Sping 2004 BCHS 3304 Exam III Review-
1). How many different stereoisomers are possible for a 5-carbon ketose sugar?

a). 2




b). 4

c). 8




d). 12

e). 16

(: (b), there are 2 (5-3) stereoisomers for a 5-carbon ketose sugar.

2). A healthy living cell maintains an overall thermodynamic value such that:

a). (S(’ > 0



d). (S(’ < 0

b). (G(’ > 0



e). (G(’ < 0

c). (G(’ = 0

(: (e), a healthy living cell maintains an overall thermodynamic value such that (G(’ < 0.

3). For the reaction catalyzed by adenylate kinase:

ATP + AMP (( 2 ADP


The overall (G(’ (0 even though the cellular [AMP], [ADP], and [ATP] are far away from their equilibrium values.  What is an alternative explanation for why this reaction operates with a (G(’ (0?
a). Adenylate kinase is altering the equilibrium of the reaction.

b). Adenylate kinase is lowering the activation energy of the reaction such that a new step in the mechanism has become rate-limiting.
c). Adenylate kinase catalyzes its reaction at a diffusion-controlled limit.

d). There is no net synthesis of high-energy phosphoanhydride bonds, they are only being rearranged.

e). ATP hydrolysis makes this non-spontaneous reaction freely reversible with a (G(’ (0.

(: (d), there is no net synthesis of high-energy phosphoanhydride bonds, they are only being rearranged.

4). What happens if you add more enzyme to an enzyme-catalyzed reaction already operating at Vmax?

a). KM will decrease.



b). No change.

c). Observed rate will be faster.

d). kcat will increase.

e). Observed rate will be slower.

(: (c), the observed rate of reaction will be faster.
5). Which two answer choices are not characteristics of a committed step of a metabolic pathway?

a). Lies far from equilibrium

b). Sensitive to equilibrium pressures.

c). Usually has a considerably negative (G(’

d). Usually highly regulated

e). Often have very complicated reaction mechanisms.

(: (b) and (e) are not characteristics of metabolic pathways.

6). In enzyme catalysis, the proximity effect refers to:
a). The effective increase in the concentrations of the reacting species by binding to the enzyme active site.

b). The approach of a substrate to an enzyme.

c). Close contacts made by neighboring enzyme monomers.

d). The increase in energy produced by bringing two or more reactants into van der Waals contact.

e). All of the above.

(: (a), the effective increase in the concentrations of the reacting species by binding to the enzyme active site.

7). Which of the heterocyclic anomers of D-glucopyranose is more stable than the other and why?

(: (-D-glucopyranose is more stable than (-D-glucopyranose because the (-anomer is able to accommodate all of its bulky, non-hydrogen ring substituents in the equatorial positions, whereas the (-anomer cannot.

8). What are the four methods of producing ATP (or its equivalent) in the body?

(: Substrate level phosphorylation (glycolysis), oxidative phosphorylation, adenylate kinase, and creatine kinase.
9). Given the following equation and definitions:


E + S (( ES ( E + P


k1 = the rate of formation of the Michaelis Complex.


k-1 = the rate at which the Michaelis Complex falls apart to E + S.


k2 = the rate at which the Michaelis Complex forms E + P.


When [ET] = [ES], which of the following expressions defines the Vmax?

a). Vmax = __k-1 + k2__


 k1
b). Vmax = k1[S]

c). Vmax = k2[ES]

d). Vmax = k-1[ES]

e). Vmax = __[E] [S]__

           [ES]

(: (c), when [ET] = [ES], then Vmax = k2[ES].

10). Which of the following properties is not a characteristic of enzymes?
a). Enzymes theoretically stabilize the transition state of the reaction they catalyze.

b). Enzymes alter the equilibrium distribution of the substrate(s) and product(s) of the reaction they catalyze.

c). Enzymes reduce the activation energy of the reaction they catalyze.

d). Enzymes employ a wide variety of catalytic strategies.

e). Enzymes vary widely in their catalytic efficiencies.

