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Background 

Enzymes are biological catalysts that increase the rate of a reaction by lowering the energy of activation (Ea) 

required to initiate the reaction. 
 

The rate of a reaction can be measured by quantifying the amount of product produced or the amount of 

substrate remaining.  There are many factors that affect the rate of an enzyme-catalyzed reaction.  The 

concentration of the enzyme, the concentration of substrate molecules, the presence of molecules that may 

interfere with the action of the enzyme, and even the temperature of the system can influence the rate of a 

chemical reaction within a cell. 
 

Objective(s) 

 to model the action of a catabolic enzyme 

 to demonstrate how the rate of an enzyme-catalyzed reaction changes over time 

 to observe the effects of a simulated, competitive enzyme inhibitor 
 

Materials

 flat toothpicks (x100) 

 round toothpicks (x15) 

 timer 

 

Pre-Lab Questions 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Define the following terms: 

a. substrate 

b. active site 

c. inhibitor (competitive and non-competitive) 

d. catabolic 

e. anabolic 

2. Describe the following levels of structure for a protein: primary, secondary, tertiary, quaternary. 

 Use a ruler to recreate the Data Table(s) below neatly on your lab paper, and be sure it is drawn 

approximately the same size
 

Safety 

 There are no special safety precautions for this activity. 
 

Procedure  

In this activity, one person in your group will be responsible for keeping time, while the remaining members 

will assume the role of an enzyme – “toothpickase.”  The enzyme works by breaking flat toothpicks (the 

substrate) into two pieces (the products).  Round toothpicks act as competitive inhibitors for the enzyme and 

cannot be reacted with as are the flat toothpicks. 

1. Verify that you have 100 flat toothpicks and 15 round toothpicks. 

2. Spread out the flat toothpicks on the lab table.  Evenly distribute the round toothpicks so they are 

intermingled with the flat ones. 

3. When the “enzymes” are ready, the timekeeper should start the timer and allow the enzymes 10 seconds 

to catabolize as many flat toothpicks as possible. 

4. After 10 seconds have elapsed, the enzyme activity should be halted to allow for a tally of the number of 

substrate molecules that have been catabolized.  Record the value in the Data Table. 

5. The timekeeper should now allow for the enzymes to function for the times indicated in the Data Table.  

NOTE: The times are cumulative!  

6. Continue until all substrate molecules have been reacted with, or the Data Table is complete. 

 

Toothpickase 
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Data Table 

Time (sec) 
Substrate Metabolized 

(flat toothpicks)  

0  

10  

20  

30  

40  

50  

60  

90  

 

Clean Up 

 dispose of broken toothpicks as instructed 

 everything returned to its original location 
 

Results & Analysis 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Create an appropriate graph to plot the values from the Data Table. 

2. Calculate the rates of reaction for the following time intervals: 

a. 0 – 10 seconds 

b. 10 – 20 seconds 

c. 60 – 90 seconds 

3. Considering the time intervals you analyzed in the previous question, for which interval was the rate of 

reaction the highest?  For which was it the lowest? 

4. Explain why the reactions rates you identified in question #3 vary? 

5. How does a competitive inhibitor influence the action of an enzyme? 


