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ABSTRACT

Background and Objectives: The rapid spread of Newcastle disease (ND), driven by extensive commercial exchange in the
poultry industry, necessitates urgent preventive measures. Although effective vaccines against the Newcastle disease virus
(NDV) have been used since 1940, recent outbreaks and the limitations of current vaccines highlight the need for improved
solutions. Advances in synthetic biology, reverse vaccinology, molecular biology, and recombinant DNA technology over the
past 20 years have led to the development of recombinant vaccines, which offer enhanced protection and broader immuno-
genic coverage against NDV. This study aimed to express the immunogenic domains of Hemagglutinin Neuraminidase (HN)
and Fusion (F) glycoproteins, linked to the heat-labile enterotoxin B subunit (LTB) bio-adjuvant, to develop an effective and
reliable recombinant vaccine for NDV.

Materials and Methods: In this study, the L(HN)2F protein, composed of the LTB bio-adjuvant and the immunogenic
regions of the doubled Hemagglutinin Neuraminidase (HN-HN) and Fusion (F) epitope, was expressed in Escherichia coli.
Subcutaneous injection was used to evaluate the humoral immune response in mice and the result was compared with B1
vaccine.

Results: The induction of strong humoral immune responses proved the strong immunoreactivity of the recombinant protein.
Conclusion: The IgG elicited by the recombinant proteins was comparable to that of the commercial B1 vaccine against
NDV, indicating its potential as a viable candidate for further development and evaluation as a recombinant vaccine against
NDV.
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INTRODUCTION Since its first detection in Newcastle, England, it has
threatened the poultry industry. Over the last two de-
Newcastle Disease (ND) is a highly contagious ail- cades, several outbreaks have been caused by geno-

ment that affects both wild and domestic birds pos-  type VII of the Newcastle Disease Virus (NDV) (1,
ing a significant threat to the global poultry industry. 2). From 2013 to 2018, sixty countries reported an
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outbreak of the disease in domestic birds (3).

NDV encodes six structural proteins in order 3'-NP-
P-M-F-HN-L-5', in Which NP encapsulates viral
RNA and the L protein acts as an RNA-dependent
RNA polymerase. The L segment connects to the P
protein and establishing a structure to recognize the
RNP for initiating transcription and replication (4).
Hemagglutinin Neuraminidase (HN) and Fusion (F)
are two surface glycoproteins of NDV that are im-
portant factors in ND virulence and infectivity. HN
mediates the attachment of the virus to its sialicac-
id-containing receptors and the stalk segment of HN
can improve fusion by interacting with the F glyco-
protein (5).

Prevention and early detection play a major role in
successfully controlling ND disease in poultry. The
most widely used ND vaccines are the LaSota, Bl
and VG/GA (6). These vaccine viruses have tropisms
different from those of the poultry host cell, with the
highest rate belonging to the LaSota strain. VG/GA is
typically used as an enterotropic vaccine, while the
B1 strain is the most attenuated vaccine for low-risk
situations (6). Live vaccines do not provide humoral
immunity, can be applied through mass vaccination
strategies, and may lose storage activity at tempera-
tures above 4°C (6, 7). NDV genotypes may change
due to mutations from live attenuated vaccines (3).
Inactivated vaccines are an alternative but are main-
ly incapable of producing long-lasting immunity and
have high production costs (4, 6).

Different platforms, including bacteria, plants, and
yeast, are used to express recombinant protein-based
vaccine candidates against NDV (8). There is a criti-
cal need to develop a safe, effective, and dynamic vac-
cine due to natural changes in the viral genome. In the
last decade, using recombinant technology to develop
vaccines has increased. Proteins produced with this
technology are generally inexpensive, widely avail-
able and safer than vaccines produced based on live
viruses (9).

Several attempts have been made to develop a recom-
binant NDV vaccine, principally based on expressed
F and HN genes. Immunization results showed that
these recombinant proteins could protect chickens
against NDV challenges. There are several recombi-
nant and subunit vaccines, including the expression
of full-length or partial F protein (3, 10, 11), HN pro-
tein (12) and simultaneous expression of both HN and
F glycoprotein (13, 14). Subunit vaccines based on
recombinant antigenic proteins are effective but have
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fewer immunogenic properties compared to live or
attenuated vaccines containing several essential and
non-essential immunostimulatory elements (15).

