Immunogenicity Evaluation of Recombinant Hemagglutinin-Neuraminidase Protein (HN) from Newcastle Virus in Animal Model as a Novel Alternative to the Newcastle disease virus Vaccine
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ABSTRACT
Newcastle disease virus (NDV) has severely affected the poultry industry in recent years. One of the best ways to protect yourself from this virus and lower your chance of a pandemic is by vaccination. The commercial vaccine does not adequately respond to pandemic strains. This study examines the potential function of formulated Haemagglutinin neuraminidase (HN) with Freund's adjuvant against Newcastle disease virus. To this end, a recombinant Haemagglutinin neuraminidase (rHN) gene of the Newcastle disease virus was designed and expressed used by B.subtiles expression system. 
Four groups of mice were immunized by rHN in combination with Freund's adjuvant, and commercial vaccine. The humoral immune test was then performed on the vaccinated mice, and the outcomes were compared to those of untreated animals (negative group). NDV was also administered through intranasal drop to the treated and control mouse groups. Body weight, survival, temperature variation, and the medical conditions of the samples were assessed.
Mice that received the recombinant protein vaccination showed humoral reactions to the NDV. Also, co-administration of rHN with Freund's adjuvant might increase the survival rate of the immunized mice by 92 percent. Two weeks after infection, the Freund's adjuvant-treated group had a slight weight loss and a high body temperature. Additionally, compared to the group that received a commercial vaccination, this group had a greater HI antibody titer. Altogether, the results showed that the recombinant protein with the Freund's adjuvant created better safety than the Commercial vaccine produced in Iran, thereby can be considered as a safe and reliable vaccine candidates against the Newcastle virus for further investigations.
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1- INTRODUCTION
Newcastle disease virus (NDV) has severely affected the poultry industry in recent years. The virus belongs to Avulavirus genus and Paramyxoviridae family with negative-sense, single-stranded RNA (1). Six major genes (3'-NP-P-M-F-HN-L-5') make up the NDV genome, of which two (F and HN) are structural and the other four are not. Additionally, this virus produces the secondary proteins W and V by performing RNA editing on the P gene. (2-5). Viral replication, transcription, translation, and protein processing all take place in the cytoplasm of the host cell, while virus particles are releasedthrough the plasma membrane through budding (6-9). The major pathogenic components of the virus are two proteins called hemagglutinin neuraminidase (HN) and fusion (F), which are crucial for building immunity to the virus (10-13). Two glycoproteins, F and HN, are crucial for the assembly of enveloped viruses as well as for defining the tropism of the host and tissues (13, 14). The F protein induces fusion, while HN is responsible for binding (15-17). Hemagglutination (HA), neuraminidase (NA), and stimulation of F protein activity are of the functions that the HN glycoprotein carry out. (18). The F protein starts the membrane fusion process when the HN binds to the sialic acid receptor on the cell's surface (19). The HN protein of NDV has a cytoplasmic tail in the N-terminals, the stalk membrane-proximal domain, and the globular head domain in the C-terminal. This protein of the integral membrane protein type II. (20-23). The globular head in the C-terminal domain is where the receptor binding and enzymatic activity happen (24, 25), while it is also the site for  neuraminidase activity. The NDV's HN inhibits the self-aggregation of the viral progeny during budding and aids in the virus's escape from the cell by eliminating sialic acid from the cell's surface (26, 27). The HN protein has neuraminidase activity and interacts to sialic-acid-containing receptors on host cells (hemagglutination). The sialic acid molecules are cleaved by these receptors on the host cell, and the virus particles are released (26, 27). The HN protein also boosts NDV virulence and tissue tropism. The HN protein is a suitable target antigen for making recombinant vaccines against NDV because of its high antigenicity and capacity to promote antibody formation by activating the host's protective immunological response (28). Furthermore, the length of the HN protein is important for its biological activities, as a 571-aa HN protein has only been found in highly virulent strains. In contrast, a 577-aa HN protein has been found in both avirulent and virulent strains, and a larger HN protein of 616 -aa has only been found in non-virulent strains (29). The poultry sector industry is critical to economic growth, particularly in developing countries. In Iran, economic losses due to NDV have reached up to US $70 million, in the last decade. The morbidity and mortality rates are up to 100% for severe forms of the disease (30). In developing countries, such as Iran, where velogenic strains are prevalent, attenuated live vaccines are used. The problem with using these vaccines is the possibility of contagion of the virus from the vaccinated animal and the outbreak of new strains due to recombination with wild-type strains (31). The application of genetic engineering methods and recombinant gene technology in the vaccine industry using major virus proteins that have immunogenic properties has led to the emergence of more effective and stronger subunit vaccines with fewer side effects than traditional vaccines (32, 33). Numerous reports indicate that the HN protein is a potent and effective immunogen that can provide adequate immunogenicity and protection to the animal model (34). Using the HN protein as a strong and effective immunogen instead of the whole attenuated virus can target the immune system in a targeted manner and reduce concerns about the outbreak of new genotypes resulting from traditional vaccination in the environment. In this study expresses the recombinant HN protein in the heterologous system (Bacillus subtilis), using the appropriate vector (pHT43) to determine its efficacy in producing antibodies against NDV in chickens. Also comparison of its immunogenicity with other traditional vaccines available in the Iranian market.

