EXAM 1 QUESTION BANK
GENERAL CHEMISTRY AND METABOLISM INTRODUCTION
(2004-34. Which of the following types of bonds is covalent?

A. Hydrogen bonds.

B. Electrostatic bonds.

C. Hydrophobic bonds.

D. Disulfide bonds.

(2003-57. Lactic acid promotes the dissolution of tooth enamel that occurs in dental caries. Oral bacteria can produce lactic acid via anaerobic glycolysis from glucose derived from

A. bacterial plaque glucons.

B. ingested starch.

C. ingested sucrose.

D. bacterial glycogen.
E. all of the above.
For Questions 61 to 64. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all. 
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Which functional group above is

(2002-61. a keto group?

(2002-62. an alcohol group?

(2002-63. a phosphoester group?

(2002-64. a carboxylic acid group?
(2001-01. Disulfide bonds are noncovalent bonds that form between neighboring methionine residues.

WATER, ACID/BASE CHEMISTRY AND BUFFERS (HANDOUT 1 PG 31-38)
(2004-08. An acid with a pK of 7.4 would be classified as a strong acid.

(2003-05. Glycine (pK values of 2.8 and 9) would be a good buffer at pH 9.

(2003-13. Hyperventilation results in an increase of blood pH.

(2003-32. An acid has a pK of 5.0. At a pH of 5.0,

A. the acid is half ionized

B. the acid is > 90 % protonated.

C. the acid is < 90 % protonated.
(2001-02. Lemon juice has a pH value of approximately 3-4.
(2001-25. The amino acid glycine has pK values of 2 and 9. Glycine would be a good buffer at

A. pH 5.5.

B. pH 2 and 9.

C. pH 2 only.

D. pH 9 only.

E. pH11.

(2001-35. When the pH for a solution of an acid, HA, is equal to the pK, the ratio of the concentrations of the conjugate base and acid ([A-]/[HA]) is

A. 0


B. 1


C. 2


D. 3


E. 4
(2000-16. A solution with a hydrogen ion concentration of 10-4  M has a pH of 10.

(2000-18. Hyperventilation results in an increase of blood pH.

(2000-26. The imidazole side chain of histidine has a pK of 6.8. lmidazole would be an effective buffer at pH
A. 3.4

B. 5

C. 7

D. 10

E. 12

AMINO ACIDS AND PROTEIN STRUCTURE (HANDOUT 1 PG 39-54)
(2004-06. Glycine is an unusual amino acid, because it has neither D- nor L-isomers.

(2004-07. The arrangement of subunits in an oligomeric protein is referred to as the tertiary structure.

(2004-11. The affinity of hemoglobin for O2 increases as the pH decreases.

Use the structure of arginine, shown below to answer questions 25 – 27
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(2004-25. At a physiologic pH of 7.4, the approximate charge on the amino acid arginine is

A. +2.

B. +1.

C. 0.

D. -1.

E. -2.

(2004-26. In the tripeptide Arginine-Alanine-Threonine the charge on the amino acid arginine at pH 7.4 is

A. +2.

B. +1.

C. 0.

D. -1.

E. -2.

(2004-27. The isoelectric point for the free amino acid arginine is approximately

A. 4.5.

B. 5.5

C. 8.

D. 11.

E. 13.

(2003-08. Myoglobin shows cooperativity in O2 binding.

(2003-11. α-helices are stabilized by a series of disulfide bonds between amino acids separated by four residues.

(2002-02. Hydrogen bonds are covalent bonds that are important for the maintenance of protein structure.

(2002-11. The carboxyl terminal end of a protein is synthesized before the amino terminal end.

(2002-44. An amino acid is characterized by pK values of 2 and 8. The isoelectric point (pl) for this amino acid is
A. 2

B. 5

C. 6

D. 8

E. 10
(2000-14. Amino acids that cannot be synthesized by the human organism are defined as essential amino acids.

(2000-15. Hydrogen bonds play a minor role in stabilizing secondary structures such as a-helices.

(2000-44. The pK of the side chain carboxylate group of the compound shown below is 4. C
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At pH 4 this side chain carboxylate group will be

A. , converted .to a peptide bond.

8. completely protonated.

C. completely deprotonated.

D. reduced to an aldehyde group.

E. 50% protonated and 50% deprotonated.

ENZYMES AS CATALYSTS & BASIC KINETICS (HANDOUT 1 PG 61-70)
(2004-05. An enzyme has a Km for its substrate of 10 μM, and the physiologic range for the substrate is 10-20 mM. This enzyme is likely to be regulated by substrate availability.

(2004-22. If the enzyme concentration for a biochemical reaction is increased 100-fold, the equilibrium constant for the reaction will

A. decrease two-fold.

B. remain the same.

C. increase in proportion to the enzyme concentration.

D. change inversely with the enzyme concentration.

(2004-23. Hexokinase and glucokinase both catalyze the phosphorylation of glucose to glucose 6-phosphate. The glucose Km values for hexokinase and glucokinase are 10 μM and 0.02 M, respectively. If blood glucose is 5 mM under fasting conditions and 20 mM after a high-carbohydrate meal,

A. hexokinase will function near its Vmax under fasting conditions.

B. glucokinase will function near its Vmax under fasting conditions.

C. hexokinase will function at less than 0.5Vmax after a high carbohydrate meal.

D. glucokinase will function at less than 0.5Vmax after a high carbohydrate meal.

(2004-29. The curves shown below are obtained when the initial velocity (v) of the isocitrate dehydrogenase reaction is plotted against isocitrate concentration in the presence of various levels of ADP and excess NAD+. Which of the following statements is correct?
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A. Isocitrate dehydrogenase exhibits simple Michaelis- Menten kinetics in the absence of ADP.

B. ADP increases the Km (or S0.5) of the enzyme for isocitrate.

C. ADP increases the Vmax of the enzyme.

D. ADP activates the enzyme.

Use the figure below to answer questions 1 and 2.
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(2003-01. Enzyme 1 and Enzyme 2 have the same Km values for their substrates.

(2003-02. The inhibitor of Enzyme 2 is a non-competitive inhibitor.

(2003-04. Enzymes do not alter the equilibrium of a chemical reaction.

(2003-07. Enzymes only catalyze reactions with a negative ΔG0’.

(2003-14. Isozymes are enzymes of identical amino acid sequence that catalyze different reactions.

Use the plot below to answer questions 35 and 36.
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The plot above represents the relationship between substrate concentration and velocity for a

single enzyme in the absence (curve X) and presence (curve Y) of an allosteric activator.

(2003-35. In the presence of the allosteric activator, the S0.5 (Km) for the substrate

A. increases.

B. decreases.

C. remains unchanged.

(2003-36. In the presence of the allosteric activator, the Vmax for the enzyme

A. increases.

B. decreases.

C. remains unchanged

(2003-41. Fumarase from Gallus gallus has a Vmax of 50 μmoles/min/mg of protein and a KM of 10 μM for fumarate. At a fumarate concentration of 10 μM, the velocity of the enzyme catalyzed reaction would be

A. 50 μmoles/min/mg of protein.

B. 25 μmoles/min/mg of protein.

C. 20 μmoles/min/mg of protein.

D. 10 μmoles/min/mg of protein.

E. 5 μmoles/min/mg of protein.

(2002-04. Enzymes shift the equilibria of chemical reactions to favor product formation.
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(2002-43. The double reciprocal plot for an enzyme is shown as curve A in the figure above. The effect of an inhibitor on this enzyme is depicted by curve B. The inhibitor is

A. competitive.

B. noncompetitive.
Question 45 and 46 refer to the figure below, which depicts the activity of an enzyme (v) as a function of its substrate concentration (s):
[image: image8.emf]
(2002-45. All of the following statements are correct EXCEPT ONE. The INCORRECT statement is:

A. This enzyme obeys the Michaelis-Menten equation.

B. This enzyme is an allosteric enzyme.

C. This enzyme can exist in two different conformations.

D. This enzyme exhibits cooperativity in substrate binding.

E. This enzyme has quaternary structure.

(2002-46. The substrate concentration for this enzyme was found to vary between 0.2 mM and 0.5 mM under physiological conditions. The enzyme could be regulated by substrate availability

A. only in the presence of 1 mM activator (curve Y).

B. only in the presence of 1 mM inhibitor (curve Z).

C. when neither activator nor inhibitor is present (cuwe X).

D. under all the above conditions (curves X,Y and Z).

E. under no conditions.

(2002-47. Enzymes

A. always have a quaternary structure stabilized by disulfide bonds.

B. only catalyze reactions with a negative AGO'.

C. always accelerate both the fotward and reverse reactions.

D. never become covalently bonded to reaction intermediates during catalysis.

E. never bind any molecules other than substrate in the catalytic site.

(2001-05. Km is defined as the substrate concentration required for the maximal velocity of an enzyme catalyzed reaction.

(2000-19. Isozymes are enzymes of identical amino acid sequence that catalyze different reactions.

