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List of  Abbrevition 

  
Asp                                                         Aspirin 

Argenin                                                  Arg 

Aspartic acid                                          Asp 

Bp                                                           Base pair 

CPSF                                                     Cleavage and polyadenylation specificity factor. 

DNA                                                      Deoxyribonucleotid 

dNTP                                                     Deoxyribonucleotid triphosphate 

elF                                                          Elongation Factor 

Gly                                                         Glycin 

IAV                                                         Influenza A virus 

IFN                                                          Interferon 

Ile                                                            Isoleucine 

Kb                                                            Kilo base 

LB                                                            Luria Bertani 

Lys                                                           Lysin 

M                                                             Molar 

Min                                                          Minute 

NS1                                                          Non structure 1 

PK                                                            Protein kinase 

Pro                                                            Proline 

PABII                                                       Poly A binding protein II 

PCR                                                          Polymerase chain reaction 

RdRp                                                        RNA depandent RNA polemerase 

RNA                                                         Ribonuclic acid 

Rmp                                                          Revolution per minute 
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Sec                                                            Second 

Threonine                                                 Thr 

TAE                                                          Tris accetete EDTA 

UV                                                            Ultraviolet 

V                                                               Volt 
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Abstract 

 

Influenza A virus (IAV) subtypes are globally responsible for seasonal pandemics. Subtypes of IAV 

virus can be classified  because of differences surface antigenic protein. The non structural protein 1 

(NS1) of IAV is the only protein that encoded by IAV and contributing role in the pathogensis. NS1 is 

a virulence factors during viral replication in the host. NS1 of IAV is known to be multifunctional 

protein which enhances the pathogenicity of  the virus during the viral life cycle. The current study is 

aimed to investigate NS1 of IAV subtype H1N1, H7N7, H4N6 and H5N1, which were successfully 

cloned in to the pcDNA 3.1 vector. Restriction analysis with enzymes BamH1, Xba1 and Kpn1 and 

sequencing showed that NS1 gene was successfully cloned. My recombinant  proteins have been used 

by Dr. Broniaczyk to successfully  express in cell culture.   
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1.0   INTRODUCTION 

1.1:  Influenza Virus 

The influenza A virus (IAV) causing severe upper respiratory infection but the most common is flu. 

The IAV has key potential globally causing highly contagious respiratory viral illness. The symptoms 

of disease are sore throat, muscle pain, fever, chill, severe headache. Some of the strains of IAV  have 

the ability to cause more severe disease in lower repiratory tract. Influenza virus transmitted from 

infected person through coughing and sneezing. (Ali et al.,2010;). The infection of IAV is mostly 

asymptomatic but the few strains of IAV develop systemic infection with the involvement of central 

nervous system (Webster R et al.,1992). 

Influenza virus belongs to Orthoymyxoviradae family and it is classified in to three types A, B, C, 

based on some major internal protein antigen (Guoqing L  et al., 2007). The influenza A and B viruses 

show similarity on the basis of morphology, protein function, and genomic structure (Qiji D et al., 

2010). The three major epidemics caused by IAV in last century but the severe epidemics which is 

known as Spanish flu (1918) 40 million peoples died (Simosen L et al., 1997). IAV are divided into 

subtypes because of two surface proteins known as hemagglutinin and neuraminidase. The only IAV 

subtypes H1N1, H1N2, and H3N2 circulating in the human population (Qiji D et al., 2010). 

 

 The influenza virus contain negative single strand RNA genome which has the eight segments. 

(Guoqing L et al., 2007). There are 11 gene encoded protein of influenza virus, nine are structural 

protein and two are non structural proteins. (Nakajima K  1997). Each segments of RNA encoded one 

or two protein. RNA segment 1 encoding PB2, segment 2 encoding PB1, segment 3 coding PA, 

segment 4 coding HA, segment 5 coding NP, segment 6 coding NA, segment 7 coding M1 and M2 

and RNA segment 8 coding for NS1 and NS2 (Nakajima k 1997). 

1.2:  Non structural protein 1 (NS1) 

 The NS1 protein of IAV has perform various function during the infection such as protecting the 

virus from antiviral response, blocking the maturation and exportation og cellular anti viral mRNA 

and inhabiting the several kinds of cytokines response. is a multifunctional protein that plays 

significant role during the viral replication cycle. The major role of NS1 is to block the antivral  

response of the host cell. (Chen Z et al., 2010). However, available data strongly indicate that the 

single protein is contributed variety of functions during the viral infection and increasing virus 

pathogenicity. 

