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Co-expression of IBV structural proteins and chicken 
interleukin-2 for DNA immunization
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ABSTRACT: The S1 gene of IBV and the chicken IL-2 gene were ligated together into a eukaryotic expression 
vector pCI-neo for co-expression evaluation in vitro. The recombinant plasmids were transfected into Vero cells, 
and the expression of targeted proteins was confirmed by an indirect immunofluorescent assay and immunocyto-
chemistry assay. By repeating intramuscular injection several times, the co-expression plasmids provided chicks 
with some immune protection against viral infection.
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Avian coronavirus infectious bronchitis virus 
(IBV) causes acute highly contagious disease in 
chicken flocks and is of great economic importance 
to the poultry industry (Schalk and Hawn, 1931; 
Bonnefoy et al., 1993; Cavanagh and Naqi, 1997). 
Generally, IBV causes respiratory, reproductive or 
renal symptoms. Traditional live vaccine and inac-
tivated vaccine have been applied widely to pre-
vent infectious bronchitis (IB) in chicken flocks. 
However, this has not prevented outbreaks of IB 
because of the variability and complicated serotype 
of IBV. A DNA vaccine is modifiable at the molecu-
lar level and is a potential candidate to substitute 
or supplement traditional vaccines. Towards this 
goal, It was necessary to evaluate how the structural 
proteins of IBV are expressed in eukaryotic cells 
and whether they could induce enough immune 
protection in animals.

IBV has four major structural proteins: Spike pro-
tein (S) which is composed of S1 and S2, membrane 
protein (M), nucleocapsid protein (N) and small en-

velope protein (E). S1 protein forms a spike outside 
the virion and is important for infection and for the 
high variation frequency of IBV (Cavanagh, 1983; 
Mockett et al., 1984; Cavanagh and Davis, 1986; 
Cavanagh et al., 1986; Koch et al., 1990). N protein 
combines with the chromosome inside the virion 
and is thought to play an important role in sustain-
ing the structure and replication of the chromo-
some (Baric and Nelson, 1988; Collisson et al., 1995; 
Zhou et al., 1996; Denison et al., 1999). S1 protein 
and N protein might play important roles in induc-
ing immune protection in vaccinated or infected 
chicks. For this reason it was reasonable to evaluate 
DNA immunization based on these genes.

Chicken interleukin-2 (IL-2), an important im-
mune regulator, was confirmed to be able to en-
hance DNA immunization in some cases (Tang et 
al., 2008; Saade et al., 2008; Kumar et al., 2009). 
Evaluation of co-delivery of the IL-2 gene and IBV 
structural genes might help us in optimizing a po-
tential DNA vaccine for IBV.
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MATERIAL AND METHODS

Gene cloning and recombinant plasmid 
construction

Primers as described below were designed to 
clone the S1 gene, N gene and IL-2 gene. RT-PCR 
was performed as described previously (Zhang et 
al., 2002; Zhou et al., 2004, 2005):
pS1up:  5 ' -G CGAAT TC ATG G C T T TGTAT-

GACAGTAGTTCT-3'
pS1down: 5'-CGTCTAGATTAATAACTAACAT-

AAGGGCA-3'
pNup: 5'-CGGAATTCATGGCAAGCGGTAAAG-

CAG-3'
pNdown: 5'-CCTCTAGATTACTCAAAGTTCAT-

TCTCTCC-3'
pILup: 5'-GGAATTCGCATCTCTATCATCAG-

CAAAA-3'
pILdown: 5'-TTTCTAGATTATTTTTGCAGA-

TATCTCAC-3'
The S1 gene, N gene, and IL2 gene were ligated with 

mammalian expression vectors pCI-neo (Promega, 
USA ) respectively at EcoR I/Xba I sites. The recom-
binant plasmids were named pCI-neo-S1, pCI-neo-N 
and pCI-neo-IL2 respectively (Figure 1).

