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Carbohydrate, Lipid and Amino Acid Metabolism Fall 2002

September 6, 8:30 and 9:30/Lectures 1, 2:  Carbohydrate Structures and Role of
Carbohydrates in Biology and Disease  (Marks:  pp. 52-58, 65, 88, 457-469; Lippincott’s:  pp.
119-123, 147-162; Stryer 5th edition: Chapter 11)  Lecturer:  RH
Know the structure of glucose in both the open chain and ring for and understand how they
interconvert.  Know how sugars are joined together to form disaccharides, oligosaccharides, etc.
Know what glycation and advanced glycosylation end products (AGE) are and their clinical
relevance.  Be able to differentiate high mannose from complex-type N-linked oligosaccharides.
Know which amino acids are modified by which sugars in N- and O-linked glycoproteins.  Know
the basic structure of glycosaminoglycans and glycosphingolipids and be familiar with the
lysosomal storage diseases.  Be familiar with some of the biological roles of complex
carbohydrates, e.g.  targeting of lysosomal enzymes, selectin-mediated extravasation of
leukocytes.

Problems:
A.  Several of the long-term side effects of the diabetic state (e.g. hardening of the arteries,
glaucoma, kidney failure) are caused by extensive crosslinking of proteins in the extracellular
matrix.  Provide a molecular explanation for this crosslinking.

B.  I-cell disease is caused by a loss of the GlcNAc-phosphotransferase, the enzyme responsible
for tagging newly synthesized lysosomal enzymes.  Describe two other single gene mutations
that you predict would result in a similar phenotype.

September 9, 8:30/Lecture 3:  Introduction to Metabolism  (Marks:  271-273, 275-283;
Lippincott’s:  61-65, 75-78; Stryer 5th edition:  pp. 373-383) Lecturer:  RH
Be able to define catabolic and anabolic pathways.  Know the three stages of catabolism.
Understand how coupling the hydrolysis of ATP to other reactions will drive them forward.
Understand the concept of free energy and mass action and their effects on the direction of
chemical reactions.  Know the meaning of oxidation and reduction, what makes a good fuel, and
why ATP is the universal energy currency of the cell.  Understand the centrality of glycolysis
and the Kreb's cycle to intermediary metabolism.

Problem:  Describe why fats provide more energy per gram than carbohydrates.

September 9, 9:30/Lecture 4:  Glycolysis  I  (Marks:  341-345, 393-406, 445-447, 451-452;
Lippincott’s:  87-98, 123-124; Stryer 5th edition:  pp. 425-438) Lecturer:  RH
Know the reactions of glycolysis (names of both enzymes and intermediates).  Be able to
recognize all of the structures.  Know which reactions are essentially irreversible and drive
glycolysis to completion.  Know which reactions consume and which produce ATP.  Know a
balanced equation for glycolysis so that you know how many ATP's and NADH's are produced
for each molecule of glucose.

Problem:  Compounds containing mercury are extremely toxic to cells because they react
spontaneously with sulfhydryl groups.  Some of the toxic effects of mercurials are due to the fact
that they inhibit the glycolytic pathway.   At what point in the glycolytic pathway do you predict
mercurials would have any effect?  Why?

September 10, 8:30/Lecture 5:  Glycolysis  II  (Marks:  345-355, 423-426; Lippincott’s:  87-
98; Stryer 5th edition:  pp. 438-448) Lecturer:  RH
Know how and why lactic acid is produced under anaerobic conditions.  Know how other
monosaccharides (e.g. galactose and fructose) are metabolized.  Know the genetic deficiency and
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effects of galactosemia, fructose intolerance and lactose intolerance.   Know the major regulatory
points in glycolysis and how they are regulated allosterically.

Problem:  A newborn infant presents with violent vomiting and diarrhea after breastfeeding.
What is your tentative diagnosis and how would you prove it?

September 10, 9:30/Lecture 6:  Pyruvate Dehydrogenase Complex (Marks:  294-298;
Lippincott’s:  105-106; Stryer 5th edition:  pp. 465-472) Lecturer:  RH
Know the overall reaction of converting pyruvate into acetyl-CoA.  Understand the importance
of the 5 cofactors and the three enzymes involved.  Understand the regulation of the pyruvate
dehydrogenase complex.

Problem:  Two of the steps in the pyruvate dehydrogenase reaction do not involve any of the
three carbons from pyruvate yet are essential for the reaction.  Identify the two steps and explain
why they are essential.

September 12, 8:30/Lecture 7:  Citric Acid Cycle  (Marks:  291-309; Lippincott’s:  106-110;
Stryer 5th edition:  pp. 472-484) Lecturer:  RH
Know the general function of the cycle.  Know the reactions for each step (names for enzymes
and intermediates, be able to recognize the structures).  Know which reactions yield NADH,
FADH2, or GTP, and be able to convert these into ATP equivalents.  Be able to calculate the net
synthesis of ATP from one molecule of glucose.  Know the significance of the amphibolic nature
of the Citric Acid cycle.  Understand what an anaplerotic reaction is.  Understand the regulation
of the cycle.

Problem:  Beriberi is found in populations which eat polished rice as a major staple in their diets
and has been demonstrated to result from a thiamine deficiency.  It has pleotropic clinical effects.
What would be the effects on intermediary metabolism?

September 12, 9:30/Lectures 8:  Glycogen Synthesis and Breakdown (Marks:  407-412;
Lippincott’s:  135-141; Stryer 5th edition:  pp. 577-583, 589-591, 595-596) Lecturer:  RH
Know the structure of glycogen.  Know the four reactions required for the synthesis of glycogen
including the function of the branching enzyme.  Know the four reactions required for glycogen
breakdown including the debranching enzyme. Be familiar with the glycogen storage diseases.