2- MATERIALS AND METHODS
2-1. Virus, Bacterial Strains and Plasmids
In this experimental study, the complete HN gene sequence (Accession No. AF07761.1) was obtained from the NCBI database. The virulent NDV strain was obtained from Razi Vaccine and Serum Research Institute of Iran. B.subtilis WB800 (#PBS022-MoBiTec, Germany) was used as the expression host. Moreover, E.coli DH5α (Invitrogen Inc.) was used for the amplification of recombinant plasmids. The pGet II plasmid (#CLo841-Sinaclon, Iran), containing an ampicillin and kanamycin-resistant gene, was used as the initial cloning/sequencing vector. The pHT43 shuttle vector (#PBS002-MoBiTec, Germany), containing ampicillin and chloramphenicol-resistant gene, was used to express the heterologous HN protein from the NDV.
2-2. Media Composition and Culture Conditions
Bacterial strains of E. coli and B. subtilis were grown aerobically at 37°C and 200 rpm in an LB (Luria-Bertani) culture medium, containing 1% w/v of peptone, 0.5% w/v of yeast extract, and 0.5% w/v of sodium chloride. LB medium will be supplemented with ampicillin amp 100 g/ml for E. coli or chloramphenicol 5 g/ml for Bacillus.

2-3. Cloning and Construction of the Expression Plasmid Containing the HN Gene
According to the standard protocols, the lentogenic strain of NDV was propagated and harvested in SPF eggs (35). Viral RNA was extracted using 200 μl of cell culture supernatant harvested using a SinaPureTMViral (#EX6061-Sinaclon, Iran) commercial kit's instructions. Following the manufacturer guidelines, cDNA synthesis has been done using ThermoScriptTM RT-PCR (Invitrogen-USA). DNTPs (10 mM per base) and a special buffer for enzymatic reactions and an RNase inhibitor have been used in the specific primers (at 10 μM or 10 pmol/μl each for each primer). It needs to be mentioned that the RNAase/DNase-free micro-tubes (Extra gene, USA) have been used in any respect stages. Specific (forward and reverse) primers were designed using CLC Main Workbench 4.5 (QIAGEN Co.) to amplify the complete ORF of the HN gene of NDV (1734 bp). Moreover, the PCR reaction was performed using 5 μl of cDNA, 1 μl of the forward primer, i.e., 5' GGA-TCC-ATG-GAC-CGC-GCC-GTT-AG 3', 1 μl of the reverse primer, i.e., 5' AGA-TAC-CTA-GCC-AGA-CCT-GGC-TTC-TC 3' (underlined nucleotides correspond to BamHI and XbaI sites, respectively), 10 μl of the reaction buffer (containing Tris-Cl at the pH of 8.3 and 50 mM of KCl), 1.5 mM of the MgCl2 buffer, 10 mM of dNTPs, and one unit of high-fidelity PCR Enzyme Mix (Genetbio-Korea) in a total volume of 20 μl in a thermocycler device (Biorad, USA) below the subsequent conditions: five min at 95°C, accompanied with the aid of using30 cycles at 95°C for 30 sec, 60°C for 30 sec, and 72°C for 80 sec, with a final extension step at 72°C for 7 min. After preparation, the PCR products were analyzed on 1% (w/v) electrophoresis agarose gel stained with a safe view (Kiagene, IRI)(36, 37).
The PCR product extracted from low melting agarose gel the using DNA extraction kit (Vivantis-Korea). Subsequently, it was cloned in the pGet II-T/A cloning vector (SMOBio-TW, #CV1100) to obtain the recombinant pGet-HN plasmid. After amplification in E.coli DH5α, the target gene was subjected to automatic one-directed sequencing using forward and reverse primers, described previously for the HN gene amplification. Then, it was sub-cloned into the pHT43 donor plasmid (MoBiTec-GR, #PBS002C) through BamHI/XbaI sites to obtain the pHT43-HN recombinant expression vector. This vector uses a powerful promoter before the groESL Bacillus subtilis operon, induced by the Lock operator, and the induction is enabled by adding ITPG. An efficient Shine-Dalgarno (SD) sequence and a vector multiple cloning sites (BamH I, Xba I, AatII, SmaI) were inserted. This vector uses the amyQ signal peptide to obtain recombinant secretory proteins. The presence of the pHt43-HN recombinant vector was confirmed using PCR and enzymatic digestion analysis. After amplification in E. coli DH5α, the expression plasmids have been extracted and transferred into B.subtilis WB800.
2-4. SDS-PAGE and Western Blotting Analyses
In order to evaluate the expression in B.subtilis WB800, three bacterial groups were tested, i.e.,  a) B.subtilis WB800 carrying pHT43-HN recombinant plasmids, b) B.subtilis WB800 carrying pHT43 plasmids without the HN gene, and c) B.subtilis WB800 without plasmids. All three groups were cultivated overnight in 10-ml LB broth, containing 3 μg/ml of chloramphenicol (only the A and B groups) at 37◦C with centrifuging at 200 rpm. An aliquot (1.5 ml) of the overnight culture (1% v/v) was inoculated in the fermentation medium in a 50-ml flask containing chloramphenicol, followed by incubation for 8 h. When the culture reached OD600 of 0.7 – 0.8, it was split into two equal portions, followed by inducing expression with 1 mM of IPTG added to one portion (t = 0). The samples collected from the culture medium were 1 ml before the induction and 4 ml (3 ml per 2 hours) after the induction. The process of precipitating the protein from the supernatant was performed by saturating it with NaCl, followed by centrifugation at 6,000 x g for 10 min at 4 °C. Subsequently, the protein’s expression was studied by examining the samples using SDS-PAGE, western blot, and Bradford methods.
