
1. Background
Newcastle disease (ND) is a highly contagious 
viral disease in the domesticated birds, especially 
chicken, which causes a large economic loss in the 
poultry industry (1). Because of this impact, the 
World Organization for Animal Health (OIE) has 
considered this viral disease as the most significant 
disease of poultry (2). The causative agent of the 

infection is an RNA virus that belongs to the avian 
paramyxovirus serotype 1 (APMV-1), which shows 
variable pathogenicity and severity based on the 
strain’s virulence (3). The infection of the host cells by 
the Newcastle disease virus (NDV) is accomplished 
through the interaction of the two major surface 
molecules, hemagglutinin-neuraminidase (HN) and 
fusion glycoproteins (F) (4). The accurate mechanism 
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Background: Newcastle disease virus (NDV) is a dangerous viral disease, infecting a broad range of birds, and has a fatal 
effect on the poultry industries. The attachment and consequently fusion of the virus to the host cell membrane is directed 
by the two superficial glycoproteins, the hemagglutinin-neuraminidase (HN) and the fusion (F) which is considered as the 
important targets for the poultry immune response. 
Objectives: The principal goal of this investigation was to realize the potential efficacy of the E. coli expression system for 
the production of the multi-epitopic HN, and F proteins with respect to the ability for the stimulation of the immune system 
and production of the cross-reactive antibodies in mice.
Materials and Methods: The recombinant HN and F (rHN, rF) have accumulated almost 40% of the total bacterial proteins. 
The presence of rHN and rF proteins recognized by the Western blotting with specific anti-HN, anti-F, anti-Newcastle B1, 
and anti-poly 6x His-tag antibodies. Furthermore, both rHN and rF have shown the specific reactivity against the Newcastle 
B1 antiserum as a standard strain. 
Results: The ELISA analysis showed that the higher dilutions of the antibody against Newcastle B1 could react with the 
as least quantity as 100 ng of the purified rHN, and rF.  Cross-reactivity analysis of the sera from the mice immunized with 
Newcastle B1 in two time points indicated that the raise of anti-Newcastle B1, anti-HN and anti-F antibodies peaked at 28 
days post immunization (dpi). Moreover, temporal variation in IgG titration between both time points was significant at 5% 
probability level.  
Conclusion: The results provided valuable information about the cross-reactivity patterns and biological activity of the 
multi-epitopic proteins compared to the NDV standard strain which was determined by the Western blotting and ELISA.
Keywords: Affinity purification, Fusion, Hemagglutinin-neuraminidase, Immunization, Newcastle disease virus.
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of the viral membrane fusion and infection process 
has been investigated by many researchers in-depth 
(5-7). Briefly, the HN is responsible for attaching to 
the cell surface receptors including sialic acid and 
then F molecule triggers the fusion process. The 
insertion into the host cell membrane is processed 
by the F protein which plays a crucial role in the 
NDV pathogenicity (8). The immunological analysis 
has shown that both HN and F proteins could act as 
antigens in the virus structure and the neutralizing 
antibodies could be produced against these proteins 
in the infected animal (9, 10).

The live attenuated vaccines offer the possibility of 
the long-term protection, can influence the immune 
system to generate memory cells, and elicit good 
immunological responses. If a vaccine can evoke an 
incomplete immune response, it may be considered 
successful for preventing disease (11). Vaccines which 
employ live attenuated viruses are associated with some 
risks including the potential to induce disease, reversion 
to the virulence, as well as environmental spread. Also 
nowadays, most of the vaccines developed for the 
research application consist of the purified recombinant 
proteins or microbe’s subunits (12). One of the major 
problems with this kind of vaccines is the selection of 
the correct antigen or antigens (13). The multimeric 
proteins which are connected by peptide linker could 
generate a broad range of immune responses and 
increase the immunogenicity of the recombinant 
proteins (14). 

