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APPENDICES 

RAXML Command Line 

P41_first tree: 

./raxml -s P41_complete_align.fasta -m PROTGAMMAIWAG -x 1000 -n p41_test_result -T 2 -N 10 -p 10 

P41_second tree: 

./raxml -s P41_second_align.fasta -m PROTGAMMAWAG -x 1000 -n p41_test_second_result -T 2 -N 10 

-p 10 

P48/45_first tree: 

./raxml -s P4845_complete_align.fasta -m PROTGAMMAILG -x 1000 -n p4845_test_result -T 2 -N 10 -p 

10 

P48/45_second tree: 

./raxml -s P4845_second_align.fasta -m PROTCATIWAG -x 1000 -n p4845_test_result_second -T 2 -N 

10 -p 10 

P230_first tree: 

./raxml -s P230_complete_align.fasta -m PROTGAMMAIJTTF -x 1000 -n P230_test_result -T 2 -N 10 -p 

10 

P12_first tree: 

./raxml -s P12_complete_align.fasta -m PROTGAMMAJTT -x 1000 -n P12_test_result -T 2 -N 10 -p 10 

P12_second tree: 

./raxml -s P12_second_align.fasta -m PROTGAMMAIWAG -x 1000 -n p12_test_second_result -T 2 -N 

10 -p 10 
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A.1 Accession number of P41 and P12 retrieved  from the GenBank  
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A.2 Accession number of P48/45 retrieved  from the Genbank  
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A.3 Accession number of P230 retrieved  from the GenBank  
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A.4 Accession number of P41, P12, P48/45, and P230  retrieved  from PlasmoDB 
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A.5 Phylogenetic tree of P12 protein sequences. (A) Natural sequences and (B) Natural 

sequence with ancestral and consensus sequences.  
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A.6 The 3D protein structure of P12 ancestral and consensus sequence. 

 

 

 
A.7 The reference structure of P230 retrieved from RSCB PDB with accession number 6OHG. 
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A.8 The detail of molecular interactions of P12-P41 protein complexes. 
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A.9 The detail of molecular interactions of P48/45-P230 protein complexes. 
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A.10 Prediction of MHC-I binding epitopes of P41ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
HLA-

A01:01  
YSNKRGSKY 160.76 0.25 SB KLSIDVLLY 1109.00 0.80 WB 
LLDNKDKLY  168.78 0.25 SB STVSQYDNY 2157.34 1.00 WB 
QISINDLLY 207.30 0.25 SB ETDLQTLMP 2169.05 1.00 WB 

HLA-
A02:01 

KLDEHLSRA 24.07 1.00 SB LLLALLHLV 4.83 0.12 SB 
LLIYLFIFL 24.20 1.00 SB HLVRALYRV 20.35 0.80 SB 
YLLDNKDKL 30.87 1.50 SB TLYGDTLLI 36.51 1.50 SB 

HLA-
A03:01  

KLYCEINAK 20.35 0.05 SB TLLISPTVK 55.98 0.40 SB 
ALYRLKKYK 20.69 0.05 SB KLSIDVLLY 77.03 0.50 SB 
GIMKVVVQK 47.34 0.25 SB YLKKRRLTK 82.19 0.50 SB 

HLA-
A26:01  

TLIPGYTSY 192.18 0.40 SB STVSQYDNY 137.41 0.30 SB 
ELVGFKCIY 282.17 0.50 SB TVKQSTTFY 288.34 0.50 SB 
DLKTLIPGY 326.55 0.50 SB DLQTLMPGY 337.32 0.50 SB 

HLA-
B07:02  

LPHFITKPY 819.15 2.00 WB RVKKIRNII 1033.69 2.00 WB 
KPQKFEGGA 1804.62 3.00 WB KPFDSVTFI 1376.93 3.00 WB 
KPFDKITFI 2430.01 3.00 WB SPTVKQSTT 1391.91 3.00 WB 

HLA-
B08:01  

LIKKRKSVV 17.21 0.05 SB YLKKRRLTK 125.34 0.50 SB 
KLIKKRKSV 89.14 0.40 SB LLHLVRQQL 311.03 1.00 WB 
YRLKKYKDL 128.78 0.50 SB RALYRVKKI 484.69 1.50 WB 

