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            Abstract
Evolution has resulted in numerous innovations that allow organisms to increase their fitness by choosing particular mating partners, including secondary sexual characteristics, behavioural patterns, chemical attractants and corresponding sensory mechanisms1. The haploid yeast Saccharomyces cerevisiae selects mating partners by interpreting the concentration gradient of pheromone secreted by potential mates through a network of mitogen-activated protein kinase (MAPK) signalling proteins2,3. The mating decision in yeast is an all-or-none, or switch-like, response that allows cells to filter weak pheromone signals, thus avoiding inappropriate commitment to mating by responding only at or above critical concentrations when a mate is sufficiently close4. The molecular mechanisms that govern the switch-like mating decision are poorly understood. Here we show that the switching mechanism arises from competition between the MAPK Fus3 and a phosphatase Ptc1 for control of the phosphorylation state of four sites on the scaffold protein Ste5. This competition results in a switch-like dissociation of Fus3 from Ste5 that is necessary to generate the switch-like mating response. Thus, the decision to mate is made at an early stage in the pheromone pathway and occurs rapidly, perhaps to prevent the loss of the potential mate to competitors. We argue that the architecture of the Fus3â€“Ste5â€“Ptc1 circuit generates a novel ultrasensitivity mechanism, which is robust to variations in the concentrations of these proteins. This robustness helps assure that mating can occur despite stochastic or genetic variation between individuals. The role of Ste5 as a direct modulator of a cell-fate decision expands the functional repertoire of scaffold proteins beyond providing specificity and efficiency of information processing5,6. Similar mechanisms may govern cellular decisions in higher organisms and be disrupted in cancer.
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                    Figure 1: 
                        Switch-like shmooing in yeast requires the Fus3â€“Ste5 interaction.
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Figure 2: 
                        Levels of the Fus3â€“Ste5 complex are determined by the Ste5 phosphorylation state.
                      [image: ]


Figure 3: 
                        A novel form of ultrasensitivity explains the switch-like mating decision.
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Figure 4: 
                        Experimental validation of model predictions.
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        Editorial Summary
Speed dating in yeast
Before mating, a Saccharomyces cerevisiae yeast cell must detect a partner cell in the vicinity that is expressing large amounts of a sex pheromone. The pheromone detection system involves the MAP kinase signal transduction cascade, and the potential partner that secretes the highest pheromone levels is the one chosen. A study combining experiment and mathematical modelling shows that the mating decision is an all-or-none 'switch-like' response: for mating to initiate the pheromone must be at a critical concentration around the yeast cell and if this level is not reached, the yeast cell continues to reproduce asexually. The decision is taken quickly, within 2 minutes of initial contact with the pheromone. The scaffold protein Ste5, which binds MAPK cascade components in an active complex, is the direct modulator of the pheromone's action. If similar ultrasensitive mechanisms occur in mammalian signalling pathways, they may be particularly vulnerable to mutations that lead to disease and could thus prove to be important therapeutic targets.
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