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    Abstract
T cells mount an immune response based upon the strength of the interaction between its T cell receptor (TCR) and peptide-loaded MHCs (pMHC) on an antigen-presenting cell. How T cells become activated by some pMHCs, but not others with slightly shorter bound times, remains an unanswered question. Here, we developed a finely tunable synthetic receptor-ligand system in which the extracellular domains of the TCR and pMHC were replaced with two short hybridizing strands of DNA. Remarkably, the T cell signaling response can discriminate between DNA ligands differing by a single base pair. Single molecule imaging reveals that ligated receptors with longer bound times promote the binding of more ligands nearby to create clusters; stable clusters of 2-4 ligated receptors then trigger receptor phosphorylation and signaling. These results reveal how T cells convert the bound time of an extracellular receptor-ligand interaction into a physical reorganization of molecules in the membrane and intracellular signaling.
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