To overcome this and improve the efficiency and
immunity of subunit vaccines, adjuvants can be add-
ed as immune system modulators (16). Heat-labile en-
terotoxin (LT) of toxigenic Escherichia coli consists
of an A subunit with toxic and enzymatic activity
and a pentamer of non-toxic heat-labile enterotoxin
B subunit (LTB) with a pentameric structure, prov-
en to have adjuvant properties. In animal and human
studies, LTB has been used as an adjuvant mixed or
linked with specific antigens and successfully im-
proved both humoral and cellular immune responses.
(17, 18). LTB can bind to GM1 ganglioside receptors
on the eukaryotic cells’ surface, thereby increasing
antigen uptake (7, 19).

Vaccines have historically played a crucial role in
combatting, eliminating, and eradicating numerous
infectious agents such as Newcastle disease. Despite
the existence of live attenuated and inactivated viral
vaccines against Newcastle, the virus continues to
pose a threat to the poultry industry. To combat NDV
variety strains, prevent hazards of virus cultivation
for vaccine production, and develop an effective vac-
cine against NDV, a recombinant vaccine design is
essential (20).

In this study, a recombinant I(hn)2f construct has
already been designed by in silico assembling con-
served epitopic regions of the HN and F proteins of
the NDV added to LTB as bio-adjuvant (21). After the
heterologous expression of recombinant proteins in E.
coli hosts, the immunogenic response of all proteins
versus the vaccine strain of the NDV was determined
in an animal model by the ELISA test.

MATERIALS AND METHODS

Bacterial strains, plasmids and media. E. coli
BL21 (DE3) (Pasteur Institute, Iran) and pET-28a (+)
(Novagen, USA) were used in this study. Luria-Ber-
tani (LB) media with the appropriate antibiotic (kana-
mycin 50 pg/ml) was used for recombinant bacterial
culture and selection (22).

Design and construction of recombinant plas-
mids. The synthetic recombinant peptide amino acids
(rL(HN)2F) were retrieved from Gene Bank (acces-
sion no. MHO023426) and used in constructing all re-
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combinant plasmids. The rL(HN)2F peptide is a chi-
meric protein comprising the heat-labile enterotoxin
B subunit (LTB) as a bio-adjuvant, which enhances
the immunogenicity of the vaccine. It includes two
copies of neutralizing epitopes from the Hemagglu-
tinin Neuraminidase (HN) protein and neutralizing
epitopes from the Fusion (F) protein of Newcastle dis-
ease virus (NDV). These components are linked by a
short peptide linker (EAAAK) to maintain structural
integrity and facilitate protein assembly. Additional-
ly, a 6% histidine tag was incorporated at the 5' end of
the construct to aid in the purification process. This
design was aimed at maximizing the immunogenic
potential of the recombinant protein and simplifying
its purification and characterization. Bioinformatic
analysis were performed to select suitable epitopic
regions and linkers (23). To express each fragment
separately (Itb, hn, hn-hn and f genes), the segments
were amplified using specific primers (Table 1) with
the BamHI (GGATCC) and Hindlll (AAGCTT) re-
striction endonuclease recognition sites at the 5' and
3' ends of the genes. Each amplified fragment and the
chimeric synthesized I(hn)2f were cloned into pET-
28a (+) expression vector under the control of T7 pro-
moter between BamHI and Hindlll restriction sites
separately. The recombinant pET-28 plasmids were
transformed into an E. coli BL21 (DE3) competent
expression host cells. Authentic recombinant colo-
nies, confirmed by PCR, digestion and sequencing,
were stored at -70°C. The construct and attachment
site of the primers used in this work are schematically
shown in Fig. 1A.

