Practice multiple choice test

Biochemistry 390

Spring 2009

1. Which of the following is not a biological role for amino acids?
a. components of waxes

b. function as neurotransmitters
             c. components of peptide hormones


d. components of proteins


e. All of the above are biological uses of amino acids.

2. Which of the following statements about aromatic amino acids is correct?
a. On a molar basis, Trp absorbs more uv light

b. The major contribution to the characteristic absorption of light at 280 nm by proteins is the phenylalanine R group.

c. Histidine's ring structure results in its being categorized as aromatic or basic, depending on pH.

d. The presence of a ring structure in its R group determines whether an amino acid is aromatic or not.

e. All are strongly hydrophilic.
3. For amino acids with neutral R groups, at any pH below the pI of the amino acid, the population of amino acids in solution will:
a. have no charged groups

b. have no net charge

c.  have a net positive charge

d. have positive and negative charges in equal concentraion

e. have a net negative charge
4. A compound has a pKa of 7.4.  To 100 mL of a 1.0 M solution of this compound at pH 8.0 is added 30 mL of 1.0 M hydrochloric acid. The resulting solution is pH:
a. 7.58

b. 7.4

c. 7.22

d. 6.8

e. 6.53

5.  Consider an acetate buffer, initially at the same pH as its pKa (4.76).  When sodium hydroxide (NaOH) is mixed with this buffer, the:

a. pH remains constant

b. pH rises more than when an equal amount of NaOH is added to water at pH 4.76

c. ratio of acetic acid to sodium acetate in the buffer falls

d. pH rises more than when an equal amount of NaOH is added to an acetate buffer initially at pH 6.76.
6. The term specific activity differs from the term activity in that specific activity:

a. is the activity (enzyme units) in a milligram of protein.

b. is the activity (enzyme units) of a specific protein.

c. is measured only under optimal conditions.

d. refers to proteins other than enzymes.

e. refers only to a purified protein.

7. In a mixture of the five proteins listed below, which should elute second in size-exclusion (gel filtration) chromatography?

a. cytochrome c, Mr = 13,000

b. immunoglobulin G, Mr = 145,000

c. ribonuclease A, Mr = 13,700

d. RNA polymerase, Mr = 450,000

e. serum albumin, Mr = 68,500

8. Which of the following describes the overall three-dimensional folding of a polypeptide?

a. primary structure

b. secondary structure

c. tertiary structure

d. quaternary structure

e.none of the above
9. One method used to prevent disulfide bond interference with protein sequencing procedures is:

a. cleaving proteins with proteases that specifically recognize disulfide bonds

b. protecting the disulfide bridge against spontaneous reduction to cysteinyl sulfhydryl groups.

c. removing cystines from protein sequences by proteolytic cleavage.

d. reducing disulfide bonds and preventing their reformation by further modification

e. sequencing proteins that do not contain cysteinyl residues.

10. The Edman degradation is preferred over the use of the Sanger reagent in determining protein sequence because the Edman reagent:

a. reacts faster than the Sanger reagent.

b. allows determination of the carboxyl terminal residue.

c. attacks specific amino acids in complex mixtures.

d. yields a highly colored product.

e. leaves the peptide intact for subsequent analysis.

11. All of the following are considered "weak" interactions in proteins except:

a. van der Waals forces.

b. hydrogen bonds.

c. ionic bonds.

d. peptide bonds.

e. hydrophobic interactions.

12. In the helix the hydrogen bonds:

a. are perpendicular to the axis of the helix.

b. occur mainly between electronegative atoms of the R groups.

c. occur mainly between amine hydrogen and carbonyl groups of the backbone.

d. occur only between some of the amino acids of the helix.

e. occur only near the amino and carboxyl termini of the helix.
13. A sequence of amino acids in a certain protein is found to be —Ser—Gly—Pro—Gly—.  The sequence is most probably part of a(n):

a.  turn

b. parallel  sheet

c.  helix

d. antiparallel  sheet

e. none of the above

14. Which of the following statements is false?

a. Silk fibroin is a protein in which the polypeptide is almost entirely in the  sheet conformation.

b. Collagen is a protein in which the polypeptides are mainly in the  helix configuration. 

c. keratin is a protein in which the polypeptides are mainly in the -helix conformation

d. Gly residues are particularly abundant in collagen.

e. Mutations in collagen have been shown to be responsible for some human diseases

15. Experiments on denaturation and renaturation after the reduction and reoxidation of the —S—S— bonds in the enzyme ribonuclease (RNase) have shown that:

a. the primary sequence of RNase is sufficient to determine the formation of a specific secondary and tertiary structure.

b. the enzyme, dissolved in water, is thermodynamically stable relative to the mixture of amino acids whose residues are contained in RNase.

c. native ribonuclease does not have a unique secondary and tertiary structure.

d. the completely unfolded enzyme, with all —S—S— bonds broken, is still enzymatically active.

e. the folding of denatured RNase into the native, active conformation, requires the input of energy in the form of heat.

