Enzyme substrate competition in a 
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Whereas certain enzymes exhibit remarkable substrate specificity, others are quite promiscuous. Among kinases, for example, D-fructokinase phosphorylates only one substrate (D-fructose), yet protein kinases can have hundreds of substrates [1]. A key question for such enzymes is whether their multiple substrates are processed in an ordered fashion or concurrently, in a regime where they compete for access to a common regulator. While cells have evolved a number of strategies for avoiding competitive effects to ensure ordered substrate processing [2], substrate competition can be beneficial; for example, for generating thresholds in cell cycle control [3]. Here we propose that competitive effects can also provide a mechanism for integration of patterning signals in embryonic development. Based on genetic and imaging experiments, we argue that in the early Drosophila embryo multiple substrates of the Mitogen Activated Protein Kinase (MAPK) compete for this enzyme. As a consequence, the signaling activity of MAPK becomes dependent on the levels of its substrates. The resulting substrate competition network provides a new mechanism for spatial integration of the maternal morphogen gradients [4]. Competitive effects may play a more general role in spatial regulation of signaling networks, where enzymes, such as MAPK, interact with their multiple regulators and targets.
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