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Cloning and Expression of Influenza H1N1 NS1 Protein in Escherichia Coli BL21
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Background: The influenza virus is globally pathogenic and it is usually associated with zoonotic respiratory diseases. This virus has 
caused a number of pandemics with high mortality rates. The non-structural protein-1 (NS1) of influenza A viruses is a non-essential 
virulence factor that has multiple accessory functions during a viral infection. This protein is highly conservative. It has been shown that 
this protein plays a major role against the immunity responses of host cells.
Objectives: The aim of this study was to produce the recombinant influenza NS1 protein by the use of a bacterial production system, in 
order to evaluate the immunological and structural features of this protein in future researches.
Materials and Methods: The NS1 gene construct was artificially synthesized; subsequently it was sub-cloned into the pQE30 expression 
vector. The expression vector was then transformed into the BL21 cells and induced by IPTG. Finally, the expression was evaluated by SDS-
PAGE and Western blotting techniques.
Results: The NS1 gene was successfully cloned and transformed into expression cells. As a result, a 23 kDa band was observed both on the 
SDS-PAGE and nitrocellulose paper after Western blotting.
Conclusions: Based on the results of this study, it could be concluded that the NS1 gene of influenza A H1N1 virus (A/Shiraz/14/2010 strain) 
could be cloned and the rNS1 protein (recombinant NS1 protein) could be expressed using a bacterial protein translation system. Since 
this protein is a conservative protein among influenza A viruses, it could be used as a potent vaccine for the prevention of various types of 
pandemics caused by influenza A.
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Implication for health policy/practice/research/medical education:
Influenza is a viral respiratory disease of global importance, which makes a specific and efficient worldwide vaccine essential. This study was part of a 
larger research for the development of an influenza vaccine.
Copyright © 2014, National Institute of Genetic Engineering and Biotechnology; Published by Kowsar Corp. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 
is properly cited.

1. Background

Influenza is commonly defined as a type of viral infec-
tion caused by the influenza virus. This virus is extreme-
ly pathogenic and is typically known as the causative 
agent of zoonotic respiratory diseases. Influenza A virus-
es contain single-stranded, negative sense, segmented 
RNA genomes, consisting of eight segments of viral RNA 
(vRNA), which encode 11 known proteins. This enveloped 
virus is a member of the family Orthomyxoviridae and 
it is classified into subtypes depending upon its surface 
glycoproteins, hemagglutinin (HA) and neuraminidase 
(NA). Depending on the strain, the influenza A virus ge-
nome (8 RNA segments) encodes 10 or 11 proteins. 

The last segment (segment 8), which is also the short-
est one, encodes an mRNA that is alternatively spliced 
in order to express the nonstructural protein-1 (NS1), 

and the nuclear export protein (NEP) (1). The NS1 pro-
tein is not present in the virion and is only expressed 
in infected host cells (2). The full-length NS1 is probably 
a homodimer protein, with both RNA binding and ef-
fector domain contributions. NS1 is a multifunctional 
protein that significantly links the protein-RNA and 
protein-protein interaction (3, 4). Researchers have 
demonstrated that the phylogenetic relationship of the 
NS1A gene isolated from genetically distinct infected 
cells, verifies that the NS1A protein undertakes evolu-
tionary divergence (5). The viral NS1 protein is generally 
considered as the common factor by which all influenza 
A viruses antagonize host immune responses, which is 
a survival mechanism of the virus (6, 7). There are only 
three known A subtype influenza viruses affecting hu-
man cells (H1N1, H2N2, and H3N2), and both H3N2 and 
H1N1 are currently circulating among humans (2).
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2. Objectives
Influenza NS1 proteins play a key role in viral infec-

tions, as well as in various kinds of influenza H1N1 pan-
demics reported globally. The aim of the present study 
was to clone and express the NS1 protein of the influ-
enza A H1N1 virus (A/Shiraz/14/2010 strain), in order to 
provide preventive strategies for the Iranian popula-
tion in the future.

