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Complex Lipid Metabolism
 UNIT III:Lipid Metabolism

Page 2
                        

I. Overview
 Phospholipids are polar, ionic compounds composed of an alcohol that is attached by a phosphodiester bridge to either diacylglycerol or sphingosine.
 Phospholipids are amphipathic in nature a hydrophilic head (the phosphate group plus
 whatever alcohol is attached to it, for example, serine, ethanolamine, and choline)
 and a long, hydrophobic tail (containing fatty acids or fatty acid–derived hydrocarbons
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Phospholipids are the predominant lipids of cell membranes In membranes, the hydrophobic portion of a phospholipid
 molecule is associated with the nonpolar portions of other membrane constituents, such as glycolipids, proteins, and cholesterol
 The hydrophilic (polar) head of the phospholipid extends outward, interacting with the intracellular or extracellular aqueous environment.
 Membrane phospholipids also function as a reservoir for intracellular messengers, and, for some proteins, phospholipids serve as anchors to cell membranes.
 Nonmembrane-bound phospholipids serve additional functions in the body, for example, as components of lung surfactant and essential components of bile, where their detergent properties aid in the solubilization of cholesterol.
 I. Overview
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Figure 17.1: Structures of some glycero-phospholipids.
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There are two classes of phospholipids: those that have glycerol as a backbone and those that contain sphingosine
 Both classes are found as structural components of membranes, and both play a role in the generation of lipid-signaling molecules
 2. Structure of Phospholipids
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Phospholipids that contain glycerol are called glycerophospholipids (or phosphoglycerides)
 Glycerophospholipids constitute the major class of phospholipids
 All contain (or are derivatives of) phosphatidic acid (diacylglycerol with a phosphate group on the third carbon
 Phosphatidic acid is the simplest phosphoglyceride, and is the precursor of the other members of this group
 A. Glycerophospholipids
 Phosphatidic acid. P = phosphate, PO4-
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1.Glycerophospholipids are formed from phosphatidic acid (PA) and an alcohol The phosphate group on PA can be esterified to
 another compound containing an alcohol group. For example:
 Serine + PA → phosphatidylserine
 Ethanolamine + PA → Phosphatidylethanolamine (cephalin)
 Choline + PA → phosphatidylcholine (lecithin)
 Inositol + PA → phosphatidylinositol
 Glycerol + PA → phosphatidylglycerol
 A. Glycerophospholipids
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2.Cardiolipin: Two molecules of PA esterified
 through their phosphate groups to an additional molecule of glycerol is called cardiolipin (diphosphatidylglycerol).
 Cardiolipin is found in bacteria and eukaryotes.
 In eukaryotes, cardiolipin is virtually exclusive to the inner mitochondrial membrane, where it appears to be required for the maintenance of certain respiratory complexes.
 A. Glycerophospholipids
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3.Plasmalogens: When the fatty acid at carbon 1 of
 a glycerophospholipid is replaced by an unsaturated alkyl group attached by an ether (rather than by an ester) linkage to the core glycerol molecule, a plasmalogen is produced.
 For example, phosphatidalethanolamine (abundant in nerve tissue) is the plasmalogen that is similar in structure to phosphatidylethanolamine.
 Phosphatidalcholine (abundant in heart muscle) is the other quantitatively significant ether lipid in mammals.
 A. Glycerophospholipids
 Figure 17.3 A. The plasmalogen phosphatidal-ethanolamine.
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4. Platelet-activating factor (PAF): This is an unusual ether glycerophospholipid, with a
 saturated alkyl group in an ether link to carbon 1 and an acetyl residue (rather than a fatty acid) at carbon 2 of the glycerol backbone.
 PAF is synthesized and released by a variety of cell types. It binds to surface receptors, triggering potent thrombotic and acute inflammatory events.
 For example, PAF activates inflammatory cells and mediates hypersensitivity, acute inflammatory, and anaphylactic reactions.
 It causes platelets to aggregate and degranulate, and neutrophils and alveolar macrophages to generate superoxide radicals.
 A. Glycerophospholipids

