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Tight coordination of fatty acid (FA) and membrane biogenesis with growth is a crucial feature for all organisms. In particular, bacteria must adapt to important fluctuations of their environments, which directly affect FA metabolism. In reverse, FA synthesis and degradation are central metabolic pathways that can sense the energy status of the cell and can be at the origin of signaling pathways. In Escherichia coli, the biochemistry of the FA synthesis and degradation pathways is very well described. However, the regulation of these processes is much less characterized, and how coordination between fatty acid biogenesis and growth is achieved remains unclear.
The bifunctional regulator FadR represses FA degradation genes and inversely activates genes involved in the synthesis of unsaturated FA. We recently showed that FadR not only activates unsaturated FA synthesis, but in fact that it acts as a global activator of all FA synthesis genes (My et al., 2013 and paper in preparation). Therefore, FadR appears to be a master regulator of FA metabolism. FadR binding to DNA is antagonized by long chain fatty acyl-CoA. As a consequence, expression of fatty acid degradation (fad) and FA synthesis (fab) genes is controlled by the availability of FA in the medium. However, we showed that even in the absence of FA in the medium, changing the number of available FadR proteins in the cell modifies the expression of fad and fab genes (My et al., 2013 and paper in preparation). And FadR levels do change during growth, in part mediated by fluctuation in the signaling nucleotide ppGpp, which is involved in the stringent response. ppGpp levels increase when nutriments are scarce, and the direct consequence is down regulating the expression of macromolecular synthesis genes. This is a central process conserved in nearly every bacteria and in plant plastids (it has to be noted that FA synthesis in plastids is also very similar to the bacterial FA metabolism). Based on these results, we suggest that FadR levels are controlled by ppGpp, hence tuning the production of the FA machinery to the growth rate.