The co-expression plasmids pCI-neo-IL2-S1 con-
taining chicken IL2 gene and IBV S1 gene were then 
constructed. In pCI-neo-IL2-S1, each gene was 
provided with a CMV promoter and a SV40 Poly A  
terminator for non-fusion expression (Figure 2). 
Briefly, a linear DNA segment composed of “IL2 + 
Poly A signal” was prepared by PCR using the above 
pCI-neo-IL2 as a template. Another linear DNA 
segment composed of “Promoter + S1” was pre-
pared by PCR using pCI-neo-S1 as a template. The 
two above segments were then ligated with pCI-neo 
which had been digested with the enzyme Mlu I.

The recombinant plasmids were all identified by 
PCR, enzyme digestion and sequencing.

Super-pure plasmid preparation

Plasmids of super purity were prepared with a su-
per purification plasmid extraction kit according to 
the instruction manual. Briefly, buffer E1 containing 
bacteria was mixed with buffer E2. After 5 min of 
incubation at room temperature, the suspension was 
mixed with buffer E3 for 10 min and centrifuged 
at 12 000g. The supernatant was transferred onto a 
column for unprompted flowage. After washing the 
column twice, elution buffer was added to elute the 
target DNA.

Transfection of Vero cells

The super pure plasmids prepared above were trans-
fected into Vero cells cultured in 24-well plates us-
ing the Lipofectamine 2000 transfection kit. Briefly, 
Vero cells were cultured in 24-well plates up until 
about 90% coverage. 50 μl of MEM media containing 
0.8 μg of DNA was then mixed with an equal volume 
of MEM containing 2 μl Lipofectamine 2000 liquid 
for 20 min of incubation at room temperature. The 
prepared mixture was added into 24-well plates drop 
by drop. Cells transfected with DNA were cultured 
for an additional 48 hours.

Detection of the recombinant proteins

An indirect fluorescence assay (IFA) was per-
formed 24 h after transfection to detect the expressed 
proteins on 24-well plates. Briefly, after washing 
three times with PBS, the cells were added to a mix-
ture of acetone and methanol for 45 min of immo-
bilization at 20°C. The cells were then incubated 
for 90 min with 5% milk powder solution at 37°C 
and were washed 3 times. Primary antibody (raised 
by the Institute of Preventive Veterinary Medicine, 
Zhejiang University, China) was added for 90 min 
of incubation at 37°C. After washing, the secondary 

Figure1. Schematic structure of recombinant plasmid 
pCI-neo-S1, pCI-neo-N, and pCI-neo-IL2. The cDNA 
sequence of the S1 gene, N gene and IL2 gene were 
inserted into the MCS of the vector pCI-neo between 
EcoR I and Xba I sites

Figure 2. Schematic structure of the recombinant co-
expression plasmid pCI-neo-IL2-S1. The chicken IL2 
gene and IBV S1 gene were constructed in a single plas-
mid. Each of the genes sits between a CMV enhancer/
promoter and a SV40 poly(A) signal sequence
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antibody labeled with FITC was added for 90 min of 
incubation and the results were observed under an 
inverted fluorescence microscope.

As a further check, a immunocytochemistry assay 
(ICC) was also performed The protocol for the ICC 
was similar to the IFA above except that the second-
ary antibody was labeled with HRP, and finally the 
results were detected by color development of AEC 
reagentIPMA.

Chick protection experiment

Three-week-old chicks were divided into seven 
groups randomly, with ten in each group. As shown 
in Table 1, chicks in Group 1 were intramuscularly 
injected with pCI-neo as a negative control. Chicks 
in Group 2 to Group 6 were vaccinated intramuscu-
larly with 200 µg of pCI-neo-S1, pCI-neo-N, pCI-
neo-IL2-S1, PCI-neo-S1 + pCI-IL2, PCI-neo-S1, and 
pCI-neo-IL2 + pCI-neo-N, respectively. All chicks 
were vaccinated three times at weekly intervals. 
Chicks in Group 7 were either intranasally or ocularly 
administered a commercial live IBV vaccine (strain 
H120) in accordance with the manufacturer’s instruc-
tion (Hangzhou Jianliang Veterinary Bioproducts Co. 
Ltd., China).

