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     The neuraminidase gene is responsible mainly for virus release from the infected cells, 

thus increase the incidence of virus shedding from infected birds. For production of 

mammalian expression DNA vaccine encoding for the NA1 gene of the HPAI H5N1 

subtype, we used gateway technology for cloning and its benefits include uses a one hour 

reversible recombination reaction, without using restriction enzymes, ligase, sub cloning 

steps, also it provide a very useful method or the directional cloning thus eliminate the 

need or analysis of the recombinant plasmid for antisense cloning..  a well-defined 

Egyptian field isolate was used to amplify the full length open reading frame of NA1 

gene. The isolate was first propagated on SPF-ECE and gave 9 log10 heamagglutination 

test (HA)  titer and 7 log 10 heamagglutination inhibition test  (HI) titer when using anti-

H5 antisera. Sequencing analysis of the cleavage site revealed the presence of the 

polybasic amino acid sequence PQG↓ERRRKKR↓GLF. Sequencing of the full length 

NA1 gene showed that the open reading frame is about 1302 bp with many glycosylated 

and protein C phosphorylation motifs. For the production of the mammalian expression 

DNA plasmid, the full length NA1 gene was first cloned into the entry vector (pENTR 

D/SD topo) and transformed into E. coli Topo 19 host strain. plasmid purification 

analysis revealed that the recombinant entry vector carry the NA1 insert has about 

7.6Kbp when analyzed with the traditional agarose electrophoresis, while using 

RealtimePCR assay, all the tested clones gave a positive cycle threshold ranges from 

32.66 – 34.49. This positive plasmid preparation was used in homologues recombination 

with the mammalian expression vector (pDEST 40). Real time PCR analysis of the 

plasmid preparation from the transformed E. coli with this destination vector revealed 

that the all the tested clones gave a positive cycle threshold ranges from 14.19 to 15.91. 

In conclusion, Cloning of the neuraminidase gene of the highly pathogenic avian 

influenza virus H5N1 subtype have been done using the gateway cloning strategy as step 

for production Of DNA vaccine coding for N1  against  H5N1. 

Correspondence to: 
…………………… 

 

1. INTRODUCTION 

Highly pathogenic avian influenza (HPAI) 

H5N1 virus remains a public health threat and 

continues to cause outbreaks among poultry as well as 

human. Since its appearance, the virus has spread to 

numerous geographic areas and is now considered 

endemic in Egypt.( Hamed Samaha 2015). Since re-

emerging in 2003, the highly pathogenic avian 

influenza H5N1 subtype have spread from south east 

Asia across central Asia to the Middle East , Europe 

and Africa by infecting wild birds and poultry. New 

influenza virus clades and genotypes due to rapid 

antigenic drift are emerging each year leading to 
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significant genetic variation among H5N1 viruses 

(Wu. 2008). 

The presence of a polybasic, subtilisin-sensitive 

endoproteolytic cleavage site within the 

haemagglutinin (HA) precursor protein (HA0) retain 

the properties of multiplication in a wide variety of  

tissues including the respiratory, digestive and nervous 

system ad this polybasic sequence  has been used as a 

reliable marker for identification of the highly 

pathogenic avian influenza (HPAIV)  (Perdue and 

Suarez 2000). 

The HPAIV can infect a wide variety of bird 

species and it was found that some wild bird species 

may shed large amounts of HPAI H5N1 virus without 

exhibiting clinical disease (Tumpey et al., 2002 and 

Keawcharoen et al., 2008), suggesting they could 

serve as long distance carriers. Because the NA1 

protein spike present on the surface of the AI virus is 

responsible for the virus release, so presence of 

neutralizing antibody would be a useful too to inhibit 

viral release from infected cells and therefore may 

reduce the environmental load of the virus as a part in 

controlling the AI epidemics (Ramis et al., 2014). 

