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1. Introduction

Influenza is a common acute respiratory infectious 
disease in humans. Influenza epidemics result in millions 
of infections worldwide, including an estimated 250,000 
to 500,000 deaths per year (1). The influenza virus is 
divided into three types (i.e., A, B, and C) according 
to the antigenic difference of the viral nucleoprotein 
and the matrix protein. The vast majority of influenza 
cases are caused by the influenza virus types A or B. 
Influenza C seldom results in infection and pandemics (2). 

Vaccination is the most effective prophylaxes to control 
the spread of influenza. Influenza vaccine antigens (HA, 
NA), especially the HA antigen, can induce protective 
neutralizing antibodies and have a very important role 
in immunity. Given that the HA antigen often continues 
to mutate (including antigenic drift and shift), the choice 
of vaccine strain should also result in a corresponding 
change; otherwise, the vaccine prevention effect cannot 
be assured, even without much effect (2-4). Inactivated 
vaccines produced in embryonated hen eggs have several 
serious disadvantages (e.g., egg supply, matching vaccine 
strains, unwanted antigenic variants, and contamination 
with egg derived protein) that may decrease vaccine 
efficiency (5). Ideally, a flu vaccine should contain 
epitopes conserved in all influenza isolates to be effective 
against all strains of influenza A (6).
 The influenza virus matrix protein 2 (M2) is the third 
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outer membrane protein. The extracellular domain of M2 
(M2e) contains 23 amino acids at the N end of influenza 
A virus M2 and is highly conserved in the influenza 
A virus, particularly in subtypes of human influenza A 
virus (7-8). At present, no significant difference has been 
found among the M2e proteins of all influenza A viruses 
in population prevalence. Antibodies specific to M2e 
can provide a cross-protective effect against different 
subtypes. Passive immunization with these antibodies 
has reduced viral replication in the lungs of mice infected 
with influenza A virus (9). Therefore, the development 
of a universal influenza vaccine that can provide cross-
protective effect against different subtypes has attracted 
considerable research interest (10-12).
 M2e is poorly immunogenic during natural infection 
(13). However, some approaches can be applied to 
enhance its immunogenicity. M2e has been linked to 
different carriers, including hepatitis B virus core (HBc) 
(14,15), TLR5 ligand flagellin (16), keyhole limpet 
hemocyanin (17), and virus-like particles (VLPs) (18-
20). These M2e-based vaccines could provide highly 
effective protection in animal models. Fusion proteins 
containing different copies of M2e epitope have 
demonstrated that high epitope density significantly 
enhances M2e-specific immunogenicity and protection 
(8). These studies have provided methods to enhance 
the immunogenicity of the M2e epitope. Nevertheless, 
studies on enhancing the immunogenicity of M2e-
based vaccines in inducing better protective responses 
are important. Increasing epitope density enhances 
humoral immune response in systemic immunization. 
When M2e is linked to an appropriate carrier, such as 
HBc particles, the immunized mice achieve complete 
protection, which increases with the copy numbers of 
M2e epitope carried on the VLPs (21-23). However, 
regardless of epitope density, determining the effects 
of different M2e sequences, insertion position in the 
HBcAg, and type of HBcAg on the level of antibodies 
and its immunopotency is necessary. The emergence of 
the new influenza virus A strain H1N1 originated form 
swine in the human population in 2009 has demonstrated 
the potential pandemic threat of influenza viruses (24). 
 In this study, we designed and created a number 
of different constructs through genetic fusion of 
M2e (MSLLTEVETPTRSEWECRCSDSSD) (A/
California/05/2009 (H1N1)) with the N-terminus 
and middle 78-81aa of (HBcAg1−149aa+Cys) by 
insertion in the immuno-dominant loop of HBc antigen 
(HBcAg1−149aa+Cys). These chimeric sequences 
were expressed in Escherichia coli, purified, and then 
analyzed as a recombinant fusion protein.

