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Online Supplementary Table S1. Ligands of the HLA-B*41 variants.

HLA-B*41:01
Peptide position
1 2 3 4 5 6 7 8 910
Ligands Source
A AL TGRTGEPE P MUC3B mucin
M KL PV P A AATP Tuftelin interacting protein 11
T B G P C K L P
K A Y G DRI ET RM Heat shock protein gp96 precursor
A B I Q G I D A FOS-1ike antigen 2
G G G ¥ T I R N V¥ Transmembrane-type protein tyrosine phosphatase H
E K A P R P A E KIARL16B protein
K 8 P A S F T
K E L S EHNZEWV YV as dJ1161H23.3)
PEHY P B PRPY PR Sal-lik c finger protein SALL3
K EGEXKZPUPFPTI S YV Unnamed p: t (hum.)
Q9 DI AN EDRATY Hypothetical protein XP 209384
M B K G G N M K E Karyopherin a 1; importin @ 5; importin-a-S1
T E E K F I V\ K A SCAP protein
H R EVY CMHUPEYVYW Hucleolar protein GU2; RNA helicase II1/Gu B
G R P E E B E v MLLZ protein
HLA-B*41:02

Peptide position
i 2 3 4 5 86 7 B8 51011
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HLA-B*41:03

Ligands

Peptide position
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Source

Heterogeneous nuclear ribonuclecprotein Cl/C2
KIAAROBZ0 protein

Apolipeprotelin A-II

Ubigquitin-specific protease 15

Peptidylprolyl isomerase A

Unnamed protein product (hum.)

Bho-related GTP-binding protein RhoB (H6)

Bovine albumin

0G-2 homeodomain protein-like

CDR2_HUMAN Cerebellar degeneraticon-related protein 2
Heat shock protein gp9%6 precurser

Unnamed protein product (hum.)

Unnamed protein product (hum.)

GRIP coiled-coil protein GCC185 isoform a

Signal transducing adaptor molecule 2B

DNA topoisomerase 11, alpha isozyme

KIARLS01 protein

Cardiac ankyrin repeat protein;

Cyclin B3

Nucleolar protein family A, member 3

Cytochrome P450 4F2

Similar to KIAA1509 protein

Mitochondrial intermediate peptidase

Adenvlate cvclase 6 isoform a

TIAl cytotoxic granule-associated BNA-binding protein
Like 1 isoform 1

ELAVL4 protein

Tumor necrosis factor receptor superfamily

Septin-2 (Protein NEDDS)

MCM4_HUMAN DNA replication licensing factor MCM4
ALKE_HUMAN alkylated ONA repair protein alkB homelog
Hypothetical proteln FLJ20323

Hypothetical protein KIAAOG12

Unnamed protein product (hum.)

Hypothetical protein {hum. herpesvirus 7}

Cyclin Bl

3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2
Unnamed protein product (hum.)

Jumping translocation breakpoint; PAR protein
Claudin-1BAZ.1

HS1l-binding praotein 3, iso. 1

Caleineurin-blnding protein calsarcin-2

bAS3B14.1.1 seclute carrier fam. 21 org. anlon transp.
IF4G_HUM., euk. transl. initiation factor 4y {eIF-4-y)
Filamin €, gamma {actin-binding protein-280)

H1 histone family, member S

FLJOO163 protein

Major capsid protein (hum. herpesvirus 4)
dF308K20.1.1 (nov. protein sim. to dysferlin, isc. 1)
IMMT_HUM. mitoch. membr. protein (Mitofilin) (p87/8%)
R28379_3

A34653 cell adheslon protein SQM1

Similar to KIAADBE0G6 protein

Tolloid-1ike 2

AATHE protein

JC2186 hippocalein

Hypothetical protein KIARDOSZ

Anaphase-promoting complex subunit 5§

Axonal transp, synaptic vesicles; kinesin, he, 1A
Glutamyl-prolyl tRMNA synthetase:; glutamate tRNA lig.
Isoleucyl-tRNA synthetase, cytoplasmic

Unnamed protein product (hum.)

