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1. How enzymes work 

Enzymes are potent catalysts because they:  
 
A) are consumed in the reactions they catalyze.  
B) are very specifi c and can prevent the conversion of products back to substrates.  
C) drive reactions to completion while other catalysts drive reactions to equilibrium.  
D) increase the equilibrium constants for the reactions they catalyze.  
E) lower the activation energy for the reactions they catalyze.  

 
2. How enzymes work 

The role of an enzyme in an enzyme-catalyzed reaction is to:  
 
A) bind a transition state intermediate, such that it cannot be converted back to substrate.  
B) ensure that all of the substrate is converted to product.  
C) ensure that the product is more stable than the substrate.  
D) increase the rate at which substrate is converted into product.  
E) make the free-energy change for the reaction more favorable.  
 

3. How enzymes work 
Which one of the following statements is true of enzyme catalysts? 
 
A) Their catalytic activity is independent of pH. 
B) They are generally equally active on D and L isomers of a given substrate. 
C) They can increase the equilibrium constant for a given reaction by a thousand fold or more. 
D) They can increase the reaction rate for a given reaction by a thousand fold or more. 
E) To be effective, they must be present at the same concentration as their substrate. 

 
4. How enzymes work 

Which one of the following statements is true of enzyme catalysts?  
 
A) They bind to substrates, but are never covalently attached to substrate or product.  
B) They increase the equilibrium constant for a reaction, thus favoring product formation.  
C) They increase the stability of the product of a desired reaction by allowing ionizations, 

resonance, and isomerizations not normally available to substrates.  
D) They lower the activation energy for the conversion of substrate to product.  
E) To be effective they must be present at the same concentration as their substrates.  

 
5. How enzymes work 

Which of the following statements is false?  
 
A) A reaction may not occur at a detectable rate even though it has a favorable equilibrium.  
B) After a reaction, the enzyme involved becomes available to catalyze the reaction again.  
C) For S → P, a catalyst shifts the reaction equilibrium to the right.  
D) Lowering the temperature of a reaction will lower the reaction rate.  
E) Substrate binds to an enzyme's active site.  
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6. How enzymes work 

Enzymes differ from other catalysts in that only enzymes:  
 
A) are not consumed in the reaction.  
B) display specifi city toward a single reactant.  
C) fail to influence the equilibrium point of the reaction.  
D) form an activated complex with the reactants.  
E) lower the activation energy of the reaction catalyzed.  
 

7. How enzymes work 
Compare the two reaction coordinate diagrams below and select the answer that correctly describes 
their relationship.  In each case, the single intermediate is the ES complex. 

 

  
 
A) (a) describes a strict Òlock and keyÓ model, whereas (b) describes a transition-state 

complementarity model.  
B) The activation energy for the catalyzed reaction is #5 in (a) and is #7 in (b).  
C) The activation energy for the uncatalyzed reaction is given by #5 + #6 in (a) and by #7 + #4 

in (b).  
D) The contribution of binding energy is given by #5 in (a) and by #7 in (b).  
E) The ES complex is given by #2 in (a) and #3 in (b).  

 
8. How enzymes work 

Which of the following is true of the binding energy derived from enzyme-substrate interactions?  
 
A) It cannot provide enough energy to explain the large rate accelerations brought about by enzymes. 
B) It is sometimes used to hold two substrates in the optimal orientation for reaction.  
C) It is the result of covalent bonds formed between enzyme and substrate. 
D) Most of it is derived from covalent bonds between enzyme and substrate.  
E) Most of it is used up simply binding the substrate to the enzyme.  
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9. Enzyme kinetics as an approach to understanding mechanism 
The concept of Òinduced fi tÓ refers to the fact that:  
 
A) enzyme specifi city is induced by enzyme-substrate binding.  
B) enzyme-substrate binding induces an increase in the reaction entropy, thereby catalyzing the reaction.  
C) enzyme-substrate binding induces movement along the reaction coordinate to the transition state.  
D) substrate binding may induce a conformational change in the enzyme, which then brings catalytic 

groups into proper orientation.  
E) when a substrate binds to an enzyme, the enzyme induces a loss of water (desolvation) from the 

substrate.  
 
10. Enzyme kinetics as an approach to understanding mechanism 

The benefit of measuring the initial rate of a reaction V0 is that at the beginning of a reaction:  
 
A) [ES] can be measured accurately.  
B) changes in [S] are negligible, so [S] can be treated as a constant.  
C) changes in Km are negligible, so Km can be treated as a constant.  
D) V0 = Vmax.  
E) varying [S] has no effect on V0.  

