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Abstract
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Pasteurellosis caused by Pasteurella multocida is an acute septicaemic disease characterized by high morbidity and mortality in sheep and goat resulting in severe economic losses. This study is based on the emergence of sheep and goat pasteurellosis with the objectives to develop suitable prophylactic measures. Oma87 gene of representative Pasteurella multocida sheep isolate showing high MDT was amplified by PCR, purified and Oma87 gene was sequenced by primer walking. The 2373bp sequence coding entire Oma87 protein was obtained. The sequence showed 99% homology with Pm70 and other Pasteurella multocida Oma 87gene.Translated protein sequence was obtained using ORF finder. The predicted protein sequence was used for 3D model generation by SWIZZ-MODEL and validated by Ramachandran plot. The predicted protein model comprised 13% helix, 47% beta and 12% turn in the 3dimensional structure. Apart from these T cell epitopes binding with both MHC class I and MHC class II alleles were found using T cell epitope predction server. From these, the MHC class II epitope FYQYYSAGGIGSLRG that share their core sequence with MHC class I epitope FYQYYSAGGIGSL were identified and selected for further validation using DOCKING techniques. B cell epitopes were predicted using ABC preds. Our studies suggest that predicted FYQYYSAGGIGSLRG could be used either alone or coupled with predicted B cell epitope as a suitable epitope based vaccine against Pasteurella multocida infection.
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Introduction
Pasteurella multocida is associated with wide range of diseases, including fowl cholera of poultry and wild fowl, hemorrhagic septicemia of cattle and buffaloes and atrophic rhinitis of swine. Sheep pasteurellosis caused by Pasteurella multocida is one of the common infectious bacterial diseases occurring in temperate, subtropical areas (Chandrasekaran, 1991).Control of this disease is carried out by the use of inactivated whole cell vaccines which afford homologous protection. Although cross protective immunity is stimulated by the empirically derived, attenuated live vaccines, reversion to virulence may occur, causing outbreaks. This situation warrants the development of newer and more effective vaccines to be used for prophylaxis against pasteurellosis.
Antigens associated with the outer membrane (OM) fractions of in vivo-grown strains elicit cross-protective immunity, whereas in vitro-grown strains afford only homologous protection, suggesting that OM antigens expressed in vivo are important in immunity against pasteurellosis (Rimleret al,1998).
OMPs are thought to be the major antigens involved in inducing cross-protective response, since immunization with LPS alone induced only partial protection (Ramdani and Adler, 1991). Few OMPs of Pasteurella multocida have been characterized. A 37-kDa OMP is thought to be the major porin, a 50-kDa OMP was reported to have antiphagocytic activity and demonstrated that a monoclonal antibody against a 37.5-kDa OMP was protective in animal models (Luoet al, 1999). OMPs expressed under iron-limiting conditions have been identified and appear to play a role in immunity against pasteurellosis (Choi-Kimet al, 1991). An 87-kDa outer membrane antigen coded by Oma87 gene, which is a homologue of the D15 protective antigen of H. Influenza is present in all 16 serotypes of Pasteurella multocida (Raffolo and Adler, 1996).Till now there is no effective vaccine against sheep pasteurellosis. Previous study reported that recombinant OMA 87 protein showed effective protection against Fowl cholera causing Pasteurella multocida serotype A strain in an experiment with mice and rabbit (Raffolo and Adler,1996).In this study, we report the sequencing and sequence analysis of gene encoding an 87-kDa Oma87 gene of Pasteurella multocida serotype ‘A’ isolate obtained from sheep, the generation of 3D protein structure of Oma87 protein with validation by VADAR and Ramachandran plot, B cell epitope prediction and T cell epitope prediction along with their docking studies to the MHC class I and class II alleles for the suitable vaccine development.
Materials and method
Pasteurella multocida Isolates:
