Production of fatty acid ethyl esters from wet microalgal biomass with endogenous lipases and a lipase/acyltransferase in aqueous medium
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Abstract
In this work, a direct enzymatic transesterification process implemented on wet microalgae cells was developed to convert biomass lipids into fatty acid ethyl esters (FAEE). Two microalga species exhibited different lipid contents and profiles, Chlamydomonas reinhardtii and Chlorella protothecoides, were compared. Cell suspensions (50 g.L‑1) of the microalgal biomasses were eventually pretreated by sonication and vibro-ball milling to enhance cell disruption. Reactions were performed in the presence of lipases/acyltransferases, that are able to preferentially catalyze the transesterification reaction even in the presence of low ethanol concentration. Among the four lipases/acyltransferases tested, CpLIP2-YS, an improved mutant of the wild-type CpLIP2 from Candida parapsilosis, allowed the fastest and highest FAEE production. In most cases, FAEE synthesis was more efficient after mechanical treatment, particularly after vibro-ball milling, that allowed an increase of FAEE production with both C. reinhardtii and C. protothecoides biomass (1.4 and 2.7 fold increase, respectively). CpLIP2-YS was particularly efficient with biomasses containing triacylglycerols (TAG) as the main lipid substrates, in the presence of 1-2 M ethanol. However, with a C. reinhardtii sample containing mainly free fatty acids (FFA) due to post-harvest degradation, the performance of the endogenous microalgal lipase activities was similar to that of the lipase/acyltransferase. In all cases, mass balance calculations suggested that the production of FAEE did not result only from the conversion of TAG and/or FFA but that other classes of lipids, such as membrane lipids, were probably transformed in the process. Lipases/acyltransferases were thus confirmed to be of great interest when implemented on wet biomass were TAG are preserved, while the direct usage of endogenous lipase activity should be considered when the FFA content of the biomass is high. 
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