To achieve a more effective control of NDV, the early 
diagnosis is a critical point. Although the gold standard 
for the detection of NDV is hemagglutinin-inhibition 
(HI) test, in case of a high number of the serum 
samples, the ELISA test is the most reliable method. 
The immunodiagnostic methods such as ELISA have 
provided a high sensitivity and efficacy for the detection 
of NDV specific immune responses (15). For example, 
the expression of the recombinant ectodomain (nt 142-
1739) of the HN protein as inclusion bodies in the E. 
coli and its immunoblotting analyses have revealed the 
possibility of this recombinant protein as an antigen 
for the diagnosis of ND in the poultry (16).  However, 
there is relatively limited information about the 
immunological properties of the recombinant surface 
glycoproteins of the NDV expressed in the E. coli 
system. There are a few reports about the successful 
expression and purification of NDV glycoproteins in 
the E. coli in which the recombinant HN was used as 
main the component in the ELISA based method (17) 
and purification of the immunogenic F protein that were 
studied elsewhere (18, 19).

An efficient production of the recombinant proteins 
in a highly purified and the well-characterized form 
could be achieved the through application of different 
expression systems such as E. coli (20). For example, 
numerous viral glycoproteins used in the immunological 
studies were produced in the E. coli such as: non-
structural protein-1 (NS1) from the influenza virus 
(21), NS1 protein of the dengue virus type 2 (22), the 
glycoprotein E2 of the swine fever virus (23), and 
glycoprotein gp160 of the Human Immunodeficiency 
Virus type 1 (HIV1) (24). Therefore, a simple and 
efficient method for antigens preparation could be used 
to evaluate vaccine efficiency and detection of the NDV 
infection.

2. Objectives
Multi-domain biological molecules which consist of 
several fused DNA fragments can present multiple 
functional properties resulting from each of its domains 
and subsequently induce a more effective response 
(25). Hence, in the present study, a chimeric HN-F 
construct which has already been designed by in silico 
assembling potential and conserved epitopic regions 
of the HN and F proteins of the NDV was used for 
further immunological analyses (26). To compare the 
expression efficiency, we attempted to express two 
multi-domain HN and F proteins individually in the E. 
coli. Furthermore, different factors such as solubility 
of the recombinant proteins after production in the 
heterologous host, purification process facility, immune 
system stimulation, production of the cross-reactive 
immune sera, and finally the utility of these specific 
immune sera to immunodiagnosis of the NDV were 
analyzed.

3. Materials and Methods
3.1. Plasmids, Bacterial Strains, and Media
PET-32a (+) plasmid (Novagen, USA), Rosetta-gami B 
(DE3) and DH5α strains (Pasteur Institute of Iran) were 
used in this study. The Luria-Bertani (LB) broth or LB 
agar supplemented with the antibiotic (ampicillin, 100 
µg.mL-1, Sigma) was used for routine bacterial culture.

3.2. Recombinant HN and F Plasmids Construction 
and Expression  
The single peptide construction consisted of the 
antigenic domains of HN and F glycoproteins was used 
in this study (26). Briefly, the epitopic amino acids from 
both HN (head and stalk domains) and F (HRA and 
HRB regions) proteins were selected and connected 
together using a linker consisting of several highly 
hydrophobic amino acids. The hn (1000 bp) and f (852 
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bp) synthetic gene were amplified from the synthetic 
HN-F gene (Gene Bank accession no. JX442483) using 
the specific primers (Table 1). For further cloning 
procedure, the BamHI and XhoI restriction sites were 
introduced at the 5′ terminus of the each forward and 
reverse primers, respectively. PCR amplification using 
DNA polymerase was performed for 30 cycles of 
1 min at 94 °C, 1 min at 60 °C, and 2 min at 72 °C 
followed by the final extension at 72 °C for 10 min. 
The PCR products were cloned into the expression 
vector pET-32a (+), downstream of the T7 promoter, 
the thioredoxin (Trx-tag), and the His-tag sequences. 
The construct was transformed into the E. coli Rosetta-
gami B (DE3) competent cell. The presence of the each 
gene in the expression host was verified by the PCR, 
digestion with the restriction endonucleases, and finally 
by sequencing.

