ids

						
							
							Mutation in NS1

						
							
							GRAVY

						
					

					
							
							Positions of amino acids

						
					

					
							
							984/2015

							AVX27240

						
							
							5T

						
							
							7,8 SS

						
							
							10Q

						
							
							69 del

						
							
							72 K

						
							
							74D

						
							
							75E

						
							
							77L

						
							
							81I

						
							
							109Q

						
							
							115L

						
							
							139D

						
							
							145V

						
							
							151T

						
							
							217K

						
							
							221K

						
							
							224R

						
							
							228P

						
							
							- 0.409

						
					

					
							
							101/2016 ATS91873

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							N

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-0.389

						
					

					
							
							102/2016 ATS91875

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							N

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							I

						
							
							A

						
							
							L

						
							
							S

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-0.318

						
					

					
							
							103/2016 ATS91877

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							
							Y

						
							
							K

						
							
							-

						
							
							V

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							E

						
							
							E

						
							
							-

						
							
							-

						
							
							-0.380

						
					

					
							
							104/2016 ATS91879

						
							
							-

						
							
							-

						
							
							-

						
							
							L

						
							
							N

						
							
							N

						
							
							-

						
							
							F

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							G

						
							
							S

						
							
							-0.371

						
					

					
							
							107/2016 ATS91881

						
							
							N

						
							
							-

						
							
							-

						
							
							L

						
							
							
							-

						
							
							K

						
							
							-

						
							
							V

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							E

						
							
							E

						
							
							-

						
							
							-

						
							
							-0.402

						
					

					
							
							115/2016 ATS91883

						
							
							-

						
							
							KA

						
							
							R

						
							
							L

						
							
							N

						
							
							N

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							G

						
							
							S

						
							
							-0.373

						
					

				
			

			CONCLUSION

			Mutations in segment eight are leading to adaptive evolution of NEP and NS1 proteins of H9N2 virus endemic in Pakistan, which might be leading to enhanced stability associated with increased in hydrophobicity. This is also posing a potential in virus for adaptation in their host. There is a dire need to constantly study the evolution of non-structural proteins of H9N2 virus prevailing in all regions of country. The structural and functional analysis of non-structural proteins will be helpful in the designing of antiviral inhibitors to meet the future challenges of H9N2 virus in poultry flocks of Pakistan.
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Avian influenza A virus subtype HIN2 has been in circulation since last two decades in poultry flocks
of Pakistan. It is causing immense economic losses to the farmers. Avian influenza HON2 virus were
isolated from infected birds of different poultry farms in the Province of Punjab, Pakistan. Segment eight
gene of the virus was amplified using RT-PCR and sequenced to analyze mutations in this viral segment.
Phylogenetic tree analysis showed sequences from 2015 to 2017 form a single evolving clade. Valdar
residues conservation scores by multiple sequence alignment showed the C terminal region of NEP
protein is conserved while C terminal region of effector domain (ED) of NSI protein exhibit mutations.

RS designed and conducted
the laboratory work. FA ex-
ecuted virus isolafion. MSM
helped in in silico work and
manuscript preparation. SI
supervised the work.

These mutations are enhancing the total hydrophobicity of the molecules. Hydrophobicity was calculated

by using Kyte and Doolittle method. High hydrophobicity of NSI protein is also posing a potential
for HIN2 virus to adapt in host, which might be contributing to the increase in pathogenicity of the

circulating HON2 virus.
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Avian influenza, NS1, Nucle-
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INTRODUCTION

Avian influenza (AIV)A is negative sense
single stranded RNA virus which belongs to
Orthomyxoviridae family (Wang ef al., 2018). ATV HON2
has been circulating in birds worldwide since 1966. The
virus consists of lipid bilayer envelope derived from their
host and nucleocapsid with inner shell of matrix proteins
(Lazniewski et al., 2017). There are eight segments of viral
genome encoding several proteins named as hemagglutinin
(HA), neuraminidase (NA), proton channel protein M2,
nucleoprotein (NP), complex of viral polymerases (PA,
PB1, PB2), and matrix protein (M1) (Yamayoshi et
al., 2016; Wu et al., 2014). Viral 8" segment about 840
nucleotides long encodes the two proteins, nuclear export
protein (NEP) and nonstructural protein 1 (NS1) by
alternating splicing mechanism (Hsu, 2018).

NA and HA proteins act as antigen of influenza A
virus (Wu et al., 2014). The HA protein of AIV virus binds
to terminal sialic acid residues of glycoprotein receptors
on respiratory epithelial cells. The NA protein hydrolyzes
terminal sialic acid from cell receptors to facilitate the
release of viral progeny from the cells to spread the
infection. Viral proteins are always in evolution to perform
different functions; a prominent example is nuclear export
protein (NEP) also referred as NS2. Basic function of
NEP is the export of ribonucleoprotein (RNP) complex
from nucleus to cell membrane where it assembles into

viral particles. NEP also cor%li?a?gngi(ﬁ%qlfﬁgfee B?or 3211351
path ways during influenza ﬁ%’ﬁ El? $ fg)}é ((Lg?terson and
Fodor, 2012). Influenza A Vi Bef;j?jl % rﬁi[ antiviral
activities mainly interferon%. ﬁ%ﬁs@ @f@%ﬁ%ﬁssociated
protein induced by (IFNS).ﬂA V irpl Sldi%ro e&{h rlays
vital role to counteract s gga% 2058 dllll%%(t antiviral
activities (Krug, 2015). NS E)Bg%t_ed' (%/so%ﬁigx}g?ce

determinant in viral infectio, 516690 of al., 2018). The NS1

protein.of AlV qlso pqrtict}?g{téeysrii%rht (])]2?%58%%%58 1v.ia
interacting the mlxed-hnea%e Cilergtl S Z&(l%l%-hke protein
(MLKL) and increases the in%ammatlon 0 cerhs (Goba et
al., 2019). So NS1 protein can perform function both in
nucleus and cytoplasm as well. NS1 could also generate
nucleolar stress based on epigenetic change of rRNA
gene promoter via interaction with nucleolin (Yan et al/.,
2017). Purpose of this study is to explore the genetic
changes in NEP and NS1 protein as these proteins are
responsible for human infection (Mahardika et al., 2019),
and has always remained a priority target to discover the
anti-influenza compounds (Kleinpeter ef al., 2018).

In this study we have reported the different mutations
in NEP and C terminal region of ED of NS1 protein HON2
viruses isolated from diseased birds submitted in Grand
Parent (GP) Laboratory Lahore from different locations of
Punjab, Pakistan during 2016.These amino acid mutations
in NEP and NS1 proteins might have collaboratively
enhanced the pathogenicity of HON2 virus along with HA
and NA proteins.
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