Optimization of methogs fon theaanalysisfof classIHMHEG peptidesrby imass:spectromeatr/

Protein Mass Spectrometry Services

1. Objective

The major histocompatibility complex (MHC)is a region of highly polymorphic genesencoding for
glycoproteins(MHC molecules)that form part of the celkmediated branch of the acquired immune
system In the cytosol,cellularselfandforeign(non-self) proteinsare constantlybeingdegraded it isthe
peptidesgeneratedthat are presented,non-covalentlyboundto MHCmoleculeson the surfaceof cells
for inspectionby T-lymphocytes C8+ cytotoxic T lymphocytes(CTLYecognizepeptidespresentedby
MHC Classl, and CDBH+ helper T lymphocytesrecognize peptides presented by MHC Classll. The
recognitionof peptide presentedby MHCCIlasd resultsin the destructionof the presentingcell by the
CTL

Characterizindhe factors associatedwvith T cell recognitionof peptide/MHCcomplexess an attractive
proposition for anyone interested in generatingtools for targeted cell destruction In the field of
oncologythe obviousapplicationthen is the targeted destruction of cancerouscells To enablethe
molecularlevel characterizationof peptidesassociatedwith moleculesof the major histocompatibility
complexrequires a targeted protein complex enrichment, an unbiasedpeptide elution and finally a
peptide analysismethod. Most frequently immunoprecipitationis usedto isolate the target complex
followed by peptide elution performed under conditionsminimizingprotein contaminationand finally
peptideanalysigs accomplishedby massspectrometry

Herewe presenta casestudy of our recentwork optimizingand performinga workflow for the analysis
of peptidesassociatedvith Clasd MHCmolecules Thegoalof the assayoptimizationwasto minimize
the amount of antibody required for the assayto minimizethe amount of biologicalmaterial needed
from which the complexis isolated and to achievethe optimum sensitivity towards the hitherto

unknowntarget peptides

2. MHC Peptide Presentation

The processingof an antigenwithin a cell is prerequisitefor antigen
recognition by T lymphocytes via their T cell receptors (TCRS)
Processinglescribesthe sequenceof eventsthat takes an intra- or
extra-cellular protein in it native state and leadsto presentation of
proteolyticallyderivedfragmentson the cell surfaceboundto an MHC
molecule The cartoon shows 1) Protein Processing,2) Peptide
transport into the endoplasmicreticulum (ER),3) Peptide assembly
wicom with clasd moleculesand4) Peptidepresentationon the cellsurface
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Purified peptides are analyzed by-LC  MaxQuantis used for
MS/MS using nanscale peptide identification and

Cells are lysed and resulting
preparations are subjected to

'MS Bioworks, Ann Arbor, MCayman Chemical, Ann Arbor, Ml

4. Immunopeptidome Profiling

In an effort to better understand the HEAeptide yield and to improve the practical
application of this assay we varied the input amount.

5.1 Reproducibllity 1

Using our standard workflow we enriched Class | MHC peptides from 2 human cell
lines and 1 mouse cell lINBICT116Colo205and CT26espectively. Peptide
enrichments were performed in technical triplicate. Samples were analyzed in singlet.

Enriched peptides from 10M, 50M, 100M, 200M and 400M cells were analyzed
using 2hr LBIS/MS.
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The figure above contains data for
the 9mer unique peptides identified
In each sample.

The figure above contains data fall
the unigue peptides identified in each
sample.

6. Reproducibllity 2

Michael Ford, Richard JonésDavid Allefy Ravi AmunugamaJulie Rumbk James MobledAandMichael Pisan®

400M HCT116

(

Caﬁn an

CHEMICAL

8. Reproducibility 4

Motif Analysis was perform analysis on the 9mer population from the combined

The Venn diagrams below contain the data for 8meer identified unique peptides. 10M and 400M HCT116 input experiments. Motif analysis was performed with th

GibbsClustetool®. Default parameters for MHC Class | ligands of the same length
were used.

The sequence motifs identified in the cluster with largeglibach_eiblerdistance
(marked with an asterisk on the bar chart) are below.

The figures below are from the 10M HCT 116 9mer motif analysis.

*

The figures below are from the 400M HCT 116 9mer motif analysis.

*

The common peptides from the Venn diagrams in section 5 were used to assess

the reproducibility of the described method.
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The histogram and table above show the length distribution for all the identified
peptides in the combined data for each cell type.

5.0 Reproducibility 1

assess the reproducibility of the method.

. _ _ _ _ _ _ 10M HCT 116 9mer common peptidome reproducibility
We considered the detection of unique peptides in each replicate. The data in the

Venn diagrams below are from the 10M and 400M HCT116 samples.
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The Venn diagrams below contain the datadbthe identified unique peptides.
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/. Reproducibility 3

The commor®merpeptides from the Venn diagrams in section 5 were used to
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chromatography combined with a quantitation. Processed data
Fusion Lumos mass spectrometer usingcan be further interrogated

Collision Induced Dissociation (CID) or ysing bioinformatics tools
ElectronTransfer/higherenergy such at NetMHCor
collision Dissociation (EThcD) GibbsClustek.
fragmentation..

Immunoaffinity capture.
Following multiple washes
peptides are eluted from the
MHC cleft with acid.

1.Cox Jet al., Nat. Biotech. 2008, 26, 13G22.
2. http:/lwww.cbs.dtu.dk/services/NetMHCANndreattaM. et al.,Bioinformatics2016, 32, 514/
3. http://www.cbs.dtu.dk/services/GibbsCluste#ndreattaM. et al., Bioinformatic$2012)doi: 10.1093/bioinformatics/bts621
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9. CID EThcD IDK?

Peptides are sequenced based on their fragmentation spectra.

An example Collision Induced Dissociation (CID) mass spectrum is below. Note b and y

annotated fragment ions.
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An example Electron Transfer/higher enefy collision Dissociation (EThcD) mass
spectrum is below. Note ¢ and z annotated fragment ions.
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We evaluated three methods of analyzing immunopeptidomes 1) CID 2) EThcD and 3)
combined CIDEthcDmethod . Results from a 2hr INS/MS method using each of
three approaches is below.
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The Venn diagrams below contain the data for the unique peptides identified
using each of the fragmentation modes in the evaluation.
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