Problem:  Explain why both liver and muscle increase in mass after a carbohydrate-rich meal,
whereas only liver decreases in mass after a fast.

September 13, 8:30/Lecture 9:  Pentose Metabolism (Marks:  437-444; Lippincott: 111-118;
Stryer 5th edition:  563-572). Lecturer:  RH
Know the steps in the oxidative portion of the pentose pathway and understand the importance of
NADPH formation and in which tissues it functions.  Know the role of the phospho-pentose
isomerase and epimerase in pentose metabolism.  Know the steps in the degradation of pentoses
and the role of transketolase and transaldolase.  Know the symptoms of glucose-6-P
dehydrogenase deficiency and the role of oxidizing agents in this disease.

Problem:  Explain why an individual with no previous symptoms developed hemolytic anemia
after eating a meal containing fava beans.  Does this person require a dietary source of ribose for
normal health?  Explain your answer.

September 13, 9:30/Lecture 10:  Gluconeogenesis (Marks:  426-436; Lippincott:  99-104;
Stryer 5th edition; 450-460) Lecturer:  RH
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Define gluconeogenesis.  Understand its importance and know the major precursors for this
process.  Know the 4 reactions specific for gluconeogenesis and how each is regulated.  Know
where ATP is utilized in this pathway.  Know how ethanol alters gluconeogenesis. Know what
the Cori cycle is.

Problem:  Explain why alcohol consumption increases the symptoms of gout.

September 17, 8:30 and 9:30/Lecture 11 and 12:  Hormonal Regulation of Carbohydrate
Metabolism I and II (Marks:  373-385, 412-436; Lippincott’s:  142-146; Stryer 5th edition:
445-450, 456-460, 583-588, 592-595). Lecturer:  RH
Understand how insulin, glucagon and epinephrine act to regulate carbohydrate metabolism.
Know their effects on glycolysis, gluconeogenesis, and glycogen metabolism.  Know how
fructose 2,6 bisphosphate affects glycolysis and gluconeogenesis, and know how levels of
fructose 2,6 bisphosphate are regulated.  Know the signal transduction cascade initiated by
glucagon and epinephrine, and know the role of the G protein and cyclic AMP in this process.
Know the enzymes in these pathways regulated by Protein kinase A.

Problem:  Caffeine is an inhibitor of cyclic nucleotide phosphatases.  Explain what affects
caffeine would have on carbohydrate metabolism in liver.

September 19, 8:30 and 9:30/Lectures 13, 14:  Fatty Acid Breakdown I and II (Marks:  357-
372; Lippincott:  172, 181-184, 187-188; Stryer:  605-617)  Lecturer:  AN
Know the structure of a typical fatty acid found in animal cells and know how fatty acids are
used as an energy store.  Know how fatty acids are transported from adipose tissue to the liver.
Know how fatty acids are activated in the liver cytoplasm and how carnitine functions to
transport activated fatty acids to the mitochondrial matrix.  Specify the steps in the ß-oxidation of
fatty acids and know how to calculate the number of ATP molecules generated from complete
oxidation of a fatty acid.  Know the additional steps necessary for the complete oxidation of odd
numbered fatty and unsaturated fatty acids.  Know how to calculate the number of ATP
molecules generated from complete oxidation of these fatty acids. Know the basis for
methylmalonic  aciduria.  List the ketone bodies.  Know how they are synthesized in the liver
and how they are used for energy by peripheral tissues.  Define pathological ketosis.

September 20, 8:30/Lecture 15:  Fatty Acid Synthesis (Marks:  501-510; Lippincott:  174-179;
Stryer:  617-629) Lecturer:  AN
Understand the roles of biotin and acyl carrier protein in fatty acid synthesis.  Know the steps in
fatty acid synthesis and how the process is regulated.  Know the source for acetyl CoA in fatty
acid synthesis.  Know how unsaturated fatty acids are synthesized.  Know the essential fatty
acids and why they are essential.

Problem:  Explain why a patient who has methylmalonic aciduria was prescribed vitamin B12.

September 20, 9:30/Lecture 16:  Amino Acid Synthesis (Marks:  595-602; Lippincott:  234-
235, 248, 251-252, 325-326; Stryer:  668-679) Lecturer:  AN
List the essential amino acids in humans.  Define kwashiorkor.  Know the precursor
carbohydrates of the non-essential amino acids.  Know the role of glutamate dehydrogenase and
transaminase in amino acid synthesis and in N2 assimilation.   Know the glutamine synthetase
reaction and the role of glutamine in acid/base balance.  Know the role of THF in 1-C
metabolism. Know the methyl cycle and its relation to cysteine synthesis.
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September 25, 9:00 and 10:00, Lectures 17,18:  Amino Acid Degradation I and II (Marks:
589-594; Lippincott:  236-239, 243-245, 253-255; Stryer:  639-659) Lecturer:  AN
Know how the amino groups of all the amino acids are transported to the liver during amino acid
breakdown in the peripheral tissues.  Know each step in the urea cycle. Know the biochemical
defects and clinical manifestations associated with hyperammonemia. Define glucogenic and
ketogenic amino acids.  Know the initial steps in the breakdown of phenylalanine and know the
inherited defects in metabolism associated with this pathway.  Describe the clinical
manifestations and know the biochemical lesion associated with phenylketonuria.  Know the
initial steps in the breakdown of branched-chain amino acids and describe the clinical symptoms
and biochemical lesion in maple-syrup urine disease.

Problems:
A.  Explain why the symptoms of a patient with maple sugar urine disease were relieved by the
administration of vitamin B1 (thiamine).
B.  Explain whey the symptoms of some patients with heart disease may be relived by a folic
acid, vitamin B6 and vitamin B12 supplement.

September 26, 9:30 Lecture 19 Review (AN)














