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Abstract

Background: At present, there is an increased demand for recombinant proteins and the process development for production has
high potential to speed up. Then, scale up of the developed process are critical if commercial production is the desired.
Objectives: In this survey, we intend to produce a recombinant fusion protein of flagellin (fliC) and the N terminal fragment (NT300)
of NS5B gene.
Methods: After expressing the fusion protein in the proper host (E. coli), sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western Blot were used for evaluating the expressed protein.
Results: Results showed that fliC-NT300 recombinant fusion protein was properly cloned in pET28a vector following by successfully
expressed in E. coli. SDS-PAGE and Western Blotting techniques confirmed a protein with a molecular weight of 86 kDa.
Conclusions: Our data indicated that the novel recombinant fusion protein (fliC-NT300) was well produced by the pET28a vector
in E. coli system.
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1. Background

The recombinant proteins can possess various usages
including: (1) Immunization, (2) biochemical studies, (3)
three-dimensional structure analysis of the protein, and
(4) biotechnological and therapeutic applications; there-
fore, the production of recombinant proteins, as an ac-
cepted standard method is very important. Among the
priorities of applied molecular researches, the production
and study of the characteristics of target protein prod-
ucts are of great importance in the post-genomic era (1, 2).
In this context, the use of DNA cloning technology, along
with fusion tags, is applied as a common method for the
expression and purification of interest recombinant pro-
teins. One of the important achievements in biotechnol-
ogy is the use of prokaryotic systems for the production of
recombinant proteins. Due to numerous problems asso-
ciated with the production of proteins including the use
of large amounts of animal or plant tissues, low-amounts
of protein products, as well as the difficulty of the purifi-

cation, DNA recombinant technology has been allowed to
solve many of these issues (3, 4). Therefore, after the pro-
duction and purification of large quantities of interest pro-
tein, it is possible to determine some of characteristics
such as physico-chemical properties and its use in indus-
trial processes as well as the trend of commercial develop-
ment (1, 5). Although there are several expression systems
such as eukaryotic and prokaryotic for the production of
recombinant proteins, one of the suitable and most widely
used hosts is E. coli. On the other hand, the pET system is
a significant and most common expression vector applied
to facilitate the recombinant protein production (5-8). In
this study, two different molecules were used to produce
recombinant protein: including non-structural protein 5B
(NS5B) of HCV an RNA dependent RNA polymerase (RdRp),
which is responsible for the replication of the hepatitis C
virus genome and flagellin type B (fliC) from Pseudomonas
aeruginosa (9-13). Therefore, in this paper, we attempted to
design an efficient construct to produce high yield and pu-
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rified of a novel HIS-Tag recombinant fusion protein (fliC-
NT300) in E. coli host (BL21).

2. Methods

2.1. Construction of Recombinant Fusion Gene

PCR amplification of the NT300 fragment was first
done by a set of primers designed as follows: NT300 F:
5-GACGAATTCGGTACCAAGCTTTCAATGTC-3 and NT300 R: 5-
TTTCTCGAGGCGGGCTTTAATATAACACGTCAGG-3.

The pET28a expression vector (Biomatik, Ontario,
Canada), containing the full coding sequence of NS5B
gene from hepatitis C virus (HCV), was used as a template.
The EcoR1 restriction site in forward primer and Xho1
restriction sites in reverse primer were underlined. PCR
reaction carried out under the following program: 94°C,
30 s; 61°C, 30 s; 72°C, 2 min for a total of 35 cycles. After
purification of PCR product of NT300 using gel extraction
kit (Fermentas, Thermo Fisher Scientific, USA), the product
was cloned into the EcoR1/Xho1 sites of expression vector
pET28a (+). The pET28a vector (QIAGEN, Germany) con-
tained full coding sequence of fliC as a template. Primers
designed for reaction were as follows:

fliC F: 5-CCTGGATCCGAAGATGACGTTGAGTGGA-3

fliC R: 5-TGCGGTACCTTTGTAGAAGGCTTTGTATTC-3

The BamH1 and Kpn1 restriction sites were included in
forward and reverse primers, respectively. PCR program
for amplification including: for 30 s at 94°C; 35 s at 62°C;
1:45 min at 72°C, for a total of 35 cycles. The presence
of the amplified product on gel electrophoresis was con-
firmed and then, the fliC fragment cut and purified using
the gel extraction kit (Fermentas, Thermo Fisher Scientific,
USA). To generate pET28a (fliC-NT300), the fliC fragment
was digested with BamH1 and Kpn1 and then, cloned into
the BamH1/Kpn1 sites of expression vector pET28a-NT300,
upstream of NT300 fragment. After that, ligation prod-
uct transformed into E. coli DH5a competent cells followed
by PCR and restriction analysis with Nco1 and Xho1 en-
zymes in order to screen. The sequence integrity of positive
clones were checked by DNA sequence analysis (Bioneer,
Korea).

