Biochemistry Examinations '96-2000

Block I


MEDBIOCHEM EXAM 1, 2000

For each of the following questions, choose the one best answer.

Results of Student Liaison Committee meeting with faculty are shown below the answer key below. Also, questions that were regraded are shown in BLUE. 

1. What are the smaller digestion products for the following peptide, when using only the chemical, cyanogen bromide (CNBr) for peptide hydrolysis?
H2N-Arg-Ala-Met-Lys-Lys-Met-Gly-Thr-Ile-Trp-Met-Ser-Arg-Lys-COOH
A. H2N-Arg-Ala-Met-Lys-Lys-Met-Gly-Thr-Ile-Trp; Met-Ser-Arg-Lys-COOH
B. H2N-Arg-Ala-Met-Lys; Lys-Met-Gly-Thr-Ile-Trp-Met-Ser-Arg-Lys-COOH
C. H2N-Arg-Ala-Met; Lys-Lys-Met; Gly-Thr-Ile-Trp-Met; Ser-Arg-Lys-COOH
D. H2N-Arg; Ala-Met-Lys; Lys; Met-Gly-Thr-Ile-Trp-Met-Ser-Arg; Lys-COOH
E. H2N-Arg-Ala; Met-Lys-Lys; Met-Gly-Thr-Ile-Trp; Met-Ser-Arg-Lys-COOH

2. The (alpha) a-carbon atom of an amino acid:
A. has four functional groups attached.
B. is part of the planar and rigid structure of the peptide bond.
C. is not the asymmetric center of that amino acid.
D. is an ionizable group with a unique pK.
E. can be readily modified posttranslationally.

3. The amino acid(s):
A. serine, threonine and tyrosine may be O-glycosylated.
B. may be acetylated, if they are C-terminal.
C. tyrosine, serine and threonine can be phosphorylated.
D. asparagine and glutamine may be N-glycosylated.
E. may be amidated, if they are N-terminal.

4. Amino acids:
A. have more than one a-carbon atom.
B. cannot participate in covalent bond formation.
C. only ever have two pKs.
D. are all chiral, except for glycine.
E. occur in nature exclusively in the optically active D-form.

5. The pI of a protein is the:
A. pK value of the functional groups attached to the a-carbon.
B. pH value at which it has no charge.
C. pH value at which the protein is generally most soluble.
D. pH value at which its net charge is zero.
E. net pK value of all the ionizable side chains and R-groups.

6. Select the TRUE statement.
A. Secondary structure of a polypeptide is principally responsible for determining its molecular weight.
B. Tertiary structure of a polypeptide is principally responsible for most of the alpha helical and beta-pleated sheet motifs it displays.
C. Primary structure of a polypeptide results from methionines being oxidized to disulfide bonds.
D. Polypeptide domain units are formed by phosphorylation of serines and threonines.
E. The quaternary structure of a protein implies that more than one polypeptide chain composes that protein.

7. How can an acidic group act as a base?
A. By donating electrons.
B. By shifting to a higher pK.
C. By shifting to a lower pK.
D. By accepting protons.
E. By donating hydrogen bonds.

8. You have just admitted a patient who has accidentally ingested a large amount of sodium arsenate. If her tissues were analyzed, which of the following would you expect to find?
A. Reduced flow of electrons through electron transport.
B. Decreased NADH shuttle transport into the mitochondria.
C. Increased inhibition of pyruvate dehydrogenase.
D. Reduced amounts of ATP produced per molecule of O2 consumed.
E. Reduced activity of the proton pumps.

9. An enzyme in liver which is part of both the glycolytic and gluconeogenic pathways is:
A. glucose 6-phosphatase.
B. PEP carboxykinase.
C. fructose 1,6-bisphosphatase.
D. glucokinase.
E. glyceraldehyde 3-phosphate dehydrogenase.

10. The sigmoidal nature of the oxygen binding curve of hemoglobin is due to all of the following EXCEPT:
A. disruption of salt bonds in the subunit structure of hemoglobin.
B. alteration in the structure of hemoglobin by oxygen binding.
C. binding of BPG in the heme pocket.
D. binding of BPG by three positive charges of the hemoglobin tetramers.

11. Fructose 2,6-bisphosphate:
A. is required for gluconeogenesis.
B. synthesis is stimulated by insulin.
C. is increased by cyclic AMP.
D. inhibits phosphofructokinase.
E. stimulates fructose 1,6-bisphosphatase.

12. Which of the following describes the action of catalase?
A. Converts H2O2 to H2O and O2.
B. Converts superoxide to H2O2.
C. Converts oxidized glutathione to reduced glutathione.
D. Converts superoxide to H2O.
E. Converts hydroxy radicals to H2O and O2.

13. Which of the following statements regarding Michaelis-Menten kinetics is TRUE?
A. The Km is the dissociation constant of the enzyme-substrate complex.
B. The Km is the concentration of the substrate at Vmax.
C. The Km is measured at high substrate concentration.
D. The Km is the substrate concentration where half of the enzyme is in the form of enzyme-substrate complex.

14. Your patient is a 25 year old male who was admitted to the hospital in a state of starvation. He had been homeless for several months and become depressed and had not eaten for 4 days. You start him on a high carbohydrate diet as an attempt to spare protein and restore normal blood sugar regulation. Which of the following enzymes is most likely to increase in concentration in his liver?
A. Glucose 6-phosphatase.
B. Glucokinase.
C. Pyruvate kinase.
D. Succinate dehydrogenase.
E. Hexokinase.

15. The standard free energy change for a metabolic pathway:
A. is positive for spontaneous pathways.
B. is inversely proportional to the rate of the overall pathway.
C. is lower in the presence of the pathway enzymes.
D. is the sum of all the individual standard free energy values.
E. depends on the free energy of the rate limiting reaction.

16. Which of the following statements is FALSE?
A. Thermodynamically favored reactions are reversible.
B. Nature favors low enthalpy and high entropy.
C. Reactions can be driven in the favor of product formation by the presence of enzymes.
D. At equilibrium there is no change in free energy.

17. You have just admitted a male infant with a congenital deficiency for pyruvate dehydrogenase and you suspect lactic acidosis. The laboratory reports that the urine contains 0.01 mM lactic acid and 1.0 mM lactate ions. What is the pH of the urine? (Lactic acid, pK = 3.9)
A. 3.9
B. 4.9
C. 5.9
D. 6.9
E. 7.9

18. The activity of pyruvate dehydrogenase (PDH) decreases:
A. as the concentration of acetyl CoA increases.
B. as blood insulin increases.
C. as the concentration of pyruvate increases.
D. as the concentration of NADH decreases.
E. when the phospho-enzyme is converted to its dephosphorylated form.

19. Which enzyme would be impaired in a biotin deficiency?
A. fructose 1,6-bisphosphatase.
B. pyruvate kinase.
C. PEP carboxykinase.
D. pyruvate carboxylase.
E. malate dehydrogenase

20. Which of the following is the correct sequence of carriers in the electron transport chain?
A. NADH/CoQ reductase ® cytochrome c ® CoQ ® cytochrome reductase ® cytochrome oxidase.
B. CoQ ® cytochrome reductase ® cytochrome oxidase ® cytochrome c ® NADH/CoQ reductase.
C. NADH/CoQ reductase ® CoQ ® cytochrome reductase ® cytochrome c ® cytochrome oxidase.
D. NADH/CoQ reductase ® CoQ ® cytochrome c ® cytochrome oxidase ® cytochrome reductase.
E. NADH/CoQ reductase ® cytochrome reductase ® cytochrome c ® CoQ ® cytochrome oxidase.

21. The rate of glycolysis is increased by:
A. insulin.
B. ATP.
C. citrate.
D. NADH.
E. glucose 6-phosphate.

22. Select the FALSE statement.
A. Proteins possess a net positive charge when the pH is below the pI value.
B. The peptide bond of a protein is planar and rigid.
C. Amino acids can never have four different protonation or ionization states.
D. Proteins possess a net negative charge when the pH is above the pI.
E. Covalent bonds in proteins are primarily found as two types - the peptide bond and the disulfide bond.

23. The Keq for glucose 6 phosphatase is 4 x 10-3 mol/l for the following reaction:

glucose + Pi ---------> glucose 6 phosphate + H20

Which of the following statements is TRUE?
A. The reaction is thermodynamically favored.
B. The reaction is an exothermic reaction.
C. The substrates are favored over product.
D. The actual change in free energy would be -3.3Kcal/mole.

24. When oxidative phosphorylation and electron transport are tightly coupled:
A. cytochrome c transfers electrons from Complex I to Complex III.
B. oligomycin will cause an inhibition of electron transport.
C. the electrons transported from one NADH will produce 2 ATP.
D. decreased oxygen increases ATP synthesis.
E. increased ATP synthesis will cause cytoplasmic NADH to increase.

25. What is the ratio of the conjugate acid to the conjugate base of the side chain of lysine-86 in the brain protein, medstudentin, at pH 6.0, if the pK for the group is 9.0?
A. 10 to 1
B. 100 to 1
C. 1000 to 1
D. 1 to 100
E. 1 to 1000

26. Which of the following enzyme systems is a multienzyme complex containing thiamine and lipoic acid?
A. Malate dehydrogenase.
B. Alpha-ketoglutarate dehydrogenase.
C. Fumarase.
D. Isocitrate dehydrogenase.
E. Succinate dehydrogenase.

27. The second half of glycolysis involves which of the following?
A. Phosphorylation of a hexose.
B. Isomerization of a hexose phosphate.
C. Phosphorylation of a hexose phosphate.
D. Substrate level phosphorylation of ADP.
E. Formation of NADH from NAD+.

28. ATP is considered to be the universal source of energy for endergonic reactions but is not the storage form of energy under physiological conditions. Why?
A. The actual free energy of hydrolysis of ATP is only -11 to -12 kcal.
B. ATP is not located in the cytoplasm where most endergonic reactions occur.
C. The half-life of ATP is too short.
D. The synthesis rate for ATP is not efficient.

29. The viability of red blood cells is critically dependent on glycolysis as a source of energy. Glycolysis will cease if:
A. the concentration of cAMP is decreased.
B. phosphofructokinase is activated.
C. mitochondria are not present in the cell.
D. NADH is not oxidized.
E. the concentration of AMP is increased.

30. The first half of glycolysis involves which of the following?
A. ATP synthesis at the substrate level.
B. The incorporation of Pi into a triose phosphate.
C. The reduction of NAD+ to NADH.
D. The formation of 1,3-bisphosphoglycerate.
E. Formation of triose phosphates from a hexose diphosphate.

31. The chemiosmotic hypothesis proposes that the mechanism for the formation of ATP involves:
A. a change in the hydrophobic bonds between proteins within the mitochondrial membrane.
B. the joining of protons and oxygen to form water.
C. the formation of a high energy bond between Pi and a protein in the mitochondrial membrane.
D. the pumping of water through the mitochondrial membrane.
E. the flow of protons through ATP synthase in the mitochondrial membrane.

