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Abstract:

Microorganisms live in synergistic communities in nature and play key roles in numerous natural or engineered systems. For example, there are increasing evidences
that microbes in our gut assist in digesting food, help prevent the invasion of pathogens, and stimulate the immune system. However, the basic physiological and
ecological mechanisms governing these complex microbial communities remain largely unclear. My laboratory has been developing and applying new systems biology
approaches to elucidate the microbe-microbe and microbe-environment interactions of these communities. In particular, we have been exploiting droplet microfluidics
in the co-cultivation and characterization of symbiotic microbial communities. Our devices encapsulate subsets of a synthetic microbial community in nano-liter
droplets, provide highly parallel localized environments for co-growth, and are capable of detecting microbial interactions effectively. The technology is being applied to
the study of natural microbial communities, including the human gut, oral, and vaginal microbiome.

Inspired by the metabolic capability and robustness of synergistic microbial communities in nature, we have also been developing a promising alternative approach for
microbial engineering and biochemical production - design and construction of synthetic microbial consortia consisting of different specialists to accomplish a
complicated task. Our initial application focus is synthesis of fuels and chemicals from lignocellulosic biomass. Our designed consortium includes a cellulolytic member
responsible for hydrolyzing hemicellulose and cellulose (main components of lignocellulosic biomass) into mono and oligosaccharides and a fermenting member for
converting mono and oligosaccharides into desired molecules such as isobutanol, an advanced biofuel. Such a synthetic microbial consortium integrating
saccharification and fermentation capabilities will enable one-step “consolidated” bioprocessing (CBP), a potential breakthrough technology that can lead to large-scale
and cost-effective production of lignocellulosic biochemicals. Furthermore, the general framework of engineering defined co-cultures of coordinated specialists could
offer exciting new opportunities for the efficient and flexible production of many valuable chemicals from non-conventional bio-feedstocks.
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