Thirteen Pasteurella multocida sheep isolates were inoculated in BHI broth and incubated at 37oC over night and injected in Swiss Albino Mice. Aspirated heart blood from dead mice was streaked on 10% sheep blood agar and incubated at 37oC. Biochemical tests were carried out for identification. The biochemical tests included IMVIC, sugar fermentation test and catalase and oxidase test.
Molecular Characterization and Confirmation:
DNA isolation by high salt method:
	DNA was extracted from the culture by high salt method as described previously (Senthil kumar and Ramdass, 2000). Overnight cultures were centrifuged at 10,000 rpm for 20 min.  The pellets were washed twice with PBS. The resulting pellets were suspended in 0.5 ml of solution I(10mM TrisHCl, 10mM KCl, 10mM MgCl2,2mM EDTA) and in 0.5ml of solution II(10mM TrisHCl, 10mM KCl, 10mM MgCl2,2Mm EDTA,0.4M NaCl) and incubated at 370C for 15 min in water bath. Fifty micro litre of 10% SDS and 250µl of 6 M NaCl were then added and centrifuged at 10,000 rpm for 5 min at 40C and ethanol precipitated.  The pellets were resuspended in LTE (Low Tris EDTA) buffer and stored at –200C until used. 
P.multocida species specific PCR (PM-PCR)	
	The species specific primers (KMTIT7and KMTISP6) previously reported (Townsend et al, 1998) were used to amplify the gene sequences in Pasteurella multocida, the PCR reaction mixture and the thermal cycle protocol were as follows. Initial denaturation at 940C for 5 min, followed by 30 cycles, each cycle consisting of 3 steps- denaturation at 940C for 1 min, annealing at 550C for 1 min, extension at 720C for 1 min. Final extension was carried out at 720C for 7 min. From these 13 isolates one representative Pasteurella multocida sheep isolate showing high MDT was selected randomly.
Oma87 gene PCR:
Primers were designed based on the published sequence of Oma87 gene (Gen Bank Accession No. U60439). The PCR reaction mixture and the thermal cycle protocol were as follows. Initial denaturation at 940C for 5 min, followed by 30 cycles, each cycle consisting of 3 steps- denaturation at 940C for 1 min, annealing at 490C for 1 min, Extension at 720C for 3 min. Final Extension was carried out at 720C for 10 min.
Sequencing of Oma87 gene of Pasteurella multocida
The amplified (2.85kb) product was purified and the sequencing was carried out by primer walking. Sequence was submitted to NCBI GenBank.
Sequence analysis of Oma87 protein:
A global blast analysis of the selected sequence revealed its closest match.  About 5 top hits and representative sequences were selected from Blast results for the alignment. The sequences were aligned by clustal omega and phylogenetic tree was constructed using the alignment obtained in clustal omega. 
Protein modeling of Oma87 protein:
This Oma87 sequence was subjected to a search for open reading frames using an online ORF finder tools (http://www.ncbi.nlm.nih.gov/gorf.htma). Translated protein of Oma87 was obtained using detected ORF; further the derived protein sequence was used for protein structure modeling using SWISS–MODEL homology modeler (http://beta.swissmodel.expasy.org/workspace)in an automated mode (Benkertet al, 2011). Validation was done by VADAR (Leigh Willard et al, 2003) and Ramachandran plot using PROCHECK (Laskowskiet al, 1993). Physiochemical characterization was done by PROTPARAM software using ExPASyserver (Gasteiger et al, 2005).The server VaxiJen (Iriniet al, 2007) was used to analyse the antigenicity of the Oma87 protein.
T cell and B cell epitope prediction:
Oma87 protein sequence was subjected to Mouse MHC class I allele and MHC class II allele binding T cell epitope prediction using T cell epitope prediction by IEDB-AR tools (tools.immuneepitope.org/mhc). The epitope having IC50 values within 250nm were selected and their antigen score was analyzed using VaxiJen server.Oma87 protein sequence was subjected to B cell epitope prediction using ABC prediction server (Saha S and Raghava GPS 2006).
Prediction of 3D structure of predicted Tcell epitope, MHC Class II H2-IAB allele and MHC class I H2-Kd allele:
3Dstructure of the selected epitope was predicted using PEP-fold 1.5peptide structure prediction server at the RPBS Mobyle Portal (Ref).Best conformation given by the server was selected for further docking studies. Also the 3D structure of Mouse MHC class I H2-Kd allele and Mouse MHC class II H2-I-Ab allele were predicted using SWISS–MODEL homology modeler. Validation was done by Vadar and Ramachandran plot. For this purpose, protein sequence of both H2-Kd allele and H2-I-ab allele were obtained from NCBI gene bank database AAX98169.1 and NP_996988.2 respectively.
