
 xvi

LIST OF FIGURES 
 
 

Figure Page

LITERATURE REVIEW 

1 Influenza viral  particle(s) 8

2 Schematic representations of an influenza virion (left) and a 

ribonucleoprotein particle (RNP) containing the viral RNA, 

nucleoprotein(NP) and the heterotrimeric polymerase complex(right) 

10

3 Protein-protein and protein–RNA interactions of the polymerase 

subunits and nucleoprotein 

12

4 Life cycle of the influenza A virus 16

5 Mechanism of cap snatching and capped RNA-primed initiation of 

influenza virus mRNA synthesis and transcription steps 

18

6 Activation of the influenza virus RNA polymerase by specific virion 

RNA sequences 

19

7 Proposed models for transport and assembly of RNA polymerase 

subunits 

21

8 Phylogenetic relationships of the hemagglutinin genes of representative 

influenza A viruses isolated in Southeastern Asia, including 2 of 6 

from Indonesia, 5 of 8 from Thailand, and 4 of 12 from Vietnam 

30

9 Phylogenetic analysis of HA gene sequence of A/Chicken/Nakorn-

Pathom/Thai/CU-K2/2004 compared to other H5N1 strains 

32

10 Phylogenetic analysis of HA and NA gene sequences of H5N1 

influenza viruses 

33

11 Structure of α-2,6 sialic acid linkage (A) and α-2,3 sialic acid linkage 

(B) 

36

12 Structure of filamentous phage particle that displays ScFv on g3p 

molecules  and has the scFv in the form of VH-linker-VL in the phage 

genome 

40

13 Schematic diagrams for constructing ScFv repertoire using phage 

display technology 

44



 xvii

LIST OF FIGURES (Cont.) 
 
 

Figure Page

RESULTS 

14 PCR amplified product of H5 gene segment of influenza A virus, 

H5N1 subtype 

73

15 PCR amplicons of the PA-5’, PB1-5’ and PB2-5’ sequences 74

16 Patterns of recombinant plasmids extracted from JM109  E. coli  

clones after 1% agarose gel electrophoresis and ethidium bromide 

staining 

76

17 Patterns of DNA of recombinant plasmids extracted from JM109  

E. coli and cut by restriction enzymes after 1% agarose gel  

electrophoresis and ethidium bromide staining 

77

18 BLAST search across multiple nucleotide sequences of the database 

showing nucleotide sequence of the cloned PB1-5’ sequence matched 

with 100% identity to the PB1 gene sequences of influenza A viruses 

of the database  

78

19 BLAST search across multiple nucleotide sequences of the database 

showing nucleotide sequence of the cloned PB2-5’ sequence matched 

with 100% identity with the PB2 gene sequences of influenza A 

viruses of the database 

79

20 BLAST search across multiple nucleotide sequences of the database 

showing nucleotide sequence of the cloned PA-5’ sequence matched 

with 99% identity with  the PA gene sequences of influenza A viruses 

of database 

80

21 PCR amplicons of PB1-5’, PB2-5’ and PA-5’ segments from 

transformed JM109 E. coli colonies after 1% agarose gel 

electrophoresis and ethidium bromide staining 

82

22 PCR amplicons of PB1-5’, PB2-5’ and PA-5’ sequences from 

transformed expression hosts after 1% agarose gel electrophoresis 

and ethidium bromide staining 

83



 xviii

LIST OF FIGURES (Cont.) 
 

 
Figure Page

23 SDS-PAGE patterns run under reducing condition of recombinant  

N-terminal PB1 protein 

85

24 Results of Western blot analysis for screening of positive BL21(DE3) 

pLysS E. coli clones expressing recombinant N-terminal PB1 protein 

86

25 SDS-PAGE and Western blot results for screening of positive M15  

E. coli clones expressing recombinant N-terminal PB2 protein 

87

26 SDS-PAGE and Western blot results for screening of positive  E. coli 

clones expressing recombinant N-terminal PA protein 

88

27 Results of the purification of the recombinant N-terminal PA  

protein by using a nickel column under denatured conformation  

using batch  elution with various concentrations of imidazole  ranging 

form 50  mM to 500 mM 

89

28 Results of  purification of the recombinant  N-terminal PA protein by 

nickel column under natural conformation using batch elution with 

various concentrations of imidazole ranging form 50 mM to 500 mM 

90

29 Results of purification of recombinant N-terminal PA protein by 

using a nickel column under denatured conformation 

91

30 Results of SDS-PAGE patterns from purification of recombinant N-

terminal PB1 protein  by using a nickel column under denatured 

92

31 Results of purification of recombinant N-terminal t PB2 protein 

purification by using a nickel column under denatured conformation 

using elution buffer (buffer D, pH 5.9 and buffer E, pH 4.5) 

93

32 PCR amplicons of the huscFv sequences from transformed HB2151 

E.  coli derived from phage bio-panning using recombinant N-

terminal PA protein as antigen 

95

33 PCR amplicons of huscFv sequences from transformed HB2151 E. 

coli derived from phage bio-pannig using recombinant N-terminal 

PB1 protein as antigen  

96



 xix

LIST OF FIGURES (Cont.) 
 
 
Figure Page

34 PCR amplicons of huscFv sequences from transformed HB2151  

E. coli derived from phage bio-panning using recombinant N-terminal 

PB2 protein as antigen 

98

35 Western blot analysis for screening of HuScFv-expressing HB2151  

E. coli clones from bio-panning using recombinant N-terminal PA 

protein (A and B).  

99

36 Western blot analysis of HuScFv-expressing HB2151 E. coli clones 

derived from phage bio-panning using recombinant N-terminal PB1 

protein  as antigen   

100

37 Western blot analysis of HuScFv-expressing HB2151 E. coli clones  

derived from phage bio-panning using recombinant N-terminal PB2 

protein  as antigen   

101

38 Results of HuScFv-ELISA for detecting of the binding of HuScFv 

derived from different E. coli transformants to recombinant  

N-terminal PA protein   

103

39 Results of Western blotting for detection of the binding of HuScFv to 

recombinant N-terminal PA protein   

104

40 Results of HuScFv-ELISA for detection of the binding of the  

HuScFv derived from different E. coli transformants to recombinant  

N-terminal PB1 protein  

105

41 Dot-ELISA results for determining the binding of HuScFv to  

recombinant  N-terminal PB1 protein  recombinant protein 

106

42 Results of HuScFv-ELISA for detecting of the binding of HuScFv 

derived from different E. coli transformants to recombinant N-

terminal PB2 protein   

108

43 Dot-ELISA results for determining the binding of HuScFv to 

recombinant N-terminal PB2 protein  

109



 xx

LIST OF FIGURES (Cont.) 
 

 
Figure Page

44 RFLP banding patterns of huscFv sequences from bio-pannig  

using recombinant N-terminal PA protein as antigen  

110

45 RFLP banding patterns of huscFv sequences from bio-pannig  

using recombinant N-terminal PB1 protein as antigen  

111

46 RFLP banding patterns of huscFv sequences  from bio-pannig  

using recombinant N-terminal PB2 protein as antigen  

112

47 Nuclear import of recombinant N-terminal PA protein 114

48 Results of the RNA binding assay of recombinant N-terminal PA  

protein 

115

49 Inhibition of recombinant N-terminal PA nuclear import 117

 


