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Project Goals:

Our overarching research goal is to design and engineer high-level production of biofuel
precursors in photoautotrophic cells of the unicellular green alga Chromochloris zofingiensis. We
will perform a comprehensive, large-scale systems analysis (transcriptome, proteome,
metabolome, physiology) of C. zofingiensis during trophic transitions to understand and model
how the energy metabolism of the cell is redirected based on the carbon source. We will
integrate the systems data in a predictive model that will guide us in redesigning and engineering
the metabolism of C. zofingiensis using cutting-edge synthetic biology and genome-editing tools
to increase production of biofuel precursors (triacylglycerols) under photoautotrophic growth
conditions.

Abstract:

As a core component of a sustainable bio-economy, microalgae have the potential to become a
major source of biofuels and bioproducts without exacerbating environmental problems. These
photosynthetic microbes utilize solar energy, grow quickly, consume CO,, and can be cultivated
on non-arable land. However, there are presently considerable practical limitations in the
photosynthetic production of biofuels from microalgae, resulting in low productivity and high
costs. Integrative systems biology and engineering of emerging model systems are needed to
expand the possibilities of microbial production of biofuels and bioproducts. The unicellular
green alga, Chromochloris zofingiensis, is one of the highest producers of the preferred lipid
precursor for biofuel products, triacylglycerol (TAG), making it a promising biofuel feedstock.
Moreover, C. zofingiensis exhibits an ability to dramatically switch its metabolism and divert
much of its energy into making TAGs when a carbon source is added during growth. Unlike
most algae, this accumulation of TAGs is in concert with accumulating biomass. However,
during this metabolic switch, photosynthesis is also shut off. Recently, we have identified the
molecular player hexokinasel as a critical regulator of the photosynthetic and metabolic switch
(Roth et al., in preparation). The overarching aim of this project is to design and engineer high-
level production of TAGs in C. zofingiensis. To understand how energy metabolism is redirected



within the cell, we will perform a comprehensive, large-scale systems analysis integrated with a
predictive model and using cutting-edge synthetic biology and genome-editing tools to increase
production of biofuel precursors. To develop C. zofingiensis as an emerging oleaginous model
system, we have sequenced and assembled a chromosome-level genome and high-quality
transcriptome (1). The outcomes of the proposed research include a detailed, predictive, systems-
level understanding of the regulation of metabolism for enhancing production of biofuels,
development of tools and capabilities to enable manipulation of metabolism, and generation of
engineered strains of C. zofingiensis to produce high levels of biofuel products. Advancing the
basic science underlying regulatory ‘switches’ between growth and lipid production will likely
be critical to developing economically viable algal biofuels.
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