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Project Goal: 
The overall goal of our research program is to identify, characterize and manipulate the cellular 
machinery that influences the accumulation and compartmentalization of neutral lipids in vegetative 
tissues of plants. 
 
Our research is focused on identifying the subcellular machinery that plants use to compartmentalize 
neutral lipids in cells of vegetative tissues. Virtually all cells in plants (and other organisms) synthesize 
triacylglycerols (TAGs) and deposit them in cytosolic lipid droplets (LDs). While seed tissues accumulate 
large amounts of TAGs in specialized, oleosin protein- coated LDs, most non-seed tissues do not. TAGs 
normally accumulate to a very small percentage in vegetative tissues of plants such as in leaves and 
stems. Recent work by our lab and others has demonstrated that it is possible to substantially increase the 
percentage of TAG in leaf tissues, raising the prospects for enhancing the bioenergy content in crop 
biomass. Still, there is little detailed mechanistic information available regarding the cellular machinery 
involved in the formation, packaging and turnover LDs, especially in cells of non-seed tissues. 
 
In our work supported by BER, we have taken a combination of approaches to discover previously 
underappreciated proteins that participate in LD formation and turnover. First, proteins known to be 
involved in LD biogenesis in mammalian cells have been tested for their ability to modulate LD 
formation in plant cells, including several endogenous Arabidopsis homologues of mammalian proteins 
(e.g., CGI-58, seipins), or other genes encoding foreign proteins that are not found in plants (e.g., the 
mammalian fat-inducing transmembrane protein 2, FIT2). Further, our recent proteomics analysis of non-
seed LDs derived from avocado tissues, revealed a new class of LD-associated proteins (LDAPs) that are 
highly conserved in plants, and we are currently investigating the ability of these proteins to influence the 
formation and/or regulation of LDs in leaves of tobacco and Arabidopsis. We are also stacking together 
various genes and/or gene knockouts to determine which combinations are most effective for elevating oil 
content in plant leaves. Collectively, our research has important bioenergy applications, but also will help 
to unravel the complex machinery in eukaryotes that is deployed for the metabolism and maintenance of 
neutral lipids in LDs. Our results are also expected to stimulate new ideas about the dynamic interplay 
between lipid storage, mobilization and signaling in eukaryotic systems -- an understanding that will be 
important to achieving the broader BER goal of “sustainable and affordable production of renewable 
biofuels in an environmentally conscientious manner”. 
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