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APPENDICES

RAXML Command Line

P41 first tree:
.Jraxml -s P41_complete_align.fasta-m PROTGAMMAIWAG -x 1000 -n p41_test_result-T2-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-T2-N 10 -p
10

P48/45 second tree:

.Jraxml -s P4845 second_align.fasta -m PROTCATIWAG -x 1000 -n p4845_test_result_second -T 2 -N
10-p 10

P230 first tree:

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

P12 first tree:

.Jraxml -s P12_complete_align.fasta -m PROTGAMMAIJTT -x 1000 -n P12_test_result-T2-N 10-p 10

P12 second tree:

.Jraxml -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

P41 P12
A:::;:_n Species Accession number Species
Qs811Y0 Falciparum 3D7 CAG25366 falciparum 3D7
CAD49141 Falciparum 3D7 C6KSX0 falciparum 3D7
XP_001351361 falciparum 3D7 P19259 falciparum 3D7
OTN68424 Knowlesi malayan strain pk1 CAA9989198 knowlesi strain H
WS75932 Knowlesi strain H WS78672 knowlesi strain H
CAA9986458 Knowlesi strain H OTN64663 knowlesi Malayan Strain Pk1 (A+)
XP_028859370 malariae UG01 XP_028862689 malariae UGO1
SBT70336 malariae GAO1 S$C093252 malariae UG01
SBT86198 malariae UG01 SBS87333 malariae
SCA48345 Ovale curtisi GHO1 SCP05137 ovale curtisi GHO1
SBT75421 Ovale walikeri CRO1 SBT77792 ovale walikeri CRO1
VUZ93490 Vivax P01 SBS95004 ovale curtisi
AHF49864 Vivax 82 SBT39338 ovale walikeri
AHF49865 \ﬁvalt 83 SBT38756 ovale walikeri
AHF49866 Vivax 84 SBS85464 ovale curtisi
AHF49867 Vivax 85 AHJ80925 vivax 32
AHF49868 Vivax 87 AHJ80924 vivax 31
AHF49869 Vivax 88 VUZ97110 vivax
AHF49870 Vivax 89 AHF49843 vivax 124
AHF49871 Vivax 90 AHF49842 vivax 123
AHF49872 Vivax 92 AHF49841 vivax 120
AHF49873 Vivax 93 AHF49840 vivax 108
AHF49874 Vivax 94 AHF49839 vivax 105
AHF49875 Vivax 95 AHF49838 vivax 100
AHF49876 Vivax 96 AHF49837 vivax 98
AHF49877 Vivax 97 AHF49836 vivax 96
AHF49878 Vivax 98 AHF49835 vivax 94
AHF49879 Vivax 99 AHF49834 vivax 91
AHF49880 Vivax 102 AHF49833 vivax 88
AHF49881 Vivax 104 AHF49832 vivax 87
AHF49882 Vivax 105 AHF49831 vivax 85
AHF49883 Vivax 107 AHF49830 vivax 84
AHF49884 Vivax 108 AHF49829 vivax 83
AHF49885 Vivax 109 AHF49828 vivax 16
AHF49886 Vivax 111 AHF49827 vivax 11
AHF49887 Vivax 112 AHF49826 vivax 8
AHF49888 Vivax 115 AHF49825 vivax 7
AHF49889 Vivax 117 AHF49824 vivax 6
AHF49890 Vivax 121 AHF49823 vivax 1
AHF49891 Vivax 124
AIT39660 Vivax Colombian 18
AIT39661 Vivax Colombian 28
AIT39662 Vivax Colombian 32
AIT39663 Vivax Colombian 38
AIT39664 Vivax Colombian 45
AIT39666 Vivax Colombian 72
AIT39667 Vivax Colombian 84
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A.2 Accession number of P48/45 retrieved from the Genbank

