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Abstract

Background: Avian influenza virus (AIV) belongs to the family of Orthomyxoviruses type A and causes avian influenza (AI) infectious
disease. Currently, serological diagnostic techniques such as agar gel propagation (AGP), hemagglutination inhibition, and enzyme-
linked immunosorbent assay (ELISA) are considered as important tools for the antibodies detection against viral antigens. Due
to antigenic variation in the surface of AIV glycoproteins (hemagglutinin and neuraminidase), these proteins cannot be used in
serological tests. Development of assays to detect AI surface glycoproteins is problematic because a great variety of combinations
of these subtypes are found in nature. The internal antigen determinants on the nucleoprotein (NP) are highly conserved within
influenza viruses, making this protein more appropriate for a serological test.
Objectives: In the experimental present study, an effectual method was expanded to purify NP of H9N2 AIV based on Electroelution
method.
Methods: AIV strain A/flash chicken/Iran/772/1998 (H9N2) was acquired from the Department of Avian Influenza Reference Labora-
tory, Razi Vaccine and Serum Research Institute, Iran, about 2 cc, in 2017. Nucleoprotein of AIV (H9N2) was purified by an efficient and
simple modified method directly from native polyacrylamide gel electrophoresis (PAGE) according to the Electroelution method.
The purified protein concentration was defined by the Lowry method, and the purified NP protein (60 KDa) was examined by Tricine-
SDS-PAGE.
Results: The protein concentration of the virus solution was 4.62 mg/mL by the Lowry method. The purified Nucleoprotein con-
centration was 0.296 mg/mL by Lowry method and the Tricine-sodium dodecyl sulfate-polyacrylamide gel electrophoresis results
showed only a 60-KDa protein band in the gel.
Conclusions: The current technique was simple and rapid and made it possible to isolate NP from the H9N2 virus. The Nucleo-
protein antigen is an appropriate candidate potential to detect antibodies against all subtypes of AIV and used as the main target
antigen for the diagnosis of influenza virus due to its very high scale of sequence preserved among exist strains.
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Influenza A Virus, Membrane Glycoproteins, Native Polyacrylamide Gel Electrophoresis, Neuraminidase, Nucleoproteins, Sodium
Dodecyl Sulfate Antigens

1. Background

Avian influenza (AI), a zoonotic infection initiated by
influenza viruses (a member of the Orthomyxoviridae fam-
ily), separated into five different genera consisting types
A, B, and C, as well as isavirus and thogotovirus (1). Types
B and C circulate constantly in human subjects, while the
type-A infects humans, different warm-blooded animals,
and a wide assortment of trained and wild flying crea-
tures (2). Respiratory and infectious diseases are the most
common diseases, which are caused by microbial factors,
such as viruses, bacteria, and fungi. Influenza A viruses

(IAVs) harbor eight gene segments encoding 10 viral pro-
teins: the structural proteins containing neuraminidase
(NA), hemagglutinin (HA), nucleoprotein (NP), that encap-
sulates the ssRNA (-) genome, two matrix proteins (M1, M2),
two polymerase basic proteins (PB1, PB2), and polymerase
acidic protein (PA1). There are also two non-structural pro-
teins (NS1, NS2) (3). Among the genera of influenza viruses,
NP and M are highly conserved (4). Avian influenza virus
(AIV) is subtyped according to the antigenic difference of
the viral surface glycoproteins (HA, NA) to 17 HA and 10 NA
(5). AIVs in birds are classified as either high pathogenic-
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ity (HP) or low pathogenicity (LP) according to the clini-
cal signs severity, and rate of mortality in birds (6). Al-
though the H9N2 IAV strain is low pathogenic, it often in-
fects avian species and its mortality rate, among which is
reported above 50% (7). The H9N2 strain is broadly dis-
persed worldwide; it was first identified in Wisconsin in
1966 (8). H9N2 viruses transmit from birds to humans and
other mammals (9-12) and cause infections in humans as
well as wild and domesticated animals in many Eurasian
countries (8, 13). They are also spread to the Middle East
and Africa (13, 14). H9N2 human infections have been inces-
santly reported, but there were no H9N2 vaccines available
in humans (15). It has been reported that patients bene-
fit from antiviral treatment, especially in the first 48 hours
of illness (16). Currently, serological diagnostic techniques
such as agar gel propagation (AGP), hemagglutination in-
hibition, and enzyme-linked immunosorbent assay (ELISA)
are considered as important tools for the antibodies de-
tection against viral antigens (17). These techniques are
common and relatively inexpensive, and generate results
more rapidly (18, 19). Enhancing the detection efficiency
in a small sample size is important for accurate molecu-
lar detection (20). The development of assays to detect AI
surface glycoproteins is problematic because a great vari-
ety of combinations of these subtypes are found in nature
(21). Influenza virus also has good candidate proteins such
as NP used as the main target antigen for the diagnosis of
influenza virus due to its very high scale of sequence pre-
served among exist strains (22-24).

2. Objectives

In the present experimental study, an effectual method
was expanded to purify NP of H9N2 AIV based on elec-
troelution method. To evaluate purified protein speci-
ficity, Tricine-SDS-PAGE (Tricine-sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) has been used.

3. Methods

3.1. Viruses

AIV strain A/flash chicken/Iran/772/1998 (H9N2) was ac-
quired from the Department of Avian Influenza Reference
Laboratory, Razi Vaccine and Serum Research Institute,
Iran, about 2 mL, in 2017 and stored at -70ºC. In the present
experimental study, the amount of present proteins in
virus solution was determined by BSA (bovine serum al-
bumin) standard protein (Sigma, St. Louis, MO) using the
Lowry et al. method (25).