All of the vaccinated chicks were intranasally 
challenged with 50 µl of virulent IBV (strain M41; 
104.0EID50/0.1 ml; Chinese Institute of Veterinary 
Drug Control) at 14 days after the third immunization 
and were observed daily for 10 days. After challenge 
with the virulent IBV, the clinical signs of chickens 
were recorded according to the following criteria 
described by Collisson et al. (2000):
– = no clinical signs of illness

+ = sneezing or nasal discharge
++ = plus dyspnea or rales
+++ = plus lack of appetite, pale color, or ataxta
++++ = death

The recording terminated 10 days after challenge.
Ten days after challenge, birds were all euthanased 

and necropsied to reveal the pathological changes 
caused by IBV infection. Meanwhile, an attempted 
re-isolation of the virus from trachea, lung or kidney 
was performed. The re-isolation of IBV (strain M41) 
was confirmed via amplification of the S1 gene by 
RT-PCR. (Zhou et al., 2004).

RESULTS

Construction of recombinant plasmids

PCR using the recombinant plasmids as templates and 
EcoR I/Xba I endonuclease digestion experiment con-
firmed that pCI-neo-S1, pCI-neo-N and pcDNA3-S1  
were successfully constructed. In both PCR and en-
zyme digestion experiments, the S1 gene, 1.65 kb 
in length or the N gene of 1.23 kb in length were 
confirmed (Figure 3).

Expression of S1 gene and N gene in Vero 
cells

IFA confirmed that the S1 gene and N gene were 
expressed in Vero cells transfected with pCI-neo-
S1, pCI-neo-N or pCDNA3-S1. The positive cells 
showed green fluorescence while the surrounding 
negative cells displayed none. Interestingly, it was 
observed that the N protein seemed to be prone to 

Table 1. Immunization procedure and protection rate of the challenge experiments
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++(2); +++(8) 1/10

2 pCI-neo-S1 (200 mg) –(6); ++(2); +++(2) 6/10

3 pCI-neo-N (200 mg) –(5); ++(2); +++(3) 5/10

4 pCI-IL2-S1 (200 mg) –(7); +++(3) 6/10

5 pCI-S1 (200 mg) + pCI-IL2 (200 mg) –(7); ++(2); +++(1) 7/10

6 pCI-S1 (200 mg) + pCI-IL2 (200 mg) + pCI-N (200 mg) –(7); ++(1); +++(2) 7/10

7 live valine (50 ml) –(9); ++(1) 9/10
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nuclear localisation, as the nucleus of N protein-
expressing cells always showed more intense fluo-
rescence than the cytoplasm. The S1 protein was 
observed only in the cytoplasm (Figure 4).

ICC also confirmed the results observed in IFA. 
The S1 and N genes were successfully expressed in 
some of the transfected cells which showed red color. 
The control cells which didn’t express the foreign 
proteins showed light yellow color (Figure 5).

Chick protection experiment

As shown in Table 1, intramuscular administration 
of plasmids containing the S1 gene or N gene suc-
cessfully provided chicks with some immune pro-
tection. An approximately 50% observable clinical 
protection was recorded for pCI-neo-N, about 60% 
observable clinical protection was recorded for pCI-
neo-S1, and about 70% observable clinical protection 
was recorded when IL2 was administrated together 

Figure 3. Identification of recombinant plasmids. (A) pCI-neo-S1 identification: 1 = PCR product, 2 = EcoR I/Xba 
I digested product; (B) pCI-neo-N identification: 1 = PCR product, 2 = EcoR I/Xba I digested product; (C) pCI-
neo-IL2-S1 identification: 1 = PCR for IL2, 2 = PCR for S1, 3 = EcoR I/Mlu I digested product; (D) pCI-neo-IL2: 
1 = PCR product, 2 = EcoR I/Xba I digested product