Accession Accession
number spedes number species
XP_001350181 falciparum 3D7 VUZz97357 vivax PO1
VWP77780 falciparum 3D7 AFC37909 vivax 2006-12
ABO41494 falciparum Dd2 AFC37907 vivax 2006-46
ABO41491 falciparum FCB AFC37934 vivax 2006-59
ABO41489 falciparum HB3 AFC37908 vivax 2006-66
ABO41495 falciparum K1 AFC37906 vivax 2006-67
AB041496 falciparum Mad02 AFC37905 vivax 2006-73
AB0O41497 falciparum Palo Alto AFC37930 vivax 2007-10
AB041492 falciparum RO33 AFC37918 vivax 2007-24
ABO41490 falciparum T9-102 AFC37911 vivax 2007-27
AB0O41493 falciparum Wellcome AFC37935 vivax 2007-32
OTN66276 knowlesi malayan strain Pk1 | AFC37923 vivax 2007-34
XP_002259885 knowlesi strain H AFC37910 vivax 2007-35
CAA9989869 knowlesi strain H AFC37914 vivax 2007-37
WS79343 knowlesi strain H AFC37915 vivax 2007-38
XP_028862876 malariae UG01 AFC37936 vivax 2007-40
SC0O93594 malariae UGO1 AFC37924 vivax 2007-43
SBS87718 malariae ALA AFC37916 vivax 2007-45
SBT79956 malariae GAO1 AFC37913 vivax 2007-47
SBS96099 ovale curtisi AFC37937 vivax 2007-48
SBS85830 ovale curtisi AFC37912 vivax 2007-49
SCP05306 ovale curtisi GHO1 AFC37921 vivax 2008-08
SBT40475 ovale wallikeri AFC37931 vivax 2008-10
SBT40052 ovale wallikeri AFC37917 vivax 2008-11
SBT77972 ovale wallikeri CRO1 AFC37925 vivax 2008-19
AFB76627 vivax 2010-6 AFC37919 vivax 2008-20
AMQ67080 vivax Br02 AFC37929 vivax 2008-23
AMQ67081 vivax Br03 AFC37928 vivax 2008-24
AMQ67082 vivax Br04 AFC37927 vivax 2008-25
AMQ67083 vivax Br05 AFC37920 vivax 2010-03
AMQ67084 vivax Br06 AFC37938 vivax 2010-09
AMQ67085 vivax Br07 AFC37922 vivax 2010-10
AMQ67086 vivax Br09 AFC37926 vivax 2010-15
AMQ67087 vivax Br12 AFC37932 vivax 2010-17
AMQ67088 vivax Br14 AFC37933 vivax 2010-24
AMQ67089 vivax Br16 AFC37939 vivax Indial
AMQ67090 vivax Br17 AFC37940 vivax India2
AMQ67091 vivax Br19 AFC37941 vivax India3
AMQ67092 vivax Br20 AFC37942 vivax Indonesial
AMQ67093 vivax Co01 AFC37943 vivax Indonesia2
AMQ67094 vivax Co02 AFC37944 vivax Indonesia3
AMQ67095 vivax Co03
AMQ67096 vivax Co04
AMQ67097 vivax Co05
AMQ67098 vivax Co06
AMQ67099 vivax Co07
AMQ67100 vivax Co08
AMQ67101 vivax Co09
AMQ67102 vivax Co10
AMQ67103 vivax Co1l
AMQ67104 vivax Co12
AMQ67105 vivax Co13
AMQ67106 vivax Col4
AMQ67107 vivax Co15
AMQ67108 vivax Co16
AMQ67109 vivax Col7
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A.3 Accession number of P230 retrieved from the GenBank