(2000-22. Enzymes accelerate the conversion of substrate to product by changing the overall equilibrium constant for the reaction.
(2000-45. The KM of an enzyme for its substrate is 10 μM. At a substrate concentration of 1 mM. the rate of the enzyme-catalyzed reaction will be

A. 10% Vmax
B. 25% Vmax
C. 50% Vmax
D. 75% Vmax
E. about 99% Vmax
ENZYME INHIBITION, ACTIVATION & REGULATION (HANDOUT 1 PG 71-80)
(2002-07. Ibuprofen is an irreversible inhibitor of cyclooxygenase because it acetylates an active site serine residue.

(2001-03. A competitive inhibitor of a single substrate enzyme binds to the active site at the same location as the substrate binds.
(2001-04. Aspirin is an irreversible inhibitor of cyclooxygenase because it acetylates an active site serine residue.

(2000-17. Ibuprofen is an irreversible inhibitor of cyclooxygenase because it acetylates an active site serine residue.
(2000-21. Allosteric activatorslinhibitors always bind at the catalytic site of an enzyme.

(2000-20. Lead and mercury are potent poisons which irreversibly inactivate critical enzymes.

(2000-43. In the presence of a competitive inhibitor

A. Vmax increases and Km decreases.

B. Vmax decreases and Km decreases.

C. Vmax is unchanged and Km decreases.

D. Vmax is unchanged and Km increases.

E. Both Vmax and Km are unchanged
THE CELL & METABOLIC COMPARTMENTALIZATION (HANDOUT 1 PG 87-94)
(2004-02. The peroxisome is a cytoplasmic organelle, with an internal pH of about 5, that is involved in the intracellular digestion of lipids, proteins, polysaccharides and nucleic acids.

(2004-03. The golgi are organelles that carry out oxidative reactions using molecular oxygen as a substrate. These reactions produce hydrogen peroxide.
(2004-10. Carrier mediated diffusion is characterized by saturation kinetics.
For questions 61 to 65, select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. peroxisome

B. golgi

C. lysosome

D. nucleus

E. mitochondria

(2003-61. The largest of all organelles; contains genetic material.

(2003-62. Involved in modifying proteins produced in the rough endoplasmic reticulum and in distributing these proteins to other regions of the cell or cell exterior.

(2003-63. Cytoplasmic organelles, with an internal pH of about 5, that are involved in intracellular digestion of lipids, proteins, polysaccharides and nucleic acids.

(2003-64. Organelles that produce most of the energy of the cell.

(2003-65. Cytoplasmic organelles that are involved in oxidative reactions using molecular oxygen. The reactions produce hydrogen peroxide.
(2002-08. Facilitated diffusion is an effective transport mechanism for the movement of a material against a concentration gradient.
For Questions 52 to 56.

Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. nucleus

B. lysosome

C. mitochondria

D. golgi

E. peroxisome

Match the subcellular compartment from the list above with the appropriate statement below.

(2002-52. Involved in modifying proteins produced in the rough endoplasmic reticulum and in distributing these proteins to other regions of the cell or cell exterior.

(2002-53. Cytoplasmic organelles that are involved in oxidative reactions using molecular oxygen. The reactions produce hydrogen peroxide.

(2002-54. Cytoplasmic organelles, with an internal pH of about 5, that are involved in intracellular digestion of lipids, proteins, polysaccharides and nucleic acids.

(2002-55. The largest of all the organelles; contains genetic material.

(2002-56. Organelle that produces most of the energy required by the cell. Contains enzymes of the TCA cycle as well as components of the electron transport chain.

(2001-08. The endoplasmic reticulum is a cytoplasmic organelle, with an internal pH near 5, which is involved in intracellular digestion.
(2000-46. The Golgi apparatus is the subcellular organelle responsible for

A. ATP synthesis.

B. degradation of proteins, phospholipids, and carbohydrates.

C. modifying and distributing proteins produced in the rough ER.

D. RNA transcription.

E. DNA replication.

DNA STRUCTURE AND REPLICATION (HANDOUT 2 PG 8-17)
(2004-14. Chaperones are a component of chromatin.
(2004-41. DNA polymerases

A. synthesize DNA from an RNA template.

B. synthesize DNA in a 3' 5' direction.

C. will not incorporate a dideoxyribonucleoside monophosphate into a growing DNA chain.

D. are unable to initiate de novo DNA synthesis even when provided with ribonucleoside triphosphate precursors along with the normal deoxyribonucleoside triphosphates.

E. synthesize DNA with essentially perfect fidelity (i.e. less than one mistake per 100 billion correct insertions).

(2004-40. The discovery of Okazaki fragments was prompted by a mutation in bacteria which caused small fragments of DNA to accumulate and fail to form long chromosomal DNA. A mutation that causes this effect is most likely to be in the gene that encodes

A. DNA polymerase.

B. ligase.

C. helicase.

D. primase.

E. reverse transcriptase.

Use the figure below to answer question 47
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(2004-47. Suppose that DNA polymerase and all four dNTPs are incubated under conditions suitable for DNA synthesis in separate reactions, each of which contains one of the DNA substrates shown above. (Lines parallel to one another represent complementary DNA molecules hydrogen bonded to one another.) Which will produce new DNA ?

A. I only

B. II only

C. III only

D. II & III

E. None.

(2003-19. The genetic code is degenerate.

(2003-24. In eukaryotic chromatin, nucleosome cores are arrayed as beads on a string with linker DNA in between.
(2002-35. Okazaki fragments

A. are made up entirely of RNA.

B. have a deoxyribonucleoside monophosphate on their 3' end.

C. are synthesized entirely by primase.

D. are found on both the leading and lagging strand of a DNA replication fork.

 (2002-37. Chromatin is

A. made up of DNA complexed with RNA.

B. made up of DNA complexed with histones.

C. found only in prokaryotes,

D. a structure used for the degradation of imperfect proteins.

E. an intermediate in homologous recombination.

(2001-39. Dideoxynucleotides terminate DNA synthesis because they

A. can not be incorporated into newly synthesized DNA.

B. do not form Watson-Crick base pairs with normal deoxynucleotides.

C. are removed by the DNA polymerase edit function.

D. lack a 3' OH group
(2000-03. Histones are RNA molecules responsible for the initiation of DNA replication.

(2000-12. Ribonucleosides have an OH group on the 2' position.

(2000-32. Okazaki fragments

A. are synthesized entirely by primase.

B. have a ribonucleotide on their 5' end.

C. are found on both the leading and lagging strand of the replication fork.

D. are synthesized in a 3' -+ 5' direction.

E. are not found in prokaryotes.
DNA REPLICATION ENZYMES/MECHANISMS OF RECOMBINATION (HANDOUT 2 PG 18-24)
(2004-13. Reverse transcriptase synthesizes DNA from an RNA template.

(2004-48. A Holliday junction is

A. a DNA-RNA hybrid formed during retroviral replication.

B. the last ribonucleotide in an Okazaki fragment primer.

C. an intermediate in homologous recombination.

D. part of the promoter region of a prokaryotic operon.

E. a motel chain located at the junction of many major U.S. highways.

(2003-18. A Holliday junction is an intermediate formed as part of DNA replication.
(2003-25. The genome of a retrovirus is made up of single stranded DNA. 
(2003-42. Reverse transcriptase

A. has an especially efficient proofreading activity.

B. does not require a primer.

C. synthesizes RNA from a DNA template.

D. degrades DNA that is base paired with RNA.

E. uses deoxyribonucleoside triphosphates as precursors.

 (2002-32. A Holliday junction is

A. a complex formed as RNA polymerase begins to transcribe double stranded DNA.

B. a structure formed during the initiation of new replication forks from the origin of replication.

C. an intermediate DNA structure formed during homologous recombination.

D. a folded structure found on the 5' end of mature mRNA molecules.
 (2002-33. Retroviruses

A. have a single stranded DNA molecule as their genome.

B. replicate their genome with higher fidelity than is typical of replication of the human genome.

C. do not require a primer in order to initiate synthesis of a new genome.

D. have repeated sequences of ribonucleotides on each end of their genome.

(2002-36. Which of the following enzymes operates in a 3' -, 5' direction?

A. Primase.

B. The DNA synthesis function of DNA polymerase.

C. The edit function of DNA polymerase.

D. Reverse transcriptase.

(2001-37. A Holliday junction is

A. an intermediate DNA structure formed during illegitimate recombination.

B. the bubble-like structure formed during initiation of DNA replication.

C. a DNA-RNA hybrid formed during copying of a retroviral genome.

D. a cross stranded DNA structure important to homologous recombination.



E. an intermediate formed during nucleotide excision repair
(2001-46. During replication of a retroviral genome

A. reverse transcriptase begins synthesis without a primer.

B, tRNA serves as aprimer for DNA synthesis.