3.3. Expression and Purification of the Recombinant 
Proteins
E. coli Rosetta-gami strain carrying the recombinant 
plasmid of pET-32a: HN and pET-32a: F were grown 
at 37 °C to an OD600 of 0.6. The culture was induced 
by 1 mM isopropyl-β-D-galactopyranoside (IPTG, 
Sigma) and incubated at 37 °C for further 4 hours. 
Cells were harvested by centrifugation (5000 ×g, 10 
min, 25 οC) and resuspended in the lysis buffer (100 
mM NaH2PO4, 10 mM Tris-Cl, 8 M urea, pH 8.0). 
After sonication (6 times for 10 second with high 
power), the lysate was centrifuged (15 min, 10000 ×g, 
4 °C) and the supernatant was applied on a Ni-NTA 
chromatography column (Qiagen, USA). The two 
recombinant proteins appeared in inclusion bodies 
after analysis on 12% SDS-PAGE. The denaturing 
condition was used for purification of the recombinant 
HN and F. The purification was performed based on the 
procedure described by the manufacturer with minor 
changes. The lysis buffer was used for equilibration 
of the Nickel–nitrilotriacetic acid (Ni–NTA) column. 
The protein solution was loaded precisely onto the 

column (flow rate of 0.5 mL.min-1). The impurity 
was removed two times by washing the column with 
the washing buffer (100 mM NaH2PO4, 10 mM Tris-
Cl, 8 M urea) with different pH (i.e., pH: 6.3 and pH 
5.9) for HN and (pH 7.0 and pH 6.3) for F proteins, 
respectively. The recombinant proteins were eluted 
with elution buffer (100 mM NaH2PO4, 10 mM Tris-
Cl, 8 M urea) at pH 4.5. The protein concentration 
was determined by the Bradford method with BSA 
(bovine serum albumin) as a standard. Finally, a 
stepwise dialysis was performed until urea reached a 
concentration of zero M and then repeated two times 
against PBS buffer (pH: 7.4) containing 10% glycerol 
and subsequently without glycerol to prevent protein 
aggregation.

3.4. Animal Model Immunization 
To determine the antigenicity of the recombinant HN and 
F proteins, twenty Balb/c mice (female, 6-8-weeks-old, 
Pasteur Institute, Tehran, Iran) were randomly divided into 
four groups (A to D) and acclimatized for 1 week. Group 
A and B were respectively inoculated with 15 µg of the 
purified rHN and rF subcutaneously into the quadriceps 
muscle using complete Freund’s adjuvant (CFA, Sigma, 
USA). The group C was immunized with a commercial 
vaccine (B1 strain) as the positive control (a generous 
gift from Dr. M. M. Ebrahimi from Razi Vaccine and 
Serum Research Institute, Karaj, Iran) and the last group 
(D) was immunized with PBS plus CFA as the negative 
control. The immunization continued by two booster 
doses, each 10 μg of the recombinant antigens with the 
incomplete Freund’s adjuvant (IFA, Sigma, USA) and 
finally one booster (2 μg) via intraperitoneal route at an 
interval of two weeks. The immune serum was prepared 
from the blood sample of each mice group. For serum 
preparation, the animal’s blood was transferred into vials 
and allowed to clot for 30 min, the serum was collected 
by centrifugation, and was kept frozen at -70 °C until use. 
The serum samples of each mice group were prepared 
and then pooled for the immunological analyses. 

Table 1. Primer sequences used in this experiment

Primer Sequence (5ʹ-3ʹ) Restriction site PCR product (length; 
bp)

HNf TCTAAGGATCCACACCACTGGGTTGCGACA BamHI
hn (999)

HNr CTTGCTCTCGAGTTATTCTGTCTTCAGGAGTGCCA XhoI

Ff TGTTCGGATCCAAAAACATCTCCATCCAAGA BamHI
f  (852)