— - [ e | e e
AAG12332 falciparum FCC1/HN BAL44538 vivax T106 BAL44596 vivax 903-91
CZT198104 falciparum 3D7 BAL44539  vivax 234SHV BAL44597 vivax 903-144
P68874 falciparum 3D7 BAL44540 vivax 62014 BAL44598 vivax 903-173
XP_001349600 falciparum 3D7 BAL44541 vivax 62415 BAL44599 vivax 904-73
P68875 falciparum NF54 BAL44542  vivax 9827106 BAL44600 vivax 904-171
AAA29734 falciparum NF54 BAL44543 vivax G29576 BAL44601 vivax 906-71
OTN66806 knowlesi Malayan strain Pkl | BAL44544 vivax 236SHV BAL44602 vivax 906-114
CAAS986761 knowlesi strain H BAL44545 vivax 160SHV BAL44603 vivax 829-85
VVS76235 knowlesi strain H BAL44546 vivax BS BAL44604 vivax 829-109
SBT86536 malariae UGO1 BAL44547 vivax B8 BAL44605 vivax 830-10
SBS91837 malariae BAL44548 vivax Al BAL44606 vivax Chesson
SBT70600 malariae GAO1 BAL44549 vivax 692 BAL44607 vivax v102
SCN43131 ovale curtisi GHO1 BAL44550 vivax 1123 BAL44608 vivax v137
SBT75700 ovale walikeri CRO1 BAL44551 vivax B1 BAL44609 vivax Nicaragua
VUZ93809 vivax P01 BAL44552 vivax B3 BAL44610 vivax Panama
BAL44499 vivax 372M2 BAL44553 vivax A2 KMZ88429 vivax Brazil |
BAL44500 vivax 419M1 BAL44554 vivax A3 KMZ82130 vivax India VI
BAL44501 vivax 21ECS BAL44555 vivax A4 KMZ94794 vivax Mauritania |
BAL44502 vivax 23PLS BAL44556 vivax B6 KNA01442 vivax North Korean
BAL44503 vivax 30MNO BAL44557 vivax B7 XP_001613020 vivax salvador |
BAL44504 vivax 31IMTO BAL44558 vivax BS EDL43293 vivax salvador |
BAL44505 vivax 32MIS BAL44559 vivax B11
BAL44506 vivax 33ACS BAL44560 vivax B12
BAL44507 vivax 34LCR BAL44561 vivax B13
BAL44508 vivax 35RNSA BAL44562 vivax 245
BAL44509 vivax 36MV BAL44563 vivax 1089
BAL44510 vivax 37ESS BAL44564 vivax 1094
BAL44511 vivax 38FSN BAL44565 vivax 1114
BAL44512 vivax 39LRS BAL44566 vivax KS385
BAL44513 vivax 40CBA BAL44567 vivax KS399
BAL44514 vivax 42CMS BAL44568 vivax KS434
BAL44515 vivax 4355D BAL44569 vivax MS592
BAL44516 vivax 44RPA BAL44570 vivax MS607
BAL44517 vivax 45FHPM BAL44571 vivax MS614
BAL44518 vivax 46ILF BAL44572 vivax MS628
BAL44519 vivax 5 BAL44573 vivax MS647
BAL44520 vivax 6 BAL44574 vivax MS669
BAL44521 vivax 9 BAL44575 vivax MS718
BAL44522 vivax 15 BAL44576 vivax MS719
BAL44523 vivax 16 BAL44577 vivax MS721
BAL44524 vivax 17 BAL44578 vivax MS722
BAL44525 vivax 20 BAL44579 vivax MS726
BAL44526 vivax 23 BAL44580 vivax KS289
BAL44527 vivax 24 BAL44581 vivax KS290
BAL44528 vivax 27 BAL44582 vivax KS320
BAL44529 vivax 29 BAL44583 vivax MS433
BAL44530 vivax 33 BAL44584 vivax MS476
BAL44531 vivax 34 BAL44585 vivax MS477
BAL44532 vivax T58 BAL44586 vivax 827-31
BAL44533 vivax T101 BAL44587 vivax 827-32
BAL44534 vivax T102 BAL44588 vivax 827-47
BAL44535 vivax T103 BAL44589 vivax 827-52
BAL44536 vivax T104 BAL44590 vivax 827-53
BAL44537 vivax T105 BAL44591 vivax 828-5
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A.4 Accession number of P41, P12, P48/45, and P230 retrieved from PlasmoDB

P41

P12

Accession number

Species

Accession number

Species

PBANKA_1002600
PF3D7_0404900
Pf7G8_040010200
PfCDO1_040010000
PfDd2_040010300
PfGAO1_040009900
PfGBA4_040010400
PfGNO1_040010300
PfHB3_040009100
PFIT_040009600
PFKEO1_040011600
PfKHO1_040010000
PfKH02_040009800
PFMLO1_040010800
PfSD0O1_070020500
PfSNO1_040010000
PTGO1_040010300
PKNH_0303000

PKNOH_S02295300
PmUG01_03015000
PocGH01_03012400

P. berghei ANKA
P. falciparum 3D7
P. falciparum 7G8
P. falciparum CDO1
P. falciparum Dd2
P. falciparum GAO1
P. falciparum GB4
P. falciparum GNO1
P. falciparum HB3