HLA-
B39:01  

SQISINDLL 113.71 0.80 WB KRLVLLLAL 293.06 1.50 WB 
STNYFSNPL 570.09 2.00 WB TKLNLPKSL 649.13 2.00 WB 
SKYAFYLKL 618.28 2.00 WB SKLSIDVLL 902.93 3.00 WB 

HLA-
B40:01  

KEVKLDEHL 62.04 0.50 SB KETDLQTLM 83.09 0.80 WB 
VESGESDVI 130.88 0.80 WB GEFVGFKCI 107.14 0.80 WB 
GEVTVGKEV 274.64 1.00 WB MEVVVPKHL 209.55 1.00 WB 

HLA-
B58:01  

ITFICPNKI 659.75 3.00 WB VSQYDNYVF 128.08 1.00 WB 
RGSKYAFYL 663.33 3.00 WB KSLNIPNDI 350.34 2.00 WB 
VTNKVKPKI 922.68 3.00 WB KLSIDVLLY 601.78 3.00 WB 

HLA-
B15:01  

TLIPGYTSY 24.20 0.15 SB TLMPGYISY 28.93 0.25 SB 
KQNTTFYCF 30.71 0.25 SB KQSTTFYCF 30.71 0.25 SB 
YSNKRGSKY 126.70 1.50 WB LQMEDLKKY 66.56 0.80 WB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

   80 

A.11 Prediction of MHC-I binding epitopes of P48/45 ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
HLA-

A01:01  
FSNNLFFFY 8.07 0.01 SB CSIYSYFIY 398.91 0.40 SB 
CSIHSYFIY 299.47 0.40 SB YTLSLKPVY 1022.56 0.80 WB 
SSDLSSHTF 307.68 0.40 SB LVQVNVLKY 1255.95 0.80 WB 

HLA-
A02:01 

FLAKLFILL 7.01 0.25 SB VLPECFFQV 5.04 0.12 SB 
MLYFFSNNL 14.79 0.80 SB FLAKIFILL  7.77 0.25 SB 
AIFKAPIYV 17.03 0.80 SB SIFKAPVYV 19.39 0.80 SB 

HLA-
A03:01  

SAYYGFLAK 26.25 0.10 SB AGYFGFLAK 37.92 0.17 SB 
ASFTCICKK 39.38 0.20 SB STIYTLSLK 54.19 0.30 SB 
ALVHVRVLK 50.24 0.30 SB TSFTCICRK 58.14 0.40 SB 

HLA-
A26:01  

MTIKIGSAY 5.47 0.01 SB MSVKIAAGY 78.29 0.20 SB 
ELNTEVSGF 382.02 0.50 SB ELNKDVSGF 236.04 0.40 SB 
SVLCSIHSY 759.40 0.80 WB EKIENMGLV 771.82 0.80 WB 

HLA-
B07:02  

SPKSKFKLL 110.68 0.80 WB IPGSKFKML 131.59 1.00 WB 
KPKYEKKVI 917.70 2.00 WB LPEKCFQTV 207.30 1.50 WB 
SALVHVRVL 1033.69 2.00 WB KPVYTKKLI 614.95 2.00 WB 

HLA-
B08:01  

SPKSKFKLL 17.40 0.05 SB MLKRQLANL 18.97 0.07 SB 
SALVHVRVL 193.22 0.80 WB IPGSKFKML 123.99 0.50 SB 
YMTIKIGSA 340.99 1.00 WB NVKGRVALV 677.84 1.50 WB 

HLA-
B39:01  

AHINCNVEL 89.14 0.80 WB LQDGELVVL 68.75 0.50 SB 
SNIDGRSAL 302.73 1.50 WB AQITCSIEL 182.06 1.00 WB 
NKDIEFFCL 311.03 1.50 WB SNVKGRVAL 487.32 2.00 WB 

HLA-
B40:01  

IELKEGELL 60.71 0.50 SB AELGENAQI 110.68 0.80 WB 
NEYVSPDEL 121.34 0.80 WB GEVLPECFF 209.55 1.00 WB 
LEPSEIVYL 245.15 1.00 WB AQITCSIEL 446.91 1.50 WB 

