Spring 2004 BCHS 3304 Exam II Review-

1). A sequence of residues in a certain protein is –S-G-P-G-.  The sequence is most probably part of a(n):
a). (-turn



b). Parallel (-sheet

c). (-helix



d). Collagen fiber

e). Antiparallel (-sheet.

((a), (-turn.

2). Which equation describes the binding isotherm (curve) of Hb for O2?

a). Hb(O2)n+1 + H+ (( Hb(O2)n + O2.

b). Mb(O2) + Hb (( Mb + Hb(O2).

c). p50 ( 1/affinity

d). K = [Hb] [O2]


 [Hb(O2)]

e). YO2 = ____(pO2)n___

     (p50)n + (pO2)n

(: (e), this equation describes the fractional saturation phenomena for the binding of O2 to hemoglobin.

3). The salting out procedure is a process where salts (ions) are added to a protein solution such that the high ion concentration competes with proteins for favorable interactions (solvation) with water, resulting in the precipitation of the protein.  Would you expect the salting out phenomenon to be most effective when the pH of the protein solution was above, below, or at the isoelectric point of the protein of interest?

a). pH above the pI



b). pH below the pI

c). pH = pI




d). pH does not matter

((c), the salting out procedure will be most effective when the pH of the solution is = isoelectric point of the protein of interest as a protein is usually least soluble when its net charge = 0.

4). An enzyme catalyzes a reaction without itself being __________ in the process.  It does this by __________ of the reaction.  Enzymes preferentially bind the ____________ in an ideal situation.  The extent to which an enzyme will catalyze a reaction is ultimately dictated by the ___________ for the reaction.

(: An enzyme catalyzes a reaction without itself being consumed/altered in the process.  It does this by lowering the activation energy of the reaction.  Enzymes preferentially bind the transition state in an ideal situation.  The extent to which an enzyme will catalyze a reaction is ultimately dictated by the equilibrium constant for the reaction.

5). At what concentration of denaturant (guanidinium hydrochloride) will a particular protein unfold if the value of (GH2OD-N = 34.0 kJ mol-1 and the mD-N = 10.5 kJ mol-1 M-1?
a). 32.4 M



b). 3.24 M

c). 0.324 M



d). 0.31 M

e). 3.1 M

((b), (GD-N = (GH2OD-N - mD-N[denaturant]; setting (GD-N = 0, 
[denaturant] = (GH2OD-N = 3.24 M


 mD-N
6). Which of the following most accurately describes the driving/stabilizing force for the (-keratin 4( structure?
a). Cys disulfide bonds hold the (-keratin (-helices together.

b). Hydrogen bonds hold the (-keratin (-helices together.

c). Lysine semi-aldehyde bonds hold the (-keratin (-helices together.

d). The amphipathic nature of the (-keratin (-helices favors the association of the helices into a coiled coil structure.

e). All of the above.

((d), the amphipathic nature of the (-keratin (-helices favors the association of the helices into a coiled coil structure.

7). Hb release O2 to the tissues when:

a). pH (.




b). There is too much O2 in the blood.

c). pCO2 of the blood (.


d). [2,3-bisphosphoglycerate] (
e). [Mb] in the muscle tissue changes.

(: (d), the binding of 2,3-bisphosphoglycerate stabilizes HB in the T-state, and facilitates O2 release to the tissues.

8). Given the following proteins and their physical characteristics, give the most correct way of separating A from B, A from C, A from E, B from C, and B from D.

	Protein
	Size (kD)
	pI
	Solubility
	Affinity

	A
	10
	4.3
	Low
	Glucose

	B
	10
	4.5
	Low
	Histidine

	C
	10
	4.1
	High
	Glucose

	D
	10
	8.9
	Low
	Histidine

	E
	60
	4.2
	Low
	Glucose


(A from B = Affinity chromatography.  A from C = Salting in/out.  A from E = Gel filtration chromatography.  B from C = Affinity chromatography.  B from D = Ion exchange chromatography.

9). The basis for enzyme-substrate specificity is:

a). shape/geometry




b). Keq
c). stereospecificity




d). electronic complementarity
e). none of the above




f). a, d, and c
g). all of the above
(: (f), Shape/geometry, electronic complementarity, and stereospecificity are the basis for enzyme-substrate specificity.

10). The hypervariable regions of an antibody molecule are composed of ___________.


a). (-helices.



b). (-sheets.


c). loops.



d). antigens.


e). epitopes.