P. falciparum IT
. falciparum KEO1
. falciparum KHO1
. falciparum KHO2
. falciparum MLO1
. falciparum SDO1
. falciparum SNO1
. falciparum TGO1
P. knowlesi strain H

P. knowlesi strain Malayan
Strain Pk1 A
P. malariae UGO1

P. ovale curtisi GHO1

W UV U U U U U

PBANKA_0111000
PF3D7_0612700
Pf7G8_060017700
PfCDO1_060018200
PfDd2_060017600
PfGAO1_060017600
PfGB4_060017300
PfGNO1_060018500
PfHB3_060017000
PFIT_060016700
PfKEO1_060018900
PfKHO1_060019900
PfKH02_060019000
PfMLO1_060016700
PfSDO1_060016700
PfSNO1_060017700
PfTGO1_060018200
PKNH_1137300

PKNOH_S$130203800
PmUG01_11050500
PocGH01_11044200

P. berghei ANKA

P. falciparum 3D7
P. falciparum 7G8
P. falciparum CDO1
P. falciparum Dd2
P. falciparum GAO1
P. falciparum GB4
P. falciparum GNO1
P. falciparum HB3
P. falciparum IT
. falciparum KEO1
. falciparum KHO1
. falciparum KH02
. falciparum MLO1
. falciparum SDO1
falciparum SNO1
falciparum TGO1

knowlesi strain H
P. knowlesi strain
Malayan Strain Pk1 A
P. malariae UG01

P. ovale curtisi GHO1

DUV UVTUVTUUTOU

PVP01_0304300 P. vivax P01 PVP01_1136400 P. vivax P01
PVX_000995 P. vivax Sal-1 PVX_113775 P. vivax Sal-1
P4g/as P230
Accession number Species Accession number Species

PBANKA_1359600
PF3D7_1346700
Pf7G8_130051100
PfCD01_130052300
PfDd2_130052500
PfGA01_130052800
PfGB4_130052600
PfGNO1_130053400
PfHB3_130053000
PfIT_130052000
PfKEO1_130052300
PfKHO1_130050700
PfKH02_130049600
PfMLO1_130050800
PfSD01_130053400
PfSNO1_130049700
PfTG01_130052400
PKNH_1254400

PKNOH_S09544400

PmUG01_12018200

PocGH01_12016400
PVP01_1208100

P. berghei ANKA
P. falciparum 3D7
P. falciparum 7G8
P. falciparum CDO1
P. falciparum Dd2
P. falciparum GAO1
P. falciparum GB4
P. falciparum GNO1
P. falciparum HB3

P. falciparum IT
P. falciparum KEO1
P. falciparum KHO1
P. falciparum KHO02
P. falciparum MLO1
P. falciparum SDO1
P. falciparum SNO1
P. falciparum TGO1

P. knowlesi strain H
P. knowlesi strain Malayan Strain
Pk1A

P. malariae UGO1
P. ovale curtisi GHO1
P. vivax PO1
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PBANKA_0306100
PF3D7_0209000
Pf7G8_020013700
PfCD01_020013900
PfDd2_020011800
PfGA01_020012000
PfGB4_020012000
PfGN01_020014300
PfHB3_020013700
PfIT_020013700
PfKEO1_020011500
PfKHO1_020014200
PfKH02_020013000
PfML01_020011900
PfSD01_020014500
PfSNO1_020012000
PfTG01_020014000
PKNH_0412100

PKNOH_S08497000

PmUGO01_04023100

PocGHO01_04021000
PVP01_0415800

P. berghei ANKA
P. falciparum 3D7
P. falciparum 7G8
P. falciparum CDO1
P. falciparum Dd2
P. falciparum GAO1
P. falciparum GB4
P. falciparum GNO1
P. falciparum HB3

P. falciparum IT
P. falciparum KEO1
P. falciparum KHO1
P. falciparum KH02
P. falciparum MLO1
P. falciparum SDO1
P. falciparum SNO1
P. falciparum TGO1

P. knowlesi strain H

P. knowlesi strain Malayan

Strain Pk1 A
P. malariae UGO1
P. ovale curtisi GHO1
P. vivax PO1



r Outgroup
PfIT 060016700
P19259
PIKHO1 060019900
PIKHO2 060019000
PfDd2 060017600
PMLO1 060016700
PISNO1 060017700
Pf7G8 060017700
PfKEO1 060018900
PfCDO01 060018200
PF3D7 0612700
PfHB3 060017000
PfGNO1 060018500
CAG25366
C6KSX0
PITGO01 060018200
PISD01 060016700
PIGB4 060017300
PIGAO1 060017600
SBT77792