Fr CTATTGCTCGAGTTATGAATCGTACAGGATTGGGT XhoI

https://en.wikipedia.org/wiki/Immunization
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3.5. Western Blotting 
The recombinant proteins (rHN and rF) were separated 
by 12% SDS-PAGE and transferred onto PVDF 
membrane (Roche, Germany). The membrane blocking 
was done with non-fat skim milk (5%) in TBS buffer 
(50 mM Tris-Cl, 150 mM NaCl, pH 7.5) containing 
0.05% Tween 20 at 37 °C for 2 hours. The membrane 
was further incubated with antiserum against rHN and 
rF from the immunized mice (1:1000 dilution) and 
hyperimmune serum specific to Newcastle B1 strain 
(1:500), separately. The HRP-conjugated goat anti-
mouse IgG (1:2000; Sigma, Germany) was used as the 
secondary antibody. Finally, the membrane was soaked 
in 3, 3′-Diaminobenzidine tablet (DAB Reagents; 
Sigma) for signal development. This procedure was 
repeated with HRP-conjugated anti-His tag (1:500, 
Roche) for both recombinant HN and F proteins. 
Furthermore, to verify the cross-reactivity of the 
immune sera, the Newcastle B1 strain were blotted 
onto PVDF and incubated with antisera from rHN and 
rF immunized mice.

3.6. ELISA Analysis of the Recombinant Proteins
The sera from the immunized mice were assayed 
for the presence of specific antibody by ELISA test. 
The purified rHN and rF (500 ng per well) in 100 
µL bicarbonate buffer (15 mM Na2CO3 and 35 mM 
NaHCO3) were used to coat Maxisorb plates (Nunc, 
Denmark) overnight at 4 °C. The wells were blocked 
for additional two hours at 37 °C by covering the well 
with 200 µL of 5% (w/v) non-fat skim milk in PBST 
(PBS containing 0.05% Tween-20). After washing with 
PBST (3 times), the wells were exposed to the diluted 
immunized serum in a triplicate manner at 100 µL per 
well for 1 hour at 37 °C. The bound antibodies were 
detected with the goat anti-mouse IgG conjugated 

with HRP (Sigma, Germany) in a 1:5000 dilution for 
1 hour and washed with PBST (3 times). The reaction 
was developed with O-phenylenediamine (OPD) as 
a substrate for HRP (Sigma, Germany) for 15 min at 
ambient temperature and in a dark place. Sulfuric acid 
(2.5 M) was added to the reaction and the absorbance in 
each well was measured at 492 nm.

3.7. Statistical Assessment 
SPSS 16.0 was used for all statistical analyses. The 
statistical significance was considered for the p-value 
less than 0.05 (p < 0.05). The mean differences were 
studied by Duncan’s multiple range test.

4. Results
4.1. Construction of the Expression Plasmids
The specific primers were designed to amplify hn and f 
fragments from the pUC57-hnf plasmid as a template. 
The PCR product of hn (~1000 bp) and f (~850 bp) 
was digested (BamHI / XhoI) and cloned in pET32a 
which was digested with the same enzymes. The proper 
cloning procedure was confirmed by colony PCR and 
restriction enzyme digestion (Fig. 1A, Fig. 1B and 
Fig. 1C). The identity of the hn and f genes in the 
recombinant plasmids construct was confirmed by the 
sequencing (data not shown).

4.2. The Expression and Purification of the 
Recombinant Proteins	
The expression of recombinant proteins was analyzed 
on 12% SDS-PAGE and the two fragment: rHN (54 
kDa) and rF (49 kDa) in the fusion with Trx-tag and 6x 
His-tag (N-terminal) were detected (Fig. 2A and Fig. 
2B). The expressed recombinant proteins produced 
as inclusion bodies (IB) (Fig. 2C and Fig. 2D) were 
subsequently solubilized using 8 M (Fig. 3A). The rHN 

Figure 1. Confirmation of (A) hn (1000 bp) and (B) f (852 bp) genes cloning by PCR and digestion. In 
(A) and (B), lane 1 corresponds to the non-recombinant plasmid and lane 2 the positive control. (C) The 
recombinant plasmids were digested with BamHI /XhoI restriction enzymes, lane 1: pET32a (+) (5900 bp), 
lane 2: pET-32a (+)/f (852 bp), lane 3: pET-32a (+)/hn (1000 bp), and M: DNA Ladder Mix (Thermo).
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and rF were produced as approximately 40% of the 
total bacterial proteins and the highest detectable level 
of the purified rHN and rF were calculated up to 0.37 
and 0.45 mg.mL-1, respectively. 