522765 heterogeneous ribonuclear particle protein U
Hypothetical protein FLJ40243

Similar to melanoma chondroitin sulfate protecglycan
KIRAOBS53 protein

Muscle-specific serine kinase 1

ASC-1 complex subunit P200

Hypothetical protein XP_291339

Probable ribosome biogenesis protein

Targeting protein for Xklp2

Hypothetical protein (hum.)

Dyskerin

7048 continued on next page



continued from previous page

K BT EI V QLD Hypothetical protein SP329
E T V N R I M TL Laminin § 1 related protein
A E AL ERMTF L Hemoglobin @ 1 glebin chain
K BE I DK NDHL Hypothetical protein FLJ32343
A E K E F N ETM Jumonji domain containing 2
E R K P IDIVFQL SACS_HUMAN sacsin
E B ¢ Q K Q ¢ L ¢ Hypothetical protein LOC139135
HE Q EEI F KIL Similar to tousled-like kinase 2
E XL E R K B I @ Protein kinase C B (5' partial) splice form 1
FEDEZEI1I KT RIUL Osteoblast specific factor 2 (fasciclin I-like)
¥ EBEI FV KNM Tissue factor pathway inhibitor
R B E Y B DRIM Unnamed protein product (hum.)
HLA-B*41:04
Peptide position
1 2 3 4 5 6 7 8 9101112 13 14 15

Ligands Source

Unnamed protein product (hum.)

=

Regulater of chromosome condensation
Heterogenous nuclear ribonuclecprotein
Heaterogeneous ribonuclear particle protein U
Unnamed protein product (hum.)

Protein C20orf24

t- S - T R R ]

14-3-3 protein eta (Protein AS1)

405 ribosomal protein 510

Unnamed protein product (hum.)

Heat shock protein HSP 20-f (HSP 90)
Proliferation-associated protein 2G4
Putative GTP-binding protein PTDOO4

= B Z2mp P < S 2@

Hemoglebin beta subunit

Y P oAmO WL E M S O

T-complex protein 1

Proteasome activator complex subunit 3
UPF0315 protein ADR-001

Peptidyl-prolyl cis-trans isomerase A

405 ribesomal protein 517

Heat shock protein HSP 90-f§

605 ribosomal protein L36

52 kD repressor of protein kinase inhibitor
S-methyl-5-thicadencsine phosphorylase

Serine/threonine protein kinase 19

o p PR <P IPSE RMEmoP ZZ @D 00

Cytoplasmic linker protein 2

caspr5 protein isoform 1

Heterogeneous nuclear ribonucleoprotein R
Rho-related GTP-binding protein RhoB (H6)
BolA-like protein 2

LT R T - R - - R R R IR - B L o I S-S~ I R . B

Proteasome subunit a type 4

Im = M € oim H PIM M m < XM A < < 8 X M P O < € 2 = O

FYVE finger-contain. phosphoinositide kinase
Hemoglobin a subunit

Tissue factor pathway inhib. (TFPI)

Eukaryotic transl. initiation factor 3 subunit 12

DA replication licensing factor MCMT

(SN =T SR - T - RO RTINS - - TR B T I S B T S T T~ R - T T R I o ]

Isoleucyl-tRNA synthetase, cytoplasmic
Fucose-l-phosphate guanylyltransferase
Cyclin-A2

Zinc finger protein HRX (ALL-1)

Menin

G2/mitotic-specific cyclin-B2

[ A

Desmoplakin

405 ribosomal protein 514

Peptidyl-prolyl cis-trans isomerase G
Hemoglobin beta subunit

Somatostatin receptor type 1 (SS1R)
Splicing factor, arginine/serine-rich 6
Zinc finger protein 198

DNA-dependent protein kinase catalytic subunit
Heterogeneous nuclear ribonuclecoprotein A/B
Hexokinase-2

Peptidyl-prolyl cis-trans isomerase A
Septin-2 (protein NEDDS)
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HLA-B*41:05
Peptide position
1 2 3 4 5 6 7 8 910111213
Ligands Source

Leucine-rich repeats, immunoglobulin-like domains 3

Neuroligin 2

> 0 >

Cytoplasmic linker 2
Heat shock protein HSP 20-f (HSP 30)

TatD DNase domain ceontaining deoxyribonuclease 2

$ BB

Immunogleobulin heavy chain variable region
IgE heavy chain

KIAALOTE protein

Unnamed protein product [Homo sapiens]

LB - - R I B e -]

Zinc finger protein 136

SQFE253

Unnamed protein product (hum.)