The multifunction of NS1 are, Synthesis of viral RNA regulation, Viral mRNA splicing and control, 

enhancement and translation of viral mRNA, morphogenesis and regulation of viral particles, host and 

apoptotic response suppression, Phosphoinositide 3-kinase activation. (Benjamin G et al 2008). NS1 

bind with dsRNA nonspecifically while binds specifically with target protein. It binds with p85β 

directly and activate the phasphatidylinositol 3 kinase signaling pathway. NS1 protein can interacts 

with complex of viral RNA polymerase enzyme and inhabit the poly A binding protein II. NS1 

protein inhabits the export of nuclear mRNA from nucleus to cytoplasm. NS1 protein connection with 

the host factors can be having an affect on the apoptosis. (Lixia Z et al., 2009). The NS1 protein is the 

not structural component of virion but  an infected cell exprssed in high level. ( krug et al., 1997;).  

The length of NS1 is 230-273aa and molecular mass is approximately 26 kDa. (Palese & Shaw, 

2007). The sequencing analysis indicated that during the year 1940 long NS1 223 aa of Human H1N1 

http://nar.oxfordjournals.org/search?author1=Guoqing+Lu&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakajima%20K%22%5BAuthor%5D
javascript:void(0);
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virus  got 7 aa C-terminal extension through single mutation. The extension was contineously 

occuring till 1980 in human H1N1, H2N2, and H3N2 viruses. When H1N1 and H2N3 both are 

cocirculating in human population, the extension is lost due to the reversion of orgional mutation. 

(Melan K et al., 2007). Because of the phylogenetic analysis of amino acid sequences show that NS1 

protein are divided in to major two group. It is termed allele A and allele B (Treanor J et al., 1989). 

  Structure of NS1 is divided in to two domains. One domain is called N-terminal RNA binding 

domain which contains 1-73 amino acids. The other domain called C-terminal effector domain which  

contains 74-230 amino acid. The full length of NS1 exists as a homodimer. The both domains act as a 

multimerization (Benjamin G et al., 2008). 

N-terminus RNA binding domain(RBD) of the NS1 is a site for the binding of dsRNA. The x-ray 

crystal structure and Nuclear magnetic resonence (NMR) have indicated that NS1(1-73) of IVA is 

dimer form in solution. The 73 aa of this  domain  possess dRNA binding activity (Benjamin G  et al., 

2008). The N-terminal RBD consist of three α helix. Helix one is Asn4-asp24, helix two consist of 

Pro31, Leu50, and helix three is Ile54-Lys70. In the second helix only two amino acid is required for 

binding of dRNA of the dimeric protein. (Dongzi L, et,.al).  that Arg38 located side chain at position 

38 and Lysine at position 41 side chains. Dimerization is the necessary element for dsRNA binding. 

Commonly each monomer of the NS1 providing site for binding of dsRNA. dsRNA can bind directly 

or through amino acids complex which include Pro31, Asp34,Thy5, Arg35, lys41, gly45, Arg46, 

thr49, Arg38 (Benjamin G et al.,2008). In experimental studies showed  that the alanines is the 

substituted for Arg38 and Lys41.  

     The function of NS1 of IAV during infection is not fully understood but recent studies indicate that 

NS1 is ability to inhibit the activity of dsRNA activate protein kinas PKR. It is reported that NS1 is 

inhabited the host cellular response during the viral life cycle and enhance the pathogenicity of the 

virus. RNA binding domain N-terminal also bind polyA binding protein and viral mRNA untranslated 

region at  5´ direction (Dongzi L, et,.al).  

The C terminus of NS1 contain of three fuctional  domains mainly  elF4G, CPSF30 and PABll. The biophysical 

investiagation on the NS1 of IAV  indicated that  effector domain of NS1 as a dimer form in the solution. Each 

monomers consist of 7 β strands and 3 α helix. The function C- terminus effector domain as 

mentioned in early. The C-terminus effector domain provide a binding site for elF4G, CPSF30 and 

PABll. The interection between elF4GI and NS of IAV associated with increased the translation of the viral 

RNA. the binding to CPSF30 inhabting the cellular mRNA processing at 3´region. 