(: (c), Loops comprise the hypervariable regions of an antibody molecule.
11). Which of the following most accurately explains the structural integrity of normal collagen?
a). The high incidence of proline and glycine in the 1( structure prevents the formation of typical 2( structure.

b). Post-translational modification/hydroxylation of proline and lysine residues allows for semi-aldehyde formation between individual collagen helices.

c). Glycine is the only residue whose R-group can fit within the interior of the collagen structure.

d). The amphipathic nature of the collagen helices allows for the formation of a right-handed super-coil structure.

e). Post-translational incorporation of Vitamin C into the collagen helices allows for semi-aldehyde formation between individual collagen helices.

((b), post-translational modification/hydroxylation of proline and lysine residues allows for semi-aldehyde formation between individual collagen helices.

12). What result on Hb would you expect from a random mutation at the (1(2-interface, which resulted in the creation of an extra ionic bond between the subunits in the T-state?

a). Stabilization of Methemoglobin.

b). The Hill coefficient (n) would increase from n=1 to n=2.7.

c). The change would be a silent mutation and have no visible effect.

d). The cooperativity of the molecule would not change, and the Hb affinity for O2 would increase.

e). The cooperativity of the molecule would decrease, and the overall Hb affinity for O2 would decrease.

(: (e), the described mutation would decrease the cooperativity of the molecule, and the overall Hb affinity for O2 would decrease due to the preferential stabilization of the T-state.

13). You wish to separate the following proteins from one another using a DEAE column poised at pH = 7.0.  Indicate the order of elution of the proteins from the DEAE (pH = 7.0) column.  

	Protein
	Isoelectric Point (pI)

	A
	6.9

	B
	8.2

	C
	4.3


(Order of elution from first to last is B then A then C.
14). Explain how you would elute protein C from the DEAE column (pH 7.0) in the previous problem without the use of high concentrations of salts.

(One would need to equilibrate the column at a pH value lower than the pI of protein C (pH 3.0 for example) to change the net charge on protein C from “-“ to “+” so that it will repulse down the positively charged DEAE column.
15). According to transition state theory, what does the quantity ((G’ŧ refer to?
a). The difference in Gibbs free energy between the reactant and product before catalysis.

b). The difference in Gibbs free energy between the reactant and product after catalysis.

c). The difference in Gibbs free energy between an enzyme in the active (R-state) and inactive (T-state) form.

d). The difference in the activation energy of the reaction before catalysis and after catalysis by an enzyme.

e). The energy required by the surroundings to support the rate enhancement provided by the enzyme.

(: (d), the difference in the activation energy of the reaction before catalysis and after catalysis by an enzyme.

16). What type(s) of interactions are likely to be formed between an antibody and its antigen?

a). ionic bonds.



b). hydrogen bonds.

c). van der Waals interactions.

d). none of the above.

e). all of the above.

(: (e), Ionic, hydrogen, and van der Waals interactions are likely formed between an antibody and its antigen.
17). Residues involved in (-helices have ( and ( torsion angles that fall within a particular range.  In a few rare instances in nature, small stretches of left-handed helices can be found in some protein structures, and these helices are called left-handed (-helices.  Given what you know of the torsion angles for residues involved in right-handed (-helices, predict the values of ( and ( for residues involved in the rare left-handed (-helices.
a). ( (  - 57 (, ( (  - 47 (


b). ( (  + 180 (, ( (  + 180 (
c). ( (  - 51 (, ( (  + 153 (


d). ( (  + 57 (, ( (  + 47 (
e). ( (  - 139 (, ( (  + 135 (
((d), ( (  + 57 (, ( (  + 47 (.
18). The molecular basis of Hb increasing its affinity for O2 can best be described as:

a). A lowering of hemoglobin’s affinity for CO2.

b). An increase in the number of O2-binding sites.

c). A conformational change in Hb structure.

d). A change in the oxidation state of the heme iron.

e). The Hill coefficient (n) changes from n=1 to n=0.7.

(: (c), a conformational change in Hb structure best describes the molecular basis of Hb increasing its affinity for O2.

19). Given the following gel profile, determine the quaternary structure of the protein in question and the likely chemical interactions responsible for the quaternary structure.













Lane 1: Standard Ladder.

Lane 2: Native gel electrophoresis (no detergent, or reductant).

Lane 3: Native gel + limiting (-mercaptoethanol (no detergent).






Lane 4: SDS-PAGE + excess (-mercaptoethanol.

