Spring 2004  BCHS 3304 Practice Exam I-

1). An enzyme (protein catalyst) catalyzes the reaction: A( B once per microsecond.  How many times does the enzyme catalyze the reaction in one minute?

a). 1 X 108 min-1



b). 6 X 108 min-1
c). 1 X 107 min-1



d). 6 X 107 min-1
e). 6 X 109 min-1
((d), 1 X 106 X 60 = 6 X 107 min-1.

2). A DNA helix is 2 nanometers in diameter.  How many DNA helices can you fit side-by-side in 1 decimeter?

a). 5 X 108 helices



b). 2 X 107 helices

c). 5 X 10-7 helices



d). 2 X 109 helices

e). 5 X 107 helices

((e), 0.1 meters / 2 X 10-9 meters per helix = 5 X 107 helices.

3). When 1 mole of crystalline sucrose is placed in 1 L pure water, the reaction vessel gets cool to the touch, and it takes many minutes for all of the sucrose to dissolve at room temperature.  Given what you know of thermodynamics, what are the signs of the values of the change in enthalpy and entropy of the system?

a). (H +; (S -




b). (H +; (S +

c). (H -; (S -




d). (H -; (S +

((b), (H +; (S +.

4). A chemical reaction occurs in a beaker of water.  The internal energy of the system did not change throughout the course of the reaction, but the system lost 4 kJ of heat to the surroundings.  What does this imply about the work done by/on the system?

a). The surroundings did 4 kJ of work on the system.

b). The system did 4 kJ of work on the surroundings.

c). This is not possible as it violates the 1st law of Thermodynamics.

d). This is not possible as it violates the 2nd law of Thermodynamics.

e). Cannot calculate due to insufficient information.

((a), the surroundings did 4 kJ of work on the system.

5). A process has the following thermodynamic parameters: (H(’ is “-“ and (S(’ is “-“.  At what temperatures will this process be spontaneous?

a). Spontaneous at temperatures below T = (H(’/(S(’.

b). Spontaneous at temperatures above T = (H(’/(S(’.

c). Spontaneous at all temperatures.

d). Not spontaneous at any temperature.

((a), spontaneous at temperatures below T = (H(’/(S(’.

6). The hydrolysis of phosphoenolpyruvate to pyruvate and inorganic phosphate (Pi) is represented by the following reaction and has the indicated (G(’:

H2O + phosphoenolpyruvate ( pyruvate + Pi + H+

 (G(’ = -61.9 kJ mol-1
The hydrolysis of ATP is represented by the following reaction and has the indicated (G(’:

H2O + ATP ( ADP + Pi + H+

(G(’ = -30.5 kJ mol-1
Write the net chemical equation for the synthesis of ATP from ADP and inorganic phosphate using the hydrolysis of phosphoenolpyruvate to drive the reaction.  Calculate the net (G(’ for the overall reaction and indicate whether the overall reaction would be spontaneous or non-spontaneous.

( H2O + phosphoenolpyruvate ( pyruvate + Pi + H+

(G(’ = -61.9 kJ mol-1
    ADP + Pi + H+ ( ATP + H2O 



           (G(’ = +30.5 kJ mol-1
    Phosphoenolpyruvate + ADP ( pyruvate + ATP

(G(’ = -31.4 kJ mol-1
    The net, overall reaction is spontaneous.

7). Given the following four types of chemical interactions: van der Waals bonds, ionic bonds, covalent bonds, and hydrogen bonds, list them in order from strongest to weakest in terms of enthalpy ((H), and tell which are the most sensitive to the dielectric constant of water.

a). Ionic bonds, covalent bonds, van der Waals bonds, hydrogen bonds; van der Waals and ionic bonds sensitive to water dielectric. 

b). Covalent bonds, ionic bonds, hydrogen bonds, van der Waals bonds; hydrogen bonds and ionic bonds sensitive to water dielectric.

c). Covalent bonds, hydrogen bonds, ionic bonds, van der Waals bonds; hydrogen bonds and van der Waals bonds sensitive to water dielectric.

d). van der Waals bonds, hydrogen bonds, ionic bonds, covalent bonds; van der Waals and covalent bonds sensitive to water dielectric.