C. the Long Terminal Repeats provide a primer for RNA synthesis.

D. Okazaki fragments form on the lagging strand of the replication fork.

E. the double stranded RNA genome is unwound by helicase.
(2000-01. Retroviruses have a genome made up of a double stranded DNA molecule.
(2000-02. A Holliday junction is an intermediate structure formed during homologous recombination.

DNA DAMAGE AND REPAIR (HANDOUT 2 PG 25-29)
(2004-16. Base excision repair does not require a DNA polymerase.

(2004-39. During excision repair in humans, a glycosylase breaks

A. a hydrogen bond between paired complementary nucleotides.

B. the cyclobutane ring between dimerized pyrimidines.

C. the bond between a damaged base and a deoxyribose sugar.

D. the phosphodiester bond between adjacent nucleotides

E. a pair of phosphodiester bonds on either side of the damaged base.

(2004-54. If a cytosine is inserted opposite an adenine (in the template) as DNA is being synthesized, the DNA polymerase will normally hesitate and the mispaired

A. adenine will be removed from the template by the mismatch repair system.

B. cytosine will be excised by the base excision repair system.

C. adenine will be excisied by the base excision repair system.

D. cytosine will be removed by the polymerase’s 3 ' 5' exonuclease.

E. cytosine will be removed by the polymerase’s 5' 3' exonuclease.

(2003-16. The first step of the nucleotide excision repair pathway is performed by a glycosylase.

(2003-22. Xeroderma Pigmentosum is caused by a deficiency in ligase.

(2003-39. The 3' → 5' exonuclease associated with DNA polymerase serves to

A. remove primers from Okazaki fragments on the leading strand.

B. remove primers from Okazaki fragments on the lagging strand.

C. repair DNA damage caused by ultraviolet radiation.

D. improve the overall fidelity of DNA replication.

E. initiate recombination.

(2003-43. An enzyme that is required in both base excision repair and nucleotide excision repair is

A. reverse transcriptase.

B. DNA polymerase.

C. 3' → 5' exonuclease.

D. glycosylase.

E. AP endonuclease.

(2003-44. As part of DNA repair, uracil glycosylase breaks the

A. phosphodiester backbone immediately 3' of the uracil.

B. phosphodiester backbone immediately 5' of the uracil.

C. phosphodiester backbone a few nucleotides 3' and a few nucleotides 5' of the uracil.

D. bond between uracil and deoxyribose.

E. DNA strand opposite the uracil.

(2002-12. The base excision repair pathway removes thymine hydrates that are produced after X-ray exposure from DNA.

(2002-15. X-rays can convert adjacent thymines to thymine dimers in DNA.
(2002-27. In humans, the first step of the nucleotide excision repair pathway is carried out by a

A. glycosylase

B. AP endonuclease

C. DNA polymerase

D. multiprotein complex encoded by XP genes.

E. 3' -, 5' exonuclease.

For Questions 57 to 60. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. endonuclease

B. exonuclease

C. ligase

D. reverse transcriptase

E. primase

(2002-57. synthesizes RNA from a DNA template.

(2002-58. digests DNA from one of its ends.

(2002-59. proofreads newly synthesized DNA.

(2002-60. joins an Okazaki fragment to the contiguous DNA strand.

(2001-14. If DNA damage occurs early during the cell cycle, p53 activates a checkpoint which accelerates entry into the S phase of the cell cycle.

(2001-16. The human disease Xeroderma Pigmentosum is caused by a deficiency in an early step of nucleotide excision repair.

(2001-22. Thymine can be converted to thymine glycol by exposure to X-rays.

(2001-43. The 3' -+ 5' exonucleases associated with DNA polymerases

A. remove DNA damage from the path of the polymerase.

B. remove the primers from Okazaki fragments.

C. synthesize RNA primers for new Okazaki fragments.

D. improve the overall fidelity of DNA synthesis.

E. generate nicks in DNA that accelerate homologous recombination.

(2001-47. During base excision repair in humans the enzyme that acts immediately after glycosylase is

A. DNA polymerase.

B. a multiprotein complex encoded by XP genes.

C. an AP endonuclease.

D. a 3' + 5' exonuclease.

E. ligase.

For Questions 68 to 72 Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. primase

B. RNaseH

C. helicase

D. endonuclease

E. resolvase

(2001-68. makes a break adjacent to an AP site during base excision repair.

(2001-69. separates the double stranded DNA molecules joined as anhermediate during homologous recombination.

(2001-70. synthesizes RNA from a DNA template.

(2001-71. initiates synthesis of Okazaki fragments.

(2001-72. digests RNA

(2000-08. Pyrimidine dimers are the most common form of DNA damage produced by X-rays. cn ,

(2000-31. Glycosylases

A. are a type of exonuclease.

B. edit mispaired nucleotides from DNA immediately after their incorporation into a growing DNA chain.

C. are only found in prokaryotes.

D. make nicks on either side of bulky DNA lesions.

E. remove damaged or abnormal nitrogenous bases from deoxyribose sugar moieties.
(2000-37. If a bacterial DNA polymerase inserts a G opposite a T in the template DNA strand the mispaired G will be

A. left in the DNA as long as the error is in the third (wobble) position of an anticodon.

B. removed by the base excision repair system.

C. removed by the nucleotide excision repair system.

D. removed by a 5' -, 3' exonuclease associated with the DNA polymerase.

E. removed by a 3' -, 5' exonuclease associated with the DNA polymerase.
(2000-38. When performing polymerase chain reaction (PCR), it is best that

A. the primers be complementary to one another.

B. the template to be copied begins as mRNA rather than DNA.

C. the number of template molecules is in excess over the number of primer molecules at the beginning of the reaction.

D. a DNA polymerase is used that is able to withstand high temperatures.

E. RNase H is included in the reaction.

(2000-41. Nucleotide excision repair

A. occurs only in prokaryotes.

B. occurs only in mammalian cells.

C. does not require a DNA synthesis step.

D. removes a single nucleotide from damaged DNA.

E. begins with single strand nicks on both sides of the DNA lesion.

CELL CYCLE/ONCOGENES & CANCER (HANDOUT 2 PG 30-36)
(2004-42. Human cells growing in culture are fed radioactive thymidine and the incorporation of this precursor into DNA is measured as a function of time. In the graph below which segment of the cell cycle is most likely represented by the bracketed region marked with a question mark?
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A. G0

B. G1

C. G2

D. S

E. M

(2004-49. Cyclins are

A. proteins that help regulate passage of the cell through the cell cycle.

B. intermediates in homologous recombination.

C. proteins that mark defective proteins for degradation.

D. amino acids that mark proteins for secretion from the cell.

E. enzymes that modify the conformation of circular DNA molecules.

(2004-51. Which of the following is most likely to result in cancer

A. conversion of an oncogene to a proto-oncogene.

B. activation of a tumor suppressor gene.

C. failure of a cell with DNA damage to undergo apoptosis.

D. activation of a checkpoint protein by DNA damage.

E. nucleotide excision repair.

(2003-20. Cyclins are proteins that help regulate the cell cycle.

(2003-23. DNA damage early in the cell cycle will often activate a checkpoint protein that delays the start of the S phase
(2003-45. Which of the figures below gives the most accurate depiction of the human cell cycle?
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(2003-46. To avoid a malignancy, tumor suppressor genes such as p53 will trigger a condition called apoptosis. During apoptosis

A. the cell is deliberately programmed to self-destruct.

B. proto-oncogenes are converted into oncogenes.

C. oncogenes are converted into proto-oncogenes.

D. DNA replication becomes more accurate.

E. new DNA repair enzymes are synthesized.

(2002-09. When DNA is damaged, the p53 gene product activates a checkpoint that prevents the cell from going into the "S" phase of the cell cycle.
(2002-10. Conversion of an oncogene to a proto-oncogene contributes to onset of cancer.
(2001-19. A mutation in the coding region of a proto-oncogenes can convert it to an oncogene.

(2000-09. Point mutations can convert proto-oncogenes to oncogenes and thereby contribute to the onset of cancer.
RNA SYNTHESIS AND REGULATION OF GENE EXPRESSION (HANDOUT 2 PG 42-52)
(2004-37. When bacteria are grown in the presence of both glucose and lactose, the bacterial lac operon will be

A. transcribed because CAP is bound near the promoter and the lac repressor is bound to the lac gene.

B. not transcribed because CAP is absent and the lac repressor is not bound to the lac gene.

C. not transcribed because both CAP and the lac repressor are bound near the lac promoter.

D. transcribed because CAP is bound near the promoter and the lac repressor is absent.

E. transcribed because CAP is absent and the lac repressor is bound to the lac gene.

 (2004-44. The peptide encoded by the mRNA transcript 5' CGAUGCUUGAAAGGUAAG 3' has the sequence

A. Arg -Cys -Leu-Lys-Gly –Lys

B. Met- Leu-Glu-Arg

C. Gly- Trp- Lys- Val-Arg-Ser

D. Met- Glu- Ser-Ser

 (2004-46. The proteins that bind to the promoter region of a eukaryotic gene to facilitate binding of RNA polymerase are called

A. repressors.

B. transcription factors.

C. enhancers.

D. operators.

E. initiation proteins.

(2003-17. Enhancer sequences are found both upstream and downstream of the start site of the gene they help regulate.