((b), enzymes do not alter the equilibrium distribution of the substrate(s) and product(s) of the reaction they catalyze.
11). Some enzymes require a necessary metal ion cofactor for catalysis.  Which of the following is not a potential property that a metal ion may impart to an enzymatically catalyzed reaction?

a). May act as a super acid.


b). May shield and stabilize charges.

c). May facilitate redox reactions.

d). May bind and orient substrates.

e). May exclude inhibitors from the active site.

(: (e), metal ions do not exclude inhibitors from the active site.

12). In eukaryotic cells, opposing metabolic pathways are confined to different cellular compartments.  Which statement most accurately explains this arrangement?

a). The enzymes for anabolic pathways only occur in the cytoplasm while the enzymes for catabolic pathways only occur in the organelles.

b). There are not common metabolic intermediates between most opposing metabolic pathways.

c). The flux for any one particular metabolic intermediate can reverse in either of the opposing pathways.

d). Separating opposing metabolic pathways avoids the creation of a futile cycle.

e). Separating opposing metabolic pathways alters the committed steps of the opposing pathways.

(: (d), separating opposing metabolic pathways avoids the creation of a futile cycle.
13). Which of the following is a characteristic of a phosphoanhydride bond?

a). Has more resonance stabilization than the hydrolysis products.

b). Has a larger solvation energy (-(H(’) than the hydrolysis products.

c). Stabilized by electrostatic interactions around the bond.

d). All of the above.

e). None of the above.

(: (e), none are characteristics of the phosphoanhydride bond.

14). Catalysis by Lysozyme displays all of the following except:
a). Substrate distortion.

b). Transition state stabilization.

c). Covalent catalysis.


d). Water acting as a nucleophile.

e). Stabilization of an unstable reaction intermediate.

(: (c), covalent catalysis.

15). Two different enzymes have the same value for Vmax but very different KM values.  Which of the following is true?

a). The enzyme with the lower KM will approach Vmax at lower [S].

b). The enzyme with the higher KM will approach Vmax at lower [S].

c). The Vmax values cannot be the same if the enzymes have different KM values.

d). The Vmax and KM values for each enzyme will increase when more enzyme is added to their respective reactions.

e). The steady-state [ES] is the same for each enzyme at all [S].

(: (a), the enzyme with the lower KM will approach Vmax at lower [S].

16). Metabolic flux is defined as the rate of flow of metabolites through a metabolic pathway.  Which of the following is not a characteristic of metabolic flux?

a). Set by the rate-limiting step(s) of at metabolic pathway.

b). Controlled most effectively through the use of substrate cycles.

c). Achieves the greatest rate (high net flux) at equilibrium.

d). All are characteristics of metabolic flux.

e). None are characteristics of metabolic flux.

(: (c), there is no net flux at equilibrium, since flux is established by those steps that operate far from equilibrium.

17). When [S] is high for a simple enzymatic reaction, the reaction order changes from 1st order to zero order with respect to [S] because:
a). The enzyme lowers the activation energy of the rate-limiting step of the reaction.

b). The reaction order changes from 1st order to 2nd order with respect to [E].

c). The efficiency of catalysis increases.

d). All of the active sites of the enzyme are saturated with S at high [S].

e). The enzyme should be operating at Vmax.

((d), all of the active sites of the enzyme are saturated with S at high [S].

18). Two of the three active site residues of the Serine Protease, Chymotrypsin, can be chemically inactivated.  Which of the following pairs the correct chemical affinity label with the correct active site residues of Chymotrypsin?

a). Ser 195 inactivated by TPCK and Asp 102 inactivated by DIPF.

b). Ser 195 inactivated by DIPF and His 57 inactivated by TPCK.

c). His 57 inactivated by TPCK and Asp 102 inactivated by DIPF.

d). Ser 195 inactivated by TPCK and His 57 inactivated by DIPF.

e). Asp 102 inactivated by TPCK and Ser 195 inactivated by DIPF.

(: (b), Ser 195 inactivated by DIPF and His 57 inactivated by TPCK.

