
The impact of human leukocyte antigen (HLA) micropolymorphism on ligand
specificity within the HLA-B*41 allotypic family
Christina Bade-Döding,1,2* Alex Theodossis,3* Stephanie Gras,3 Lars Kjer-Nielsen,2 Britta Eiz-Vesper,1 Axel Seltsam,4

Trevor Huyton,1 Jamie Rossjohn,3 James McCluskey,2# and Rainer Blasczyk1#

*joint first authors; #joint senior authors

1Institute for Transfusion Medicine, Hannover Medical School, Hannover, Germany; 2Department of Microbiology and Immunology,
University of Melbourne, Parkville, Australia; 3Protein Crystallography Unit, Department of Biochemistry and Molecular Biology,
Monash University, Clayton, Australia, and 4German Red Cross Blood Donor Service NSTOB, Institute Springe, Springe, Germany

Citation: Bade-Döding C, Theodossis A, Gras S, Kjer-Nielsen L, Eiz-Vesper B, Seltsam A, Huyton T, Rossjohn J, McCluskey J, and
Blasczyk R. The impact of human leukocyte antigen (HLA) micropolymorphism on ligand specificity within the HLA-B*41 allotypic
family. Haematologica 2011;96(1):110-118. doi:10.3324/haematol.2010.030924

SUPPLEMENTARY APPENDIX

Online Supplementary Table S1. Ligands of the HLA-B*41 variants.
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Online Supplementary Table S2. List of promiscuous peptides.

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



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

Peptide Interaction Contacta,b Peptide Interaction Contact
residue type residue

Ala1 VDWc Y7, R62, E63, Y159, W167, Y171 His1 VDW M5, Y7, E63 Y159, W167, Y171
Ala1N, O HBd Y7Oη, Y159Oη, Y171Oη His1N, O HB Y7Oη, Y159Oη, Y171Oη

His1Nδ1 HB E2O

Glu2 VDW Y7, H9, T24, K45, R62, E63, I66, S67, Y99, Y159 Glu2 VDW Y7, H9, T24, K45, E63, I66, S67, Y99, Y159
Glu2

N, O HB R62Nη1, Nη2, E63Oε2 Glu2
N, O HB E63Oε2, H1Nδ1

Glu2
Oε1, Oε2 HB, SBe H9Nη2, K45Nζ, Y99Oη Glu2

Oε1, Oε2 HB, SBe H9Nε2, K45Nζ, Y99Oη

Glu2
Oε1, Oε2 Wmf T24Oγ1, S67Oγ, N70Nδ2, M3O Glu2

Oε1, Oε2 Wm T24Oγ1, S67Oγ, N70Nδ2, H9Nε2, Glu3O

Met3 VDW I66, R97, Y99, Q155, D156, Y159 Glu3 VDW I66, Y99, Q155, D156, Y159, V5

Met3N, O HB, Wm Y99Oη, N70Nδ2, Glu2Oε2 Glu3
N, O HB, Wm Y99Oη, N70Nδ2, Glu2Oε2, V5N

Met3 Sδ HB, Wm R97Nη2, D156Oδ1 Glu3
Oε1, Oε2 HB, SB, Wm D156Oδ1, R9Nη1, Nη2

Tyra VDW R62
Val5 VDW N70Nδ2, E3, R9

Val5N, O Wm I66O, N70Oδ1

Ser6 VDW D8, R9

Ser6O HB R9
N

Ser6Oγ HB, Wm D8Oδ1

Val7 VDW T73, E76, R9, V10

Val7O HB V10
N

Pro13 VDW T73, P15 Asp8 VDW A150, S6, V10

Asp8
Oδ1,Oδ2 HB Q155Nε2, S6Oγ, R9N

Ser14 VDW W147, V152 Arg9 VDW W147, V152, Q155, V5, S6, V7

Ser14O Wm Y116Oη Arg9N, O HB, Wm Y116Oη, S6O

Arg9Nη1, Nη2 HB, SB, Wm Y116Oη, D114Oδ1 Oδ2, Q155Oε1, D156Oδ1 Oδ2,
E3Oε1, Oε2

Pro15 VDW T73, E76, S77, W147, P13 Val10 VDW T73, E76, S77, N80, W147, V7, D8

Pro15
O HB W147Nε1 Val10N, O HB W147Nε1, V7O

Leu16 VDW S77, N80 Y84, L95, Y116, Y123, T143, K146, W147 Leu11 VDW S77, N80, L81, Y84, L95, Y116, Y123, T143, W147

Leu16
N, O, OXT HB, SB S77Oγ, N80Nδ2, Y84Oη, T143Oγ1, K146Nζ Leu11

N, O, OXT HB, SB S77Oγ, N80Nδ2, Y84Oη, T143Oγ1, K146Nζ

aAtomic contacts determined using the CCP4i implementation of CONTACT1,2 and a cutoff of 4 Å. bSelected contacts between peptide residues are marked in italics. cVDW - Van der Waals’ interac-
tions, defined as non-hydrogen bond contact distances of 4 Å or less. dHB - Hydrogen bond interactions, defined as contact distances of 3.5 Å or less, between suitable atoms at appropriate angles,3

as determined in Coot. eSB - Ionic interactions, defined as contact distances of 4.0 Å or less between suitable residue atoms. fWm - 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.
Protein Model Predicted Residue pK1/2

a

His9 Arg97 Asp114 Asp156 pGlu2 pGlu3 pArg9
(6.6) (12.0) (4.0) (4.0) (4.4) (4.4) (12.0)

B*41:03 1.8 21.0 - 1.2 - - -
B*41:03/16merb 4.1 26.3d - 0.82 -10.2d - -
B*41:03 R97Sc 5.2 - - 2.3 - - -
B*41:04 6.4 - 2.6 7.2 - - -
B*41:04/11mer 9.1 - 3.9 11.5 -9.5 5.2 27.9
B*41:04/11mer pR9Ac 11.1 - 4.1 15.9 -8.3 8.1 -
apK calculations were carried out using the H++ server4 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. bThe full length 16mer peptide conformation
derived by molecular modeling was used in the calculations. cResidue coordinates for R97 and pR9 in the case of the B*41:03 and B*41:04 structures, respectively, were mutated in COOT. dExtreme
low/high pK1/2 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 α-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 σ (marine mesh), as well as the final 2Fo-
Fc density for the peptide and heavy chain residues 97 and 114,
contoured at 1.0 σ (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 Arg62 and Lys146, respectively, while the D
pocket aligns with Gln155. The polymorphism at positions 97 and 114 gives rise to an anti-
gen-binding cleft in B*41:04 that is 140 Å3 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 Å probe
radius.5 Electrostatics calculations were carried out using only the heavy chain and β-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;).6 Electrostatic calculations were subsequently carried
out using the APBS plugin in PyMOL (v1.1.07 and v1.2.x,8 respectively) with a 0.15 M con-
centration for the +1 and -1 ion species. 
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