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Gluconeogenesis 
· The liver maintains glucose levels in blood during fasting through either glycogenolysis or gluconeogenesis. 
· These pathways are promoted by glucagon and epinephrine and inhibited by insulin. 
· In fasting, glycogen reserves drop dramatically in the first 12 hours, during which time gluconeogenesis increases. After 24 hours, it represents the sole source of glucose. 
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Gluconeogenesis 
· Pyruvate carboxylase is a mitochondrial enzyme requiring biotin. 
· It is activated by acetyl CoA (from  oxidation of fatty acids). 
· The product oxaloacetate (OAA), a citric acid cycle intermediate, cannot leave the mitochondria but is reduced to malate which can leave via the malate shuttle. In the cytoplasm, malate is reoxidized to OAA. 
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Gluconeogenesis 
· Phosphoenolpyruvate carboxykinase (PEPCK) in the cytoplasm is induced by glucagon and cortisol. 
· It converts OAA to phosphoenolpyruvate (PEP) in a reaction that requires GTP. 
· PEP continues in the pathway to fructose 1,6-bisphosphate. 
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Gluconeogenesis 
· Fructose 1,6-bisphosphatase in the cytoplasm is the rate-limiting enzyme of gluconeogenesis. 
· It hydrolyzes phosphate from fructose 1,6-bisphosphate rather than using it to generate ATP from ADP. 
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Gluconeogenesis 
· Glucose 6-phosphatase is in the lumen of the endoplasmic reticulum. Glucose 6-phosphate is transported into the ER, and free glucose is transported back into the cytoplasm from which it leaves the cell. 
· Glucose 6-phosphatase is only in the liver. The absence of glucose 6-phosphatase in skeletal muscle accounts for the fact that muscle glycogen cannot serve as a source of blood glucose. 
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Gluconeogenesis 
· Fructose 1,6-bisphosphatase is activated by ATP and inhibited by AMP and fructose 2,6-bisphosphate. 
· Fructose 2,6-bisphosphate, produced by PFK-2, controls both gluconeogenesis and glycolysis (in the liver). 
· PFK-2 is activated by insulin and inhibited by glucagon. Thus, glucagon will lower F 2,6-BP and stimulate gluconeogenesis, whereas insulin will increase F 2,6-BP and inhibit gluconeogenesis. 
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Substrates for Gluconeogenesis 
· Gluconeogenic amino acids (protein from muscle), especially alanine via alanine transaminase (ALT). 
· Lactate (from anaerobic glycolysis) via lactate dehydrogenase. 
· Glycerol 3-phosphate (from triacylglycerol in adipose). This pathway is defunct in Von Gierke’s disease. 
· 18 of the 20 amino acids (all but leucine and lysine) are also gluconeogenic. 
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Hexose Monophosphate Shunt 
· The hexose monophosphate (HMP) shunt (pentose phosphate pathway) occurs in the cytoplasm of all cells, where it serves two major functions: 
1. NADPH production. 

2. Source of ribose 5-phosphate for nucleotide synthesis. 

· This first part begins with glucose 6-phosphate and produces NADPH and involves the important rate-limiting enzyme glucose 6-phosphate dehydrogenase (G6PDH). 
· G6PDH is induced by insulin, inhibited by NADPH, and activated by NADP. 
· The second part begins with ribulose 5-phosphate, and represents a series of reversible reactions that produce an equilibrated pool of sugars for biosynthesis, including ribose 5-phosphate for nucleotide synthesis. 
· Because fructose 6-phosphate and glyceraldehyde 3-phosphate are among the sugars produced, intermediates can feed back into glycolysis, and conversely, pentoses can be made from glycolytic intermediates without going through the G6PDH reaction. 
· Transketolase, a thiamine-requiring enzyme, is important for these interconversions. Transaldolase is also an important enzyme. 
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Functions of NADPH 
· Cells require NADPH for a variety of functions, including: 
1. Biosynthesis of fatty acids. 

2. Bactericidal activity in polymorphonuclear leukocytes (PMN) 

3. Maintenance of a supply of reduced gluthathione to protect against reactive oxygen species (ROS).
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Glucose 6-Phosphate Dehydrogenase Deficiency 
· Persons with mutations that partially destroy G6PDH activity may develop an acute, episodic hemolysis. 
· Certain mutations affect the stability of G6PDH and because erythrocytes cannot synthesize proteins, the enzyme is gradually lost over time and older red blood cells lyse. This process is accelerated by certain drugs and, in a subset of patients, ingestion of fava beans. 
· In the United States, the most likely cause of a hemolytic episode in these patients is overwhelming infection, often pneumonia (viral and bacterial) or infectious hepatitis. 
· In rare instances, a mutation may decrease the activity of G6PDH sufficiently to cause chronic nonspherocytic hemolytic anemia. 
· Symptoms of CGD (chronic granulomatus disease) may also develop if there is insufficient activity of G6PDH (< 5% of normal) in the PMN to generate NADPH for the NADPH oxidase bactericidal system. 







