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            Abstract
Cyclic di-(3â€²:5â€²)-guanosine monophosphate (c-di-GMP) is a major prokaryote signalling intermediate that is synthesized by diguanylate cyclases and triggers sessility and biofilm formation1,2. We detected the first eukaryote diguanylate cyclases in all major groups of Dictyostelia. On food depletion, Dictyostelium discoideum amoebas collect into aggregates, which first transform into migrating slugs and then into sessile fruiting structures3. These structures consist of a spherical spore mass that is supported by a column of stalk cells and a basal disk. A polyketide, DIF-1, which induces stalk-like cells in vitro, was isolated earlier4. However, its role in vivo proved recently to be restricted to basal disk formation5. Here we show that the Dictyostelium diguanylate cyclase, DgcA, produces c-di-GMP as the morphogen responsible for stalk cell differentiation. Dictyostelium discoideum DgcA synthesized c-di-GMP in a GTP-dependent manner and was expressed at the slug tip, which is the site of stalk cell differentiation. Disruption of the DgcA gene blocked the transition from slug migration to fructification and the expression of stalk genes. Fructification and stalk formation were restored by exposing DgcA-null slugs to wild-type secretion products or to c-di-GMP. Moreover, c-di-GMP, but not cyclic di-(3â€²:5â€²)-adenosine monophosphate, induced stalk gene expression in dilute cell monolayers. Apart from identifying the long-elusive stalk-inducing morphogen, our work also identifies a role for c-di-GMP in eukaryotes.
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                        Identification and disruption of DGCs.
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Figure 2: 
                        DgcA
                         expression pattern.
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Figure 3: 
                        Biological role of c-di-GMP.
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Figure 4: 
                        Bioassay of DGC activity.
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        Editorial Summary
Dictyostelium gets the cyclic-di-GMP message
Second messengers are small molecules that relay signals from receptors to the intended targets within a cell. Cyclic-di-GMP is a ubiquitous second messenger in bacteria â€” active in biofilm formation for instance â€” but until now had not been observed in eukaryotic cells. Zhi-hui Chen and Pauline Schaap now demonstrate a role for c-di-GMP in a eukaryote â€” Dictyostelium discoideum, an evolutionary ancient social amoeba that has become a model system for cell and developmental biology. The authors identify the long-sought signal that induces multicellular differentiation (stalk formation) in the amoeba as c-di-GMP. Its synthetic enzyme, diguanylate cyclase, is specifically expressed at the fruiting body tip, where stalk cells differentiate.
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