((b), covalent bonds, ionic bonds, hydrogen bonds, van der Waals bonds; hydrogen bonds and ionic bonds are the most sensitive to the dielectric constant of water.

8). The equilibrium constant (K’eq) for the dissociation of a weak acid in water = 1.763 X 102.  Given that the universal gas constant (R) = 8.3 X 10-3 kJ mol-1 K-1, calculate the (G(’ at room temperature (25(C) for this acid dissociation.

a). –12.79 kJ mol-1



b). +12.79 kJ mol-1
c). –1.07 kJ mol-1




d). +1.07 kJ mol-1
e). –5.55 kJ mol-1
((a), –12.79 kJ mol-1.
9). How many ml of 0.3 M HCl do you need to lower the pH of 1 liter of water from pH = 5 to pH = 4?  You must show all work to receive full credit.

(pH = 4 is 1 X 10-4 moles H+.

pH = 5 is 1 X 10-5 moles H+.

We need to add 1 X 10-4 moles H+ – 1 X 10-5 moles H+ = 9 X 10-5 moles H+.

9 X 10-5 moles / 0.3 moles liter-1 = 0.003 liters (3 ml) of 0.3 M HCl.
10). What conjugate base to weak acid ratio is required to produce a pH = 4 acetate buffer (An acetate buffer is made from acetic acid {pK = 4.76} and acetate anion)?  

(pH = pK + log([A-]/[HA); 4.0-4.76 = log([A-]/[HA); ([A-]/[HA) = 0.17, so

17/100.

11). What is the pH of a 0.1 M NH4+Cl- solution where the weak acid (pK = 9.25) dissociates 40%?  You must show all work to receive full credit.

(NH4+Cl- ( NH4+ + Cl-


pH = pK + log([A-]/[HA])

    0.1 M       0.1 M   0.1 M

NH4+ ( NH3 + H+



pH = 9.25 + log(40/60)

0.1 M         40%




pH = 9.07

12). A student prepared a solution which contains equal equivalents of succinic acid and sodium succinate and then discovered that the laboratory’s pH meter was broken.  How could the student best estimate the pH of the solution?

(The pH of the solution would be equal to the pK of succinic acid, since [succinic acid] = [sodium succinate]; [A-] = [HA].

pH = pK + log ([A-]/[HA]), pH = pK + log 1; log 1 = 0 so pH = pK.

13). What is the pK of a weak acid when the acid to conjugate base ratio = 6.3, and gives a pH  4.63?

a). 3.83




b). 4.47

c). 4.74




c). 3.38

e). 5.42
(pH = pK + log ([A-]/[HA]), 4.63 = pK + log (1/6.3) = (e), 5.42

14). At what range does histidine (pKR = 6.04) serve as a good buffer and what is the ratio of histidine to H+ at the lower pH limit of the buffering capability of histidine?

a). pH range = 6.04-8.04; 10:1

b). pH range = 6.04-7.04; 1:10

c). pH range = 5.04-7.04; 1:10

d). pH range = 5.04-6.04; 10:1

e). pH range = 5.54-6.54; 1:10

((c), pH range = 5.04-7.04; 1:10.

15). What is the pH of a 0.1 M H3PO4 solution (assume that H3PO4 dissociates 100% through each deprotonation step).

a). 0.70





b). 0.52

c). 1.0





d). 0.39

e). 0.31

(H3PO4 (( H+ +   H2PO4- (( H+ +   HPO42- (( H+ +      PO43-
      0.1 M        0.1 M   0.1 M          0.1 M   0.1 M          0.1 M     0.1 M


adding all contributions of H+ = 0.3 M; pH = -log 0.3M

(b), 0.52.