(2003-21. In eukaryotes the same RNA polymerase is responsible for synthesis of mRNA and ribosomal RNA.
(2003-40. Which of the following enzymes synthesizes RNA?

A. Ligase

B. Reverse transcriptase

C. Primase

D. RNAseH

E. Helicase
(2003-47. Transcription of RNA

A. requires a DNA primer.

B. requires an RNA primer.

C. uses ribonucleoside triphosphates as precursors.

D. incorporates ribonucleoside triphosphates into the growing RNA chain.

E. proceeds in a 3' → 5' direction.

(2003-48. In eukaryotes, a typical mature mRNA molecule

A. has introns and exons.

B. is double stranded.

C. has a cap of 7-methylguanine on its 5' end.

D. has several uracil residues on its 5' end.

E. has several adenosine residues on its 5' end.

(2003-49. Eukaryotic genes

A. have all of their regulatory sequences located within introns.

B. have all of their regulator sequences located within exons.

C. are usually regulated by a single repressor protein.

D. are regulated by a number of proteins called “transcription factors”.

E. have enhancer regions that are always located 3' to the coding region.

(2002-14. In eukaryotes ribosomal RNA, messenger RNA, and tRNA each require a different RNA polymerase for their synthesis.
(2002-31. Small nuclear RNAs (snurps) 
A. carry amino acids to the ribosome.

B. are the primary component in the small subunit of the ribosome.

C. participate in removal of introns from a primary RNA transcript.

D. are part of the cap on a eukaryotic mRNA molecule.

(2002-38. Transcription of a eukaryotic gene begins only after

A. introns have been spliced out of the genome.

B. a number of transcription factors and RNA polymerase bind to the promoter.

C. RNA polymerase binds to an enhancer region.

D. a helicase unwinds the double stranded DNA.

E. the sigma factor binds to RNA polymerase.
(2002-39. The immediate product of eukaryotic RNA polymerase II is

A. a tRNA molecule charged with the correct amino acid.

B. a retroviral genome.

C. heterogeneous nuclear RNA.

D. translatable messenger RNA
(2001-15. Small nuclear RNA-protein complexes ("snurps") remove the introns from primary RNA transcript in eukaryotes.
(2001-21. Amino acids are attached to the 7MeG on the 5' ends of tRNA molecules.

(2001-40. In prokaryotes th e primary transcript produced by RNA polymerase

A. has a poly A tail on its 5' end.

B. has a cap of 7-methyl guanine on its 5' end.

C. has introns interspersed with exons.

D. always begins with AUG.

E. is synthesized 5' to 3'.

(2001-41. When glucose is unavailable and lactose levels are high, the bacterial lac operon will be

A. transcribed because CAP is bound near the promoter but the lac repressor is not bound.

B. not transcribed because CAP is bound near the promoter but the lac repressor is not bound. '

C. transcribed because CAP is absent and the lac repressor is inactivated.

D. not transcribed because CAP is absent and the lac repressor is inactivated.

E. transcribed because both CAP and the lac repressor are bound near the promoter.
(2001-44. The anticodon on methionine tRNA is

A. 5'AUG 3'

B. 5'GUA3'

C. 5' ATG 3'

D. 5' CAU 3'

E. 5' UAC 3'

(2000-04. lntrons are removed from hnRNA by RNA-protein complexes called small nuclear RNAs.

(2000-05. Prokaryotic promoters have highly conserved sequences at the -1 0 and -35 regions.

(2000-35. RNA polymerases differ from DNA polymerases in that RNA polymerases

A. can synthesize in a 3' -45' direction.

B. use dNMPs as precursors.

C. use nucleoside diphosphates as precursors.

D. do not require a template.

E. do not require a primer

(2000-36. The immediate product of eukaryotic RNA polymerase I1 is

A. a completed ribosome.

B. fully translatable messenger RNA.

C. heterogeneous nuclear RNA.

D. the poly A tail found on the 3' end of the mRNA.

E. the primer for Okazaki fragments.
(2000-34. The enhancer regions that help regulate gene expression are found on

A. DNA upstream or downstream of the transcription start site.

B. eukaryotic RNA polymerase 11.

C. the sigma subunit of prokaryotic RNA polymerase.

D. mRNA near the 5' cap.

E. mRNA near the 3' polyA tail.

PROTEIN SYNTHESIS (HANDOUT 2 PG 53-60)
 (2004-38. The antibiotic erythromycin

A. blocks mRNA synthesis.

B. prevents assembly of an 80 S ribosome from its smaller subunits.

C. binds the bacterial ribosome and thereby prevents translocation.

D. inhibits DNA replication by irreversibly binding to the bacterial helicase.

E. inhibits DNA replication by interfering with normal manufacture of deoxyribonucleotides.

(2004-45. A normal tRNA molecule

A. accepts amino acids on its 5' end.

B. has an anti-codon on its 5' end.

C. has an anti-codon on its 3' end.

D. has a number of unusual bases such as pseudouridine and ribothymine.

E. is entirely single stranded.

 (2004-50. In eukaryotes the primary transcript made by RNA polymerase is modified to a translatable message by

A. addition of a poly G sequence on the 3' end.

B. addition of a poly G sequence on the 5' end.

C. removal of exons.

D. removal of introns.

E. replacement of uridine with pseudo thymine.

(2004-53. When the ribosome encounters a stop codon such as UAG in frame with the message

A. a signal sequence is added to the protein.

B. a series of lysines is added to the protein.

C. release factor assists detachment of the peptide chain from the ribosome.

D. 7-methylguanine is added to the message.

E. ubiquitin assist proper folding of the peptide.

(2003-50. The amino acid sequence of a protein produced by the transcript shown below is 5' AGAUGCUUGUGGUAC 3'

A. Met - Leu - Val – Val
B. Arg - Cys - Leu - Trp – Tyr
C. Met - Val - Phe – Val
D. His - Gly - Val - Arg - Arg

(2003-51. The anticodon on tryptophan tRNA is

A. 5' UGG 3'

B. 5' GGU 3

C. 5' CCA 3'

D. 5' ACC 3'

(2003-52. As part of the synthesis of new proteins, chaperones

A. guide the newly synthesized protein to the proper cellular location.

B. assist assembly of the ribosome from its large and small subunits.

C. prevent improper folding of the newly synthesized protein.

D. guide the charged tRNAs to the ribosome.

(2002-13. If you know that leucine is the second amino acid from the amino terminal end of a protein, you can unambiguously determine the 4', 5n and 6th nucleotides in the coding sequence of the gene that encodes that protein.

(2002-25. The amino acid composition of a protein produced by the transcript shown below is 5'CAAUGGUUAAUAGGUAAG3
A. Met-Asp-Asn-Trp

B. Gln-Trp-Leu-lle-Gly-Lys

C. Met-Val-Asn-Arg

D. Glu-Trp-lle-lle-Gly-Asn
(2002-29. To avoid improper folding of newly synthesized protein molecules the cell employs

A. chaperones.

B. signal sequences.

C. signal recognition particles.

D. nucleosomes.

(2001-38. The following mRNA sequence codes for the amino terminus of a protein. What is the amino-terminal amino acid sequence of the protein?   5' ... AGAUGCUUGUGGUAC ...3'

A. His - Gly - Val - Arg - Arg C

B. Met - Val -Phe - Val

C. Arg - cys - Leu - Trp - Tyr

D. Met - Leu - Val - Val

(2001-48. During protein synthesis in eukaryotes

A. tRNA molecules are charged with the correct amino acid after they bind to the ribosome.

B. the complete ribosome is assembled only after the small subunit binds to the mRNA.

C. the carboxyl terminal end of the protein is synthesized before the amino terminus.

D. the mRNA is translated from the 3' end toward the 5' end.

E. the translational start site is determined by the polyA tail on the mRNA.

(2000-06. During protein synthesis the amino terminus of a growing polypeptide is synthesized first.

(2000-10. ATP is required during the reaction that charges a tRNA with the proper amino acid.

(2000-11. The anticodon portion of a tRNA molecule is found on its 3' end.
(2000-33. The antibiotic chloramphenichol binds the 50s subunit of the bacterial ribosome thereby inhibiting peptidyl transferase and preventing

A. the very first step of translation.

B. formation of charged amino acids.

C. formation of peptide bonds between amino acids being added to the protein.

D. release of a completed polypeptide.

E. recycling of an initiation factor.

PROTEIN SECRETION AND PROTEIN DEGRADATION (HANDOUT 2 PG 61-66)
(2004-15. As part of the post-translational modification process carbohydrate groups are often added to proteins destined to be secreted.

(2004-17. Small nuclear RNAs (SNURPS) carry amino acids to the ribosome for incorporation into a growing peptide chain.