 
11. Enzyme kinetics as an approach to understanding mechanism 

Which of the following statements about a plot of V0 vs. [S] for an enzyme that follows Michaelis-
Menten kinetics is false?  
 
A) As [S] increases, the initial velocity of reaction V0 also increases.  
B) At very high [S], the velocity curve becomes a horizontal line that intersects the y-axis at Km.  
C) Km is the [S] at which V0 = 1/2 Vmax.  
D) The shape of the curve is a hyperbola.  
E) The y-axis is a rate term with units of µm/min.  

 
 
 
12. Enzyme kinetics as an approach to understanding mechanism 

Michaelis and Menten assumed that the overall reaction for an enzyme-catalyzed reaction could be 
written as 

           k1       k2 
E + S        ES  →  E + P 
           k-1 
 

Using this reaction, the rate of breakdown of the enzyme-substrate complex can be described by the 
expression:  

 
A) k1 ([Et] − [ES]).  
B) k1 ([Et] − [ES])[S].  
C) k2 [ES].  
D) k-1 [ES] + k2 [ES].  
E) k-1 [ES].  

 



Enzyme Study Questions  
BIOC 462a 

 

 
 
 
13. Enzyme kinetics as an approach to understanding mechanism 

The steady state assumption, as applied to enzyme kinetics, implies:  
 
A) Km = Ks.  
B) the enzyme is regulated.  
C) the ES complex is formed and broken down at equivalent rates.  
D) the Km is equivalent to the cellular substrate concentration.  
E) the maximum velocity occurs when the enzyme is saturated.  

 
14. Enzyme kinetics as an approach to understanding mechanism 

An enzyme-catalyzed reaction was carried out with the substrate concentration initially a thousand 
times greater than the Km 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) 13.5 min  
C) 27 min  
D) 3 min  
E) 6 min  

 
15. Enzyme kinetics as an approach to understanding mechanism 

Which of these statements about enzyme-catalyzed reactions is false?  
 
A) At saturating levels of substrate, the rate of an enzyme-catalyzed reaction is proportional to the 

enzyme concentration.  
B) If enough substrate is added, the normal Vmax of a reaction can be attained even in the presence of 

a competitive inhibitor.  
C) The rate of a reaction decreases steadily with time as substrate is depleted.  
D) The activation energy for the catalyzed reaction is the same as for the uncatalyzed reaction, but 

the equilibrium constant is more favorable in the enzyme-catalyzed reaction.  
E) The Mi chaelis-Menten constant Km equals the [S] at which V = 1/2 Vmax.  
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16. Enzyme kinetics as an approach to understanding mechanism 

The following data were obtained in a study of an enzyme known to follow Michaelis-Menten 
kinetics: 

 V0 Substrate added 
 (µmol/min) (mmol/L) 
 Ñ ÑÑ Ñ Ñ Ñ Ñ ÑÑ Ñ Ñ Ñ Ñ  
 217 0.8 
 325 2 
 433 4 
 488 6 
 647 1,000 
 Ñ ÑÑ Ñ Ñ Ñ Ñ ÑÑ Ñ Ñ Ñ Ñ  
 

The Km for this enzyme is approximately:  
 

A) 1 mM.  
B) 1,000 mM.  
C) 2 mM.  
D) 4 mM.  
E) 6 mM.  

 
17. Enzyme kinetics as an approach to understanding mechanism 

For enzymes in which the slowest (rate-limiting) step is the reaction 
 k2 
 ES  →  P 
 

Km becomes equivalent to:  
 

A) kcat.  
B) the [S] where V0 = Vmax.  
C) the dissociation constant, Kd, for the ES complex.  
D) the maximal velocity.  
E) the turnover number.  
 

18. Enzyme kinetics as an approach to understanding mechanism 
The Lineweaver-Burk plot is used to:  
 
A) determine the equilibrium constant for an enzymatic reaction.  
B) extrapolate for the value of reaction rate at infinite enzyme concentration.  
C) i l lustrate the effect of temperature on an enzymatic reaction.  
D) solve, graphically, for the rate of an enzymatic reaction at infinite substrate concentration.  
E) solve, graphically, for the ratio of products to reactants for any starting substrate concentration.  
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19. Enzyme kinetics as an approach to understanding mechanism 

The double-reciprocal transformation of the Michaelis-Menten equation, also called the Lineweaver-
Burk plot, is given by 

 1/V0 = Km /(Vmax[S]) + 1/Vmax. 
To determine Km from a double-reciprocal plot, you would:  
 

A) multiply the reciprocal of the x-axis intercept by −1.  
B) multiply the reciprocal of the y-axis intercept by −1.  
C) take the reciprocal of the x-axis intercept.  
D) take the reciprocal of the y-axis intercept.  
E) take the x-axis intercept where V0 = 1/2 Vmax.  