Docking studies of OMA 87 T cell epitope and MHC alleles:
The docking of the predicted Oma87 T cell epitopes to MHC I H2-kd Protein and MHC II H2-I-ab protein were carried out using Patchdock server with the RMSD value 1.5A as recommended for protein small molecule docking and the solved structures were further refined using Firedock server.
Results & Discussion: 
A total of 13 isolates of P.multocida were subjected to biological test in mice. All 13 isolates showed typical cultural characteristics of dew drop, mucoid, non haemolytic colonies in blood agar.  No growth was observed in Mac Conkey agar.  Grams staining of the smears revealed characteristic gram negative coccobacillary organisms, these results were in accordance with previous report (Holmes, 1998).
In mouse bio assay ten Pasteurella multocida isolates were found to be virulent with mean death time (MDT) between 12-18 hrs. Two isolates showed MDT between 19 and 24 hrs. One isolate showed MDT between 25 and 42 hrs. These results were in agreement with the previous findings (Diallo et al, 1995; Mustafa et al, 1978).
Heart blood smear, liver and spleen impression smears showed characteristic bipolar organisms on Leishman staining and Gram negative coccobacilli by Grams staining method. These results were in accordance with previous reports (Adlam et al, 1989). The isolates were positive for indole, nitrate reduction, oxidase and catalase. These results were same as previously reported (Kawamoto et.al, 1990).
Pasteurella multocida species specific PCR (PM – PCR) assay was used for this study to identify the Pasteurella multocida by amplifying DNA fragment within KMTI gene using the Primers KMTISP6 and KMTIT7. The molecular weight of the PCR products was found to be 460 bp, specific for Pasteurella multocida in correlation with the previous findings (Townsend et al, 1998).
Several outer membrane proteins (OMP) are immunogens and the antibodies against them demonstrate a strong protective activity. Such antigens may be used as a component of a sub unit vaccine which lacks the demerits of conventional vaccine (Conferet al, 2001). Previous study reported that several genes involved in virulence and immunity of Pasteurella multocida and other bacterial pathogens were localized on the physical map, such as type IV fimbrial subunit gene ptfA, capsule biosynthesis genes, genes involved in iron acquisition, the skp gene and those encoding outer membrane porin OmpH and Oma 87 OMP(Hunt et al,2000).The OmpH protein has been shown to be hetrogenous in strains of P.multocida representing somatic serotypes 1-15 and found to be immunogenic and concluded that outer membrane antigens might be considered as potential vaccine candidates (Luo et al, 1999).
In this study, Outer membrane protein PCR was carried out by adopting the method from a previous study with some modifications (Raffolo and Adler,1996).Specific primers for Oma 87 gene were designed based on the published sequence of Oma87 gene (Gen Bank Accession No. U60439). Primers were designed without restriction site and Outer membrane protein PCR was carried out for the isolates with the designed primers and confirmed as Pasteurella multocida Oma87 protein by the amplicon product of 2.85kb (Fig 1). One representative Pasteurella multocida sheep isolate of high virulence was selected and the 2373bp gene was sequenced by primer walking. The sequence was submitted to NCBI GenBank under the accession number KJ576825. It showed 99% homology with Pasteurella multocida subsp Pasteurella multocida str. Pm70, Pasteurella multocida omp87 gene for omp87 protein, strain p52, Pasteurella multocida subsp.multocida str. HN06, complete genome. Clustal O multiple sequence alignment was performed for sequences showing best hit with sheep isolate Oma87 gene sequence and followed by a phylogenetic tree construction (Fig 2). Then Oma87 gene sequences were screened for the possible ORF and translated protein of 790aa residues was detected and it shows best hit with Oma87 protein using BLAST. 
