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Lipid Biosynthesis (Chapter 21)
 • Fatty acid biosynthesis and oxidation proceed by distinct pathways, catalyzed by different enzymes, using different cofactors (NADPH instead of NAD and FAD), and take place in different places in the cell.
 • Notably, a “three” carbon intermediate, malonyl-CoA is involved in biosynthesis but not breakdown (except as a regulatory molecule)
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Malonyl-CoA is formed from acetyl-CoA and bicarbonate
 • Acetyl-CoA carboxylase catalyzes the carboxylation of acetyl-CoA
 • This enzyme has three separate subunits/activities depending on system
 • In all cases, this enzyme contains a biotin prosthetic group covalently linked to a lysine residue, which serves to transfer the carboxyl group from one subunit to another
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The activities of acetyl-CoA carboxylase
 • ATP-dependent carboxyl transfer to biotin
 • Biotin transfer of carboxyl group
 • Carboxylation of acetyl CoA
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A multienzyme complex uses malonyl-CoA for fatty acid synthesis
 • Fatty acid synthase uses a repeating four step process to generate fatty acids
 • The first step is a condensation between malonyl Co-A and acetyl-CoA, while the next three steps are about reducing the carbonyl group to generate the saturated acyl group
 • Each cycle extends the fatty acid by two carbons
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Fatty acid synthase brings new meaning to enzyme “complex”
 • Contains seven proteins, seven activities
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Acyl carrier protein
 • Contains the prosthetic group 4’-phosphopantetheine
 • Forms a thioester linkage with fatty acid, serving as a flexible arm tethering fatty acyl chain to surface of enzyme and passes intermediates between active sites
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To initiate fatty acid synthesis, the two thiol
 groups on the enzyme must be charged • The acetyl group of acetyl-CoA is
 transferred to the cysteine of -ketoacyl-ACP synthase
 • In a second reaction, the malonyl of malonyl-CoA to the –SH group of ACP (catalyzed by malonyl-CoA-ACP transferase)
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Charging fatty acid synthase
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Condensation of acetyl-CoA and malonyl-CoA
 • Condense to form acetoacetyl-ACP (bound to phosphopantetheine thiol group)
 • The acetyl group of acetyl-CoA becomes the terminal residues on the fatty acid intermediate
 • Catalyzed by -ketoacyl-ACP synthase• Produces a molecule of carbon dioxide (same
 carbon atom introduced into malonyl-CoA through bicarbonate reaction)
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Step 1
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Giving and taking CO2
 • What’s the point of using malonyl-CoA as donor instead of acetyl-CoA?
 • Recall in oxidation, three reactions were all about activating the bond between methylene groups
 • Sandwiching the methylene group between carboxyl groups facilitates transfer
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Step 2, reduction of the carbonyl group
 • The acetoacetyl-ACP undergoes reduction (using NADPH); -ketoacyl-ACP reductase
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Step 3: dehydration
 -hydroxyacyl-ACP dehydratase catalyzes the formation of trans-2-butenoyl-ACP
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Step four: Reduction of the double bond
 • Butyryl-ACP is formed by
 enoyl-ACP reductase using
 NADPH
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To allow next cycle, butyryl group is transferred to cysteine of
 -ketoacyl-ACP synthase
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Next cycle

Page 21
                        

Fatty acid products
 • In animal cells, palmitate (16:0) is the principal product released from fatty acid synthase, although some stearate (18:0) is released, as well.
 • In plant cells, shorter fatty acids can be formed (between 8-14 carbons)
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Overall reaction
 • 8 Acetyl-CoA + 7 ATP + 14 NADPH + 14 H+ palmitate + 8CoA + 6 H2O + 7 ADP + 7 Pi + 14 NADP+
 • Note the CO2 molecules are not listed as they cancel out, and the malonyl-CoA is understood
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Protein interactions and reaction channeling
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Locales of fatty acid biosynthesis
 • In mammals and “higher” eukaryotes, fatty acid synthase is in the cytosol, together with the biosynthetic enzymes for nucleotides, amino acids and glucose – separated from the degradative processes in the mitochondria
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Recall…
 • NADPH is usually used for anabolic reactions, while NAD is used in catabolic reactions
 • Cells maintain high [NADPH/NADP] ratio in the cytosol, a high [NADH/NAD] in mitochondria
 • NADPH is maintained in the cytosol by two mechanisms
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Two means of getting cytosolic NADPH
 • PPP
 • Malic enzyme
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Different locale in plants
 • The requirement for NADPH leads to fatty acid synthesis in the chloroplast stroma, where NADPH is produced from the light reactions of photosynthesis
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Locales of fatty acid metabolism
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