The neuraminidase gene (NA) is an integral 

membrane protein that cleaves sialic acid at its α-

ketosidic linkage to adjacent sugar residues. NA is a 

homotetramer with an enzymatic head and a stalk 

which is the transmembrane protein domain that 

inserts within the viral envelope. NA is play important 

role in cleaving the sialic acid receptors in the mucin 

lining most the epithelial tissues allowing the virus to 

penetrate through mucus secretions to reach target 

cells (Air and Laver 1989). Also, NA is thought to 

cleave sialic acids on infected cells to prevent 

aggregation of virus and allowing viral release (Els et 

al., 1989; Palese et al., 1974 and Palese and Compans 

1976). The tail of the NA is involved in the 

morphology of influenza viruses, with mutations in 

NA containing no tails resulting in a higher percentage 

of viruses in the filamentous shape (Mitnaul et al., 

1996). The NA inhibitors such as zanamivir (Relenza) 

and oseltamivir (Tamiflu) bind NA thus preventing the 

release of the virus from the host cell (Thorlund et al., 

2011). 

The Gateway Technology is a universal cloning 

method based on the site-specific recombination 

properties of bacteriophage lambda (Landy, 1989) 

which provides a rapid and highly efficient way to 

move DNA sequences into multiple vector systems for 

functional analysis and protein expression (Hartley et 

al., 2000) while maintaining orientation and reading 

frame. 

This Technology is based on the bacteriophage 

lambda site-specific recombination system which 

facilitates the integration of lambda into the E. coli 

chromosome and the switch between the lytic and 

lysogenic pathways (Ptashne, 1992). The components 

of the lambda recombination system are modified to 

improve the specificity and efficiency of the system 

(Bushman et al., 1985). 

The current study thus aimed to produce and 

characterize DNA vaccine coding for NA1 gene of 

HPAIV to be used later in controlling avian influenza 

infection and reduce shedding. 

 

2. MATERIALS AND METHODS 

2.1.Virus: 

        A well identified highly pathogenic avian 

influenza field isolates H5N1 subtype was used in the 

current study. The isolate was characterized by 

sequencing of both the N1 and the cleavage site of H5 

gene (Maha et al., 2012) the isolate was designed as 

A/chicken/ Kalyobia /ch2.2.18/2011 (H5N1). The 

virus propagated and clarified from the allantoic fluid 

of 9 days old SPF- embryonated chicken eggs and was 

further characterized by the traditional HA (Killian 

2008) and HI assays Katz et al., 2009 and Potter and 

Oxford 1979 using monospecific antisera against 

H5N1from Serum and Vaccine Research Veterinary 

Institute,abasia ( (prepared from A/ Gs/Gd /1/96 

H5N1) 

2.2. RT-PCR amplification 

         Viral RNA was extracted from the clarified 

allantoic fluid (Sambrook et al., 1989), by QIAamp 

Viral RNA Mini Kit (Qiagen Germany, cat #52904), 

according to the manufacturer’s instructions. The 

cleavage site of H5 gene and the full length orf of the 

NA1 gene (Maha et al., 2012) were amplified by one 

step RT-PCR Kit (ferris, et al 1990) (Agilent USA, cat 

# 600188). The amplicons were electrophoresed on a 

1% agarose and the size of the amplicons were 

determine using SynGen Genetool software V4.01 

(SynGen Corporation, Cambridge, England) 

2.3. Sequencing: 

        The complete nucleotide sequences of the 

cleavage site of the H5 gene and the NA1 gene of the 

isolated strain were performed in (Macrogen USA). 

For preparation of the gene for sequencing, the PCR 

product was separated on 1%low melting agarose. The 

bands were sliced off and purified with the biospin 

purification kit (Biobasic cat # BSC03S1) as described 
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by the manufacture (Ashraf et al 2013). Sequencing 

reactions were performed in a MJ Research PTC-225 

Peltier Thermal Cycler using ABI PRISM 3730XL 

Analyzer BigDyeTM Terminator Cycle Sequencing 

Kits with AmpliTaq DNA polymerase (FS enzyme 

Applied Biosystem), following the protocols supplied 

by the manufacturer. Single-pass sequencing was 

performed on each template using the primer used for 

PCR amplification. The fluorescent-labeled fragments 

were purified from the unincorporated terminators 

with an ethanol precipitation protocol. The samples 

were resuspended in distilled water and subjected to 

electrophoresis in an ABI 3730xl sequencer (Applied 

Biosystems). 