19). Which of the following accurately describes the equilibrium assumption of Michaelis-Menton kinetics?
a). vo = __Vmax [S]__ 

               KM + [S]

b). _k-1_ = _ [E] [S]_   k-1 >> k2
        k1
           [ES]

c)._d[ES]_ = 0

        dt

d). __1__ = __KM__ + __1__
        vo          Vmax[S]     VMax
e). __kcat__
        KM
(: (b), _k-1_ = _ [E] [S]_   k-1 >> k2
               k1          [ES]

20). Which of the following accurately describes the catalytic strategy and intermediate employed by the RNase A reaction mechanism?

a). Acid-Base Catalysis with a 2, -3’ cyclic intermediate.

b). Acid-Base Catalysis with a tetrahedral intermediate.

c). Covalent Catalysis with a tetrahedral intermediate.

d). Covalent Catalysis with a Schiff Base intermediate.

e). Electrostatic Catalysis with an oxonium intermediate.

(: (a), RNase A utilizes acid-base catalysis to form a 2, -3’ cyclic intermediate.

21). Specific inhibitors are often employed in the study of metabolism to determine the substrates, products, and sequence of the enzymes in a metabolic pathway.  Given the following metabolic pathway, which metabolic intermediate would you expect to accumulate above all others if a specific inhibitor to enzyme 2 were added to a cell?

    E1    E2      E3    E4
A ( B ( C ( D ( E

a). A




b). B

c). C




d). D

e). E

(: (b) B would accumulate.

22). In the reaction catalyzed by Chymotrypsin, which of the following catalytic strategies is not employed by the enzyme?
a). Acid-Base Catalysis.


b). Electrostatic Catalysis.

c). Covalent Catalysis.


d). Transition State Stabilization.

e). None of the Above.

((e), none of the above.
23). Match the appropriate type of inhibition with the resulting effect on kinetic parameters.

a). Competitive inhibition


I). Decreases Vmax
b). Non-competitive inhibition

II). Decreases KM and Vmax
c). Uncompetitive inhibition


III). Increases KM
d). Mixed inhibition



IV). Decreases Vmax + increases KM
(: Competitive inhibition (a) increases KM (III).  Non-competitive inhibition (b) decreases Vmax (I).  Uncompetitive inhibition (c) decreases both KM and Vmax (II).  Mixed inhibition (d) decreases Vmax and increases KM (IV).

24). Which of the following describes the cleavage pattern of the (NAG-NAM)3 hexamer in the presence of water with a heavy oxygen isotope?

a). Cleavage between the D and E sugars with the 18O occupying the C-1 position of the D-sugar.

b). Cleavage between the D and E sugars with the 18O occupying the C-4 position of the E-sugar.

c). Cleavage between the D and E sugars with the 18O occupying the C-1 position of the E-sugar.

d). Cleavage between the D and E sugars with the 18O occupying the C-4 position of the D-sugar.

e). Cleavage between the D and E sugars with the 18O occupying the C-1 position of the D- and E-sugar.

(: (a), cleavage between the D and E sugars with the 18O occupying the C-1 position of the D-sugar.
25). Match the following enzymes to their respective products.

a). Hexokinase





I). DHAP & GAP
b). Phosphoglucose Isomerase


II). Fructose-1, 6-Bisphosphate
c). Phosphofructokinase



III). Pyruvate
d). Aldolase





IV). Phosphoenolpyruvate
e). Triose Phosphate Isomerase


V). Fructose-6-Phosphate
f). Glyceraldehyde-3-Phosphate Dehydrogenase
VI). 3-Phosphoglycerate
g). Phosphoglycerate Kinase



VII). Glucose-6-Phosphate
h). Phosphoglycerate Mutase



VIII). 2-Phosphoglycerate
i). Enolase





IX). 1, 3-Bisphosphoglycerate
j). Pyruvate Kinase




X). GAP
(: a = VII; b = V; c = II; d = I; e = X; f = IX; g = VI; h = VIII; i = IV; j = III.
26). An enzyme is said to be “perfect” when it operates at a diffusion-controlled limit.  What does this imply about the values of Vmax and KM for a “perfect” enzyme?

a). The values of both Vmax and KM are very high.

b). The values of both Vmax and KM are very low.

c). The value of Vmax is very high and the value of KM is very low.

d). The value of Vmax is very low and the value of KM is very high.

e). Nothing is implies by this statement.

(: (c), the value of Vmax is very high and the value of KM is very low.