 
20. Enzyme kinetics as an approach to understanding mechanism 

To calculate the turnover number of an enzyme, you need to know:  
 
A) the enzyme concentration.  
B) the initial velocity of the catalyzed reaction at [S] >> Km.  
C) the initial velocity of the catalyzed reaction at low [S].  
D) the Km for the substrate.  
E) both A and B.  

 
21. Enzyme kinetics as an approach to understanding mechanism 

The number of substrate molecules converted to product in a given unit of time by a single enzyme 
molecule at saturation is referred to as the:  
 
A) dissociation constant.  
B) half-saturation constant.  
C) maximum velocity.  
D) Michaelis-Menten number.  
E) turnover number.  

 
22. Enzyme kinetics as an approach to understanding mechanism 

Vmax for an enzyme-catalyzed reaction:  
 
A) generally increases when pH increases.  
B) increases in the presence of a competitive inhibitor.  
C) is limited only by the amount of substrate supplied.  
D) is twice the rate observed when the concentration of substrate is equal to the Km.  
E) is unchanged in the presence of a uncompetitive inhibitor.  

 
23. Enzyme kinetics as an approach to understanding mechanism 

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) a Glu residue on the enzyme is involved in the reaction.  
B) a His residue on the enzyme is involved in the reaction.  
C) the enzyme has a metallic cofactor.  
D) the enzyme is found in gastric secretions.  
E) the reaction relies on specifi c acid-base catalysis.  
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24.  How enzymes work 
Draw and label a reaction coordinate diagram for an uncatalyzed reaction, S → P, and the same 
reaction catalyzed by an enzyme, E.  

 
25. How enzymes work 

The difference in (standard) free energy content, ΔG'¡, between substrate S and product P may vary 
considerably among different reactions.  What is the signifi cance of these differences?  

 
26. How enzymes work 

For a reaction that can take place with or without catalysis by an enzyme, what would be the effect of 
the enzyme on the: 

(a) standard free energy change of the reaction? 
(b) activation energy of the reaction? 
(c) initial velocity of the reaction? 
(d) equilibrium constant of the reaction?  
 

 
27. How enzymes work 

Sometimes the difference in (standard) free-energy content, ΔG'¡, between a substrate S and a product 
P is very large, yet the rate of chemical conversion, S → P, is quite slow. Why?  
 

28. How enzymes work 
Write an equilibrium expression for the reaction S → P and briefl y explain the relationship between 
the value of the equilibrium constant and free energy.  

 
29. Enzyme kinetics as an approach to understanding mechanism  

Two different enzymes are able to catalyze the same reaction, A → B.  They both have the same Vmax, 
but differ their Km the substrate A.  For enzyme 1, the Km is 1.0 mM; for enzyme 2, the Km is 10 mM.  
When enzyme 1 was incubated with 0.1 mM A, it was observed that B was produced at a rate of 
0.0020 mmoles/minute. a) What is the value of the Vmax of the enzymes? b) What will be the rate of 
production of B when enzyme 2 is incubated with 0.1 mM A?  c) What will be the rate of production 
of B when enzyme 1 is incubated with 1 M (i.e., 1000 mM) A? 
 

30. Enzyme kinetics as an approach to understanding mechanism 
An enzyme can catalyze a reaction with either of two substrates, S1 or S2.  The Km for S1 was found to 
be 2.0 mM, and the Km, for S2 was found to be 20 mM.  A student determined that the Vmax was the 
same for the two substrates.  Unfortunately, he lost the page of his notebook and needed to know the 
value of Vmax.  He carried out two reactions: one with 0.1 mM S1, the other with 0.1 mM S2.  
Unfortunately, he forgot to label which reaction tube contained which substrate. Determine the value 
of Vmax from the results he obtained: 

 
 Tube number Rate of formation of product 

1 0.5 
2 4.8 
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Enzyme kinetics as an approach to understanding mechanism 
Write out the equation that describes the mechanism for enzyme action used as a model by Michaelis 
and Menten.  List the important assumptions used by Michaelis and Menten to derive a rate equation 
for this reaction.  

