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Cyclic di-guanosine monophosphate is a bacterial second messenger that has been implicated in biofilm
formation, antibiotic resistance, and persistence of pathogenic bacteria in their animal host. Although
the enzymes responsible for the regulation of cellular levels of c-di-GMP, diguanylate cyclases (DGC)
and phosphodiesterases, have been identified recently, little information is available on the molecular
mechanisms involved in controlling the activity of these key enzymes or on the specific interactions of c-
di-GMP with effector proteins. By using a combination of genetic, biochemical, and modeling techniques
we demonstrate that an allosteric binding site for c-di-GMP (I-site) is responsible for non-competitive
product inhibition of DGCs. The I-site was mapped in both multi- and single domain DGC proteins and
is fully contained within the GGDEF domain itself. In vivo selection experiments and kinetic analysis
of the evolved I-site mutants led to the definition of an RXXD motif as the core c-di-GMP binding site.
Based on these results and based on the observation that the I-site is conserved in a majority of known
and potential DGC proteins, we propose that product inhibition of DGCs is of fundamental importance
for c-di-GMP signaling and cellular homeostasis. The definition of the I-site binding pocket provides an
entry point into unraveling the molecular mechanisms of ligand-protein interactions involved in c-di-GMP
signaling and makes DGCs a valuable target for drug design to develop new strategies against biofilm-
related diseases.
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