 

2.4.Construction of mammalian expression plasmid 

coding for the full NA1 gene: 

2.4.1.Preparation of the full length NA1 gene: 

       The full length NA1 gene was amplified using 

Herculase enhanced fidelity polymerase (Agilent cat # 

600260). Fife µL of the purified NA1 gene ( used for 

the sequencing )  was mixed with 2.5 U of the 

polymerase , 5µl of the 10X reaction buffer , 0.4 µl of 

dNTPs (25 mM each)  and 150nM of each of the 

following primers NA1-clon-f  

CACCATGAATCCAAATCAGAAGATAAT  and 

NA1-clon-r CTTGTCAATGGTGAATGGCAACT. 

The reaction was amplified according to the 

manufacture instruction and the amplicon was 

electrophoresed on 1% Low melting agarose and 

purified using biospin purification kit (Biobasic cat # 

BSC03S1). 

2.4.2. Preparation of the entry clone: 

       The full length open reading fram( orf )of NA1 

gene of HPAI was cloned in the donor vector pENTR 

Directional topo cloning kits (invitrogen cat # K2420-

20) according to the manufacture instruction. Briefly, 

2µl of purified NA1 gene was mixed with 1µl of the 

linearized vector, 1µl of salt solution was added and 

the total volume was adjusted at 6 µl with sterile 

nuclease free 18 MΩ water. The reaction was 

incubated at 25°C/30 min. The cloning reaction was 

then used in transformation of chemically competent 

Topo 10 E. coli host strain. The transformation 

reaction was incubated first on ice /30 min and then 

heat transformation was done at 42 °C/45sec. The 

reaction was transferred immediately to ice. SOP 

media was then added (250µl) and the cells were 

incubated at 37°C/1h with shaking at 150rpm then 

100µl was plated out onto LB-kanamycin (50µg/mL) 

agar plate over night at 37°C. The growing colonies 

were then picked up in LB-kanamycin broth and 

further incubated over night at 37°C with shaking at 

200rpm. The overnight culture was then subjected to 

plasmid purification to examine the recombinant 

plasmid for the presence of the NA1 insert. 

 

2.4.3 Plasmid purificationof the recombinant 

plasmid 
       The recombinant plasmid was purified using 

PureLink HiPure Plasmid Filter kit (invitrogen cat # 

K2100-02) according to the manufacture instruction.  

Overnight culture of transformed E. coli was harvested 

by centrifugation and resuspended in 400 µl of 

resuspension buffer containing RNase A , then 400 µl 

of lysis buffer was added and the whole mixture mixed 

by shaking before neutralization with 400 µl of 

precipitation buffer. The whole mixture was then 

centrifuged art 14rpm/10min/4°C and the clear cell 

lysate transferred to the column pre-equilibrated with 

EQ1 buffer. The column was centrifuged and the flow 

through was discarded. The column washed 2 times 

with the washing buffer and then the purified plasmid 

preparation was eluted in 90µl of the elution buffer. 

Desalting was then performed using 630µl of iso-

propanol and incubated at -20°C/2h then centrifuged at 

1400rpm/30min/4°C. The sediment was then washed 

with 1ml of 70% ethanol and centrifuged as before. 

The purified desalted plasmid was then resuspended in 

50 µl of TE buffer pH8 and stored at -20°C till used. 

The plasmid (10ng) was electrophoresed on 1% 

agarose using both Hind III digested ʎ phage marker 

(Thermo fisher scientific cat # SM0102) and 100 bp 

ladder plus (fermantis.USA) as a marker to determine 

the molecular size of the migrating plasmid. 

2.4.4. Identification of the recombinant plasmids 

wit real time PCR: 

     The purified plasmid was used in QPCR assay to 

test for the presence of the NA1 insert in the plasmid. 

Fife µl of the prepared plasmid was mixed with 12.5µl 

of the 2X Brilliant II QPCR Master Mix (Agilant Cat # 

600804) and 100nM of each of the forward primer N1-

F GGCATAATAACAGACACTATCAA and the 

reverse primer N1-R CACATGCACATTCAGACTCT 

and 200nM of the dual labeled (FAM/ TAMRA) probe 

N1-S1- TCAGTATGTTGTTCCTCCA. The PCR 

cycles were adjusted at 95°C/10 min initial denature 

then 40 cycles at 95°C/30 sec , annealing at 58°C/ 30 

sec and extension at 72°C/ 30 sec. the fluorescence 

data was adjust to be collected at the end of each 

extension step. 