C-terminus or effector domain shows on the base of biophysical study that it is a dimer form in 

solution. The six β strand is an anti parallel twisted β sheet form. Six β strand encircle an inner long α 

helix which seized in position via a wide network of hydrophobic interaction among twisted β strands 

α-helix. C-terminus of NS1 protein provide a site for binding of elF4GI, CPSF30, PABII.The 

interaction between NS1 and elF4GI which increase the translation of viral mRNA. It’s also 

inhabiting the mature cellular RNA and  inhabiting the IFNβ mRNA (Dongzi L, et,.al).  

 

 

javascript:void(0);
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1.3 Objective of research:  

 The aim of this research work is divided in to four catagaries. Gene of interst cloning, expression of 

recombinant in E.coli cell, isolating of target gene from vector, and Cloned plasmid sequencing. 

1.4 Significance of the study: 

The important clearness of recombinant NS1 of IAV subtypes is more significance for detection of 

antigenicity. The  cloning of NS1 are useful for further application and to understand the function of 

NS1 during the virus life cycle. 
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2.0:  Method and Material: 

2.1:  Primer Design: 

        The primers were designed on the basis of forward and reverse direction of the nucleotides of  

NS1 encoded gene of IAV subtypes  H1N1, H7N7, H4N6, H5N1. The primers characteristics are 

shown in the table 1. 

Table:1 Forward and reverse primers of  NS1 IAV used in this study. 

Primers sequences Length Tm % GC 

content 

 Forward Primers NS1  H7N7, H4N7, 

H5N1. 

 5´ATGGAGGCCATGGATTTCCAAC´3 

21 59.8     52 

Reverse Primer NS1 H7N7 

 5´AACTTCTGACTCAATTGT´3 

23 58.9      43.5 

Reverse Primer H4N6 

5´CTCAACTCGTCTCGAACTTCTGA´3 

23 57.1     39.1 

Reverse Primer H5N1 

5´AACTTTTGACTCAATTGTTCTCG´3 

23 60.6     47.8 

Forward primer NS1 H1N1 

5´ATGGAGGCCATGGATCCAAAC´3 

21 59.8     52.4 

Reverse primer NS1 H1N1 

5´AACTTCTGACCTAATTGTTCCCG´3 

23 58.9     43.5 

2.2:  Polymerase chain reaction: 

      Polymerase chain reaction consists of three steps for the amplification of DNA, Initial step is 

known as denaturation of template DNA at + 96  C. The second step is anneling in which primer is 

binding at +50  C to 60  C . The third step is known as elongation which is repeated many cycles. 

Expand High fidelity PCR system (Roche) was used for  the amplification of DNA. It is composed of 

Taq DNA polymerase and Tgo DNA polymerase enzymes. Tgo DNA polymerase enzyme has proof 

reading activity which gives three times lower rate of error and Taq DNA polymerase has transferase 

activity which add deoxyadenosin at the 3` end of PCR products.  

    The total components of PCR reaction was carried out 50µl volume in PCR tube,  containing 1µl 

template, 1µl dNTP, 39µl ddH2O, 5µl buffer, 1µl high fidelity polymerases, 1.5µl forward primer and 

1.5µl reverse primer. The PCR reaction was carried out  under the following condition. 
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         C  process was started with the initial denat ration step at     C for 1 minute, followed by 25 

amplification c cles  of denat ration  for 3 sec at     C. Anneling c cle for 3  sec at  7  C and 

Elongation c cle at 7   C for 5 min. The final extension for 5 min at 7   C.  

2.3:  Analysis of PCR products: 

 The 2µl PCR product  from each tube was taken, added 2µl loading dye in each tube, and added 6 µl 

ddH2O, mixed it via vibrator and centrifuge for very short time. The prepared samples and 

ladder(1kb) were loaded in to wells and gel electrophoresis containing 1XTAE was run for 1 hr at 

100v. The expected size of each NS1 bands 700bp were obtained which are shown in the figure 2.  

2.4:  Extraction of PCR products: 

 Gel extraction was carried out for each NS1 of  IVA  subtypes  by following the protocol of QIAGEN 

gel extraction kit. 