32. Which statement is CORRECT?
A. Enzymes are small molecules that are heat stable.
B. Enzymes affect rates of reactions in the forward and reverse direction.
C. Enzymes will determine whether a reaction will take place.
D. Enzymes are permanently altered following the conversion of substrate to product.

33. Which of the following is present in the liver, but is absent in muscle?
A. pyruvate carboxylase.
B. glycogen synthetase.
C. lactate dehydrogenase.
D. pyruvate dehydrogenase.
E. glucose 6-phosphatase.

34. A patient presents in the emergency room with an oxygen partial pressure of 45 torrs. Which of the following might explain this condition?
A. The patient has been exposed to a reducing chemical.
B. The synthesis of BPG has been inhibited.
C. The patient has been exposed to carbon monoxide.
D. The patient has recently spent a week at sea level.

35. When are the concentrations of the conjugate acid and conjugate base equal?
A. When the pH equals the pK.
B. When the pH is 10X the pK.
C. When the pH is 0.1X the pK.
D. When the pH is 7.0.
E. When the [H+] is equal to the [OH-].

36. Your patient has a genetic deficiency in the transaminase that forms oxaloacetate in the cytoplasm and the effect is to reduce the cytoplasmic oxaloacetate levels to 5% of normal. The most likely effect on the malate shuttle from this deficiency would be:
A. increased cytoplasmic NAD+.
B. increased mitochondrial NADH.
C. increased formation of malate in cytoplasm.
D. increased malate transport into mitochondrion.
E. increased glycerol phosphate dehydrogenase activity.

37. Which of the following enzymes utilizes FAD as a coenzyme?
A. Malate dehydrogenase.
B. Aconitase.
C. Lactate dehydrogenase.
D. Isocitrate dehydrogenase.
E. Succinate dehydrogenase.

38. Patients with hemoglobin S are more resistant to malaria because:
A. the protozoa causing malaria is not able to enter the erythrocytes due to an alteration of the membrane of the erythrocyte.
B. the smaller size and the elongated shape of the erythrocyte prevents the protozoa from infecting other cells.
C. the half-life of the erythrocyte is decreased in cells containing hemoglobin S resulting in a decrease level of the protozoa.
D. hemoglobin S has a higher capacity to bind oxygen which inhibits the action of the protozoa.

39. What is the value of D Go' for the pathway A <=> B <=> C <=> D?

Reaction D Go'
B <==> A +5 kcal/mol
C <==> A +5 kcal/mol
C <==> D -15 kcal/mol
A. +10
B. +5
C. -10
D. -15
E. -20

40. In aerobic glycolysis, NADH in the cytoplasm:
A. is recycled by lactate dehydrogenase to produce NAD+ for glycolysis.
B. reduces dihydroxyacetone phosphate to glycerol phosphate.
C. reduces malate to oxaloacetate for transport into the mitochondrial matrix.
D. can be transported into the mitochondrion by an NADH/NAD+ antiporter.
E. acts as a negative allosteric effector for phosphofructokinase.

41. Competitive inhibitors are commonly used in chemotherapy because:
A. the inhibitors decrease the total amount of substrate.
B. the inhibitors alter the enzymes when they bind and decrease the Vmax of the reaction
C. the inhibitor resembles the structure of the product and inhibit the reaction by negative feedback.
D. the inhibitor binds only to the active site and increases the Km.

42. The tricarboxylic acid cycle is initiated by the condensation of acetyl-CoA and:
A. malate.
B. citrate.
C. pyruvate.
D. oxaloacetate.
E. HCO3-.

43. Gluconeogenesis:
A. is favored when insulin concentrations are high.
B. occurs in the liver.
C. allows skeletal muscle to produce free glucose.
D. is stimulated by high levels of fructose 2,6-bisphosphate.
E. uses acetyl CoA as a substrate.

44. Which of the following statements about Coenzymes is FALSE?
A. Coenzymes are the non-protein portion of the enzyme.
B. Coenzymes do not affect the rate of reaction.
C. The interaction of coenzymes can be covalent or transient.
D. Coenzymes are heat stable.

45. All of the following statements are true EXCEPT:
A. deoxyhemoglobin is more acidic than oxyhemoglobin.
B. physiological roles for hemoglobin are transport of carbon dioxide, transport of hydrogen ions and transport of bicarbonate ion.
C. binding of carbon dioxide to the N-terminal amino acid of the alpha and beta chains of hemoglobin decreases the affinity of oxygen binding to hemoglobin.
D. increasing the concentration of BPG in erythrocytes decreases the oxygen affinity of hemoglobin.

46. Your have just admitted a male infant with a congenital deficiency for pyruvate dehydrogenase. Which of the following pathways in his brain will be accelerated after he is fed?
A. Electron transport.
B. Tricarboxylic acid cycle.
C. Gluconeogenesis.
D. Glycolysis.
E. Oxidative phosphorylation.

47. Which of the following statements is TRUE? Enzyme catalysis of a chemical reaction:
A. increases the energy of the transition state.
B. decreases the change in free energy of the reaction.
C. increases the change in free energy of the reaction.
D. decreases the change in the free energy of activation.

48. The activity of which enzyme would be expected to increase as the level of insulin increases?
A. Pyruvate dehydrogenase.
B. Hexokinase.
C. Glucose 6-phosphatase.
D. Fructose 1,6-bisphosphatase.
E. PEP carboxykinase.

49. Your patient has muscular weakness and degeneration of the optic nerve. Your tentative diagnosis is Leber's hereditary optic neuropathy. If this is the correct diagnosis, which of the following pathways will contain the defect?
A. Tricarboxylic acid cycle.
B. Electron transport.
C. Glycolysis.
D. Gluconeogenesis.
E. Pyruvate dehydrogenase multienzyme complex.

50. Which of the following statements about enzyme substrate complexes is TRUE?
A. At high substrate concentration the rate of the reaction is first order.
B. The enzyme concentration is higher than the substrate concentration under physiological conditions.
C. Alteration in the conformation of the enzyme may occur when substrate binds.
D. Increase in enzyme concentration does not affect the rate of the reaction.

51. Which of the following statements is TRUE for both hemoglobin and myoglobin?
A. Oxygen binds to ferric iron in the heme portion of the protein.
B. Oxygen binds in a cooperative manner.
C. The structure of hemoglobin and myoglobin change due to the binding of oxygen.
D. Increasing the acidity decreases the oxygen binding.

52. You have just admitted a patient who has accidentally ingested a large amount of sodium pentachlorophenol. If his tissues were analyzed, which of the following would you expect to find?
A. Reduced flow of electrons through electron transport.
B. Decreased NADH shuttle transport into the mitochondria .
C. Increased inhibition of pyruvate dehydrogenase.
D. Reduced amounts of ATP produced per molecule of O2 consumed.
E. Reduced activity of the proton pumps.

53. Which of the following is a physiological mechanism for regulating the catalytic activity of enzymes?
A. Increasing the synthesis of the substrate.
B. Covalent modification of tryptophan residues.
C. Phosphorylation of histidine residues in the active site of the enzyme.
D. Conformational alteration in the enzyme by binding regulatory proteins.

54. The synthesis of phosphoenolpyruvate from pyruvate:
A. is the last step in glycolysis.
B. is localized only in the cytosol.
C. never occurs since the pyruvate kinase reaction is irreversible.
D. consumes GTP.
E. requires pyruvate kinase.

55. Which statement about non-competitive inhibitors is TRUE?
A. Non-competitive inhibitors are not effective at high substrate concentrations
B. Non-competitive inhibitors affect the Km of the reaction.
C. Non-competitive inhibitors do not bind to the active site of the enzyme.
D. Non-competitive inhibitors do not decrease the free energy of activation.

56. You are the team physician for your local women's soccer team. Some of your new recruits have been disabled due to injury for the past four months and are about to start a conditioning program. Since their aerobic fitness is crucial to the stamina needed for the game of soccer, you put them on a progressive interval running program. As their aerobic fitness increases, which of the following enzymes in their skeletal muscle do you expect to mirror that increase?
A. Lactate dehydrogenase.
B. PEP carboxykinase.
C. Transaminase.
D. Hexokinase.
E. Succinate dehydrogenase.

57. The peptide bond:
A. of a polypeptide chain is involved in the strong covalent bonds of the primary structure, as well as the weak, noncovalent hydrogen bonding interactions of any secondary structure.
B. results from the condensation reaction between the alpha carboxyl group of one amino acid with the alpha amino group of a second amino acid.
C. is the fundamental linking unit of amino acids that results in the primary structure of a polypeptide chain.
D. results from condensation of any R-groups or side chains of different amino acids with each other.
E. results in a somewhat rigid and planar structure.

58. Proteins are more likely to precipitate:
A. at their pI value.
B. at non-physiological salt levels.
C. above their pI value.
D. under the influence of agents that denature polypeptides by disruption of weak, non-covalent bonds that are essential for tertiary structure.
E. under the influence of extremes of high temperatures.

59. Proteins can have:
A. two types of alpha helices, parallel and anti-parallel.
B. two types of hair-pin turns -- alpha and beta.
C. two types of beta pleated sheets, parallel and anti-parallel.
D. four types of weak, noncovalent interactions, i.e., hydrogen bonds, hydrophobic interactions, van der Waals forces and salt (electrostatic) linkages.
E. one type of alpha helix, which is right-handed.

60. Amino acid side chains:
A. are expected to be mostly hydrophobic, if they face the interior of the native conformation.
B. of glutamine and asparagine categorize these as acidic amino acids.
C. of leucine, isoleucine, tryptophan and phenylalanine are hydrophobic.
D. of serine and threonine are considered to be hydrophilic.
E. of the basic and acidic amino acids are normally expected to be ionized or charged at physiological pH.

	1. C
	11. B 
	21. A 
	31. E 
	41. D 
	51. C 

	2. A 
	12. A 
	22. C 
	32. B 
	42. D 
	52. D

	3. C 
	13. D 
	23. C 
	33. E 
	43. B 
	53. D

	4. D 
	14. B 
	24. B 
	34. C 
	44. B 
	54. D 

	5. D 
	15. D 
	25. C 
	35. A 
	45. A 
	55. C 

	6. E 
	16. C 
	26. B 
	36. E 
	46. D 
	56. E 

	7. D 
	17. C 
	27. D 
	37. E 
	47. D 
	57. D 

	8. D 
	18. A 
	28. C 
	38. C 
	48. A 
	58. C 

	9. E 
	19. D 
	29. D 
	39. E 
	49. B 
	59. B 

	10. C 
	20. C 
	30. E 
	40. B 
	50. C 
	60. B 


Liaison results:

Question 2 – Accept  both A & B

Question 7 – Accept both A & D

Question 10 – Discard and add 1 point to the raw score of those students who answered C

Question 27 – Accept both D & E

Question 34 – Discard and add 1 point to the raw score of those students who answered C

Question 36 - Discard and add 1 point to the raw score of those students who answered E

Question 45 – Accept both A & B

Question 51 – Accept both C & D

Question 59 – Discard

Question 60 – Accept both B & E

MEDBIOCHEM EXAM 1, 1999

For each of the following questions, choose the one best answer.