16. An average protein will not be denatured by:

a. a detergent such as sodium dodecyl sulfate.

b. pH 10.

c. heating to 90 °C.

d. urea.

e. iodoacetic acid.

17. Proteins often have regions that show specific, coherent patterns of folding or function.  These regions are called:
a. sites

b. domains

c. subunits

d.    peptides
18. Protein S will fold into its native conformation only when protein Q is also present in solution.  However, protein Q can fold into its native conformation without protein S.  Protein Q therefore, may function as a ____________ for protein S.

a. molecular chaperone

b. protein precursor

c. ligand

d. supersecondary structural unit

e. structural motif

19. When oxygen binds to a heme-containing protein, the two open coordination bonds of Fe2+ are occupied by:

a. two O2 molecules.

b. two O atoms.

c. one O2 molecule and one heme atom.

d. one O2 molecule and one amino acid atom.

e.  one O atom and one amino acid atom.

20. The fundamental cause of sickle-cell disease is a change in the structure of:
a. red blood cells

b. hemoglobin

c. capillaries

d. blood

e. the heart

21. In hemoglobin, the transition from T state to R state (low to high affinity) is triggered by:

a. subunit association

b. subunit dissociation

c. Fe2+ binding

d. heme binding

e. oxygen binding
22. One of the enzymes involved in glycolysis, aldolase, requires Zn for catalysis.  Under conditions of zinc deficiency, when the enzyme may lack zinc, it would be referred to as the:

a. holoenzyme

b. prosthetic group

c. apoenzyme

d. coenzyme

e. substrate

23. The benefit of measuring the initial rate of a reaction, V0, is that at the beginning of a reaction:

a. changes in [S] are negligible, so [S] can be treated as a constant.

b. [ES] can be measured accurately.

c. V0 = Vmax.

d. changes in Km are negligible, so Km can be treated as a constant.

e. varying [S] has no effect on V0.

24. An enzyme-catalyzed reaction was carried out with the substrate concentration initially 1,000 times greater than the K m for that substrate.  After 9 minutes, 1% of the substrate had been converted to product, and the amount of product formed in the reaction mixture was 12 µmol.  If, in a separate experiment, one-third as much enzyme and twice as much substrate had been combined, how long would it take for the same amount (12 µmol) of product to be formed?

a. 1.5 min

b. 3 min

c. 6 min

d. 13.5 min

e. 27 min

25. Enzyme X exhibits maximum activity at pH = 6.9.  X shows a fairly sharp decrease in its activity when the pH goes much lower than 6.4.  One likely interpretation of this pH activity is that:

a. the reaction relies on specific acid-base catalysis

b. a His residue on the enzyme is involved in the reaction

c. a Glu residue on the enzyme is involved in reaction

d. the enzyme is found in gastric secretions

e. the enzyme has a metallic cofactor
26. In a plot of l/V against 1/[S] for an enzyme-catalyzed reaction, the presence of a competitive inhibitor will alter the:

a. Vmax.

b. intercept on the l/V axis.

c. intercept on the l/[S] axis.

d. curvature of the plot.

e. pK of the plot.

27. How is trypsinogen converted to trypsin?

a. Two inactive trypsinogen dimers pair to form an active trypsin tetramer.

b. An increase in Ca2+ concentration promotes the conversion.

c. Proteolysis of trypsinogen forms trypsin.

d. Trypsinogen dimers bind an allosteric modulator, cAMP, causing dissociation into active trypsin monomers.

e. A protein kinase-catalyzed phosphorylation converts trypsinogen to trypsin.