2.5:  Preparation of competent cell DH5α: 

A single colony was inoculated in to 2ml of LB medium incubated overnight at37  C. 500µl of the 

overnight culture and added into 5ml of Lb medium, incubated for 2 hrs at 37  C. Optical density is 

measured through spectrometer, OD of DH5 alpha= 0.6. Chilled the culture on ice for 30 minutes and 

then centrifugated at 4000rmp for 10 minutes. After centrifugation supernatant was removed and 

resuspended bacterial pellet. Add 20ml ice cold MgSO4, centrifugated for 10 minutes. After 

centrifugation removed the MgSO4 and added 10ml ice cold cacl2. The cells are placed in ice for 30 

minutes and then centrifugated. Again ice cold cacl2 added and wait for 30 minutes.  Then added 1 ml 

80% glycerol. The 200µl cell put into the eppendorf tube and stored at -70  C. 

2.6:    MEASURMENT OF DNA CONCENTRATION: 

 DNA concentrations was measured through Nanodrop spectrophotometer by using 1µl distilled water 

as a blank and also 1µl distilled water used for starting the instrument. The concentrations of each 

PCR products NS1 of IAV subtypes are shown in table. 

Table:2 Table shows the concentration of  NS1 gene of IAV subtypes. 

 NS1 

H1N1 

 29ng 

 

NS1 

H7N7 

 25ng 

NS1 

H4N6 

 16.1ng 

NS1 

H5N1 

 36.1ng 

                       

 



11   

 

2.6:  Topo cloning 

Topo ( Invitrogen)  is the cloning technology, Topo vector is consist of thymine T overhang at 

5`direction in both end which is the complementary of PCR product A at 3` direction. The T overhang 

of Vector consist of topoisomerases which help in the ligation of PCR products. See figure 2. 

 

 

Figure 1: shows Topo plasmid pcDNA3.1/V5-His-TOPO 5523bp with antibiotic resistence genes, 

restriction enzyme site, PCMV, and T7 promotor. 

2.7:    Transformation of pcDNA3.1 into competent E.coli cell(DH5α) 

Took 4µl PCR purified products put in to the eppendorf tube, added 1µl salt solution and then added 

1µl Topo vector in the eppendorf tube and  well mixed via vibrator and then centrifuged for 10-15 

minutes. Transferred the total 6µl contents from eppendorf tube in to competent cell DH5α. Placed it 

in ice for 20 minutes. Then incubated for 40 to 45 second at 42°C in water bath, Immediately  

eppendorf tubes placed back in to the ice again for 5 minutes. Added 500µl LB broth in to  eppendorf 

tubes in sterilized environment and incubated horizontal shaking in vibrating incubator for 50 to 60 

minutes at 37°C at 200rmp. 

The similar mentioned process was done for each NS1 of IAV subtypes H1N1, H7N7, H4N6, H5N1. 

Now discarded supernatant from each eppendorf tube, the pellet was mixed well with pipetting up and 

down with great care and then inoculated with help of sterile loop in to the LB agar containing 

ampicillin medium. The plates were incubated for overnight at 37°C. 

2.8: Mini Prep of Topo Vector: 

Two colony of E.coli (DH5α) containing Plasmid with NSI selected from overnight culture was 

transferred into the master plate of the LB agar and LB broth. Master plate was incubated at 37°C  for 

overnight culture and LB broth of each NS1 was incubated at 37°C for overnight culture at shaking 
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incubator at 37°C. After overnight culturing the LB broth of each NS1 was centrifugated for 5 min at 

4000 rmp. Supernatant was discarded from each LB medium containing tube of NS1.  

For the isolation of plasmid from each NS1 of  IAV subtypes. QIA prep spin mini prep kit was used 

and followed the protocol provided by manufacture. 

2.9:    Restriction Analysis of Topo Vector: 

i) Single digestion: 

       HindIII (Fast fermentus digest®) was used for single restriction analysis to the check out  the 

right and wrong direction of the PCR products insertion. Took 4 µl  of PCR product, 1µl  fast digest 

buffer, added 1 µl  HindIII and added 4 µl dd H2O in the eppendorf tubes. Then incubated for 15 to 30 

min at 37°C. The cutting site for HindIII are quite closed the 3` direction. For right direction of 

cloning it produced very small fragment (20 to 30bp) were obtained successful. 