SBT39338

SBT38756
SBS85464

SCP05137

PocGHO1 11044200
SBS95004

SBS87333
PmUGO01 11050500
XP 028862689
SC093252
PKNH 1137300
PKNOH $130203800
CAA9989198
VVS78672
OTN64663

A

Outgroup

ancestral all
P19259
PfIT 060016700
PF3D7( 2700
P{CDO1 060018200
PTG01 060018200
CAG25366

060016700

PfKEO1 060018900

PfHB3 060017000
PIGB4 060017300
PfKHO1 060019900
PfKH02 060019000

PfDd2 060017600

SBS87333
PmUGO1 11050500
XP 028862689
SC093252

SBT77792
SBT39338
— SBT38756
SBS95004
SCP05137
SBS85464
PocGHO1 11044200

OTN64663
VVST78672

CAA9989198
&F’KNOH $130203800

PKNH 1137300
—consensus all

%

|
:

PIMLO1 060016700

= P.falciparum

= P. malariae

=P.ovale

= P. knowlesi

= P.vivax

A.5 Phylogenetic tree of P12 protein sequences. (A) Natural sequences and (B) Natural
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Ancestral

Consensus

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

< Biological Assembly 1 @

@ 3D View: Structure | Electron Density |
Ligand Interaction

Global Symmetry: Asymmetric - C1 @
Global Stoichiometry: Hetero 3-mer - A1B1C1 @

Find Similar Assemblies

>

Structure of Plasmodium falciparum vaccine candidate Pfs230D1M in complex with the
Fab of a transmission blocking antibody

DOI: 10.2210/pdb6OHG/pdb
Classification: IMMUNE SYSTEM
Organism(s): Plasmodium falciparum, Mus musculus

Expression System: Komagataella pastoris, Homo sapiens
Mutation(s): No @

D i 2019-04-05 2020-06-17
Deposition Author(s): Garboczi, D.N., Singh, K., Gittis, A.G.

Experi Data wwPDB Validation © 3D Report | Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.38 A Rfree —0.277

R-Value Free: 0.277 Clashscore N [r— 4

R-Value Work: 0.229 Ramachandran outliers —3.2%

R-Value Observed: 0.233 Sidechain outliers M= 0 S— 0%
RSRZ outliers T—22.1%

Worse Better

W Percentile relative to all X-ray structures
0

Xeray structures

A.7 The reference structure of P230 retrieved from RSCB PDB with accession number 60HG.
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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 P41lancestral and consensus

Ancestral sequence

Consensus sequence

Allele Peptide IC50 (nM) % Binding Peptide IC50 (nM) % Binding
Rank Level Rank Level
HLA- YSNKRGSKY 160.76 0.25 SB KLSIDVLLY 1109.00 0.80 WB
A01:01 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- KLDEHLSRA 24.07 1.00 SB LLLALLHLV 4.83 0.12 SB
A02:01 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- KLYCEINAK 20.35 0.05 SB TLLISPTVK 55.98 0.40 SB
A03:01 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- TLIPGYTSY 192.18 0.40 SB STVSQYDNY 137.41 0.30 SB
A26:01 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- LPHFITKPY 819.15 2.00 WB RVKKIRNII 1033.69 2.00 WB
B07:02 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- LIKKRKSVV 17.21 0.05 SB YLKKRRLTK 125.34 0.50 SB
B08:01 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- SQISINDLL 113.71 0.80 WB KRLVLLLAL 293.06 1.50 WB
B39:01 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- KEVKLDEHL 62.04 0.50 SB KETDLQTLM 83.09 0.80 WB
B40:01 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- ITFICPNKI 659.75 3.00 WB VSQYDNYVF 128.08 1.00 WB
B58:01 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- TLIPGYTSY 24.20 0.15 SB TLMPGYISY 28.93 0.25 SB
B15:01 KQNTTFYCF 30.71 0.25 SB KQSTTFYCF 30.71 0.25 SB
YSNKRGSKY 126.70 1.50 WB LQMEDLKKY 66.56 0.80 WB
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A.11 Prediction of MHC-I binding epitopes of P48/45 ancestral and consensus