2.4.5.Homologous recombination: 
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         Plasmid samples gave positive Ct in the QPCR 

experiment (indicating the successful cloning) was 

used in reparation of the expression vector. Briefly, 

2µl (50 ng/μl in TE pH 8.0) of the entry vector was 

mixed with 2 µl of the mammalian expression vector 

Gateway pcDNA- DEST 40 Vector (invitrogen cat # 

12274-015), to which 4µl of the 5X LR colonase 

reaction buffer was added and finally 4 µl of the 

colonase enzyme was added and the recombination 

reaction was incubated at 25°C/60 min and then 2µl of 

the reaction was used for transformation of chemically 

competent Topo 10 E. coli host strain. The 

transformation reaction was incubated first on ice /30 

min and then heat transformation was done at 42 

°C/45sec. The reaction was transferred immediately to 

ice. SOP media was then added (200 µl) and the cells 

were incubated at 37°C/1h with shaking at 150 rpm 

then 100µl was plated out onto LB-Ampicillin (100 IU 

/mL) agar plate over night at 37°C. The growing 

colonies were then picked up in LB-Ampicillin (200 

IU /mL) broth and further incubated over night at 37°C 

with shaking at 200 rpm. The overnight culture was 

then subjected to miniprep to examine the recombinant 

plasmid for the presence of the NA1 insert using 

QPCR experiment. 

2. 5.Analysis: 

        The nucleotide sequence analyses and the 

deduced amino acid sequence analysis was performed 

using either Lasergene DNAstare V10 or CLC main 

work bench Version 6.6 Windows platform developed 

by CLC bio A/S. 

3. RESULTS 

3.1.Propagation and identification of the isolate 

    The isolated avian influenza strain A/chicken/ 

Kalyobia /ch2.2.18/2011 (H5N1) used in the current 

study was purified and fully characterized before 

(Maha et al., 2012) and was re-characterized for 

confirmation before the cloning procedures. First, the 

isolated strain was propagated in the SPF-ECE and 

tested with HA and HI. The strain gave an HA titer of  

9 Log2 and HI titer of 7Log2 when tested with anti-

H5N1 antisera and 0 Log 2 when tested with anti-

NDV antisera indication its purity. 

3.2. Amplification of the cleavage site and full NA1 

gene. 

       Both the cleavage site of the HA5 gene and the 

full NA1 gene was amplified from the extracted RNA 

preparation. As seen in photo 1 and 2 amplicon 

migrating at 250bp and 1400 bp was clearly visible 

corresponding to the H5 gene cleavage site and full 

NA1 genes respectively. Different concentration of 

RNA in the RT-PCR reaction did not affect greatly the 

amplification of the H4 cleavage site while it was very 

critical in amplification of the full NA1 gene. At a 

concentration of 50 and 100 ng / reaction a gave good 

amplification were obtained while lower concentration 

(less than 10ng) gave a very faint bands unsuitable for 

either sequencing or subsequent amplification of the 

full orf of NA1 gene for cloning. 

3.3. Sequencing  

     The strain used in the current study was re-

characterized by sequencing of both the cleavage site 

of HA5 gene and the full NA1 gene. The poly basic 

amino acid sequence determinant for the HPAI was 

G↓ERRRKKR ↓ at the cleavage site indicating the 

highly pathogenicity of the strain (fig 1).  

Sequencing of the full length NA1 gene and the 

deduced amino acid sequence (fig 2 and 3) revealed 

that the gene is 1302 bp. Several N glycosylation sites 

(2 sites) and protein kinase C phosphorylation sites (10 

sites) were found on analysis of the sequence. 

 

3.4. Construction of mammalian expression 

plasmid coding for the full NA1 gene: 

    The purified NA1 amplicon from the low melting 

agarose was used as a temple for a PCR reaction using 

high fidelity pfu polymerase with an error rate (1 

error/2.5 million bp), the modified  5’ end of the sense 

primer ( that contains the CACC sequence )  was used 

to amplify the full length orf  of the NA1 gene. This 

amplified amplicon was used as the insert in the 

cloning reaction.  

    The amplified orf was cloned in the entry clone and 

then transformed into E. coli host strain. Over than 50 

colonies were visible after 18 h of transformation and 

plating onto LB-kanamycin agar. This colonies that 

showed resistance to the kanamycin would harbor the 

recombinant pEnter D/SD topo cloning vector that 

transfer the kanamycin resistance properties to the host 

strain.  