   The similar mentioned process was repeated for each NS1 of IAV  subtypes H1N1,  H7N7, H4N6, 

H5N1. 

ii) Double Digestion:  

 For the isolation of recombinant, double restriction digestion was done with BamHI ,XbaI and KpnI 

(Fast fermentus digest®) restriction enzymzes. Took 4 µl  PCR product, 1µl  buffer, added 1µl  Xba1 

and 1µl  BamH1(Kpn1 for NS1 of H1N1) and added 3µl ddH2O in to eppendorf tube. Then incubated 

for 15 to 30 min at 37°C. After that the samples was loaded  on 1% Agarose geleclectrophoresis for 1 

hr at 100v. The expected size of each NS1 700bp of  IAV was obtained successfully after restriction 

digestion of cloned plasmid. See figure 3.  

The similar mentioned process was repeated for each NS1 of the  IAV H1N1, H7N7, H4N6, and 

H5N1. 

2.10:   Sequencing of Nucleotides: 

 The  products of mini prep extraction of each NS1 cloned were sent to eurofins MWG operon  for 

sequencing, where T7 terminator were used as a template for each NS1 of the IAV subtypes. 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen
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3.0  RESULT: 

3.1:    Analaysis of PCR products by Gel electropherosis 

PCR products of each NS1 of IAV were analysed by using Pharmacia Biotec EPS 600 gel 

electrophoresis technique for verification of each NS1 bands. The following figure of gel membrane 

shows each NS1 bands of IAV expected size which is approximately 700bp were obtained  

successfully. See figure 2. 

 

                                                                                                                                                                                                                                                                                                                                               

  

 Figure 2:  Gel membrane of PCR products shows NS1 (700bp) bands of IVA below the 750 bp band.      

The samples are loaded in the order H1N1, H7N7,H4N6 and   H5N1 as indicated. 

3.3:  Transformation of  each recombinant  NS1pcDNA 3.1 in to the Competent  DH5α cell 

        The transformation of each NS1 of IAV recombinant ( pcDNA 3.1 NS1)  in to competent  E.coli 

DH5α cells was done s cessf ll . LB agar containing amphcillin was used for maintained the colony 

and  LB agar containing colonies was incubated at 37°C for overnight culture. For the isolation of 

each recombinants from each competent E.coli DH5α cell successfully by using Mini prep kit 

protocol. See figure 4. Diagrametically presenting of transformation mechanism by step wise.  a)  

Purifeid PCR products with A overhang. b) Topo vector with T overhang which is the complementary 

of PCR product. c) PCR product and Topo vector ligated after mixing in the eppendorf tube. d)  The 

recombinant was transformed in to competent DH5α cell through heat shock method. The only 
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bacteria will grow that contain recombinant on LB agar containing amphicillin, many clones are 

produced from single clone but all the clones are identical to orgional one. See figure 3. 

 

 

Figure 3: shows schematically represention of  plasmid cloned transformation into the  competent 

E.coli  DH5α cell. 

3.4:  Analysis of Topo cloning with XbaI, BamHI and KpnI 

 Two miniprep of each NS1 of H1N1, H4N6 and H5N1 were analysed by digestion with BamHI 

,XbaI and NS1 of H7N7 was analysed by digestion with KpnI (fermentas). The gel electrophoresis 

was used for the verification of the restriction analysis. Expected size of NS1 (700bp) of IAV 

subtyes were isolated sucessfully after restriction digestion. All NS1 shows right direction of cloning 

but only H1N1a shows reverse direction of cloning. See figure 4 
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Figure 4:  Gel electrophoresis of PCR products  shows  restriction  analysis of plamid cloned. NS1 

(700bp) of IAV  bands show below the 750bp band. The samples are loaded in the order H1N1, 

H7N7,H4N6 and   H5N1 as indicated. 

3.5:    Sequencing Analysis : 

          For the determination of each NS1 gene of influenza virus, recombinant plasmid sequencing 

carried out by using T7 terminator. The sequencing of each cloned palsimd are following. 

NS1 of IAV subtypes   H1N1 in reading frame with plasmid pcDNA3.1 forward direction. The 

nucleotides sequence ATGGAG at the position from 66 to 71 is the starting of NS1 IAV subtypes 

H1N1 with plasmid. See figure 5 

 



16   

 

 

Figure 5: Shows sequence of H1N1 cloned into Topo using forward primer. The 5` codons are labeled 

in yellow box.  