Results of Student Liaison Committee meeting with faculty are shown at the bottom of the page. Also, questions that were regraded are shown in BLUE. Any typographical errors have been corrected for easier study by future medical students.

1.      Which of the following statements about amino acids is INCORRECT? Amino acids may be categorized according to their
A. polar and non-polar nature.
B. chemical properties of the side chains.
C. functional groups attached to the side chains.
D. ability to form covalent bonds in secondary structures after being incorporated into proteins.
E. ability to be glycosylated after being incorporated into proteins
2.      The citric acid cycle is a hub of energy transformation. Which citric acid cycle enzyme produces GTP by substrate level phosphorylation?
A.  aconitase
B. succinate dehydrogenase
C.  isocitrate dehydrogenase
D.  succinate thiokinase
E.  fumarase

3.     Allosteric effectors
a.  bind to the ES complex and affect the rate of the reaction
b.  covalently modify the enzyme.
c.  bind to the substrate altering the conformation.
d.  bind to a site on the enzyme distinct from the catalytic site
e.  bind to a site on the enzyme that affects the equilibrium constant.

4.      Which of the following can inhibit the mitochondrial electron transport chain?
A.  increased ADP
B.  rotenone
C.  fluoride
D.  malate
E.  glutathione

5.      Which of the following statements about amino acids is INCORRECT? 
A. Primary structure of a protein is determined by its linear amino acid sequence produced by non-covalent linkage of these amino acids.
B. Secondary structure of a protein is determined mainly by a limited number of regular folding patterns, such as a-helix or b-pleated sheet, determined mostly by hydrogen bonding directly involving the peptide bonds.
C. Tertiary structure of a protein is determined mainly by the non-covalent van der Waals and hydrophobic interactions between individual secondary structural units, determining the overall shape of a protein.
D. Quaternary structure of a protein is determined mainly by the non-covalent interactions between the tertiary structures of individual polypeptides necessary to form a multimeric protein, i.e., one composed of several subunits.
E.  The overall structure of a protein is determined by sum total of its covalent and non-covalent bonds, producing typically a fibrous or globular type.

6.      Which of the following statements about hemoglobin is CORRECT?
a.  Heme is the co-substrate for hemoglobin.
b.  There are five coordinate bonds formed by Fe++.
c.  Methemoglobin is the functional, oxidized form of hemoglobin.
d.  Hemoglobin binds oxygen with lower affinity than myoglobin.
e.  Hemoglobin is a tetrameric protein with four identical polypeptide chains.

7.      The extraction of energy from carbohydrates requires that each reaction in the process be coupled. In order for 
A.
The reactions should be in the same metabolic pathway.
B.
One should have a positive standard free energy and the other a negative standard free energy.
C.
The rate of one reaction should be significantly faster than the other.
D.
An intermediate should be common to both reactions.
E.
The activation energies of both reactions do not exceed the total free energy change.
(Note: This question will be rephrased for use in future examinations. Credit is given for B primarily because review of the course notes and learning objectives indicate that it was not clearly addressed for those with minimal background.)

8.      Which of the following best applies to glucokinase?
A.
The Km is above the concentration of glucose in the blood.
B.
It is found in muscle.
C.
It is synthesized in response to glucagon.
D.
It is inhibited by glucose 6-phosphate
E.
It readily phosphorylates fructose and galactose.

9.      Which of the following statements about amino acids is INCORRECT? 
A. An a-helix has the polypeptide backbone wound in a right-handed spiral.
B. Side chains generally face inward if they are hydrophilic.
C. Proline generally will disrupt or break an a-helix.
D. A b-pleated sheet can be parallel or anti-parallel.
E. Side chains generally face inward if they are hydrophobic.

10.  Enzyme distribution among tissues varies according to the function of the tissue. Which of the following is absent in muscle, but is present the liver?
A.  hexokinase
B.  glucose 6-phosphatase
C.  lactate dehydrogenase
D.  pyruvate dehydrogenase
E.  glycogen phosphorylase

11.  The predominant consequence to an individual who is genetically deficient in liver fructose 1,6-bisphosphatase would be
A.  inability to metabolize fructose.
B.  a lowered yield of ATP production per mole of glucose metabolized.
C.  a failure to split fructose bisphosphate into triose phosphates.
D.  a failure to resynthesize glucose from lactic acid.
E.  excess storage of glycogen.

12.  Enzymes affect the rates  of chemical reactions by
a.  displacing the equilibrium constant.
b  lowering the energy of activation of the reaction.
c.  decreasing the free energy change of the reaction.
d.  increasing the free energy change of the reaction.
e.  raising the energy of activation of the reaction

13.  All of the statements about cofactors are true EXCEPT
a.  Cofactors are the non-protein portion of the enzyme.
b.  Cofactors may be altered during the enzymatic reactions.
c.  Cofactors may be supplied in the diet.
d.  Cofactors are consumed by the enzymatic reaction.
e.  Cofactors often transfer activated groups.

14.  A patient is admitted with cyanide poisoning. Examination of a tissue biopsy would show which of the following effects on the mitochondrial respiratory chain (electron transport chain). The cytochromes would
A.
become more reduced.
B.
become less reduced.
C.
be unchanged.
D.
become irreversibly inhibited.
E.
become dissociated from the inner membrane.

15.  Which of the following statements about amino acids is INCORRECT? 
A. will have a net negative charge when the pH is above their pI value.
B. will precipitate most easily at their pI value.
C. cannot be hydrolyzed by enzymes (proteases), strong acids or strong bases, because these agents break strong covalent bonds of the primary structure.
D. are denatured by detergents or organic liquids because these can disrupt weak, non-covalent hydrophobic interactions.
E. are denatured by urea and guanidine hydrochloride, because these agents interfere with hydrogen bonds, disrupting water structure with protein, thus weakening the hydrophobic interactions responsible for the protein shape.

16.  Proper disposal of lactate produced during hypoxic conditions is necessary to avoid the development of lactic acidosis. Which statement concerning lactate is CORRECT?
A.  Lactate requires NADP( for metabolism in liver cells.
B.  Lactate is the terminal product of the metabolism of glucose.
C.  Lactate is formed in the citric acid cycle during anaerobic glycolysis.
D.  The conversion of pyruvate to lactate oxidizes NADH during anaerobic glycolysis.
E.  Lactate can be converted to alanine by transamination.

17.  Which gluconeogenic enzyme would be impaired in a biotin deficiency?
A.
alanine aminotransferase
B.
pyruvate kinase
C.
lactate dehydrogenase
D.
pyruvate carboxylase
E.
malate dehydrogenase

18.  The pI value of a protein is
A. the pK value of a protein.
B. the pH at which all the side chains have no charge.
C. the pH at which the net charge of a protein is zero.
D. equal to the sum of the pK’s of the a-amino and a-carboxy groups.
E. not determined by the pK values of the ionizable functional groups.

19.  Which statement about the two different models proposed to explain enzyme specificity is CORRECT.
a.  The substrate changes shape when enzyme binds in the Lock and Key Model.
b.  The enzyme undergoes a covalent modification when bound to substrate in the Lock and Key Model.
c.  The active site of the enzyme alternates in conformation between opened and closed in the Induced Fit Model.
d.  The enzyme changes conformation after binding the substrate in the Induced Fit Model.
e.  The product structure is altered after it has bound to the enzyme in the Induced Fit Model.

20.  Which of the following statements about myoglobin and hemoglobin is INCORRECT?
a.  The fifth bond of Fe++ of heme is to the histidine (his-F8) on the proximal side of the protoporphyrin plane.
b.  Myoglobin can bind one oxygen molecule while hemoglobin can bind four oxygen molecules.
c.  The oxygen binding affinity curve for myoglobin is sigmoidal and the oxygen binding affinity curve for hemoglobin is hyperbolic.
d.  Increasing the BPG concentration decreases the oxygen binding affinity of hemoglobin but has no affect on oxygen binding affinity of myoglobin.
e.  Hemoglobin and myoglobin have hydrophobic amino acids on the inside of the alpha helix.

21.  The conversion of pyruvate to acetyl CoA is regulated by covalent modification. Which of the following causes an INCREASE in the level of phosphorylation of the pyruvate dehydrogenase complex (PDC)?
A.
coenzyme A
B.
thiamine pyrophosphate
C.
NADH
D.
insulin
E.
lipoic acid

22.  All of the following statements about enzymes and enzyme catalyzed reactions are true EXCEPT
a.  Enzymes bind to substrates and products reversibly.
b.  The rate of formation of product in a reaction is proportional to the concentration of enzymes.
c.  Enzymes cause reactions to occur.
d.  Enzyme can undergo structural modifications during reactions
e.  Enzymes require specific functional groups in the active site to catalyze reactions.

23.  All of the statements about ATP are correct EXCEPT
a.  ATP exhibits a high group transfer potential for phosphate.
b. The active form of ATP is ATP-Mg+2
c.  The beta and gamma phosphate groups are linked by phosphoester bonds.
d.  ATP is considered to be exergonic because the products of hydrolysis of ATP to ADP and Pi are more stable.
e.  ATP is regenerated by the hydrolysis of compounds having higher transfer potential than ATP during catabolism.
24.  What are the final digestion products for the following peptide, when using only the protease, trypsin?
Arg-Ala-Met-Lys-Lys-Met-Gly-Thr-Ile-Trp-Met-Ser-Arg-Lys
A.
Arg-Ala-Met-Lys-Lys-Met-Gly-Thr-Ile-Trp

Met-Ser-Arg-Lys
B.
Arg-Ala-Met-Lys

Lys-Met-Gly-Thr-Ile-Trp-Met-Ser-Arg-Lys
C.
Arg-Ala-Met

Lys-Lys-Met

Gly-Thr-Ile-Trp-Met

Ser-Arg-Lys
D.
Arg

Ala-Met-Lys

Lys

Met-Gly-Thr-Ile-Trp-Met-Ser-Arg

Lys
E.
Arg-Ala-Met-Lys-Lys

Met-Gly-Thr-Ile-Trp-Met-Ser-Arg-Lys

25.  The pH of a buffer in the blood can be determined by
A.
pK + log [acid]/[base]
B.
pK + log [base]/[acid]
C.
7.0 + log [base]/[acid]
D.
pK - log [base]/[acid]
E.
log [base]- log [acid]

26.  



	Reaction
	(Go'

	A <==> B
	+5 kcal/mol

	C <==> A
	+5 kcal/mol

	C <==> D
	+10 kcal/mol



What is the value of (Go' for the reaction B <==> D?
A.
+10
B.
+5
C.
0
D.
-5
E.
-10
27.  The ∆Go' for reactions A and B are -10 kcal/mole and -5 kcal/mole, respectively.  Under standard condition what is the CORRECT statement concerning these reactions.
a.  Neither reaction will proceed without the addition of free energy.
b.  The equilibrium constant Keq' for these reactions are 10-10 and 10-5, respectively.
c.  Reaction rates cannot be deduced from these data.
d.  The rate of reaction A will exceed the rate of reaction B.
e.  Both reactions represent endothermic reactions.

