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Peptides - prime targets of immune recognition
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• T cells read-off the primary protein sequence (peptides)

• Determine how are proteins handled, peptides are generated & selected

• You should be able to exploit the primary sequence of genomics

Scientific rationale
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HLA polymorphism and immune specificity

The Universe

Self

- and there are > 2250 registered HLA class I molecules and > 3000 different HLA class II molecules
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The IMGT/HLA Sequence Database currently contains more 

than 2250 HLA class I proteins

Oct 2009 Oct 2007 Oct 2005 Oct 2002

HLA-A 681 486 325 224

HLA-B 1165 817 626 446

HLA-C 431 263 165 103

Total 2277 1566 1089 773

Source: http://www.anthonynolan.com/HIG/index.html

HLA polymorphism
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- and an even greater combinatorial class II polymorphism

2 HLA-DRA 595 HLA-DRB

25 HLA-DQA1 72 HLA-DQB1

16 HLA-DPA1 118 HLA-DPB1

(as of September 2009)

Source: http://www.anthonynolan.com/HIG/index.html

HLA polymorphism
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HLA recognizes peptide motifs
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… but peptide motifs are not easy to interpret
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• Generate functional recombinant HLA molecules

• Establish quantitative assay of antigen processing and 

presentation

• Generate data representing these events

• Develop prediction tools

• Select new data point for experimentation

• Iterate this integrated biochemistry/bioinformatics loop

Technical approach

DATABASE

PREDICTIONS

SELECTION

EXPERIMENT
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B*7301(B27)  31,9kDa

Time after IPTG induction

M                0h      1h      2h     3h

66kDa

20kDa

24kDa

29kDa

36kDa

45kDa

• 2L fed-batch fermentor
• IPTG induction at OD600= 25

• Harvest inclusion bodies through cell-disrupter

• Wash inclusion bodies

• Extract inclusion bodies in 8M urea

Protein expression
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Purification of ”empty” HLA-I heavy chains

Fermentation

Urea extraction

Immobilized Metal Affinity Chromatography

Hydrophobic Interaction Chromatography 

Gel Filtration

DNA precipitation

Biotinylation test

Freezer storage
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nM peptide offered

Results are expressed as:

BMAX : Amount of detected complex

including 95% confidence interval

ELISA driven assay - EpiLISA

KD: Peptide affinity
including 95% confidence interval

R2: Precision

Concentrations of complexes generated are plotted as a 

function of the concentration of peptide offered
Sylvester-Hvid, C. et al.,

Tissue Antigens (2002) 59:251

Automated, 384 format
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680 nM

Biotin

Streptavidin 

anti-mouse IgG

W6/32 mouse anti-
HLA

O2
•

AlphaScreen®

520 nM
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Dose-response

Binding isotherms

AlphaScreen® - high throughput
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•Molecules produced in mammalian cells:

•Laborious, low yields

•Transmembrane segment: Detergents 

•Assay: Pre-occupied binding cleft

HLA class II molecules
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HLA class II molecules

Leucinezipper (LZ)

Jun/Fos

•Transmembrane segment, important 

for chain interaction. Leucine 

zipper 
•Soluble expression e.g. in 

Drosophilla

•Higher yields but still: laborious 

and preoccupied cleft 
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HLA class II molecules
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680 nM

Biotin

Streptavidin 

anti-mouse IgG

mouse anti-HLA II

O2
•

520 nM

High throughput MHC class II assay

β

α
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Predictions: e.g. Artificial Neural Networks (ANN)
• Simple and extended motifs searches are of limited sensitivity, ignores correlated effects

• Artificial Neural Networks incorporate correlated effects and are more accurate

Buus, S. et al.,

Tissue Antigens (2003) 62:378
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QBC efficiently selects complementing data points

DATABASE

PREDICTIONS

SELECTION

EXPERIMENT
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Public web service: NetMHC

http://www.cbs.dtu.dk/services/NetMHC/
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Coverage of HLA polymorphism
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Extent of HLA polymorphism

B0807 B4804 B0710 B1513 A6817 B5130 A0204 B3503 A2415 B0740 B3929 A0250 B5204 A2420 B1804 B3523 B3502 A3202 B0802 A3601 B4047 