3.2. Gel Electrophoresis of the H9N2 AIV

SDS-PAGE was used to separate the H9N2 AIV protein
bands based on their known molecular weights (26). The
virus solution was electrophoresed in a 10% gel. Samples
were diluted into sample buffer (5% β-mercaptoethanol),
and next heated up to 95ºC for 10 minutes. Gels were
stained with Coomassie Brilliant Blue R-250.

In order to analyze proteins with biological activity,
a non-denaturing system is needed; for this purpose, a
non-denaturing system based on the method of Davis was
used (27, 28). H9N2 virus was electrophoresed on a 10%
native PAGE three times to obtain enough gel for elec-
troelution of NP. The sample was ready in sample buffer
without β-mercaptoethanol, SDS, or heating and stained
with Coomassie blue. Every time 600 µL viral protein was
loaded into 11 lanes.

3.3. Electroelution of Nucleoprotein

Bio-Rad model 422 Electro-Eluter was used to recover
NP separated by native PAGE by means of an electric field,
based on the manufacturer’s manual. Concisely, the 60-
KDa protein bands were cut from the four native gels and
placed into tubes with a frit at the bottom. The tubes were
filled with elution buffer (25 mM Tris /glycine199 mM) and
then, silicon adaptors attached to a membrane cap (MWCO
of 12000 - 15000 Daltons) were filled with elution buffer
and attached to the end of the tubes. Then the elution was
performed at 10 mA/tube for five hours. In the end, the
eluted proteins were pipetted from the membrane. Dial-
ysis was not performed due to the absence of SDS in the
buffer. Then proteins were concentrated with a 6-KDa PEG.

3.4. Estimation of Purified Protein

The purified protein concentration was defined by the
Lowry et al. method (25) in the optical density (750 nm) and
the protein amount was counted by BSA (Sigma, St. Louis,
MO) as the standard.

3.5. Tricine- SDS-PAGE of Purified Nucleoprotein

Tricine-SDS-PAGE gels are usually applied in order to
proteins separation below 100 KDa. The purified NP pro-
tein (60 KDa) was examined by Tricine-SDS-PAGE (29).

4. Results

4.1. Protein Concentration

The protein concentration of the virus solution was
4.62 mg/mL by the Lowry method.

2 Iran Red Crescent Med J. 2019; 21(10):e96170.

http://ircmj.com


Hashemi M et al.

Figure 1. SDS-PAGE of the Avian influenza virus (H9N2)

4.2. Electrophoresis Analysis

Figures 1 and 2, respectively, show the results of SDS-
PAGE and native PAGE gel of the H9N2 AIV. After separation
of influenza virus proteins in polyacrylamide gel, the pro-
tein band of 60-KDa was cut and purified from the gel by
electroelution.

Figure 2. Native PAGE of the Avian influenza virus (H9N2)

Figure 3. Tricine-SDS-PAGE of purified NP protein

4.3. Characterization of the Purified Nucleoprotein

The protein concentration of the purified protein was
0.296 mg/mL by the Lowry et al. method, and the results
of Tricine-SDS-PAGE showed only a 60-KDa protein band in
the gel (Figure 3).

5. Discussion

AI is recognized as an etiological infectious factor with
great economic losses that outbreaks contributed progres-
sively in the world. The development of a new, rapid,
and accurate diagnostic tools is needed to detect antibod-
ies against AIV immunodominant proteins by serological
methods (19). The NP of AIV has a highly conserved se-
quence across the subtypes and strains of IAV; therefore,
it is used as a basis for classification and diagnosis of AI.
The NP of AIV is an internal antigenic determinant and is
applied successfully in an indirect ELISA test to detect AIV-
specific antibodies (18, 30, 31).

Different methods such as cloning and expression
of AIV NP, size exclusion chromatography, and high-
performance liquid chromatography are applied to purify
nucleoprotein. Bhat et al., expressed the NP gene of AIV in
Escherichia coli to produce a 6x-His-tagged recombinant NP
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antigen of ~ 61 KDa molecular weight as the soluble frac-
tion (32). Express nucleoprotein in the E. coli expression
system usually is difficult and has not been more often
applied in order to produce AIV recombinant NP, since it
should be usually recuperated from the insoluble fraction
and needs multiple purification steps (33).

Accordingly, the current study developed an efficient
and reproducible method to purify NP from the native
PAGE gel, based on electroelution method in which less
time is spent to elute several protein bands. In other pro-
tein purification techniques such as column chromatogra-
phy, contamination by other nonspecific proteins could of-
ten seem through purification of the protein, while in the
current study method, it is avoided. Sa-Pereira et al., pu-
rified xylanase from the polyacrylamide gel by electroelu-
tion method; some properties of this enzyme such as spe-
cific activity are presented (34). Eamsobhana et al., purified
a 31-KDa glycoprotein antigen by electroelution of Paras-
trongylus cantonensis worms. The produced 31-KDa P. canto-
nensis antigen had a high degree of purity and specify (35).

Moreover, it avoids the longtime purification of the NP
protein. The high resolution of this technique caused pro-
tein purity with a high level of purification. This technique
does not need an expensive device and reagents and is ap-
propriate for soluble proteins and membrane-bound pro-
teins (36). In conclusion, the current technique was simple
and rapid and made it possible to isolate NP from the H9N2
virus.

In the present study, NP of H9N2 AIV strain was purified
from native PAGE gel by electroelution method. Purifica-
tion of the NP protein was successful and it was detectable
on Tricine-SDS-PAGE.

The purified NP could be used in serological tech-
niques to diagnose the infection caused by this virus and
was a suitable candidate to produce monoclonal antibod-
ies to detect AIV NP.
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