Derived Oma87 protein sequence was used for protein modeling using SWISS–MODEL homology modeling. From the SWIZZ-MODEL templates library, the template that matched Oma87 protein sequence was searched with BLAST and HHBlits and overall 82 templates were found. The outer membrane protein assembly factor BamA structure (protein data bank code 4k3c, chain A) from Haemophilus ducreyi was used as template for model building. Sequence identity of the template to Oma87 protein sequence was 59.92% and it was found by BLAST. 3D Model for Oma87 protein (Fig 3) are built based on the target-template alignment using ProMod and then the model quality was assessed using the QMEAN scoring function of -7.64.  The Oma87 protein structure was validated using VADAR (Table 3) and RAMACHANDRAN plot (Figure 4). VADAR validation data showed that the predicted protein contained 13% helix, 47% beta, 38% coil, 12% turn and molecular weight of 85.7 kDa. Ramachandran plot statistics obtained from the PROCHECK analysis revealed that 77.4 % of amino acids fall in most favoured region, 16 % in additionally allowed region, 3.9 % in generously allowed region and 2.7 % in disallowed region. The physiochemical parameters of the Oma87 protein were computed using the Expasy’s ProtParam tool. The computed pI value was 5.94 (pI<7) indicates the acidic nature of the Oma87 protein. Instability index value is computed to be 30.11 and this classifies the Oma87 protein as a stable protein. The aliphatic index value is 79.97 shows that Oma87 protein may be stable at wide range of temperature. Grand average of hydropathicity index (GRAVY) indicates the solubility of the proteins, for Oma87 protein it was found to be -0.387 showing that the protein was hydrophilic in nature. VaxiJen classified Oma87 protein as probable antigen because it has a value of 0.5514 which is above the normal threshold value of 0.4.
Since prediction of sheep MHC class I and class II allele binding T cell epitope is not possible with the presently available prediction server, hence mouse MHC class I and class II binders were used for this study. Previous study reported that mouse MHC binding T cell epitopes predicted from the Blue tongue virus non-structural protein NS1 which shows increase in IFN-γ production and CTL activity in mice, also proved to be consistently immunogenic in sheep infected with blue tongue virus using IFN-γ elispot assay (Jose M rojas et al,2014 ).Prediction of T cell epitope binding with mouse MHC class I alleles (H2KB, H2Dd, H2Kb, H2Kd, H2Kk, H2Ld) and MHC class II alleles(H2IAb, H2IAd, H2IEd) were done by the prediction server. A total of 56 epitopes binding with MHC class I alleles having IC50 value < 250nm was obtained. Likewise, 59 epitopes of MHC class II binders with IC50 value < 250nm was also obtained. Epitopes having binding affinity threshold below 250nm were selected based on the previous study (sadman sakib. M et al, 2014)   In order to select the best T cell epitope their antigenicity was cross-checked using VaxiJen server, epitope having antigen score above the threshold value of 0.4 were selected, nearly 29 epitopes binding with MHC class I alleles and 26 epitopes binding with MHC class II alleles were satisfied both the criteria of IC50 value <250nm and Antigen score >0.4(Table 3 and Table 4). Further analysis showed that the MHC class I binding epitope KEGDLYTVKCARI is had the highest antigen score of 1.7 and RQIRFEGNTSSADST epitope is having the highest antigen score of 1.6 in the case of MHC class II binders. Best T cell epitope should be able to bind with both MHC class I and MHC class II alleles, out of 29 epitopes from MHC class I H2-Kd binding FYQYYSAGGIGSL and QYYSAGGIGSL epitopes share their sequence with MHC class IIH2-IAb binding FYQYYSAGGIGSLRG and PFYQYYSAGGIGSLR epitopes. From these FYQYYSAGGIGSLRG epitope had higher antigen score of 0.6434 showed sequence similarity with both MHC class I binding FYQYYSAGGIGSL and QYYSAGGIGSL epitopes, whereas FYQYYSAGGIGSL epitope showed higher antigenic score of 0.4882 compared to the score of QYYSAGGIGSL epitopes (0.432).Based on this FYQYYSAGGIGSLRG and FYQYYSAGGIGSL were selected for further docking studies with MHC class II H2-IAb allele and MHC class I H2-Kd allele. Sequence similarity search of these epitopes was done using BLAST against Mus musculus, Ovis aries and Gallus gallus; no similarity was found which shows the uniqueness of the epitopes. Twenty B cell epitopes of Oma87 protein was predicted using ABC prediction server (Table 5).Of these EGNTSSADSTLRQEMRQQEG epitope shows high antigenic score of 1.5 and epitope ADGFGGKRLPFYQYYSAGGI with antigen score of 0.8 shares partially similar sequence with FYQYYSAGGIGSLRG and FYQYYSAGGIGSL epitopes.