(The protein is a large, heteromultimer comprised of 24 subunits.  One 10-kDa and one 15-kDa subunits associate into a 25-kDa heterodimer probably through van der Waals, and hydrophobic interactions.  4 25-kDa heterodimers associate into one 100-kDa oligomer through disulfide bonds.  3 100-kDa oligomers associate into the 300-kDa native heteromultimer through disulfide bonds.

20). An enzyme  that catalyzes the reaction A (( B is in the presence of A and B, and the concentrations of molecules A and B are such that in the forward direction the reaction has a positive value for (G’.  What action will the enzyme take under these conditions?
a). The enzyme will do nothing, as it cannot catalyze a nonspontaneous reaction.
b). The enzyme will convert all molecules of A into B.

c). The enzyme will convert all molecules of B into A.

d). The enzyme will convert molecules of B into molecules of A until equilibrium is achieved.

e). The enzyme will make the nonspontaneous reaction spontaneous by lowering the activation energy of the forward reaction.

(: (d), the enzyme will convert molecules of B into molecules of A until equilibrium is achieved.

21). An ________ in [Ca2+] in the muscle cell causes Ca2+ to bind to ________ and facilitates/induces muscle contraction.


a). decrease; myosin.



b). increase; actin.


c). increase; tropomyosin.


d). increase; Troponin C.


e). decrease; ATP.

(: (d), An increase in [Ca2+] in the muscle cell causes Ca2+ to bind to Troponin C and facilitates/induces muscle contraction.
22). Which of the following amino acids is responsible for binding the heme iron in hemoglobin?

a). Tyr C7




d). Val E11

b). His E7




e). His F8

c). Asp G1

(: (e), His F8 (proximal histidine) is responsible for binding the heme iron.

23). One of the characteristics that separates enzymes from other non-protein catalysts is that they can be regulated.  Which of the following is not a strategy for regulating enzymes?
a). Proteolytic control



b). Feedback/forward inhibition

c). Altering the specificity of the enzyme
d). Covalent modification

e). Use of regulatory proteins.
(: (c), altering the specificity of the enzyme is not a strategy for regulation.

24). Release of which of the following molecules causes an increase in the binding affinity of myosin to actin, and allows for the power stroke of muscle contraction?


a). ADP.


b). Ca2+.


c). Pi.


d). ATP.


e). Mg2+.

(: (c), Release of Pi causes an increase in the binding affinity of myosin to actin, and allows for the power stroke of muscle contraction.
25). What result on Hb would you expect in the mutation of E87 ( Y in the heme pocket, where Y now interacts with the heme iron?

a). Fe3+ would be stabilized.

b). The Hill coefficient (n) changes from n=2 to n=3.

c). Creation of the sickle cell phenotype.

d). Stabilization of the R-state of Hb.

e). Change of the ( subunit of Hb into the ( subunit.

(: (a), Fe3+ would be the most likely result of the described mutation.

26). Proteins in their native conformation are described as being only marginally stable.  Which of the following is not a reason why a folded protein should only be marginally stable?
a). Unfolding of kinetic traps to promote proper protein folding.

b). Flexibility for protein activity, allosterism, and other processes.

c). Transport across biological membranes.

d). Catabolism and the recycling of amino acids.

e). All are reasons why native protein structures should only be marginally stable.

(: (e), all are reasons why native protein structures should only be marginally stable.

27). Which of the following describes the mathematical and graphical representation of hemoglobin’s positive cooperativity for oxygen binding?

a). The slope (n) of the Fractional saturation plot for hemoglobin binding oxygen is >1.

b). The slope (n) of the Hill plot for hemoglobin binding oxygen is >1.

c). The slope (n) of the Bohr saturation plot for hemoglobin binding oxygen is =1.

d). The slope (n) of the Hill saturation plot for hemoglobin binding oxygen is <1.

e). The slope (n) of the Fractional saturation plot for hemoglobin binding oxygen is =1.

(: (b), the slope (n) of the Hill plot for hemoglobin binding oxygen is >1.

28). ATP binds to which of the following molecules during the sequence of events in muscle contraction?


a). Actin.




b). Myosin.


c). Troponin C.



d). Tropomyosin.


e). All of the above.

(: (b), ATP binds to Myosin.
29). 2, 3-bisphosphoglycerate is a molecule that helps the body adapt to low O2 tensions by binding to, and lowering the affinity of hemoglobin for O2.  Which of the following statements describes why fetal hemoglobin is not as sensitive to 2, 3-bisphosphoglycerate as is adult hemoglobin?

a). Fetal hemoglobin lacks a positively charged residue necessary for binding 2, 3-bisphosphoglycerate effectively/tightly.

b). The quaternary structure of fetal hemoglobin is (2(2.

c). Fetal hemoglobin is non-cooperative with respect to O2 binding and delivery to the tissues.

d). 2, 3-bisphosphoglycerate is poisonous to the fetus, and thus does not cross the placenta.

e). 2, 3-bisphosphoglycerate increases the affinity of fetal hemoglobin for O2.