HLA-
B58:01  

FSNNLFFFY  49.97 0.80 SB MSVKIAAGY 41.35 0.50 SB 
GSIPQTASF 51.89 0.80 WB KSNKLDLEL 55.08 0.80 WB 
CSIHSYFIY 56.59 0.80 WB CSIYSYFIY 67.28 0.80 WB 

HLA-
B15:01  

MTIKIGSAY 27.86 0.20 SB SLVCSIYSY 40.90 0.40 SB 
GSIPQTASF 29.09 0.25 SB GSIPKTTSF 47.85 0.50 SB 
FSNNLFFFY 97.73 1.00 WB MSVKIAAGY 59.41 0.80 WB 
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A.12 Prediction of MHC-I binding epitopes of P230 ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
Peptide IC50 (nM) % 

Rank 
Binding 

Level 
HLA-

A01:01  
ELDKIDLSY 25.69 0.07 SB ASSNTNKEY 1834.15 1.00 WB 
VSEDSYDKY 77.03 0.15 SB ASDGVFDKV 2469.77 1.00 WB 
IVEVYVEPY 421.09 0.40 SB ASDPEVETF 3289.87 1.50 WB 

HLA-
A02:01 

KLYDNIEYV 2.33 0.01 SB RLAALIHGV 5.32 0.15 SB 
LLSKLIYGL 8.71 0.30 SB VLQASDPEV 26.53 1.00 SB 
YVPKKSPYV 26.97 1.00 SB VIEFVLPPV 103.72 3.00 WB 

HLA-
A03:01  

KLKEKLLSK 33.85 0.15 SB ITMKEASKK 68.75 0.40 SB 
KVKIICPLK 76.20 0.50 SB GSMEFFPKK 75.38 0.50 SB 
KSPYVVLTK 151.47 0.80 WB KVKIICPTK 145.05 0.80 WB 

HLA-
A26:01  

DTAVSEDSY 1079.41 1.00 WB EVNEKENNF 1006.10 1.00 WB 
VVHKATVFY 2430.01 2.00 WB TTIKGDGNV 1765.99 1.50 WB 
ELDKIDLSY 4335.14 3.00 WB EFFPKKAPY 1794.89 1.50 WB 

HLA-
B07:02  

LPSVGVDEL 153.95 1.00 WB FPKKAPYVT 595.31 2.00 WB 
VPKKSPYVV 184.04 1.00 WB CPTKYADVI 763.52 2.00 WB 
KPTESGPKV 394.62 1.50 WB APYVTLVNA 1904.94 3.00 WB 

HLA-
B08:01  

GPKVKKCEV 267.31 0.80 WB SLKEKRLAA 15.20 0.05 SB 
EPLIKVKII 273.16 0.80 WB LKEKRLAAL 194.27 0.80 WB 
VPKKSPYVV 860.02 2.00 WB EPLVKVKII 356.07 1.00 WB 

HLA-
B39:01  

IKVKIICPL 356.07 1.50 WB CEMKIQEPL 792.98 3.00 WB 
HKATVFYFI 621.64 2.00 WB NHGDRGVAA 1121.07 3.00 WB 
CEVKVNEPL 2180.81 4.00 WB LKEKRLAAL 1318.61 3.00 WB 

HLA-
B40:01  

CEVKVNEPL 10.07 0.10 SB CEMKIQEPL 11.60 0.10 SB 
KEGVIEFTL 22.68 0.25 SB IEFVLPPVL 17.12 0.17 SB 
IEFTLPPVV 146.63 0.80 WB KEASKKVVI 301.10 1.00 WB 

HLA-
B58:01  

VVHKATVFY 3236.91 5.00 WB VAAITIEPY 323.04 2.00 WB 
KATVFYFIC 3646.02 6.00 WB ASDPEVETF 361.90 2.00 WB 
LSYETTESG 4752.74 6.00 WB KVVICEMKI 1269.61 3.00 WB 

HLA-
B15:01  

VVHKATVFY 147.43 1.50 WB VIKYGSMEF 47.34 0.50 SB 
ASQNTNKEY 638.68 4.00 WB VAAITIEPY 113.71 1.50 WB 
GNRGIVEVY 792.98 4.00 WB ASSNTNKEY 525.66 4.00 WB 
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A.13 Prediction of MHC-II binding epitopes of P41 ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
DRB1_0301 