The 3D structure of the FYQYYSAGGIGSLRG and FYQYYSAGGIGSL epitopes was predicted using PEP fold structure prediction server. Best model proposed by the server was selected for docking studies (Figure 5a and 5B). 3D structure of MHC class I H2-Kd allele, MHC class II H2-IAb allele were predicted by swiss-modeller using the Protein sequence obtained from NCBI database AAX98169.1 and NP_996988.2 respectively.3D model of MHC class I H2-Kd(figure 6) was built using the template H-2 class I histocompatibility antigen, D-37 alpha chain (3vj6.1). Sequence identity of the template to the MHC class I H2-Kd was 90% and the quality was accessed by Qmean scoring function of -0.83.The template 3K peptide, linker and MHC H-2 class II I-Ab beta chain (3rdt.1.B) was used to build the3D model of MHC class II H2-IAb (figure 7). Sequence identity of the template to the query sequence was 98% and Q mean score was -0.92.3D model of both MHC class II H2-IAb allele and MHC class I H2-Kd allele was validated using VADAR (table 6) and RAMACHANDRAN plot (figure 6 and 7).
Using PATCHDOCK server binding model of selected T cell epitopes with their respective MHC class I and MHC class II alleles were generated and their refinement was done by FIREDOCK server. FYQYYSAGGIGSLRG epitope was found to bind to the MHC class II H2-IAb allele with the binding score of 5918 and binding energy of -34.09 (figure 8 and table 7).In the case of FYQYYSAGGIGSL epitope-MHC class I H2-Kd allele (figure 9) the binding score and the binding energy were 8238 and -60.15 respectively (table 7).Those findings indicates that this epitope can be used as an epitope based vaccine.
Pasteurella multocida, the causative agent for pasteurellosis in sheep, haemorrhagic septicaemia in cattle, fowl cholera in poultry causes severe economic loses in livestock industries of India. So there is a need for effective vaccine against Pasteurella multocida. Outer membrane proteins of Pasteurella multocida were proved to be immunogenic. Recombinant Oma87 protein developed against Fowl cholera causing Pasteurella multocida showed effective protection in an experimental study with mice and rabbit (Raffolo and Adler, 1996).Previous studies reported that immunization of mice with recombinant rOmp87 protein showed increased antigen speciﬁc IgG titres in serum, whereas challenge studies showed 66.6 and 83.3% protection against Pasteurella multocida B:2 strain and Pasteurella multocida A:1 strain, respectively (Abhinendra Kumar et al, 2013).So far Oma 87 gene of Pasteurella multocida of avian and cattle origin only were characterized, now the gene from sheep isolate was characterized. In the present study the complete sequence of Oma87 protein of sheep Pasteurella multocida isolates was generated and submitted to NCBI GenBank. Sequence showed 99% homology with Pm70 strain of Pasteurella multocida serotype A and their antigenic score of 0.5514 proved that Oma87 protein can be an effective vaccine candidate against pasteurellosis. Protein modeling of Oma87 protein was done and validation was done using Ramachandran plot. Physiochemical characterization of Oma87 protein was also carried out. In order to increase the immune response against the pathogen activation of Helper T cells and cytotoxic T cells is necessary. Epitope that binds with MHC class I and class II alleles were presented to Helper T cells and cytotoxic T cells for their activation. Hence, the development of T cell epitopes based vaccine that binds with the MHC class I and MHC class II alleles will be an effective vaccine against Pasteurella multocida infection. Based on the binding affinity with MHC class II allele, antigenic score and the docking result FYQYYSAGGIGSLRG epitope which could be superimposed with MHC class I allele binding FYQYYSAGGIGSL epitope could be used for developing epitope based vaccine against Pasteurellosis. B cell epitope of Oma87 protein ADGFGGKRLPFYQYYSAGGI which had partially similar sequence can be coupled with predicted T cell epitope for inducing improved antibody response and cell mediated immunity. 
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Table 1: TRANSLATED AMINO ACIDS SEQUQNCE USING ORF FINDER