4.3. Immunoblotting of the Recombinant Proteins  
The authenticity of the recombinant HN (54 kDa) and 
F (49 kDa) proteins were confirmed by using anti-poly 
His-tag antibody (Fig. 3B). Moreover, the presence of 
HN and F recombinant proteins were recognized by 
the specific anti-HN, anti-F, and anti-Newcastle B1 
antibodies (Fig. 3C and Fig. 3D; lane 2). The anti-
Newcastle B1 antibody which was produced in the 
immunized mice was used to characterize the purified 
rHN and rF proteins (Fig. 3C and Fig. 3D; lane 3). It 
was suggested that the two epitopic proteins possess 
antigenicity and the specific reactivity with the 
Newcastle B1 strain. The bands of approximate 49 kDa 
and 54 kDa (Fig. 3C and Fig. 3D; lane 4) clearly showed 
the robust and specific immune reaction between the 
selected antigens and a standard B1 virus strain. In 
contrast, there was no reactivity in the negative control 
(Fig. 3C and Fig. 3D; lane 1).

4.4. ELISA and Cross-Reactivity Analysis
The ELISA assay was used to determine the quantity of 
the specific IgG antibodies against HN and F purified 
proteins. The specific IgG antibodies against HN and 
F fragments were detected after the first immunization 
in the sera of the immunized mice and were increased 
significantly after the second booster (Fig. 4A and 
Fig. 4B). There was a significant difference (p < 0.05) 
in the antibody titers between rHN and rF in the first 
injection. As previously mentioned, Western blot data 
indicated that the serum of the immunized animal 
with the Newcastle B1 strain could detect rHN and rF 
proteins and vice versa. The ELISA results confirmed 
these findings and showed that the higher dilutions of 
the anti-Newcastle B1 antibody reacted with the very 
low amount (i.e., 100 ng) of the purified rHN and 
rF. Despite some differences in endpoint titers of the 
antibodies, they were not statistically significant (p < 
0.05, Fig. 4C).
 To evaluate the cross-reactivity of the recombinant 

Figure 2. (A) SDS-PAGE analysis of the total bacterial proteins 
containing pET32a-hn (lane 2, ~54 kDa), (B) pET32a-f (lane 2, ~49 
kDa); in both gels lane 1 corresponds to before induction condition. 
(C) Determination of target proteins’ solubility for rHN (lane 2: 
insoluble, lane 3: soluble fractions) and (D) rF (lane 2: soluble, lane 
3: insoluble fractions), and lane 1 is the non-induced control. M: 
protein molecular weight marker (KD).

Figure 3. (A) SDS-PAGE analysis of the purified rHN (lane 1) and 
rF (lane 2) under denaturing conditions. (B) Western blotting of the 
purified recombinant rHN (lane 1) and rF (lane 2) with anti-His tag 
antibody. (C) and (D) Western blot analysis of the rHN and rF with 
specific anti-HN, anti-F (lane 2), and anti-Newcastle B1 (lane 3) 
antibodies, respectively; lane 4 corresponds to the cross-reactivity 
analyses of the Newcastle B1 virus strain detected by specific anti-
HN and anti-F antibodies, respectively. Lane 1 in (C) and (D) are the 
negative control non-recombinant pET32a. M: protein molecular 
weight marker (KD).
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proteins (rHN and rF), the sera from mice immunized 
with the Newcastle B1 were collected at 14 and 28 
days post first immunization (dpi), and ELISA assay 
was conducted to determine the specific antibody titers 
(Fig. 5A and Fig. 5B). Titration of the anti-HN and 
anti-F antibodies was monitored and compared with 
the anti-Newcastle virus B1 strain. The titer of the anti-
Newcastle B1, anti-HN, and anti-F reached at the peak 
level after 28 dpi and temporal variation between all-
time points were significant (p < 0.05). Sera from the 
mice immunized with the Newcastle B1 could cross-
react with the pure rHN and rF, respectively (Fig. 5A 

and Fig. 5B). The antibody titers specific to both rHN 
and rF were not detected in the control group injected 
with PBS (data not shown).