Expression and purification of the recombinant
proteins. E. coli BL21 (DES3) strains carrying recom-
binant pET28a-ItB, hn, hn-hn, f, and I(hn)2f plasmids
were cultured in LB broth supplemented with 50 pg/
ml kanamycin at 37°C. When the optical density at
600 nm (OD600) reached 0.7, protein expression was

Table 1. The list of primer sequences used in this study.

induced by adding 1 mM IPTG (Sigma) and incubat-
ing for an additional 4 hours at 37°C. After induction,
cells were harvested by centrifugation at 3500 x g for
10 minutes at 4°C. The cell pellets were re-suspend-
ed in 1 ml lysis buffer (50 mM NaH2PO4, pH 8.0;
300 mM NaCl; 0.2 mg/ml lysozyme) and incubated
on ice for 2 hours to facilitate cell lysis. Following
incubation, the lysate was clarified by centrifugation
at 15,000 x g for 30 minutes at 4°C. The supernatant
and pellet were analyzed separately using 12% SDS-
PAGE to confirm the presence of recombinant pro-
teins. Purification of recombinant proteins was car-
ried out using nickel-nitrilotriacetic acid (Ni—-NTA,
Qiagen) resin under denaturing conditions at room
temperature. The supernatant was applied to the Ni—
NTA column pre-equilibrated with binding buffer (50
mM NaH2PO4, pH 8.0; 300 mM NaCl; 8 M urea).
Proteins were eluted with an increasing gradient of
imidazole (20-500 mM) in the elution buffer (50 mM
NaH2PO4, pH 8.0; 300 mM NaCl; 8 M urea; 500 mM
imidazole). Eluted proteins were analyzed by 12%
SDS-PAGE to verify their purity. Protein concentra-
tions were determined using Bradford’s assay (24).
For further purification and to remove urea, proteins
were dialyzed against PBS (pH 7.5) overnight at 4°C.
(25).

Immunization protocol. Forty-five female BAL-
B/c mice (5-6 weeks old, Razi Vaccine and Serum
Research Institute, Iran) were randomly assigned to
seven groups (A to G) for immunization. The study
involved four immunization rounds at one-week
intervals. Groups A-E: Each group was immunized
subcutaneously in the back of the neck with 15 pg
of purified recombinant proteins: rLTB, rHN, rHN-
HN, rF, or rL(HN)2F, respectively, mixed with
complete Freund’s adjuvant (CFA, Sigma, USA). Fol-
lowing the initial immunization, each group received
two additional injections of 10 pg of the same protein

Primers Sequence* 5" — 3' Restriction site
LHN2F Forward TTGCTTGGATCCATGGCGCCGCAAAG BamHI
LHN2F Reverse GTCGACAAGCTTTTAGTGATGATGATGATGATGC Hindlll
LTB Reverse GTCGACAAGCTTTTAGTTTTCCATGCTAATC Hindlll
HN-HN Forward ATAATAGGATCCATGGTGGCGAACTACC BamHI
HN Reverse TCGACAAGCTTTTAACCGCCGAAACGAC Hindlll
HN-HN Reverse GTCGACAAGCTTTTAGCCACCAAAACGAC Hindlll
F Forward GAGCTCGGATCCATGATCGTGGTTACCGGCGACAAG! BamHI
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in incomplete Freund’s adjuvant (IFA, Sigma, USA).
The final booster consisted of 2 g of the recombi-
nant protein administered intraperitoneally without
adjuvant. A detailed immunization schedule is pro-
vided in Table 2. Group F (Negative Control): Mice
were injected with PBS under the same schedule as
groups A-E. Group G (Positive Control): Mice were
immunized with 100 ug, 80 ug, 50 ug, and 30 pg of
a commercial NDV vaccine (B1 strain) at the same
time intervals as the experimental groups. Antisera
were collected from each mouse group after the sec-
ond, third, and final immunizations (1%, 2", and 3"
boosters). Blood samples were obtained by cardiac
puncture, allowed to clot at room temperature, and
then centrifuged at 3000 x g for 10 minutes. The sera
were pooled from each group, aliquoted, and stored at
-70°C until further analysis.