MKKLLIASLLFGSTTAFAAPFVVKDIRVDGVQAGTEGSVLATLPVRVGQRATDNDIANVVRKLFLSGQYDDVKASREGNTLVVTVMPKPVISNVVIDGNKSIPDEAIKQNLDANGFKVGDVLNRAKLEEFRKGIIEHYNSVGRYNAKVEAIVNTLPNNSAEIKIQINEDDVALFKEIIFEGNQAFSSSKLEDQMELQTDAWWKLFGNKFDQTQFNKDLETLRSYYLDRGYAQFQILDTDIKLSDDKKEARVIIKVKEGDLYTVKCARILGDVGGMSAELAPILDTIQLNGLFRRANVLEVEQRIKSKLGERGYATAQVNVHPTFDEQDKTISLDFIVEAGKSYTVRQIRFEGNTSSADSTLRQEMRQQEGAWLSSELVELGKLRLDRTGFFESVETKTEAIPGSDQVDVIISQERNTGSINFGIGYGTESGLSYQASIKQDNFLGMGSSISLGGTRNDYGTTINLGYNEPYFTKDGVSLGGNVFFEEYDSSKSNTSAAYGRTSYGGNLTLGFPVNENNSYYLGVGYTYNKLKNIAPEYNRDLYRQSMKYNDSWTFKSHDFDLSFGWNYNSLNRGYFPTKGVRANIGGRVTIPGSDNKYYKLNAEAQGFYPLDREHGWVLSSRISASFADGFGGKRLPFYQYYSAGGIGSLRGFAYGAIGPNAIYRTRQCPDSYCLVSSDVIGGNAMVTASTELIVPTPFVADKNQNSVRTSLFVDAASVWNTRWKAEDKAKFAKLNVPDYSDPSRVRASAGVALQWQSPIGPLVSSYAKPLKKYQGDEIEQFQFSIGGTF