16). The midpoint of a weak acid titration is where______________________.

a). The weak acid is fully protonated

b). The weak acid is fully deprotonated

c). The pH = pK of the weak acid


d). The weak acid is 50% protonated

e). c and d.

((e), c and d.

17). What is the concentration of the protonated (acidic) form of the buffer MOPS (3-N-Morpholino-propanesulfonic acid; pK = 7.15) when 0.5 moles are dissolved and adjusted to a pH of 6.15 with 5M HCl to a final volume of 1 liter?

a). 5 M





d). 0.045 M

b). 0.45 M




e). 0.25 M
c). 0.55 M

( (b), 0.45 M

18). Which of the following amino acids would you expect to find in the interior of a proteins tertiary structure?

a). Phe





b). Thr

c). Asn





d). Lys

e). all of the above.

((a), Phe.
19). Which of the following structures of glutamic acid does not exist at any pH range?

a). NH3+






b). NH3+
     (






     (
H-C-CH2-CH2-COO-




H-C-CH2-CH2-COOH

     (






     (
     COO-





     
COOH

c). NH2






d). NH2
     (






     (
H-C-CH2-CH2-COOH




H-C-CH2-CH2-COO-
     (






     (
     COOH





     COO-
((c), does not exist at any pH value.

20). Which of the following is a characteristic of any of the twenty standard amino acids?

a). Post transcriptionally modified



b). Aliphatic

c). Chiral





d). Charged at every pH

e). D-form biologically active in protein structure.

((d), charged at every pH.
21). Match the following elements of protein structure with their corresponding characteristics:

a). Primary Structure



I). Determined by primary sequence

b). Secondary Structure



II). Stabilized by hydrogen bonds

c). Tertiary Structure



III). Defines all characteristics of the protein

d). Quaternary Structure



IV). Often critical for function







V). Interactions between multiple proteins







VI). Stabilized by the hydrophobic effect

((a) = I, III, and IV.  (b) = I and II.  (c) = I, IV, and VI.  (d) = I and V.

22). For histidine, pK1 = 1.80, pK2 = 9.33, and pKR = 6.04, what is the isoelectric point (pI) of histidine?

a). 5.57




b). 3.92

c). 5.72




d). 8.59

e). 7.69

((e), pK2 + pKR / 2 = 7.69.

23). Which of the following is not a characteristic of a general peptide bond?

a). Planar




b). Free Rotation Present

c). Generally in Trans Conformation

d). Shorter Than Normal C-N Bond

e). Longer Than Normal C=N bond





( (b), is not a characteristic of the peptide bond, as there is not free rotation around the bond due to the partial (-character of the bond.

24). Which of the following is a characteristic of (-keratin structure?
a). Primarily (-sheet secondary structure.

b). Helices are aliphatic.

c). Every 1st and 4th residues are hydrophilic.

d). Helices are amphipathic.

e). Hydrogen bonds do not stabilize the secondary structure.

( (d), the (-keratin helices are amphipathic.
25). Which of the following molecules is a potential buffer?

a). CH3CH2OH




b). CaCl2
c). NaH2PO4-




d). H3PO4
e). C6H12O6
((c), NaH2PO4-.

26). Which of the following is not a characteristic of (-sheets?

a). Strands are Pleated



b). ( ( - 120( and  ( ( +160( 

c). Parallel More Stable than Antiparallel

d). Stabilized by Hydrogen Bonds

e). All of the Above.

(: (c), Parallel sheets are less stable than antiparallel sheets.
27). The folding of a polypeptide into its native tertiary structure has been described as a thermodynamic illustration of which process?

a). The cumulative effects of hydrogen bonding.

b). The entropic dominance of the hydrophobic effect.

c). The enthalpic dominance of the hydrophobic effect.

d). The cumulative effects of ionic interactions (salt bridges).

e). The 1st Law of thermodynamics.

