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REGULATION OF PHOSPHOLIPID BIOSYNTHESIS
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Phospholipids play integral roles in cell biology and physiology. Phosphatidylcholine (PtdCho) is the most abundant phospholipid in mammals and a major precursor to phosphatidylethanolamine and sphingomyelin, the two other major phospholipids in cell membranes. In contrast, phosphatidylinositol is found in small quantity.  The pathways leading to de novo PtdCho, phosphatidylethanolamine and phosphatidylinositol are strikingly similar in biochemistry but the regulation of each pathway appears to be quite different. PtdCho biosynthesis is the most extensively studied pathway and is regulated by the choline cytidylyltransferase (CCT). CCT activity is responsive to membrane lipid composition through interaction with two distinct protein domains. The CCT peripherally associates with the bilayer and the CCT catalytic core reconfigures into a more active conformation. Stimulation of CCT activity increases the rate of PtdCho production but the extent of cellular phospholipid accumulation is limited in most tissues by a homeostatic degradation mechanism mediated by a phospholipase A-dependent activity that offsets any excess phospholipid. The doubling of cell membrane content occurs during S phase and results from an interaction between cell cycle-dependent oscillations in the rates of PtdCho biosynthesis, mediated by variation in CCT activity, and alternate variation in phospholipid degradation. Minor lipids such as lysoPtdCho and diacylglycerol adjust CCT activity and, in turn, adjust membrane phospholipid production through a membrane feedback mechanism. Reduced rates of membrane PtdCho formation are associated with reduced cell growth and result in metabolic redirection of diacylglycerol from membrane formation to storage triglyceride. Persistent inhibition of membrane PtdCho biosynthesis by anti-cancer ether lipids triggers apoptosis. PtdCho production is also governed by tissue-specific CCT gene expression. Two separate genes encode CCT proteins with distinct cellular and tissue distributions. Recent work reveals the relative contributions of the CCT isoforms to tissue development and the function of differentiated tissues such as macrophages and lung. Maintaining sufficient phospholipid is critical to vital processes, and mammals maintain a large supply in reserve for response to physiological challenge. (supported by NIH GM45737 and ALSAC)

