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Primary fatty alcohols have a single hydroxyl group at the terminal position and are found throughout the biological world. They are produced by Fatty Acyl Reductases (FARs) and corresponding genes have been isolated from plants, animals, insects and protozoa. In microorganisms like Acinetobacter sp., they serve as energy storage reserves, whereas in animals, fatty alcohols are found in surface lipids as well as in ether lipids and plasmalogens. 
The lipid profile of the free-living ciliate Tetrahymena thermophyla is characterized by high amounts of ether lipids as well as by the presence of minor quantities of wax esters. Using the Tetrahymena genome database, we found a unique sequence related to Fatty Acyl Reductase. Interestingly, this FAR protein contains at its C-terminus a second domain belonging to the acyl-transferase (AT) superfamily. This protein was therefore named TtFARAT, and functionally characterized in yeast by expressing the complete open reading frame as well as each domain (TtFAR and TtAT) on its own.
Expression of TtFARAT or TtFAR resulted in the production of high levels of free hexadecanol and octadecanol. In contrast, the wax esters levels remained close to background, indicating that the TtAT domain was not a Wax Synthase. Expression of the TtAT domain alone did not result in any clear lipid phenotype but the functional complementation of the cmy228 yeast mutant (gat1Δgat2Δ + [pGAL1::GAT1 URA3]) indicated that TtAT was able to acylate glycerol-3-phosphate (G3P) and/or dihydroacetone-3-phosphate (DHAP). We further showed using in vitro assays that TtAT is a dihydroacetone-3-phosphate-O-acyltransferase (DHAP-AT), and using the Tetrahymena Alkyl-DHAP-Synthase reconstituted ether lipids biosynthesis in yeast. Our results demonstrated that this peroxisomal protein is bifunctional providing both substrates required by alkyl-dihydroxyacetone phosphate synthase to initiate ether lipid biosynthesis.