Samples were loaded on 12% SDS-PAGE for analyzing about western blotting method. After running the gel, proteins were electroblotted on a presoaked nitrocellulose membrane (Merck-India, #WHA7191014) using the transfer buffer including 25mM Tris, 192mM glycine, and 6.20 percent v/v methanol (pH 8.3)] and run on 400mA for 2.5 hours. Membrane was presoaked with 1x PBST [NaCl 3.0 gm, KH2PO4 0.2 gm, NaHPO4 1.15 gm, and KCl 0.2 gm/L (pH 7.4) containing 0.5% Tween-20] and blocking was done with blocking buffer [5% skimmed milk powder in 1x PBS (NaCl 3.0 gm, KH2PO4 0.2 gm, NaHPO4 1.15 gm, and KCl 0.2 gm/L, pH 7.4)] and incubated for overnight at 4∘C. The blocked membrane was washed with 1x PBS three times for 15 min each. Anti HN antibody (Abcam, USA, #ab226322 ) at dilution of 1: 500 specific to target protein was incubated with the membrane at room temperature for 2 hours. After washing of unbound primary antibody with 1x PBST, the secondary antibody Anti-Mouse IgG Peroxidase Conjugate HRP (#GR129315-1) at 1: 1000 dilution was added at room temperature for 2 hours. For protein detecting, 3,3’,5,5’ tetramethylbenzidine (TMB) (Invitrogen) was used as a substrate, and 1M H2SO4 stopped the reaction.
2-5. Purification and Formulation of HN Protein
B.subtilis WB800 carrying pHT43-HN recombinant plasmids was cultivated overnight in 250 ml of LB broth containing chloramphenicol, and the expression was induced with 1 mM of IPTG, followed by incubation for 24 h. When the incubation ended, the crude culture broth was centrifuged at 10000 rpm at 4◦C for 10 min, and the supernatant containing the HN protein was recovered. The purification of the recombinant HN protein was performed in three steps. First, a total of 200 ml of culture supernatant was freeze-dried, decreased the volume to 10 ml with a freeze dryer and then was dialyze with Tris-Cl (pH: 8.5). The collected supernatant was precipitated according to the method discussed in section expression, and it was subsequently suspended in 20 ml of sodium phosphate buffer (pH: 6.0). For the 63-kDa HN protein purification, a Q Sepharose® column (2×25 cm) was used. Then, 20 ml of the protein suspension was gently and carefully transferred to the column, and the washing process was performed according to the standard method. To wash the proteins attached to the substrate, a concentration gradient of 0 to 1 mM of NaCl was used. The obtained product was then loaded onto a 20-ml Ni-NTA Agarose column (Qiagen). Afterwards, the column was washed and then eluted with a gradient of 1 to 320 mM of imidazole. Finally, all the samples with peak fractions were stored at 4°C for further analysis. All purification steps were carried out at4°C(8). In order to boost the immunogenicity of the target protein and Freund's Adjuvant was formulated were combined at a ratio of 50/50 with the use of a homogenizer.
2-6. Hemagglutination and Hemagglutination Inhibition (HI) Assays
The HA test measures the virus's capacity to attach to chicken red blood cells (serial dilution) (RBC). Heparinized RBC suspension was washed with PBS three times at 1500 rpm, 7°C. PBS diluted RBC by 0.5%. 50 L of PBS was added to each 96-well macro-plate well. 50 L of recombinant proteins were introduced to the first well, then serially diluted until the final well. Additionally, in the second row, the Influenza Inactivated antigen (as a control sample) was added and serially diluted in an equal volume of PBS. After finely mixing, the plates were incubated at room temperature for 30 min, and the titer of RBC agglutination was recorded. Moreover, the highest dilution well of the plate (first well) of HA was considered as a titer.
The presence of nonspecific HA activity in hen serum was confirmed using 0.25 percent chicken RBCs. The HA elimination was performed with hemadsorption against 4% chicken RBCs (final concentration) for 1 h at 4°C. The virus inoculum was back-titrated to verify the accuracy of the HA units before the HI test. Preliminary, 25 μL PBS buffer was loaded into each well, except the first one. Then, Receptor Destroying Enzyme (RDE)-treated serum was serially diluted 2-fold from 1:10 to 1:1280. Then, 25 μL from diluted serum was incubated with each well with 25 μL of test virus (4 HA unit) for 60 min at room temperature.  After that, 50 μL of 0.5% chicken RBCs were added to the solution, and the reaction mixture was incubated at room temperature with a further 60 μL. Next, wells were investigated for inhibition of HA visually, in which well-defined RBC “buttons” or teardrop formation appeared upon the plate tilting as the index. HI titers were the reciprocal of the highest dilution of serum that completely prevented HA.

