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Fatty Acid Nomenclature 
· Fatty acids are long-chain carboxylic acids. The carboxyl carbon is number 1, and carbon number 2 is referred to as the  carbon. 
· Saturated fatty acids have no double bonds. Palmitic acid is the end product of fatty acid synthesis and is a saturated fatty acid with 16 carbons. 
· Unsaturated fatty acids have one or more double bonds. Humans can synthesize only a few of the unsaturated fatty acids de novo; the rest must be made from essential fatty acids in the diet. Two important essential fatty acids are linolenic and linoleic acids. 
· The omega () numbering system is also used for unsaturated fatty acids. The -family describes the position of the last double bond relative to the end of the chain. 
· Linoleic          C18:2 (9,12) or 189,12                                    -6 family (18 - 12 = 6)
· Linolenic        C18:3 (9,12,15) or 189,12,15                         -3 family
· Arachidonic     C20:4 (5,8,11,14) or 205,8,11,14                  -6 family
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Activation of Fatty Acids 
· When fatty acids are used in metabolism, they are first activated by attaching coenzyme A (CoA). 
· Fatty acyl CoA synthetase catalyzes this activation step. 
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Fatty Acid Biosynthesis 
· Excess dietary glucose can be converted to fatty acids in the liver and subsequently sent to the adipose tissue for storage. 
· Insulin promotes many steps in the conversion of glucose to acetyl CoA in the liver: 
1. Glucokinase (induced). 

2. PFK-2/PFK-1 (PFK-2 dephosphorylated). 

3. Pyruvate dehydrogenase (dephosphorylated).

· Both of the major enzymes of fatty acid synthesis are also affected by insulin: 
1. Acetyl CoA carboxylase (dephosphorylated). 

2. Fatty acid synthase (induced).
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Citrate Shuttle and Malic Enzyme 
· The citrate shuttle transports acetyl CoA groups from the mitochondria to the cytoplasm for fatty acid synthesis. 
· Acetyl CoA combines with oxaloacetate in the mitochondria to form citrate, but rather than continuing in the citric acid cycle, citrate is transported into the cytoplasm. 
· Factors that indirectly promote this process include insulin and high-energy status. 
· In the cytoplasm, citrate lyase splits citrate back into acetyl CoA and oxaloacetate. 
· The oxaloacetate returns to the mitochondria to transport additional acetyl CoA. 
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Acetyl CoA Carboxylase 
· Acetyl CoA is activated in the cytoplasm for incorporation into fatty acids by acetyl CoA carboxylase, the rate-limiting enzyme of fatty acid biosynthesis. 
· Acetyl CoA carboxylase requires ATP, biotin, and CO2. 
· Controls include: 
1. Activation by insulin (dephosphorylated). 

2. Activation by citrate

. 

· The CO2added to form malonyl CoA is never incorporated into the fatty acid because it is removed by fatty acid synthase during the addition of the acetyl group to the fatty acid. 
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Fatty Acid Synthase 
· Fatty acid synthase is a large multienzyme complex in the cytoplasm that is rapidly induced in the liver after a meal by high carbohydrate and the concomitant rise in insulin levels. 
· Acyl carrier protein (ACP) is a key element that requires the vitamin pantothenic acid. 
· 2 NADPH is required to reduce each acetyl group added to the fatty acid. 
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Fatty Acid Biosynthesis Regulation 
· Insulin activates acetyl CoA carboxylase, and induces fatty acid synthase. 
· Citrate in the cytoplasm stimulates fatty acid synthesis and inhibits PFK-1. 
· NADPH is produced by the HMP shunt, as well as from the malic enzyme, which reaction represents an additional source of cytoplasmic NADPH in liver and adipose tissue. 
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Triglycerides 
· Triglycerides, the storage form of fatty acids, are formed by attaching three fatty acids (as fatty acyl CoA) to glycerol and occurs primarily in liver and adipose tissue. 
· Liver sends triglycerides to adipose tissue packaged as very low-density lipoproteins (VLDL). 
· A small amount of triglyceride may be stored in the liver. 
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Sources of Glycerol 3-Phosphate for Synthesis of Triglycerides 
· There are two sources of glycerol 3-P for triglyceride synthesis: 
1. Reduction of dihydroxyacetone phosphate (DHAP) from glycolysis by glycerol 3-P dehydrogenase, an enzyme in both adipose tissue and liver. 

2. Phosphorylation of free glycerol by glycerol kinase, an enzyme found in liver but not in adipose tissue.

· Adipose tissue lacks glycerol kinase and is strictly dependent on glucose uptake to produce DHAP for triglyceride synthesis. In adipose tissue, the GLUT 4 transporter is stimulated by insulin. 
· VLDLs transport triglycerides in the bloodstream. 
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Glycerophospholipids 
· The structure of glycerophospholipids is similar to triglycerides except that the last fatty acid is replaced by phosphate and a water-soluble group such as choline (phosphatidylcholine, lecithin) or inositol (phosphatidylinositol). 
· Glycerophospholipids are used for membrane synthesis and for producing a hydrophilic surface layer on lipoproteins such as VLDL. 
· In cell membranes, they also serve as a reservoir of second messengers such as diacylglycerol, inositol 1,4,5-triphosphate, and arachidonic acid. 
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