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Laboratory Evolution to Alternating Substrate Environments Yields Distinct Phenotypic and Genetic Adaptive Strategies
Adaptive laboratory evolution (ALE) experiments are often designed to maintain a static culturing environment to minimize
confounding variables that could influence the adaptive process, but dynamic nutrient conditions occur frequently in
natural and bioprocessing settings. To study the nature of carbon substrate fitness tradeoffs, we evolved batch cultures of
Escherichia coli via serial propagation into tubes alternating between glucose and either xylose, glycerol, or acetate.
Genome sequencing of evolved cultures revealed several genetic changes preferentially selected for under dynamic
conditions and different adaptation strategies depending on the substrates being switched between; in some
environments, a persistent "generalist" strain developed, while in another, two "specialist" subpopulations arose that
alternated dominance. Diauxic lag phenotype varied across the generalists and specialists, in one case being completely
abolished, while gene expression data distinguished the transcriptional strategies implemented by strains in pursuit of
growth optimality. Genome-scale metabolic modeling techniques were then used to help explain the inherent substrate
differences giving rise to the observed distinct adaptive strategies. This study gives insight into the population dynamics of
adaptation in an alternating environment and into the underlying metabolic and genetic mechanisms. Furthermore, ALE-
generated optimized strains have phenotypes with potential industrial bioprocessing applications.IMPORTANCE Evolution
and natural selection inexorably lead to an organism's improved fitness in a given environment, whether in a laboratory or
natural setting. However, despite the frequent natural occurrence of complex and dynamic growth environments,
laboratory evolution experiments typically maintain simple, static culturing environments so as to reduce selection
pressure complexity. In this study, we investigated the adaptive strategies underlying evolution to fluctuating environments
by evolving Escherichia coli to conditions of frequently switching growth substrate. Characterization of evolved strains via
a number of different data types revealed the various genetic and phenotypic changes implemented in pursuit of growth
optimality and how these differed across the different growth substrates and switching protocols. This work not only helps
to establish general principles of adaptation to complex environments but also suggests strategies for experimental design
to achieve desired evolutionary outcomes.
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