NS1 of IAV subtypes H1N1 in reading frame with plasmid in pcDNA3.1.The nucleotides sequence 

GAAGTT at the position from 759 to 764 is site of NS1 reverse direction with plasmid. See figure 6. 

 

 

 

 Figure 6: Shows sequence of H1N1 cloned into Topo using reverse primer. The 3` codons are labeled 

in green box.                                                                                                                                         

 NS1 of  IAV  subtypes H7N7 in reading frame with plasmid pcDNA3.1 forward direction. The 

nucleotide sequence ATGGAG at the  position 68-74 is the starting point of NS1 in forward direction. 

See figure 7 
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Figure 7: Shows sequence of H7N7 cloned into Topo using forward primer. The 5` codons are labeled 

in yellow box.             

 NS1 of  IAV  subtypes H7N7  in reading frame  with plasmid pcDNA3.1 reverse direction. The 

nucleotide sequence GAAGTT at the position of 777–782 is the reverse direction of NS1. See figure 

8. 

                                                                                                     

 

 Figure 8: Shows sequence of H7N7 cloned into Topo using reverse primer. The 3` codons are 

labelled in green box.      

NS1 of  IAV subtypes H4N6 in reading frame with plasmid pcDNA3.1 in forward direction. The 

nucleotide sequence ATGGAG at position 66-72 is the starting point of NS1 in forward direction. See 

figure 9.                                                                    
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 Figure 9: Shows sequence of H4N6 cloned into Topo using forward primer. The 5`codons are 

labelled in yellow box.      

NS1 of IAV subtypes  H1N1 in reading frame with plasmid in pcDNA3.1.The nucleotides sequence 

GAAGTT  from 759-764 is the reverse direction of the NS1. 

 

 

 

Figure 10: Shows sequence of H4N6 cloned into Topo using reverse primer. The 3`codons are 

labelled in green box. 

NS1 of  IAV subtype H5N1 in reading frame with plasmid pcDNA3.1 in forward direction. The 

nucleotide sequence ATGGAG at  position 68-73 is  forward direction of the NS1.     

 

 

 Figure 11: Shows sequence of H5N1 cloned into Topo using forward primer. The 5` codons are 

labeled in yellow box. 

NS1 of  H5N1 in reading frame with plasmid pcDNA3.1 reverse direction. The nucleotide sequence 

AAAGTT at position of 751 – 746 is terminal site in reverse direction. 
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 Figure 12: Shows sequence of H5N1 cloned into Topo using reverse primer. The 3` codons are 

labeled in green box. 
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4.0 :   Discussion: 

In this study i have used several experimental approaches for cloning and expression of IAV from  

different subtypes. The result shows successful cloning and expression of  the NS1 gene of IAV  

subtypes in E.coli. Further more, result also shows perfect plasmid cloned sequence of each NS1 of  

IAV subtypes. For aviod the wrong insertion of cloning i used single restriction analysis method for 

the purpose of right direction of cloning. Each NS1 were isolated from pcDNA3.1 vector by using 

double restriction analysis. Several studies has been proposed that NS1 of IAV is a virulence factor 

during viral replication. It is mentioned  already that NS1 is two domains. RNA binding domain(N- 

terminus) and effector domain(C- terminus) both are functional domains. 

Non structural protein (NS1) of influenza virus significantly contributing role in viral infection and 

altering the host cell processes. (Lixia Zhao et al., 2009;). Expression of NS1 protein can enhances the 

gene activity since plasmid transfected. This affects increase viral translation level.  (Salvatore M, et 

al., 2002;). It is indicated that plasmid containing NS1 expression in E.coli has been efficient for the 

production protein. (J F Young et al., 1983;).  NS1 protein highly hydrophobic network form at the C- 

terminus region especially. Moreover, the effectors domain of NS1 of IAV is preferred strongly 

hydrophobic interaction. (Ong Li Lih 2010). It has been proposed that the recombinant influenza virus 

with mutated protein is the good candidate for live attenuated vaccine. (Basler.C et al., 2001;). The 

advantages of mutated NS1 are that it would maintain or increased the genetic stability. (Quinlivan.M 

et al., 2005;). 

5.0:   Future Work: 

 

I can not procede my thesis work further due to time limitation. More study is needed to determine the 

immunogenicity of NS1 encoded gene fusion protein.The recombinant is use further for the 

understanding the role of NS1 during the viral infection and protein interaction with host cell. 
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