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CLONING AND EXPRESSION OF N1 GENE OF

AVIAN INFLUENZA VIRUS

INTRODUCTION

Influenza viruses belong to the Orthomyxovirideae family Influenza A virus

genus of RNA viruses.  These viruses have eight segmented negative-strand RNA

genome.  The term "influenza" was originally referred to the epidemic of acute,

rapidly spreading catarrhal fever in humans.  Today, orthomyxoviruses are recognized

as the cause of significant numbers of natural infections and disease, usually of the

upper respiratory tract, in humans, horses, domestic pigs, and various bird species and

sporadic cases of naturally occurring disease in mink and a variety of marine

mammals.

Avian influenza (AI) or bird flu or fowl plaque is a highly acute contagious

disease of avian species, more specifically to member species of the order

Anseriformes (chickens, ducks, geese and swans) and order Charadriiformes (gulls,

tern, puffins and guillemosts).  Infection of domestic poultry by these viruses typically

produces syndromes ranging from asymptomatic infection to respiratory disease and

drops in egg production to severe, systemic disease with near 100% mortality.  The

latter form of disease is the result of infection by highly pathogenic (HP) AI viruses.

The influenza viruses are divided into three types A, B, and C, based on antigenic

differences in nucleoprotein and matrix (M) proteins.
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In lower animals and birds, influenza A viruses are of primary concern while

influenza B virus has been reported in seals and influenza C virus in swine.  

Influenza A and B types are the major cause of morbidity and mortality world wide.

The A type is further classified into subtypes based on the antigenic differences of the

surface proteins hemagglutinin (HA) and neuraminidase (NA).  Currently, there are

15 distinct HA (H1 to H15) and 9 NA (N1 to N9) subtypes found.  Avian influenza is

on the list A of the Office International des Epizootics (OIE).  A list A disease of OIE

contains transmissible diseases that have the potential for very serious and rapid

spread, irrespective of national borders, that are of serious socio-economic or public

health consequence and that are of major importance in the international trade of

animals and animal products.

The neuraminidase (NA) is the second most abundant glycoprotein on the 

surface of influenza viruses.  There are 9 different antigenic subtypes of influenza A 

NA and antigenic drift occurs in the NA as it does in the HA.  Immunity to NA plays 

a role in protection against influenza virus infection, and anti-NA antibodies prevent 

virus release from infected cells.  NA is an enzyme (sialidase) that cleaves terminal 

sialic acid residues from cell surface receptors of the influenza virus.  This activity 

enables release of virions from infected cells and removes sialic acid from newly 

synthesized HA and NA molecules.  Another role of NA is projected to be the 

cleavage of mucus on the surface of the respiratory tract permitting the virus to 

contact the cell surface and to spread within the respiratory tract.  Inhibition of the 

action of NA with antibodies or specific inhibitors restricts the virus to a single round 

of replication showing that the NA has no role in attachment, fusion, replication, 
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assembly or budding.  The structure of NA is established and is a mushroom shaped 

molecule with four enzyme active sites on top.  HA and NA were also found to 

function together in attachment and release of virus.

The diagnosis of influenza viruses is important because these viruses can 

spread rapidly and they are also zoonoses.  There are general methods for the 

detection of avian influenza virus such as hemagglutination-inhibition (HI), agar gel 

immunodiffusion, immunofluorescence, viral culture in embryonated egg or Maden-

Darby canine kidney cells, reverse transcription-polymerase chain reaction (RT-PCR), 

Taq-man-PCR, nucleic acid sequence-based amplification (NASBA), direct / indirect 

immunofluorescent antibody test (IFAT) and enzyme linked immunosorbent assay 

(ELISA) for antibody or antigen detection.  The ELISA technique has advantages 

over other methods because of its rapid and high sensitivity, being able to handle 

several samples at the same time and can differentiate infected from vaccinated 

animal (DIVA).  There are 2 main strategies to control avian influenza virus which 

are stamping out and vaccination.  For vaccination strategy, the ability to differentiate 

infected from vaccinated animals are crucial.



4

OBJECTIVE

To clone and express the N1 genes of avian influenza virus (H5N1) of local 

strain using baculovirus expression system and to confirm the synthesis of 

recombinant neuraminidase using goat-anti H5N1 avian influenza virus.
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LITERATURE REVIEW

Overview of Avian Influenza Virus

1. Organism characteristics

Avian influenza (AI) viruses are belong to the family Orthomyxoviridae,

genus Influenzavirus A (Cox et al., 2000).  Virions are typically spherical to

pleomorphic but can be filamentous (Cox et al., 2000).  Individual virions range in

diameter from 80-120 nm, but the filamentous forms can have the lengths up to

several nanometer (Cox et al., 2000).  The surface of AI virus is covered by two types

of glycoprotein projections (10-14 nm in length and 4-6 nm in diameter).  Firstly,

rod-shaped trimers of hemagglutinin (HA), and secondly, mushroom-shaped tetramers

of neuraminidase (NA) (Cox et al., 2000).  The nucleocapsid is helical.  The viral

genome is composed of eight segments of single-stranded, negative-sense RNA that

code for 10 proteins which eight proteins are constituents of the virus (HA, NA, NP,

Ml, M2, PB1, PB2, and PA), and the two nonstructural proteins (NS1 and NS2) are

located in the host cell cytoplasm.  Recently, NS2 has been shown to be a minor

compose of virus (Lamb and Krug, 1996).  The chemical composition of influenza

virus are composed of 0.8-1.0% RNA, 5-8% carbohydrate, 20% lipid and 70% protein

(Lamb and Krug, 1996).  The carbohydrates are hold within glycolipids and

glycoproteins, and include galactose, mannose, sucrose, and glucosamine (Klenk et

al., 1983).  Ribose is contained in the RNA genome.  Lipids are introduced in to the

viral envelop and are derived from the host cell.  Most of the lipids are phospholipids,
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but small amounts of cholesterol and glycolipid are present.  The viral genome

specifies the proteins and their potential glycosylation sites.

2. Virus replication

The stages of virus replication have been reported by various investigators in

large detail (Lamb and Krug, 1996; Easterday et al., 1997; Palese and Garcia-Sastre,

1999; Cox et al., 2000).  In brief, AI virus HA attach to host cell receptors containing

sialic acid bound to glycoproteins, thus initiating receptor-mediated endocytosis.  In

the endosomes, low-pH-dependent fusion occurs via HA-mediated fusion of viral

envelop with the endosome membrane.  Enzymatic cleavage of HA into HA1 and

HA2 are essential for fusion and infectivity.  The viral nucleocapsids are transported

to the nucleus where viral transcriptase complex are synthesizing mRNA.

