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1
 Homeostasis & Glycolysis
 Homeostasis
 Concerted physiologic efforts aim to maintain
 a relatively stable internal environment.
 Dynamic NOT static
 Blood glucose as an example
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2
 Question: Could we derive glucose from fat?
 Interconversion of macronutrients
 Achieving glucose homeostasis requires coordination among major organs
 Explore the relationship between organ function and how
 they handle glucose flux during different metabolic states
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3
 One missing link - Gastrointestinal Tract (GIT) and the absorbing epithelial cells
 Key concepts: 1) Brain as the consumer & has constant need for glucose under
 normal circumstance
 2) Liver (hepatic cells) as the provider
 3) Fat (adipocytes) as the energy storage depot
 4) Muscle cannot contribute directly to blood glucose maintenance
 5) Insulin sensitivity is affected by many factors including
 adiposity and physical activity level
 6) Adults generally do not store extra nitrogen
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
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4
 Frayn KN. Metabolic Regulation: A Human Perspective, 2010
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5
 Branch points
 are
 crucial /strategic
 positions within
 a pathway that
 would be under
 regulatory influences
 and hence control
 the flow of the
 pathway.
 Quick look: Metabolism, 1999
 Cellular Mechanisms involved in Metabolic Regulation
 Key concepts to be developed:
 Tissue-specific according to roles in the body
 Flux through metabolic pathways needs to be controlled
 Response time varies (short and long-term)
 Proteins: transporters and enzymes (different forms)
 Hormones play important roles e.g. in short-term metabolic regulations
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6
 Pentose phosphate pathway
 (Hexose monophosphate pathway) Nutritional Sciences
 From Fundamentals to Food, 2011
 Frayn KN.Metabolic Regulation: A Human Perspective, 2010
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7
 More than one type of metabolic regulation / modulation
 can occur on an enzyme
 Examples: Acetyl CoA carboxylase
 rate-limiting & irreversible step
 Allosteric activator: citrate
 Allosteric inhibitor: palmitoyl CoA
 (Response time: instant)
 Covalent regulation by protein kinase / phosphatase -
 activated by 2nd messengers of glucagons and insulin,
 respectively.
 (Response time: seconds – minutes)
 Induction – by insulin leading to mRNA and
 protein synthesis
 (Response time: minutes – hours / days)
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8
 (OGTT)
 In diabetics, glucose
 Appearance too FAST
 Removal too SLOW
 Is homeostasis achieved in diabetics?
 Substrate movements
 Cell membranes and membranes within cells are formed from
 a phospholipid bilayer
 In addition to passive diffusion, polar molecules and ions
 normally need transporter to effect
 Facilitated diffusion (carrier-mediated diffusion) for flow
 down a concentration gradient
 Active transport for moving up a concentration gradient
 Glucose, amino acid and fatty acid transports are tissue-specific
 and play important roles in metabolic regulations.
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9
 Glucose transporters: GLUT and SGLT
 “GLUT” family of facilitative transporters
 Distributed in tissues in various forms 1-14
 Compare km of GLUT2 (intestine), GLUT 4 (muscle,
 adipose tissue) & GLUT3 (brain)
 Why the brain has GLUT3 but not GLUT2?
 What about GLUT4 after eating?
 SGLT (sodium-glucose linked transporter)
 *Na-K ATPase
 SGLT-1 (duodenum, jejunum & renal tubules)
 SGLT-2 (renal tubules)
 Frayn KN. Metabolic Regulation: A Human Perspective. 2010
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10
 Frayn KN. Metabolic Regulation: A Human Perspective. 2010
 Frayn KN. Metabolic Regulation: A Human Perspective. 2010
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11
 Major blood vessels of the liver
 *
 • Deoxygenated but nutrient rich
 • Note location of the pancreatic vein
 https://ankiweb.net/shared/mpreview/894490734/2.jpg
 Metabolic Regulation: A Human Perspective, 2010
 Water soluble substrates from
 GIT transported to liver via the
 hepatic portal vien .
 It is liver’s major blood supplier.
 Before entering the liver, join by
 pancreatic veins containing
 insulin & glucagon.
 Periportal hepatocytes – receive
 oxygenated blood & substrates,
 can produce glucose via
 gluconeogenesis.
 Perivenous hepatocytes – more
 involve in glycolysis & ketone
 body production.
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12
 Net effects of the classical hormones on intermediary metabolism
 Effect of insulin & glucagon
 on the synthesis of key
 enzymes of glycolysis in liver.
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 G G6P
 by
 glucokinase or
 hexokinase
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13
 N.B. Km does not vary with the concentration of enzyme
 Liver versus Extra-hepatic tissues
 G G6P [G6P acts as a non-competitive inhibitor slowing hexokinase rx.
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14
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 Effect of glucose concentration
 on the rate of phosphorylation
 catalyzed by hexokinase &
 glucokinase.
 Implication: Liver differs
 from other tissues in that it
 will phosphorylate glucose
 as soon as they get inside
 hepatic cells.
 What about the transport
 mechanism and the
 hexokinase in skeletal
 muscle ? Does it help?
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15
 Regulation of glucokinase activity
 by glucokinase regulatory protein.
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 There are 3 regulatory steps in
 hepatic glycolysis, all of which
 are irreversible.
 GG6P
 [glucokinase / hexokinase]
 F6P F1,6 biP
 [phosphofructoskinase I]
 PEP Pyruvate
 [pyruvate kinase]
 Substrate activation of glycolysis in hepatic cells
 Glucagon activates adenylate cyclase; but glucagon level is low after eating
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16
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 Effect of elevated insulin concentration on the intracellular
 concentration of F 2,6-bisphophate in liver
 Covalent modification of hepatic
 pyruvate kinase results in
 inactivation of enzyme.
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 Question: under what
 condition will glucagon
 level become high?
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17
 GLYCOLYSIS
 •purpose ?
 •organ / tissue
 •anaerobic or aerobic
 •cytosol
 •end product ?
 •availability of NAD+
 Summary of anaerobic glycolysis.
 Aerobic glycolysis yields 2ATP and 2NADH
 NADH needs to be used by other cytoplasmic reactions
 or shuttled into the mitochondria
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18
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 Question: is lactate an end product and get excreted?
 Substrate shuttles for the transport of electrons across the inner mitochondrial
 membrane. A. Glycerol 3-phosphate shuttle. B. Malate-asparate shuttle.
 Lippincott’s Illustrated Reviews: Biochemistry, 2011
 Glycerol
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19
 In class exercise
 A person has enzyme deficiency-related hemolytic anemia.
 His red blood cells exhibited low level of lactate production.
 Which enzyme(s) likely to be defective?
 Logic to tackle the question:
 1) what is the characteristic of RBC
 2) which is the dominating pathway?
 3) how is lactate produced?
 4) what causes hemolysis?
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