3. Material and Method

3.1. Preparation of the NS1 Gene Construct
The 597 bp nucleotide sequence of the influenza H1N1 

NS1 protein (A/Shiraz/14/2010) was obtained from the 
NCBI (ID No. HQ606471.1). According to the available 
data, the NS1 gene was considered for codon optimiza-
tion using the Encorbio website (www.encorbio.com/
protocols/codon.htm), and then it was artificially syn-
thesized (Euorofins, China) and inserted into a pCR 2.1 
plasmid. Universal M13 primers with the following se-
quences were used in order to amplify the NS1 sequence 
using a PCR technique:

M13 F 5´- GTA AAACGACGGCCAGTG -3´
M13R 5´- GGAAACAGCTATGACCATG -3´
The PCR reaction contained 0.1 μg of DNA, 1 × PCR buf-

fer, 1.5 mM MgCl2, 0.1 mM of dNTP, 20 pmol each of for-
ward and reverse primers, and 1 unit of Taq DNA poly-
merase (Cinnagen, Iran). By adding distilled water, the 
final volume of the reaction was set to 20 μl. The PCR 
cycling program was conducted at the following tem-
peratures: denaturation at 94ºC for 30 sec, annealing 
at 49ºC for 30 sec, and extension at 72ºC for 45 sec. The 
previously mentioned cycle was repeated 30 times. The 
reaction was settled at 94ºC and 72ºC for 5 min before 
and after PCR cycling, respectively (8). The amplified 
PCR products were subjected to electrophoresis using 
1.5% agarose gel stained with SYBr green and the band 
was observed under a UV transilluminator.

To subclone the NS1 gene into the expression vector, 
the NS1/pCR 2.1 plasmid was digested with HindIII and 
KpnI restriction enzymes. The digestion product was 
analyzed by electrophoresis on 1.5% agarose gel and the 
desired band was recovered using a DNA gel extraction 
kit (Qiagene, USA). The purified fragment was inserted 
into a digested pQE30 vector and transformed into a 
Top10 Escherichia coli strain. Recombinant plasmid was 
extracted by a plasmid extraction kit (Qiagene, USA). The 
recombinant plasmid was confirmed with PCR analysis 
with universal primers and digested by HindIII and KpnI.

3.2. The Expression of the NS1 Protein
The recombinant construct was transformed into E. 

coli BL21 in order to express the previously mentioned 

protein, and it was cultured on Luria broth agar me-
dium containing 50 µg.ml-1 of ampicillin. The trans-
formed colony was inoculated in 3 mL ˣ medium (1.2% 
BACTO TRYPTON, 2.4% yeast extract, 0.04% glycerol, 1% 
M9 salts) (M9 salts contained: 6.4% Na2H2O4-7H2O, 1.5% 
KH2PO4, 0.025% NaCl, and 0.05% NH4Cl), then incubated 
at 37ºC in a shaker at 200 rpm overnight. After 16 hours, 
the cultured bacteria was inoculated in a 50 mL flask 
and incubated at 37ºC in a shaker at 200 rpm until the 
OD reached 0.6 at 600 nm, followed by induction of the 
cells with 1 mM IPTG for 6 hours at 37ºC. The cells were 
harvested using 4 000 rpm centrifuge for 15 min. The 
pellet was resuspended in a lysis buffer (glycerol 10%, 
Tris (pH 8), PMSF 10mM, and 1% Triton X-100) (Merck, 
Germany). The fraction containing NS1 recombinant 
protein was analyzed by 12% SDS PAGE electrophoresis 
(8).

3.3. SDS-PAGE and Western Blot Analysis
Results of the SDS-PAGE were confirmed by a Western 

blot using a His-tag monoclonal antibody as the pri-
mary antibody and anti-mouse HRP conjugated immu-
noglobulin (Abcam, UK) as the secondary antibody (9).

4. Results

4.1. NS1 Gene Cloning
The synthetic plasmid (pCR2.1) containing the NS1 

gene was transformed into the E. coli XL1-Blue strain 
bacteria and cultured on LB medium containing ampi-
cillin. The extracted plasmid (pCR2.1) was uploaded and 
analyzed by electrophoresis on 0.8% agarose gel. The 
597 bp NS1 gene was prepared from the pCR2.1 vector 
and inserted into HindIII and KpnI restriction sites of 
the pQE30 expression vector.

The PCR product was subjected to electrophoresis and 
the 860 bp bands were observed, which confirmed the 
amplification of the NS1 gene (Figure 1). The PCR product 
was also digested by restriction enzymes (HindIII and 
KpnI); and after a 2-hour incubation, a 660 bp band was 
observed under the UV illuminator. The digested plasmid 
was sub-cloned into the expression vector (pQE30). The 
NS1/pQE30 construct is demonstrated in Figure 2. 

The recombinant protein was expressed and detected 
using different techniques including SDS-PAGE and 
Western blotting; in both methods, the expression of 
the 23 kDa protein was confirmed and compared with 
the control group.