Transcription is initiated with 10-13 nucleotide RNA fragments generated from host

heterogenous nuclear RNA via viral endonuclease activity of PB2.  Six monocistronic

mRNAs are produced in the nucleus and transported to the cytoplasm for translation

into HA, NA, NP, PB1, PB2 and PA proteins.  The mRNA of NS and M gene

segments spliced producing two mRNAs, which are translated for NS1, NS2, Ml, and

M2 proteins.  The HA and NA proteins are glycosylated in the rough endoplasmic

reticulum and trimmed in the Golgi complex then transported to the surface where

they are fixed in the plasma membrane.  The eight viral gene segments along with

internal viral proteins (NP, PB1, PB2, PA, and M2) assemble and migrate to plasma

membrane areas containing the integrated HA, NA, and M2 proteins.  The Ml protein

promotes close association with the plasma membrane and budding of the virions.
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3. Natural and experimental hosts

AI viruses have been shown to naturally infect a wide variety of wild and

domestic birds, especially free-living birds occupying aquatic habitats.  Some AI

infections have involved wild worldly birds, but these birds do not exhibit a major

source or reservoir of AI viruses (Stallknecht, 1998).  AI viruses have been isolated

from more than 90 species of free-living birds representing 13 different orders:

Anseriformes (ducks, geese, and swans), Charadiiformes (e.g., shorebirds, {turnstones

and sandpipers}, gulls, terns, puffins, and guillemots), Ciconiiformes (herons and

ibis), Columbiformes (doves), Falconiformes (raptors), Galliformes (partridge and

pheasant), Gaviiformes (loons), Gruiformes (coots and moorhen), Passeriformes

(perching birds, mynahs, finches, and weaver birds), Pelecaniformes (cormorant),

Piciformes (woodpecker), Podicipediformes (grebe), and Procellariiformes

(shearwater) (Alexander, 1982; Alexander and Gough, 1986; Stallknecht and Shane,

1988; Alexander, 1993; Manvell et al., 2000).  This represents <1% of known avian

species, but the actual number of naturally infected species is most likely much

greater (Alexander, 1993).  Most AI virus infections have not produced recognizable

disease in free-living birds.  In economic systems (agriculture, caged, hobby flocks,

and exhibition systems), infections have been reported in Psittaciformes (parrots,

cockatoos, and parakeets), Casuariiformes (emu), Struthioniformes (ostrich),

Rheiformes (rhea), and most domesticated Galliformes and Anseriformes.  The latter

two groups include chickens, turkeys, Japanese quail (Coturnix japonica), helmeted

guineafowl (Numida meleagris), Bobwhite qua il (Connus virginianus), pheasants

(various species), chukar partridges (Alectoris chukar), geese and ducks (mallards and
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Muscovy) (Easterday et al., 1997).  Birds of the orders Psittaciformes probably are

infected after arresting and during mixing with infected birds at holding sites or in

quarantine (Easterday et al., 1997).  Some infections of free-living Passeriformes

(perching birds-starlings and sparrows) have been associated with outbreaks on

poultry farms where they should have acquired infections from close contact with

poultry (Lipkind et al., 1982).  AI viruses caused epizootics of respiratory disease in

mink, seals, and whales (Englund et al., 1986).  A few cases of natural infections by

AI viruses in humans, pigs, ferrets, rats, rabbits, guinea pigs, house, mice, cats, mink,

nonhuman primates, tigers, and leopards have been reported.   (Hinshaw et al., 1981;

Kilbourne, 1987; Rimmelzwaan et al., 2001; Enserink and Kaiser, 2004;

Keawcharoen et al., 2004; Kuiken et al., 2004; WHO, 2004; Nicholson et al., 2003;

Thanawongnuwech et al., 2005).

4. Pathogenesis of avian influenza virus

4.1 Incubation period: The incubation periods range from as short as a few

hours in intravenously inoculated birds to 3 days in naturally infected individual birds

and up to 14 days in a flock (Easterday et al., 1997).  The incubation period depends

on the dose of virus, the route of exposure, the species susceptibility, and the ability to

detect clinical signs (Easterday et al., 1997).

4.2 Clinical signs: The pathogenic type of AI virus (Low pathogenic avian

influenza, LPAI or High pathogenic avian influenza, HPAI) has a major impact on the
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clinical manifestation of the disease.  However, clinical signs of disease are extremely

variable and depend on other factors including host species, age, sex, concurrent

infections, acquired immunity, and environmental factors (Easterday et al., 1997).

4.3 Low pathogenic avian influenza virus (LPAI): Most infections by LPAI

viruses in wild birds produce no clinical signs.  However, in experimental studies in

mallard ducks, LPAI virus infections suppressed T-cell function and produced a one

week depression in egg production (Laudert et al., 1993).  In domestic poultry

(chickens and turkeys), clinical signs show abnormalities in the respiratory, digestive,

urinary, and reproductive organs.  The most frequent signs represent infection of the

respiratory tract and include mild to severe respiratory signs such as coughing,

sneezing, rattles, and excessive lacrimation.  In layers and breeders, hens may exhibit

increased suppress and decreased egg production.  In addition, domestic poultry will

exhibit generalized clinical signs including huddling, ruffled feathers, depression,

decreased activity, decreased feed intake and water consumption, and occasionally

diarrhea.  Emaciation has been reported but is infrequent because AI virus is an acute,

not a chronic disease.  In ratites, LPAI viruses produced similar respiratory signs as

with poultry (Allwright et al., 1993; Panigrahy et al., 1995; Jorgensen et al., 1998).

4.4 Highly pathogenic avian influenza virus (HPAI): In wild birds and

domestic ducks, domestic chickens, turkeys, and related galliformes, clinical signs

reflect virus replication and damage to multiple visceral organs, cardiovascular and

nervous systems.  However, clinical apparent vary depending on the extent of damage
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to specific organs and tissues.  In most cases in chickens and turkeys, the disease is

fulminating with some birds being found dead prior to observance of any clinical

signs.  If the disease is less fulminating and birds survive for 3-7 days, individual

birds may exhibit nervous disorders such as tremors of head and neck, inability to

stand, torticollis, opisthotonus, and other unusual positions of head and appendages.

The poultry houses may be unusually quiet because of decreased activity and

reduction in normal vocalizations of the birds.  Depression is common as are

significant declines in feed and water consumption.  Precipitous drops in egg

production occur in breeders and layers with typical declines including total cessation

of egg production within six days.  Respiratory signs are less prominent than with

LPAI viruses but can include rales, sneezing, and coughing.  Other galliforme birds

have similar clinical signs but may live longer and have evidence of neurologic

disorders such as paresis, paralysis, vestibular degradation (torticollis and nystagmus),

and general behavior aberrations (Perkin and Swayne, 2001).  In ostriches (Struthio

camelus), reduced activity and appetite, depression, ruffled feathers, sneezing, and

open mouth breathing have been reported (Capua et al., 2000; Clavijo et al., 2001).

In addition, some birds show uncoordinate and paralysis of the wings and tremors of

the head and neck (Clavijo et al., 2001).