Figure 3:3D structure of OMA 87 protein of P.multocidasheep isolate
[image: oma protein structure using swiss model]
Table 2: VADAR validation DATA of the predicted 3D model of the OMA 87 protein
	Statistic
	Observed
	Expected

	Helix
	107(13%)
	-

	Beta
	368(47%)
	-

	Coil
	297(38%)
	-

	Turn
	96(12%)
	-

	Hydrogen bonds

	Mean HBond distance
	2.3
	2.2

	Mean HBond Energy
	-1.6
	-2.0

	Re with Hbonds
	525(68%)
	579(75%)

	Volume

	Total volume(packing)
	105946.0
	104483.6

	Mean residue volume
Mean frac volume
	137.2
1.1
	125.0
1.0

	Molecular weight
	85680.2
	-



Figure 4: Ramachandran plot for 3D model of the OMA 87 protein
[image: vadar_1383565022]
Table 3: predicted T cell epitopes of Oma87 protein binding with MHC class I alleles and their antigen score
	Peptide
	Position
	MHC class I Allele
	IC50
	Vaxijen score

	VGYTYNKL
	524-531
	H-2-Kb
	2
	0.5413

	DEQDKTISLDFI
	325-336
	H-2-Kk
	14
	0.8986

	SYQASIKQDNFL
	433-444
	H-2-Kd
	16
	0.6612

	GYFPTKGVRANI
	574-585
	H-2-Kd
	23
	1.0916

	VEAGKSYTVRQI
	337-348
	H-2-Kk
	23
	0.8904

	AAYGRTSYGGNL
	497-508
	H-2-Kb
	27
	0.8941

	RYNAKVEAI
	143-151
	H-2-Kd
	31
	1.03

	DEIEQFQFSI
	777-786
	H-2-Kk
	34
	1.5781

	IGYGTESGL
	424-432
	H-2-Kb
	36
	1.4592

	SYCLVSSDV
	672-680
	H-2-Kd
	43
	0.9801

	RYNAKVEAIVNTL
	143-155
	H-2-Kd
	44
	0.4937

	VALQWQSPI
	752-760
	H-2-Kb
	58
	0.5112

	AAYGRTSYGGNLTL
	497-510
	H-2-Kb
	59
	0.9513

	QERNTGSINFGI
	413-424
	H-2-Kk
	70
	1.1842

	KYQGDEIEQFQFSI
	773-786
	H-2-Kd
	79
	1.0124

	INFGIGYGTESGL
	420-432
	H-2-Kb
	88
	1.1467

	MELQTDAWWKLF
	194-205
	H-2-Kk
	96
	0.9976

	FDEQDKTISLDFI
	324-336
	H-2-Kk
	102
	1.0353

	KEGDLYTVKCARI
	256-268
	H-2-Kk
	107
	1.7008

	QYYSAGGIGSL
	640-650
	H-2-Kd
	121
	0.4361

	GYAQFQILDTDI
	229-240
	H-2-Kd
	149
	0.6808

	SYQASIKQDNFLGM
	433-446
	H-2-Kd
	160
	0.4972

	FYQYYSAGGIGSL
	638-650
	H-2-Kd
	198
	0.4882

	LSYQASIKQDNFL
	432-444
	H-2-Kb
	200
	0.7496

	QYDDVKASREGNTL
	68-81
	H-2-Kd
	201
	1.3941

	IPDEAIKQNL
	102-111
	H-2-Ld
	207
	0.8153

	ISASFADGFGGKRL
	623-636
	H-2-Kb
	210
	1.0221

	IPGSDNKYYKL
	591-601
	H-2-Ld
	221
	0.6592

	AYGRTSYGGNLTL
	498-510
	H-2-Kd
	242
	0.9579



Table 4: predicted T cell epitopes of Oma87 protein binding with MHC class II alleles and their antigen score
	Peptide
	Position
	MHC class II Allele
	IC-50
	Vaxijen Score

