Engineering natural sugar utilization pathways for titratable control in metabolic engineering
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[bookmark: _GoBack]Common tools in metabolic engineering are titratable systems for optimizing the expression of pathway components. With the increasing prevalence of non-model microorganisms in metabolic engineering, the traditional use of heterologous titratable systems faces multiple barriers unique to each microorganism. As an alternative, natural sugar utilization pathways offer “built-in” titratable systems. However, natural sugar utilization pathways can give rise to non-ideal behaviors such as bimodal or ultrasensitive responses. Here, we investigated how natural sugar utilization pathways can be altered to yield more desirable behaviors for titratable control, including uniform expression at all sugar concentrations, strong linearity, low inducer concentration for induction, and large dynamic range. We applied genetic alterations, single-cell analyses, and mathematical modeling to the L-arabinose utilization pathway in Escherichia coli as a model, which naturally yields a sharp, bimodal response to L-arabinose. To improve the response properties, we considered three alterations to the pathway: (i) constitutively expressing one of the transporters, (ii) constitutively expressing one of the transporters and deleting the other, and (iii) deleting the catabolic genes. We found that the alterations, either alone or in combination, came with trade-offs. For instance, constitutively expressing the high affinity transporter and deleting the low affinity transporter required less inducer to induce the pathway but yielded a sharper response. Also, the negative feedback due to catabolism linearized the response but increased the amount of inducer required to induce the pathway. It was, therefore, not possible to have one single alteration that yields the most desirable behavior. Within these alterations, we found that the simplest means to covert a bimodal expression into an unimodal expression is to constitutively express the high affinity transporter. Overall, our findings can be used as a framework to modify natural sugar utilization pathways in non-model microorganisms to yield “built-in” titratable responses for metabolic engineering applications.  





