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            Abstract
Sporulation in Bacillus subtilis serves as a model for the development of two different cell types from a single cell1. Although much information has been accumulated about the mechanisms that initiate the developmental programmes2, important questions remain that can be answered only by quantitative analysis. Here we develop, with the help of existing and new experimental results, a mathematical model that reproduces published in vitro experiments and explains how the activation of the key transcription factor is regulated. The model identifies the difference in volume between the two cell types as the primary trigger for determining cell fate. It shows that this effect depends on the allosteric behaviour of a key protein kinase and on a low rate of dephosphorylation by the corresponding phosphatase; both predicted effects are confirmed experimentally.
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                    Figure 1: 
                        Regulation of Ïƒ
                        F
                         release during sporulation.
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Figure 2: 
                        SpoIIAB is an allosteric protein.
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Figure 3: 
                        Verification of the model with 
                        in vitro
                         data.
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Figure 4: 
                        Mechanism of prespore-specific Ïƒ
                        F
                        â€“RNA-polymerase holoenzyme formation.
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A key question in developmental biology is how cells containing identical genomes follow different patterns of gene expression. This is reduced to its basics in Bacillus subtilis bacteria. During sporulation, brought on by nutritional stress, B. subtilis divides internally into two compartments destined for different fates. A transcription factor called ÏƒF is a key player in the process, and it and the regulators that control it have been studied extensively. The details of how differential gene activation is initiated remain hazy, however. Now a mathematical model that reproduces the in vitro experimental results has been developed. The model identifies the primary trigger for cell fate as the change in the volume ratio between the two cell types, which leads to a change in activity of a key phosphatase (SpoIIE) in one of them.
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