28.  First order reactions
a.  are independent of the substrate concentration.
b.  have rates of reactions that are constant.
c.  are observed at high substrate concentrations
d.  have rates of reactions that are inversely proportional to the substrate concentration.
e.  have rates of reactions that are directly proportional to the substrate concentration.

29.  Many metabolic reactions involve the transfer of electrons. Which of the following statements concerning electron transfers is TRUE?
A.
NADH reducing equivalents are used mainly in the cytoplasm.
B.
A flavoprotein is an intermediate electron transport chain carrier between NADH and ubiquinone.
C.
Both of the "high energy" phosphate linkages of ATP are added during oxidative phosphorylation.
D.
NADPH is used as the primary electron carrier in electron transport.
E.
Cyanide blocks the transfer of electrons from NADH to ubiquinone.

30.  The pK(s) of an amino acid
A. are unique for the a-amino group and a-carboxyl group, i.e., have at least two buffering regions.
B. exist for all side chains or R-groups.
C. are the pH value(s) at which 50% of that amino acid functional group is ionized and 50% is not ionized.
D. ionizable side chains determine the charge of the protein at physiological pH of 7.4.
E. dictate that any amino acid must have at least three different protonation states.
(This question will be rewritten for future examinations. It was supposed to have asked which of the following was not true.)
31.  Active aerobic glycolysis produces considerable amounts of NADH in the cytoplasm. Which mechanism is used to shuttle NADH equivalents from the cytoplasm into the mitochondrion?
A.
the action of the cytoplasmic form of glycerol phosphate dehydrogenase
B.
diffusion of protons into the mitochondrion
C.
active transport coupled with hydrolysis of ATP
D.
the use of a malate((-ketoglutarate transporter
E.
facilitated diffusion via the NADH transporter protein

32.  Which of the following statements concerning standard free energy change for a reaction is CORRECT ?
a.  Standard free energy change for a reaction is inversely proportional to the rate of the reaction.
b.  Standard free energy change for a reaction is positive for spontaneous reactions.
c.  Standard free energy change for a reaction depends on the free energy of the transition state.
d.  Standard free energy change for spontaneous reactions are endothermic.
e.  Standard free energy change for a reaction is not affected by enzymes.

33.  Which one of the following, when ingested, will block glycolysis?
A.
oligomycin
B.
dinitrophenol
C.
atractyloside
D.
fluoride
E.
amytal

34.  Oligomycin interferes with synthesis of "high energy" compounds by
A.
blocking the transfer of electrons from cytochrome b to cytochrome c.
B.
uncoupling electron transport from oxidative phosphorylation.
C.
closing the proton channel through the stalk of ATP synthetase.
D.
inhibiting the adenine nucleotide carrier in the inner mitochondrial membrane.
E.
inhibiting the oxidation of NADH by lactate dehydrogenase.

35.  What is the terminal component in the electron transport chain that reduces oxygen to form water and that can be poisoned by cyanide?
A.  cytochrome c1
B.  cytochrome oxidase
C.  cytochrome c
D.  cytochrome e
E.  cytochrome b

36.  Which of the following statements about amino acids is INCORRECT?
A. The peptide bond of a protein is planar and rigid.
B. Proteins can have compact units called domains.
C. Tertiary and quaternary structures can be stabilized by covalent bonds resulting from disulfide bonds formed by oxidation of cysteine sulfhydryls.
D. Denatured proteins lose biological activity, because they LOSE the structure contributed by primary, secondary, tertiary and quaternary structures.
E. Folding achieves the protein tertiary structure, and this may be assisted by chaperones.

37.  Heart muscle is critically dependent on the citric acid cycle for the provision of energy during aerobic metabolism. Which of the following statements about the citric acid cycle is CORRECT?
A.
The citric acid cycle is acting at its fastest rate when energy-rich intermediates like ATP and NADH are at their highest concentrations.
B.
The rate limiting step is catalyzed by pyruvate carboxylase.
C.
The formation of citrate from acetyl CoA and oxaloacetate is irreversible.
D.
Carbon dioxide is formed at the steps catalyzed by malate dehydrogenase and by succinate dehydrogenase.
E.
The citric acid cycle provides over 90% of the ATP requirement for erythrocytes.

38.  Which of the following statements is CORRECT?
a.  Hemoglobin can bind four molecules of BPG.
b.  Partially oxygenated hemoglobin represents an intermediate conformation of hemoglobin .
c.  Erythrocytes produce energy from aerobic metabolism.
d.  Fetal hemoglobin is less affected by BPG concentration due to differences in the alpha chain of fetal hemoglobin.
e.  Myoglobin is a better oxygen carrier than hemoglobin.

39.  A patient has aciduria with a urine sample at pH 4.9. What is the approximate ratio of lactic acid molecules to lactate ions?  (Lactic acid pK = 3.9)
A.
1 : 100
B.
100 : 1
C.
10 : 1
D.
1 : 10
E.
1 : 1

40.  Which of the following statements about amino acids is INCORRECT?
A. have one a-carbon atom.
B. are zwitterionic.
C. have no more than two pK's.
D. have an asymmetric arrangement of four functional groups around a central carbon atom, i.e., they are chiral except for the amino acid glycine.
E. occur in nature almost exclusively in the optically active L-form.

41.  During uncontrolled diabetes, one of the factors producing hyperglycemia is gluconeogenesis. Which statement about gluconeogenesis is CORRECT?
A. Acetyl-CoA is used for the net synthesis of glucose.
B.  It occurs primarily in skeletal muscle.
C.  It occurs through reversal of all the reactions of glycolysis.
D.  Lactate and alanine can both serve as precursors of glucose carbons.
E.  ATP is not required.

42.  Various drugs and poisons limit the energy available to cells by affecting the electron transport chain. Which one of the following is a characteristic of the electron transport chain?
A.
Each of the three proton pumping sites is directly associated with a non-heme iron protein.
B.
Glycerol 3-phosphate oxidation results in the pumping of protons at all three sites.
C.
Rotenone blocks electron flow between complex I and ubiquinone.
D.
Azide and cyanide inhibit cytochrome c.
E.
Each of the three sites contains one of the cytochrome proteins.
(This question will be rewritten to reflect which form of glycerol 3-phosphate dehydrogenase is referred to.)
43.  Which of the following statements about amino acids is INCORRECT?
A. The primary amino sequence of a protein determines its molecular weight.
B. Proteins have a net positive charge at a pH above their pI value.
C. Dialysis allows for the removal of low molecular weight material from a protein without the loss of the protein itself.
D. Higher ordered structure of a protein can be determined by X-ray diffraction or nuclear magnetic resonance spectroscopy.
E. Proteins have a net negative charge at a pH above their pI value.

44.  All of the following statements about the Michaelis constant are correct EXCEPT
a.  The higher the Km is the higher the affinity of an enzyme is for the substrate.
b.  The Km is a measurement of the velocity of the reaction
c.  The Km is the substrate concentration when enzyme is half saturated with substrate.
d.  The Km is affected by competitive and uncompetitive inhibitor.
e.  The Km of an enzyme can be determined by measuring reactions at different substrate concentrations.
(This question will be rewritten to correct the wording.)
45.  The preservative, pentachlorophenol, that is used to prevent wood from rotting is a potent uncoupler of oxidative phosphorylation. This uncoupling agent causes which of the following?
A.
Both oxygen consumption and oxidative phosphorylation decrease.
B.
Oxidative phosphorylation remains constant and oxygen consumption decreases.
C.
Oxygen consumption increases and oxidative phosphorylation decreases.
D.
Oxygen consumption and oxidative phosphorylation increase.
E.
The P:O ratio goes up.

46.  Patients with a deficiency in pyruvate dehydrogenase develop lactic acidosis. Which of the following enzyme systems is most analogous to the pyruvate dehydrogenase complex?
A.  malate dehydrogenase
B.  succinate dehydrogenase
C.  fumarase
D.  isocitrate dehydrogenase
E.  alpha-ketoglutarate dehydrogenase

47.  Which of the following statements about amino acids is INCORRECT? Posttranslational modifications of a protein
A. occur after the protein has been synthesized in the cell.
B. do not include glycosylation.
C. include phosphorylation.
D. include oxidation of cysteine sulfhydryls to a disulfide covalent bond.
E. include modification (blocking) of the amino and carboxy termini.

48.  According to the chemiosmotic hypothesis, the driving force for ATP synthesis by oxidative phosphorylation is
A.
a gradient of sodium ions between the matrix and cytosol.
B.
an intermediate containing a high energy bond which is coupled to ATP synthesis.
C.
electron transport from the cytoplasm to the matrix.
D.
a hydrogen ion (proton) gradient from the intermembrane space to the matrix.
E.
transfer OF protons into the mitochondria during electron transport establishing a pH gradient.

49.  Phosphate is one of the major buffer systems in the blood. Phosphate has the following pK values for dissociation of each of each of its three protons, pK1 = 2.1, pK2 = 7.1, and pK3 = 12.7. Its buffering ability is lowest at which of the following pH values?
A.
7.0
B.
7.3
C.
12.6
D.
4.3
E.
2.2

50.  Competitive inhibitors
a.  covalently modify the enzyme.
b.  bind to allosteric sites on the enzymes
c.  lower the maximum velocity of the reactions
d.  increase the Km of the enzyme for the substrate
e.  lower the maximum velocity of the reaction.
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Liaison Decisions

Question 1: Accept D or E

Question 7: Accept A, B, or D

Question 23: Accept C or D

Question 30 Discard and add 1 point to the raw score of those students who answered A, C, D, or E

Question 42 Accept B or C

Question 44 Accept A or B

 

MEDBIOCHEM EXAM 1, 1998

For each of the following questions, choose the one best answer. 

(Answer key and results of the exam liaison meeting are posted at the bottom of the page.)

1. What is the approximate ratio of lactic acid molecules to lactate ions in a urine sample at pH 3.9? (Lactic acid pK = 3.9) 

A. 1 : 1

B. 0.1 : 1

C. 1 : 0.1

D. 99 : 1

E. 1 : 99

2. All of the following substances are intermediates in the formation of glucuronic acid from glucose EXCEPT

A. UDP-glucose.

B. UDP-galactose.

C. UDP-glucuronic acid.

D. glucose 6-phosphate.

E. glucose 1-phosphate.

3. What is the net yield of NADH when glucose 6-phosphate is catabolized by anaerobic glycolysis to yield lactate?

A. 0 NADH/glucose 6-phosphate

B. 1 NADH/glucose 6-phosphate

C. 2 NADH/glucose 6-phosphate

D. 3 NADH/glucose 6-phosphate

E. 4 NADH/glucose 6-phosphate

4. A congenital defect in which enzyme may cause hemolytic anemia following administration of the antimalarial drug, primaquine?