4.2. SDS-PAGE Analysis
The expression of recombinant NS1 protein was de-

tected and compared with control forms of the bacteria 
by SDS PAGE analysis (Figure 3). 
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Figure 1. A) Digested NS1PCR product by HindIII and KpnI restriction 
enzymes, B) The 800bp universal PCR product of cloned NS1 into pCR1.2 
before digestion

Figure 2. Confirmation of NS1/pQE30 by Vector Universal Primers

A) 100 bp DNA ladder, B) 800bp PCR product of the cloned fragment by 
plasmid universal primers

Figure 3. Comparison Between Protein Expressions at Different Times 
After Induction

23 kd

1                                     2                                       3                                               4

Lane 1: lysate of bacterial cell content pQE30, Lane 2: lysate of host cell (con-
trol), Lane 3: lysate of bacterial cell content NS1/pQE30 before induction, Lane 
4: lysate of expressed recombinant bacteria 5 hours after induction by IPTG.
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Figure 4. Western Blot Analysis of Expressed Protein with His-tag Mono-
clonal Antibody
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4.3. Subsection style
The expressed 23kd protein was confirmed by Western 

blotting. The brown band for positive expression 
against the pre-stained protein marker (Fermentas, 
Lithuania) appeared 5 hours after induction (Figure 4). 

5. Discussion
Influenza is a viral respiratory disease of global impor-

tance; it is caused by the influenza virus, which is an RNA 
virus with segmented genome and antigenic diversity. 
Influenza is responsible for about 20 000 deaths and 114 
000 hospitalizations annually (2). The NS1 protein binds 
to the double-stranded RNA and forms dimers in vivo, and 
performs several important functions for the replication 
of the virus in its host (1). Influenza viruses lead to sea-
sonal epidemics, which are due to mutations in the vi-
ral surface glycoproteins. The viral NS1 protein is widely 
regarded as the common factor by which all influenza A 
viruses antagonize host immune responses. The available 
data indicate that the main function of NS1 is to antago-
nize IFN-α/β mediated antiviral responses (10). The influ-
enza A virus NS1 protein has a unique regulative property 
in mammalians, with which it can undergo a series of re-
assortment events under harsh pressure (11). Thus, many 
researchers have conducted extensive researches on the 
influenza A virus in order to find an effective vaccine ac-
cording to the NS1 properties and features. Metreveli car-
ried out a comparative study on the NS1 gene extracted 
from H7N7, H4N6, H12N5 and H6N8 subtypes (2, 11).

It has been observed that, mutant influenza A viruses 
that are unable to express NS1 only display high patho-
genicity in mice lacking antiviral mediators, for instance 
STAT1 or the dsRNA-activated protein kinase (PKR) (6). The 
available data shows that the main function of NS1 in cur-
rent in vivo models is to antagonize IFN-a/b mediated an-
tiviral responses (10). Moreover, the NS1 protein also has 
multifunctional activities which help the virus to repli-
cate in the host cells. These sorts of functions include: se-
quential regulation of viral RNA biosynthesis, regulation 
of viral genome splicing, increases in the viral transla-
tion process, and suppression of host immune responses 
such as the apoptotic pathways and activation of phos-
phoinosidine Kinase-3 (PIK-3) (10). A number of studies 
have adopted different transformation methods. Regard-
less of the method used in transformation, the bacterial 
strain, E. coli, is commonly used as an expression host for 
a range of therapeutic proteins (9). In the present study 
we tried to express NS1 recombinant protein of influenza 
A H1N1 virus (A/Shiraz/14/2010 strain) in order to provide 
preventive strategies for the Iranian population. Howev-
er, Ward et al. used the yeast Saccharomyces cerevisiae, as 
a host for this goal (12). Recent studies have shown that 
the NS1 protein was expressed in both soluble and insol-
uble fractions. Typically, the expressed NS1 fusion protein 
is detected at 26 kDa (13, 14); in the present study a 23 kDa 

band was observed which is in agreement with previous 
studies. Based on the results of this study, it could be con-
cluded that the NS1 gene of the influenza A H1N1 virus (A/
Shiraz/14/2010 strain), could be cloned and the rNS1 pro-
tein (recombinant NS1 protein) could be expressed using 
the bacterial protein translation system. Since this pro-
tein is a conservative protein among influenza A viruses, 
it can be used as a potent vaccine for the prevention of 
various types of pandemics caused by influenza A.
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