CCCTC-binding factor-like protein

Immunoglobulin alpha heavy chain variable region
SFRS11 protein

Neuroblastoma-amplified protedin

NHPZ non-histone chromosome protein 2-like 1
CCTH protein

(B T RN - T - - B . IR - - T I -

Proliferation-associated protein 2G4

Similar to cadherin-related tumor Suppressor precursor
MYST histone acetyltransferase

KIARL120 protein

hdaptor-related protein complex 2, a 2 subunit variant

< B PEZ PP E®E S 060 0 AT E s oS W

Chromosome 10 open reading frame 18
REC 1L

Cholinergic receptor, a polypeptide 10
Glycerol 3-phesphate permease
Olfactory receptor, family 56, subfamily A, member 3
Hucleoporin 133kDa

Peptidylprolyl isomerase-like 1
HSBC320

Putative glycine-N-acyltransferase
ALL-1 proteiln

Titin isoform novex-3

L - T L T S OO B S O N s B T RS- - S S R R L T TS

Flasma membrane Ca{2+)-ATPase isoform 2
Neurcnal pentraxin 1

KIARDS2Y protein

Similar to extensin-like protein
Hitrilase family, member 2

SnoN2

RAN-binding protein 2-like 1 isoform 2
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HLA-B*41:06

Peptide positien

1 2 3 4 5 6 7 B 910 11 12 13 14

Ligands Source
XK EKET®PTPGETDIOGQTY Hypothetical protein
A EV WS TTDANVTOQUWV Similar to GRIK2 protein
1 KL ¥ K K XK TG K DV Glucose-regulated protein
DKL LV NNQTTZETLTFTYW Von Hippel-Lindau tumor suppressor-like
L B G R T H T I -5 L P KIARDS5E4 protein ifsoform a
P E PV I L VA CVY P Phosphodiesterase H1
A BE M I E K Y F VS P KIAAl356 protein
A B R VYV G A GAUPV HZA histone family, member J iscform 2
CE S C VDL LFPFVY Cyclin Gl interacting protein
G A N ALILTFUV G VY Adenylate cyclase type I
L 8 L L L F § A P Galanin receptor-like protein
R ER RDNYV P Ribosomal Protein 517
v BT T F S5 T E P Chondroitin sulfate proteoglycan 2
G B PR FITW MHC class I antigen
A ET S A EFR VWV Protocadherin 10 isoform 1 precursor
Y BT DV F VYWV GTF21 repeat domain containing 2
L BE A LLFBRY KIARDS46 protein
K L KM K 8 FP P NADH dehydrogenase subunit §
A E G F L F V¥ ARNTLZ proteln
N E P K F L D G Cadherin-7 precursor
e G B Y G M DV Immunoglobulin heavy chain
HEV L ML L P Unnamed protein product (human})



Online Supplementary Table S2. List of promiscuous peptides.

Peptide position

1

K

Anchors for the corresponding B*41 subtypes are printed in bold and auxiliary anchors are underlined.

2
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Source

Unnamed protein (human)
Cell adhesion protein SQMI

et l-RNA svnthetic. ¢ 1

Tissue factor pathway inhibitor

Alpha globin

Cytochrome C oxidase Vile

Heat shock protein gp96 precursor
Rho-related GTP-binding protein Rhol3
caspr3 protein isoform 1

Peptidylprolyl cis-trans isomerase

Online Supplementary Table S3. Differentially selected peptides by B*41 subtypes.