A. hexokinase

B. pyruvate kinase

C. glucose 6-phosphate dehydrogenase

D. phosphofructokinase

E. glyceraldehyde 3-phosphate dehydrogenase

5. Which of the following best applies to glucokinase?

A. The Km is above the fasting concentration of glucose in the blood.

B. Found only in muscle.

C. Stimulated in response to fructose 2,6-bisphosphate.

D. Inhibited by glucose 6-phosphate

E. phosphorylates fructose and galactose.

6. Which of the following is the first enzyme unique to the pentose phosphate pathway?

A. lactonase

B. 6-phosphogluconate dehydrogenase

C. transaldolase

D. glucose 6-phosphate dehydrogenase

E. phosphoglucoisomerase

7. All of the following statements about glycolysis and gluconeogenesis are true EXCEPT:

A. High concentrations of acetyl-CoA inhibit acetyl-CoA formation from pyruvate.

B. High citrate concentrations in the cytosol can inhibit PFK activity.

C. High concentrations of acetyl-CoA stimulate carboxylation of pyruvate.

D. Oxaloacetate is formed from the condensation of two acetyl CoA molecules.

E. NADH is required for the formation of glucose from pyruvate.

8. Which of the following enzymes is missing in galactosemia?

A. UDP-galactose pyrophosphorylase

B. UDP-glucose-4-epimerase

C. Galactose 1-phosphate uridylyltransferase

D. lactase

E. UDP-galactose 4-epimerase

9. Other than hexokinase, where is ATP consumed in glycolysis?

A. pyruvate kinase

B. phosphoglycerate kinase

C. glyceraldehyde 3-phosphate dehydrogenase

D. enolase

E. phosphofructokinase

10. In liver, the initial step in the utilization of fructose is phosphorylation to fructose 1-phosphate. This is followed by

A. phosphorylation to fructose 1,6-bisphosphate.

B. aldol cleavage to form glyceraldehyde and dihydroxyacetone phosphate.

C. conversion to fructose 6-phosphate by action of a phosphofructomutase.

D. isomerization to glucose 1-phosphate.

E. hydrolysis to fructose followed by isomerization to glucose.

11. Glycolysis:

A. is necessary to maintain reduced glutathione in the red cell.

B. is accelerated in muscle when the tissue becomes aerobic.

C. is the sole source of ATP in erythrocytes.

D. consumes more energy than it produces.

E. provides NADPH which is required by the hexose monophosphate pathway.

12. A major contributing factor to cataract formation in diabetes may be the accumulation of sorbitol in the lens. For that to occur, which of the following enzymes is required?

A. glucose oxidase.

B. aldose reductase.

C. fructose dehydrogenase.

D. hexokinase and glucose 6-phosphate dehydrogenase.

E. hexokinase and phosphohexose isomerase.

13. Which citric acid cycle enzyme produces ATP by substrate level phosphorylation?

A. aconitase

B. succinate dehydrogenase 

C. isocitrate dehydrogenase

D. succinate thiokinase

E. fumarase 

14. Thiamine pyrophosphate participates in the reaction catalyzed by

A. transketolase.

B. transaldolase.

C. pyruvate carboxylase.

D. isocitrate dehydrogenase.

E. lactate dehydrogenase.

15. Which of the following is absent in muscle, but is present the liver?

A. pyruvate carboxylase.

B. glucose 6-phosphatase.

C. lactate dehydrogenase.

D. pyruvate dehydrogenase.

E. glycogen phosphorylase.

16. The immediate products of oxidation of one mole of glucose 6-phosphate through the oxidative portion of the pentose phosphate pathway are

A. one mole of ribulose 5-phosphate, one mole of carbon dioxide and two moles of NAD.

B. one mole of ribose 5-phosphate, one mole of carbon dioxide and two moles of NADP.

C. one mole of xylulose 5-phosphate, one mole of carbon dioxide and two moles of NADPH.

D. one mole of ribulose 5-phosphate, one mole of carbon dioxide and two moles of NADPH.

E. one mole of fructose 6-phosphate and two moles of NADP.

17. During gluconeogenesis, which enzyme must be present in addition to the glycolytic enzymes?

A. phosphofructokinase

B. glucose 6-phosphate dehydrogenase

C. phosphoenolpyruvate carboxykinase

D. pyruvate kinase

E. aldolase

18. Ethanol and ethylene glycol are both metabolized by aldehyde dehydrogenase. Occasionally alcoholics will consume ethylene glycol in place of ethanol. Ethanol is administered as a treatment in cases of ethylene glycol poisoning. Which of the following is the most likely explanation of why ethanol is effective as a treatment?

A. Ethanol induces another enzyme that is capable of metabolizing ethylene glycol. 

B. Ethanol combines with the toxic products of ethylene glycol which renders them inactive.

C. Ethanol is an allosteric effector of aldehyde dehydrogenase in addition to being a substrate

D. Aldehyde dehydrogenase has a lower Michaelis constant (Km) for ethanol than for ethylene glycol 

E. Ethanol acts as a transition state analog and inhibits the aldehyde dehydrogenase from acting on ethylene glycol 

19. Which gluconeogenic enzyme would be impaired in a biotin deficiency?

A. aldolase

B. pyruvate kinase

C. lactate dehydrogenase

D. pyruvate carboxylase

E. malate dehydrogenase

20. All of the following statements about ATP are correct EXCEPT

A. ATP is the principle donor of free energy in biologic systems

B. ATP is used by enzymes to phosphorylate proteins

C. Creatine phosphate has a higher free energy of hydrolysis than ATP

D. ATP is regenerated in cells by the action of adenylate kinase

E. ATP hydrolysis is considered to be exergonic because the products of the hydrolysis of ATP to ADP and Pi are less stable

21. Which of the following enzymes forms alpha-1,6 linkages in glycogen?

A. a-1,6 glucosidase

B. glycogen synthase

C. glycogen branching enzyme

D. glucose 6-phosphatase

E. phosphorylase kinase

22. All of the statements about Coenzymes are true EXCEPT

A. coenzymes are the non-protein portion of an enzyme 

B. cosubstrates that associate transiently with the active site of the enzyme

C. cosubstrates that undergo an alteration following completion of the reaction

D. prosthetic groups are the non protein portion of enzymes that associate transiently with the active site of the enzyme

E. vitamins are important constituents of prosthetic groups

23. Which of the following statements apply to glycogen phosphorylase?

A. ADP is one of the substrates of this enzyme.

B. Its activity is increased by high levels of glucose 6-phosphate.

C. The inactive form is phosphorylated.

D. The liver enzyme is activated primarily by epinephrine.

E. It produces glucose 1-phosphate.

24. All of the following statements about the Michaelis constant are correct EXCEPT

A. the Km is the substrate concentration that produces half maximum velocity

B. the Km is affected by competitive inhibition

C. the Km is a measurement of the velocity of the reaction

D. higher Km corresponds to lower affinity 

E. the Km of an enzyme can be determined by measuring reactions at different substrate concentrations 

25. Each of the following is involved in the conversion of glucose to glycogen in the liver EXCEPT

A. glycogenin

B. phosphorylase kinase

C. glucose 1-phosphate uridylyltransferase

D. phosphoglucomutase

E. glucokinase

26. Which statement concerning enzyme catalyzed reactions is correct 

A. the free energy of activation (DGact) is the difference in free energy in the substrate (initial state) and the free energy in the product

B. the transition state is a stable form of the enzyme and substrate

C. enzymes decrease the free energy of activation (DGact)

D. enzymes are consumed while catalyzing a reaction

E. enzymes alter the equilibrium constant

27. Which intermediate in glycolysis activates the phosphorylated form of glycogen synthase?

A. glyceraldehyde 3-phosphate

B. fructose 2,6-bisphosphate

C. fructose 6-phosphate

D. glucose 6-phosphate

E. glucose 1-phosphate 

28. An allosteric effector influences the enzyme activity by

A. covalently modifying the enzyme

B. binding to the substrate and altering its conformation

C. competing for the catalytic site with the substrate

D. changing the specificity of the enzyme for its substrate

E. binding to a site on the enzyme distinct from the catalytic site

29. Which enzyme in muscle glycogen metabolism is activated by calcium?

A. phosphorylase kinase a

B. phosphorylase kinase b

C. glycogen synthase b

D. branching enzyme

E. phosphorylase a

30. The following statement best describes zero order reaction conditions

A. the reaction rate is directly proportional to the substrate concentration

B. the rate of the reaction is increasing linearly

C. the reaction rate is constant and independent of the concentration of the substrate 

D. the reaction only occurs at low substrate concentration

31. Which one of the following statements describes the side chain of the amino acid serine?

A. Can form hydrogen bonds

B. Can form disulfide bonds

C. Can participate in hydrophobic forces

D. Is charged at physiologic pH

E. Contains a primary amino group

32. Which statement about the Induced Fit Model is correct

A. the substrate changes shape once the enzyme has bound

B. the active site of the enzyme is complementary in conformation to the substrate

C. the conformation of the enzyme changes after binding to the substrate

D. the active site of the enzyme alternates in conformation between opened or closed 

33. When dinitrophenol is added to mitochondria, it

A. decreases the flow of electrons through cytochrome oxidase.

B. results in an increase in the intramitochondrial ratio of ATP/ADP.

C. uncouples oxidative phosphorylation.

D. increases the rate of ATP formation.

34. All of the following statements about enzymes are correct EXCEPT

A. enzymes are usually protein in nature and cause reactions to occur

B. enzymes form complexes with substrates and products

C. enzymes affect the rate of reactions and are not permanently altered during a reaction

D. enzymes can undergo structural modification during a reaction

E. enzyme specificity requires specific functional groups on the enzyme and substrate

35. When oxidative phosphorylation and electron transport are tightly coupled

A. ubiquinone transfers electrons from Complex I to Complex II.

B. oligomycin will cause an inhibition of electron transport.

C. the electrons transported from one FADH2 will produce 3 ATP.

D. a decrease oxygen supply increases the flow of the electron transport system.

E. an increase in the rate of ATP synthesis will automatically decrease electron transport

36. Coupled reactions involved in the trapping of free energy from fuel molecules consist of

A. two endergonic reactions, one of which has a higher standard free energy change (DGo') than the other 

B. two exergonic reactions, one of which has a lower DGo' than the other

C. one exergonic reaction coupled to an endergonic reaction, which has a lower DGo' than the exergonic reaction

D. one endergonic reaction coupled to an exergonic reaction, which has a lower DGo' than the endergonic reaction

37. Relative to the normal state, what would be the redox state of the cytochromes of a patient who has accidentally ingested a large amount of sodium azide?

A. more oxidized

B. more uncoupled 

C. unchanged

D. cytochrome c more oxidized than Complex I.

E. more reduced

38. If a reaction is at equilibrium, the free energy change (DG ) is

A. Equal to -RT x lnKeq

B. Equal to the concentrations of the substrate and product

C. Equal to the DG under standard conditions

D. Equal to zero

E. equal to the change in entropy 

39. In mammalian cells, the pyruvate dehydrogenase multienzyme complex

A. catalyzes a reversible reaction.

B. is regulated by phosphorylation-dephosphorylation.

C. is a cytoplasmic enzyme.

D. is inhibited by high levels of pyruvate.

E. attaches carbon dioxide to pyruvate producing oxaloacetate 

40. The normal concentration of glucose 6 phosphate (G6P) and fructose 6 phosphate (F6P) in human erythrocytes are 1x 10 -5 M and 1x10 -6, respectively. If the standard free energy change (DGo') for the reaction 

G6P------> F6P is + 0.4 kcal/mol, which of the following statements is correct?