28. The reference compound for naming D and L isomers of sugars is:

a. glucose

b. glyceraldhyde

c. ribose

d. fructose

e. sucrose

29. D-Glucose is called a reducing sugar because it undergoes an oxidation-reduction reaction at the anomeric carbon.  One of the products of this reaction is:

a. D-glucuronate

b. D- gluconate

c. D-ribose

d. D-galactose

e. muramic acid

a. Starch and glycogen are both polymers of

b. -D-glucose

c. -D-glucose

d. glucose 1-phosphate

e. sucrose

f. fructose

31. Which of the following is an epimeric pair?
a. D-glucose and D-mannose

b. D-lactose and D-sucrose

c. D-glucose and D-glucoamine

d. L-mannose and L-fructose

e. D-glucose and L-glucose

32. The nucleic acid bases:

a. absorb uv (260 nm) light

b. are roughly planar

c. are relatively hydrophobic

d. have all of the above characteristics

e. have none of the above characterisctics

33. In comparison with DNA-DNA double helices, the thermal stability of DNA-RNA and RNA-RNA helices is:

a. RNA-RNA > DNA-RNA > DNA-DNA.


b. DNA-DNA > DNA-RNA > RNA-RNA.


c. DNA-DNA > DNA-RNA > RNA-RNA.


d. DNA-DNA > DNA-RNA > RNA-RNA.


e. DNA-DNA > DNA-RNA > RNA-RNA.

34. In living cells, nucleotides serve as:


a. precursors for nucleic acid synthesis.


b. enzyme cofactors.


c. intracellular signals.


d. carriers of metabolic energy.


e. all of the above.

35. The phosphodiester bonds that link adjacent nucleotides in both RNA and DNA:

a. join the 3' hydroxyl of one nucleotide to the 5' hydroxyl of the next.


b. are susceptible to alkaline hydrolysis.


c. are uncharged at neutral pH.

d. always link A with T and G with C.

36. Which of the following statements about sterols is true?

a. Sterols are found in the membranes of all living cells.

b. The principal sterol of animal cells is ergosterol.

c. All sterols share a fused-ring structure with four rings.

d. Sterols are very soluble in water, but less so in organic solvents such as chloroform.

37. Which of the following statements about membrane lipids is true?

a. Lecithin (phosphatidylcholine), which is used as an emulsifier in margarine and chocolate, is a sphingolipid.

b. Glycerophospholipids contain fatty acids linked to glycerol through amide bonds.


c. Some sphingolipids include oligosaccharides in their structure.

d. Glycerophospholipids are found only in the membranes of plant cells.

38. Which vitamin is derived from cholesterol?

a. A

b. B12
c. D

d. K
e. E
39. An integral membrane protein can be extracted from the membrane with:

a. a buffer of alkaline or acid pH.

b. a solution of high ionic strength.
c. a chelating agent that removes divalent cations.
d. a solution containing detergent.

e. hot water.
40. A hydropathy plot is used to:


a.predict whether a given protein sequence contains likely membrane -spanning segment


b. determine the water solubility of a protein


c. extrapolate for the true molecular weight of a membrane protein.


d. deduce the quaternary structure of a membrane protein.


e. determine the water content of a native protein.

41. Which of these is a general feature of the lipid bilayer in all biological membranes?


a. Polar, but uncharged, compounds readily diffuse across the bilayer.


b. Individual lipid molecules are free to diffuse laterally in the surface of the bilayer.

c. Individual lipid molecules in one face (monolayer) of the bilayer readily diffuse (flip-flop) to the other monolayer.

d. The bilayer is stabilized by covalent bonds between neighboring phospholipid molecules.

42. Consider the transport of glucose into an erythrocyte by facilitated diffusion.  When the glucose concentrations are 5 mM on the outside and 0.1 mM on the inside, the free-energy change for glucose uptake into the cell is:  (These values may be of use to you:  R = 8.315 J/mol@K; T = 298 K)

a. less than 2kJ/mol

b. about 10 kJ/mol

c. about 30 kJ/mol
d. impossible to calculate without knowledge of the membrane potential
43. The type of membrane transport that uses ion gradients as the energy source is:

a. primary active transport

b. simple diffusion
c. secondary active transport

d. passive transport
44. The hydrolysis of ATP has a large negative ∆G'°; nevertheless the molecule is stable in solution.  This stability is due to:


a. resonance stabilization.


b. entropy stabilization.


c. the hydrolysis reaction having a large activation energy.


d. ionization of the phosphates.

