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Project Goals: Pinpointing the role of variable enzyme expression across different yeast
species is an essential aspect of understanding and exploiting yeast metabolism. To this end,
we are developing high-throughput proteomics methods for deep quantification of
metabolic enzyme abundances in three non-model yeast species (Issatchenkia orientalis,
Rhodosporidium toruloides, and Yarrowia lipolytica) of interest for bioproducts synthesis,
using Saccharomyces cerevisiae as a reference comparison. Analysis of all four yeasts will
include experimental measurements of both absolute and relative protein abundances,
suitable for integration with metabolomics and transcriptomics data towards complete
genome-scale metabolic models for each organism.

The non-model yeasts Issatchenkia orientalis, Rhodosporidium toruloides, and Yarrowia
lipolytica have shown substantial promise as microbial factories for synthesis of alcohols,
organic acids, fatty acids, and other desirable bioproducts. The expression levels of the enzymes
that catalyze reactions relevant to producing such small molecules are essential inputs for
understanding, predicting, and engineering metabolic behavior in these organisms. We have
adapted proteomics protocols for sample preparation, data collection,'-? and data analysis®* to be
compatible with the physiology and protein characteristics of these non-standard yeasts. Of
particular importance was the development of robust and reproducible lysis methods for yeast
cell walls, which are notoriously difficult to disrupt completely. Applying these tools, we
confidently quantify over 4700 proteins in S. cerevisiae, 4800 proteins in /. orientalis, and 5600
proteins in R. toruloides, while mapping ~3000 orthologs between S. cerevisiae and each non-
model species via reciprocal similarity. Using spike-in protein standards and precursor-based
MSI1 quantification we estimate that intracellular concentrations of individual detectable proteins
vary over the ~10 pM-10 uM range, roughly seven orders of magnitude, in all three yeast species
under study. Expression levels of orthologous proteins are correlated between each non-model
species and S. cerevisiae with R2-values between 0.487 and 0.587; ortholog correlation data is
further resolvable at the level of individual metabolic pathways, including glycolysis, the citric
acid cycle, and fatty acid metabolism. Additionally, we report shallow tandem mass tag (TMT)-
based relative protein quantification of 1. orientalis, R. toruloides, and S. cerevisiae in
unconstrained, carbon-limited, nitrogen-limited, and phosphorus-limited growth conditions,
reaching ~1700 proteins per species, ideal for integration with metabolomics measurements in
order to gain a refined understanding of metabolic trends and tradeoffs in these non-standard
organisms. The absolute and relative quantification data collected will be used to accelerate



collaborative genome-wide integrative ‘omics metabolic modeling of 1. orientalis, R. toruloides,
and Y. lipolytica; furthermore, the rigorous proteomics pipeline established may be generalized
to more yeast species of interest as they arise.
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