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Abstract 

Adaptive immunity begins with ligation between the αβ T cell receptor (TCR) and antigen peptides 
displayed through the major histocompatibility complex (MHC) molecule. Despite low apparent affinities, T 
cells achieve exquisite sensitivity where a handful of antigenic pMHC molecules can be detected among a 
sea (100,000 or more) of irrelevant peptides. In collaboration with the Reinherz lab, we reconciled this 
paradox by proposing that the αβTCR acts as a mechanosensor. Detection leverages an anisotropic 
mechanosensing mechanism driven by shear force generated through cell movement to enhance bond 
lifetime and initiate critical signaling events. We investigate the role of force in T cell receptor triggering 
using optical tweezers and a series of single molecule assays including a DNA tether spacer technology 
that permits piconewton force application and nanometer scale displacement monitoring on single cells. 
Measurements reveal that the FG loop in the β-subunit constant domain (Cβ) allosterically controls both 
the variable domain module’s catch bond lifetime and peptide discrimination via a force-driven 
conformational transition. Analysis of TCR αβ and preTCR transitions reveal they can be reversible and 
bond strengthening is associated with the extended state. Broad promiscuous binding is seen in the 
preTCR, which only contains TCRβ. Mechanosensing capable of triggering cells is achieved with few 
molecules properly loaded along the shear direction recapitulating the native signaling environment.
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