A. The equilibrium constant for the reaction G6P------> F6P is 1

B. The reaction as written cannot occur in the erythrocyte

C. The DGo' for the reverse reaction is - 0.4 kcal/mol

D. The DGo' is about -1 kcal /mol

E. The reaction will only occur in the reverse direction 

41. The chemiosmotic hypothesis for oxidative phosphorylation proposes that the mechanism for the formation of ATP involves

A. a change in the hydrogen bonds and hydrophobic bonds between proteins within the mitochondrial membrane.

B. the joining of protons and oxygen to form water.

C. the formation of a high energy bond between Pi and a protein in the mitochondrial membrane.

D. the pumping of water through the mitochondrial membrane.

E. the flow of protons through ATP synthase in the mitochondrial membrane.

42. Which of the following describes the side chain of valine?

A. contains sulfur

B. contains a branched chain hydrocarbon

C. contains an aromatic ring

D. cyclic

E. unbranched with primary amine 

43. The activity of which enzyme would be expected to increase as levels of insulin increase?

A. pyruvate dehydrogenase

B. glucose 6-phosphate dehydrogenase

C. glucose 6-phosphatase

D. glycogen phosphorylase

E. PEP carboxykinase

44. One form of glycogen synthase has a requirement for glucose 6-phosphate (G6P). This is because

A. G6P is a feedback inhibitor of the enzyme.

B. G6P is required for activation of the enzyme by cAMP.

C. G6P is a substrate for the enzyme.

D. G6P is an allosteric activator of glycogen synthase b.

E. G6P is a substrate for branching enzyme.

45. Factors contributing to an increase in the concentration of glucose in the blood include

A. insulin effects on liver glycogen.

B. synthesis of glucose from acetyl CoA precursors.

C. increased glucagon/insulin ratio.

D. breakdown of muscle glycogen to yield free glucose.

46. During the breakdown of glycogen, free glucose is formed from

A. the reducing end.

B. the non-reducing end.

C. glucose residues in an a 1-->4 linkage to the chain.

D. glucose residues in an a 1-->6 linkage to the chain.

E. hydrolysis of glucose 1-phosphate.

47. In aerobic tissues, NADH in the cytoplasm

A. is recycled by lactate dehydrogenase to produce NAD+ for glycolysis.

B. can reduce dihydroxyacetone phosphate to glycerol phosphate which can be oxidized by a flavoprotein in the inner mitochondrial membrane.

C. can reduce malate to oxaloacetate for transport across the inner mitochondrial membrane.

D. can be transported into the mitochondrion by an NADH/NAD+ translocase.

48. You are presented with the following information about a peptide composed of five amino acids:

(a) Amino acid analysis gives equimolar amounts of Ala, Glu, Gly, Lys, and Met.

(b) Digestion of the original peptide with trypsin gives rise to one free amino acid.

(c) Digestion of the original peptide with cyanogen bromide generates two fragments, one of which moves toward the anode and the other toward the cathode under electrophoresis at pH 7.

Which one of the following best describes the structure of the peptide?

A. Lys-Gly-Met-Glu-Ala

B. Gly-Lys-Met-Glu-Ala

C. Lys-Glu-Met-Ala-Gly

D. Gly-Glu-Met-Ala-Lys

E. Glu-Gly-Met-Ala-Lys

49. Which one of the following amino acids is most likely to be found in the interior of a typical globular protein?

A. Leucine

B. Glutamate

C. Threonine

D. Lysine

E. Arginine

50. The isoelectric point of a protein is defined as:

A. the pH at which the net charge on the molecule is 0.

B. the pH at which all groups are protonated.

C. the pH at which all groups are unprotonated.

D. the pH at which each acidic group is protonated and each basic group is unprotonated

51. The beta-conformation structure of a protein can be considered an example of:

A. primary structure.

B. secondary structure.

C. tertiary structure.

D. quaternary structure.

E. zero order structure.

52. Which one of the following statements about protein structure is correct?

A. The alpha-helix is stabilized primarily by ionic interactions between the side chains of amino acids.

B. The formation of a disulfide bond in a protein requires that the two participating cysteine residues be adjacent to each other in the primary sequence of the protein.

C. The stability of tertiary structure in proteins is mainly due to covalent bonds among the subunits.

D. Denaturation of proteins is induced by temperatures below the temperature optimum.

E. The information for the correct folding of a protein is contained in the specific sequence of amino acids in the primary structure.

53. The pH of a buffer solution can be determined by

A. -log [base]/[acid]

B. -log [acid]/[base]

C. -log [acid-base]

D. pK + log [base]/[acid]

E. pK + log [acid]/[base]

54. Which has the greatest oxygen affinity?

A. myoglobin

B. HbA + DPG

C. HbA

D. HbA2
E. HbF

55. What is the ratio of the conjugate base to the conjugate acid of the carboxylic acid side chain of aspartate-102 in the protein, medstudentin, at pH 6.0, if the pKa for the group is 4.0?

A. 10 to 1

B. 1 to 10

C. 100 to 1

D. 1 to 100

E. 1 to 1000

56. A titration curve for an amino acid

A. is generally a straight line

B. shows buffering of the change in pH near the pK of each dissociable group

C. shows buffering of the change in pH far from the pK of each dissociable group

D. has two inflection points for each functional group.

E. is usually hyperbolic.

57. All of the following are functions of the tricarboxylic acid cycle in mammals EXCEPT

A. the formation of GTP from GDP.

B. the net synthesis of oxaloacetate from acetyl-CoA.

C. the oxidation of acetyl-CoA.

D. the formation of alpha-ketoglutarate.

E. the generation of NADH and reduced flavins.

58. Which of the following is responsible for the maintenance of protein primary structure?

A. hydrophobic interactions

B. van der Waals forces

C. salt bridges

D. hydrogen bonds

E. covalent bonds

59. The tricarboxylic acid cycle is initiated by the condensation of

A. NAD and malate.

B. pyruvate and oxaloacetate

C. NAD and citrate.

D. acetyl-CoA and oxaloacetate.

E. acetyl-CoA and pyruvate.

60. Which reaction of the Krebs cycle is not physiologically reversible?

A. the reduction of oxaloacetate

B. the oxidation of succinate

C. the oxidation of malate

D. the reduction of fumarate

E. the formation of succinyl CoA

61. Denaturation of a protein usually involves the disruption of all of the following types of interactions EXCEPT

A. electrostatic bonds 

B. quaternary structure

C. hydrogen bonds

D. peptide bonds

E. tertiary structure

62.The peptide bond

A. is disrupted in low salt concentrations.

B. is stabilized in a spiral configuration.

C. is favored in the trans (flat) configuration.

D. is readily broken by temperatures near the boiling point of water.

E. has both a positive and negative charge at physiologic pH.

63. Which amino acid has a side chain cyclized with the alpha amino group?

A. Serine

B. Glutamic acid

C. Glutamine

D. Proline

E. Glycine 

64. The enzyme that catalyzes the substrate-level phosphorylation of GDP to GTP in the TCA cycle is

A. 3-phosphoglycerate kinase.

B. succinyl-CoA synthase.

C. pyruvate kinase.

D. alpha ketoglutarate dehydrogenase.

E. succinate thiokinase 

65. Which of the following is produced during aerobic glycolysis of glucose to acetyl CoA 

A. NADPH, NAD+, ATP.

B. lactate, NAD+, ATP.

C. lactate, ATP, CO2 .

D. NADH, ATP, CO2 .

E. lactate, ATP, CO2 .

66. Why does fetal hemoglobin have a higher affinity for oxygen than adult hemoglobin?

A. Fetal hemoglobin has a greater affinity for BPG than adult hemoglobin.

B. Fetal BPG has fewer negative charges than adult BPG.

C. Fetal blood has a lower pH than adult blood.

D. Fetal erythrocytes make less BPG than maternal erythrocytes.

E. Fetal hemoglobin has a lower affinity for BPG than adult hemoglobin.

67. Which of the following decreases the binding of oxygen to hemoglobin?

A. increased pH

B. decreased CO2
C. increased H+ concentration

D. breaking of salt bridges between globin subunits.

68. Which of the following statements concerning the properties of heme is correct? 

A. The heme in myoglobin must be in the Fe+++ state to bind O2.
B. The heme iron is oxidized as it binds O2.

C. In oxyhemoglobin, the sixth coordination bond of Fe++ is occupied by oxygen.

D. The fifth coordination bond of the Fe+2 is hydrogen bonded to a serine side chain.

E. Fe++ has eight coordination bonds, four of which are occupied by histidine side chains.

69. Cooperativity refers to

A. binding of an allosteric effector. 

B. reduction of the activation energy.

C. dissociation of subunits from each other.

D. conversion from tense to relaxed forms.

E. stabilization of the enzyme substrate complex.

70. Which of the following cofactors are required during the reduction of coenzyme Q with electrons from complex II?

A. FAD

B. Copper

C. Iron-Porphyrin

D. Cytochrome a

E. FMN

71. Uncoupling of oxidative phosphorylation

A. decreases the oxygen consumption.

B. releases heat.

C. occurs during hypoxia.

D. causes a buildup of NADH. 

E. is most easily accomplished with electron transport blockers.

72. What is the value of D Go' for the pathway B <=> A <=> C <=> D?

Reaction D Go'

B <==> A +5 kcal/mol

C <==> A +5 kcal/mol

C <==> D -15 kcal/mol

A. +10

B. +5

C. -10

D. -5

E. -15

73. What is the pH of a buffer solution (HA and A- ) where HA is 100X the concentration of A- ? (pK of HA is 6.8.)

A. 4.8

B. 6.8

C. 5.8

D. 7.8

E. 8.8

74. Which of the following is true for a mitochondrial disease?

A. It is determined by contributions from both the maternal and paternal chromosomes.

B. The mutation resides on a circular chromosome.

C. The defect only affects one mitochondrion in each cell.

D. Effects are on the muscular system only, other tissues are not affected.

E. It is brought about by poisons such as rotenone or azide.

75. Which of the following describes the action of superoxide dismutase?

A. Converts H2O2 to H2O and O2 

B. Converts superoxide to H2O2 

C. Converts oxidized glutathione to reduced glutathione

D. Converts superoxide to H2O

E. Converts hydroxy radicals to H2O and O2 

Liaison committee results:

13. ATP was a typo, should have been GTP. This question will be counted as a bonus. Question is dropped, then those who got it right will have credit added back to their grade.

20. Use of term 'higher' in answer C was ambiguous. Will accept C as correct for this exam only.

22. Text states that coenzymes undergo alteration during the reaction, causing some students to bite on answer C. Answer C also accepted for this test only.

25. Glucose 1-phosphate uridylyltransferase is an out-of-date term that found its way into this exam. Tsk! Answer C also accepted.

36. The term 'lower' in answers C and D was ambiguous. Both C and D accepted as correct.

62. Charge properties not presented in lecture nor addressed in learning objectives. Also, clever argument showing charge properties of resonance structure impressed the jury. Find in favor of the defendant, accept answer E as correct.