4.5 Morbidity and Mortality: In chickens, turkeys, and related galliforme

birds, morbidity and mortality rates are as variable as the signs and are dependent on

virus pathogenicity and the host as well as age, environment, and concurrent

infections (Easterday et al., 1997).  For the LPAI viruses, high morbidity and mild

mortality rates are typical.  Mortality rates are usually less than 5% unless
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accompanied by secondary infection or if the disease is in young birds (Capua et al.,

2000).  With the HPAI viruses, morbidity and mortality rates are very high (50-89%)

and can reach 100% in some flocks.  In wild birds, LPAI viruses usually produce no

mortality or morbidity.  Occasionally, dead wild birds (passerines) have been

identified on farms with HPAI outbreaks.  In ostriches, LPAI and HPAI viruses

usually produce similar moderate morbidity and low mortality rates (Capua et al.,

2000).  Typically, the morbidity and mortality have been highest in young birds (<3

months) with mortality of 30% being seen, but mortality rates as high as 80% have

been reported for LPAI viruses in chicks less than one month of age (Allwright et al.,

1993).

5. Diagnosis

A definitive diagnosis of avian influenza is established by 1) isolation and

identification of AI virus.  At present, viral isolation is still the gold standard method

for diagnosis AI virus.  2) direct detection of AI viral proteins or genes in specimens

such as tissues, swabs, cell cultures, or embryonating eggs.  3) A presumptive

diagnosis can be made by detecting antibodies to AI virus.

5.1 Sample selection and storage: AI viruses are commonly recovered from

tracheal or cloacal swabs of either live or dead birds, because most HPAI and LPAI

viruses replicate in the respiratory and intestinal tracts.  The swabs should be placed

in a sterile transport medium containing high levels of antibiotics to reduce bacterial

growth (Swayne et al., 1998).  Tissues, secretions, or excretions from these tracts are
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appropriate for virus isolation.  Tissues can be collected and placed into sterile plastic

tubes or bags.  In the examination of organs for virus, efforts should be made to

collect and store internal organs separately from the respiratory and intestinal tract

tissues because isolation of virus from internal organs may be an indication of

systematic spread and is most often associated with the HPAI viruses.  In the case of

systemic infections produced by HPAI viruses, virtually every organs can yield virus

because of the high levels of viremia or replication in parenchymal cells.  If the

samples for virus detection can be tested within 48 hrs after collection, they may be

kept at 4°C.   However, if the samples must be held for additional time, storage at       

-70°C is recommended.  Before testing for virus, tissues should be ground as a 5-10%

suspension in the transport medium and clarified by low-speed centrifugation.

5.2 Direct detection of AI viral proteins or nucleic acids: The direct

demonstration of influenza virus RNA or viral proteins in samples from animals is not

routinely used for diagnosis at this time.  However, a human influenza test

(Directigen ,Becton-Dickinson) has been reported to detect influenza viral antigen in

avian specimens and allantoic fluid of inoculated embryonating chicken eggs

(Davison et al., 1998).  This antigen capturing enzyme immunoassay was found to be

specific and sensitive.  Skeeles et al., 1984, described the use of fluorescent antibody

test for the rapid detection of avian influenza virus in tissue samples during the

Pennsylvania disease outbreak, and Kodihalli et al., 1993, described an antigen-

capture ELISA to detect viral antigens in samples.  Monoclonal antibodies are useful

for localizing viral antigen in tissues by immunoperoxidase staining (Slemons and
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Swayne, 1990), and radiolabeled gene probes for in situ hybridization can locate cells

involved viral replication in tissues of infected birds (Van Campen et al., 1989).

Polymerase chain reaction methods have been described that are up to 100 fold more

sensitive than virus isolation procedures (Fouchier et al., 2000).  This technology

promises to revolutionize influenza diagnosis and monitoring.

5.3 Virus isolation: Methods for the isolation and identification of influenza

viruses have been described in detail (Easterday et al., 1997).  Chicken embryos, 9-11

days old, are inoculated via the allantoic cavity with approximately 0.2 ml of sample.

The death of inoculated embryos within 24 hrs after inoculation usually results from

bacterial contamination or inoculation injury, and these eggs should be discarded.  A

few viruses may grow rapidly and kill the embryos by 48 hrs; however, in most cases

the embryos will not die before this time.  After 72 hrs, or at death, the eggs should be

removed from the incubator, chilled, and allantoic fluids should be collected.  The

presence of virus is demonstrated by chicken erythrocyte hemagglutinating activity in

the allantoic fluid.  Generally, if virus is present in a sample, there will be sufficient

growth in the first passage to result in hemagglutination, and repeated passage is

unnecessary.  Repeated passage of samples increases the risk of cross contamination

in the laboratory.  Long-term storage of viruses should be done at -70°C.

Lyophilization of viruses is also appropriate for long-term storage; however, these

stocks should be tested periodically to ensure infectivity.
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5.4 Virus identification: Standardized methods were used for testing the

allantoic fluids for the presence of hemagglutinating activity. Allantoic fluid positive

for hemagglutination is used for virus identification.  It is important to determine

whether the hemagglutinating activity detected in the allantoic fluid is due to

influenza virus or other hemagglutinating viruses, such as Paramyxoviruses like

Newcastle disease virus (NDV) and Adenovirus like egg drop syndrome (EDS).

Thus, the isolate is tested in HI assays against Newcastle disease and other antiserum.

If negative, the virus then is tested for the presence of the type A specific antigen to

establish that an influenza A virus is present.  The typespecific NP (nucleoprotein) or

matrix protein may be detected by the double immunodiffusion test (Beard, 1970) or

the single-radial- hemolysis test (Dowdle and Schild, 1975).  Monoclonal antibodies

that react with the nucleoprotein or matrix proteins have proved useful in identifying

these antigens in ELISA (Wall et al., 1986).  The next step in the identification

procedure is to determine the antigenic subtype of the surface antigens, HA and NA.

The NA subtype is identified by a NI assay with antisera prepared against the nine

known NAs.  This NI assay is often the first assay done on an isolate.  The HA is

identified in the HI test (Swayne et al., 1998) using a panel of antisera prepared

against the 15 distinct HAs.  Typing is facilitated by using antisera against the isolated

HA or against reassortant viruses with irrelevant NAs; this helps avoid steric

inhibition due to antibodies against the NA (Kendal, 1982).  An influenza virus with a

new HA should not be detected in tests using antisera to the known HA subtypes.

Therefore, it is essential to confirm that the unknown hemagglutinating agent is an

influenza virus using the type-specific test described previously.  Final identification
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is most commonly accomplished by state, federal, or OIE influenza reference

laboratories.

5.5 Serology: Serologic tests are used to demonstrate the presence of AI-

specific antibodies, which may be detected as early as seven days after infection.

Several techniques are used for serologic surveillance and diagnosis.  In serologic

surveillance programs, a double immunodiffusion test for the detection of anti-NP

antibody is frequently used, because this detects antibodies to type A-specific antigens

shared by all influenza A viruses.  ELISA assays have been developed to detect

antibodies to avian influenza viruses (Abraham et al., 1986; Shafer et al., 1998).