e. the hydrolysis reaction being endergonic.
45. The E'° of the NAD+/NADH half reaction is —0.32 V.  The E'° of the oxaloacetate/malate half reaction is —0.175 V.  When the concentrations of NAD+, NADH, oxaloacetate, and malate are all 10—5 M, the "spontaneous" reaction is:
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a. NAD+ + oxaloacetate 

 NADH + H+ + malate
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b. NAD+ + NADH + H+

malate +oxaloacetate
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c. Malate + NADH + H 

oxaloacetate + NAD
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d. malate + NAD+

oxaloacetate + NADH+H+

e. oxaloacetate + NADH + H+

malate + NAD+
46. Glucose labeled with 14C in C-1 and C-6 gives rise in glycolysis to pyruvate labeled in:

a. its carboxyl carbon.

b. its carbonyl carbon.
c. its methyl carbon.

d. both A and C.
e. all three carbons.
47. The steps of glycolysis between glyceraldehyde 3-phosphate and 3-phosphoglycerate involve all of the following except:


a. ATP synthesis.


b. utilization of Pi.


c. oxidation of NADH to NAD+.


d. the formation of 1,3-bisphosphoglycerate.


e. catalysis by phosphoglycerate kinase.

48. The ultimate electron acceptor in the fermentation of glucose to ethanol is:

a. Pyruvate

b. Acetate
c. Acetaldehyde

d. Ethanol
e. NAD+
49. Epinephrine triggers an increased rate of glycogen breakdown in muscle by causing:


a. activation of hexokinase.


b. activation of phosphofructokinase-1.


c. conversion of glycogen phosphorylase b to glycogen phosphorylase a.


d. the Pasteur effect.

50. The conversion of 1 mol of fructose 1,6-bisphosphate to 2 mol of pyruvate by the glycolytic pathway results in a net formation of:


a. 1 mol of NAD+ and 2 mol of ATP.


b. 1 mol of NAD+ and 1 mol of ATP.


c. 2 mol of NADH and 2 mol of ATP.


d. 2 mol of NADH and 4 mol of ATP.

e. 2 mol of NAD+ and 4 mol of ATP.

51. Which of the following statements is not true of the reaction catalyzed by the pyruvate dehydrogenase complex?


a. The reaction occurs in the mitochondrial matrix.


b. Both NAD+ and a flavin nucleotide act as electron carriers.


c. Biotin participates in the decarboxylation.

d. Two different cofactors containing —SH groups participate.


E All are true

52. The oxidative decarboxylation of -ketoglutarate proceeds by means of multistep reactions in which all but one of the following cofactors are required.  Which one is not required?


a. lipoic acid


b. ATP


c. NAD+

d. Thiamine pyrophosphate


e . coenzyme A

53. Entry of acetyl-CoA into the citric acid cycle is decreased when:


a. the ratio of [ATP]/[ADP] is high.


b. [AMP] is high.


c. the ratio of [NAD+]/[NADH] is high.


d. NADH is rapidly oxidized through the respiratory chain.
54. The reaction of the citric acid cycle that produces an ATP equivalent (in the form of GTP) by substrate level phosphorylation is the conversion of:


a. citrate to isocitrate.


b. succinyl-CoA to succinate.


c. succinate to fumarate.


d. fumarate to malate.


e. malate to oxaloacetate.

55. In mammals, each of the following occurs during the citric acid cycle except:


a. metabolism of acetate to carbon dioxide and water.


b. oxidation of acetyl-CoA.


c. formation of a-ketoglutarate.


d. net synthesis of oxaloacetate from acetyl-CoA.


e. generation of NADH and FADH2.

56. Fatty acids are activated to acyl-CoAs and the acyl group is further transferred to carnitine because:


a. acyl-CoAs easily cross the mitochondrial membrane, but the fatty acids themselves will not.


b. fatty acids cannot be oxidized by FAD unless they are in the acyl-carnitine form.


c. carnitine is required to oxidize NAD+ to NADH.


d. acyl-carnitines readily cross the mitochondrial inner membrane, but acyl-CoAs do not.


e. None of the above is true.

57. The conversion of palmitoyl-CoA (16:0) to myristoyl-CoA (14:0) and 1 mol of acetyl-CoA by the -oxidation pathway results in the net formation of:


a. 1 FADH2 and 1 NADH.


b. 2 FADH2 and 2 NADH.


c. 1 FADH2 and 1 NADPH.


d. 2 FADH2, 2 NADH, and 1 ATP.


e. 1 FADH2, 1 NADH, and 1 ATP.

