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Identification of a secondary metabolite gene cluster in budding yeasts with important implications for biofuel production
Study of how yeast partition carbon into the metabolite pulcherrimin may provide insight into engineering strategies to boost isobutanol production.
The Science	
The iron-binding molecule pulcherrimin was described 65 years ago, but the genes responsible for its production in budding yeasts remained uncharacterized. Genomic comparisons across 90 species of the budding yeast subphylum Saccharomycotina revealed a four-gene cluster associated with pulcherrimin production, and targeted gene disruptions in Kluyveromyces lactis revealed likely functions for each of the genes: two biosynthetic enzymes, a transporter, and a putative transcription factor.
The Impact
Pulcherrimin and isobutanol biosynthesis both partition from the branched chain amino acid (BCAA) biosynthetic pathway, and some yeast strains direct a significant amount of carbon from BCAA biosynthesis into pulcherrimin. Since both pulcherrimin and isobutanol are made from a common pathway this suggests that the metabolic control of high pulcherrimin producers may be harnessed for increased isobutanol production in yeast, wherein most species naturally make limited amounts of isobutanol.
Summary
[bookmark: _GoBack]Pulcherrimin is an iron-binding pigment made by a small number of budding yeast species that is composed of two cyclized and modified leucine molecules. Despite the discovery of pulcherrimin 65 years ago the genes responsible for its biosynthesis remained uncharacterized. Using a comparative genomics approach among 90 genomes from the budding yeast subphylum Saccharomycotina, researchers from the Great Lakes Bioenergy Research Center identified the first yeast secondary metabolite gene cluster and showed that it is responsible for pulcherrimin biosynthesis. Targeted gene disruptions in Kluyveromyces lactis identified putative functions for each of the four genes: two pulcherriminic acid biosynthesis enzymes, a pulcherrimin transporter, and a transcription factor involved in both biosynthesis and transport. The requirement of a functional putative transporter to utilize extracellular pulcherrimin-complexed iron demonstrates that pulcherriminic acid is a siderophore, an iron-chelating compound secreted by microorganisms. This research also characterized and named two genes that previously lacked assigned functions in the fuel-producing model yeast Saccharomyces cerevisiae. The evolution of this gene cluster in budding yeast suggests an ecological role for pulcherrimin akin to other microbial public goods systems. Like isobutanol, pulcherrimin is derived from the BCAA biosynthesis pathway, and some yeasts species are particularly adept at funneling BCAA carbon into pulcherrimin. Thus study of how high-level pulcherrimin producing strains are altered in their metabolic control may inform strategies for increased biofuel production in model organisms.
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