
AP Biology 

Enzyme Free Response Questions   Homework – Due Tuesday, January 14th  

 

Write all responses on a separate piece of paper or word process your responses. Question #1 requires a 

graph.  

 

Question 1 (10 points) 

 
 

Catechol, a natural substance found in plants, reacts with oxygen to produce benzoquinone and water, 

as represented by the chemical equation above.  The reaction is catalyzed in plants by the enzyme 

polyphenol oxidase.  Accumulation of benzoquinone in plant tissue results in the gradual appearance of 

a brown color. 

 

A student observes that lemon juice (pH 2) slows the browning of apple slices.  The student claims that 

lemon juice slows the browning process by altering the activity of polyphenol oxidase.  To test the claim, 

the student distributes equal amounts of dilute catechol solution to 6 identical test tubes.  The pH of 

each solution was adjusted as shown in the table, and the initial absorbance was recorded.  Equal 

amounts of polyphenol oxidase were added to each reaction tube.  After 10 minutes at room 

temperature the absorbance of 389 nm light (A389) was measured for each sample.  Solutions containing 

greater concentrations of benzoquinone absorb more light.  The changes in A389 are shown in the table 

below. 

 
 

(a) Construct an appropriately labeled bar graph to analyze the effect of pH on polyphenol oxidase 

activity. 

 

(b) Based on the experimental results, estimate the optimal pH of the enzyme.  Explain your 

estimate by connecting the experimental results to the structure and function of proteins. 

 

(c) Propose an appropriate control treatment for the experiment, and describe how the control 

treatment would increase the validity of the results. 

 

(d) Genetic engineering can be used to disrupt specific genes in the genome of an organism.  

Predict how the browning of apple slices would be affected in a strain of apples that was 

genetically engineered to lack functional copies of the gene encoding polyphenol oxidase.  

Justify your response. 



Question 2 (3 points) 

 

Enolase is an enzyme that catalyzes one reaction in glycolysis in all organisms that carry out this process. 
The amino acid sequence of enolase is similar but not identical in the organisms. Researchers purified 
enolase from Saccharomyces cerevisiae, a single-celled eukaryotic yeast that grows best at 37°C, and 
from Chloroflexus aurantiacus, a bacterium that grows best at the much higher temperature of 55°C. 
The researchers compared the activity of purified enolase from the two organisms by measuring the 
rate of the reaction in the presence of varying concentrations of substrate and a constant amount of 
each enzyme at both 37°C and 55°C. 
 

(a) Depending on the organism, the optimal pH for enolase to catalyze its reaction is 
between 6.5 and 8.0. Describe how a pH below or above this range is likely to affect enolase and 
its catalytic ability. 
 

(b) Identify the appropriate negative control the researchers most likely used when measuring the 
reaction rate in the presence of each organism’s enolase. 
 

(c) The researchers predict that for any particular concentration of substrate, the C. 
aurantiacus enolase-catalyzed reaction is more rapid at 55°C than at 37°C. Provide reasoning 
to justify the researchers’ prediction. 

 

 

 

Question 3 (3 points) 

 

 
 

A rice grain is a fruit that encloses a seed.  Most of the dry mass of a rice grain is starch.  In rice plants, 

starch is produced by hydrolyzing sucrose and then linking the released glucose molecules together into 

starch (Figure 1).  The optimal temperature range for starch synthase activity in a particular strain of rice 

is 27°C – 30°C.  The optimal temperature range for sucrose synthase in the strain is 30°C – 35°C. 

 

(a) Describe how temperatures above 35°C most likely affect the structure and function of the 

starch synthase in the particular strain.   

 

(b) Using the information provided, predict the most likely consequence to starch content in 

mature rice grains if the rice is grown in an area where the average temperature during the 

growing season is 33°C. 

 

 

 

 

 

 



Question 4 (3 points) 

 

 
 

The graph above shows the initial rate of an enzyme-catalyzed reaction at different substrate 

concentrations in the presence of a constant concentration of the enzyme. 

 

(a) Connect the primary structure of the enzyme to its overall shape. 

 

(b) Predict the effect of adding a noncompetitive inhibitor to the reaction mixture on the rate of 

reaction at a high substrate concentration.  Support your prediction by describing how a 

noncompetitive inhibitor affects the structure and function of an enzyme. 

 

 

 

 