5. Discussion
The production of the viral antigens through recombinant 
technology has provided us with an opportunity to use 
these protective regions from the virus structure as safe 
and non-replicating immunogens. The recombinant 
ND vaccines harboring the HN and F proteins’ genes 
have been constructed using various expression 
systems mainly baculovirus (27), cytomegalovirus 
(28), and plants systems (29). The protection against 
the NDV has been demonstrated by using the F, HN, 
or both proteins produced in the viral vectors as 
successful vaccines (30). In this study, we have shown 
that recombinant multi-epitopic regions of HN and F 
glycoproteins, instead of the whole molecule, can be 
produced efficiently in the E. coli as host cells. Our 
findings showed that recombinant proteins of the multi-
epitopic HN and F of the NDV could be detected by 
the sera from the immunized mice with the Newcastle 

Figure 4. The IgG response to rHN (A) and rF (B) in the immunized 
mice sera. (C) Titration of the sera from Newcastle B1 mice 
immunized with rHN, rF, and Newcastle B1.

Figure 5. Estimation of serum antibody response and cross-
reactivity analyses of the antibodies from the immunized mice 
versus recombinant purified proteins rHN (A) and rF (B) by ELISA 
at various days post-first injection. The comparison between samples 
was conducted using the Duncan test at the 5% level, and the error 
bars are ± 1 SD. Values within a column followed by different letters 
are significantly different (p < 0.05).
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B1 virus strain and vice versa. Despite this finding, a 
detailed study on the combination of these two antigens 
for the development of serological tests has become 
necessary.

In order to overcome the problem of inclusion 
body production in the expression of the recombinant 
proteins, HN and F, pET32a vector was used. This 
vector encodes 109 aa trxA (Trx-tag) domain at the 
5’-end of its multiple cloning sites immediately 
upstream S-Tag (15 aa) sequence that theoretically has 
to improve the solubilization of the target proteins. 
However, the fusion of the HN and F polypeptide 
to the N-terminus of Trx protein did not lead to the 
expression of rHN and rF in the soluble fraction of 
the bacterial cell lysate. It seems that the insolubility 
of the chimeric HN and F could be attributed to the 
hydrophobic nature of several strong hydrophobic 
residues in the different regions of the proteins, 
thereby making them difficult to solubilized, isolate 
or purify (31). It was proven that the degree of the 
soluble expression versus that of insoluble protein in 
the fusion constructs is dependent on the nature of the 
target protein (32). In fact, recombinant proteins which 
expressed in the E. coli cytoplasm is partially insoluble 
due to hydrophobic residues which distributed on 
the surface of the proteins (33). Other studies have 
reported the soluble expression of HN or F in E. coli 
host in which the vectors with a fusion partner such as 
Trx and NusA have been used (16, 17).  It was revealed 
that the expression of subunits of the heteromultimeric 
proteins in the soluble form sometimes results in their 
aggregation as the inclusion body in absence of a 
proper fusion tag (33). In a similar research, Wong et 
al. (16) have reported that the insoluble rHN protein 
elicits a more rapid and stronger immune response in 
compression to the soluble NusA HN protein.

It was demonstrated that the insoluble protein 
aggregates in form of inclusion bodies have an 
advantage in the protein purification process since they 
can be harvested from the lysed cells using a moderate-
speed centrifugation and also be protected against 
the proteolytic degradation by the host cell proteases 
(32). Moreover, the concentration of the solubilizing 
agent slowly decreases during dialysis which allows 
the protein to refold optimally (34). The minimal 
aggregation of the purified recombinant HN and F 
proteins was achieved by the step-wise decrease in the 
urea concentration (8M to 0 M) in order to ensure a 
proper solubilization and may also refold of the proteins 
to their native conformation.

It was found that the HN and F proteins could 
stimulate neutralizing antibody responses and was 

considered as effective and protective antigens (35). 
Studies using monoclonal antibodies have revealed the 
presence of various epitopes within the HN (36) and 
F protein (37). Since the goal of this study was to use 
these proteins in the immunodetection, the existence of 
the antibody against HN and F antigens in the serum 
of the mice compared to that of the control group was 
evaluated by the Western blot to confirm antigenic 
characteristic of the recombinant proteins. Whereas 
blotting with the serum of immunized mice has had 
always background due to general antibodies against E. 
coli proteins, it is better the results of Western blotting 
first become subject of comparison before and after 
induction for the presence or absence of the desired band 
(Fig. 4C and Fig. 4D). Moreover, the cross-reactivity of 
the multi-epitopic recombinant protein antigens with 
serum samples from mice immunized with B1 strain 
of NDV was analyzed. 