((b), the entropic dominance of the hydrophobic effect.
28). Which of the following is a characteristic of the (-helix?

a). Denoted as the 310 Helix


b). High Incidence of Pro Residues 

c). R-groups Point Into the Helix


d). 100( Between Each Residue

e). None of the Above

( (d) is a characteristic of the (-helix.

29). Which of the following does not apply to Collagen structure?
a). Primary sequence is 1/3 Glycine.

b). Is primarily (-helical in nature.

c). Has semi-aldehyde cross-links.


d). Has a high incidence of proline.

e). Stabilized by the action of prolyl hydroxylase and vitamin C.

((b), collagen has no (-helices.
30). Which of the following accurately depicts the pseudo-repeating primary structure of silk fibroin?

a). (Gly-Ala-Gly-Ser-Gly-Ser)n

b). (Gly-Ser-Gly-Ser-Ala-Ser)n
c). (Gly-Ala-Gly-Ser-Ala-Ser)n

d). (Gly-Ser-Gly-Ala-Gly-Ala)n
e). (Gly-Ser-Ala-Ser-Gly-Ala)n
( (d), (Gly-Ser-Gly-Ala-Gly-Ala)n.
31). The ( and ( angles for the (-helix cluster in an area on a Ramachandran diagram corresponding to:

a). ( is negative and ( is negative.

b). ( is positive and ( is positive.

c). ( and ( are both + 180(.

d). ( is negative and ( is positive.

e). ( is positive and ( is negative.

( The ( and ( angles for the (-helix cluster in an area on a Ramachandran diagram corresponding to (a), ( is negative and ( is negative.

32). Which of the following describes the hydrogen-bonding pattern that stabilizes the (-helix?

a). The NH group of residue n is hydrogen-bonded to the CO group of residue n + 4.

b). The CO group of residue n is hydrogen-bonded to the NH group of residue n + 4.

c). The NH group of residue n is hydrogen-bonded to the CO group of residue n + 3.

d). The CO group of residue n is hydrogen-bonded to the NH group of residue n + 3.

e). The CO group of residue n is hydrogen-bonded to the NH group of residue n + 5.

( (b), the CO group of residue n is hydrogen-bonded to the NH group of residue n + 4.
33). Given what you know about the nature of protein secondary structures, which of the following accurately explains why antiparallel (-sheets are more stable than the parallel (-sheets?

a). The distance between each (-carbon in the antiparallel (-sheets is closer than those in the parallel (-sheets.

b). The side chains of the amino acids in the antiparallel (-sheets are less sterically hindered than those in the parallel (-sheets.

c). The hydrogen bonding donors and acceptors in the antiparallel (-sheets are closer and at more favorable angles than those in the parallel (-sheets.

d). The antiparallel (-sheets are pleated while the parallel (-sheets are not pleated.

e). None of the above, the parallel (-sheets are more stable than the antiparallel (-sheets.

( (c), the hydrogen bonding donors and acceptors in the antiparallel (-sheets are closer and at more favorable angles than those in the parallel (-sheets.

34). Which of the following peptides would be cut by Trypsin, Chymotrypsin, and Carboxypeptidase A?
a). A-K-D-P-W-S-T-F



b). A-K-P-D-W-S-T-F

c). A-K-D-W-P-S-T-F



d). A-K-D-P-W-S-P-F

e). A-K-D-P-W-S-T-P

((a), would be cut by Trypsin, Chymotrypsin, and Carboxypeptidase A.

35). A heptapeptide was subjected to the following treatments:

a). Complete acid hydrolysis: (L, W, Y, K, R, M, D)


b). Edman Degradation Yielded: (PTH-Y)


c). Trypsin Digestion Yielded: (K), (L, W, Y, R, M, D)


d). Chymotrypsin Digestion Yielded: (Y), (W, D), and (R, L, K, M)


e). Cyanogen Bromide Treatment Yielded: (K, L, R), and (D, W, M, Y)

What is the primary sequence of the heptapeptide?