ELISAs are commercially available for detecting antibody to influenza.  Once

influenza is detected by immunodiffusion or ELISA, HI tests can be used to determine

the HA subtype.  In serologic assays, it should be aware that there is considerable

variation in the immune response among the various avian species.  For example,

antibodies to the NP are generally prominent in turkeys and pheasants but may be

undetectable in ducks known to have been infected.  In addition, antibodies may be

induced in ducks, as well as other species, but fail to be detected in conventional HI

tests performed with intact virus (Lu et al., 1982).  The sera of many species contain

nonspecific inhibitors that may interfere with the specificity of the HI and other tests.

Because these inhibitors are especially active against certain viruses, they present a

very practical problem in serologic testing and the identification of viruses.

Therefore, sera should be treated to reduce or destroy activity, although it should be

recognized that some treatments may lower specific antibody levels.  The two most

commonly used treatments for these inhibitors have been receptor destroying enzyme
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(RDE) and potassium periodate (Dowdle and Schild, 1975).  In addition to the

nonspecific inhibitors of hemagglutination, sera from other birds, such as turkey and

goose, may cause agglutination of the chicken erythrocytes used in the HI test.  This

may mask low levels of HI activity.  Such hemagglutinating activity can be removed

by pre-treatment of the serum with chicken erythrocytes.  This problem may

sometimes be avoided by using erythrocytes in the HI test of the same species as the

serum being tested.

5.6 Differential Diagnosis: Because of the broad spectrum of signs and lesions

reported with infections of avian influenza viruses in several species, a definitive

diagnosis must be made by virologic and serologic methods.  Other infections that

must be considered in the differential diagnosis include Newcastle disease virus, avian

pneumovirus and other Paramyxoviruses, infectious laryngotracheitis, infectious

branchitis chlamydia, mycoplasma, egg drop syndrome and other bacteria.

Concurrent infections with other viruses or other bacteria have been commonly

observed (Easterday et al.,1997).
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Overview of baculoviruses as expression vectors (BVES)

Baculoviruses are DNA-containing viruses that infect insects or other

invertebrates.  They are double-stranded, circular, supercoiled DNA molecules in rod-

shaped capsid.  More than 500 baculoviruses are isolated based on hosts of origin,

most of them are from Lepidopteran family (Jarvis et al., 1996).  Baculoviruses have

been evaluated as biological pesticides, but their efficacy limited as they killed insects

too slowly.  The genetic engineering methods were developed and made it possible to

produce recombinant baculoviruses as eukaryotic expression vectors for foreign

protein production and more effective pesticide (Jarvis et al., 1996).  Two of common

isolates used in foreign gene expression are Autograph californica multiple nuclear

polyhedrosis virus (Ac MNPV) and Bombyx mori (silkworm) nuclear polyhedrosis

virus (BmNPV).  Wild - type baculoviruses have both lytic and occluded life cycles

independent developing throughout three phases of virus replication as following.

Early phase or virus synthesis phase:  Viruses used infected cell for viral DNA

replication (Jarvis et al., 1996).  There are many steps included attachment,

penetration, uncoating, early viral gene expression.  This phase occurs 0.5 to 6 hour

after infection (Ghosh et al., 2002.).

Late phase or viral structural phase:  Late genes that code for replication of

viral DNA and assembly of virus are expressed. (6-12 hrs. after infection) (Ghosh et

al., 2002.). The cell produces extracellular virus (EV) or budded virus (BV) (Ghosh et
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al., 2002.). It contains plasma membrane envelope and glycoprotein (gp) 64, which is

necessary for endocytosis.  At 18-36 h.p.i, the EV is released (Ghosh et al., 2002.).

Very late phase or viral occlusion protein phase:  The polyhedrin and p10

genes are expressed and the occluded virus or occlusion bodies (OB) or polyhedral

occlusion bodies are formed.  Host cell was lyzed between 24 - 96 hours after

infection (Jarvis et al., 1996; Ghosh et al., 2002).

At present, the general approach to use baculovirus expression vector systems

is done by replacing the polyhedrin protein coding region with the foreign gene (gene

of interest) (Ghosh et al., 2002.).  The use of polyhedrin and p10 promoters gave

strong and provide high levels of transcription during the very late phase of infection.

The resulting recombinant virus can infect cultured lepidopteran insect cells or larvae

and express the foreign gene under the control of these promoter. (Jarvis et al., 1996).
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MATERIALS AND METHODS

1. Isolation of virus

The highly pathogenic native avian influenza virus strain 

A/Duck/Thailand/KU-KPS/2004 (H5N1) was isolated from naturally infected duck 

tissues (lung, spleen, kidney, pancreas, liver and brain) and cloacal swab at the 

Diagnostic Laboratory, Faculty of Veterinary Medicine, Kasetsart University, 

Kamphaengsaen Campus, Nakornpathom province.  Embryonated-chicken eggs, 9-to-

12-day-old, were inoculated via the allantoic cavity by injecting with approximately 

0.2 ml of extracted viral solution and incubated at 37°C for 24-72 hrs (Swayne et al.,

1998).  Embryonic death was daily observed.  The allantoic fluid of dead 

embryonated-chicken eggs was collected and kept at -80°C until used for RT-PCR.

2. RNA preparation and reverse transcription-polymerase chain reaction for N1 

cloning

Viral RNA was extracted from allantoic fluid using Acid-Phenol-

Guanidinium-Thiocyanate-Chloroform extraction method (Sambrook and Russell, 

1998).  The exact amount of 100 µl allantoic fluids was mixed with 500 µl of 

denatured solution and 50 µl of 2M sodium acetate and shaken for 5-10 mins.  cDNA 

of whole N1 gene was synthesized using Uni 12 primer and AMV reverse 

transcriptase (FINNZYMES®) under extension condition of 42°C for 50 mins.  
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Subsequently, the whole N1 gene except the stop codon at the 3’ end of the gene was 

amplified using forward primer of 5′-GCG-CTC-TAG-AGC-CAC-CAT-GAA-TCC-

AAA-TCA-GAA-GAT-AAC-3′ (containing XbaI cleavage site), and reverse primer 

of 5′-GCG-CAA-GCT-TCT-TGT-CAA-TGG-TGA-ATG-GCA-AC-3′ (containing 

HindIII cleavage site).  PCR mixture composed of 1X PCR buffer, 3 mM dNTPs, 2.5 

mM MgCl2, 0.5 pmol of each forward and reverse primer, 2.0 U Taq DNA 

polymerase (Invitrogen®), and DNA template, was  amplified using Primus96 plus

(Hybaid) thermocycler.  PCR condition was pre-denaturation at 94°C for 5 mins, 35 

cycles of denaturation at 94°C for 45 sec, annealing at 55°C for 1 min, an extension at 

72°C for 3 mins, and additional final extension at 72°C for 15 mins.  PCR products 

were subjected to 1.5% agarose gel, 100 volt for 45 mins and visualized under UV 

illumination (Spectroline).