	FGSTTAFAAPFVVKD
	11-25
	H2-Iab
	40.6
	0.5836

	GSLRGFAYGAIGPNA
	648-662
	H2-IAb
	59.7
	0.3174

	LPFYQYYSAGGIGSL
	636-650
	H2-IAb
	75.7
	0.5686

	PFYQYYSAGGIGSLR
	637-651
	H2-IAb
	76.4
	0.6307

	FYQYYSAGGIGSLRG
	638-652
	H2-IAb
	84.1
	0.6434

	LGERGYATAQVNVHP
	308-322
	H2-IAb
	94.8
	1.0491

	GERGYATAQVNVHPT
	309-323
	H2-IAb
	94.9
	0.8047

	STTAFAAPFVVKDIR
	13-27
	H2-IAb
	97.7
	0.4277

	QIRFEGNTSSADSTL
	347-361
	H2-IAb
	101
	1.4531

	RQIRFEGNTSSADST
	346-360
	H2-IAb
	105.1
	1.6825

	ERGYATAQVNVHPTF
	310-324
	H2-IAb
	105.1
	0.8262

	KLGERGYATAQVNVH
	307-321
	H2-IAb
	114.1
	0.8048

	VRQIRFEGNTSSADS
	345-359
	H2-IAb
	120.2
	1.3336

	VTASTELIVPTPFVA
	687-701
	H2-IAb
	124.9
	0.7166

	TTAFAAPFVVKDIRV
	14-28
	H2-IAb
	127.5
	0.7409

	IRFEGNTSSADSTLR
	348-362
	H2-IAb
	128.4
	1.5361

	RGYATAQVNVHPTFD
	311-325
	H2-IAb
	149.8
	0.8189

	TVRQIRFEGNTSSAD
	344-358
	H2-IAb
	152.2
	1.2743

	FEEYDSSKSNTSAAY
	485-499
	H2-IAb
	153.8
	1.2213

	FFEEYDSSKSNTSAA
	484-498
	H2-IAb
	158.6
	1.117

	VFFEEYDSSKSNTSA
	483-497
	H2-IAb
	186.9
	1.0261

	ELIVPTPFVADKNQN
	692-706
	H2-IAb
	188.3
	0.4855

	RLPFYQYYSAGGIGS
	635-649
	H2-IAb
	195.1
	1.0154

	RFEGNTSSADSTLRQ
	349-363
	H2-IAb
	226.3
	1.4227

	NVFFEEYDSSKSNTS
	482-496
	H2-IAb
	238.2
	0.9596

	EEYDSSKSNTSAAYG
	486-500
	H2-IAb
	256.3
	1.271



Table 5: Predicted B cell epitopes of Oma87 protein and their antigen score

	Position
	Epitope
	Score

	81
	LVVTVMPKPVISNVVIDGNK
	0.34

	488
	YDSSKSNTSAAYGRTSYGGN
	1.34

	351
	EGNTSSADSTLRQEMRQQEG
	1.59

	149
	EAIVNTLPNNSAEIKIQINE
	0.897

	581
	VRANIGGRVTIPGSDNKYYK
	0.465

	26
	IRVDGVQAGTEGSVLATLPV
	1.33

	384
	RLDRTGFFESVETKTEAIPG
	0.04

	761
	GPLVSSYAKPLKKYQGDEIE
	0.164

	724
	WKAEDKAKFAKLNVPDYSDP
	0.29

	243
	SDDKKEARVIIKVKEGDLYT
	0.79

	313
	YATAQVNVHPTFDEQDKTIS
	0.68

	412
	SQERNTGSINFGIGYGTESG
	1.28

	513
	PVNENNSYYLGVGYTYNKLK
	0.35

	535
	APEYNRDLYRQSMKYNDSWT
	0.46

	602
	NAEAQGFYPLDREHGWVLSS
	0.09

	680
	VIGGNAMVTASTELIVPTPF
	0.75

	191
	EDQMELQTDAWWKLFGNKFD
	0.92

	628
	ADGFGGKRLPFYQYYSAGGI
	0.80

	445
	GMGSSISLGGTRNDYGTTIN
	1.26

	659
	GPNAIYRTRQCPDSYCLVSS
	0.08



Figure 5: 3D structure of a) MHC class II binding FYQYYSAGGIGSLRG epitope and b) MHC class I binding FYQYYSAGGIGSL epitope of Oma87 protein
                    [image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\omaclassIIepitope.png]                         [image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\mhc classs II-epitope-new.png]

Figure 6: 3D structure of MHC class I H2-kd protein and Ramachandran plot.
[image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\mhc-h2kd-13-10.png]      [image: F:\omapaper\26-09-14\epitope and protein\mhcclasIiab.RAMA (1).png]

Figure 7: 3D structure of MHC class II H2-IAb protein and Ramachandran plot
[image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\mhcII-Iab.png]              [image: F:\omapaper\26-09-14\epitope and protein\mhcclassII.RAMA.png]

Table 6: VADAR validation of 3D structure of MHC class I H2-kd protein and MHC class II H2-IAb protein.
	Statistics
	MHC Class I-H2-Kd
	MHC Class II-H2-IAb

	Helix
	0
	28(14%)

	Beta
	61(61%)
	91(46%)

	Coil
	38(38%)
	76(38%)

	Turn
	24(24%)
	28(14%)

	Hydrogen bonds

	Mean HBond distance
	 2.2
	2.2

	Mean HBond Energy
	-1.7
	-1.7

	Re with Hbonds
	 60(60%)
	132(67%)

	Volume

	Total volume(packing)
	13010.3
	25968.4

	Mean residue volume
Mean frac volume
	131.4
1.0
	133.0
1.0

	Molecular weight
	11388.26
	22894.34



Table 7: Binding affinity of FYQYYSAGGIGSL epitope with MHC class I H2-kd protein and FYQYYSAGGIGSLRG epitope with MHC class II H2-IAb protein.
	Epitope
	MHC alleles
	Global energy
	Binding score
	Attractive 
VdW
	Repulsive 
VdW
	ACE
	HB

	FYQYYSAGGIGSL
	Class I H2-Kd
	-26.72
	5390
	-26.93
	12.17
	-5.04
	-2.95

	FYQYYSAGGIGSLRG  
	Class II H2-I-AB
	-60.15
	8238
	-32.03
	20.38
	-15.50
	-1.57



Figure 8: Molecular docking of FYQYYSAGGIGSL epitope with MHC class I H2-kd protein
[image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\mhcclass I-docking-new.png]
Figure 9: Molecular docking of FYQYYSAGGIGSLRG epitope withMHC class II H2-IAb protein.
[image: C:\Users\SHREERAM\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\mhc-class-II-docking-new.png]
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