    Plasmid purification analysis of about 10 colonies 

showed that recombinant vector migrate about 7.6 Kbp 

(the native vector is ~6.2 Kbp and the insert ~1.4 

Kbp). Much smaller and higher bands migrating less 

more than 9 Kbp and then 2Kbp was also seen which 

represents the dimmer and super coiled form of the 

plasmids respectively (photo 3) 

In order to verify the presence of the NA1 insert in the 

recombinant entry vector, the purified plasmid was 

used as a template in a QPCR assay that amplify the 

NA1 gene, as seen in fig 4, all the 3 tested plasmid 

preparations from the grown colonies on in the LB-
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kanamycin plates gave a Ct while non transformed E. 

coli grown on non antibiotic plates gave no Ct. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo (1): The amplified cleavage site of HA5 gene of HPAI. Note the 250bp amplicon visible at all RNA dilutions used in 

the RT-PCR (30ng in lane 1, 25 ng in lane 2, 20 ng in lane 3, 15 ng in lane 4 and 10 ng in lane 5 ) M. 100bp DNA ladder  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo (2): The amplified full NA1 gene of HPAI. Note the 1400bp amplicon visible only at higher RNA dilutions ( 50 and 

100 ng in lane 3 and 4 ) while using lower RNA dilutions gave faint bands ( 10 and 5 ng in lane 1 and 2 ) M. 100bp DNA 

ladder 

 
       The positive clones in the QPCR experiment were 

cultured and a purified plasmid preparation was 

performed freshly for the homologues recombination 

with the destination vector (pDEST40) that will be 

used as the mammalian expression vector (DNA 

vaccine).The transformed E. coli with homologues 

recombination reaction was plated out onto LB-

Ampicillin agar as the pDEAST 40 vector transfer 

Ampicillin resistance properties to the E. coli. About 

30 colonies were grown after 24 h of incubation from 

which about 4 colonies were picked up and plasmid 

preparation was done. QPCR assay that detect the 

NA1 insert (Fig 4) gave a Ct ranges from 14.19 – 

15.91. 
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Photo (3) plasmid purifcation of the recombinant pENTER D/SD topo containng the full NA1 gene. M1 Hind III digested ʎ 

phage marker and M2 100 ladder plus marker 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (1): the nucleotide and deduced amino acid sequence of the cleavage site of A/chicken/ Kalyobia /ch2.2.18/2011 (H5N1) 

field isolate showing the site of the cleavage of HA0 ( dark box). Note that the cleavage sequence is typical for the high 

pathogenic avian influenza 

 

 

 

 

 



Soliman et. al., 2016. AJVS 51(2):101-111 

 

107 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig (2): the deduced amino acid sequence of the full length NA1 gene of A/chicken/ Kalyobia /ch2.2.18/2011 (H5N1) field 

isolate showing both cytoplasm tail sequence as well as the transmembrane protein domain of the antigen, several N 

glycosyla

tion sites 

(yellow) 

and 

protein 

kinase C 

phosphor

ylation 

sites 

(pink) 

were 

found on 

analysis 

of the 

sequence. 
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Fig (3) the amplification 

plot of the QPCR assay that amplify the NA1 insert from the miniprep of the pENTER D/SD topo recombinant entry clone. 

Not that the 3 plasmid preparations gave a Ct ranges from 32.66 – 34.49 while the non-transformed E. coli gave no Ct. 

 

 

 

 

 
 
 
 
 
 
 
 

 
Fig (4) the amplification plot of the QPCR assay that amplify the NA1 insert from the miniprep of the pDEST40 topo 

recombinant destination vector. Not that the 4 plasmid preparations gave a Ct ranges from 14.19 – 15.91. 