Page 11
                        

Note: PAF is one of the most potent bioactive molecules
 known, causing effects at concentrations as low as 10-12 mol/L.
 A. Glycerophospholipids
 11
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The backbone of sphingomyelin is the amino alcohol sphingosine, rather than glycerol.
 A long-chain fatty acid is attached to the amino group of sphingosine through an amide linkage, producing a ceramide, which can also serve as a precursor of glycolipids.
 The alcohol group at carbon 1 of sphingosine is esterified to phosphorylcholine, producing sphingomyelin, the only significant sphingophospholipid in humans.
 Sphingomyelin is an important constituent of the myelin of nerve fibers.
 B. Sphingophospholipids: sphingomyelin
 Figure 17.4 Structure of sphingomyelin, showing sphingosine (in green box) and ceramide components (in dashed box).
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Glycerophospholipid synthesis involves either the donation of phosphatidic acid from nucleotide cytidine diphosphate (CDP)-diacylglycerol to an alcohol, or the donation of the phosphomonoester of the alcohol from CDP-alcohol to 1,2-diacylglycerol.
 In both cases, the CDP-bound structure is considered an “activated intermediate,” and cytidine monophosphate (CMP) is released as a side product of glycerophospholipid synthesis.
 A key concept in phosphoglyceride synthesis, therefore, is activation—either of diacylglycerol or the alcohol to be added—by linkage with CDP.
 3. Phospholipid Synthesis
 CDP
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Figure 17.5 Activation of either diacylglycerol OR an alcohol by linkage to a nucleoside diphosphate (CDP) promotes phospholipid synthesis.
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The fatty acids esterified to the glycerol alcohol groups can vary widely, contributing to the heterogeneity of this group of compounds.
 Phospholipids are synthesized in the smooth endoplasmic reticulum. From there, they are transported to the Golgi apparatus and then to membranes of organelles or the plasma membrane, or are secreted from the cell by exocytosis.
 3. Phospholipid Synthesis
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PA is the precursor of many other phosphoglycerides.
 The steps in its synthesis from glycerol phosphate and two fatty acyl coenzyme A’s (CoAs) is illustrated in the Figure
 Essentially all cells except mature erythrocytes can synthesize phospholipids, whereas triacylglycerol synthesis occurs essentially only in liver, adipose tissue, lactating mammary glands, and intestinal mucosal cells
 A. Synthesis of phosphatidic acid (PA)
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PC and PE are the most abundant phospholipids in most eukaryotic cells.
 The primary route of their synthesis uses choline and ethanolamine obtained either from the diet or from the turnover of the body's phospholipids.
 Note: In the liver, PC also can be synthesized from phosphatidylserine (PS) and PE.
 1.Synthesis of PE and PC from preexisting choline and ethanolamine: These synthetic pathways involve the phosphorylation
 of choline or ethanolamine by kinases, followed by conversion to the activated form, CDP-choline or CDP-ethanolamine.
 Finally, choline-phosphate or ethanolamine-phosphate is transferred from the nucleotide (leaving CMP) to a molecule of diacylglycerol.
 B. Synthesis of phosphatidylethanolamine (PE) and phosphatidylcholine (PC)
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Figure 17.6 Synthesis of phosphatidylcholine from phosphatidylserine in the liver.
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a. Significance of choline reutilization: The reutilization of choline is important
 because, whereas humans can synthesize choline de novo, the amount made is insufficient for our needs.
 Thus, choline is an essential dietary nutrient with an Adequate Intake of 550 mg for men and 425 mg for women.
 Note: Choline is also used for the synthesis of
 acetylcholine- a neurotransmitter.
 B. Synthesis of phosphatidylethanolamine (PE) and phosphatidylcholine (PC)
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b. Role of PC in lung surfactant: The pathway described above is the principal pathway
 for the synthesis of dipalmitoylphosphatidylcholine (DPPC, or dipalmitoylecithin).
 In DPPC, positions 1 and 2 on the glycerol are occupied by palmitate.
 DPPC, made and secreted by Type II pneumocytes, is the major lipid component of lung surfactant—the extracellular fluid layer lining the alveoli.
 Surfactant serves to decrease the surface tension of this fluid layer, reducing the pressure needed to reinflate alveoli, thereby preventing alveolar collapse (atelectasis).
 Note: Surfactant is a complex mixture of lipids (90%) and
 proteins (10%), with DPPC being the major component for reducing surface tension.
 B. Synthesis of phosphatidylethanolamine (PE) and phosphatidylcholine (PC)
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Respiratory distress syndrome (RDS) in preterm infants is associated with insufficient surfactant production and/or secretion, and is a significant cause of all neonatal deaths in Western countries.
 Lung maturation can be accelerated by giving the mother glucocorticoids shortly before delivery.
 Administration of natural or synthetic surfactant (by intratracheal instillation) is also used in the prevention and treatment of infant RDS.
 RDS due to an insufficient amount of surfactant can also occur in adults whose surfactant-producing pneumocytes have been damaged or destroyed, for example, by infection or trauma.
 B. Synthesis of phosphatidylethanolamine (PE) and phosphatidylcholine (PC)
