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Abstract: 
We are interested in the design principles of detectors that can respond strongly and quickly to a target molecule in a mixture of many similar molecules with high accuracy. It has been known for decades that human T cell receptors (TCRs) have a similar ability. Inspired by the performance of TCRs, this talk introduces a simple statistical-physics model for a cluster of receptors that can exhibit similar performance. Numerical simulations of our model show that a cluster of receptors that bind reversibly to two types (target/other) of molecules in the environment, with binding-state coupling between the nearest-neighboring receptors and a simple kinetic proofreading scheme for the receptor activation/deactivation, can have a specific, speedy, and strong response even when there is only one target molecule.  This is achieved by the enhanced binding and lifetime of complexes formed between other molecules and the receptors.  Comparing our model with several other TCR activation models suggests different ways to achieve the desired performance in similar systems.