Peptide
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Source

Alpha globin (AA 25-34)
Alpha globin (AA 24-32)

Peptidylproly] cis-trans isomerase (AA 79-89)
Peptidylprolyl cis-trans isomerase (AA 82-89)

Proliferation-assoc. protein 2G4 (AA 345-357)
Proliferation-assoc. protein 2G4 (AA 345-354)

H. ribonuclear particle protein (AA 602-615)
H. ribonuclear particle protein (AA 604-612)

Septin-2 (AA 86-95)
Septin-2 (AA B8-95)

Protein C200rf24 (AA 7-20)
Protein C200rf24 (AA 7-15)

Apolipoprotein A-11
Apolipoprotein A-11

Hemoglobin f subunit (AA 21-32)
Hemoglobin i subunit (AA25-32)

Anchors for the corresponding B*41 subtypes are printed in bold and auxiliary anchors are underlined,

Length

HGemer
9-mer

I1-mer
8-mer

13-mer
10-mer

I4-mer
9-mer

10-mer
8-mer

14-mer
9-mer

12-mer
&-mer

12-mer
8-mer

Presenting allele

41:0

+

41:02

Presenting allele

41:01

41:02

+

41:03

41:03

41:04

41:04

+ +

41:05

41:05

41:06

41:06



Online Supplementary Table S4. Peptide contacts in the B*41:03/16-mer and B*41:04/11-mer structures.
HLA-B*41:03/AEMYGSVTEHPSPSPL HLA-B*41:04 /HEEAVSVDRVL

Interaction Contact™® Peptide Interaction Contact
type residue
Alai VDWe Y7, R62, E63, Y159, W167, Y171 Hisi VDW M5, Y7, E63 Y159, W167, Y171
AlaiM° HB! Y7o, Y1591, Y171 His™° HB Y7, Y159%, Y171
Hisi"! HB E2°
Glu: VDW Y7, H9, T24, K45, R62, E63, 166, S67, Y99, Y159 Glu: VDW Y7, H9, T24, K45, E63, 166, S67, Y99, Y159
Gluz° HB RE2M!, 2, E63O Glu° HB E63°¢, H1%!
Gl 0 HB, SB H9™2, K45, Y99 Glup®e" ¢ HB, SB® HOY, K45, Y99
Gluz%-0¢ W' T240, S67%, N70%%, M3° Gluz% % Wm T24%, S67%, N70%, H9"?, Glu*
Met; VDW 166, R97, Y99, Q155, D156, Y159 Glus VDW 166, Y99, Q155, D156, Y159, V5
Met;*° HB, Wm Y990, N70¥2, Glu2°¢ Glu° HB, Wm Y99, N70%, Glu2°?, V5"
Mets HB, Wm R97"%, D156%! (Gt HB, SB, Wm D156%!, R9"s Mot
Tyra VDW R62
Vals VDW N70%, 3, RY
Vals"© Wm 166°, N70%!
Sers VDW D8, R9
Ser HB R
Sers™ HB, Wm D§%
Valr VDW T73, E76, R9, V10
Val® HB Vit
Prox VDW T73, P15 Asps VDW A150, 56, V10
Aspstos HB Q155" S6%, R9"
Seru VDW W147, V152 Args VDW W147, V152, Q155, V5, 86, V7
Ser® Wm Y116 Arg© HB, Wm Y116, S6°
Argnt ot HB, SB, Wm Y116%, D114%10%2 (155%!, D156 %2,
E30:.0¢
Pross VDW T73, E76, S77, W147, P13 Valio VDW T73, E76, ST77, N80, W147, V7, D8
Proi® HB W47 Vali*© HB W47 e
Leuss VDW S77,N80 Y84, 195, Y116, Y123, T143, K146, W47 ~ Leun VDW S77,N80, L81, Y84, 195, Y116, Y123, T143, W147
Leu™ 0.0 HB, SB ST70 N80™2, Y84, T143%, K146 Leun™ 0.0 HB, SB ST70, N80, Y84, T143°, K146

“Atomic contacts determined using the CCP4i implementation of CONTACT"* and a cutoff of 4 A."Selected contacts between peptide residues are marked in italics."VDW -Van der Waals’ interac-
tions, defined as non-hydrogen bond contact distances of 4 A or less.’HB - Hydrogen bond interactions, defined as contact distances of 3.5 A or less, between suitable atoms at appropriate angles,’
as determined in Coot. “SB - lonic interactions, defined as contact distances of 4.0 A or less between suitable residue atoms.'Wm - Water mediated hydrogen bond (see “d”).