27). Which scenario best describes the active site of RNase A prior to catalysis?

a). His 12 starts protonated and will initially act as an acid, while His 119 starts deprotonated and will act as a base.

b). His 12 starts deprotonated and will initially act as a base, while His 119 starts protonated and will act as an acid.

c). Both His 12 and His 119 start protonated and will act as acids.

d). Both His 12 and His 119 start deprotonated and will act as bases.

(: (b), His 12 starts deprotonated and will initially act as a base, while His 119 starts protonated and will act as an acid.
28). Certain non-reducing sugars, such as sucrose, are commonly used in combination with buffers to help stabilize protein structure during storage.  Which of the following most accurately describes the nature of a reducing sugar?
a). A reducing sugar has its’ carbon of absolute configuration free to react.

b). A reducing sugar does not have its’ carbon of absolute configuration free to react.

c). A reducing sugar has its’ anomeric carbon free to react.

d). A reducing sugar does not have its’ anomeric carbon free to react.

e). A reducing sugar does not have its’ carbon of absolute configuration or its’ anomeric carbon free to react.

(: (d), a reducing sugar does not have its’ anomeric carbon free to react.

29). What will happen to the value of an enzyme’s kcat (turnover #) if more of the enzyme is added to the enzymatically catalyzed reaction already operating at Vmax?

a). kcat will increase.



b). kcat will decrease.

c). No change.




d). Enzyme efficiency will increase.

e). Enzyme efficiency will decrease.

(: (c), no change.

30). In the Chymotrypsin reaction mechanism, which amino acid residue serves as a potent nucleophile during the formation of the tetrahedral intermediate (covalent catalytic step)?

a). His 57




b). His 119

c). Asp 102




d). Asp 52

e). Ser 195

(: (e), Ser 195.

31). Kinase enzymes and other proteins that utilize ATP as a substrate, product and/or intermediate commonly have a Mg2+ cofactor requirement.  Which is a possible explanation for this commonly observed phenomenon?
a). Mg2+ can stabilize the electrostatic repulsion that facilitates ATP hydrolysis.

b). Mg2+ increases the number of resonance structures, and thus the stability of ATP.

c). Mg2+ prevents water from approaching ATP in the active site.

d). All of the above.

e). What? Where am I? Who are all of these people?  What is ATP???

(: (a), Mg2+ can stabilize the electrostatic repulsion that facilitates ATP hydrolysis.

32). Often times, many different enzymes use the same amino acid in a covalent-catalytic step (Serine Proteases are a notable exception).  Which is the amino acid most commonly utilized in covalent-catalytic steps, and what reaction intermediate is most often formed as a result?

a). Serine, tetrahedral intermediate

b). Lysine, Schiff base intermediate

c). Aspartic acid, amide intermediate

d). Serine, thioester intermediate

e). Histidine, phosphohistidine intermediate

(: (b), Lysine, Schiff base intermediate.

33). For the reaction S (( P (where k1 represents the rate of conversion of substrate to product, and k-1 represents the rate of conversion of product to substrate), what is an accurate rate equation for the forward reaction?

a). v = _-d[S]_




b). v = _d[P]_

   dt





   dt

c). v = k1[S]




d). All of the above

e). None of the above.

(: (d), all of the above.

34). Which of the following accurately describes the measure of catalytic efficiency?

a). Vmax/KM




b). k2[ET]

c). kcat/KM




d). (k-1 + k2)/k1
e). kcat
(: (c), kcat/KM.
35). Which of the enzymes of Glycolysis are irreversible, and which of those enzymes serves as the committed step/flux control?
a). Hexokinase, GAP Dehydrogenase, and Pyruvate Kinase; GAP Dehydrogenase is the committed step.

b). Hexokinase, Phosphofructokinase, and Pyruvate Kinase; Pyruvate Kinase is the committed step.

c). Hexokinase, Phosphofructokinase, and Aldolase; Hexokinase is the committed step.

d). Phosphoglucose Isomerase, Triose Phosphate Isomerase, and Phosphoglycerate Kinase; Triose Phosphate Isomerase is the committed step.

e). Hexokinase, Phosphofructokinase, and Pyruvate Kinase; Phosphofructokinase is the committed step.

(: (e), Hexokinase, Phosphofructokinase, and Pyruvate Kinase; Phosphofructokinase is the committed step.