A6601 A0268 B0817 B5002 B5602 B3811 B4810 A0103 B1530 B4415 A3111 B7803 A6804 B3520 B3528 A2610 A6802 A2404 A7406 B0744 B3701 

B4058 B1803 B1527 B3801 A6826 B5606 B0725 B5603 A0110 B1586 A3205 A0212 B3511 A2603 B5120 A0251 A3106 A6801 B5135 B1567 B4012 

A3401 B5106 B3912 B1525 B5703 B4402 B0733 A2901 B0711 A6603 B3907 B4023 B2717 B4507 B4502 B4807 A2438 B1312 B1590 A0258 B5310 

B5124 B4103 B0811 B3927 B4104 A1110 B1553 A2621 B5115 B1599 A0102 B5102 A0207 B4444 A3002 A6813 B5709 B5515 B4439 B1561 A2618 

B2728 A3404 A6820 A3107 A2430 A0235 A2914 B1301 B4004 A2620 B1573 A0259 B0804 B1548 A2616 B5401 B0707 A2453 A2609 B3554 A0245 

B4411 A0220 B1510 A2433 B5512 B5306 B1540 B5114 B3934 B5510 B1521 B0810 B5137 B3932 B4802 B4044 B3709 B3915 B2729 B3810 A0238 

B0729 B3537 A2314 B0734 B3702 A0214 B4805 A0269 A3102 B5206 A6819 B3707 A3011 A1123 B1822 A6823 A4301 B3917 B4702 B5118 B3708 

A0265 B5203 A3013 B3530 B4701 B4061 A0316 B4814 B2710 A7411 B3930 B0702 B5702 A1107 B7801 A0246 B3534 A0228 B1596 A3305 B2711 

B3526 B4445 A0216 B1539 A3308 A2455 A0206 B4605 B2725 A0310 B4037 A1104 A2622 B5607 B4504 B4602 B1598 A3112 B0813 B5113 A0237 

A3602 B0805 A6808 B4505 B1544 A0285 A3108 B5402 B6701 A6901 B0730 B4056 B5205 B1310 B5805 B1404 A2435 A2614 A7405 B1520 B3920 

A0254 B2702 A6815 A3201 B1570 A0255 B5708 B4033 B4435 A2405 B4007 B4034 B4806 B5615 A0218 B3527 B3512 B0814 B5301 A6829 B4904 

B4038 A0304 A7408 B7805 B3549 B1503 B4420 A1120 B1815 B5129 B0801 B0827 B5001 A3402 A0314 B4405 A2305 B4438 B4052 B0823 A8001 

B1302 B4021 A2909 B3933 B4408 B4105 B0727 B5508 B4108 A3405 B1315 B3517 A1116 B0731 B4053 B1516 B4704 B1403 A6830 B5610 A3009 

B0714 B1303 B1566 B2714 B3923 B5801 A2439 B2719 A0219 A2602 A2413 B1821 A0260 B4410 A6605 B1309 B8202 B4426 A2623 B4042 B1805 

B3902 A2503 B1536 A0302 A3209 A0205 B2715 B5131 A0262 A6805 B5201 A1119 B1402 A0270 A2450 A1111 A3008 B3806 A6822 A0202 B5503 

B0826 B3926 A2428 A1114 A2414 A3301 A0239 B4054 B0825 A0308 B3563 A0305 B4036 B1589 B1314 B1563 B4005 A3104 B4440 B5122 A3206 

B7804 B0718 B4446 B4905 B9509 A0112 A0256 A6604 B4029 B1807 B5901 A2906 B1304 B3501 A2502 B5509 B4107 B2707 A0117 B4032 B3914 

B3509 A3306 A6602 B1504 B5611 A2904 B3535 A2447 B6702 B1572 A2417 B1811 A2452 B3542 A2612 B1542 B1507 B5406 B3911 A2421 A2443 

B4404 A3015 B5704 B4437 B4427 B8101 B4002 B3901 A1103 B3928 A2408 A6827 B1517 B0824 B1576 B4601 A2303 B4811 B4003 A2605 B1505 