Table 2. Immunization schedule for (A to E) groups

Group A B C D E
Protein rLTB  rHN rHN-HN  rF  rL(HN)2F
Itinjection 15pg 15pg  15pg  15pug 15pg
1stbooster 10pg 10pg 10ug 10pg 10pg
2¥booster 10pg 10pug 10pg 10pg  10pg

3Ybooster 2ug 2pg 2ug 2ug 2 ug

Western blotting analysis. Purified protein sam-
ples (10 pg) were separated by 12% SDS-PAGE and
were transferred to a polyvinylidene fluoride (PVDF)
membrane (Roche, Germany). Each recombinant pro-
tein was detected with related antiserum from the im-
munized mice (anti-LTB, anti-HN, anti-HN-HN and
anti-F with 1:5000 and anti-L(HN)2F 1:2000 dilution
and1:5000 anti B1) as primary antibodies. Horserad-
ish peroxidase (HRP)-conjugated goat anti-mouse
1gG (21:2000; Sigma, Germany) antibodies were used
as secondary antibodies. The chromogenic reaction
visualized specific protein-antibody complexes using
3, 3-Diaminobenzidine (DAB Reagents; Sigma). This
procedure was repeated with one-step anti-6xHis-tag
antibodies (according to the manufacturer’s guide-
lines, Sigma) for all recombinant proteins.

Evaluation of humoral immune responses to
recombinant proteins by ELISA. ELISA was per-
formed to determine the specificity and titration of
the antibodies as previously described. The purified
rLTB, rHN, rHN-HN, rF and rL(HN)2F (200 ng each)
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were used as antigens. The specific antibodies against
rLTB, rHN, rHN-HN, rF and rL(HN)2F recombinant
proteins and antibody against B1 vaccine strain were
serially diluted from 1:50 t0:400000. The diluted sera
containing antibodies against each recombinant pro-
tein from the immunized mice (1:6400) and antibod-
ies to mouse 1gG labeled with horseradish peroxidase
were added to corresponding wells as a primary and
secondary antibodies. The colorimetric reaction was
visualized using O-phenylenediamine (OPD) and the
responses were stopped by Sulfuric acid (2 M) (26).
Finally, the cross-reactivity between the rL(HN)2F
recombinant protein (200 ng) with antibodies against
the B1 vaccine, as well as with antibodies against the
each recombinant proteins rLTB, rHN, rHN-HN, rF,
and rL(HN)2 were analyzed.

Statistical analysis. All statistical data was ana-
lyzed using the SPSS program (SPSS Inc., Chicago,
IL, USA) and GraphPad Prism version 9.0 software
(Graph Pad Software, Inc., San Diego, CA). The
means of all data were compared using the one-way
ANOVA test to determine differences. The differenc-
es were considered significant if the p-value was less
than 0.05 (p < 0.05).

RESULTS

Construction of recombinant expression vectors.
To amplify the recombinant individual fragments (Itb,
hn, hn-hn and f), the chimeric I(hn)2f structure (23)
was used as a template. The PCR products (lth, hn,
hn-hn and f) and the synthetic gene I(hn)2f were pu-
rified and ligated into the pET28a (+) expression vec-
tor separately. The presence of desired fragments in
expression vectors, were analyzed by PCR technique
and using specific primers (Fig. 1 B and C).

Expression and purification of recombinant pro-
teins in E. coli. The recombinant proteins, rL(HN)2F
(52 KDa), rLTB (13 KDa), rHN (10 KDa), rHN-HN
(22 KDa) and rF (17 KDa), harboring C-terminal
6xHis-tag were expressed in E. coli BI21 (DE3) and
the expected bands were visualized by 12% SDS-
PAGE. Fig. 2A displays the purified and dialyzed re-
combinant proteins on an SDS-PAGE. As indicated,
the proteins are positioned at their corresponding mo-
lecular weights, which demonstrates correct expres-
sion and proper folding without any degradation. The

http://ijm.tums.ac.ir
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Fig. 1. Schematic view of chimeric L(HN)2F protein and gel electrophoresis of the cloning steps.

(A) Diagram of chimeric L(HN)2F; the LTB -HN, HN-HN and HN-F connections were created by four, five and four repeats
of EAAAK linkers, respectively. The presence of the different fragments in pET28a (+) was confirmed by (B) Verification of
Constructs by PCR, lane 1. Itb (L(HN)2F F and LTB R ~ 350 bp), lane 2. hn (HN-HN F and HN R ~ 250 bp), lane 3. hn-hn
(HN-HN F and HN-HN R ~ 550 bp), lane 4. f (F F and L(HN)2F R ~ 450 bp) and lane 5. L(hn)2f (L(HN)2F F and L(HN)2F R
~ 1400 bp) and (C) Verification of Constructs by Restriction Enzyme Digestion (BamHI/ HindlIl). Lane 1. Itb, lane 2. hn, lane

