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Toothpickase Activity 
 

Background Information: 

Enzymes are proteins that help speed up (catalyze) chemical reactions without being used up or 
changed by the reactions. Enzymes are able to increase the rate of chemical reactions by lowering 
the activation energy to start the reaction. Each enzyme is specifically designed to fit with a specific 
substrate and the enzyme and substrate link at the active site. Various factors impact enzyme 
activity including pH, temperature, salinity and concentration of the enzyme and/or substrate.   

In this activity, your hand will represent “toothpickase”, an enzyme that aids in breaking apart 
toothpicks (the substrate). Your thumb and forefinger represent the active site at which the toothpick 
can be broken. Enzymes work randomly, so to model this you will complete all tasks with your eyes 
closed. During this activity, you will examine “normal” toothpickase activity and the impact of 
decreased substrate concentration, increased enzyme concentration, and temperature on enzyme 
activity. 

 
Ground Rules: 

• You can use ONLY ONE hand to break the toothpicks in half. 

• Only ONE toothpick may be broken at a time. 

• The toothpick must be broken COMPLETELY in half, or it does not count as a product. 

• Each broken toothpick must go back into the original pile (simulating that products and 
reactants continue mixing during the reaction). 

• Complete all rounds with your eyes CLOSED (simulating the randomness of enzymes) 

 
Lab Roles:  Assign each member of your group one of the following roles: 

1. Toothpickase – This person will break the toothpicks. 

2. Timer – This person will be responsible for timing each part of the procedure and will tell 
toothpickase when to begin and end. 

3. Data Collector/Counter – This person will count the number of toothpicks needed for each 
round and the number of broken toothpicks after each round. 

4. Data Recorder – This person will record all data during each round into the correct table. 
 

Materials: 

• 180 flat toothpicks 

• stopwatch or watch/clock with second hand 

• ice bath 
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Procedures: 

Part I: 

1. Count out 50 toothpicks. 

2. Spread the toothpicks out in a small area on the desk/lab table. 

3. Timer, get the stopwatch ready. 

4. Complete four timed intervals to determine the rate of activity for toothpickase.   

5. When the timer says “GO”, toothpickase will break as many toothpicks as possible (following 
the rules above).   

6. When the timer says, “STOP”, toothpickase will stop and the counter will count how many 
toothpicks were broken. (Remember, the toothpick must be broken COMPLETELY in half to 
count as a product.) 

7. The data recorder will record the total number of toothpicks broken in table 1a.   

8. After each round, all toothpicks, broken and unbroken remain for the next round.  **If 
toothpickase is able to break all toothpicks before the final time interval is finished, record the 
time at which the last toothpick was broken.** 

a. Round 1: 10 second interval 

b. Round 2: 20 second interval (30 seconds total) 

c. Round 3: 30 second interval (60 seconds total) 

d. Round 4: 60 second interval (90 seconds total) 

 

Part II: 

1. Repeat everything from Part I, except this time, spread the toothpicks out over a large area 
(requiring toothpickase to reach far for the toothpicks). Record data from Part II in Table 2a.  
These rounds simulate what happens when the substrate (toothpick) concentration decreases. 

 

Part III: 

1. Repeat everything from Part II, but this time, have two students break apart the toothpicks.  
Keep the toothpicks spread out in a small area, as in Part I. These rounds simulate what 
happens when enzyme concentration is doubled. Record data from Part III in Table 3a. 
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Part IV:  This procedure simulates the affect of lowered temperature on enzyme activity. 

1. Count out 15 toothpicks and place them in a small area on the desk/lab table. 

2. Time how long it takes toothpickase to break apart all 15 toothpicks. Record this data in Table 
4. 

3. Count out another 15 toothpicks, and place them in a small area on the desk/lab table. 

4. Have toothpickase place their hand into an ice bath for 10 seconds. When 10 seconds has 
passed, toothpickase should immediately break apart all 15 toothpicks. Time how long this 
takes and record the data in Table 4. 

 

Data Tables: 

 

Table 1a: 

Toothpickase Activity 

Interval Time (s) Cumulative Time (s) Total # Toothpicks Broken 

10 10  

20 30  

30 60  

60 120  

 

Table 1b: 

Rate of Toothpickase Activity 

Time Interval (s) Rate of Activity (# toothpicks broken/sec) 

0–10  

30–60  

60–120  
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Table 2a: 

Toothpickase Activity—Decreased Substrate Concentration 

Interval Time (s) Cumulative Time (s) Total # Toothpicks Broken 

10 10  

20 30  

30 60  

60 120  

 

Table 2b: 

Rate of Toothpickase Activity—Decreased Substrate Concentration 

Time Interval (s) Rate of Activity (# toothpicks broken/sec) 

0–10  

30–60  

60–120  

 

Table 3a: 

Toothpickase Activity—Doubled Enzyme Concentration 

Interval Time (s) Cumulative Time (s) Total # Toothpicks Broken 

10 10  

20 30  

30 60  

60 120  
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Table 3b: 

Rate of Toothpickase Activity—Doubled Enzyme Concentration 

Time Interval (s) Rate of Activity (# toothpicks broken/sec) 

0–10  

30–60  

60–120  

 

Table 4: 

Conditions Toothpick # Time(s) 

Normal Temperature 15  

Reduced Temperature (after ice 
bath) 

15  

 

Graphs & Calculations: 

1. Create one graph displaying the data from Tables 1a, 2a, and 3a. Graph the total number of 
toothpicks broken over the cumulative time. Appropriately label each axis, and create a legend 
to distinguish between each set of data. 

2. Calculate the reaction rate for 0–10 seconds, 30–60 seconds, and 60–120 seconds using the 
formula shown below. Record the data in Tables 1b, 2b, and 3b. 
 

Formula:  Change in # of Toothpicks Broken   =   Reaction Rate 
                       Change in Time 
 

Analysis Questions: 

1. In this activity, what represented the enzyme?  What represented the substrate? What 
represented the active site? 
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2. What happened to the reaction rate as the number of unbroken toothpicks decreased? Why 
did this happen? 

 

 

3. What happened to the reaction rate when the substrate concentration was decreased? Why? 

 

 

4. What happened to the reaction rate when the enzyme concentration was doubled? Why? 

 

 

5. Using your data from Procedure Part IV, summarize the effect of lowering temperature on 
enzyme activity. 

 

 

6. What might happen to the reaction rate if toothpickase had to wear large, bulky gloves or 
socks over their hands? 

 

 

7. In 3–4 sentences, summarize what you have learned about enzymes during this activity. 

 


