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Instructional Objectives from Monday, 11/09/09

26. Two pathways:

a. Malate/Aspartate (heart, livers, kidney): Broadly speaking, the process involves symmetrical transamination reactions across the inner mitochondrial membrane.   First cytosolic oxaloacetate is reduced to malate (reverse of reaction in TCA cycle)using the NADH produced during glycolysis.  Malate uses a malate/alpha-ketoglurate antiporter to get into the mitochondrial matrix where matrix NAD oxidizes malate back to oxaloacetate.  There is no oxaloacetate transporter though so to get the oxaloacetate back into the cytosol it has to first be converted to aspartate (converting glutamate to alpha-ketoglutarate in the process).  Aspartate crosses back into the cytosol with an glutamate/aspartate antiporter and is then converted back to oxaloacetate (converting alpha –ketoglutarate to glutamate in the process). Transporters highlighted because they help orient the cycle. 

b. Glycerophosphate (muscle, brain): Dihydroxyacetone phosphate (DHAP) is reduced to glycerol-3-phosphate (G3P), oxidizing NADH back to NAD. G3P is oxidized back to DHAP by giving electrons to FAD associated with the inner mitochondrial membrane to syphon into the electron transport chain (ETC)

27. Pyruvic acid is reduced to lactate, oxidizing NADH to NAD in the process.  Related stuff: There will always be same basal level of lactate produced during exercise but prolonged exercise leads to acidosis from lactate build up. Tumors with inadequate blood supply can adapt to hypoxic conditions by increasing TF HIF-1 to increase synthesis of: glycolytic enzymes to increase glycolysis, and pyruvate dehydrogenase kinase (PDK) to decrease acteyl CoA production. 

28. Although last week we learned of three irreversible steps in glycolysis, the two most regulated steps are conversion of fructose 6-phosphate (F6P) to fructose 1,6-bisphosphate (F1,6BP), and conversion of phosphoenolpyruvate (PEP) to pyruvate. 

29. Two kinases can act on F6P, either PFKinase-1 or PFKinase-2 to produce either F1,6BP or F2,6BP respectively.  You can think of the fate of F6P as analagous to a bisected river flowing down one of two paths, but the route leading to F2,6BP diverts only a small amount of the carbons ultimately becoming pyruvate, and it more than makes up for the diversion by both stimulating glycolytic enzymes and inhibiting the phosphatase enzyme that converts F1,6BP back to F6P.  AMP has a similar dual action of stimulating glycolysis and inhibiting phosphatase although AMP exerts the stronger effect between AMP and F2,6BP.  The other players are ATP, ADP, citrate, and H+ and for the most part they act like you would expect. If there is a lot of ATP around, you don’t need glycolysis so conversion of F6P to F1,6BP will be inhibited.  ADP stimulates glycolysis without the dual action of AMP (although 2ADP => ATP + AMP). Citrate and H+ inhibit glycolysis. Citrate makes sense (don’t need pyruvate if plenty of alternative fuels available like FA and ketone bodes that can be converted to citrate, protect glucose supply to brain), but H+ has a slightly different role as a protectant.  Muscles are metabolically active or there wouldn’t be excess H+ around so at high concentration to prevent further damage H+ inhibits pyruvate synthesis at the level of F6P.

30. The key here is that in skeletal muscle F6P is both a substrate and positive allosteric regulator of F2,6BP synthesis with again that dual action shown before in its ability to inhibit the phophatase that breaks down F2,6BP.  Citrate inhibits F2,6BP synthesis as with F1,6BP synthesis and by the same reasoning.  The difference between cardiac and skeletal muscle is that cardiac muscle PFKinase 2 is regulated by covalent phosphorylation, while skeletal muscle is regulated allosterically by citrate and F6P. 