2.2. Expression and Purification of the Recombinant fliC-NT300
Protein

After transforming pET28a-fliC-NT300 fusion plasmid
into E. coli BL21 (DE3), a single transformed colony of recom-
binant E. coli (DE3) cells was inoculated into Luria Broth
(LB) media containing 100 µg/mL kanamycin (Sigma, Ger-
many) overnight. When the optical density (OD at 600 nm)

of the culture reached 0.6 (OD = 0.6), the expression of re-
combinant protein was induced by addition of isopropyl-
D-thiogalacto-pyranoside (IPTG) (Fermentas, USA) to a fi-
nal concentration of 1 mM and incubation continued at
37°C for 4 h. Bacterial cells were collected by centrifugation
(10000 g for 5 min) and the cell pellets were further sub-
jected to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) to analyze the expression of the re-
combinant proteins.

2.3. SDS-PAGE and Western Blot Analysis

SDS-PAGE was used to analyze the proper expression
of fliC-NT300 fusion protein by the method as previously
instructed (11). Briefly, 20 µL of the purified fractions
were suspended in 20 µL of loading buffer, heated for 5
min at 100°C. Then, 20 µL of each sample was used for
loading on 13% SDS-PAGE gel. Western Blot analysis, us-
ing horseradish peroxidase (HRP), conjugated anti-polyhis
antibody (Sigma, USA), with an appropriate (1:3000) di-
lution, was performed as described previously (10), with
some modifications. The Horseradish Peroxidase color de-
velopment reagent, DAB (3,3’-diaminobenzidine) solution
(0.05%) with 30 µL hydrogen peroxidase (30%) as an en-
zyme substrate was used for detecting bounds to nitrocel-
lulose membrane. This substrate develops a brown insol-
uble product on the membrane surface after exposure to
horseradish peroxidase conjugated antibodies.

3. Results

3.1. Cloning of rfliC-NT300 in a Prokaryotic Expression Vector

To produce rfliC-NT300 fusion gene, the N-terminal of
NS5B (NT300) with 900 bp size was amplified by PCR re-
action and inserted into the restriction sites (EcoR1and
Xho1) of vector pET28a. Then, plasmid contain N-terminal
of NT300 was purified by plasmid extraction kit and elec-
trophoresis of PCR products showed the length of approx-
imately 900 bp for NT-300 fragment. In addition, the same
experiments were done for fliC fragment and the band,
about 1470 bp on electrophoresis gel, was detected. This
fragment cloned into the BamH1/Kpn1sites of expression
vector pET28a-NT300, upstream of NT300 fragment. As a
result, we generated a fusion protein consisting of the fliC
gene linked to the N-terminal end of NS5B gene (NT300)
using the restriction enzymes method. Our construct con-
sists of fliC- NT-300 fragments and poly-his tag (Figure 1).
Final PCR product with band size 2720 bp (Figure 2) and
double digestion by the restriction enzymes (BamH1/Xho1)
with band near 2365 bp were shown in Figure 3.
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Figure 1. Recombinant fusion construct; schematic diagram of recombinant fusion
construct consist of flagellin (fliC), NT300 fragment and poly-his tag

Figure 2. 1, PCR product of recombinant fusion gene; DNA ladder 1Kb; 2, PCR product
of fusion fliC-NT300 (2720 bp)

Figure 3. Double digestion analysis; 1, DNA ladder 1Kb; 2, uncut vector; 3, vector di-
gested by (BamH1/Xho1) enzymes (2365 bp band)

3.2. Expression and Purification of the Recombinant rfliC-NT300
Protein

The correct sequence of the recombinant gene was con-
firmed by DNA sequencing (Bioneer, Korea), then, the fu-
sion protein fliC-NT300 was expressed in E. coli BL21 (DE3)
strain and purified. For this reason the cells containing
recombinant plasmid were cultured in LB medium con-
taining 100 µg/mL kanamycin at 37°C until the OD (600
nm) reached 0.6, then, induction was done using 1mM IPTG
at 37°C for 6 hours. Analysis of recombinant protein was
done by SDS-PAGE method. The recombinant fliC-NT300
protein was run on a polyacrylamide gel electrophoresis
(12.5%) and stained by coomassie blue. This recombinant
protein, with a molecular weight of 86 kDa, can be seen
on the SDS-PAGE gel (Figure 4). Under denaturing con-
ditions and using Ni-NTA affinity column, the recombi-
nant protein his-tagged fliC-NT300 was successfully puri-

fied (Figure 4). Western Blotting technique was performed
by anti-His antibody to make sure the appropriate expres-
sion of fliC-NT300 recombinant protein and displayed the
existence of main band with expected size (86 kDa) cor-
responding to this protein in the induced bacterial lysate
(Figure 5). Purified samples were confirmed by Western
Blot analysis (Figure 5).