3. Construction of expression vector

The amplified N1 gene was purified using QIA quick gel extraction kit 

(QIAGEN®), and then it was digested and ligated to pFastBac plasmids 

(Invitrogen).  The ligated plasmids were used to transform E. coli strain DH5∝

(Gibco) competent cells.  The positive clones were checked using PCR and 

restriction endonuclease assay.  These clones were scaled up and used for DNA 

sequencing.  The sequencing result was analyzed using DNASIS, Expasy and 

ClustalW programs.  The inserted transfer vector was used to transform E. coli strain 

DH10-Bac (Invitrogen) competent cells.  The positive clone was selected using 
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white-blue colony screening in LB agar plates containing kanamycin (50 µg /ml), 

gentamicin (7µg/ml), and tetracycline (10µg/ml).  The presence of N1 gene encoding 

for neuraminidase was confirmed by PCR.

4. Insect cells transfection and expression of N1 gene

Sf21 cell lines (Spodoptera frugiperda) were grown in SF900II medium 

(Invitgrogen®)  supplemented with 4% FBS and 10% antibiotics at 27°C.  The 

recombinant expression plasmid was used to transfect Sf21 cells using cellFECTIN

(Invitrogen).  Then, the recombinant baculovirus particles were collected from cell 

culture at 72 hrs post transfection and virus titer was determined by plaque assay.  

Subsequently, the high-titer seed virus stock of recombinant baculovirus was 

produced by Sf21 insect cells at a multiplicity of infection (MOI) of 0.01 to 0.1 in 

Sf900 II SFM medium (Invitrogen) containing 4% fetal bovine serum and 

antibiotic (GIBCO).  High FiveTM cell lines (Trichoplusia ni) grown in Express Five 

serum-free medium (Invitrogen®) supplemented with 9% L-glutamine and 10% 

antibiotics were used to produce neuraminidase.  After 72 hrs post-inoculation (h.p.i.), 

the infected insect cells were lysed using 10% sodium dodecyl sulfate, and the crude 

extracted protein was subjected to dot blot, SDS-PAGE, and Western blot analysis.

5. Dot blotting analysis

The crude extracted protein was dotted on nitrocellulose membrane and 

incubated with either goat anti-H5N1 avian influenza virus hyperimmune sera (1:50) 
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or mouse anti-histidine IgG monoclonal antibody (1:150) for 2 hrs.  Subsequently, the 

membrane was incubated with either rabbit anti-goat IgG (1:1,000) or goat anti-mouse 

IgG conjugated with peroxidase (1:500) for 1 hr.  The membrane was finally 

incubated with diaminobenzidine solution (Sigma) containing 1% H2O2 for 5-10 

mins.

6. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and 

Western blotting

The crude extracted protein was analyzed using 12 % SDS-PAGE and stained 

with Coomassie brilliant blue.  For Western blot analysis, proteins on SDS-PAGE 

were transferred onto nitrocellulose membrane under condition 400 mAmp for 5 hrs, 

keep at 4°C, then the membrane was incubated with either goat-anti H5N1 avian 

influenza virus hyperimmune sera (1:50) or mouse anti- histidine IgG monoclonal 

antibody (1:3,000).  Subsequently, the nitrocellulose membrane was incubated with 

either rabbit anti-goat IgG (1:1,000) or goat anti-mouse IgG (1:500) conjugated with 

peroxidase.  The membrane was then incubated with diaminobenzidine solution 

(Sigma) containing 1% H2O2 for 5-10 mins.
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RESULTS AND DISCUSSION

1. Cloning and sequencing of N1 gene   

The PCR of neuraminidase gene showed an amplified band of approximately 

1,300 bp (Figure 1).  The N1 gene of avian influenza virus from different species as 

reported in several countries around the world was found to be 1,350-1,417 bp 

(Cauthen et al., 2000; Guan et al., 2002; Tumpey et al., 2002; GenBank, 2005; Lee et 

al., 2005).  It was found that the length of N1 gene of H5N1 avian influenza virus 

from a local duck, chicken and human was similar.  Comparing the N1 gene 

sequences of these 3 isolates, it was shown that the N1 gene sequence of duck had 

99% homology with those of chicken and human.  There were 5 nucleotide changes 

on this gene (Figure 2) which resulted in 4 amino acids changes at amino acid number 

5, 8, 80 and 418 from the start codon (Figure 3).  The neuraminidase molecule is a 

homotetramer made up of four indentical polypeptide chains, each of more than 430 

amino acids; the exact number varies depending on the strain of the virus (Branden 

and Tooze, 1990).  This research (A/Duck/Thailand/KU-KPS/2004), a subtype N1 

neuraminidase contains 449 amino acid residues.  The structure of the tetramic 

neuraminidase molecule is known as a beta superbarrel, each monomer contains six 

antiparallel beta sheets.  Four beta strands present within each beta sheet.  Several 

adjacent beta strand are stabilized by disulfide bridges (Varghese and Colman, 1991).  

The heads of neuraminidase molecule carry the full antigenic and enzymatic 

capability of the enzyme and these structures are held to the membrane by a 

hydrophilic N terminus (Varghese and Colman, 1991).  Neuraminidase activity 



24

depending on several factors such as firstly, oligosaccharides are attached at amino 

acid residues 86, 146, 200, 234, and 402 (Varghese and Colman, 1991).  Secondly, 

binding of calcium by neuraminidase at the symmetry interface of tetramer helps to 

stabilize the overall structure of the enzyme (Varghese et al., 1983).  Thirdly, specific 

oxygens binding the metal are those from mainchain residures 297, 345, and the 

conserved Y324, while the remaining coordination sphere is left empty (Jedrzejas et 

al., 1995).  Overall, the function of neuraminidase is to cleave the terminal off of 

sialic acid, freeing virus particles to infect other cells.  The active site of 

neuramindase is a deep pocket containing eleven invariable amino acids (Jedrzejas et 

al., 1995).  These are amino acid numbers 118, 119, 151, 152, 178, 222, 224, 274, 

276, 292, 371, and 406 (Jedrzejas et al., 1995; Gubareva, 2004).  The recombinant 

neuraminidase had been completely enzymatic activating, because the active site of 

neuraminidase were not changed.  Furthermore, the nucleotide sequence of N1 gene 

from all local isolates had more than 97% homology with N1 gene of Hong Kong and 

other Asian origins but less homology with that of European isolates (82-90%).  The 

sequence of this H5N1 avian influenza virus was also found to have 99% homology 

with this virus in a leopard and a tiger isolates (GenBank accession AY646168 and 

AY646176).  These results suggested that the H5N1 avian influenza virus which 

caused the outbreak in animals and human in Thailand may have the same source of 

origin.  This type of outbreak was also found in other Asian countries (Claas et al.,

1998; Subbarao et al.,2000; Matrosovich et al., 1999; Lin et al., 2005; Puthavathana 

et al., 2005).
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Figure1 Analysis of PCR products of N1 gene using 1.5% agarose gel 

electrophoresis.  A 10 µl of PCR mixture was loaded onto each lane of 

agarose gel.  Lane 1 = DNA marker, Lane 2 = negative control and Lane 3 

= PCR products of whole N1 gene.
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Figure 2 Nucleotide sequence alignment of N1 gene of avian influenza virus isolated 

from a naturally infected native duck case (lowest line) compared to those 

of a human (Accession AY555152) and a chicken cases (Accession 

AY649383) using DNASIS and ClustalW program.        = a different base 

of N1 gene of a duck, a human and a chicken isolates of AI virus.