69. Cooperativity was mentioned in lecture in context of allosteric effector. Accept A as alternate answer for this test only.
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MEDBIOCHEM EXAM 1, 1997

For each of the following questions, choose the one best answer. 

(Answer key at bottom of page.)

1. What is the approximate ratio of lactic acid (HA) molecules to lactate ions (A- ) in a urine sample at pH 2.9? (Lactic acid pK = 3.9)

 A. 1 : 100

B. 100 : 1

C. 10 : 1

D. 1 : 10

E. 1 : 1

2. Select the pair of metabolites common to both the pentose phosphate pathway and the glycolytic pathway.

 1. glucose 6-phosphate

2. phosphoenolpyruvate

3. ribose 5-phosphate

4. glyceraldehyde 3-phosphate

5. sedoheptulose 7-phosphate

A. 1 and 2

B. 3 and 5

C. 3 and 4

D. 1 and 4

E. 2 and 5

3. What is the pH of a buffer solution (HA and A- ) containing 0.5 M HA and 
0.05 M A- ? (pK of HA is 6.8.)

A. 4.8

B. 6.8

C. 5.8

D. 7.8

E. 8.8 

4. Which of the following is the first enzyme unique to the pentose phosphate pathway?

A. lactonase

B. 6-phosphogluconate dehydrogenase

C. transaldolase

D. glucose 6-phosphate dehydrogenase

E. phosphoglucoisomerase

5. A titration curve 

A. has an inflection at the pK of a strong electrolyte.

B. shows buffering of the change in pH near the pK of each dissociable group.

C. is a plot of the change in pK with the change in pH.

D. has an inflection point which is the average of the pK’s of all carboxylate groups.

E. generally plots as a straight line.

6. The activity of pyruvate dehydrogenase (PDH) decreases

A. as the concentration of acetyl CoA decreases.

B. as the concentration of NAD increases.

C. when the dephospho-enzyme is converted to its phospho form.

D. as the concentration of pyruvate increases.

E. as the concentration of AMP increases.

7. The pKa values given below represent different weak electrolytes. Which one has the strongest tendency to give up its protons?

A. 2.6

B. 9.4

C. 3.7

D. 1.8

E. 7.4

8. Which of the following enzyme systems is most analogous to the pyruvate dehydrogenase complex?

A. oxaloacetate dehydrogenase

B. succinate dehydrogenase

C. fumarase

D. isocitrate dehydrogenase

E. alpha-ketoglutarate dehydrogenase

9. At a pH more acid than its isoelectric point an amino acid will carry

A. a net charge of zero.

B. a predominately negative charge.

C. a charge on the a -amino group only.

D. a predominately positive charge.

E. no charge.

10. Theoretically, the maximum number of moles of ADP (or equivalent) phosphorylated to ATP (or equivalent) as one mole of glucose is completely oxidized to carbon dioxide and water in a liver cell is

A. 0

B. 2

C. 12

D. 24

E. 38

11. The amino acid methionine

A. is required for the formation of tertiary structure in proteins.

B. is the site where peptide bonds are broken by cyanogen bromide.

C. forms disulfide bonds in secreted proteins.

D. has an acidic pK for the thiol on the side chain.

E. is phosphorylated in enzymes which are regulated by covalent modification.

12. At high concentrations, acetyl-CoA decreases the rate of its own formation in mammalian cells by

A. stimulating pyruvate dehydrogenase and inhibiting pyruvate carboxylase.

B. inhibiting pyruvate dehydrogenase and stimulating pyruvate carboxylase.

C. inhibiting fatty acid oxidation.

D. stimulating fatty acid synthesis.

E. inhibiting citrate synthase.

13. Which of the following amino acids has more than one carboxyl group?

A. Serine

B. Glutamate

C. Lysine

D. Alanine

E. Cysteine

14. An allosteric activator of mitochondrial isocitrate dehydrogenase is

A. alpha-ketoglutarate.

B. ADP.

C. NADH.

D. acetyl-CoA.

E. glucose 6-phosphate.

15. Which of the following amino acid residues will contribute to hydrophobic forces?

A. Asparagine

B. Leucine

C. Lysine

D. Threonine

E. Aspartate

16. All of the following are functions of the tricarboxylic acid cycle in mammals EXCEPT

A. the generation of NADH and reduced flavins.

B. the formation of alpha-ketoglutarate needed for transamination.

C. the oxidation of acetyl-CoA produced primarily by glycolysis and the oxidation of fatty acids.

D. the net synthesis of oxaloacetate from acetyl-CoA.

E. the formation of GTP from GDP.

17. Which of the following is responsible for the maintenance of protein primary structure?

A. hydrophobic interactions

B. van der Waals forces

C. covalent bonds

D. hydrogen bonds

E. salt bridges

18. The tricarboxylic acid cycle is initiated by the condensation of

A. NAD and oxaloacetate.

B. pyruvate and malate.

C. NAD and oxalosuccinate.

D. acetyl-CoA and oxaloacetate.

E. acetyl-CoA and oxalosuccinate.

19. To which of the following does protein tertiary structure refer?

A. the native conformation

B. amino acid composition

C. another name for supersecondary structure 

D. prosthetic groups

E. amino acid sequence

20. Which reaction of the Krebs cycle is not physiologically reversible?

A. the formation of citrate 

B. the oxidation of succinate

C. the oxidation of malate

D. the reduction of fumarate

E. the reduction of oxaloacetate

21. Denaturation of a protein usually involves the disruption of all of the following types of interactions EXCEPT

A. electrostatic bonds 

B. van der Waals interactions

C. hydrogen bonds

D. covalent bonds

E. hydrophobic interactions

22. Enzymes in liver which are exclusively gluconeogenic are

A. glucose 6-phosphatase, fructose 1,6-bisphosphatase and glucokinase.

B. PEP carboxykinase, glucose 6-phosphatase and aldolase A.

C. fructose bisphosphatase, pyruvate dehydrogenase and PEP carboxykinase.

D. PEP carboxykinase, fructose bisphosphatase and glucose 6-phosphatase.

23. The peptide bond

A. is a type of amide linkage.

B. is stabilized in a spiral configuration.

C. is always favored in the cis configuration.

D. is readily broken by denaturing agents.

E. it has both a positive and negative charge at physiologic pH.

24. Acetyl-CoA regulates gluconeogenesis by activating

A. phosphoenolpyruvate carboxykinase.

B. pyruvate kinase.

C. pyruvate carboxylase.

D. lactate dehydrogenase.

E. fructose 1,6-bisphosphatase.

25. Which of the following peptides would be hydrolyzed by the enzyme chymotrypsin?

A. glu-ala-tyr-lys

B. ser-asn-ser-ser

C. pro-gly-thr-ala

D. gly-arg-gln-phe

E. gly-asn-gln-arg

26. The first step in the gluconeogenic pathway (starting with pyruvate) results in the formation of

A. phosphoenolpyruvate.

B. malate.

C. aspartate.

D. oxaloacetate.

E. lactate.

27. Which amino acid destabilizes alpha-helical structures?

A. Serine

B. Glutamic acid

C. Glutamine

D. Proline

E. Glycine 

28. In mammals glucose 6-phosphate is converted to all of the following compounds EXCEPT which one?

A. glucose

B. fructose 1-phosphate

C. 6-phosphogluconolactone

D. fructose 6-phosphate

E. glucose 1-phosphate

29. Which of the following is true for the first protein to elute during gel filtration chromatography of a mixture of proteins?

A. It is the smallest molecular weight.

B. It is the most positively charged.

C. It dissociates into subunits.

D. It is the most negatively charged.

E. It is the greatest molecular weight.

30. In liver, the initial step in the utilization of fructose is phosphorylation to fructose 1-phosphate. This is followed by

A. phosphorylation to fructose 1,6-bisphosphate.

B. aldol cleavage to form glyceraldehyde and dihydroxyacetone phosphate.

C. conversion to fructose 6-phosphate by action of a phosphofructomutase.

D. isomerization to glucose 1-phosphate.

E. hydrolysis to fructose followed by isomerization to glucose.

31. Electrophoresis demonstrates that

A. Cofactors are required for enzymatic activity.

B. Proteins do not maintain a charge in an electrical field.

C. Proteins have different secondary structure motifs.

D. Proteins carry a stable charge at a constant pH.

E. Proteins can diffuse through semipermeable membranes.

32. Von Gierke's disease is characterized by massive enlargement of the liver, severe hypoglycemia, ketosis, hyperuricemia, hyperlipemia. It is caused by defective

A. amylo-alpha-1,6 glucosidase.

B. branching enzyme (alpha-1,4--->alpha-1,6).

C. glucose 6-phosphatase.

D. alpha-1,4 glucosidase.

E. phosphorylase.

33. Which of the following is NOT true for domains?

A. They consist of one or more secondary structure motifs.

B. They are about 25 to 300 amino acids in length.

C. They pack together to form supersecondary structures.

D. They fold up independently.

E. It may take more than one domain to form the tertiary structure.

34. In the following pathway for conversion of glucose to glycogen, what is compound X?

glucose --> glucose 6-P --> X --> UDP-glucose ---> glycogen

A. glucose 6-pyrophosphate

B. glucose 1-phosphate

C. glucose 1,2-bisphosphate

D. fructose 6-phosphate

E. no intermediate is missing.

35. Which of the following represents a covalent modification of an enzyme which can be reversed?

A. competitive inhibition.

B. change in enzyme activity with pH.

C. phosphorylation.

D. allosteric modification.

E. proenzyme activation

36. Which directly stimulates the activity of glycogen synthase D?

A. AMP

B. glucose 6-phosphate

C. ATP

D. epinephrine

E. cAMP

37. An enzymatic reaction proceeds with maximal velocity (Vmax) when

A. the substrate concentration is equal to that of a competitive inhibitor.

B. allosteric effectors are present.

C. the enzyme substrate complex is maximal.

D. the substrate concentration exceeds that of a noncompetitive inhibitor.

E. all of the substrate is bound to the enzyme.

38. Which of the following enzymes reactivates inactive liver phosphorylase?

A. glycogen synthase

B. glycogen branching enzyme

C. amylo-(1,6)-glucosidase

D. phosphorylase kinase

E. glucose 6-phosphatase

39. A drug which acts as a noncompetitive inhibitor

A. increases the steady-state concentration of the ES complex.

B. has a structure similar to a substrate

C. acts by removing active enzyme from the substrate pool.

D. doesn’t affect the Lineweaver-Burke plot.

E. is usually irreversible.

40. The two enzymes which catalyze the substrate-level phosphorylation of ADP to ATP in glycolysis are

A. hexokinase and glycerol kinase.

B. succinyl-CoA synthase and phosphorylase b kinase.

C. phosphofructokinase and pyruvate kinase.

D. pyruvate kinase and 3-phosphoglycerate kinase.

E. phosphoenolpyruvate carboxykinase and 3-phosphoglycerate kinase

41. An enzyme catalyzes the rate of a chemical reaction by

A. raising the energy of activation of the reaction. 

B. increasing the free energy change of the reaction.

C. lowering the energy of activation of the reaction.

D. decreasing the free energy change of the reaction.

E. displacing the equilibrium of the reaction in the forward direction.

42. Which is NOT an obligatory intermediate in the anaerobic glycolysis of glucose?

A. glucose 6-phosphate

B. glucose 1-phosphate

C. fructose 6-phosphate

D. fructose 1,6-bisphosphate

E. 3-phosphoglyceraldehyde

43. A competitive inhibitor

A. acts irreversibly on the enzyme.

B. raises the Km of the enzyme for its substrate.

C. lowers the maximum velocity of the reaction.

D. covalently modifies the enzyme.

E. allosterically inhibits the enzyme.

44. The NET products of anaerobic glycolysis are

A. pyruvate, NAD, ATP.

B. lactate, NAD, ATP.

C. lactate, ATP.

D. acetyl-CoA, NADH, ATP.

E. pyruvate, ATP.

45. Which of the following is true for the induced fit theory of enzyme action?

A. The conformation of the substrate changes before binding to the enzyme. 

B. The active site changes shape during binding of the substrate.

C. The substrate fits into a preformed active site through a lock-and-key mechanism.

D. Enzymes alternate between conformations where the active site is either open or closed.

E. The substrate causes a cleft to form in the enzyme where it subsequently binds.

46.What is the net yield of NADH when glucose 6-phosphate is converted to lactate by anaerobic glycolysis?