B4808 A7407 B1809 A0222 B4031 B1511 B4429 B1564 A2406 B1515 B5601 A2301 B4101 B3506 A0113 B5710 A7404 B3531 A0201 B4902 B1581 

A2907 B4431 A0252 B4102 A2601 A6825 B5116 B5608 B4201 B5110 B4422 B2720 B2727 A3304 B1306 A2425 B5501 A0233 B0736 A2423 B1549 

A1109 B3558 B5134 B5139 A0289 B5121 B4208 A0271 B2705 A2407 B4501 B3550 A2410 B2706 B1552 A1101 A0273 B1546 B3905 B4409 B5808 

A2313 B0706 B1534 B5138 B0803 A2429 B5507 A6810 B1405 B2713 B3547 B4013 A3003 B5119 A3010 B0726 A3204 B3552 B3802 A3105 B4062 

B4018 B4403 B1550 A0317 B4432 B4433 B3551 B9505 B8201 A3303 B5804 B4008 A0208 A0230 B1819 B2726 B3533 B4428 B5404 A0267 B1529 

B4046 A0106 B9507 B3505 B4016 B3922 A7410 B1509 B0822 A3012 A0319 B4503 B5207 B1531 B3904 A2910 B5613 B0717 A2403 A2912 B3510 

B0818 B5806 B0724 B7802 B3561 B0728 B1585 B2730 B4030 B4604 B3513 B3809 B5403 B3529 A2617 A3110 B5128 B3504 B3924 B3539 B5511 

B5103 B5109 B5604 B1575 A3007 A2627 B3536 A2437 B3805 B4812 A1113 B5518 B3803 A0313 B3514 B9502 A6816 B3808 A2911 A0108 B1524 

A2606 B1578 B1538 A2504 B1813 B4407 A0244 B1556 B5307 A0272 A2608 B2723 A2913 A2619 A0231 B2721 B4051 B1551 B5112 B4035 B2701 

A0209 B0806 B4418 A2454 A2902 B8301 B4057 B5520 A2903 A6824 B1545 A0275 B4417 A0114 B3548 A0322 B0732 B4059 B3918 A0241 B5132 



18NOV09 2nd Open Scientific EIP Symposium, Leiden

Coverage of HLA polymorphism
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NetMHCpan - encompassing polymorphism

NetMHC NetMHCpan

A Method for Quantitative Predictions of Peptide Binding to Any HLA-A and -B Locus 

Protein of Known Sequence, Nielsen et al. PLoS ONE 2:e796, August 2007
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Pan-specific method

• The contact residues are 
defined as being within 4.0 Å of 
the peptide in any of a 
representative set of HLA-A 
and -B structures with nonamer 
peptides. 

• Only polymorphic residues 
from A, B, and C alleles are 
included 

• Pseudo-sequence 
consisting of 34 amino 
acid residues. 

• Include polymorphic residues in potential 
contact with the bound peptide
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HLA pseudo sequence

>HLA-XXXX

MRVMAPRTLILLLSGALALTETWACSHSMKYFFTSVSRPGRGEPRFISVGYVDDTQFVRF

DSDAASPRGEPRAPWVEQEGPEYWDRETQKYKRQAQTDRVSLRNLRGYYNQSEAGSHTLQ

WMCGCDLGPDGRLLRGYDQYAYDGKDYIALNEDLRSWTAADTAAQITQRKWEAAREAEQR

RAYLEGTCVEWLRRYLENGKETLQRAEHPKTHVTHHPVSDHEATLRCWALGFYPAEITLT

WQWDGEDQTQDTELVETRPAGDGTFQKWAAVMVPSGEEQRYTCHVQHEGLPEPLTLRWEP

SSQPTIPIVGIVAGLAVLAVLAVLGAVVAVVMCRRKSSGGKGGSCSQAASSNSAQGSDES

LIACKA

AXXXX   YFSGYREKYRQTDVSNLYLWCDYYTWAERAYTWY
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Training example