Furthermore, Western blotting analysis could only 
show the reaction of the continuous epitopes and the 
corresponding antibodies because conformational 
epitopes denatured in the presence of SDS detergent 
(38). The immunoblotting results showed an appropriate 
interaction between all immunized mice sera raised 
against rHN and rF proteins. In this regard, several 
studies have reported the nature of the epitopes present 
on the immune-blotted HN and F proteins in which 
the continuous epitopes were able to regenerate after 
denaturation in SDS-PAGE (37, 39-41). Furthermore, 
E. coli cells lack metabolic pathways for glycosylation 
and are unable to add oligosaccharide chain to the 
recombinant proteins (20). Therefore, binding of the 
antibodies to the recombinant HN and F proteins was 
limited to the involvement of the linear epitopes devoid 
of carbohydrates.

Mice administrated with the rF protein showed 
significant antibody titers two weeks after the first 
injection. The antibody titers had a constant trend even 
after the first booster of the rF protein (log = 2.04–2.28). 
After the second injection, the titers went up steadily 
to log = 2.84 (Fig. 5B). In contrast, mice injected with 
the recombinant HN protein did not show an increase 
in their response by the production of antibody until 
the booster injection was given. The titer of antibody 
was increased slightly from log 10 : 1.10-1.70 after 
the first injection of the rHN protein and ultimately 
reached a significant level of log 10 : 2.31 (Fig. 5A). 
The recombinant HN and F proteins in the inclusion 
bodies were in the state of protein aggregates which 
could increase the likelihood of the effective T-cell 
epitope response and engage the antigen-processing 
cells (42). Analysis of cross-reactive antibodies 
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against the recombinant purified proteins in the mice 
has indicated that HN and F proteins could elicit 
the immune response against the both molecules. 
Results of the experiment showed that the muti-
epitopic recombinant HN and F antigens expressed 
in the E. coli could elicit a sufficient rise of antibody 
in the immunized mice for detection by ELISA as 
well as standard Newcastle vaccine which composed 
of the whole structural NDV proteins. On the other 
hand, the commercial strains that are currently being 
used for detection of NDV induce a high amount of 
antibodies which may not directly produce against HN 
or F antigens, because NDV structural proteins like 
nucleocapsid protein (NP) are also associated with the 
high immunogenicity properties, as well (17, 43). 

Despite an equal amount of these recombinant 
proteins, the antibody responses to F and HN were not 
equal at the beginning. A comparison of the endpoint 
titers showed that there are not statistically significant 
differences. These results were in line with the findings 
of other researchers using similar epitopic or the full-
length of F or HN protein for immunogenicity in the 
animal models (16, 17, 19). Furthermore, the detection 
of the HN and F glycoproteins with the individually 
produced antibodies revealed the potential application 
of these antibodies as probes for the viral glycoprotein 
in immunological analyses. The reactivity of the anti-
NDV serum toward the denatured recombinant HN 
and F proteins in ELISA opens the possible use of 
these recombinant proteins as antigens for diagnosis or 
vaccine survey of ND in poultry. 

6. Conclusions
There are limited reports about the successful 
expression of NDV glycoproteins in E.coli as the 
host. In this investigation, using bioinformatics tools 
we miniaturized the structure of the HN and F with 
the appropriate design while keeping the immune 
properties of the recombinant glycoproteins under 
the defined conditions. Moreover, our finding has 
provided an outstanding information about the cross-
reactivity properties in addition to the biological 
activity of the synthetic recombinant proteins in 
comparison to the standard B1 strain of the NDV. 
These findings suggest the proper presentation of 
the antigens from recombinant glycoproteins to 
the animal immune system, which raises specific 
antibodies with the high affinity toward native proteins 
in NDV structure. Further investigations are needed to 
obtain better antibody titers in the mice serum or to 
generate potential immunogenicity in a chicken model 
which could be applicable as a practical approach for 
detection of NDV.
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