(2004-36. Proteins which have defects due to errors during the translation process are degraded by

A. nucleosomes.

B. ubiquitin.

C. proteasomes.

D. signal sequences.

E. chaperones.

(2004-52. Signal sequences

A. are short amino acid sequences that help direct a protein to its proper cellular location.

B. are attached to the carboxyl terminal of newly synthesized proteins.

C. mark the site where new chromosome replication begins.

D. are usually made up of highly hydrophilic amino acids.

E. align the eukaryotic ribosome with the start site on the mRNA message.

(2003-53. A defective protein is marked for degradation by attachment of

A. histone.

B. signal sequence.

C. ubiquitin.

D. chaperone.

E. signal recognition particle.

(2002-40. Signal sequences

A. mark the initiation site for establishment of a new DNA replication fork.

B. help direct a newly synthesized protein to its proper cellular location.

C. properly align the ribosome with the site on the mRNA where translation is to begin.

D. increase the transcription of some eukaryotic genes.

(2001-18. All proteins in a eukaryotic cell have approximately the same half-life.

(2001-20. Signal sequences are found on the amino terminal of proteins targeted for a particular location.

For Questions 62 to 67 Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. Chaperone

B. Proteasome

C. Nucleosome

D. Signal recognition particle

E. Enhancer

(2001-62. acts primarily on proteins that have ubiquitin attached.

(2001-63. attaches to proteins destined to be secreted.

(2001-64. ' prevents improper folding of a protein.

(2001-65. increases the frequency with which a eukaryotic gene is transcribed.

(2001-66. DNA complexed with small basic proteins called histones.

(2001-67. a cylindrical structure of proteins that participates in protein degradation.

TECHNIQUES OF MOLECULAR BIOLOGY (HANDOUT 2 PG 67-74)
(2004-35. The figure below shows a segment of DNA (the template) with a double stranded segment that can serve as a primer for DNA synthesis. Some of the nucleotides in the template are not known. These are indicated as “N’s”. To determine the unknown nucleotides, a dideoxy (chain termination technique) sequencing reaction was performed resulting in the autoradiogram in the figure below. The letter above each of the lanes corresponds to the dideoxyribonucleoside triphosphate included in the reaction applied to that lane.

[image: image1.emf]
The unknown nucleotides (which make up the “N’s” in the template) are:

A. 5' ACCGATGGCT 3'

B. 5' TGGCTACCGA 3'

C 5' TCGGTAGCCA 3'

D 5' AGCCATCGGT 3'

(2003-54.  The figure below shows an autoradiogram from an experiment where the unknown bases (designated by "N") in the primed DNA template shown were sequenced using the dideoxy (chain termination technique). The letter over each lane represents the particular dideoxyribonucleoside triphosphate included in that reaction.

[image: image15.emf]
The unknown bases (which make up the template) are

A. 5' CTGGCAAGTTA 3'

B. 5' ATTGAACGGTC 3'

C. 5' GACCGTTCAAT 3'

D. 5' TAACTTGCCAG 3'

(2002-26. The primed DNA template shown below is sequenced using the dideoxy- (chain termination) method, to produce the autoradiogram shown in the figure. The sequence of the bases in the template (the N's in the figure) is

[image: image12.emf]
(2001-45. The following DNA template, with the indicated primer, is sequenced by the chain termination (dideoxynucleotide) method. What is the sequence of the template strand designated by "N's" in the figure?

[image: image16.emf]
A. 5' TCCGTAATCTA 3'

B. 5' AGGCATTAGAT 3'

C. 5' CTGTAATGCCT 3'

D. 5' AGGCATTACAG 3'

(2000-29. A mutant of alcohol dehydrogenase isozyme 2 has an amino acid replacement Glu 487 ( Lys 487. Normal alcohol dehydrogenase isozyme 2 and the mutant were separated by electrophoresis at pH 7.0 on a filter paper strip. Thc electrophoretic mobility of the mutant toward anode, as compared to the normal counterpart, was

A. the same.

B. slower.

C. faster.

D. unmeasurable because the mutant evaporated from the paper strip during electrophoresis. 
(2000-40. The following primer and template are used in a (Sanger) dideoxy DNA sequencing reaction to produce the

autoradiogram shown below:
[image: image17.emf][image: image13.emf]
The sequence of the newly synthesized DNA (the product of the reaction) is

A. 5' AGGCTTCGATA

B. 5' TCCGAAGCTAT

C. 5' ATAGCTTCGGA

D. 5' TATCGAAGCCT

E. 5' UCCGAAGCUAU

DNA TECHNIQUES AS DIAGNOSTIC TOOLS (HANDOUT 2 PG 75-80)
(2004-12. Polymerase chain reaction is a technique for amplifying a small amount of DNA.

(2004-43. The cDNA for a cDNA library is made from a

A. direct copy of the primary transcripts (hnRNA) from a eukaryotic source.

B complementary copy of the primary transcripts (hnRNA) from a eukaryotic source.

C. direct copy of a eukaryotic genome.

D. complementary copy of a eukaryotic genome.

E. complementary copy of mRNA from a eukaryotic source.
(2003-55. For polymerase chain reaction (PCR) to be successful, it is important that, at the start of the reaction,

A. the number of primer molecules greatly exceeds the number of molecules of DNA that is to be copied.

B. the primers base pair with each other.

C. reverse transcriptase is included in the reactions.

D. a DNA polymerase without a proofreading function is used.

(2003-56. Restriction Fragment Length Polymorphisims

A. are usually lethal.

B. change the length of restriction fragments formed by digestion with a specific restriction endonuclease.

C. occur only in exons.

D. are found only in human DNA.

(2002-28. A Southern blot refers to a technique in molecular biology where a

A. RNA probe is hybridized to RNA fragments.

B. RNA probe is hybridized to DNA fragments.

C. DNA probe is hybridized to RNA fragments.

D. DNA probe is hybridized to DNA fragments.

E. opossum attempts to cross a Georgia highway.

(2002-30. When performing polymerase chain reaction (PCR), it is important that the

A. reaction begin with more template molecules (the DNA that is to be copied) than primer molecules.

B. primers are complementary to one another.

C. DNA polymerase has an efficient proofreading function.

D. DNA polymerase is resistant to high temperatures.

(2002-34, Restriction Fragment Length Polymorphisms (RFLPs) are

A. intermediates used to start polymerase chain reactions (PCR).

B. variations among individuals in the size of DNA fragments produced by restriction endonucleases.

C. DNA sequences that can be recognized by two distinct restriction endonucleases.

D. regions of a plasmid that have recognition sites for several different restriction endonucleases.

(2001-17. Restriction Fragment Length Polymorphisms are a consequence of variations in DNA sequence from one individual to another.

(2001-42. Most restriction enzymes will NOT cut

A. linear double stranded DNA.

B. closed circular double stranded DNA.

C. single stranded DNA.

D. DNA within the coding region of a gene.

E. DNA that is part of an intron.

(2000-07. All restriction endonucleases make staggered breaks which leave "sticky ends" on DNA.

(2000-39. Restriction kragrnent Length Polymorphisms (RFLPs)

A. occur only in exons.

B, always cause inherited disease.

C. cause altered patterns of DNA fragments produced by restriction endonucleases.

D. are usually lethal mutations.

E. occur only rarely in humans.

(2001-26. In sickle cell hemoglobin, a glutamate residue in the normal P chain has been mutated to a valine residue. Normal hemoglobin and the sickle cell variant were separated by electrophoresis at pH 7.0 on a paper strip. The electrophoretic mobility of the sickle cell hemoglobin toward the anode (+ electrode), as compared to normal hemoglobin, was

A. the same.

B. slower.

C. faster.

ATP/ADP CYCLE AND OXIDATIVE METABOLISM (HANDOUT 3 PG 7-19)
(2004-18. In the reaction ethanol + NAD+ ( acetaldehyde + NADH+H+, NAD+ undergoes oxidation to NADH + H+

(2002-01. ATP is kinetically stable, but thermodynamically unstable.

(2001-34. ATP is

A. kinetically stable, but thermodynamically unstable.

B. kinetically and thermodynamically stable.

C. kinetically and thermodynamically unstable.

D. kinetically unstable, but thermodynamically stable.

(2000-30. AMP is an example of a

A. deoxyribonucleotide.

B. ribonucleotide.

C. ribonucleoside.

D. deoxyribonucleoside.

E. substrate for mitochondria1 ATP synthase.

TCA CYCLE, ROLES OF VITAMINS AND COENZYMES (HANDOUT 3 PG 20-29)
(2004-01. Malate dehydrogenase is the only TCA cycle enzyme found within the soluble matrix of the mitochodria.

(2004-04. Intestinal absorption of thiamine is strongly inhibited by ethanol.