 
GKEVKLDEHLSRALY 97.13 0.03 SB VEKAQIDEHLVRALY 60.48 1.44 SB 
VGKEVKLDEHLSRAL 96.93 0.03 SB NVEKAQIDEHLVRA 58.03 1.57 SB 
TVGKEVKLDEHLSRA 96.56 0.04 SB GNVEKAQIDEHLVRA 54.97 1.74 SB 

DRB3_0101  FTKEKYLLDNKDKLY 58.43 0.67 SB LDDISADKMESSKLS 11.54 4.43 WB 
KEKYLLDNKDKLYCE 56.40 0.72 SB IMKVVVSTNNTITKG 10.61 4.70 WB 
TKEKYLLDNKDKLYC 50.95 0.88 SB TLDDISADKMESSKL 10.10 4.86 WB 

DRB5_0101  EPEIVTNKVKPKIDG 56.06 1.45 SB VKKIRNIIEREKNKN 68.99 0.77 SB 
LKKYKDLMEREKGVE 51.45 1.77 SB MPGYISYGNKQKGKY 62.55 1.06 SB 
DEPEIVTNKVKPKID 49.52 1.93 SB RVKKIRNIIEREKNK 62.00 1.09 SB 

HLA-
DPA10201- 
DPB10101  

VCDFTKEKYLLDNKD  19.80 0.57 SB CPKKIGAQCFQNVNT 14.58 1.30 SB 
HVCDFTKEKYLLDNK 15.82 1.06 SB PKKIGAQCFQNVNTL 13.04 1.69 SB 
GSTIYGDTLLISPKV 15.35 1.14 SB EGGESDIVAKSFQES 13.02 1.69 SB 

HLA-
DPA10301- 
DPB10402  

VCDFTKEKYLLDNKD 31.58 0.47 SB CPKKIGAQCFQNVNT 26.04 0.82 SB 
GSTIYGDTLLISPKV 28.30 0.66 SB EGGESDIVAKSFQES 23.37 1.08 SB 
YGSTIYGDTLLISPK 26.97 0.75 SB PKKIGAQCFQNVNTL 20.35 1.10 SB 

HLA-
DPA10201- 
DPB11401  

LIKKRKSVVVDDDEN 13.24 1.99 SB LHLVRQQLPAHAEEH 14.04 1.75 SB 
IKKRKSVVVDDDENG 13.09 2.04 WB HLVRQQLPAHAEEHI 13.48 1.92 SB 
KPKIDGTEPAKDEVV 10.18 3.18 WB ENAKKKSTVNVNDLK 11.17 2.72 WB 

HLA-
DQA10301- 
DQB10302  

PKDILDVDPEPEPED  7.99 0.01 SB ILNYDVYTNPEDEEE 2.63 0.70 SB 
IPKDILDVDPEPEPE 5.77 0.06 SB PEDEEELVIEEEQEE 2.56 0.75 SB 
NIPKDILDVDPEPEP 4.04 0.21 SB EDEEELVIEEEQEEE 2.41 0.86 SB 

HLA-
DQA10101- 
DQB10501  

LYRLKKYKDLMEREK 2.89 1.15 SB CFQNVNTLDDISADK 3.35 0.84 SB 
IPGYTSYSNKRGSKY 2.11 2.10 WB FQNVNTLDDISADKM 3.21 0.93 SB 
ESSQISINDLLYGST 2.05 2.22 WB ILNYDVYTNPEDEEE 3.17 0.95 SB 

HLA-
DQA10501- 
DQB10301  

ELNVESGESDVIKNS 61.43 0.92 SB PKHLKGGNVEKAQID 91.20 0.02 SB 
FELNVESGESDVIKN 58.32 1.10 SB VPKHLKGGNVEKAQI 86.72 0.08 SB 
IFELNVESGESDVIK 44.78 2.12 WB KHLKGGNVEKAQIDE 84.66 0.12 SB 