 
31. Enzyme kinetics as an approach to understanding mechanism 

For the reaction E + S → ES → P the Michaelis-Menten constant, Km, is actually a summary of three 
terms.  What are they?  How is Km determined graphically?  
 

32. Enzyme kinetics as an approach to understanding mechanism 
An enzyme catalyzes a reaction at a velocity of 20 µmol/min when the concentration of substrate (S) 
is 0.01 M.  The Km for this substrate is 1 × 10-5 M. Assuming that Michaelis-Menten kinetics are 
followed, what will the reaction velocity be when the concentration of S is (a) 1 × 10-5 M and (b) 1 × 
10-6 M?  

 
33. Enzyme kinetics as an approach to understanding mechanism 

Give the Michaelis-Menten equation and define each term in it.  Does this equation apply to all 
enzymes?  If  not, to which kind does it not apply?  

 
34. Enzyme kinetics as an approach to understanding mechanism 

A biochemist obtains the following set of data for an enzyme that is known to follow Michaelis-
Menten kinetics. 

 
 Substrate Initial 
 concentration velocity 
 (µM) (µmol/min) 
 Ñ ÑÑ Ñ Ñ Ñ Ñ ÑÑ Ñ Ñ Ñ Ñ  
 1 49 
 2 96 
 8 349 
 50 621 
 100 676 
 1,000 698 
 5,000 699 
 Ñ ÑÑ Ñ Ñ Ñ Ñ ÑÑ Ñ Ñ Ñ Ñ  
 
(a) Vmax for the enzyme is __________.  Explain in one sentence how you determined Vmax.  

(b) Km for the enzyme is _________.  Explain in one sentence how you determined Km.  
 

35. Enzyme kinetics as an approach to understanding mechanism 
Why is the Lineweaver-Burk (double reciprocal) plot more useful than the standard V vs. [S] plot in 
determining kinetic constants for an enzyme?  (Your answer should probably show typical plots.)  
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36. Enzyme kinetics as an approach to understanding mechanism 

An enzyme catalyzes the reaction A → B.  The initial rate of the reaction was measured as a function 
of the concentration of A.  The following data were obtained: 

 
[A ], micromolar V0, nmoles/min 
 0.05 0.08 
 0.1 0.16 
 0.5 0.79 
 1 1.6 
 5 7.3 
 10 13 
 50 40 
 100 53 
 500 73 
 1,000 76 
 5,000 79 
 10,000 80 
 20,000 80 
 
a) What is the Km of the enzyme for the substrate A? 
b) What is the value of V0 when [A] = 43?  

The above data was plotted as 1/ V0 vs. 1/[A], and a straight line was obtained. 
c) What is the value of the y-intercept of the line? 
d) What is the value of the x-intercept of the line?  
 

37. Enzyme kinetics as an approach to understanding mechanism 
The turnover number for an enzyme is known to be 5,000 min-1. From the following set of data, 
calculate the Km and the total amount of enzyme present in these experiments. 

 
 Substrate Initial 
 concentration velocity 
 (mM) (µmol/min) 
 1 167 
 2 250 
 4 334 
 6 376 
 100 498 
 1,000 499 
 
(a) Km = __________.  (b) Total enzyme = __________ µmol.  
 

 
38. Enzyme kinetics as an approach to understanding mechanism 

When 10 µg of an enzyme of Mr 50,000 is added to a solution containing its substrate at a 
concentration one hundred times the Km, it catalyzes the conversion of 75 µmol of substrate into 
product in 3 min.  What is the enzyme's turnover number?  
 

39. Enzyme kinetics as an approach to understanding mechanism 
Fifteen µg of an enzyme of Mr 30,000 working at Vmax catalyzes the conversion of 60 µmol of 
substrate into product in 3 min.  What is the enzyme's turnover number?  
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40. Enzyme kinetics as an approach to understanding mechanism 

How does the total enzyme concentration affect turnover number and Vmax?  
 
41. Enzyme kinetics as an approach to understanding mechanism 

Enzymes with a kcat / Km ratio of about 108 M-1s-1 are considered to show optimal catalytic effi ciency.  
Fumarase, which catalyzes the reversible-dehydration reaction 

 fumarate + H2O            malate 
has a ratio of turnover number to the Michaelis-Menten constant, (kcat / Km) of 1.6 × 108 for the 
substrate fumarate and 3.6 × 107 for the substrate malate.  Because the turnover number for both 
substrates is nearly identical, what factors might be involved that explain the diff erent ratio for the 
two substrates?  

 
 


