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Nannochloropsis oceanica CCMP 1779 is a promising biofuel resource, because under nutrient deprivation conditions it produces substantial amounts of lipids. These are in the form of triacylglycerols (TAGs), which are important fuel precursors. Remarkably, a total of 13 putative DGAT- and 2 putative PDAT-encoding genes have been previously identified in this microalga. This high number of genes related to TAG biosynthesis in the otherwise compact genome of N. oceanica, likely reflects the complex regulation, control and importance of TAG metabolism in this organism. Using both, RT PCR and RNASeq techniques we identified the most promising acyl-CoA:diacylglycerol acyltransferases (DGATs) and phospholipid:diacylglycerol acyltransferases (PDATs) genes presumably responsible for the bulk of TAG formation in N. oceanica CCMP 1779 as their expression is up-regulated in response to N-deprivation. For functional corroboration, these genes were expressed in yeast strain H1266, a triple knockout mutant which has very little native DGAT activity. Six type-2 DGATs – NoDGTT1- through - NoDGTT6 and one NoPDAT1 were expressed in the yeast TAG-deficient mutant. Among them, PDAT1 and DGTT5-producing yeast accumulated considerable levels of TAG compared to the empty vector control, with DGTT5-producing strains being the most effective. Over-expression of NoDGTT5 and NoPDAT1 in Arabidopsis increased leaf TAG content and was accompanied by appearance of numerous lipid droplets in mesophyll cells. Additionally, over-expression of DGTT5 in N. oceanica resulted in elevated levels of TAGs under both, N-replete and N-depleted conditions. Taken together, these results suggest that NoDGTT5 and NoPDAT1 are the most promising candidates for TAG boosters and can be used as tools for engineering TAG content in microalgae and transgenic crops. 