HLA-
DRB1*07:01  

FDKITFICPNKIGAH 50.28 1.77 SB NEKEYCVVNAKPFDS 66.16 0.86 SB 
PFDKITFICPNKIGA 45.45 2.13 WB EKEYCVVNAKPFDSV 65.26 0.90 SB 
EKLIKKRKSVVVDDD 39.41 2.66 WB IMKVVVSTNNTITKG 64.79 1.33 SB 
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A.14 Prediction of MHC-II binding epitopes of P48/45 ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
DRB1_0301 

 
GIHNLEPDIVERRSV 94.75 0.10 SB PSKIVYLDAQLNIGN 62.83 1.32 SB 
YYEDVHGDNKIKLFG 93.91 0.12 SB SKIVYLDAQLNIGNV 60.61 1.43 SB 
YEDVHGDNKIKLFGI 93.72 0.12 SB PLSLYKSNKIVYHKN 56.97 1.63 SB 

DRB3_0101  HSYFIYDKIKLIIPK 84.51 0.15 SB PEELNKDVSGFFGFK 58.15 0.67 SB 
IHSYFIYDKIKLIIP 78.03 0.24 SB GCNFSSDKSTKHNFT 51.21 0.87 SB 
SYFIYDKIKLIIPKK 65.98 0.49 SB HGCNFSSDKSTKHNF 49.52 0.93 SB 

DRB5_0101  HKDFAIFKAPIYVKS 77.04 0.46 SB VKIFGLVGSIPKTTS 79.98 0.35 SB 
YHKDFAIFKAPIYVK 71.83 0.65 SB IVKIFGLVGSIPKTT 75.05 0.53 SB 
KDFAIFKAPIYVKSN 62.04 1.08 SB NIVKIFGLVGSIPKT 62.37 1.07 SB 

HLA-
DPA10201- 
DPB10101  

HSYFIYDKIKLIIPK 29.07 0.18 SB GDEVKYVPPEELNKD 25.79 0.27 SB 
NKIIYHKDFAIFKAP 25.83 0.27 SB KGDEVKYVPPEELNK 21.14 0.48 SB 
SNKIIYHKDFAIFKA 25.02 0.30 SB YSYFIYDKIKLTIPK 18.84 0.65 SB 

HLA-
DPA10301- 
DPB10402  

HSYFIYDKIKLIIPK 40.33 0.20 SB YSYFIYDKIKLTIPK 30.88 0.51 SB 
IHSYFIYDKIKLIIP 32.16 0.44 SB GDEVKYVPPEELNKD 26.81 0.76 SB 
NKIIYHKDFAIFKAP 30.80 0.51 SB IYSYFIYDKIKLTIP 25.22 0.89 SB 

HLA-
DPA10201- 
DPB11401  

YSERIITISPFNNKD 27.75 0.29 SB GDEVKYVPPEELNKD 16.71 1.20 SB 
DYSERIITISPFNNK 25.40 0.41 SB KGDEVKYVPPEELNK 13.07 2.05 WB 
SERIITISPFNNKDI 18.31 0.98 SB PSKIVYLDAQLNIGN 10.22 3.16 WB 

HLA-
DQA10301- 
DQB10302  

PHKIVSVNLTDEKYP 4.11 0.19 SB EKCFQTVYTNYEKRT 3.46 0.34 SB 
IGNIEYYEDVHGDNK 3.36 0.36 SB PEKCFQTVYTNYEKR 3.40 0.35 SB 
TEGIHNLEPDIVERR 3.22 0.40 SB GDEVKYVPPEELNKD 3.00 0.49 SB 

HLA-
DQA10101- 
DQB10501  

IGNIEYYEDVHGDNK 23.72 0.00 SB NIGNVEYFEDSKGEN 11.80 0.03 SB 
NIGNIEYYEDVHGDN 19.50 0.00 SB IGNVEYFEDSKGENI 11.23 0.04 SB 
GNIEYYEDVHGDNKI 16.85 0.00 SB LNIGNVEYFEDSKGE  7.46 0.13 SB 

HLA-
DQA10501- 
DQB10301  

LFGIVGSIPQTASFT 64.80 0.73 SB GDEVKYVPPEELNKD 31.14 4.02 WB 
KLFGIVGSIPQTAS 62.44 0.86 SB KIGYMSVKIAAGYFG 26.95 4.97 WB 
FGIVGSIPQTASFTC 57.76 1.12 SB APVYVKSADVTAECS 24.96 5.52 WB 