Ancestral sequence

Consensus sequence

Allele Peptide IC50 (nM) % Binding Peptide IC50 (nM) % Binding
Rank Level Rank Level
HLA- FSNNLFFFY 8.07 0.01 SB CSIYSYFIY 398.91 0.40 SB
A01:01 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- FLAKLFILL 7.01 0.25 SB VLPECFFQV 5.04 0.12 SB
A02:01 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- SAYYGFLAK 26.25 0.10 SB AGYFGFLAK 37.92 0.17 SB
A03:01 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- MTIKIGSAY 5.47 0.01 SB MSVKIAAGY 78.29 0.20 SB
A26:01 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- SPKSKFKLL 110.68 0.80 WB IPGSKFKML 131.59 1.00 WB
B07:02 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- SPKSKFKLL 17.40 0.05 SB MLKRQLANL 18.97 0.07 SB
B08:01 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- AHINCNVEL 89.14 0.80 WB LQDGELVVL 68.75 0.50 SB
B39:01 SNIDGRSAL 302.73 1.50 WB  JAQITCSIEL 182.06 1.00 WB
NKDIEFFCL 311.03 1.50 WB SNVKGRVAL 487.32 2.00 WB
HLA- [ELKEGELL 60.71 0.50 SB AELGENAQI 110.68 0.80 WB
B40:01 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- FSNNLFFFY 49.97 0.80 SB MSVKIAAGY 41.35 0.50 SB
B58:01 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- MTIKIGSAY 27.86 0.20 SB SLVCSIYSY 40.90 0.40 SB
B15:01 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

Ancestral sequence

Consensus sequence

Allele Peptide IC50 (nM) % Binding Peptide IC50 (nM) % Binding
Rank Level Rank Level
HLA- ELDKIDLSY 25.69 0.07 SB IASSNTNKEY 1834.15 1.00 WB
A01:01 VSEDSYDKY 77.03 0.15 SB IASDGVFDKV 2469.77 1.00 WB
IVEVYVEPY 421.09 0.40 SB IASDPEVETF 3289.87 1.50 WB
HLA- KLYDNIEYV 2.33 0.01 SB RLAALIHGV 5.32 0.15 SB
A02:01 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- KLKEKLLSK 33.85 0.15 SB ITMKEASKK 68.75 0.40 SB
A03:01 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- DTAVSEDSY 1079.41 1.00 WB EVNEKENNF 1006.10 1.00 WB
A26:01 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- LPSVGVDEL 153.95 1.00 WB FPKKAPYVT 595.31 2.00 WB
B07:02 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- GPKVKKCEV 267.31 0.80 WB SLKEKRLAA 15.20 0.05 SB
B08:01 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- IKVKIICPL 356.07 1.50 WB CEMKIQEPL 792.98 3.00 WB
B39:01 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- CEVKVNEPL 10.07 0.10 SB CEMKIQEPL 11.60 0.10 SB
B40:01 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- VVHKATVFY 3236.91 5.00 WB VAAITIEPY 323.04 2.00 WB
B58:01 KATVFYFIC 3646.02 6.00 WB IASDPEVETF 361.90 2.00 WB
LSYETTESG 4752.74 6.00 WB KVVICEMKI 1269.61 3.00 WB
HLA- VVHKATVFY 147.43 1.50 WB VIKYGSMEF 47.34 0.50 SB
B15:01 ASQNTNKEY 638.68 4.00 WB VAAITIEPY 113.71 1.50 WB
GNRGIVEVY 792.98 4.00 WB IASSNTNKEY 525.66 4.00 WB
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A.13 Prediction of MHC-II binding epitopes of P41 ancestral and consensus