*

*
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Figure 3 Amino acid sequence alignment of the expected neuraminidase of avian 

influenza virus isolated from a chicken case (upperline) compared to those 

of a naturally infected native duck and a human cases using Expasy and 

ClustalW program.     = a different amino acid of neuraminidase of a 

chicken, a duck and a human isolates of AI virus.

*

*

*

**
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2. Detection of recombinant protein

Dot blot analysis of crude protein extracted from recombinant baculovirus 

infected High Five  cells after 72 h.p.i. using goat hyperimmune serum against 

H5N1 avian influenza virus and monoclonal antibody against histidine showed 

positive results of neuraminidase (Figure 4).  SDS-PAGE gave a distinct band of 

approximately 54 kDa which was approximately the size of neuraminidase (Gregory 

et al., 2002; Qiao et al., 2003; Hulse et al., 2004) (Figure 5).  Western blot analysis of 

the crude protein extracted from baculovirus infected High Five cells using goat 

hyperimmune serum and monoclonal antibody against histidine was also positive for 

neuraminidase (Figure 6).  These results suggested that recombinant neuraminidase 

might be correctly glycosylated and folded because it was recognized by goat 

hyperimmune serum against H5N1 avian influenza virus.
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Figure 4 Dot blot analysis of crude protein extracted from recombinant baculovirus 

infected cells (1) and wild type baculovirus infected High Five  cells (2) 

using goat hyperimmune serum against H5N1 avian influenza virus (A)  

and monoclonal antibody against histidine (B).

1 1 22

BA
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Figure 5 12% SDS-PAGE analysis of crude protein from wild type infected (Lane 1),  

recombinant baculovirus infected High Five  cells (Lane 2) and protein standard 

(Lane 3)

~54 kDa

60 kDa

50 kDa

40 kDa

1 2 3
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Figure 6 Western blot analysis of crude protein from recombinant baculovirus 

infected (Lane 2) and wild type infected High Five  cells (Lane 3) using 

monoclonal antibody against histidine (A) and goat hyperimmune serum 

against H5N1 avian influenza virus(B).  Lane 1 was the protein standard 

marker.

1 2 1 23 3

50 kDa
60 kDa

60 kDa

50 kDa
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CONCLUSION

In this study, N1 gene of H5N1 avian influenza virus isolated from local duck 

was successfully cloned and expressed using baculovirus system.  This is the first 

report of the N1 sequence of H5N1 avian influenza virus isolated from the duck in 

Thailand.  The N1 gene was found to be similar to those of chicken and human in 

size.  The nucleotide sequences synthesized from this gene showed high similarity 

comparing to other avian influenza viruses isolated from chicken and human which 

suggested that the outbreak H5N1 in Thailand may come from the same virus origin.  

However, the nucleotide sequences of N1 product isolated from duck had 4 different 

amino acids at position 5, 8, 80 and 418 compared to that of the chicken and human, 

but enzymatic activity is complete because the amino acids were not changed at the 

active site. This strain was more similar to Asian isolates than these of European 

origin.  Expression analysis of the N1 gene indicated that recombinant neuraminidase 

might have correct post-translation modification and folding.  This recombinant 

protein will be very useful for the development of a test kit to differentiate infected 

from vaccinated animals (DIVA).
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APPENDIX 1

Chemical Reagents and Substances

1.  Bacterial media and solution

- Luria Bertani (LB) medium (broth)

10 g/litre tryptone

5 g/litre yeast extract

10 g/litre NaCI

- LB agar

LB medium containing 15 g/litre agar

- Ampicillin stock solution

100 mg/ml in H2O, sterile filter, store in aliquots at -20 °C

- Kanamycin stock solution

25 mg/ml in H2O, sterile filter, store in aliquots at -20 °C

- IPTG (1 M) 238 mg/ml in H2O, sterile filter, store in aliquots at -20 °C
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2.  Plasmid isolation reagents

- Solution I

25 mM Tris-HC1 pH 8.0

10 mM EDTA

50 mM glucose

- Solution II

0.2 N NaOH

1% SDS

- Solution Ill

60 ml of 5 M Potassium acetate

11.5 ml of glacial acetic acid

Distilled water 28.5 ml

3 M Sodium acetate pH 5.2

99.5% ethanol

- Tris-EDTA (TE  pH 8.0)

    10 mM Tris HCI

      1 mM EDTA

       adjust pH to 8.0

- Phenol / chloroform / isoamyl alcohol (25:25:1) total volume 204 ml

100 ml TE-saturated  phenol

100 ml chloroform

  4 ml isoamyl alcohol
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3.  Buffer for agarose gel electrophoresis

- 20X TAE buffer pH 8.3 (1 litre)

0.8 M Tris HCl ; 96.9 g

0.4 M sodium acetate; 32.8 g of NaOAc-3H2O

0.04 M Na2EDTA; 14.9 g

Adjust pH with glacial acetic acid to pH 8.3 and bring to 1 litre

with distilled water.

- 10X loading buffer / dye

20% glycerol

0.01% bromphenol blue

add TE to final volume

- 5 mg/ml ethidium bromide (EtBr)

500 mg EtBr

add distilled water to 100 ml

4.  Buffer for DNA extraction from agarose gel

- lysis buffer pH 7.0 (100 ml)

4M guanidine Thiocyanate; 47.28 g

50mM Tris HCl ; 0.6055 g

20mM EDTA; 0.80894 9

adjust pH to 7.0
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- Washing buffer pH 7.0 (100 ml)

50% ethanol . 50 ml

200mM NaCI ; 1.1688 g

10mM EDTA; 0.40497 g

50mM Tris HCl; 0.6055 g

adjust pH to 7.0

5.  SDS-PAGE reagents

- 2x SDS-PAGE sample buffer

2.5 ml of 4xTris HCl  / SDS, pH 6.8 (250 mM Tris HCl)

2.0 ml of glycerol (20% glycerol)

0.4 g of SDS or 4 ml of 1 0%SDS (4% SDS)

0.2 ml of beta- mercaptoethanol (2% of 2-ME)

0.006% bromophonol blue

- 4x Tris HCl / SDS pH 6.8, buffer for stacking gel (250 ml)

0.5M Tris HCl ; 15 g Tris HCl

0.4% SDS; 1 g SDS

200 ml distilled water

Adjust pH using concentrated HCl , then add distilled water to 250 ml

total volume

- 4x Tris HCl / SDS pH 8.8. buffer for separating gel (500 ml)