2-7. Animals and Experimental Groups
In the current study, 40 healthy female BALB/c mice with 5 weeks of age were provided from the Pasteur Institute of Iran The Production and Research Complex (Karaj, Alborz,Iran). The mice were maintained in the Animal's Room (24ºC) of the Animal house of R&D unit of Tebe Shefa biotech Co., and fed in 12-hour cycles (day and night). The animal experimental procedures were carried out following the ethics committee of Islamic Azad Tehran Medical Sciences (approval ID: IR.IAU.SHK.REC.1398.046). The forty BALB/c mice were evenly distributed among four groups, with ten animals in each of those groups. The following is a list of the groups: i) vaccinated with recombinant protein plus Freund's adjuvant, ii) vaccinated with PBS plus Freund's adjuvant, and iii) vaccinated with commercial NDV Lasota vaccines; also, one group consisting of ten mice was regarded to be a negative control (non-vaccinated group). The mice were injected subcutaneously with an insulin syringe at 5 μg. The procedure of immunization was repeated three times at intervals of two week. before each injection, 100 μL of the blood sample was collected by a pipette pasture from the dorsal lobe of the mice eye (cave retinal). The samples were then carefully transferred into a refrigerator at -6°C and maintained for 24 h.

2-8. ELISA for IgG
For this purpose, 275 μL of the purified protein was mixed with 725 μL coating buffer (0.0833 g Na2CO3, 0.144 gNaHCO3, and 50 mL DDW), then every well was coated with 100 μL (5 μg/mL) of the mixture. As a negative control, protein-free buffer was added to certain wells. The plates were incubated at 6°C overnight. The plates were then blocked for 60 minutes at 37°C in a washing solution containing 1% BSA. Following that, the ELISA plates were washed three times using a washing buffer. In the next step, 50 μL from each 1:10 and 1:100 of diluted serum concentration (final volume 100 μL) was added separately to each well of 96 wells plate and incubated at 25°C for 90 min. The plate was rinsed twice with the washing buffer and was mixed with 20 μL (1/100) of the antibody with 22 mL washing buffer. The mixture was added to the wells and incubated in a 37°C for 1 h. The washing process was performed twice again. A 100 μL of 3,3′,5,5′-Tetramethylbenzidine (TMB) was then added to each well and the plate was incubated for 15 min in darkness. After sufficient color development, 100 mL of stop solution (2.65 mL H2SO4, 47.35 mL DDW) added to all wells, and the absorbance immediately measured by an ELISA plate reader at 450 nm.