 

4. DISCUSSION 
    To produce the DNA vaccine, a well identified field 

isolate of avian influenza H5N1 subtype was used 

(Maha et al., 2012). The isolate was propagated in 

SPF-ECE and re-characterized using either traditional 

method (HA and HI) or molecular techniques (PCR 

and sequencing). The isolates were subjected to further 

molecular investigations through amplification both 

the cleavage site of the HA gene or the N1 gene. The 

tested strain gave a positive amplicons at ~250bp and 

1400bp for the CS and the full length N1 gene 

respectively denoting the H5N1subtype and the highly 

pathogenic nature of isolate.Neuroamindas is  used in 

some DNA vaccines (These proteins are usually less 

immunogenic than HA and are insufficient to obtain 

the protective response, particularly in case of highly 

pathogenic avian influenza viruses (HPAIV), antigens 

are used to complement the responses and make them 

less specific to recognize a broader spectrum of 

viruses, thus more suitable for a universal influenza 

vaccine ( Lim et al., 2013). Humoral immunity 

induced by NA can markedly reduce virus replication 

and release, shortening the severity and duration of 

illness, a reasonable goal in the event of an influenza 

Well name Well type Threshold(dRn) Ct(dRn) 

Clone2  Unknown 0.0547 34.49 

Clone3 Unknown 0.0547 34.44 

Clone4 Unknown 0.0547 32.66 

Untransformed E.coli Unknown 0.0547 No Ct 

Well name Well type Threshold(dRn) Ct(dRn) 

pDEST 40-Clone 1  Unknown 0.0168 14.48 

pDEST 40-Clone 2 Unknown 0.0168 15.43 

pDEST 40-Clone 3 Unknown 0.0168 14.19 

pDEST 40-Clone 4 Unknown 0.0168 15.91 
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pandemic. (Shen et al., 2012 ) .The immunogenicity of 

a series plasmid DNAs which include neuraminidase 

(NA) and nucleoprotein (NP) genes from avian 

influenza virus (AIV). The interleukin-15 (IL-15) and 

interleukin-18 (IL-18) as genetic adjuvants were used 

for immunization in combination with the N1 and NP 

AIV genes. Rao ,S.S .( 2015) 

    The AI isolates from Egypt belongs to the highly 

pathogenic AI as it contained the amino acid sequence 

PQG↓ERRRKKR↓GLF at the cleavage site in the HA 

molecule, indicating its high virulence (Fig. 1) 

(Horimoto et, al., 1995). This cleavage sequence was 

slightly differ from that of A/Hong 

Kong/156/97(H5N1) virus PQRERRRKKR↓G as the 

3rd amino acid was substituted from R in hongkong 

strains to G in the Egyptian strain. (Subbarao et al., 

1998). Cleavage of the HA molecule (HA0), by host-

cell proteases, into two disulphide-linked HA1 and 

HA2 subunits is essential for viral infectivity. Avian 

influenza viruses with high and low levels of 

pathogenicity differ in their cleavage sequence, the 

former possess multiple basic amino acid residues, 

while the latter do not. A cleavage sequence 

containing several basic amino acids is more readily 

activated by cellular proteases present in a variety of 

cells distributed throughout the body compared with a 

cleavage sequence containing only a single basic 

amino acid, which can be cleaved by a limited range of 

cellular proteases. It is well accepted that influenza 

viruses containing multiple basic amino acids have 

multiple sites of virus replication and produce more 

severe infection in birds and mammals (Zambon, 

2001). 

      In aquatic birds, normal influenza replication takes 

place in the intestinal tract and tends not to cause 

symptoms. In mammals like humans and swine, 

influenza replication is limited to epithelial cells of the 

upper and lower respiratory tract. This tissue tropism 

is controlled to some extent by the limited expression 

of the appropriate protease for viral activation by HA 

cleavage. In mammals, the suspected protease in the 

respiratory tract is tryptase Clara, a serine protease 

produced by non ciliated Clara cells of the bronchial 

and bronchiolar epithelia (Rott et al., 1995). 

Occasional avian influenza strains with an insertion 

mutation at the cleavage site of HA, allowing HA to be 

cleaved by ubiquitously expressed proteases (furin and 

other subtilisin family proteases), as a consequence, 

the virus can replicate throughout the bird’s body, 

producing necrotic foci in spleen, liver, lung, and 

kidney and encephalitic lesions in brain (Easterday and 

Tumova1978 and Kin et al., 2009). 

      These highly virulent strains have been observed in 

only two of the 14 described HA subtypes in birds that 

emerge only occasionally but can cause devastating 

mortality in poultry flocks (Horimoto et al., 1995). The 

insertion responsible for the ubiquitous cleavage adds 

additional basic amino acids at the cleavage site 

(Senne et al., 1996), with a minimal motif of R/L-X-

R/L-R. Until recently, this mutation had been found 

only in avian viruses of the H5 and H7 subtypes, 

subtypes that were not thought to infect humans. This 

barrier was broken dramatically in 1997 in Hong Kong 

when 16 people were infected with an avian H5N1 

influenza virus (Centers for Disease Control reports 

1998). 