2. Materials and Methods

2.1. PCR amplification and DNA cloning

The fragment containing M2e (MSLLTEVETPTRSEWE

CRCSDSSD 24 aa) gene and HBcAg1-149aa+Cys was 
amplified through PCR with the T7 primers from the 
CMM3/CMN3 plasmid, which carries the M2e gene 
from the influenza A virus (A/California/05/2009(H1N1)) 
and HBcAg(1-149aa+Cys) (Figure 1). 
 PCR was carried out in a 50 μL reaction mixture 
containing 2× Pre-mix (25 μL), specific primers (10 pmol), 
1.0 U of pfu DNA polymerase (Takara Biotechnology 
(Dalian) Co., Ltd., China), and 100 ng of CMM3/CMN3 
plasmid as template. Amplification program was set at 
94°C for 5 min, followed by 35 cycles at 94°C for 30 
s, 53°C for 45 s, 72°C for 1 min, and a final extension 
at 72°C for 5 min. The resulting PCR products were 
analyzed using 1.0% (w/v) agarose gel electrophoresis.
 The amplified fragments, M2e and HBcAg(1-
149aa+Cys), were gel-purified using high purity PCR 
product purification kit (Roche, Germany) and digested 
with BglII and XhoI restriction enzymes. The fragments 
that underwent electrophoresis and gel-purification 
were named F-CMM3 and F-CMN3.
 The pET30a-CMM1 and pET30a-CMN1 plasmid 
DNA were digested with BamHII and XhoI restriction 
enzymes, analyzed, and then gel-purified using the same 
methods as described above. The products were again 
gel-purified and ligated using T4 DNA ligase (Takara 
Biotechnology (Dalian) Co., Ltd., China) to form a 
recombinant vector named pET30a-CMM13/CMN13, 
which contains two copies of M2e. The pET30a-CMN13 
and pET30a- CMM133 were identified using PCR 
(Figure 2).
 The identified pET30a-CMN13 and pET30a-
CMM133 were digested with BamHII and XhoI 
restriction enzymes, analyzed, and the large fragment 
was gel-purified using the same method as described 
above. The digested and purified large fragments 
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Figure 1. Contraction of the recombinant fusion gene.
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using sequencing reaction.

2.3. Expression and purification of recombinant protein 
in BL21(DE3)

CMN1,  CMM1,  and  CMN133CMN133  were 
respectively transformed into BL21 E. coli .  A 
single colony was picked and grown in 3.5 mL LB 
supplemented with 30 mg/mL Kanamycin, and shaken 
for 16 h at 37°C and 200 rpm. A 500 μL culture was 
added with 500 μL of 15% (v/v) sterile glycerol 
and stored at 20°C. To express CMN1, CMM1, and 
CMN133CMN133, each tube (35 μL) of glycerol stock 
was expanded to a starter culture of 3.5 mL LB+Kana 
and shaken overnight at 37°C. The culture was then 
expanded to 1000 mL LB+Kana induction, and grown 
to OD600 0.5 at 37°C. Protein expression was induced 
with 30 μM isopropyl β-D-1-thiogalactopyranoside 
(IPTG) for 6 h. The culture medium (1 mL) was 
sampled for assessment of expression using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE).
 The cells were harvested and re-suspended in a 300 
μL of 0.05 M PB buffer. After incubation, the cell wall 
was disrupted by ultrasonication (Branson sonifier 450) 
for 30 min at 250% to 300%, 550 W, with 10 s pulses 
and 5 s pauses for each cycle; the entire process was 
executed on ice. The broken cells were centrifuged at 
10,000 g for 20 min at 4°C to separate the soluble and 
insoluble proteins. The insoluble protein or inclusion 
body was dissolved in the denaturing solubilization 
buffer (50 mM NaH2PO4, 300 mM NaCl, 8 M urea, pH 
8.0). The soluble protein and dissolved-inclusion body 

of pET30a-CMN13, F-CMM3, and F-CMN3 were 
respectively ligated using T4 DNA ligase to form 
recombinant vectors named pET30a-CMN133 and 
pET30a-CMN133, which contain three copies of M2e 
and one copy of HBcAg(1-149aa+Cys). The connected 
product was transformed to DH5a E. coli. The pET30a-
CMN133 and pET30a-CMM133 fragments were 
identified using PCR (Figure 3).