1.5M Tris HCl; 91 g Tris Base

0.4% SDS; 2 g SDS
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400 ml distilled water

Adjust pH using concentrated HCI then add distilled water to 500 ml

total volume

- 30% Acrylamide / Bis-acrylamide (bis-acrylamide acrylamide =1:36) to prepare

513.5 ml of solution:

150 g acrylamide

4.1 g Bis-acrylamide

Add distilled water to 513.5 ml sterilize by filter and store at 4°C

- 10% Ammonium persulfate

100 mg ammonium persulfate

1 ml distilled water

-  TEMED (N,N,N',N'- tetramethylethylenediamine) store protected from light at 40°C

- Glycine buffer

192 mM glycine

25 mM Tris base

0.1% SDS

- Coomasie Brilliant Blue stain (2 litres)

2 g Coomasie brilliant blue powder

1 litre methanol

200 ml acetic acid

800 ml distilled water

Stir for minimum 2 hours and filter through Whatman filter disc
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- Destainning solution (100 ml)

225 ml methanol

10 ml acetic acid

225 ml distilled water

6.  lmmunoblotting reagents

- PBS buffer, pH 7.4 (1 litre)

8.0 g  NaCI

0.2 g  K2H2PO4

0.2 g  KCl

1.15 g  Na2HPO4

Distilled water adjust to 1000 ml

- PBS-Tween buffer

add to final concentration of 0.5% Tween 20 (Sigma)

- Blocking agent

5% skim milk in PBS- 0.5 %Tween buffer

- Serum diluting agent

2% skim milk in PBS- 0.5 %Tween buffer

- DAB (Sigma) substrate

6 mg of DAB

10 µl of  H2O2

990 µl of sterilize water
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- Transfer buffer (1 litre)

25mM Tris; 3 g Tris base

190mM glycine; 14.4 g glycine

20% methanol ; 200 ml conc. methanol (water adjust to 1,000 ml)
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APPENDIX 2

The standard methods

1.  Preparation of Ultra-competent cells for transformation (Inoue et al., 1990)

1. Culture cells on LB agar plate at 37 °C overnight. In case of M15 strain E. coli LB

agar contains 25 µg/ml kanamycin.

2. Pick up a large colony and culture in 1 ml of LB broth at 37°C overnight with

vigorous shaking (~ 250 rpm).

3. From 500 µl of overnight culture, subculture to 100 ml of SOB medium containing

25 µg/ml kanamycin, incubate at 37°C until OD600 is 0.4 - 0.8 (approximately 3 -

4 hrs).

4. Store the culture on ice for 10 mins.

5. Centrifuge at 4 °C, for 10 mins at 3,000 rpm, discard the supernatant.

6. Gently resuspend the pellet in 33 ml of ice-cold TB and store on ice for additional

10 mins

7. Centrifuge at 4°C, for 10 mins at 3,000 rpm, discard the supernatant.

8. Gently resuspend the pellet with 2 ml of ice-cold TB, then add 7% DMSO (150 ul)

9. Aliquot the cell to ependorf  tube each 200 ul and store at -70°C until use for

transformation.
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2.  Transformation

1. Thaw the competent cell on ice, for 30 mins.

2. Mix the constructed plasmid from ligation to the competent cell, stand on ice for

30 mins.

3. Heat shock the cell at 42°C for 90 sec in the heat block, and immediately place tube

on ice for 5 mins.

4. Add the L.B. broth 900 µl and incubate with shaking at 37°C for 1 hr.

5. Centrifuge the culture at 6,000 rpm for 1 min.

6. Spread the cells on the prewarmed LB plate containing 100 µg/ml ampicillin

and 7 µg/ml Getamycin, air dry plate, and incubate for 12-36 hrs at 37°C

7. The recovery clone of E. coli with recombinant plasmid was determined by

PCR assay, restriction endonuclease, and DNA sequencing.

3.  Ligation (adapted from Sambrook et at., 1989)

The following reaction conditions are for ligation of DNA inserts with

cohesive ends to DNA vectors with complementary cohesive ends to produce circular

recombinant molecules. A molar ratio of  5:1 insert:vector was used.

1. Add the following component to the 0.5 ml microtube

- 10x T4 ligase buffer   2 µl

- vector DNA : insert DNA (1:5)

- autoclaved distilled water to 20 µl
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2. Add 1.0 µl (0.1 unit) of T4 DNA ligase (Promega®, Inc.). Mix gently and then

breifly spin down to bring the content to the bottom of the tube.

3. Incubate at 4°C, 48 hrs.

4. The ligation reaction was used in transformation to competent cell of E. coli

7 µl each reaction.

4.  Kit QIA prep® spin method for plasmid isolation

1. From overnight cultures of E. coli in LB broth, pour 1.5 ml into 1.5 ml microtube.

2. Centrifuge for 5 mins, at 13,000 rpm and carefully aspirate off the medium.

3. Add 250 µl of  P1 buffer with RNAse A and resuspend by vortexing until the

suspension become homogenous.

4. Add 250 µl of P2 buffer and gently inverse the tube up side down.  The cells should

lyse and turn somewhat clear and viscous.

5. Let it stand for 3 mins (should not more than 5 mins) and then add 350 µl of P3

buffer. Mix again by inversion until a white clot of DNA/protein/SDS form.

6. Centrifuge at 13,000 rpm for 10 mins.

7. Pour off the supernatant (~400 µl) into a QIA prep column 1.5 ml microtube.

8. Centrifuge at 13,000 rpm for 2 mins.

9. Discard the supernatant

10. Wash QIA prep with 750 µl of PE buffer

11. Centrifuge at 13,000 rpm for 1 min.
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12. Change new tube and add 30 µl of EB Buffer, incubate at room temperature          

1 min.

13. Centrifuge at 13,000 rpm for 1 min, and keep elution buffer at -20°C

5.  Restriction endonuclease assay (recommented by Fermentus ®)

This procedure is used for cutting the target DNA with two enzymes (Double

digestion method).

1. Isolate the plasmid from E. coli or prepared the target DNA.

2. Add the following components to 1.5 ml microtube;

- target DNA 10 µl (in TE & distilled water), the volume depends on the

concentration of DNA.

- Y+Tango® 1X buffer for 2 µl

- 2-fold of Hind III and 1-fold of XbaI restriction enzyme add distilled water

to desirable volume (30 µl)

3. Incubate at 37°C for 3 hrs to complete enzyme reaction.

4. Purify the target DNA by agarose gel electrophoresis and DNA extraction from

agarose gel.

6. QIA quick gel extraction kit protocol

1. Exise the DNA fragment from the agarose gel with a clean, sharp scalpel.

2. Weigh the gel slice in a colorless tube. Add 3 volumes of Buffer QG to 1 volume of

gel (100 mg ~ 100 µl)
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3. Icubate at 50°C for 10 mins. To help dissolve gel, mix by vortexing the tube every

2-3 mins during the incubate.