(: (a), fetal hemoglobin lacks a positively charged residue necessary for binding 2, 3-bisphosphoglycerate effectively/tightly.

30). An SDS-PAGE experiment used to resolve small proteins of similar molecular weights from one another requires that you first make 100 mL of a 25% acrylamide:bisacrylamide stock that is 35:1.  How much solid acrylamide and bisacrylamide will you need to weight out and dissolve in 100 mL?
a). 0.7 grams acrylamide and 24.3 grams bisacrylamide.
b). 24.3 grams acrylamide and 0.7 grams bisacrylamide.

c). 23.4 grams acrylamide and 1.6 grams bisacrylamide.

d). 1.6 grams acrylamide and 23.4 grams bisacrylamide.

e). 35 grams acrylamide and 1 gram bisacrylamide.

(: (b), 24.3 grams acrylamide and 0.7 grams bisacrylamide.

31). With your 25% solution of acrylamide:bisacrylamide [35:1], you need a 50 mL solution that is 12% to pour a gel that will resolve your small proteins.  How much of the 25% solution and deionized water will you need to make this 12% solution?

a). 12 mL of 25% acrylamide and 38 mL ddH2O.

b). 38 mL of 25% acrylamide and 12 mL ddH2O.

c). 26 mL of 25% acrylamide and 24 mL ddH2O.

d). 24 mL of 25% acrylamide and 26 mL ddH2O.

e). I have no idea, I had better guess correctly.

(: (d), 24 mL of 25% acrylamide and 26 mL ddH2O.

32). Which mutation in hemoglobin results in the sickle cell phenotype?

a). (6 (Glu ( Val)



b). (6 (Glu ( Val)

c). (6 (Glu ( Val)



d). (6 (Val ( Glu)

e). (6 (Val ( Glu)

(: (a), (6 (Glu ( Val). 
33). Which molecular movement at the oxygen-binding site of the heme allows for oxygen to remain bound to the heme?

a). The proximal histidine releases the iron of the heme, allowing oxygen to bind due to a protein conformational change.

b). The distal histidine binds to oxygen and allows for the iron to be moved into the plane of the heme in a protein conformational change.

c). The proximal histidine binds to oxygen and holds it in position for optimal iron binding due to a protein conformational change.

d). Oxygen binds to the iron, allowing it to release the proximal histidine in a protein conformational change.

e). Release of acidic protons from critical histidine residues allows oxygen to bind due to a protein conformational change.

(: (b), the distal histidine binds to oxygen and allows for the iron to be moved into the plane of the heme in a protein conformational change.

34). An experiment is carried out on an enzyme where the enzyme’s activity is measured as a function of pH.  The result of the experiment shows that the enzymes catalytic activity is maximal around a pH of roughly 6.0, with the activity dropping almost to zero when the pH is more than 1 pH unit above and below 6.0.  Assuming that the enzyme uses general acid-base catalysis, what is the probable identity of the critical catalytic residue given the results of this experiment.

a). Glu





b). Tyr

c). Ser





d). Cys

e). His

(: (e), His.  

35). Which of the following statements is true concerning the Ramachandran diagram?
I). There are four allowed regions in the Ramachandran plot for most amino acid residues involved in peptide bonds.

II). Ramachandran plots display the allowed conformations of the main polypeptide chain.

III). Ramachandran plots display the allowed conformations of amino acid residue R-groups hanging off of the main polypeptide chain.

IV). Proline and Glycine residues can occupy larger regions of the Ramachandran diagram than other amino acid residues.

V). There are more “forbidden” regions on the Ramachandran plot than “allowed” regions for most amino acid residues.
VI). “Allowed” and “Forbidden” conformations of amino acid residues for Ramachandran diagrams are based upon optimal hydrogen bonding distances.
VII). “Allowed” and “Forbidden” conformations of amino acid residues for Ramachandran diagrams are based upon optimal van der Waals radii.

a). I, II, IV, and VI.



b). III, V, and VII.

c). I, III, IV, and VI.



d). II, V, and VII.

e). All are true.

(: (d). II, V, and VII are true concerning the Ramachandran diagram.
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