2-9. Challenging
Five female BALB/c mice from each group were infected intranasally with 5x104 PFU of mouse-adapted NDV Lasota strain stock (prepared by the Pasteur Institute of Iran) two weeks after the last immunization's Production and Research Complex). Daily monitoring was performed for disease symptoms. Two weeks later, the mortality rate of the animals was calculated. Any signs of the disease, body weight, and temperature were also recorded. For determination of LD50, four mice in each group were infected intranasally by 50×101-50×106 TCID viruses per 50 μL. After two weeks, the final titer was determined as LD50, referring to the lethal dose for 50% of the population.

2-10. Statistical Analysis
After completing each experiment, the raw data recorded and the normality test evaluated by the Kolmogorov-Smirnoff test. The one-way analysis of variance (ANOVA) was used to analyze differences
between the examined groups, and the level of statistical significance was considered at p<0.05. Posthoc and Tukey tests using the Social Sciences software (SPSS, Inc., Chicago, IL, USA) version 20 were performed between groups. In addition, the mortality rate was analyzed by Kaplan-Meier log-rank test.

3- RESULTS
The full-length sequence of HN gene (1734 bp) was amplified by RT-PCR using the designed specific primers (Fig 1). The fragment produced, was cloned into the T/A cloning vector after extraction from agarose gel and confirmed using PCR (Fig 2a) and enzymatic digestion analysis (Fig 2b). The accuracy of the HN gene ORF in the T/A cloning vector was confirmed by sequencing. Analysis of sequencing was accomplished by Chromas software (version 1.45 - Australia). Subsequently, HN fragment was Subcloned into the pHT43 donor plasmid, as described previously in the methods section. The recombinant vector was confirmed by PCR and subsequently by enzymatic digestion. (Results not presented).
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Fig.1.Gel electrophoresis analysis of HN gene (1734 bp) RT-PCR products, Lane 1: negative control.  Lane 2: 1 Kb DNA size marker (Fermentas #SM0311).  Lane 3: demonstrating a thick bond of 1734 bp amplicon.

[image: ]
[image: ]








Fig.2. (A), pGet-HN recombinant T/A cloning vector. Lane 6: 1Kb DNA size marker (Fermentas #SM0311). Lane 1: BamHI/XbaI double digestion on the HN-containing recombinant T/A cloning vector (clone) revealed expected 3954 bp and 1734 bp fragments. Lanes 2-5: single digested, revealed expected fragment (5688 bp). Lane 7: undigested plasmid of the HN-containing recombinant T/A cloning vector. (B), HN, gene PCR with specific primer, six white colonies were selected randomly. Lane 1: negative control (blank) Lane 2: 1 kb DNA size marker (Fermentas #SM0311). Lanes 3-8: HN-gene fragment (1734 bp).
Investigation of the expression in three bacterial groups (i.e., A, B, and C) tested with the sample before induction was done using the Bradford method and then on polyacrylamide gel (Figs. 3a and 3b). The SDS-PAGE results showed that the expression of the recombinant HN protein gradually increased up to eight hours after induction (63-kDa expressed protein in Bacillus subtilis). The results also showed that the expressed protein band in Bacillus subtilis had a weight of approximately 63 kDa in western blotting (results for groups B and C are not presented). The HN protein confirmation test results were analyzed using the western blot analysis with mouse monoclonal antibody, i.e., the anti-HN in Fig. 4, which confirms the expression of the HN protein (Fig. 4).
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Fig.3. Evaluation of recombinant protein expression in B. subtilis. (A),Summary of the normalized quantities of expression proteins in three bacterial groupsOne-way analysis of variance (ANOVA) by Tukey's method showed that in Level P≤0.05, the observed difference in pHT43_NH expression IPTG-induced pHT43 and B. subtilis WB600 groups is statistically significant. Whereas there was no statistically significant relationship between pHT43 and B. subtilis WB600.(B)Investigation of expression and secretion of recombinant HN protein (63KDa) in culture medium with acrylamide gel. Column 1: Expression before induction. Columns 2 to 5: Gradual increase in expression from 1 to 8 hours after induction, respectively. Column 6: Molecular weight (#SL7001-Sinaclon.Iran). Column 7: Lack of protein secretion in the culture medium before induction. Column 8: Lack of recombinant protein secretion in bacterial cells containing plasmid without HN genes.
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Fig. 4. Detection of the recombinant HN protein by Western blot analysis .Lane 1: marker weight (#SL7001-Sinaclon.Iran). Lane 2: Pre-induced protein without expression. Lane 3: A positive control sample, a positive Western bloat response to a His-Tag protein sample weighing 63kD. Lane 4: Confirmation of recombinant HN protein (63KD) expression, 8 hours after induction.Lane 5: Lack of recombinant protein secretion in bacterial cells containing plasmid without HN genes.

