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Phospholipids are amphiphilic molecules constituting cell membranes and plasma lipoproteins, and are divided into two groups, glycerophospholipids and sphingophospholipids, based on their backbone structures.  By the structures of head groups, glycerophospholipids are further classified into classes, such as phosphatidic acid (PA), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylinositol (PI), phosphatidylglycerol (PG) and cardiolipin (CL).  Sphingomyelin (SM) is a major sphingophospholipid.  In addition to structural roles in membranes, phospholipids play important roles in many biological processes, including cell signaling, membrane trafficking, differentiation, apoptosis, and autophagy.  However, it has been difficult to analyze phospholipids qualitatively and quantitatively.  In this study, we developed new fluorometric methods for measuring PA, PC, PE, PS, SM, PG and CL using combinations of specific enzymes and Amplex Red.  These new assays can provide simple, sensitive and high-throughput quantifications.  Using these methods, we demonstrated that (i) an increase in the density of HEK293 cells was accompanied by elevations in the cellular contents of PC, PE and SM, but by decreases in the PA, PS, PG and CL contents, (ii) the expression of PE N-methyltransferase in LLC-PK1 cells increased the cellular PC content and reduced the PE content, which resulted in the enlargement of microvilli and the increased resistance to bile salts, (iii) the overexpession of PS synthase 1 elevated not only the cellular PS content but also the PC and PE contents in HEK293 cells, (iv) the diacylglycerol kinase inhibitor R59949 markedly decreased the PA content in HEK293 cells, and (v) the treatment of HEK293 cells with tumor necrosis factor α significantly decreased the SM content.  These assays for measuring phospholipid classes will be helpful to clarify the cellular and physiological processes in any organisms, including animals, plants, fungi and bacteria.
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