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    Abstract
To sustain growth in fluctuating environments microbial organisms must respond appropriately. The response generally requires the synthesis of novel proteins, but this synthesis can be impeded due to the depletion of biosynthetic precursors when growth conditions vary. Microbes must thus devise effective response strategies to manage depleting precursors. To better understand these strategies, we here investigate the active response of Escherichia coli to changes in nutrient conditions, connecting transient gene-expression behavior to growth phenotypes. By synthetically modifying the gene expression during changing growth conditions, we show how the competition by genes for the limited protein synthesis capacity constrains the cellular response. Despite this constraint, cells substantially express genes that are not required, severely slowing down the response. These findings highlight that cells do not optimize growth and recovery in every encountered environment but rather exhibit hardwired response strategies that may have evolved to promote growth and fitness in their native environment and include the regulation of multiple genes. The constraint and the suboptimality of the cellular response uncovered in this study provides a conceptual framework relevant for many research applications, from the prediction of evolution and adaptation to the improvement of gene circuits in biotechnology.
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