3. hn-hn, lane 4. f, lane 5 negative control (undigested plasmid) and lane 6. L(hn)2f. M: DNA 100 bp Ladder Mix (Thermo).

concentration of the purified proteins was estimated
by standard Bradford protein assay (AB595) and the
average yield for recombinant rL(HN)2F, rLTB, rHN,
rHN-HN and rF was estimated as 1232.65, 302, 392,
744. and 297 pg/ml, respectively.

In vivo immunogenicity of proteins. After im-
munizing mice with the purified proteins, sera were
analyzed using Western blot to confirm the presence
and accuracy of the recombinant proteins produced in
bacterial systems. Additionally, the cross-reactivity
of the humoral immune response to all recombinant
fragments was confirmed with anti-LTB, anti-HN,
anti-HN-HN, anti-F, anti-L(HN)2F, and commercial
anti-6x His tag antibodies. The results are presented
in Figs. 2B-D. Bands corresponding to the molecular
weights of the proteins are visible on the PVDF
membrane, indicating their complete, integrity and
accurate  expression.  The  distinct  bands
corresponding to the proteins of interest suggest that
the recombinant proteins maintain their structure
and have not undergone significant degra- dation.

Additionally, the cross-reactivity observed with spe-
cific antibodies indicates that the immune response

http://ijm.tums.ac.ir

generated in mice is robust and recognizes the recom-
binant proteins effectively. This suggests that the pro-
teins are likely properly folded and can present their
epitopes to the immune system.

ELISA analysis. The ELISA analysis of serial dilu-
tion of anti-rL(HN)2F for different boosters was per-
formed. The results in Fig. 3A indicate the sensitivity
and specificity of the antibodies produced, showcas-
ing their ability to recognize the rL(HN)2F antigen
across various concentrations. Also, the cross-re-
activity of anti-L(HN)2F IgG with other antigens,
including rLTB, rHN, rHN-HN, rF and rL(HN)2F
antigens and rL(HN)2F antigen with different anti-
bodies, including anti-LTB, anti-HN, anti-HN-HN,
anti-F and anti-L(HN)2F antibodies, were analyzed
(Fig. 3 B and C). The cross-reactivity studies illustrat-
ed in Fig. 3B and C demonstrate the binding affinity
of anti-L(HN)2F IgG to other recombinant antigens,
such as rLTB, rHN, rHN-HN, and rF. This suggests
that the antibodies generated against rL(HN)2F have
the potential to recognize similar epitopes present
in these other antigens, providing insights into the
broader immunogenicity of the recombinant protein.
Conversely, testing the reactivity of the rL(HN)2F
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A B

M (LTB rHN rHN-HN F rLHN2F C-

M rLTB rHN rHN-HN rF rLHN2F

Fig. 2. SDS-PAGE and western blotting analysis of
rL(HN)2F. (A) SDS-PAGE analysis of purified rL(HN)2F
(lane 1), rLTB (lane 2), rtHN (lane 3), rHN-HN (lane 4) and
rF (lane 5). Western blotting analysis of purified recombi-
nant proteins with (B) commercial anti-His-tag antibody,
(C) anti-Newcastle B1 antibodies. (D) Western blotting
analysis of purified recombinant rL(HN)2F, rLTB, rHN,
rHN-HN and rF by their specific antibodies. M. protein mo-
lecular weight marker (KD). C-. Negative control (protein
without His-tag).

antigen with various antibodies reinforces the speci-
ficity and effectiveness of the immune response, high-
lighting the relevance of these antibodies for potential
diagnostic or therapeutic applications. Overall, these
findings underscore the robust humoral immune re-
sponse elicited by the recombinant proteins and their
potential utility in immunological studies.