Peptide         Amino acids of HLA pockets       HLA     Aff    

VVLQQHSIA       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.131751

SQVSFQQPL       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.487500

SQCQAIHNV       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.364186

LQQSTYQLV       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.582749

LQPFLQPQL       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.206700

VLAGLLGNV       YFAVLTWYGEKVHTHVDTLVRYHY        A0201   0.727865

VLAGLLGNV       YFAVWTWYGEKVHTHVDTLLRYHY        A0202   0.706274

VLAGLLGNV       YFAEWTWYGEKVHTHVDTLVRYHY        A0203   1.000000

VLAGLLGNV       YYAVLTWYGEKVHTHVDTLVRYHY        A0206   0.682619

VLAGLLGNV       YYAVWTWYRNNVQTDVDTLIRYHY        A6802   0.407855

.....
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Validation details

MHC allele A*8001 MHC allele A*7401 MHC allele B*5101

Sequence KD-value (uM) Sequence KD-value (uM) Sequence KD-value (uM)

HSNASTLLY <0,001 RVYHLTWLR 0.001 MPVWLPIVI 0.151
KVDWNQFTY <0,001 TTMGWLFLK 0.001 FPIQDFPII 0.156
WMSNGTWNY <0,001 MMHEFFGPR 0.003 MAMGILHTI 0.168
LTAHYCFLY 0.001 KTYAPLAFR 0.003 LANYAFFAI 0.230
GMFSWNLAY 0.003 HMMKRMSYR 0.004 MPYAAHDPI 0.364
LVFLGPGLY 0.006 KVNNHLFHR 0.010 MPSSYAAGM 0.863
MTDVDLNYY 0.010 MTMFVTASK 0.012 LPDLPTTTI 0.922
VIAAIHNAY 0.036 MAMSNYLLR 0.014 MAWERGPAL 0.934
SMIYFFHHY 1.454 MVAGRTPFK 0.063 YPGFGEHLI 1.889
LMDHWRGYK 16.543 IVFAFHFYR 0.188 FPMIIGSEL 2.127
LSNFGYPGY non SVYFWWLNR 0.402 LPAQGLIEF 11.254
YTIGIGAFY N/A MTSPYRMNR N/A
VSMDQLASY N/A
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- and now also for class II
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Informatics-guided development
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Shared resources used

USE BIOINFORMATICS RESOURCE TOIDENTIFY EPITOPES

USE BIOCHEMICAL TOOLS TO VALIDATE EPITOPES

• Access artificial neural networks (HLA, proteasome etc) through web-services

• Apply ANN to own/public genomic/proteomic data

• Select peptides of interest

• Order peptides

• Order recombinant HLA class I molecules

• Apply protocols and reagents/standards to validate predictions

U
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Public web service: NetMHC

http://www.cbs.dtu.dk/services/NetMHC/
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Other public web services

http://www.cbs.dtu.dk/services/



18NOV09 2nd Open Scientific EIP Symposium, Leiden

Other public web services

IEDB: http://www.immuneepitopes.org
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Tetramer production

MHC HC

ββββ2m

Peptide

Biotin

MHC production Biotinylation Tetramer formation

Purification, 

concentration

Purification, 

concentration

Purification, 

concentration

Purification, 

concentration

Traditional protocol (John Altman):

MHC-biotin production Complex formation Tetramer formation

Purification, 

concentration

Add and mix Ready to use

Our “One pot, mix and read” protocol:

Complex formation
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One-pot, mix-and-read tetramers
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The Human MHC project

• Department of Medical Microbiology and Immunology, University of Copenhagen

– Kasper Lamberth, Mikkel Harndahl, Sune Justesen, Michael Madsen, Gustav Roder, Anette Stryhn, 

Lotte Nielsen, Mingjun Wang, Mogens H Claesson & Soren Buus

• Center for Biological Sequence Analysis, Technical University of Denmark

– Morten Nielsen, Claus Lundegaard,  Thomas Blicher, Anne Møllgaard, Pernille Haste Andersen, Hao 

Zhang, Soren Brunak, & Ole Lund

• Department of Medicinal Chemistry, Danish University of Pharmaceutical Sciences

– Jette Kastrup, Michael Gajhede

• La Jolla Institute of Allergy and Immunology

– Björn Peters, Huynh-Hoa Buip, Ward Fleri, Stephen Wilson, John Sidney, Alessandro Sette

• Fred Hutchinson Cancer Research Center

– Effie W Petersdorf, John A Hansen


