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Avian influenza A virus have an ability to infect various species of avian and mammalian
hosts. The outbreaks of the virus in each year cause major economic lost and public health
problems worldwide. The objective of this research is to investigate the viral factors involving in
the high pathogenesis of influenza A virus. The research contents can be divided into‘ 4 major

parts as the following.

The first part is about the development of a practical method for determination of
nucleotide sequences within the non-coding regions of influenza A virus. The developed method
was improved. to overcome several limitations in the previous protocols, more efficient and
practical for sequence determination. According to the non-coding sequences comparison
between human influenza and avian influenza, a nucleotide variation was observed within the
fourth position of 3’ non-coding region on PB2 and PA genes (avian influenza contain base G
whereas human influenza contains base A). This variation may influence the higher rate of viral
replication in avian influenza and thus more highly pathogenesis than human influenza.
Moreover, other variations of the 3’ non-coding region were found within PB2 (position 17th), PA
(position 20™), NP (position 29"), NA (position 17"), M (position 18") and NS (position 16" and
21%. Furthermore, the 5° non-coding region were also contain a few variations in PB2 (position
25" and 26th) and PB1 (position 24th). However, it is still unclear about the influence of these

nucleotide polymorphisms which should be further investigated.
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The second part involves the characterization and monitoring the mutation and
polymorphism within the coding regions of 8 segmented genes of the H5N1 influenza A viruses
isolated in Thailand during 2004-2008. Sequences analysis revealed that the current virus strains
still have characteristics of receptor binding and multiple basic amino acids insertion within the
cleavage site of hemagglutinin (HA) similar to those found in the previous strains (isolated in
2004). Moreover, the 20 amino acids deletion within the stalk region (position 49th-68th) of
neuraminidase (NA) gene was still observed. All of the viral strains analyzed contained histidine
(H) in the position 274" of the neuraminidase, implying that they were sensitive to oseltamivir
treatment. In addition, the analysis within the position 627" of the Polymerase basivcr‘; 2 (PB2) for
the amino acid change from glutamic acid (E) to lysine (K) which responsible for higher viral
replication rate and more virulence in mammalian hosts. The results revealed that changing from
glutamic acid to lysine was observed in some strains of viruses isolated in 2005 but there was still
no report Qf cross-infection from avian to mammalian species. From the evolution study, the
viruses isolated since 2004 can be classified into 3 subgroups of clade 1. The reassortment of viral
segment RNA can be occurred between viruses from different subgroups that epidemic in the
same area. The evolution of HSN1 influenza in Thailand provided important information for

outbreak prévention, viral diagnosis and treatment in the future.

The next part is the virulence determination and prediction by analysis of decomposition
energy (DC) and interaction between amino acid residues within the cleavage site of
hemagglutinin and binding pocket of furin enzyme. The result showed that FR-H5Sql
(RERRRKKR) in the position S1, S4 and 86 yielded strong binding free energy with furin. The
FR-H55q2 (RERKRKKR) also had strong association of the position S1, S4 and S6 with furin.
However, the FR-H5Sq2 contained lysine (shorter side chain) instead of arginine in S5, thus the
binding free energy was a little weaker than those found in FR-H5Sql. Furthermore, the FR-
H5S8q3 (REKRRKKR) contained lysine in S6 residue instead of argnine, leading to its interaction
with furin was weaker than FR-H5Sq1 but comparable to those found in FR-H5Sq2. The FR-
H5Sq4 (RERRR-KR) yielded the lowest binding free energy with furin due to 1 amino acid
(lysine) deletion within the S3 residue resulting in lower fitness to the binding pocket of furin.
The results were concordant with the calculation of binding free energies and atomic distances

involved with the cleavability of hemagglutinin by furin enzyme.
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The final part involves experimental characterization of cleavability within the cleavage
site of hemagglutinin by furin or trypsin enzyme. The result revealed that the expression vectors
(pPICZQ A) containing 4 patterns of cleavage site within the hemagglutinin gene can be
constructed and introduced into Pichia pastoris. However, the expression of recombinant
hemagglutinin protein couldn’t be detected in both intracellular and extracellular forms. This
implied that the Pichia pastoris expression system may not suitable for this protein. Therefore,

there was no expressed hemagglutinin available for further investigation.

In conclusion, this research project focused on fhe analysis of genetic variation within the
non-coding and coding regions in terms of evolution and mutation which may involve in the
pathogenesis of the virus. In addition, the 4 patterns of the cleavage site within the hemagglutinin
(HA) found in different viral strains in Thailand were also characterized in terms of structural
chemistry and molecular dynamics. Therefore, the results obtained from this study provide more

information about the factors involving in the pathogenesis of influenza A virus.