The antibody titer after the first, second, and third
boosters for groups B and C was compared using in-
direct ELISA. As shown in Fig. 4, the ELISA results
demonstrate the progressive increase in antibody ti-
ters in response to the rHN and rHN-HN recombinant
proteins. The specific IgG antibodies against rLTB,
rHN, rHN-HN, rF, rL(HN)2F proteins and Bl (as a
positive control) were detected after immunization in
the blood sera. The cross-reactivity analyses of sera
from rL(HN)2F and B1 immunized mice were as-
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sayed against all purified recombinant proteins (Fig.
5A). The anti-L(HN)2F and anti-B1 1gG antibody re-
sponses from the mice groups were titrated by ELISA
at 14-, 22- and 30 days post-first immunization (Fig.
5B).

DISCUSSION

The prevalence of Newcastle disease (ND) con-
tinues to challenge the efficacy of existing vac-
cines, raising questions about their ability to protect
against clinical disease and prevent viral transmis-
sion among birds. Over the past six decades, existing
vaccines have not fully prevented either infection or
the shedding of the Newcastle disease virus (NDV)
into the environment (27). Additionally, multiple out-
breaks have been associated with mutations in vac-
cine strains that enhance virulence, underscoring the
need for new vaccination strategies. Consequently,
there is a clear necessity to develop vaccines based on
alternative approaches that cover a broader spectrum
of viral strains, exhibit enhanced safety profiles, and
minimize side effects. Recombinant vaccines emerge
as a promising solution, although they often exhib-
it inadequate immunogenicity and typically require
natural or synthetic adjuvants to boost immune re-
sponses (28). Biological molecules like LTB (The E.
coli heat labile toxin, B subunit) and cholera toxin B
subunit (CTB) serve as effective bio-adjuvants due to
their recognized ability to signal the immune system
and promote general immune responses (7, 16). Giv-
en the significant global and economic impact of ND,
with the critical roles of the viral glycoproteins F and
HN in mediating pathogenicity, our research aimed
to design and produce a novel recombinant vaccine
candidate. This candidate incorporated specific
epitopic regions derived from the F and HN genes
alongside the bio-adjuvant LTB, resulting in the con-
struct designated as L(HN)2F. The highly epitopic
sequences of LTB (amino acids 1-104 without sig-
nal peptide), HN (296-366 aa), HN (296-366 aa), and
F (42-182 aa) fragments were selected. To facilitate
proper protein folding and maintain conformational
integrity, EAAAK repeat linkers were used (23).

After the expression of proteins, the initial puri-
fication of the target protein using Ni-NTA resin
under denaturing conditions was performed. To
address potential issues with protein folding, the di-
alysis was performed to increase the solubility and

http://ijm.tums.ac.ir
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Fig. 3. ELISA assays of anti-sera serial dilutions of recombinant proteins. (A) The reaction of rL(HN)2F antigen with an-
ti-L(HN)2F attained from different boosters and control mice. (B) The cross-reactivity of anti-L(HN)2F 1gG with different
antigens, including rLTB, rHN, rHN-HN, rF and rL(HN)2F antigens. (C) The cross-reactivity of rL(HN)2F antigen with
different antibodies, including anti B1 vaccine strain, anti-LTB, anti-HN, anti-HN-HN, anti-F and anti-L(HN)2F antibodies.
Sera from mice immunized with PBS+adjuvant was used as negative control (p <0.05). The error bar is the standard deviation.
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Fig. 4. Diagrams of 1gG titration. Diagram of comparing hu-
moral immune responses assessed by ELISA results of sera
from mice immunized with rHN and rHN-HN recombinant
proteins (B and C groups) after the first, second, and third
boosters.
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partially refold the protein. The subsequent analy-
ses (ELISA and Western blotting) confirmed proper
structure, folding and the preservation of conforma-
tional epitopes (29). Additionally, upon injection into
an animal, the physiological conditions are likely to
facilitate proper folding of conformational epitopes,
enhancing epitope formation (30).

