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Glucose Transport 
· Glucose entry into most cells is concentration driven and independent of sodium. 
· GLUT 1 and GLUT 3 mediate basal glucose uptake in most tissues including brain, nerves, and red blood cells. Their high affinities for glucose ensure glucose entry even during periods of relative hypoglycemia. 
· GLUT 2, a low-affinity transporter, is in hepatocytes and beta-islet cells. After a meal, portal blood from the intestine is rich in glucose. GLUT 2 captures the excess glucose primarily for storage. When the glucose concentration drops below the Km for the transporter, much of the remainder leaves the liver and enters the peripheral circulation. 
· GLUT 4 is in adipose tissue and muscle and responds to the glucose concentration in peripheral blood. The rate of glucose transport in these two tissues is increased by insulin. 
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Glycolysis 
· Glycolysis is a cytoplasmic pathway that converts glucose into two pyruvates, releasing a modest amount of energy captured in two substrate-level phosphorylations and one oxidation reaction. 
· Glycolysis also provides intermediates for other pathways. In the liver, glycolysis is part of the process by which excess glucose is converted to fatty acids for storage. 
· Hexokinase and glucokinase: Glucose entering the cell is trapped by phosphorylation using ATP. Hexokinase is widely distributed in tissues whereas glucokinase is only found in hepatocytes and pancreatic -islet cells. 
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Glycolysis 
· Phosphofructokinases (PFK-1 and PFK-2): PFK-1 is the rate-limiting enzyme and main control point in glycolysis. In this reaction, fructose 6-phosphate is phosphorylated to fructose 1,6-bisphosphate using ATP. 
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Glycolysis 
· Glyceraldehyde 3-phosphate dehydrogenase—catalyzes an oxidation and addition of inorganic phosphate (Pi) to its substrate. 
· This results in the production of a high-energy intermediate 1,3-bisphosphoglycerate and the reduction of NAD to NADH. 
· If glycolysis is aerobic, the NADH can be reoxidized (indirectly) by the mitochondrial electron transport chain, providing energy for ATP synthesis by oxidative phosphorylation. 
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Glycolysis 
· 3-Phosphoglycerate kinase—transfers the high-energy phosphate from 1,3-bisphosphoglycerate to ADP, forming ATP and 3-phosphoglycerate. 
· This type of reaction in which ADP is directly phosphorylated to ATP using a high-energy intermediate is referred to as a substrate-level phosphorylation. 
· In contrast to oxidative phosphorylation in mitochondria, substrate-level phosphorylations are not dependent on oxygen, and are the only means of ATP generation in an anaerobic tissue. 


[image: image10.jpg]Qclick to enlarge







115405 >>> 0:22:56 

SLIDE 6 of 13 
· Pyruvate kinase—the last enzyme in aerobic glycolysis, it catalyzes a substrate-level phosphorylation of ADP using the high-energy substrate phosphoenolpyruvate (PEP). 
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· Global regulation is mediated by insulin and glucagon. 
· Insulin stimulates and glucagon inhibits PFK-1 in hepatocytes by an indirect mechanism involving PFK-2 and fructose 2,6-bisphosphate. 
· PFK-1 is inhibited by ATP and citrate, and activated by AMP. 
· Insulin activates PFK-2, which converts a tiny amount of fructose 6-phosphate to fructose 2,6-bisphosphate (F2,6-BP). F2,6-BP activates PFK-1. 
· Glucagon inhibits PFK-2 (via cAMP-dependent protein kinase A), lowering F2,6 BP and thereby inhibiting PFK-1. 
· Pyruvate kinase is activated by fructose 1,6-bisphosphate from the PFK-1 reaction (feed-forward activation). 
· Hemolytic anemia results from pyruvate kinase deficiency. 
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· Lactate dehydrogenase—is used only in anaerobic glycolysis. It reoxidizes NADH to NAD+ by reducing pyruvate to lactate, replenishing the oxidized coenzyme for glyceraldehyde 3-phosphate dehydrogenase. 
· Without mitochondria and oxygen, glycolysis would stop when all the available NAD+ had been reduced to NADH. 
· When oxygenation is poor in aerobic tissues (skeletal muscle during strenuous exercise, myocardial infarction), most cellular ATP is generated by anaerobic glycolysis, and lactate production increases. 
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Important Intermediates of Glycolysis 
· Dihydroxyacetone phosphate (DHAP) is used in liver and adipose tissue for triglyceride synthesis. 
· 1,3-Bisphosphoglycerate and phosphoenolpyruvate (PEP) are high-energy intermediates used to generate ATP by substrate-level phosphorylation. 
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Glycolysis in the Erythrocyte 
· Erythrocytes have bisphosphoglycerate mutase, which produces 2,3-bisphosphoglycerate (BGP) from 1,3-BPG in glycolysis. 
· 2,3-BPG binds to the -chains of hemoglobin A (HbA) and decreases its affinity for oxygen. 
· The rightward shift in the curve is sufficient to allow unloading of oxygen in tissues, but still allows 100% saturation in the lungs. 
· An abnormal increase in erythrocyte 2,3-BPG might shift the curve far enough so HbA is not fully saturated in the lungs. 
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ATP Production and Electron Shuttles 
· Aerobic glycolysis yields these 2 ATP/glucose plus 2 NADH/glucose that can be utilized for ATP production in the mitochondria; however, the inner membrane is impermeable to NADH. 
· Cytoplasmic NADH is reoxidized to NAD+ and delivers its electrons to one of two electron shuttles in the inner membrane. 
· In the malate shuttle, electrons are passed to mitochondrial NADH and then to the electron transport chain. 
· In the glycerol phosphate shuttle, electrons are passed to mitochondrial FADH2, and then to coenzyme Q. 
· Cytoplasmic NADH oxidized using the malate shuttle produces a mitochondrial NADH and yields approximately 3 ATP by oxidative phosphorylation. 
· Cytoplasmic NADH oxidized by the glycerol phosphate shuttle produces a mitochondrial FADH2 and yields approximately 2 ATP by oxidative phosphorylation. 