A. 0

B. 1

C. 2

D. 3

E. 4

47. All of the following statements about the Michaelis constant are correct EXCEPT which one?

A. Km is equal to half of the maximal velocity.

B. Km is calculated from the intersection of a Lineweaver-Burke plot with the horizontal axis.

 C. A low value for Km is generally associated with a high affinity of an enzyme for its substrate.

 D. Km may be defined as the substrate concentration which gives half-maximal velocity.

E. The Km is not affected by noncompetitive inhibitors.

 48. Which statement is true of glucokinase?

A. It catalyzes the phosphorylation of fructose.

B. It has a lower Km for glucose than does hexokinase.

C. It is found in liver.

D. It is inhibited by glucose-6-phosphate.

E. None of the above is correct.

49. The presence of a noncompetitive inhibitor

A. leads to both an increase in the Vmax of a reaction and an increase in the Km.

B. leads to a decrease in the observed Vmax.

C. leads to a decrease in Km and Vmax.

D. leads to a increase in Km without affecting Vmax.

E. increases the steady-state concentration of ES.

50. The action of lactase forms the products,

A. lactose and maltose.

B. glucuronic acid and gluconic acid.

C. glucose and fructose.

D. sorbitol and glucose.

E. glucose and galactose.

51. The rate of an Michaelis-Menten enzyme-catalyzed reaction was measured at several substrate concentrations that produced much less than the half maximal velocity. Which of the following best describes the effect on reaction rate? 

A. The reaction rate increases exponentially as substrate increases.

B. The reaction rate is gradually reduced by product inhibition.

C. Denaturation of the enzyme reduces the reaction rate. 

D. The rate is linearly proportional to the substrate concentration

E. The reaction rate show zero order kinetics.

52. All of the following may characterize sickle cell anemia EXCEPT 

A. Hb S is due to an alteration of a single amino acid in the b globin.

B. Hb S has the same electrophoretic mobility as normal hemoglobin.

C. The clinical symptoms are much less severe when the mutation is only on one chromosome.

D. Sickling occurs when there is a high concentration of the deoxygenated form of hemoglobin S.

E. The mutation affects the surface of the b globin.

53. The velocity for an enzyme-catalyzed reaction was measured at several substrate concentrations:

substrate conc. ___velocity 
0.025 mM ______1.0 m moles/minute
0.05 mM _______1.7 m moles/minute
0.1 mM ________2.5 m moles/minute
0.2 mM ________5 m moles/minute
0.5 mM ________5 m moles/minute

The Km is approximately
A. 0.025 mM
B. 0.05 mM
C. 0.1 mM
D. 0.2 mM
E. 0.5 mM

54. Why does fetal hemoglobin have a higher affinity for oxygen than adult hemoglobin?

A. Fetal hemoglobin has a greater affinity for BPG than adult hemoglobin.

B. Fetal hemoglobin has a lower affinity for BPG than adult hemoglobin.

C. Fetal blood has a lower pH than adult blood.

D. Fetal erythrocytes do not have BPG.

E. Fetal BPG has fewer negative charges than adult BPG.

55. Which of the following is LEAST likely to affect the Vmax of an enzyme?

A. A change in pH

B. A change in temperature

C. Addition of a noncompetitive inhibitor

D. Addition of a competitive inhibitor

E. Increased ionic strength.

56. Which of the following increases the binding of oxygen to hemoglobin?

A. increased 2,3-BPG

B. decreased CO2
C. increased HÉ concentration

D. oxidation of the heme iron

E. formation of salt bridges between globin subunits.

57. The Lineweaver-Burke plot gives:

A. 1/Vmax as the intercept at 1/S = 0.

B. Km/Vmax as the intercept at 1/S = 0.

C. 1/Km as the intercept at 1/S = 0.

D. Vmax/Km as the intercept at 1/v = 0.

E. 1/Km as the intercept at 1/v = 1.

58. Which of the following statements concerning the properties of heme is correct?

A. The heme in sickle cell hemoglobin is unable to bind O2.
B. The heme iron is oxidized as it binds O2.

C. In oxyhemoglobin, the sixth coordination bond of heme is occupied by oxygen.

D. The fifth coordination bond of the Fe+2 is occupied by the distal histidine residue.

E. Fe+2 has eight coordination bonds, four of which are occupied by the nitrogen atoms of the porphyrin ring. 

59. Cooperativity refers to

A. binding of an allosteric effector. 

B. reduction of the activation energy.

C. an increase in free energy.

D. an interaction between adjacent subunits.

E. stabilization of the enzyme substrate complex.

60. Similarities between hemoglobin and myoglobin include:

A. Heme is a prosthetic group.

B. Increased acidity reduces the oxygen binding.

C. BPG reduces the oxygen binding.

D. They are located in the red blood cell.

E. Conversion from the tense to the relaxed conformation occurs when binding O2.

61. If the free energy change of a reaction in a particular direction is negative

A. the reaction will not proceed spontaneously.

B. the reaction will proceed faster in that direction.

C. the reaction will be irreversible.

D. it cannot reach equilibrium.

E. the reaction will tend to proceed in that direction.

62. The malate-aspartate shuttle results in the reduction of intramitochondrial

A. dihydroxyacetone phosphate.

B. pyruvate.

C. NAD+ .

D. glycerol-3-phosphate

E. FAD.

63. The standard reduction potential for a reaction

A. is unrelated to the free energy of the reaction. 

B. changes in the presence of oxygen.

C. is negative for a spontaneous process.

D. is an oxidation potential.

E. measures the tendency to donate electrons.

64. Which of the following cofactors are required by the electron transport chain during the reduction of coenzyme Q with electrons from NADH?

A. Cytochrome c

B. Lipoic acid

C. Iron-Porphyrin

D. Cytochrome a

E. FMN

65. Standard free energy is

A. the energy in a standard covalent bond.

B. a measure of spontaneity under standard conditions.

C. the activation energy of an uncatalyzed chemical reaction.

D. always a positive value in spontaneous reactions.

E. closely related to the Vmax of an enzymatic reaction.

66. Uncoupling of oxidative phosphorylation

A. decreases the oxygen flow to the tissues.

B. releases heat.

C. occurs during hypoxia.

D. prevents overproduction of ATP. 

E. is most easily accomplished with electron transport blockers.

67. The standard free energy for the transaminases is about 1.0kcal, suggesting that 

A. the substrates and products are at the same concentration under standard conditions.

B. the enzyme has a low turnover number.

C. transamination is always at equilibrium. 

D. an energy source is needed.

E. they don’t reduce the activation energy.

68. The mitochondrial respiratory chain (electron transport chain) transfers electrons to molecular oxygen to produce water. If cyanide were added, the cytochromes would 

A. become more reduced.

B. become less reduced.

C. be unchanged.

D. become uncoupled.

E. consume ATP.

69. The standard free energy change for a reaction

A. is positive for spontaneous reactions.

B. is inversely proportional to the rate of the reaction.

C. is not changed by an enzyme.

D. is negative when entropy decreases.

E. Depends on the free energy of the transition state.

70. Reaction D Go'

A <==> B +5 kcal/mol

A <==> C -5 kcal/mol

C <==> D +10 kcal/mol

What is the value of D Go' for the reaction D <==> B?

A. +10

B. +5

C. 0

D. -5

E. -10

71. Which of the following compounds can undergo redox reactions of the hydroquinone-quinone type?

A. myoglobin

B. cytochromes

C. cytochrome oxidase

D. NADÉ 

E. coenzyme Q

For each of the following questions, one or more of the answers are correct. Choose answer:

A. If only 1, 2, and 3 are correct.
B. If only 1 and 3 are correct.
C. If only 2 and 4 are correct.
D. If only 4 is correct.
E. If all are correct.

72. The hexose monophosphate pathway is metabolically significant because it

1. can completely oxidize glucose independently from the citric acid cycle.

2. produces ribose, and 4-carbon and 7-carbon sugars.

3. generates NADPH for use in biosynthetic reactions.

4. produces more ATP from the oxidation of glucose than the glycolytic pathway and citric acid cycle.

73. Acetyl-CoA is not gluconeogenic in mammals because

1. the reaction catalyzed by pyruvate dehydrogenase is irreversible.

2. it cannot be converted to oxaloacetate.

3. for every mole of acetyl-CoA introduced into the Krebs

cycle, two moles of carbon dioxide are produced.

4. it cannot be formed from lactate.

74. In the metabolism of galactose

1. a specific galactokinase is involved.

2. a hexose 1-phosphate is formed.

3. a nucleoside diphosphate-hexose is formed.

4. two pathways can give rise to UDP-Gal.

75. Glucagon

1. affects glycogen metabolism by stimulating the conversion of phosphorylase b to phosphorylase a.

2. affects glycogen metabolism by stimulating the conversion of glycogen synthase I to glycogen synthase D.

3. is secreted when blood glucose levels are low.

4. activates an enzyme in the liver which converts ATP to cyclic AMP.

76. Sugar transport across the intestinal epithelium involves

1. facilitated diffusion.

2. the Na,K ATPase.

3. sodium ions.

4. specific carriers.

77. Glycogen contains which of the following structural features?

1. glucosyl residues

2. alpha, 1 -> 6 link

3. alpha, 1 -> 4 link

4. D-galactose

78. Lactose contains

1. N-acetyl galactosamine.

2. a beta-1,4 bond.

3. lactic acid.

4. D-glucose.

79. Amylopectin contains

1. D-glucose residues.

2. alpha 1,6 linkages.

3. alpha 1,4 linkages.

4. D-galactose residues.

80. Which of the following structures contain(s) a b -linkage?

1. (figures not available; study b-linkage structures)

2. 

3. 

4. 
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