(2004-30. The reactions of the TCA cycle oxidizing succinate to oxaloacetate

A. require coenzyme A.

B. produce CO2.

C. require both NAD and FAD.

D. produce one GTP from GDP and Pi.

E. occur exclusively in the cytosol.

(2004-31. The principal function of the TCA cycle is to

A. transfer electrons from the acetyl portion of acetyl CoA to NAD and FAD.

B. generate CO2.

C. dispose of excess pyruvate and fatty acids.

D. generate heat from the oxidation of the acetyl portion of acetyl CoA.

E. oxidize the acetyl portion of acetyl CoA to oxaloacetate.

(2003-03. Succinate dehydrogenase is the only TCA cycle enzyme found within the soluble matrix of the mitochondria.

(2003-09. Riboflavin deficiencies are common in a Western diet.

(2003-10. The consumption of large amounts of raw eggs may lead to a biotin deficiency.

(2003-15. A deficiency in the vitamin thiamine results in scurvy.

(2003-28. The intestinal absorption of which of the following vitamins is strongly inhibited by ethanol?

A. Riboflavin

B. Niacin

C. Biotin

D. Thiamine

(2003-29. Pyruvate dehydrogenase and α-ketoglutarate dehydrogenase have in common the following EXCEPT

A. they are both located in the mitochondria.

B. they both require biotin.

C. they both require lipoic acid.

D. they both convert an α-keto acid to the corresponding CoA ester.

E. they both require thiamine pyrophosphate.

(2003-30. The reaction in the TCA cycle that produces GTP is the conversion of

A. succinyl CoA to succinate.

B. isocitrate to α-ketoglutarate.

C. α-ketoglutarate to succinyl CoA.

D. malate to oxaloacetate.

(2002-03. All of the enzymes of the TCA cycle are found within the soluble matrix of the mitochondria.
(2002-05. Molecular oxygen is directly required for the oxidation reactions that occur in the TCA cycle.

(2002-19. The absorption of which of the following vitamins is strongly inhibited by ethanol?

A. Niacin

B. Thiamine

C. Riboflavin

D. Biotin

(2002-20. Pyruvate dehydrogenase and a-ketoglutarate dehydrogenase have in common all of the following EXCEPT

A. they both convert an a-keto acid to the corresponding CoA ester.

B. they both require thiamine pyrophosphate.

C. they are both regulated by reversible phosphorylationdephosphorylation.

D. they both require lipoic acid.

E. they are both located in the mitochondrion.
(2002-22. All of the following are products in the reactions that convert succinyl CoA to oxaloacetate EXCEPT

A. NADH.

B. GTP.
C. FAD2H

D. CO2
(2002-48. A deficiency of the vitamin thiamine results in

A. scurvy.

8. pellagra.

C. beri-beri.

D. Jamaican vomiting sickness.

(2001-06. All of the enzymes of the TCA cycle are found in the mitochondrial matrix.

(2001-07. In the reactions of the TCA cycle, 02 is consumed and COz is produced.

(2001-10. Both pyruvate dehydrogenase and a-ketoglutarate dehydrogenase are regulated by reversible phosphorylation.

(2001-12. Pellagra results from a deficiency of thiamine.
(2001-13. Thiamine uptake from the gut is inhibited by ethanol.

(2001-29. Pyruvate dehydrogenase and a-ketoglutarate dehydrogenase require all of the following cofactors EXCEPT:

A. thiamine pyrophosphate.

B. lipoic acid.

C. biotin.

D. FAD.

E. NAD+
(2001-30. During exercise, stimulation of the TCA cycle results principally from

A. product inhibition of citrate synthase by citrate.

B. stimulation of the flux through a number of enzymes by a decreased NADHINAD' ratio.

C. a rapid decrease in the concentration of four-carbon intermediates.

D. allosteric activation of fumarase by increased ADP.

E. allosteric activation of isocitrate dehydrogenase by increased NADH.

For Questions 53 to 56. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all. Match each of the items below with the appropriate enzyme or enzymes.

A. lsocitrate dehydrogenase but not malate dehydrogenase

B. Malate dehydrogenase but not isocitrate dehydrogenase

C. Both isocitrate dehydrogenase and malate dehydrogenase

D. Neither dehydrogenase

(2001-53. Regulated allosterically by ADP

(2001-54. Liberates C02

(2001-55. Reduces a cofactor that transfers electrons to the electron transport chain

(2001-56. Utilizes FAD as a cofactor

For Questions 57 to 61. Select the one lettered heading that is most closely associated with each of the following descrlptlons. Each letter may be used once, more than once, or not at all. Match each enzyme below with the vitamin or vitamins required for its activity.

A. Thiamine but'not niacin

B. Niacin but not thiamine

C. Thiamine and niacin

D. Neither thiamine nor niacin

(2001-57. Pyruvate dehydrogenase

(2001-58. Malate dehydrogenase

(2001-59. Pyruvate carboxylase

(2001-60. a-Ketoglutarate dehydrogenase

(2001-61. Succinate dehydrogenase

Generation of substrate for citrate synthase requires reaction shown below. Use the figure below to answer questions 27 and 28.

[image: image14.emf]
(2000-27. The conversion in the direction shown above occurs by what type of reaction?

A. Degradation

B. Hydrolysis

C. Oxidation

D. Reduction

E. None of the above

(2000-28. In the reaction shown above, the functional group gained by the product is

A. an aldehyde.

B. a ketone.

C. an alcohol.

D. an ether.

E. a carboxylic acid.
For Questions 56 to 61. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all.

A. Thiamine

B. Niacin

C. Riboflavin

D. Biotin

E. Pantothenate

For each statement below, choose the most appropriate vitamin from the list above.

(2000-56. Can be synthesized from dietary tryptophan to a limited extent.

(2000-57. Required for the pyruvate'carboxylase reaction.

(2000-58. Deficiency results in pellagra.

(2000-59. A component of FAD.

(2000-60. A component of CoA.

(2000-61. Deficiency results in Beri-beri.

For Questions 54 to 55. Select the one lettered heading that is most closely associated with each of the

following descriptions. Each letter may be used once, more than once, or not at all.

A. Conversion of malate to oxaloacetate.

B. Conversion of succinate to fumarate.

C. Conversion of succinyl CoA to succinate.

D. Conversion of a-ketoglutarate to succinyl CoA.

E. Conversion of oxaloacetate to citrate.

For each process below, choose the most appropriate conversion from the list above.

(2000-54. Production of FAD(2H).

(2000-55. Synthesis of'a 6-carboKcompound from a 4-carbon precursor.

OXIDATIVE PHOSPHORYLATION, ETC & ENZYME FEEDBACK REGULATION (HANDOUT 3 PG 30-38)
(2004-09. NADH and acetyl CoA are directly transported across the inner mitochondrial membrane.

(2004-20. Compared to normal mitochondria, in anoxic mitochondria

A. the rate of O2 consumption will be unchanged.

B. the proton gradient will be increased.

C. the rate of ATP synthesis will increase.

D. isocitrate dehydrogenase will be inhibited by the resultant high levels of NADH.

E. the rate of electron transport will increase.

(2004-28. In the electron transport chain, electrons are passed directly from cytochrome b-c1 to

A. NADH dehydrogenase.

B. coenzyme Q.

C. cytochrome c.

D. cytochrome oxidase.

E. succinate dehydrogenase.

(2004-32. Each of the following statements concerning pyruvate dehydrogenase is true EXCEPT:

A. It is inhibited when NADH levels increase.

B. It produces oxaloacetate from pyruvate.

C. It is an example of a multienzyme complex.

D. It requires thiamine pyrophosphate as a cofactor.

E. it is converted to an inactive form by phosphorylation.
(2004-33. A biochemist wanting to lose weight decides to take dinitrophenol (DNP), an uncoupler of oxidative phosphorylation. Which changes would occur if the biochemist had ingested enough DNP?

A. CO2 production would decrease.

B. NADH would be oxidized more slowly.

C. The proton gradient would increase.

D. Body temperature would decrease.

E. O2 consumption would increase.

(2003-12. The energy required to pump protons from the mitochondrial matrix to the cytosolic side of the membrane is provided by the hydrolysis of ATP.

(2003-26. A middle-aged biochemistry professor accidentally ingests an inhibitor of the ADP/ATP translocase. In this professor’s mitochondria

A. the proton gradient would be near zero.

B. coenzyme Q would be in the oxidized state.

C. the rate of transport of electrons through the electron transport chain would increase.

D. the rate of CO2 production by the TCA cycle would beunaffected.

E. the rate of O2 consumption would decrease.
(2003-27. A scuba diver’s air tanks are accidentally filled with carbon monoxide (CO), a potent poison that binds tightly to cytochrome oxidase (cytochrome aa3) and prevents electron transfer from this protein. In this diver’s mitochondria

A. O2 consumption would increase.

B. CO2 production would decrease.

C. the conversion of isocitrate to α-ketoglutarate would be stimulated.

D. the proton gradient would increase.

E. NADH levels would decrease.

(2003-31. During normal metabolism, electrons are passed directly from cytochrome aa3 (cytochrome oxidase) to

A. ubiquinonone.

B. cytochrome c.

C. cytochrome b – c1.

D. O2.

E. NAD.

(2003-34. Isolated mitochondria are incubated in a closed chamber containing iso-osmotic buffer, ADP, pyruvate, and malate. Antimycin, an inhibitor of the cytochrome b-c1 complex is added. Which of the following statements is TRUE?