Ancestral sequence

Consensus sequence

Allele Peptide IC50 % Binding Peptide IC50 % Binding

(nM)  Rank Level (nM) Rank 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 VKKIRNIEREKNKN 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- VCDFTKEKYLLDNKD 19.80 0.57 SB CPKKIGAQCFQNVNT 14.58 1.30 SB
DPA10201- HVCDFTKEKYLLDNK 15.82 1.06 SB PKKIGAQCFQNVNTL 13.04 1.69 SB
DPB10101 GSTIYGDTLLISPKV 15.35 1.14 SB EGGESDIVAKSFQES 13.02 1.69 SB
HLA- VCDFTKEKYLLDNKD 31.58 0.47 SB CPKKIGAQCFQNVNT 26.04 0.82 SB
DPA10301- GSTIYGDTLLISPKV 28.30 0.66 SB EGGESDIVAKSFQES 23.37 1.08 SB
DPB10402 YGSTIYGDTLLISPK 26.97 0.75 SB PKKIGAQCFQNVNTL 20.35 1.10 SB
HLA- LIKKRKSVVVDDDEN 13.24 1.99 SB LHLVRQQLPAHAEEH 14.04 1.75 SB
DPA10201- IKKRKSVVVDDDENG 13.09 2.04 WB  [HLVRQQLPAHAEEHI 13.48 1.92 SB
DPB11401 KPKIDGTEPAKDEVV 10.18 3.18 WB ENAKKKSTVNVNDLK 11.17 2.72 WB
HLA- PKDILDVDPEPEPED 7.99 0.01 SB ILNYDVYTNPEDEEE 2.63 0.70 SB
DQA10301- IPKDILDVDPEPEPE 5.77 0.06 SB PEDEEELVIEEEQEE 2.56 0.75 SB
DQB10302 NIPKDILDVDPEPEP 4.04 0.21 SB EDEEELVIEEEQEEE 2.41 0.86 SB
HLA- LYRLKKYKDLMEREK 2.89 1.15 SB CFQNVNTLDDISADK 3.35 0.84 SB
DQA10101- IPGYTSYSNKRGSKY 2.11 2.10 WB FQNVNTLDDISADKM 3.21 0.93 SB
DQB10501 ESSQISINDLLYGST 2.05 2.22 WB ILNYDVYTNPEDEEE 3.17 0.95 SB
HLA- ELNVESGESDVIKNS 61.43 0.92 SB PKHLKGGNVEKAQID 91.20 0.02 SB
DQA10501- FELNVESGESDVIKN 58.32 1.10 SB VPKHLKGGNVEKAQI 86.72  0.08 SB
DQB10301 |FELNVESGESDVIK 44,78 212 WB  |[KHLKGGNVEKAQIDE 84.66 0.12 SB
HLA- FDKITFICPNKIGAH 50.28 1.77 SB NEKEYCVVNAKPFDS 66.16 0.86 SB
DRB1*07:01 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

Ancestral sequence

Consensus sequence

Allele Peptide IC50 % Binding Peptide IC50 % Binding
(nM)  Rank Level (nM) Rank 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- HSYFIYDKIKLIIPK 29.07 0.18 SB GDEVKYVPPEELNKD 25.79 0.27 SB
DPA10201- NKIIYHKDFAIFKAP 25.83 0.27 SB KGDEVKYVPPEELNK 21.14 0.48 SB
DPB10101 SNKIYHKDFAIFKA 25.02 0.30 SB YSYFIYDKIKLTIPK 18.84 0.65 SB
HLA- HSYFIYDKIKLIIPK 40.33 0.20 SB YSYFIYDKIKLTIPK 30.88 0.51 SB
DPA10301- [IHSYFIYDKIKLIIP 3216 0.44 SB GDEVKYVPPEELNKD 26.81 0.76 SB
DPB10402 NKIIYHKDFAIFKAP 30.80 0.51 SB IYSYFIYDKIKLTIP 25.22 0.89 SB
HLA- YSERITISPFNNKD 27.75 0.29 SB GDEVKYVPPEELNKD 16.71 1.20 SB
DPA10201- DYSERIITISPFNNK 2540 041 SB KGDEVKYVPPEELNK 13.07 2.05 WB
DPB11401  SERIITISPEFNNKDI 18.31 0.98 SB PSKIVYLDAQLNIGN 10.22 3.16 WB
HLA- PHKIVSVNLTDEKYP 4.11 0.19 SB EKCFQTVYTNYEKRT 3.46 0.34 SB
DQA10301- IGNIEYYEDVHGDNK 3.36 0.36 SB PEKCFQTVYTNYEKR 3.40 0.35 SB
DQB10302 TEGIHNLEPDIVERR 3.22 0.40 SB GDEVKYVPPEELNKD 3.00 0.49 SB
HLA- IGNIEYYEDVHGDNK 23.72 0.00 SB NIGNVEYFEDSKGEN 11.80 0.03 SB
DQA10101- NIGNIEYYEDVHGDN 19.50 0.00 SB IGNVEYFEDSKGENI 11.23 0.04 SB
DQB10501 GNIEYYEDVHGDNKI 16.85 0.00 SB LNIGNVEYFEDSKGE 7.46 0.13 SB
HLA- LFGIVGSIPQTASFT 64.80 0.73 SB GDEVKYVPPEELNKD 31.14 4.02 WB
DQA10501- KLFGIVGSIPQTAS 62.44 0.86 SB KIGYMSVKIAAGYFG 26.95 4.97 WB
DQB10301 FGIVGSIPQTASFTC 57.76 1.12 SB APVYVKSADVTAECS 24.96 5.52 WB
HLA- FKAPIYVKSNDVNAE 61.85 1.07 SB 'YDKIKLTIPKKIPGS 92.29 0.11 SB
DRB1*07:01 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