The high-level expression of each recombinant
protein in E. coli led to the formation of inclusion
bodies comprising different fragments (rLTB, rHN,
rHN-HN, and rF) and the heteromultimeric protein
L(HN)2F. This phenomenon may be attributed to co-
don optimization based on E. coli preference and the
use of a strong T7 promoter that enhances transcrip-
tion efficiency (27, 31). Mice immunized with these
recombinant proteins demonstrated significant im-
mune responses, resulting in a robust production of
IgG antibodies across all groups. Notably, even with
reduced antigen amounts in each booster, the anti-
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Fig. 5. Diagrams of 1gG cross-reactivity. (A) Characterization and cross-reactivity analyses of sera from B1 vaccine and
rL(HN)2F mice immunized versus all purified recombinant proteins by ELISA. Antibodies titration is calculated at AB492 nm
and 1:6400 dilution. (B) Analysis of serum antibody response from the immunized mice with rL(HN)2F and B1 commercial
vaccine by ELISA at various days post-first immunization. one-way ANOVA test was performed to analyze and compare treat-
ment groups. Control mice were injected with PBS and adjuvant (p < 0.05). The error bar is the standard deviation.

body response improved, indicating successful stim-
ulation of the humoral immune system. These results
were consistent with several findings using patho-
genic bacterial or viral chimeric proteins for animal
immunological study (21, 27, 31, 32). Immunoblotting
analyses using anti-6xHis tags and specific antibod-
ies confirmed the presence of distinct bands at the
expected molecular weights, signaling the expression
of intact and full-length proteins. Despite structural
complexities, these results suggest that the chimeric
rL(HN)2F effectively presents the LTB, HN, HN-
HN, and F domains for immune recognition. Addi-
tionally, cross-reactivity observed in Western blot
and ELISA analyses established that antibodies gen-
erated against rL(HN)2F could successfully detect
purified rLTB, rHN, rHN-HN, and rF proteins. Con-
versely, antibodies produced against these individual
proteins also can recognize the rL(HN)2F construct,
confirming the robust design of the chimeric gene
and the successful performance of repeated peptide
linkers.

Furthermore, the data indicated that the sera from
mice immunized with the commercial B1 vaccine
strain against NDV could detect rL(HN)2F, rHN,
rHN-HN, and rF proteins, whereas rLTB proved
undetectable. This behavior reinforces the accura-
cy and functionality of the rHN, rHN-HN, rF, and
rL(HN)2F constructs, with the lack of detection of
rLTB illustrating its external origin from the Bl
NDV vaccine. The utilization of LTB was solely
for its advantageous bio-adjuvant properties, aimed
at stimulating a more effective immune response.
As LTB is a protein produced by bacteria, it is not
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a B1 commercial NDV vaccine component. On the
other hand, this protein has been used only for its
intrinsic behavior as a bio-adjuvant and its ability to
stimulate the immune system generally. This nega-
tive reaction could be considered an internal negative
control and reaffirms the accuracy and efficiency of
the rHN, rHN-HN, rF, and rLHN2F structures. Ac-
cording to the immunoblotting results, antibodies
produced in the serum of mice immunized with the
recombinant protein L(HN)2F demonstrated the ca-
pacity to detect various protein fragments, including
rLTB, rHN, rHN-HN, and rF. Conversely, antibod-
ies derived from these individual antigenic compo-
nents were also able to recognize the L(HN)2F con-
struct, reinforcing the premise of a robust immune
response elicited by the chimeric protein (data not
shown). The results from ELISA corroborated these
findings, demonstrating that the L(HN)2F recombi-
nant protein exhibited a strong immunogenic profile
comparable to that of the commercial Newcastle vac-
cine (B1) strain. Immune sera from mice immunized
with rL(HN)2F displayed the highest antibody titers
against the various recombinant proteins. The ELI-
SA assay quantified immune responses by analyzing
immune serum from rL(HN)2F-immunized mice af-
ter the final injection across various dilutions against
200 ng of each pure recombinant protein. Results
indicated that the highest antibody titers were pro-
duced in response to the rL(HN)2F protein, followed
by rHN-HN, rF, rHN, and rLTB, respectively. Mice
that received purified proteins demonstrated substan-
tial production of specific IgG antibodies, particular-
ly those immunized with rL(HN)2F, which exhibited
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measurable antibody levels even at dilutions as high
as 1:400,000. Statistical analyses revealed significant
differencesin the antibody titers, particularly against
the HN protein following the second and third boost-
er doses in groups B and C. Also, the ELISA showed
the appropriate stimulation of the immune system
and the higher dilutions of the specific IgG antibody
against rHN protein when rHN-HN pure protein was
used and injected as an antigen. Statistical analysis
showed significant differences in antibody titer in
the second and third booster doses at the F and G
groups. There was high significant reactivity in the
anti LHN2F compared with anti-B1 at 14- and 22
days post-first immunization (p < 0.05). Also, the
same titer of the anti-LHN2F and anti-B1 was moni-
tored for 30 days. These observations imply that the
rL(HN)2F-immunized group demonstrated a faster
and more efficient antibody production compared to
the group immunized with the commercial Bl vac-
cine. This accelerated humoral immune response
could potentially provide an advantage in practical
vaccination strategies, especially considering the
need for timely immunological protection in poultry
populations. As can be seen, the gradual produc-
tion of antibodies in an immunized group with the
rLHN2F protein is much better and faster than in the
group immunized with the commercial vaccine (B1).