( Y-D-W-M-L-R-K
36). What would the resulting peptide fragments be if the following peptide were treated with excess Pepsin?



H-E-L-P-M-E-P-L-E-A-S-E

a). H-E-L-P-M-E-P-L and E-A-S-E


b). H-E-L-P, M-E-P, and L-E-A-S-E

c). H-E, and L-P-M-E-P-L-E-A-S-E

d). H-E, L-P-M-E, P-L-E, and A-S-E

e). No cut.
((c), H-E, and L-P-M-E-P-L-E-A-S-E

37). A nonylpeptide was subjected to the following treatments:


a). Complete acid hydrolysis: (Asp, Glu, Tyr, Arg, Met, Pro, Lys, Ser, Phe)


b). Carboxypeptidase A + further analysis: No cut, but Pro not the C-terminus.


c). Cyanogen Bromide: (Met, Asp, Arg) and (Lys, Pro, Ser, Tyr, Phe, Glu)


d). Chymotrypsin: (Met, Asp, Tyr, Arg) and (Pro, Ser, Glu, Phe, Lys)


e). Trypsin: (Arg, Asp), (Tyr, Glu, Lys, Met), and (Pro, Phe, Ser)


f). Dansyl Chloride: (Asp)

g). Pepsin: (Arg, Met, Asp), (Glu, Lys, Tyr), and (Pro, Ser, Phe)

(Asp-Arg-Met-Tyr-Glu-Lys-Phe-Pro-Ser
38). Pick the sequence of numbers that describes the net charge of the predominant form of arginine at pH values = 1.0, 7.0, 10.0, and 13.5.

a). +3, +2, +1, 0




b). +2, +1, 0, -1

c). +1, 0, -1, -2




d). 0, -1, -2, -3

e). none of the above.
((b)
39). What parameter ultimately dictates whether a reaction (with or without an enzyme present) will be spontaneous (-(G(’) or nonspontaneous (+(G(’) in vivo?

a). [Reactant] and [Product] with respect to Keq

b). pH

c). Rate Limiting Step




d). Energy of Activation

e). None of the Above

(  (a), [Reactant] and [Product] with respect to Keq ultimately dictates whether a reaction will be spontaneous or nonspontaneous in vivo. 

40). The following is the torsion angles for a polypeptide section of egg white lysozyme.  Given the data predict the secondary structural elements for the amino acids in this polypeptide segment.

	Residue #
	Residue Identity
	( (degrees)
	( (degrees)

	43
	Thr
	-142
	+150

	44
	Asn
	-154
	+121

	45
	Arg
	-91
	+136

	46
	Asn
	-110
	+174

	47
	Asp
	-96
	+36

	48
	Gly
	+95
	-75

	49
	Pro
	-39
	-43

	50
	Gly
	-61
	-11

	51
	Thr
	-131
	+157

	52
	Asp
	-115
	+130

	53
	Tyr
	-126
	+146

	54
	Cys
	-151
	+143

	55
	Asn
	+68
	+27

	56
	Gly
	-67
	-34

	57
	Pro
	-65
	+43

	58
	Asn
	-76
	+153

	59
	Leu
	-49
	-32

	60
	Asn
	-58
	-49

	61
	Trp
	-66
	-32

	62
	Val
	-82
	-36

	63
	Cys
	-69
	-44


( Given that the typical torsion angles for the (-helix are ( = -57( and ( = -47(; and those for (-sheets are ( = -120( and ( = + 160(; and turns are characterized by Gly, Pro, and radical changes in torsion angles, then the probable secondary structure of this polypeptide fragment is: residues 43-46 are a (-strand, residues 47-50 are a turn, residues 51-54 are a (-strand, residues 55-58 are a turn, and residues 59-63 are an (-helix.