Ancestral sequence

Consensus sequence

Allele Peptide IC50 % Binding Peptide IC50 % Binding
(nM)  Rank Level (nM) Rank 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- NRGIVEVYVEPYGNK 16.79 0.90 SB DRGVAAITIEPYGQS 17.60 0.80 SB
DPA10201- SVEKLYDNIEYVPKK 15.56 1.10 SB GDRGVAAITIEPYGQ 16.27 0.99 SB
DPB10101 GNRGIVEVYVEPYGN 13.65 1.51 SB HGDRGVAAITIEPYG 12.12 1.99 SB
HLA- KSPYVVLTKEETKLK 19.53 1.68 SB DRGVAAITIEPYGQS 18.49 1.91 SB
DPA10301- SVEKLYDNIEYVPKK 17.27 2.24 WB  |VAAITIEPYGQSVKG 16.50 2.45 WB
DPB10402 KEGVIEFTLPPVVHK 16.48 2.45 WB GVAAITIEPYGQSVK 15.48 2.75 WB
HLA- EGVIEFTLPPVVHKA 11.56 2.55 WB KEKRLAALIHGVIIT 18.70 0.94 SB
DPA10201- SVEKLYDNIEYVPKK 10.33 3.10 WB LKEKRLAALIHGVII 18.31 0.98 SB
DPB11401 KEGVIEFTLPPVVHK 10.21 3.17 WB SLKEKRLAALIHGVI 16.45 1.24 SB
HLA- SYDKYASQNTNKEYV 3.31 0.38 SB DRGVAAITIEPYGQS 5.68 0.06 SB
DQA10301- NRGIVEVYVEPYGNK 3.02 0.48 SB GDRGVAAITIEPYGQ 5.32 0.08 SB
DQB10302 DSYDKYASQNTNKEY 2.39 0.88 SB HGDRGVAAITIEPYG 3.80 0.25 SB
HLA- NRGIVEVYVEPYGNK 4.41 0.46 SB DRGVAAITIEPYGQS 2.88 1.16 SB
DQA10101- RGIVEVYVEPYGNKI 3.24 0.91 SB EKGVIEFVLPPVLKE 2.63 1.38 SB
DQB10501 GNRGIVEVYVEPYGN 30.07 1.06 SB DPEVETFASSNTNKE 2.56 1.43 SB
HLA- ENNFKEGVIEFTLPP 78.89 0.22 SB ENNFEKGVIEFVLPP 64.55 0.75 SB
DQA10501- KENNFKEGVIEFTLP 69.01 0.56 SB KENNFEKGVIEFVLP 52.03 1.48 SB
DQB10301 NNFKEGVIEFTLPPV 56.99 1.16 SB DRGVAAITIEPYGQS 51.36 1.53 SB
HLA- EGVIEFTLPPVVHKA 73.83 0.58 SB KGVIEFVLPPVLKEK 46.42 2.05 WB
DRB1*07:01 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 P41 Epitope? P12 P41 Epitope?

residue residue (Y/N) Distance | residue residue (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
CYSs219 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 ASNA45 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  Epitope? P230 Epitope? P12 Epitope? P41 Epitope?
residue (Y/N) residue (Y/N) Distance residue (Y/N) residue (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
VAL6E9 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
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