Online Supplementary Table S5. Theoretically calculated ionization states for selected titratable groups in the B*41:03 and B*41:04 structures.
Predicted Residue pK:/-*

Asp114 Asp156 pGlu2
(4.0) (4.0) (4.9

B*41:03 1.8 21.0 - 1.2 -
B*41:03/16mer’ 41 26.3d - 0.82 -10.2¢
B*41:03 R97S¢ 5.2 - - 2.3
B*41:04 6.4 - 2.6 72 - - -
B*41:04/11mer 9.1 - 39 115 9.5 52 219
B*41:04/11mer pRIA® 11.1 - 41 15.9 8.3 8.1

“pK calculations were carried out using the H++ server' and a range of starting models based on the crystal structures of the B*41:03/16mer and B*41:04/11mer complexes.The calculated val-
ues for selected heavy chain and peptide residues are presented. Standard solution values for the pK of each residue type are also shown in brackets."The full length 16mer peptide conformation
derived by molecular modeling was used in the calculations. Residue coordinates for R97 and pR9 in the case of the B*41:03 and B*41.:04 structures, respectively, were mutated in COOT ‘Extreme
low/high pK: for a given group are representative of very high energetic barriers that prevent changes to that group’s protonation state within the range of experimental accessible pH values.



Online Supplementary Figure S1. Stereographic representations
of the antigen-binding cleft of B*41:03/AEMYGSVTEHPSPSPL and
B*41:04/HEEAVSVDRVL Stereographic representations of the
antigen-binding cleft in (A) the B*41:03/16mer and (B) the
B*41:04/11mer complexes. In each case the MHC is presented in
cartoon format and the a-2 helix of the heavy chain has been
removed for clarity. The peptide residues are drawn as sticks, as
are the side chains of the polymorphic positions 97 and 114.
Overlayed is the unbiased Fo-Fc density in the region of the pep-
tide, contoured at 3.0 o (marine mesh), as well as the final 2Fo-
Fc density for the peptide and heavy chain residues 97 and 114,
contoured at 1.0 o (gray mesh).

Online Supplementary Figure S2. Polymorphism alters the size and charge of the antigen-
binding cleft in B*41:03 and B*41:04 Surface representation of (A) the B*41:03/16mer
and (B) the B*41:04/11mer structures, showing the antigen-binding cleft from above with
peptide and solvent atoms removed. In each case the + 6 kT/e electrostatic potential from
the solvent accessible surface of the MHC has been rendered on the molecular surface. The
N- and C-terminal ends of the cleft are marked by Args> and Lysuss, respectively, while the D
pocket aligns with GIn155. The polymorphism at positions 97 and 114 gives rise to an anti-
gen-binding cleft in B*41:04 that is 140 A°® larger and more electronegative than B*41:03
in the region of pocket D. The molecular volume of each antigen-binding cleft (correspond-
ing to the Connolly surface) was calculated using the CASTp server and a 1.4 A probe
radius.® Electrostatics calculations were carried out using only the heavy chain and p-2-
microglobulin coordinates of each structure. Briefly coordinate preparation (placing and
optimizastion of hydrogen atoms assuming standard protonation at pH 7.0, followed by
assignment of atomic charge and radii parameters using the PARSE forcefield) was carried
out using the PDB2PQR server (v1.5;).° Electrostatic calculations were subsequently carried
out using the APBS plugin in PyMOL (v1.1.0” and v1.2.x,° respectively) with a 0.15 M con-
centration for the +1 and -1 ion species.
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