    The full length of NA1 gene was sequenced, the 

length was about 1302 bp with deduced amino acid 

sequence revealed the presence of both the 

cytoplasmic tail ( first 12 amino acids) and the 

transmembrane domain (base 13-35) many 

glycosylation motifs have been identified denoting that 

the antigen is glycoprotein in nature. The 

neuraminidase gene of the HPAI cleaves terminal 

neuraminic acid (sialic acid) residues from glycan 

structures on the surface of the infected cell which 

promotes the release and spread of virus progeny from 

the infected host cell to uninfected surrounding cells. 

Another important role of NA1 antigen is the cleavage 

of the sialic acid residues of viral proteins, preventing 

virus aggregation (Varghese et al., 1992). 

     In order to construct the mammalian expression 

plasmid coding for the NA1 gene, gateway cloning 

strategy was adopted which consists of 2 major steps, 

first cloning of the NA1 gene in the entry clone with 

directional cloning strategy preventing the anti-sense 

or the negative orientation cloning to occurs then 

performing homologues recombination between the 

entry vector and the destination mammalian 

expression vector (Hartley et al., 2000). This 

technology is a universal cloning method that takes 

advantage of the site-specific recombination properties 

of bacteriophage lambda (Landy, 1989) to provide a 

rapid and highly efficient way to move the gene of 

interest into multiple vector systems. To perform the 

directional cloning, modification of the 5’ upstream of 

the gene by introducing the CACC sequence is 

required to facilitate the directional cloning as well as 

the tight high level of expression in mammalian cells 

(Cheng and Shuman, 2000). This modification is 
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performed through addition of this sequence 5’ 

upstream the sense primer. 

     Transformation of the E.coli host strain with the 

entry vector containing the NA1 gene resulted in about 

50 transformants to be produced on the LB-kanamycin 

agar. All the produced colonies should contain the 

recombinant entry clone with the NA1 insert in 

positive orientation. Untransformed E. coli will lose 

the ability to grow on the LB-kanamycin agar due to 

lake of kanamycin resistant gene (which is present on 

the entry vector). Vectors that circulized by 

themselves without the insert will destroy the E. coli 

host strain due to the expression of the lethal gene 

(ccdB gene). The presence of the ccdB gene allows 

negative selection of the entry and destination vectors 

in E. coli following recombination and transformation. 

The CcdB protein interferes with E. coli DNA gyrase 

(Bernard and Couturier, 1992), thereby inhibiting 

growth of TOP10 E. coli strain. When recombination 

occurs (i.e. between a destination vector and an entry 

clone), the ccdB gene is replaced by the gene of 

interest. Cells that take up unreacted vectors carrying 

the ccdB gene or by-product molecules retaining the 

ccdB gene will fail to grow. This allows high-

efficiency recovery of the desired clones. 

     After transformation, the colonies grown onto the 

LB-kanamycin agar subjected to analysis either by 

traditional agarose gel electrophoresis to determine the 

recombinant entry clone molecular size or by QPCR 

assay. The electrophoresed revealed that the plasmid 

has a relative mobility of ~7.6 Kbp corresponding to 

the vector with the insert, this data supporeted by the 

QPCR assay that showed that the tested clones gave Ct 

between 32.66 – 34.49 denoting the presence of the 

NA1 insert on the entry vector. 

     To transfer the NA1 gene from the entry vector to 

the mammalian expression destination vector, LR 

colonase reaction was performed through catalyses by 

LR Clonase enzyme mix. This reaction Facilitates 

recombination of an attL substrate (entry clone) with 

an attR substrate (destination vector) to create an attB-

containing expression clone (Hartley et al., 2000), thus 

the product is recombinant mammalian expression 

vector that will be used as DNA vaccine. 

     This expression host was analysed by QPCR assay 

that target the NA1 gene of avian influenza, the assay 

revealed that all the 4 tested plasmid preparation gave 

a Ct ranged from  14.19 – 15.91 indication the high 

level of expression of the plasmid which is crucially 

needed in any DNA vaccine preparation. 
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