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Abstract: 
Bacterial cells communicate with one another by exchanging chemical signals, which can be used to coordinate actions across a cell population. Such coordination, regulated by so-called quorum-sensing systems, works on the following principle: every cell secretes a specific signal; the more cells there are, the more signal is generated; when the population density crosses a critical threshold, cells respond by driving gene expression at a specific promoter. In our experiments, we find that quorum-sensing feedback systems can generate a diverse array of response types; this diversity arises through the complex interaction of microscopic parameters with feedback topology. Treating the promoter as a black-box characterized only by its input/output response or ‘promoter logic’, we have been able to qualitatively and quantitatively predict the entire range of experimentally observed responses: smooth activation; hysteretic behavior; and even synchronized oscillations. Promoter logic is thus a necessary and sufficient representation of microscopic biochemistry.