Figure 4. Detection of the expression of recombinant plasmids in Vero cells by IFA (200×). A = pCI-neo-N; B = 
pCI-neo-S1; C = pCI-neo-IL2; D = pCI-neo-IL2-S1

Figure 5. Detection of the expression of recombinant plasmids in Vero cells by ICC (200×). A = pCI-neo-N; B = 
pCI-neo-S1; C = pCI-neo-IL2; D = pCI-neo-IL2-S1
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with the S1 gene. However, the protection ratio was 
a bit lower at necropsy level. Co-delivery of different 
plasmids seemed to induce better immune protection. 
It was also noticed that the traditional live vaccine 
induced better immune protection compared with the 
DNA vaccine.

DISCUSSION

DNA vaccines having been a focus of research 
for many years, but few are yet applied. For IBV, 
some efforts have also been made to evaluate the 
feasibility of gene immunization using its struc-
tural genes (Kapczynski et al., 2003; Tang et al., 
2008). Challenges to developing a DNA vaccine 
against IBV to substitute traditional vaccines in-
clude their stability, protection ratio and economic 
costs. Kapczynski et al’s study indicated that the 
S1 gene might induce some resistance in chicks 
against virus challenge despite the fact that no neu-
tralizing antibody or ELISA antibody was detected 
(Kapczynski et al., 2003). Results such as these were 
disappointing since a high antibody titer is to be 
expected of most vaccines. It is therefore necessary 
to optimize such factors as targeted genes, immu-
nization routes, vectors, adjuvant, etc.

This study confirmed that the S1 gene and N 
genes of IBV carried on the pCI-neo vector can be 
expressed in eukaryotic host cells. The expression 
was observed from 24 h through 48 h after trans-
fection. The S1 gene and N gene showed different 
in vitro expression characteristics in this study. In 
IFA and ICC, the two genes showed different sub-
cellular positioning characteristics. All of the cells 
expressing N proteins showed abundant expres-
sion inside the nucleus, while the S1 protein was 
only found to be located in the cytoplasm. The 
results indicate that the N protein might possess 
a certain nuclear targeting sequence. In addition, 
More N proteins than S1 proteins were detected 
in transfected Vero cells when an equal quantity 
of plasmids and same operation methods were 
used. In another study, it was also noticed that the 
expression of the S1 protein in E. coli was difficult 
to detect because of its low levels (unpublished) 
while the N protein showed high expression levels 
(Zhang et al., 2005). Butit was necessary to try 
to improve its expression level. The S1 gene was 
generally thought to be the optimal candidate for 
a DNA vaccine because it contained important 
neutralizing epitopes.

The S1 gene was generally thought to be more 
important than the N gene for immunization. But 
in the chicks protection experiments, both the S1 
gene and N gene provided relative high immune 
protection according to the clinical records. A rela-
tively high expression level might be one of the 
factors which enhanced the immunogenicity of the 
N protein. Cellular immunization is thought to play 
an important role for DNA vaccines, so it can be 
presumed that genes that possess less neutralizing 
epitopes might also induce enough immune reac-
tion through high levels of expression (Kapczynski 
et al., 2003). Moreover, it has been noticed that 
a high purity and proper carrier for plasmids is 
important for DNA immunization because of it 
effects on transfection ratios. Unfortunately, the 
protection effect of the DNA vaccine in this study 
was somewhat poorer than a traditional live vac-
cine even after three intramuscular injections with 
high purity plasmids.

As a simple and economic administration method 
for an IBV DNA vaccine, co-delivery of the S1 gene 
and IL-2 gene in one plasmid was confirmed to be 
effective in this study. Although it was found that the 
protection ratio of DNA immunization was lower 
and the costs were much higher, it still provided a 
potential substitute for traditional live vaccines be-
cause a DNA vaccine can be designed and modified 
easily in a laboratory and is a suitable solution to the 
high variance of IBV.
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