HLA-
DRB1*07:01  

FKAPIYVKSNDVNAE 61.85 1.07 SB YDKIKLTIPKKIPGS 92.29 0.11 SB 
HKDFAIFKAPIYVKS 55.54 1.42 SB IYDKIKLTIPKKIPG 91.84 0.12 SB 
SNKIIYHKDFAIFKA 54.10 1.50 SB FIYDKIKLTIPKKIP 87.74 0.21 SB 
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A.15 Prediction of MHC-II binding epitopes of P230 ancestral and consensus 

 
Allele 

Ancestral sequence Consensus sequence 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
Peptide IC50 

(nM) 
% 

Rank 
Binding 

Level 
DRB1_0301 

 
NKEYVCDFTDQLKPT 38.38 2.94 WB ETTIKGDGNVLQASD 92.16 0.18 SB 
TNKEYVCDFTDQLKP 35.22 3.23 WB FETTIKGDGNVLQAS 89.35 0.28 SB 
NRGIVEVYVEPYGNK 32.86 3.45 WB AFETTIKGDGNVLQA 82.98 0.47 SB 

DRB3_0101  NKEYVCDFTDQLKPT 81.41 0.19 SB NKEYVCDFVKHITMK 70.56 0.38 SB 
TNKEYVCDFTDQLKP 79.94 0.21 SB TNKEYVCDFVKHITM 61.64 0.59 SB 
NTNKEYVCDFTDQLK 66.78 0.47 SB NTNKEYVCDFVKHIT 58.32 0.67 SB 

DRB5_0101  TDQLKPTESGPKVKK 61.98 1.09 SB KKKLYYICDNGKSAD 57.05 1.38 SB 
KSPYVVLTKEETKLK 52.06 1.72 SB FVKHITMKEASKKVV 56.27 1.44 SB 
PYVVLTKEETKLKEK 51.55 1.77 SB VKHITMKEASKKVVI 53.99 1.60 SB 

HLA-
DPA10201- 
DPB10101  

NRGIVEVYVEPYGNK 16.79 0.90 SB DRGVAAITIEPYGQS 17.60 0.80 SB 
SVEKLYDNIEYVPKK 15.56 1.10 SB GDRGVAAITIEPYGQ 16.27 0.99 SB 
GNRGIVEVYVEPYGN 13.65 1.51 SB HGDRGVAAITIEPYG 12.12 1.99 SB 

HLA-
DPA10301- 
DPB10402  

KSPYVVLTKEETKLK 19.53 1.68 SB DRGVAAITIEPYGQS 18.49 1.91 SB 
SVEKLYDNIEYVPKK 17.27 2.24 WB VAAITIEPYGQSVKG 16.50 2.45 WB 
KEGVIEFTLPPVVHK 16.48 2.45 WB GVAAITIEPYGQSVK 15.48 2.75 WB 

HLA-
DPA10201- 
DPB11401  

EGVIEFTLPPVVHKA 11.56 2.55 WB KEKRLAALIHGVIIT 18.70 0.94 SB 
SVEKLYDNIEYVPKK 10.33 3.10 WB LKEKRLAALIHGVII 18.31 0.98 SB 
KEGVIEFTLPPVVHK 10.21 3.17 WB SLKEKRLAALIHGVI 16.45 1.24 SB 

HLA-
DQA10301- 
DQB10302  

SYDKYASQNTNKEYV 3.31 0.38 SB DRGVAAITIEPYGQS 5.68 0.06 SB 
NRGIVEVYVEPYGNK 3.02 0.48 SB GDRGVAAITIEPYGQ 5.32 0.08 SB 
DSYDKYASQNTNKEY 2.39 0.88 SB HGDRGVAAITIEPYG 3.80 0.25 SB 

HLA-
DQA10101- 
DQB10501  

NRGIVEVYVEPYGNK 4.41 0.46 SB DRGVAAITIEPYGQS 2.88 1.16 SB 
RGIVEVYVEPYGNKI 3.24 0.91 SB EKGVIEFVLPPVLKE 2.63 1.38 SB 
GNRGIVEVYVEPYGN 30.07 1.06 SB DPEVETFASSNTNKE 2.56 1.43 SB 