2.2.  Transformation of  BL21 and selection of 
transformants

Recombinant vectors were purified from the transformed 
cells under the selection of 30 mg/mL Kanamycin 
antibiotics (Takara Biotechnology (Dalian) Co., Ltd., 
China) and after the restriction analysis was confirmed 

Figure 2. Schematic of the construction of M2e tandem copies.

Figure 3. PCR analysis of the constructed CMN133 and 
CMM133 plasmid on 1.0% (w/v) agarose gel. M: DL2000 
DNA Marker; 1: CMM133; 2: CMM13; 3: CMM1; 4: 
CMN133; 5: CMN13; 6: CMN1.
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were analyzed using 12% SDS-PAGE. The presence of 
tagged-6×His fused recombinant protein was further 
confirmed using Western blot.

2.4. Purification of fusion protein 

The recombinant  protein CMN1, CMM1, and 
CMN133CMN133 with 6×His tagged at the C-terminus 
was purified by affinity chromatography under 
denaturing conditions. A column containing 1 g of 
nickel sulfate was equilibrated with four bed volumes 
of denaturing solubilization buffer. The solubilized-
inclusion body was diluted at a ratio of 1:2 in the 
denaturing solubilization buffer containing 20 mM 
imidazole before being added into a column and being 
allowed to flow by gravity. The resin was washed thrice 
using four bed volumes of denaturing solubilization 
buffer containing 20 mM imidazole and one bed 
volume of denaturing solubilization buffer containing 
50 mM imidazole. The recombinant CMN1, CMM1, 
and CMN133CMN133 were separated using 12% SDS-
PAGE through a discontinuous Tris-glycine buffer 
system (pH 8.3).

2.5. SDS-PAGE and Western blot analysis

Protein samples were separated using 12% SDS-
PAGE. The gel was stained with Coomassie brilliant 
blue R-250 and a broad-range low molecular weight 
marker (Takara Biotechnology (Dalian) Co., Ltd., 
China) was used to estimate protein size. For Western 
blot analysis, separated proteins were transferred onto 
a polyvinylidene difluoride (PVDF) membrane using 
transfer buffer (39 mmol/L glycine, 48 mmol/L Tris 
base, 0.037% SDS) and was incubated in the blocking 
buffer (0.01 M TBS pH 7.4, 3% bovine serum albumin) 
for about 30 min. Subsequently, the membrane was 
washed for five times with a washing buffer (0.01 M 
TBS pH7.4, 0.1% Tween 20), and then with ddH2O. 
The membrane was then probed with horse-radish 
peroxidase-conjugated anti-penta-His Ab (Sangon 
Biotech (shanghai) Co., Ltd., China) for 30 min, and 
then washed again with washing buffer and deionized 
water. The PVDF membrane was dyed in the solution 
[30 mL of ddH2O, 200 μL of 1.5 M Tris base (pH8.8), 
200 μL of 1.0 M Tris base (pH 6.8), 200 μL of NiSO4, 
100 μL of H2O2, and 10 mg of diaminobenzidine 
(DAB)]. Protein bands were revealed by their exposure 
to substrate DAB (Sangon Biotech (shanghai) Co., Ltd., 
China).

2.6. Immunization

Female Balb/C mice (45 day-old) were intraperitoneally 
immunized with CMN1, CMN133, CMM1, and 
CMM133 (100 μg/per mouse) in incomplete Freund's 
adjuvant, aluminum adjuvant, or PBS at a final volume 

of 200 μL. The animals were randomly divided into 
five groups (i.e., PBS, CMN1, CMN133, CMM1, and 
CMM133), with 10 mice in each group. A booster 
immunization was administered with the same 
immunogen after two weeks. Sera were collected 14 
days after final immunization. Two immunizations were 
administered two weeks apart.

2.7. Antibody detection

The M2e-specific antibodies were detected using 
enzyme-linked immunosorbent assay (ELISA). 
Briefly, 96-well microtiter plates were coated with 50 
μL of M2e peptide (5 μg/mL) in PBS for 2 h at room 
temperature and blocked with PBS containing 0.25% 
gelatin. Serum samples were serially diluted and added, 
followed by 1 h of incubation at room temperature. 
After extensive washes, the bound antibodies were 
detected sequentially by adding 1:2,000 diluted horse-
radish peroxidase-linked anti-mouse antibodies and 
substrate o-phenylenediamine dihydrochloride peroxide 
solution (Sangon Biotech (shanghai) Co., Ltd., China). 
Absorbance at 450 nm was recorded.
 Identification of the isotypes of M2e-specific 
antibodies was carried out as previously described (25).