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2. Synthesis of PC from phosphatidylserine (PS) in the liver:
 The liver requires a mechanism for producing PC, even when free choline levels are low, because it exports significant amounts of PC in the bile and as a component of serum lipoproteins.
 To provide the needed PC, PS is decarboxylated to PE by PS decarboxylase, an enzyme requiring pyridoxal phosphate as a cofactor.
 PE then undergoes three methylation steps to produce PC.
 S-adenosylmethionine is the methyl group donor
 B. Synthesis of phosphatidylethanolamine (PE) and phosphatidylcholine (PC)
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The primary pathway for synthesis of PS in mammalian tissues is provided by the base exchange reaction, in which the ethanolamine of PE is exchanged for free serine (see Figure 17.6).
 This reaction, although reversible, is used primarily to produce the PS required for membrane synthesis.
 C. Phosphatidylserine (PS)
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PI is synthesized from free inositol and CDP-diacylglycerol as shown in Figure 17.5.
 PI is an unusual phospholipid in that it often contains stearic acid on carbon 1 and arachidonic acid on carbon 2 of the glycerol.
 PI, therefore, serves as a reservoir of arachidonic acid in membranes and, thus, provides the substrate for prostaglandin synthesis when required.
 D. Phosphatidylinositol (PI)
 24
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1. Role of PI in signal transmission across membranes:
 The phosphorylation of membrane-bound phosphatidylinositol produces polyphosphoinositides, for example, phosphatidylinositol 4,5-bisphosphate (PIP2, Figure 17.7).
 The degradation of PIP2 by phospholipase C occurs in response to the binding of a variety of neurotransmitters, hormones, and growth factors to receptors on the cell membrane (Figure 17.8).
 The products of this degradation, inositol 1,4,5-trisphosphate (IP3) and diacylglycerol (DAG), mediate the mobilization of intracellular calcium and the activation of protein kinase C, respectively, which act synergistically to evoke specific cellular responses. Signal transmission across the membrane is thus accomplished.
 D. Phosphatidylinositol (PI)
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Figure 17.7: Structure of phosphatidylinositol 4,5-bisphosphate.
 D. Phosphatidylinositol (PI)
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Figure 17.8: Role of inositol trisphosphate and diacylglycerol in intracellular signaling.
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Figure 17.9 Example of a glycosyl phosphatidyl-inositol membrane protein anchor. GlcN = glucosamine.
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2. Role of PI in membrane protein anchoring:
 Specific proteins can be covalently attached via a carbohydrate bridge to membrane-bound PI.
 Note: Examples of such proteins include:
 alkaline phosphatase (a digestive enzyme found on the surface of the small intestine that attacks organic phosphates),
 and acetylcholine esterase (an enzyme of the postsynaptic membrane that degrades the neurotransmitter acetylcholine).
 Cell surface proteins bound to glycosyl phosphatidylinositol (GPI) are also found in a variety of parasitic protozoans (for example, trypanosomes and leishmania).
 D. Phosphatidylinositol (PI)
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Being attached to a membrane lipid (rather than being an integral part of the membrane) allows GPI-anchored proteins rapid lateral mobility on the surface of the plasma membrane.
 The protein can be cleaved from its anchor by the action of phospholipase C (see Figure 17.8), releasing diacylglycerol.
 Note: A deficiency in the synthesis of GPI in
 hematopoietic cells results in a hemolytic disease, paroxysmal nocturnal hemoglobinuria.
 D. Phosphatidylinositol (PI)
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Phosphatidylglycerol occurs in relatively large amounts in mitochondrial membranes and is a precursor of cardiolipin.
 It is synthesized by a two-step reaction from CDP-diacylglycerol and glycerol 3-phosphate.
 Cardiolipin (diphosphatidylglycerol) is composed of two molecules of phosphatidic acid connected by a molecule of glycerol.
 It is synthesized by the transfer of diacylglycerophosphate from CDP-diacylglycerol to a preexisting molecule of phosphatidylglycerol.
 E. Phosphatidylglycerol and cardiolipin
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Sphingomyelin, a sphingosine-based phospholipid, is a major structural lipid in the membranes of nerve tissue.
 The synthesis of sphingomyelin is shown in Figure 17.10.
 Briefly, palmitoyl CoA condenses with serine, as CoA and the carboxyl group (as CO2) of serine are lost.
 Note: This reaction, like the decarboxylation reactions
 involved in the synthesis of regulators from amino acids—for example, the catecholamines from tyrosine—requires pyridoxal phosphate (a derivative of vitamin B6) as a coenzyme.
 F. Sphingomyelin

Page 33
                        

The product is reduced in an NADPH-requiring reaction to sphinganine, which is acylated at the amino group with one of a variety of long-chain fatty acids, and then desaturated to produce a ceramide—the immediate precursor of sphingomyelin.
 Phosphorylcholine from phosphatidylcholine is transferred to the ceramide, producing sphingomyelin and diacylglycerol.
 Note: Sphingomyelin of the myelin sheath contains
 predominantly longer-chain fatty acids such as lignoceric acid and nervonic acid, whereas gray matter of the brain has sphingomyelin that contains primarily stearic acid.
 F. Sphingomyelin
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Figure 17.10: Synthesis of sphingomyelin.
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