4. After the gel slice has dissolve completely, check that color of the mixture is

yellow

5. Add 1 gel volume of isopropanol to the sample and mix.

6. Place a QIAquick spin column in a provided 2 ml collection tube.

7. To bind DNA, apply the sample to the QIAquick column, and centrifuge for 1 min.

8. Discard flow-through and place QIAquick column back in the same collection tube.

9. To wash, add 0.75 ml of PE buffer to QIAquick colume and centrifuge for 1 min.

10.Discard flow-through and place QIAquick column an additional 1 min at 13,000 rpm.

11.Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

12.To elute DNA, add 50 ul of EB buffer (10 mM Tris-HCl, pH 8.5) to the center of

QIAquick column membrane, let the column stand for 1 min, and centrifuge for

1 min.

7.  Phenol-Chloroform extraction of RNA and ethanol precipitation (Sambrook

and Russell, 2001)

1. RNA was extracted from 100 µl of allantoic fluids that it was mixed with 500 µl of

denature solution and 50 µl of 2M NaAc, was shaken for 5-10 mins

2. Add RNA phenol 150 µl and  chloroform 150 µl was shaken for 5 mins.

3. Centrifuge the sample at 13,000 rpm for 5 mins to separate the phases.



59

4. Remove about 90% of the upper, aqueous layer to a clean tube, carefully avoiding

proteins at the aqueous-phenol interface.  At this stage the aqueous phase can

be extracted a second time with same procedure.

5. Repeat 2-4 again.

6. Remove about 90% of the upper, aqueous layer to a clean tube, add isopropanol

550 µl and 0.5 µl of glycogen (20ng/ml), invert gently up side down and keep

in – 80°C for 40 mis

7. Centrifuge at 13,000 rpm for 10 - 15 mins. Carefully decant the supernatant.

8. To wash the RNA pellet with 75% ethanol. Centrifuge at 13.000 rpm for 5 mins.

Decant the supernatant, and dry the pellet by air.

8.  Agarose gel electrophoresis

1. Prepare an agarose gel, according to recipes listed below, by combining the agarose

(low gel temperature agarose may also be used) and water in a 250 ml)

2. Pour the gel onto a taped plate with casting combs in place.  Allow 20 - 30 mins for

solidification.

3. Carefully remove the tape and the gel casting combs and place the get in a

horizontal electrophoresis apparatus.  Add 1x TAE electrophoresis buffer to

the reservoirs until the buffer just covers the agarose get.

4. Add at least one- tenth volume of 5x agarose gel loading dye to each DNA sample,

mix, and load into the wells.  Electrophoresis the gel at 50 - 100 V/cm until the

required separation has been achieved.

5. Incubate the agarose gel in EtBr tank for 15-20 mins.



60

6. Visualize the DNA fragments on a long wave UV light box.

9.  SDS-polyacrylamide get electrophoresis (SDS-PAGE) (Cochet et al., 1998)

9. Prepare the gel by the recipe as follow for 2 gels

- Seperating gel (12%)

H2O                                                        2.8 ml

4x Tris HCI/SDS pH 8.8.                       2.0 ml

30% Acry/0.8%bis-Acryl                       3.2 ml

10% APS                                              26.6 µl

TEMED                                                  5.3 µl

- Stacking gel

H2O                                                       3.05 ml

4x TrisHCI/SDS pH 6.8                        1.25 ml

30% Acryl/0.8%bis-Acryl                     0.65 ml

10% APS                                                   25 µl

TEMED                                                       5 µl

9. If not already in electrophoresis sample buffer, add an equal volume of 2X sample

buffer to all samples and boil for 5 mins.

9. Apply 20-25 µl (1 - 10µg total protein) of cell lysate to each well of a 0.75-1.0 mm thick

gel.

9. Run electrophoresis (100 volt, 70 mins, constant ampere)
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10.  Western transfer and blotting (Cochet et al., 1998)

1. Cut the nitrocellulose membrane with sharp blade to the expected size

2. Soak the gel (from SDS-PAGE), the nitrocellulose membrane, the whatmann

papers, and sponges in cool transfer buffer for 10 mins.

3. Set the transfer apparatus, then transfer proteins from gel to nitrocellulose

membrane at 400 mAmp for 6 hrs in transfer buffer (25mM Tris base, 190mM

glycine, 20% MeOH). The transfer set should be placed in ice box to control

the temperature.

4. Remove the blot from the transfer apparatus immediately place into blocking buffer

(5% skim milk in 1x PBS+ 0.5 % Tween 20 ) and incubate for 1 hr at room

temperature with gently agitation (optional 2 hrs at 37°C /overnight at 4°C).

5. Dilute the primary antibody (goat-anti H5N1 avian influenza virus hyperimmune

sera absorb for 3 hrs at 37°C with supernatant of virus wild type (1:50) or

mouse IgG anti- histidine monoclonal antibody (1:3,000).  Decant the blocking

buffer from the blot, add the primary antibody solution, and incubate with

agitation for 90 mins at room temperature.

6. Wash 3 times with agitation in PBS-0.5% Tween for 5 - 10 mins each.

7. Dilute the secondary antibody with 2% skimmilk in PBS-0.5% Tween (rabbit anti-

goat IgG (1:1,000) or goat anti-mouse IgG (1:500) conjugated with

peroxidase).  decant the primary antibody from the blot, add the secondary

antibody solution, and incubate with agitation for 45-60 mins at room

temperature
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8. Decant the secondary antibody solution. Wash 3 times with agitation in PBS 0.5 %

Tween for 5 - 10 mins each.

9. Add DAB substrate and incubate for 5 - 15 mins.

10. To stop enzyme-substrate reaction, place the blot in distilled water.

11.  Nucleotide base abbreviations used in nucleic acid sequences

A adenosine

C              cytidine

G              guanine

T               thymidine

U              uridine

R              G A (purine)

Y              T C (pyrimidine)

M             A C (amino)

S              G C (strong)

W             A T (weak)

B              G T C
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12. Abbreviation of amino acid

Phenylalanine                               F

Leucine                                         L

Serine                                            S

Tyrosine                                       Y

Stop                                               X

Cysteine                                        C

Tryptophan                                   W

Proline                                           P

Histidine                                       H

Glutamine                                     Q

Isoleucine                                      I

Methionine                                    M

Threonine                                      T

Asparagine                                    N

Lysine                                            K

Arginine                                         R

Valine                                            V

Alanine                                          A

Aspartate                                       D

Glutamate                                      E

Glycine                                          G
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APPENDIX 3

Figure 1   The pFastBacTM HT B  plasmid (Invitrogen®) circle map and

sequence reference points.  This map show of start and 6xHistidine

tag, this is used for check recombinant neuraminidase protein.

Source:     Invitrogen®

B
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Figure 2  This picture show of a baculovirus promoter and multiple cloning

      sequence of pFastBacTM HT B  plasmid (Invitrogen®).

   Source:    Invitrogen®
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Figure 3  Diagram of influenza virus
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