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ABSTRACT The population dynamics of the human microbiome correlate with a wide variety of
human disease states. As engineers, the question we ask is “How can we manipulate the
microbiome to improve human health?” The Mansell lab approach to this question uses the toolbox
of synthetic biology to engineer prebiotics, probiotics, and targeted antibiotics to shape the human
microbiome. First, we have developed high-throughput screens for synthesis of human milk
oligosaccharides (HMOs), a set of prebiotic carbohydrates that control the microbiome of the infant
gut. We have also engineered the well-known probiotic strain E. coli Nissle to metabolize HMOs
and used this metabolism to control population dynamics and protein expression. Another objective
is to improve the function of probiotics by developing genome engineering tools in gram-negative
and gram-positive probiotics to enable their persistence in the human gut environment and,
ultimately, engineered in situ secretion of therapeutic biomolecules by live probiotics. Finally, we
are studying ways to replicate quorum sensing of pathogens such as Staphylococcus aureus
(MRSA) and Clostridium difficile (CDiff) in non-pathogenic hosts in hopes of using quorum sensing
disruption as a potential non-lethal pathogen management strategy. Taken together this work
advances strategies for manipulation of microbial communities in the human gut and beyond.
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