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Background 
 MHC Class I molecules display 

peptides of digested intracellular 

proteins 

 T-cell Receptors (TCRs) interact 

with the resulting peptide-MHC 

(pMHC) complexes to determine 

whether the cell belongs in the body 

Significance of Crossreactivity 
 

 The binding  patterns of peptide-MHCs are both highly varied and intricate 

 It is expected that only a single TCR would be able to bind to a specific 

pMHC 

 However, it has been found that a single TCR has the ability to bind to 

more than a million different pMHC complexes (Garboczi et al., 1996) 

 This phenomenon is known as TCR crossreactivity – that is, the ability of a 

TCR to recognize more than one pMHC complex  

 TCR crossreactive ability is important in the understanding of several auto-

immune diseases, as well as  T-cell growth and development (Gagnon et al., 

2006) 

 However, the basis of TCR crossreactivity is as of yet incompletely        

understood 

Study of Four TCR-pMHC Structures 
 Study conducted by Ding et al.in 1999 focused on the crossreactive ability 

of TCR A6 with relation to four pMHC samples  

 Each sample used the HLA A0201 allele of the MHC-1 but mutated forms 

of the same viral peptide, derived from Tax 

 

 TCR crossreactivity is important for understanding of autoimmune disor-

ders and T-cell maturity 

 Computational structural analysis conducted to understand TCR crossreac-

tivity 

 Studied four different Tax pMHCs in complex with the same TCR 

 Looked primarily at hydrogen bonding and hydrophobic contacts 

Results and Conclusions 
• In the complex with the WT peptide 

 –6th position – 0 hydrogen bonds, 2 hydrophobic contacts 

 –7th position – 0 hydrogen bonds, 4 hydrophobic contacts 

 –8th position – 2 hydrogen bonds, 3 hydrophobic contacts 

• After mutations 

 –6th position – 0 hydrogen bonds, 1 hydrophobic contact 

 –7th position – 3 hydrogen bonds, 8 hydrophobic contacts 

 –8th position – 0 hydrogen bonds, 0 hydrophobic contacts 

 Sixth and eighth residue mutations to alanine formed fewer contacts with 

TCR than seventh residue mutation to arginine 

 Helps explains the results from experimental data 
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Assay Results 
 Study by Ding et al. utilized two assays to demonstrate the strength of the 

complex formed between the TCR and each pMHC complex 

 Interferon-gamma (IFN-γ) as-

say—a measure of structure 

stability, as stable TCR-pMHC 

complexes will lead to greater 

IFN-γ release 

 % Specific Lysis Assay—

involves a measure of how the 

TCR is able to destroy an anti-

gen-presenting cell after form-

ing a complex with the pMHC, 

also shows structural stability 

 Assay results display several 

properties: 

 Overall, the original Tax pep-

tide (control) performs better 

than the mutated samples 

 V7R mutation creates a more 

stable structure than the other 

mutations 

V7R Peptide-TCR Interactions 

3D Modeling and Data Collection 
 Used Chimera and PyMOL to visualize structures and understand various atomic interactions 

 Allows users to manipulate objects in 3D space (Pettersen et al., 2004) 

 Consulted two databases, the Protein Databank (PDB) and IMGT, holding data on more than 

4,000 3D structures of antibodies, TCRs, MHCs and other proteins related to the immune   

response 

 Worked with contact analyses, individual chain details, residue details, and other properties 

of protein-protein interaction to generate data on hydrogen bonds and hydrophobic contacts 

between each pMHC sample and the TCR 

Research Objective 

Analyze results of the study conducted by Ding et al. in 1999 

Use modern computational resources to explain these findings 

Extend lessons to future sets of data in order to learn more about TCR Crossreactivity 

Methods 

Results 

Y8A Peptide-TCR Interactions 

Wild Type Tax Peptide-TCR Interactions P6A Peptide-TCR Interactions 

Summary 

 Yewdell, Jonathan W., Eric Reits, and Jacques Neefjes. "Making Sense of Mass Destruction: Quantitating MHC Class I Antigen Presentation." Nature Reviews Immunology 3.12 

PDB ID Amino-acid Sequence Mutation 

1ao7 LLFGYPVYV No Mutation 

1qrn LLFGYAVYV P6A 

1qse LLFGYPRYV V7R 

1qsf LLFGYPVAV Y8A 

Future Research 
 Use the computational workflow to analyze more structures to further     

understand TCR crossreactivity 

 Further investigate the role of the CDR3 loop in TCR specificity 

 Analyze differences between alpha chain data and beta chain data to       

determine what roles they play in TCR-pMHC binding 