3. Results

3.1. Construction of recombinant fusion plasmid, 
pCMN133

Influenza A virus M2e and HBc (HBcAg1-149aa+Cys) 
fusion genes were PCR amplified using T7 sequence 
primers from pET30a CMN3 plasmid. The purified 
fusion genes (named FM2EHBV) and pET30a CMN1 
were digested, purified, and combined to form the 
fusion gene, pET30a-CMN13, which encoded two 
copies of M2e and HBcAg1-149aa+Cys protein in a 
single open reading frame (ORF). FM2EHBV digested 
with BglII and XhoI restriction enzymes and the 
purified large fragment of pET30a-CMN13 digested 
with BamHI and XhoI were combined to form the 
fusion gene pET30a-CMN13 3, which encoded three 
copies M2e and HBcAg1-149aa+Cys protein in a single 
ORF (Figure 2).
 Cloning of three copies of M2e-HBcAg1-149aa+Cys 
sequence into the multiple cloning site of pET30 plasmid 
resulted in the expression of a larger fusion protein that 
contained His-tag and -linker (9aa: GGGGSGGGG).

3.2. Expression, purification, and confirmation of 
recombinant M2e-HBc fusion protein

M2e-HBc/6×His gene in E. coli cells was confirmed 
using PCR and gene-specific primers. Several 
confirmed colonies were further induced for expression 
of the fusion protein under the direction of a Lac 



www.biosciencetrends.com

BioScience Trends. 2015; 9(4):221-227. 225

promoter by adding IPTG. The culture was sampled 
after being induced for 4 h for the final analysis using 
SDS-PAGE. As illustrated in Figure 4, a protein band 
corresponding to the expression of the recombinant 
fusion protein with an approximate molecular weight 
of 30 kDa was detected in all three samples, but 
was absent in the uninduced cells. However, the 
recombinant protein expression was slightly higher. 
Moreover, the fusion of vector-derived 6×His tag to 
the C-terminus of the expressed protein provided the 
possibility of its one-step purification through the Ni-
NTA columns (Figure 4).

3.3. Confirmation of the recombinant M2e-HBc fusion 
protein

To confirm the purified protein, the purified recombinant 
proteins CMN1, CMN133, CMM1, and CMM133 were 
transferred to a PVDF membrane and treated with M2e 
monoclonal antibody. A band with the expected size 
(23 and 30 kDa) was revealed in the lane of the purified 
protein, which corroborated its accuracy, as shown in 
Figure 5. A single copy and three copies of the protein 
were successfully expressed and had the antigenicity of 
M2e.

3.4. ELISA result

To detect four kinds of purified protein using ELISA, 
the purified single copy and three copies of the fusion 
protein were coated and detected using anti M2e 
monoclonal antibody preparation, with four kinds of 
fusion proteins from 1:10,000, 1:20,000, 1:40,000, 
1:80,000, and 1:160,000. The results (Figure 6) showed 
that the fusion protein in dilution 1:40,000 were active, 
and that a single copy of the fusion protein exhibited 
activity below three copies of protein. The three copies 
of protein in the N-terminus fusion protein were slightly 
higher than that in the middle of the insertion of the 
HBc antigen protein.

3.5. Detection of serum titer of mice

The titer of the serum anti-M2e antibody was detected 
using indirect ELISA two weeks after each immunization 
and before the final immunization. This was executed 
after the mice have been immunized with purified single 
copy and three copies of M2e protein. The experimental 
results showed that the CMN1, CMN133, CMM1, and 
CMM133 groups could produce anti M2eIgG antibody 
in the induced mice. The antibody titer increased with 
the number of strengthening immunity. The three copies 
of M2e were significantly better than the single copy at 
two weeks after the first immunization. No significant 
differences were observed between CMN1 and CMM1 
and CMM133 and CMN133. Alternatively, significant 
differences were observed among the antibody titer of 
CMN1, CMM1, CMN133, and CMM133 at four weeks 
after the final immunization (Figure 7).