A three-step purification protocol was employed for the recombinant HN protein purification. After dialysis, the cultural supernatant was loaded onto a Q Sepharose cation-exchange column under an acidic pH of 4.6, as described in Section Purification. The pooled elution fractions containing neuraminidase have been then in addition purified through chromatography on a Ni-NTA steel affinity column. SDS-PAGE analysis revealed a single band with a molecular weight of 63 kDa. The study of neuraminidase specific activity suggested that this double-step chromatography would cleanse HN by about 3.8-fold (Detailed description of the calculation is given in the table1.) (Table 1) (Fig. 5).



Table 1. Purification of recombined HN protein
	Fraction
	Volume (ml)
	Protein (mg)
	Activity neuraminidase (unit)
	Specificactivity* (unit/mg)
	Fold purification**
	Yield*** %

	Culturalsupernatant
	200
	40.6
	63.34
	1.5
	1x
	100

	Pooled eluates from SP
	20
	29.15
	62.66
	2.14
	1.4x
	98

	Pooled eluates from Ni-NTA
	20
	10.64
	61.84
	5.8
	3.8x
	97

	* Specificactivity=( Activity Enzaym/ Protein)
** Fold purification=( Specificactivity/ starting special activity)
*** Yield= [(Activity Enzaym/ starting Activity Enzaym)×100]
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Fig. 5. The HN protein was purified by chromatography.Lane 1: marker weight (#SL7001-Sinaclon.Iran). Lane 2: Purified HN protein (63KD). Lane 3: Negative control (culture medium).



3-1. Hemagglutination Test Result
The HA test was done in 25 L from two-fold serially diluted virus based on 1:256 dilution (Fig. 6). Results showed appropriate attachment of HA ligand to cell surface and bioactivity of HA. Neutralization activity of particular antibodies rises following vaccination.B
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Fig. 6. A: Hemagglutination and B: hemagglutination inhibition (HI) assays of H1N1 influenza viruses using chicken RBCs. In the hemagglutination assay, the treatment and control samples were indicated with “T” and “C” letters
3-2. Immune Responses
The results show that there is an increase in the antibody titer compared to the control group, and this increase is significant. According to the fact that the serum obtained from blood collection after the injection priority was able to react with the antigen to a very high dilution (1:2048000), it can be said that this protein can stimulate the immune system to produce antibodies. Is. Also, the significance check between the vaccinated groups with Tukey's one-way analysis of variance at the significance level of P≤0.05 indicates a significant relationship between the groups (Fig.7a). Examining the correlation of antibody titer increase also indicates a direct relationship between the control group and the vaccinated groups (Fig.7b). The recombinant HN protein is also more potent than the live attenuated vaccine.
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Fig. 7. IgG antibody titer measurement against the HN recombinant protein. (A): Analyzing the importance of the association between the control and vaccine groups. (B): Mice vaccinated with PBS buffer plus adjuvant are the control group (blue). Mice vaccinated with recombinant protein and adjuvant are represented by curve G2 (gray). Mice that received the commercial live attenuated vaccine are represented by curve G1 (yellow).

