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Evolution, which is a change in a trait of a living organism over numerous generations, is a very
important phenomenon. Living organisms possess numerous very complex networks and can maintain networks
suitable for their habitat through evolution. To explore the complex process of evolution, experiments
that demonstrate evolution in the laboratory are very useful because they provide a controllable
environment and evolution can be directly observed

What factors are important in evolution? All organisms grow and propagate by using limited nutrient
resources. Therefore, resource utilization is one of the most important factors in evolution. Two main
evolutionary strategies are used to improve resource usage during growth: the K-strategy, in which
organisms increase the carrying capacity, the biomass that an organism can reach in a specific
environment, and the r—strategy, in which organisms increase their growth rates, increasing the rate of
biomass during the log phase

Maximizing the increase in biomass, which is determined by multiplying the cell number by the cell
weight, is advantageous for an organism, including by improving species survival and increasing its
evolution rate. Despite the importance of K-strategy evolution, this strategy is not well-understood
because of the lack of suitable analysis methods. Studies are needed to evaluate K-strategy evolution
under various environmental conditions to determine the mechanism of this process

Here, I examined whether the K-strategy can be achieved under broader nutrient conditions than
previously observed.

In chapter 2, 1 explore the effect of compartmentalization for selection in K-strategy evolution. This
analysis was conducted under histidine—-limited conditions, which were previously studied only in a very
complex environment, demonstrating that Escherichia coli mutants with a higher carrying capacity (i.e.
K-strategy) are observed only in environments with compartmentalization. Whole genome sequencing of the
K-adapted strains revealed functional variations in the mutated genes during the fitness—increasing
period.

In chapter 3, 1 examined K-strategy evolution under nitrogen—limited conditions, in which the mutations
were expected to have a smaller effect on the increase in carrying capacity than amino acid limitation
because of the broad range of limited pathways. I demonstrated that K-strategy evolution can occur under
nitrogen limitation in the proposed system and identified gene sets that may increase the bacterial
carrying capacity under these conditions.

Finally, in chapter 4, 1 summarize the results obtained in this study and discuss the future prospects
and applications. These results provide insight into the evolvability of organisms, including the
relationship between evolutionary consequences and the environment or alterations in an intracellular
chemical process. In terms of industrial application, this information can be used to predict the
behavior of a metabolically engineered organism and develop a general tool for constructing organisms
useful for various purposes including chemical production and the remediation of harmful chemicals.
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