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Abstract
Oleaginous yeasts are promising organisms for the production of lipid-based chemicals
and fuels from simple sugars. Rhodosporidium toruloides is a red basidiomycetous
yeast that naturally produces lipids at high titers from multiple sugars. Natural lipids
can be used to produce a wide variety of compounds, including fuels (biodiesel),
lubricants, surfactants, solvents, waxes, and creams. In this work, we investigated
numerous metabolic engineering strategies for increasing lipid production in R.
toruloides. As a first step, we engineered two strains of R. toruloides, IFO0880 and
IFO0559, for increased lipid production by over-expressing two native enzymes in the
lipid biosynthesis pathway, acetyl-CoA carboxylase (ACC1) and diacylglycerol
acyltransferase (DGA1). This design enabled us to double lipid production in R.
toruloides IFO0880 during shake flask growth on glucose. We explored a number of
different metabolic engineering strategies for increasing lipid production including
overexpression of malic enzyme (ME), pyruvate carboxylase (PYC1), glycerol-3-P
dehydrogenase (GPD), and stearoyl-CoA desaturase (SCD) and deleting the
gene PEX10 required for peroxisome biogenesis. Malic enzyme and stearoyl-CoA
desaturase overexpression led to increased lipid production. Our best strain produced
27.4 g/L lipid with an average productivity of 0.31 g/L/h during batch growth on glucose
and 89.4 g/L lipid with an average productivity of 0.61 g/L/h during fed-batch growth on
glucose. These results further establish R. toruloides as a platform organism for the
production of lipids and potentially other lipid-derived compounds from sugars.

Gene overexpression in RT-880AD
Overexpression of SCD and ME were found to
increase lipid production.
We next tested whether the over-expression of
either gene would increase lipid production in
our previously engineered strain RT-880AD.
Lipid production increased in the strain overexpressing SCD

High Density Fermentation

Transformation
Fed-batch fermentation: RT880-ADS strain produced 89.4 ± 4.5 g/L lipid, representing
a 4-fold increase relative to RT880-N and 42% increase relative to RT880-AD. The
lipid content for the RT880-ADS strain was 75.6 ± 3.9%. The specific productivity was
0.62 ± 0.03 g/L/h and the lipid yield was 0.22 ± 0.01 g/g glucose.

Metabolomics
Genetic tools in R .toruloides are far less developed than in the model oleaginous
yeast Yarrowia lipolytica. R. toruloides could be transformed using Agrobacterium
tumefaciens. We adapted this technique to transform R. toruloides IFO0880 and
IFO0559. Using this method, we were able to efficiently transform both strains of R.
toruloides and routinely obtained 102-104 transformants per reaction.

Lipomyces 70295

RT880

Initial Design

Intracellular metabolites analysis was performed to better understand the underlying
mechanisms of sugar metabolisms by oleaginous yeast.

To increase lipid production in R. toruloides, we first tested the effect of overexpressing ACC1 and DGA1. We found that over-expressing these two genes
increased lipid production in both R. toroloides IFO0559 and IFO0880. However, the
increase was significantly greater in R. torulodies IFO0880, even when we used the
genes from IFO0559 (RT880-ADhy). In addition, the lipid increases were greater
during growth on glucose than on xylose.

The two-dimensional principle component analysis (PCA) results showed clear
separation among different carbon sources of Lipomyces 70295 and RT880. These
results indicated that different metabolite pathways could be activated under different
carbon sources.
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Multiple enzymes are known to affect lipid production in oleaginous yeast. We sought
to determine whether the over-expression of the genes for these enzymes would
increase lipid production in R. toruloides IFO0880. Among the four genes tested, only
the genes for malic enzyme (ME) and stearoyl-CoA desaturase (SCD), when overexpressed, significantly increased lipid production.
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