58. In the disease sprue, vitamin B12 (cobalamin) is poorly absorbed in the intestine, resulting in B12 deficiency. If each of the following fatty acids were in the diet, for which one would the process of fatty acid oxidation be most affected in a patient with sprue?


a. CH3(CH2)14COOH


b. CH3 (CH2)12COOH


c. CH3 (CH2)11COOH

d. CH3 (CH2)10COOH

59. Glutamate is metabolically converted to -ketoglutarate and NH4+ by a process described as:


a. hydolysis

b. deamination


c. oxidative deamination


d. reductive deamination


e. transamination 

60. Which of the following is(are) true of the oxidation of 1 mol of palmitate (a 16-carbon saturated fatty acid; 16:0) by the -oxidation pathway, beginning with the free fatty acid in the cytoplasm?

1. Activation of the free fatty acid requires the equivalent of two ATP.

2. Inorganic pyrophosphate (PPi) is produced.

3. Carnitine functions as an electron acceptor.

4. 8 mol of FADH2 are formed.

5. 8 mol of acetyl-CoA are formed.

6. There is no direct involvement of NAD+.

a.1, 2, and 6

b.1,3 and 5

c.1 and 5 only

d. 5 only

e. 1,2 and 5

f. 1,2,4 and 5

61. Ketone bodies are formed in the liver and transported to the extrahepatic tissues mainly as:

a. 



b. 

C. 





d. 

62. Which of the following substrates cannot contribute to net gluconeogenesis in mammalian liver?


a. alanine


b. palmitate


c. a-ketoglutarate


d. glutamate


e.pyruvate

63. In normal mitochondria, the rate of NADH consumption (oxidation) will:


a. decrease if mitochondrial ADP is depleted.


b. be very low if the ATP synthase is inhibited, but increase when an uncoupler is added.


c. decrease when cyanide is used to prevent electron transfer through the cytochrome a + a3 complex.

e. do all of the above.

64. Antimycin A blocks electron transfer between cytochromes b and c1.  If intact mitochondria were incubated with antimycin A, excess NADH, and an adequate supply of O2, which of the following would be found in the oxidized state?


a. cytochrome a3


b. cytochrome f


c. cytochrome b


d. cytochrome e


e. coenzyme Q

65. If malonyl-CoA is synthesized from radioactive (14C-labeled) carbon dioxide and unlabeled acetyl-CoA, and the labeled malonate is then used for fatty acid synthesis, the final product (fatty acid) will have radioactive carbon in:


a. every C


b.every odd numbered C (carboxyl end is C-1)


c. every even numbered C


d. only the farthest carbon from C-1


e. no part of the molecule

66. Which of the following is not true of the reaction in which malonyl-CoA is produced during fatty acid synthesis?


a. it requires CO2(or bicarbonate)


b. the cofactor biotin


c. It requires the acyl carrier protein(ACP)


d. It is stimulated by citrate

67. Which of the following is not specifically required in the synthesis of fatty acids?


a. biotin

b. acetyl -CoA


c. malonyl-CoA


d. NADH


e. HCO3 - (CO2)

68. Upon the addition of 2,4-dinitrophenol (DNP) to a suspension of mitochondria carrying out oxidative phosphorylation linked to the oxidation of malate, all of the following occur except:


a. the P/O ratio drops from a values of ~2.5 to 0


b.oxygen consumption decreases


c. oxygen consumption increases


d. the protein gradient dissipates

69. In the reoxidation of QH2 by purified ubiquinone-cytochrome c reductase (Complex III) from heart muscle, the overall stoichiometry of the reaction requires 2 mol of cytochrome c per mole of QH2 because:

a. cytochrome c is a two-electron acceptor, whereas QH2 is a one-electron donor.

b. cytochrome c is a one-electron acceptor, whereas QH2 is a two-electron donor.

c. two molecules of cytochrome c must first combine physically before they are catalytically active.

d. heart muscle has a high rate of oxidative metabolism, and therefore requires twice as much cytochrome c as QH2 for electron transfer to proceed normally.
70. The human genetic disease phenylketonuria (PKU) can result from:

a. inability to synthesize phenylalanine.

b. inability to catabolize ketone bodies.
c. inability to convert phenylalanine to tyrosine.

d. production of enzymes containing no phenylalanine.
e. deficiency of protein in the diet.