The research funding mentioned earlier highlights
the challenges associated with heterologous ex-
pressing HN (hemagglutinin-neuraminidase) and
the relatively low immunogenicity of HN in mouse
models, which can limit its effectiveness as a vac-
cine candidate (13, 14). To address this limitation,
we implemented duplication strategies for shorter
HN epitopic sequences, effectively increasing the
antigen dose through the inclusion of the HN-HN
fragment. This approach resulted in nearly a twofold
increase in recombinant protein yields (from 392 to
743.91 pg/ml), correlated with enhanced immunoge-
nicity in the mouse model. ELISA results confirmed
that rHN-HN elicited a superior antibody response,
underscoring its potential as an effective vaccine
candidate due to its ability to amplify antigen dos-
es and focus on the most potent epitopic domains.
As shown, when intraperitoneal injection of the im-
munized group with rHN protein (the last booster,
which causes to activate clonal B cell effectively and
robust response) is performed by the rHN-HN pu-
rified protein, the level of antibodies titer increases
significantly. According to the ELISA results, when
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the rHN protein was used as the final injection (intra-
peritoneal) in a group of mice immunized with rHN-
HN pure protein (G group), there was a decrease in
the antibody titer. These outcomes reinforce the no-
tion that a dual HN structure (HN-HN) can enhance
the immunogenic profile of the HN component. Ad-
ditionally, despite differences in antibody response
to each component, the lack of statistically signifi-
cant differences suggests that using flexible linkers
successfully maintained the antigenic integrity of
each component, which was also confirmed by the
bioinformatic analyses. This study shows that the re-
combinant protein can trigger an immune response
against all conserved and significant epitopes in any
part of the rLHN2F protein (23).

The results of this study align with findings from
prior research. Shahid et al. (2020) (27) expressed
the HN protein of the Newcastle disease virus in E.
coli BL21 (DE3) and assessed its immunogenicity
in 10-day-old SPF chickens’ post-purification. They
reported that serum IgY levels peaked between 50
to 60 days, demonstrating a significant increase in
antibody titers between days 10 and 60. Additional-
ly, Motamedi et al. (2018) (33) expressed the rHNF
epitope protein of the Newcastle disease virus in E.
coli Rosetta-gami B (DE3). Their results indicat-
ed that very high dilutions of serum from animals
vaccinated with the B1 vaccine could respond effec-
tively to minimal amounts of purified recombinant
protein (as low as 100 ng). Furthermore, analysis of
serum cross-reactivity from mice immunized with
the B1 vaccine revealed that antibodies against the
B1 strain and the chimeric protein peaked 28 days
post-immunization. Overall, it appears that recom-
binant proteins incorporating multiple immunogenic
components (fusion) may play a crucial role in the
development of new recombinant proteins for vac-
cine application. This suggests that LHN2F has the
potential to be used as a recombinant vaccine candi-
date against various strains of the Newcastle disease
virus.

CONCLUSION

In summary, this study successfully designed,
constructed, and expressed a recombinant fused
rL(HN)2F protein from Newcastle disease virus
(NDV) containing LTB (L) as a bio-adjuvant in
prokaryotic host cells. By adding two copies of HN
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sequences, a bio-adjuvant, and highly conserved re-
gions of two key pathogenic molecules and several
novel epitopic parts of glycoproteins (HN and F) of
NDV into the final protein structure L(HN)2F, the
immune response against NDV was significantly en-
hanced in immunized mice compared to the B1 vac-
cine strain.
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