4. Discussion

Many of biopharmaceutical protein products and
industrial enzymes such as monoclonal antibodies and
antibody fragments, blood clotting factors, thrombolytic
agents, vaccines, hormones, interferons, interleukin-
based products, growth factors, nucleic-acid based
products, and therapeutic enzymes are recombinant
proteins (14-16). Appropriate and efficient strategies for
the production of high amounts and high-quality of re-
combinant proteins are important. Several factors affect
the expression of recombinant protein, one of the most
important factors that can increase the concentration of
target protein is selection of the appropriate expression
host. From conventional expression systems, prokaryotic,
yeast, insects, and mammals, the E. coli expression system
is one of a well-established system. The main causes for

Figure 4. SDS-PAGE analysis; 1, induce sample; 2, non-induced sample; 3, protein
ladder; 4, purified protein

Figure 5. 1, Western Blot analysis, protein ladder; 2, BL21 without plasmid
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selection of the E. coli expression system is due to the
ability to grow rapidly, low cost culture conditions, easy
genetic manipulation, high expression levels of target
gene, accessibility of versatile plasmid vector, a well-
knowledge of biochemical, and genetic characterizations
(2, 5, 6). A variety of cloning and expression vectors are
available for production of recombinant proteins. One
of the most powerful and very popular systems that is
widely used for cloning and expression of recombinant
proteins in E. coli is the pET system. The pET system utilizes
a strong promoter (bacteriophage T7 promoter), in which
the target gene is cloned behind the T7 promoter and
expression induced by the T7 polymerase RNA in the host
source. In successful cases and a few hours after induction,
the desired protein can represent 50% of the total cell
protein. Another important benefit of this system is that
in the non-induce state, the transcription of the desired
gene becomes silent (1, 3, 4). The E. coli expression system
has common features with other vectors, including an
origin of replication, promoter, a selection marker (e.g.
antibiotic resistance gene), translation initiation site,
50 untranslated region (50UTR), and N-terminal codons.
Unlike other elements mentioned above, fusion tags in the
expression vectors can be expressed along with the target
gene, which it can along with other factors; promoters,
50UTR, N-terminal codons have a significant effect on
transcription, protein yields, solubility, and purification.
Different tags are used to facilitate the expression and pu-
rification of recombinant proteins in host Escherichia coli,
including Thioredoxin (Trx), 6xHIS-Tag, small ubiquitin-
like modifier (SUMO), glutathione S-transferase (GST),
green fluorescent protein (GFP), HaloTag, and maltose
binding protein (MBP). Among these, due to some of the
properties such as commercially available expression
vectors and their downstream processing systems and
more than 80% purity can be captured in a one chro-
matographic phase, the 6xHIS-Tag as one of the most
popular tags is used (3-5). Different approaches can be
used for cloning of the heterologous gene in suitable
vector such as restriction enzyme (RE)-based cloning,
recombination-based cloning, and annealing-based or
ligation-independent cloning (LIC). Researchers prefer to
use the restriction enzyme (RE)-based cloning technique
compared to traditional digestion–ligation methods, due
to several advantages including simple, efficient, easier
to set up, universal and cost-effective. Therefore, in this
study, RE-based cloning method was applied (6). After
amplification of the heterologous gene using specific
primers, ligation process (ligation of the heterologous
gene and vector) was done by ligase enzyme and then,
transformed into E. coli competent cells. Therefore, we
were able to express and produce high levels of fliC-NT300

fusion protein in the pET28a system under the powerful T7
promoter. In addition, due to well-known genetics, cheap,
and fast cultivation of E. coli BL21 (DE3), this system is used
as a potent and versatile system (2, 3, 5). SDS-PAGE results
showed that recombinant fusion protein was considerably
expressed in cell lysate to compare with non-induced sam-
ples. In addition, the presence of the C-terminal 6xHIS-Tag,
in the fusion protein, could help detect fusion protein in
Western Blot analysis using anti-his conjugate-antibody
followed by purification of fusion protein using Ni-NTA
affinity column.

4.1. Conclusions

Amplification, cloning, and expression of fliC-NT300
fusion protein were carried in E. coli host, successfully. In
addition, it is essential that the other studies, including in
vitro and in vivo, be carried out on this recombinant protein
in the future.
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