A western blot was used in order to confirm the natural antigenic structure of the recombinant HN protein and its similarity to the natural virus (vaccine strain). For this purpose, the recombinant HN protein was mixed with the serum of mice immunized with HN protein and the serum of mice immunized with the commercial vaccine strain. Following the proximity of the commercial vaccine virus after gel electrophoresis, electrophoresis was performed with unimmunized mouse serum with HN recombinant protein. The results showed that the antibody produced by the recombinant protein could identify the vaccine strain and vice versa. The antibodies produced by the vaccine strain also identified the recombinant protein (Figure 8).
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[bookmark: _Toc68202418][bookmark: _Toc93189485][bookmark: _Toc93193693]Fig. 8. Confirmation of antibodies produced against recombinant HN protein and live attenuated Newcastle virus vaccine protein samples. (A): Antibody against the recombinant HN protein, Western blot. Protein ladder (Sinaclon # PR911641), column 1. NH recombinant protein, Column 2: NH recombinant protein. Column 3: negative control without protein. (B): Western blot of antibody against Newcastle virus vaccine strain. Column 1: protein ladder (Sinaclon # PR911641). Column 2: Confirmation of HN protein with serum obtained from the commercial vaccine. (C): Western blot of antibody against HN recombinant protein. Column 1: protein ladder (Sinaclon # PR911641). Column 2: Confirmation of Newcastle virus protein with serum from recombinant HN.


3-3. ND Virus Challenging
Upon challenge with the ND virus, the vaccinated groups with FA formulated with rHN showed a slight weight loss and mortality rate (92%). Mice vaccinated with the live vaccine lost 10% of their bodies compared to mice that received the recombinant protein. Also, the average body temperature of the mice that received the recombinant protein (39.1°C) was one degree Celsius higher than that of the mice that received the grated vaccine (38.1°C) (Fig. 9). In addition, the mortality rate of live commercial vaccine increased 15 days after infection (Results not presented).
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Fig. 9. Challenges in protecting BALB/c mice against the ND virus. Mice were infected intranasal with a lethal dose (5x104 PFU) of NDV Lasota Serine and monitored daily for two weeks. A: Body weight change, B: body temperature, was evaluated after challenging.