Figure 4. Analysis of recombinant M2e HBV/6×His fusion protein in the culture media by SDS-PAGE. Lane 1: Marker. Lane 2: 
Sample from CMN133 E. coli prior to IPTG induction. Lane 3: Supernatant from CMN133 E. coli after 4 h of IPTG induction. Lane 
4: Sediment of from CMN133 after 4 h of IPTG induction. Lane 5: Sample from CMN13 E. coli prior to IPTG induction. Lane 6: 
Supernatant from CMN13 E. coli after 4 h of IPTG induction. Lane 7: Sediment from CMN13 E. coli after 4 h of IPTG induction. Lane 
8: Sample from CMN1 E. coli prior to IPTG induction. Lane 9: Supernatant from CMN1 E. coli after 4 h of IPTG induction. Lane 10: 
Sediment from CMN1 E. coli after 4 h of IPTG induction. Lane 11: Marker. Lane12: Sample from BL21 (DE3). Lane 13: Supernatant 
from CMM133 after 4 h of IPTG induction. Lane 14: Sediment from CMM133 after 4 h of IPTG induction. Lane 15: Supernatant of from 
CMM13 after 4 h of IPTG induction. Lane 16: Sediment from CMM13 after 4 h of IPTG induction. Lane 17: Supernatant from CMM1 
after 4 h of IPTG induction. Lane 18: Sediment from CMM1 after 4 h of IPTG induction.

Figure 5. Western blot of the purified recombinant 
protein.

Figure 6. ELISA detection of M2e.
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4. Discussion

M2e-based universal influenza vaccines have attracted 
research interest because of the highly conservative 
character of the sequence of M2e membrane protein 
in all influenza A isolates (20). Results of several 
preclinical studies with M2e protein, with or without 
carriers, have already proven the successful protection 
of M2e-based vaccinated animal models against the 
lethal challenge of heterologous and homologous 
influenza A virus. 
 HBc particles have been used as virus-like display 
scaffolds since 1980s (26). In the last 30 years, the most 
successful application of this scaffold is the influenza 
vaccine ACAM-FLU-A produced by Sanofi Pasteur 
and the malaria (Plasmodium falciparum) vaccine 
MalariVax (ICC-1132) produced by Apovia (27,28). 
These particles have been expressed in E. coli with the 
HBc as the foreign insertion site, and they have already 
been subjected to phase I clinical trials.
 However, the M2e-based immunization effect 
against influenza virus differs under various conditions 
of expression strategy, immune pathway, and animal 
model. Host-specific variations were also observed 
in M2e sequences among influenza strains from 
different hosts. Thus, evaluating whether M2e-based 
immunization could provide protection against the 2009 
pandemic H1N1 is necessary. 
 In this study, we successfully constructed the 
aforementioned plasmids bearing one copy, three 
copies of M2e, and HBc (HbcAg1-149aa+Cys). These 
fusion proteins were expressed in E. coli. Considering 
the senior conformation and structural features of M2 
protein, the linker arm of GGGGSGGGG in the fusion 
proteins was located between M2e and HBc (HBcAg1-
149aa+Cys). A single cysteine residue was added to the 
C-terminus to provide additional stabilization (29). All 
of the purified proteins of CMN1, CMM1, CMN133, 
and CMM133 in incomplete Freund's adjuvant can 
induce production of IgG antibody against M2e. Higher 
epitope density engendered higher antibody levels. The 
ELISA showed that the increase in M2e copies results 

in an increase in level of the immune serum antibody. 
The insertion position of M2e in the HBc affects the 
antibody level.
 In conclusion, our study provided evidence for 
the construction of the M2e-HBcAg1-149aa+Cys 
fusion sequence. The sequence had been successfully 
expressed in E. coli, and the purified protein induced 
the production of antibodies against M2e. These 
fusion proteins are potential candidates for developing 
influenza vaccine. However, further investigation is 
necessary to evaluate the in vivo protective potential of 
the resulting protein.
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