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Naturally occurring unsaturated fats have cis-double bonds which may fall on the 3’-4’ carbons as the fatty acid is being oxidized.  Separate enzymes exist to change both the position and/or orientation for these.

45. Oxidation of odd-numbered fatty acids will produce a 3-carbon acyl CoA, proprionyl CoA.  To make use of this the cell must convert it to 4-carbon succinyl CoA using CO2, and the cofactors biotin and vitamin B-12 (note that CO2 addition in any of the processes we’ve discussed so far requires biotin)

46. Carinitine palmitoyl transferase (CPT) is the major regulatory site for beta oxidation and malonyl CoA is a CPT inhibitor so high levels of malonyl CoA will lead to inhibited acyl CoA transport into mitochondria. 

47. The primary modulators of malonyl CoA concentrations are acetyl CoA carboxylase (ACC) which makes malonyl CoA from acetyl CoA, CO2, and ATP (and requires biotin); and malonyl CoA decarboxylase (MDC) which converts malonyl CoA to acetyl CoA and CO2.  Note that acetyl CoA can be supplied on the cytosolic side from breakdown of citrate. 
48. Both ACC and MDC are covalently regulated by AMP dependent kinase (AMPK), more on this in the next objective.  AMPK activity is regulated in two ways: allosterically by AMP binding, and covalently by phosphorylation mediated by AMPK Kinase.  AMPK Kinase is activated by both AMP and fatty acyl CoA (personally I would have designed it so it was regulated by a kinase, making it turtles, ahem, kinases all the way down).  Note that AMPK has a partially and fully activated state. Full activation requires both AMP binding and phosphorylation by AMPK Kinase, but either phosphorylation or AMP binding suffices for partial activation. 
49. Finally putting the last three objectives together: increased AMP (energy deprived state) increases AMPK Kinase activity, causing it to phosphorylate AMPK. AMPK then phosphorylates MCD (its active state), which can break down malonyl CoA to acetyl CoA thus removing carnitine palmitoyl transferase inhibition (for FA transport into mitochondria) and supplying the mitochondria with additional acetyl CoA. At the same time AMPK will phosphorylate ACC (its inactive state) reducing the conversion of acetyl CoA to malonyl CoA.  Note that insulin will reverse both of these FA mobilization paths since it’s telling the body that a more ready supply of glucose has become available.  High levels of FA alone will do much the same thing except since AMP is an allosteric regulator of AMPK you’ll get only AMPK partial activation from phosphorylation by AMPK Kinase. 
50. Exercise is an application of the above objective since it will lead to increased AMP levels.  

51. Returning to a resting state is just a matter of ATP synthesis catching up to demand causing reduced AMP levels, reduced AMPK activity, and thus increased malonyl CoA concentrations to replace inhibition on carnitine palymitoyl transferase. 
52. An acyl CoA dehydrogenase (first step in beta oxidation) genetic deficiency leads to a build-up of C8 to C12 fatty acids.  These high levels act as a CoA siphon, reducing concentrations for other mitochondrial functions like pyruvate decarboxylation.  The citric acid cycle stalls without this leading to decreased citrate. Decreased citrate means less acetyl CoA for conversion to malonyl CoA (objective 48) which removes inhibition on carnitine palmitoyl transferase so more FAs will be transported into the mitochondria to exacerbate the condition.  The condition can be controlled by simply limiting intake of medium chain FAs.
53. TCA capacity can be increased using acetyl CoA (convenient since it’s the product of beta oxidation) or amino acids. High concentrations of acetyl CoA will inhibit pyruvate decarboxylation and also stimulate conversion of acetyl CoA to oxaloacetate by pyruvate carboxylase (requires ATP, CO2, and biotin).  Either aspartic acid and pyruvate, or glutamic acid and pyruvate can be used in a transamination reaction to produce either oxaloacetate or alpha-ketoglutarate respectively (alanine also produced in both pathways). 

54. Glycogen and phosphocreatine serve as energy reserves in muscle. 