4- DISCUSSION
The Newcastle disease virus has wreaked havoc on the commercial poultry industry by infecting various domestic and wild birds in numerous nations (38). As a result, several attempts have been made to manage this illness and comprehend its virology and epidemiology (39). Production of recombinant antigens, like the NDV vaccine, allows a more timely response to a potential ND pandemic.
Glycoprotein HN, together with surface protein F as one of the main surface proteins of the virus, causes the virus to attach to the cell membrane and penetrate the host cell. Dealing with the first stage of virus pathogenesis (preventing the connection and entry inside the cell) can create a strong barrier against the disease and its subsequent stages. In other words, this surface protein can be an important target for creating the host's immune response to deal with the virus (39).
Choosing the suitable host to express and produce chimeric protein is one of the critical issues in subunit vaccine research (40). The B. subtiles host is one of the most common and low-cost hosts to produce recombinant proteins. Although this expression system cannot implement post-protein reforms, since many eukaryotic proteins maintain their 3D structure and complete biological activity in non Gulcosis, they can be expressed in B. subtiles (40). This is also true of the HN protein from the Newcastle virus. Despite the lack of post-translation changes (such as adding sugar molecules), it retains its antigenic characteristics and can stimulate the immune system properly (41). The main limitation of this system is the production of extracellular proteins that destroy foreign recombinant proteins. This problem has been solved using engineered host strains such as WB 600 and WB 800 (42, 43). In the present study, the HN protein of the NDV was expressed in a genetically modified strain of B. subtiles called WB 800 has higher competency to uptake foreign DNA molecules. The strain WB800, lacking six extracellular proteases and hence suited for extracellular recombinant protein synthesis (44, 45). In the current study, the HN gene of the Newcastle disease virus was successfully cloned and expressed in B.subtilis strains WB800, and 10µg per 200ml culture of recombinant HN protein were produced successfully. Expression vector pHT43-HN contained the Pgrac strong promoter, and signal peptide sequence of the amy-Q (𝛼 amylase) gene of Bacillus amyloliquefaciens has been reported for the efficient secretion of recombinant proteins through the Sec pathway (45, 46). Proteins generated as pre-protein complex signal peptides translocate to the cell membrane and bind to the secretory translocase complex identified by the Sec dependent secretory pathway signal peptide. After then, protein is transferred out of the cell a particular signal peptidase removes the signal peptide at the cleavage site (43). As a result, the choice of a proper signal peptide influences the rate and quantity of the released protein. Using commercially available signal peptides, doing a literature search, and reviewing the proteome of the host organism for signal peptide are all options for signal peptide selection. The latter is linked to the synthesis of homologous secreted proteins (43). In actuality, in the absence of a signal peptide, any protein produced is retained in the cytoplasm (7, 43, 47). The expression vector employed in this investigation contains a the-amy signal peptide with a high proclivity for heterogeneous protein secretion. In this investigation, an expression vector containing the amy-Q signal peptide was employed, which has great potential for diverse protein secretion. Multiple instances have also been reported of utilizing this signal peptide to express human IL3 and INF (48).
According to the studies, the current study was the first to report on the expression of HN protein immunological balls in the B. subtilis system. Similar research used the PET system to perform the N gene of Newcastle virus in E. coli Top10F (49). In another study, the matrix protein expression in the E. coli Rosetta DH3 host was done using the pET28a vector (7).
Previous studies on the recombinant production of eukaryotic proteins by B. subtilis have reported varying amounts of secretion from 100 micrograms to 1,000 milligrams (44, 50, 51). HN recombination levels were high. The final purified HN yield of approximately 10 mg /L B. subtilis cell culture contained recombinant plasmid during the three-step filtration. The results showed that the production of recombinant HN protein has a suitable level, and after purification, it was injected into the animal.
In order to detect and measure polyclonal antibodies produced by different B lymphocytes and against HN protein in mouse serum (the reason for choosing mice in this study was the presence of sialic acid receptors on the surface of the lungs similar to chickens and the ease of working with this animal), semi-quantitative ELISA and western blot methods were used.
 Although in this method, the dominant epitopes in the stimulation of the immune system were not identified, the results of four courses of administration with pure HN protein showed that the target protein stimulates immune responses and produces high titers of serum IgG class antibodies. It has been done since the first injection, which shows that this protein was a very good immunogen with a high ability to stimulate the immune system up to high dilutions (1/204800) to produce antibodies. This protein has produced a high amount of specific antibodies from the first injection. Therefore, it is likely that in the original model, on the first contact with the antigen, a suitable amount of antibodies will be produced to fight the virus. This issue is significant in animal immunization on farms.
Finally, to check the presence of appropriate epitopes in the recombinant protein produced in the prokaryotic system and the efficiency of this protein in creating cross-immunity with the NDV virus, the western blot method was used. The results showed that the antibody produced in the tested animal's body could identify the recombinant HN protein (about 63 kDa) and the corresponding protein of the live attenuated vaccine (commercial) virus. In addition, western blotting using the serum of an animal immunized with the vaccine strain and against the recombinant HN protein showed that this antibody also recognizes the recombinant protein well. According to the obtained results, this protein is expected to present suitable epitopes to the immune system and stimulate it to create proper immunity. If the studies are completed, protective immunity against the virus and its neutralization in the primary animal model be (poultry).
The recombinant protein (rHN) was efficacious in eliciting humoral responses, according to the analysis of antibody responses. The outcomes demonstrated that, compared to the negative control group, all vaccinated groups with rHN and inactivated NDV strongly elicited antibodies against the NDV strain. Furthermore, immunogenicity and efficacy evaluations demonstrated that the developed vaccine candidate (rHN+FA) was more potent than a commercial vaccine (52). As previously shown, using Freund's adjuvant improves the functional antibody responses to HN-based vaccines quantitatively and qualitatively by enhancing both epitope breadth and binding affinity, and the administration of the Freund's adjuvant promotes the humoral and cellular responses (53).
Viral challenge testing provided more evidence of the proposed vaccine's immunogenicity. The findings demonstrated that, like commercial vaccine, the formulation of rHN+FA could successfully shield mice against the NDV virus (with a 92 percent survival rate). However, the mice in the control group saw substantial mortality and weight loss increases six to eight days after infection. Our findings show the safety and efficacy of a new vaccine candidate against the ND virus compared to commercial vaccine. Additionally, significantly easier producing rHN protein utilizing the B. subtilis expression system.

[bookmark: _GoBack]5- Conclusion
This research proposed a protein vaccine based on HN protein as an effective strategy to create immune responses against the Newcastle virus. Recombinant HN protein can significantly increase the level of specific antibodies in the serum of immunized mice. Antiserum from animals used in HI and ELISA testing allowed for the neutralization of NDV strains and the survival of mice infected with a lentogenic strain of NDV, with outcomes equivalent to those of a recipient group of a commercial vaccine. The outcomes also demonstrated the superiority of the B. subtilis expression system-produced vaccine over the egg-produced vaccine. Also, the recombinant protein combined with the adjuvant is safer than the live vaccine, and in future studies, it can be a reliable vaccine candidate against the ND virus.
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