A. In these mitochondria the rate of ATP synthesis will be the same as in mitochondria that had not been treated with antimycin.

B. The rate of CO2 production in the TCA cycle will be increased compared to untreated mitochondria.

C. Respiration by the antimycin-treated mitochondria could be maintained at a low rate if large amounts of succinate were added.

D. In the antimycin-treated mitochondria, cytochrome oxidase would be in the oxidized state.

E. The proton gradient across the inner mitochondrial membrane would be near its maximum.

(2003-37. High levels of mitochondrial NADH

A. allosterically activate isocitrate dehydrogenase.

B. directly inhibit succinate dehydrogenase.

C. promote the conversion of oxaloacetate to malate.

D. promote the conversion of pyruvate to acetyl CoA.

(2003-38. An important regulatory mechanism for the TCA cycle is

A. the reversible phosphorylation of isocitrate dehydrogenase.

B. regulation of α-ketoglutarate dehydrogenase by CO2.

C. activation of fumarase by precursor cleavage.

D. allosteric inhibition of aconitase by ATP.

E. allosteric activation of isocitrate dehydrogenase by ADP.

(2002-06. The inner mitochondria1 membrane is freely permeable to low molecular weight ions such as H+.

(2002-16. A middle-aged biochemistry professor accidentally ingests an inhibitor of the ADP-ATP translocase. In this professor's mitochondria

A. coenzyme Q would be in the oxidized state.

B. the proton gradient would be near zero.

C. the rate of C02 production by the TCA cycle would be unaffected.

D. isocitrate dehydrogenase would be phosphorylated to its activated state.

E, the rate of transport of electrons through the electron transport chain would decrease.
(2002-17. A scuba diver's air tanks are accidentally filled with carbon monoxide (CO), a potent poison that binds tightly to cytochrome oxidase (cytochrome aaa). In this diver's mitochondria

A. 0 2 consumption would increase.

B. C02 production would increase.

C. the conversion of isocitrate to a-ketoglutarate would be stimulated.

D. the proton gradient would increase.

E. NADH levels would rise.

(2002-18. If ATP hydrolysis by the plasma membrane Na+-K+ ATPase increased

A. the pH gradient across the mitochondria1 membrane would increase.

B. the NADHtNAD ratio of the mitochondria would increase.

C. heat production would decrease.

D. the transfer of electrons to O2 would increase.

(2002-21. The only non-protein component of the electron transport chain is

A. ATP synthase.

B. NADH dehydrogenase.

C. Coenzyme Q.

D. Cytochrome b-cl.

E. Cytochrome aa3.

(2002-23. Isolated mitochondria are incubated in a closed chamber containing isosmotic buffer, ADP, pyruvate, and malate. Rotenone, an inhibitor of NADH dehydrogenase, is added. Which of the following statements is true?

A. In these mitochondria the rate of ATP synthesis will be the same as in mitochondria that had not been treated with rotenone.

B. The rate of CO2 production in the TCA cycle will be increased compared to untreated mitochondria.

C. Respiration by the rotenone-treated mitochondria could be maintained at a low rate if large amounts of succinate were added.

D. In the rotenone-treated mitochondria, cytochrome oxidase would be in its reduced state.

E. The proton gradient across the inner mitochondria1 membrane would be near its maximum.

(2002-24. An individual presents to the emergency department after ingesting an insecticide that binds to and completely inhibits cytochrome c. In this individual's mitochondria

A. coenzyme Q would be in its oxidized state.

B, cytochrome aa3 would be in its reduced state.

C. the rate of CO2 production would be decreased.

D. the proton gradient would be unaffected.

(2001-09. The inner mitochondrial membrane is freely permeable to low molecular weight compounds such as NAD'.

(2001-11. Humans are unable to synthesize coenzyme Q,

(2001-28. The component of the electron transport chain that passes electrons directly to molecular oxygen is

A. NADH dehydrogenase.

B. ATP synthase.

C. cytochrome c.

D. cytochrome oxidase (cytochrome a-as).

E. coenzyme Q. 

(2001-31. An individual presents to the emergency department after ingesting an insecticide that binds to and completely inhibits cytochrome c. In this individual's mitochondria

A. coenzyme Q would be in the oxidized state.

B. cytochrome a-a3 would be in the reduced state.

C. the rate of ATP synthesis would be approximately zero.

D. the rate of CO2 production would be increased.

(2001-32. A biochemist decides to lose weight by ingesting dinitrophenol (DNP), an uncoupler of oxidative phosphorylation. Which of the following changes would occur in the biochemist's mitochondria after ingesting DNP?

A. 02 consumption would increase.

B. C02 production would decrease.

C. The proton gradient would increase.

D. NADH would be oxidized more slowly.

E. Temperature would decrease.

(2001-36. A patient has a defect in the ATP-ADP translocase that results in decreased ability to transport nucleotides across the mitochondrial membrane. Compared to an individual with a normal transporter, the patient will

A. have a higher rate of O2 consumption.

B. produce more CO2.

C. oxidize mitochondrial NADH at a faster rate.

D. pump protons across the inner mitochondrial membrane at a slower rate.
(2000-23. Addition of an uncoupler, such as dinitrophenol, will increase the rate of ATP synthesis by mitochondria1 ATP synthase 
(2000-48. The component of the electron transport chain that accepts electrons directly from NADH dehydrogenase and succinate dehydrogenase is

A. ATP synthase.

B. cytochrome c.

C. cytochrome oxidase.

D. cytochrome b-c,.

E. coenzymeQ.

(2000-53. Under conditions of anoxia, when mitochondria1 levels of both NADH and ADP are 8 high, the rate of the isocitrate dehydrogenase reaction will be

A. high because of allosteric activation by NADH.

B. low because of allosteric inhibition by ADP.

C. high because of the need for increased ATP synthesis.

D. low because of the lack of NAD'.

E. high because of the allosteric activation by acetyl CoA.

For Questions 62 to 67. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all. Rotenone is a potent inhibitor of NADH dehydrogenase. Isolated mitochondria were incubated with pyruvate, malate, ADP and phosphate in a medium containing rotenone. Predict whether the following would be increased (A), decreased (B), or remain the same (C) in the rotenone-treated mitochondria, compared to normal mitochondria incubated in the absence of rotenone.

(2000-62. The rate of NADH reoxidation by NADH dehydrogenase.

(2000-63. The proton gradient across the inner mitochondria1 membrane.

(2000-64. The rate of ATP synthesis.

(2000-65. The rate of 0, consumption.

(2000-66. The rate of CO, production.

(2000-67. The rate of conversion of isocitrate to a-ketoglutarate.

For Questions 68 to 70. Select the one lettered heading that is most closely associated with each of the following descriptions. Each letter may be used once, more than once, or not at all. Succinate was added to the rotenone-treated mitochondria. Predict whether the following would be increased (A), decreased (B), or remain the same (C) in these succinate-supplemented mitochondria, compared to rotenone-treated mitochondria in the absence of succinate.

(2000-68. The rate of 0, consumption.

(2000-69. The rate of CO, production.

(2000-70. The proton gradient across the inner mitochondria1 membrane.

ANAEROBIC AND AEROBIC GLYCOLYSIS (HANDOUT 3 PG 39-46)
(2004-24. All of the following are TRUE for pyruvate carboxylase EXCEPT:

A. The enzyme requires a biotin cofactor.

B. The enzyme uses the high-energy bond of ATP to drive the synthesis of citrate.

C. Acetyl CoA allosterically activates the enzyme.

D. In the liver the enzyme plays a key role in gluconeogenesis.

(2004-58. The rate-limiting step in glycolysis in skeletal muscle and most tissues is conversion of

A. glucose to glucose 6-phosphate.

B. glucose 6-phosphate to fructose 6-phosphate.

C. fructose 6-phosphate to fructose 1,6-bisphosphate.

D. 2-phosphoglycerate to phosphoenolpyruvate.

E. phosphoenolpyruvate to pyruvate.

(2004-59. Anaerobic glycolysis by oral bacteria produces which of the following compounds that directly contributes to the formation of dental caries?

A. Pyruvate

B. NADH

C. Glucose

D. Lactic acid

E. ATP

(2003-06. Pyruvate carboxylase is allosterically activated by acetyl CoA.

(2003-58. Which tissues use anaerobic glycolysis to meet a significant portion of their ATP demand?

A. Tissues with few or no mitochondria, including the erythrocyte.

B. Tissues with a rich supply of oxygen and many mitochondria, including the brain and liver.

C. Skeletal muscle containing many red muscle fibers, which have abundant mitochondria, after warm up and during low intensity exercise.

