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論文題名 

Title 
TCR-pMHC complex formation triggers CD3 dynamics 
(TCR-pMHC複合体形成がCD3ダイナミクスを引き起こす) 

論文内容の要旨(Abstract of Thesis) 
 

〔目 的(Objective)〕 
The mechanism of T cell activation by peptide-MHC binding (pMHC) has been studied for decades. Upon 
TCR-pMHC binding, T cells are activated through downstream signaling cascade involving the 
phosphorylation of the immune receptor tyrosine-based activation motifs (ITAMs) located on the 

cytoplasmic CD3 long tails. However, the mechanism by which the initial signal propagates from the 
extracellular TCR-pMHC domains through plasma membrane remains elusive. 
 
〔方法ならびに成績(Methods/Results)〕 

We investigated the dynamics of TCRs in both unbound and pMHC-bound states using computational and 
experimental approaches. Through molecular dynamics simulations, we developed a model referred to as the 
“drawbridge model,” demonstrating that in the unbound state, the extracellular domain (EC) of the TCR 
bends over the CD3 chains, with the TCRβ-FG loop acting as a gatekeeper that restricts the mobility of the 

CD3 complex. Upon pMHC binding, the TCR EC extends, allowing CD3 proteins to move freely, initiating 
downstream signaling cascades and subsequently activating the T cell. 
The flexibility of TCR EC movement is attributed to the connecting peptides (CPs), referred to as the 'hinge 
region,' which link the TCR extracellular domain (EC) to the transmembrane domain (TM). To further 

investigate the role of hinge region in T cell stimulation, we introduced mutations in two conserved glycine 
residues in the TCRβ CP, substituting them with alanine and proline. In MD simulations, these substitutions 
were predicted to bias the TCR to the activated conformation, with effect of the proline substitution being the 
strongest. Consistently, the Proline substitution resulted in a significantly higher percentage of activated T 

cells, whereas the alanine substitution led to only a slight increase in T cell activation compared to the wild 
type. 
 
〔総 括(Conclusion)〕 

The drawbridge molecular model of T cell activation provides a novel explanation of how pMHC binding 
triggers CD3 dynamics. Consistent with this model, rigidifying the hinge region with a proline mutation 
enhanced T cell stimulation, suggesting that the TCR hinge region could be a promising target for 
immunotherapy. 

 