HLA-
DQA10501- 
DQB10301  

ENNFKEGVIEFTLPP 78.89 0.22 SB ENNFEKGVIEFVLPP 64.55 0.75 SB 
KENNFKEGVIEFTLP 69.01 0.56 SB KENNFEKGVIEFVLP 52.03 1.48 SB 
NNFKEGVIEFTLPPV 56.99 1.16 SB DRGVAAITIEPYGQS 51.36 1.53 SB 

HLA-
DRB1*07:01  

EGVIEFTLPPVVHKA 73.83 0.58 SB KGVIEFVLPPVLKEK 46.42 2.05 WB 
KEGVIEFTLPPVVHK 70.12 0.71 SB EVETFASSNTNKEYV 36.76 2.94 WB 
FKEGVIEFTLPPVVH 51.79 1.66 SB EKGVIEFVLPPVLKE 36.10 3.01 WB 
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A.16 The detail of hydrogen bond interaction of P12-P41 protein complexes where some of the P41 

residue were part of predicted epitope. 

Ancestral Consensus 
P12 

residue 
P41 

residue 
Epitope?  

(Y/N) Distance 
P12 

residue 
P41 

residue 
Epitope?  

(Y/N) Distance 
GLN42 LEU12 Y 2,87 TRP17 TYR370 Y 3,21 
HIS149 LYS248 Y 2,32 TRP17 ASP398 N 2,8 
LYS153 GL119 N 2,42 THR26 GLN396 N 2,99 
VAL207 GLU22 Y 3,34 THR26 SER395 N 2,49 
VAL207 GLU22 Y 2,98 THR29 TYR400 N 3,12 
CYS219 HIS23 Y 2,42 GLU42 ASN399 N 2,01 
ASN221 CYS25 Y 2,01 LYS61 VAL380 Y 1,61 
LYS245 LYS254 Y 2,75 LYS65 VAL334 Y 2,3 
LEU250 LYS47 Y 1,69 SER68 GLY332 Y 3,1 
ASN259 ASN201 Y 1,73 TYR85 ASN204 N 2,91 
ASN259 ASN201 Y 3,2 SER87 LYS203 N 3,23 
ASN260 THR198 Y 3,04 GLN339 GLU247 Y 2,74 
ASP292 LYS29 N 2,38 ARG341 GLU251 Y 2,15 
ASN314 CYS373 Y 3,2     
ILE324 ASN45 N 1,86     
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A.17 The detail of hydrogen bond interaction of P48/45-P230 protein complexes where some of the 

P48/45 and P230 residue were part of predicted epitope. 

Ancestral Consensus 
P48/45 
residue 

Epitope?  
(Y/N) 

P230 
residue 

Epitope? 
(Y/N) Distance 

P12 
residue 

Epitope?  
(Y/N) 

P41 
residue 

Epitope?  
(Y/N) Distance 

SER52 N LYS185 N 2,28 GLU112 Y SER182 N 2,9 
THR53 N LYS185 N 2,9 ALA328 Y GLU67 N 2,68 
ARG66 Y ASN133 Y 2,86 GLN360 N LEU173 N 2,22 
ARG67 Y LYS131 Y 1,84 TYR362 Y ASN179 N 3,1 
VAL69 Y GLU132 Y 2,87 GLN363 Y LEU163 N 3,19 
LEU70 Y ASN134 Y 3,18 GLU390 N LYS150 Y 2,97 

GLN120 N LYS11 N 3,32 GLU395 Y LYS150 Y 2,93 
LYS228 N ASP46 Y 2,77 ASN396 Y GLU149 Y 1,9 
GLN229 N ASP49 N 3,23 LEU403 N GLU81 Y 3,17 
ASN270 N THR54 N 2,34 THR410 Y SER48 N 1,43 
ASN270 N SER56 N 2,97 THR410 Y SER48 N 1,43 
SER306 N GLN37 Y 2,73      
ASP307 N ALA35 Y 2,38      
LYS361 Y ASP13 N 1,91      
LEU375 N TYR16 N 3,16      
ASP376 N SER30 N 2,63      
SER377 N TYR31 Y 2,99      

 