D. None of the above.

 (2002-41. During anaerobic glycolysis, the reoxidation of NADH to NAD' requires

A. the reduction of pyruvate to lactate.

B. the enzyme phosphofructokinase-1.

C. the glycerol 3-phosphate shuttle.

D. the malate-aspartate shuttle.

E. mitochondria.

(2002-42. The rate of glycolysis in skeletal muscle increases during exercise due principally to stimulation of phosphofructokinase-1 by

A. AMP.

B. ADP.

C. ATP.

D. NADH.

E. NAD'.
(2001-33. Pyruvate carboxylase is allosterically activated by

A. ADP.

B. NADH.

C. acetyl CoA.

D. FAD.

E. coenzyme Q.
(2001-50. The enzyme catalyzing the rate-limiting step in glycolysis in skeletal muscle and most tissues is

A. hexokinase.

B. phosphofructokinase-1.

C. glyceraldehyde 3-phosphate dehydrogenase.

D. enolase.

E. pyruvate kinase.
(2001-51. Which compound consumed during the production of pyruvate from glucose must be regenerated for the glycolysis pathway to continue uninterrupted?

A. Acetyl CoA.

B. CoA.

C. NAD+.

D. NADH.

(2001-52. All of the following statements about lactate are correct EXCEPT which one?

A. It can be produced even in the absence of oxygen.

B. It can be taken up from the blood by the heart and converted to pyruvate by lactate dehydrogenase.

C. It can be taken up from the blood by the liver and used to produce glucose via the gluconeogenesis pathway.

D. It can be produced from glucose or other dietary sugars by oral bacteria in dental plaque.

E. It protects the enamel of teeth from the dissolution that occurs in dental caries.

(2000-13. Glycogen is secreted by the liver and distributed throughout the body in response to a demand for ATP.

(2000-49. The rate-limiting step in glycolysis in skeletal muscle and most tissues is conversion of

A. glucose to glucose 6-phosphate.

B. glucose 6-phosphate to fructose 6-phosphate.

C. fructose 6-phosphate to fructose 1,6-bisphosphate.

D. 2-phosphoglycerate to phosphoenolpyruvate.

E. phosphoenolpyruvate to pyruvate.

(2000-50. Which of the following cdmpounds, produced by oral bacteria in the process of anaerobic glycolysis, directly contributes to the formation of dental caries?

A. ATP

B. Glucose

C. Lactic acid

D. NADH

E. Pyruvic acid
FATTY ACID OXIDATION AND KETONE BODIES (HANDOUT 3 PG 47-62)
(2004-19. The major fuel for the liver during an overnight fast is

A. fatty acids.

B. blood glucose.

C. ketone bodies.

D. glucose derived from muscle glycogen.

E. glucose derived from liver glycogen stores.

(2004-21. The high ratio of NADH/NAD found in liver during an overnight fast

A. stimulates the conversion of isocitrate to α-ketoglutarate.

B. activates pyruvate dehydrogenase.

C. activates fumarase (fumarate → malate).

D. stimulates citrate synthase.

E. stimulates the conversion of oxaloacetate to malate for gluconeogenesis.

(2004-55. Carnitine is required for

A. ketone body formation from acetyl CoA in the liver mitochondria.

B. the transportation of long-chain fatty acyl CoAs from the cytosol to the mitochondrial matrix.

C. the α-oxidation of phytanate.

D. the transportation of short-chain fatty acids from the cytosol to the mitochondria.

E. the transportation of fatty acids from the adipose tissues to the plasma membrane of liver cells via the blood.

(2004-56. Which of the following statements concerning ketone bodies is CORRECT?

A. Ketone bodies are utilized as energy fuels mainly in the liver.

B. The conversion of acetyl CoA to acetoacetate does not occur in the liver.

C. An overproduction of acetoacetate and β-hydroxybutyrate increases the pH value of the blood.

D. Ketone body formation becomes inactive when β-oxidation of fatty acids in liver mitochondria is active.

E. In starvation, acetoacetate in brain is activated to acetoacetyl CoA, which is then cleaved by a thiolase to generate two molecules of acetyl CoA for energy production.

(2004-57. β-Oxidation of fatty acids in liver mitochondria produces

A. FADH2.

B. NAD+.

C. hydrogen peroxide.

D. glucose.

E. fatty acylcarnitine.

(2003-33. β-oxidation of fatty acids in liver mitochondria produces

A. FADH2.

B. NAD+.

C. hydrogen peroxide.

D. glucose.

E. fatty acylcarnitine.

(2003-59. Which of the following statements concerning ketone bodies is CORRECT?

A. Ketone bodies are utilized as energy fuels mainly in the liver.

B. The conversion of acetyl-CoA to acetoacetate does not occur in the liver.

C. An overproduction of acetoacetate and β-hydroxybutyrate increases the pH value of the blood.

D. Ketone body formation becomes inactive when β-oxidation of fatty acids in liver mitochondria is active.

E. In starvation, acetoacetate in brain is activated to acetoacetyl- CoA, which is then cleaved by a thiolase to generate two molecules of acetyl-CoA for energy production.

(2003-60. Long-chain fatty acids

A. are insoluble in water, therefore, they cannot be mobilized from adipose tissue to liver via the blood.

B. cannot be synthesized in the human body.

C. once activated to fatty acyl CoAs, can be transported from the cytosol to the mitochondria by a carnitine transport system.

D. generate, through β-oxidation and oxidative phosphorylation processes, fewer ATP molecules per fatty acid than short chain fatty acids.

E. cannot be β-oxidized in liver mitochondria.

 (2002-49. Which of the following statements concerning ketone bodies is CORRECT?

A. Ketone bodies are utilized as energy fuels mainly in the liver.

B. The formation of acetoacetate from acetyl-CoA occurs mainly in the liver.

C. An overproduction of acetoacetate and Phydroxybutyrate increases the pH value of the blood.

D. Ketone body formation becomes inactive when Beta Oxidation of fatty acids in liver mitochondria is active.

E. In liver, acetoacetate is activated to acetoacetyl-CoA, which is then cleaved by a thiolase to generate two molecules of acetyl-CoA.

(2002-50. Long-chain fatty acids

A. cannot be transported in the blood because they are insoluble in water.

B. are less abundant in humans than short-chain fatty acids.

C. require a carnitine transport system to enter mitochondria.

D. generate fewer ATP molecules per fatty acid than short-chain fatty acids, through Beta Oxidation and oxidative phosphorylation processes.

(2002-51. After fasting for 30 hours, compared to the fed state,

A. ketone body formation increases.

B. fat mobilization from adipocytes to the blood decreases.

C. Beta Oxidation of fatty acid (or fatty acyl CoAs) is unchanged.

D. the level of insulin in the blood increases.

E. blood glucose level increases.

(2001-23. During fasting, fatty acids and glycerol are released from adipose triacylglycerol stores and serve as a source of fuel for other tissues.

(2001-24. Muscle and kidney cannot use ketone bodies as fuels because they lack the thiotransferase enzyme that activates acetoacetate, 
(2001-27. In liver during an overnight fast, the reaction of oxaloacetate (OAA) and acetyl CoA to form citrate is

A. decreased by elevated levels of citrate (product inhibition).

B. inhibited by oxaloacetate.

C. decreased by covalent modification (phosphorylation) ofcitrate synthase.

D. increased by phosphorylation of pyruvate dehydrogenase.

(2001-49. Which one of the following statements about the Beta Oxidation of fatty acids in mitochondria is TRUE?

A. Complete Beta Oxidation of one 16-carbon palmitoyl CoA molecule produces six FADH2, six NADH, and seven acetyl CoA.

B. Fatty acyl CoA is formed in the cytosol and transported into mitochondria by a carnitine carrier system.

C. Beta Oxidation of fatty acids in the brain can result in ketone body formation.

D. Malonyl CoA stimulates Beta Oxidation of fatty acids in mitochondria.

E. In the liver, gluconeogenesis inhibits the formation of ketone bodies from fatty acids.

(2000-24. The conversion of acetoacetate to acetoacetyl CoA

A. occurs in the liver mitochondria.

B. generates cyclic AMP.

C. is required in order to utilize ketone bodies as energy fuels.

D. is catalyzed by HMG-CoA synthase and requires acetyl CoA.

E. occurs mainly in the brain in the fed state. 

(2000-25. Complete mitbchondrialf/l-oxidation of one molecule of palmitoyl CoA, a fatty acyl CoA with a straight chain containing 16 carbons, generates

A. 7 acetyl CoA.

B. 7 NADH.

C. 8 malonyl CoA.

D. 8 FADH,.

E. 8 CoA.
 (2000-47. In liver during an overnight fast, the reaction of oxaloacetate (OM) and acetyl CoA to form citrate is

A. decreased by elevated levels of citrate (product inhibition).

B. decreased by lowered availability of substrate (OM).

C. decreased by covalent modification (phosphorylation) of citrate synthase.

D. Both A and B are correct.

E. Both B and C are correct.
