Name: ________________

Enzymes:Toothpickase

Enzymes are catalysts that are used to speed up the rate of reactions and decrease the activation energy of biochemical reactions.  Catalysts control the rate of the reaction without being consumed themselves, and thus are reusable.  Each enzyme is specific for a reaction, as each enzyme has an active site to which the specific substrate will bond to while the reaction occurs.  In this investigation, you will investigate a number of factors that can affect the rate of an enzyme-facilitated reaction:

Consider that toothpickase is a digestive enzyme. The enzyme toothpickase (your hands) can break down the substrate (toothpicks).  
Part 1: Rate of Product Formation 

Procedure: 

1. Count out 100 toothpicks and place in bowl.  

2. One team member will be the enzyme, one will be the timer, and one will record data.
3. The enzyme will break toothpicks without looking at the bowl and its products (broken toothpicks).  The enzyme will break as many toothpicks as possible in 10-second intervals.  All broken toothpicks must remain in the bowl along with the unbroken toothpicks and do not re-break a broken toothpick!  The enzyme may only break one toothpick at a time.  When counting toothpicks, two halves equal a whole broken toothpick.
4. Continue breaking and counting toothpicks in 10-second intervals, up to a total of 90 seconds.   
Record how many toothpicks are broken in 10-second intervals.

	Time (seconds)
	Number of toothpicks broken

	0
	

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	

	70
	

	80
	

	90
	


1. How does the number of toothpicks broken change over time?

2. Graph the data, remembering independent and dependent variables.

Part 2:  Effect of Substrate Concentration on Reaction Rate

(adding another substrate into the mix)

Procedure: 

1. Add 100 paperclips to the bowl of broken and unbroken toothpicks. 

2. Switch team member roles: enzyme, timer, and recorder
3. The enzyme will break as many toothpicks as possible in 10-second intervals without looking at the bowl.  All broken toothpicks must remain in the bowl along with the unbroken toothpicks and do not re-break a broken toothpick!  
4. Continue breaking and counting toothpicks in 10-second intervals, up to a total of 90 seconds.   
Record how many toothpicks are broken in 10-second intervals.
	Time (seconds)
	Number of toothpicks broken

	0
	

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	

	70
	

	80
	

	90
	


1. How does adding in a second substrate affect the enzyme?  

2. Add your data to the graph, being sure to label the two lines appropriately. 

Part 3:  Effect of Temperature on Reaction Rate

Procedure: 

1. Count out 10 toothpicks and time how long it takes the enzyme to break these 10 toothpicks without looking. 

2. Place the enzyme’s hands in ice water for 10 minutes.  

3. Count out 10 more toothpicks, and again time how long it now takes the enzyme to break the toothpicks. 

	Temperature
	Time (seconds)

	Room temperature toothpickase
	

	Cold 

toothpickase
	


1. How does temperature affect the enzyme?

Lab Conclusions:

1. What is an enzyme? What functions do enzymes serve in living things?

2. What is a substrate?  

3. Discuss 2 factors that affect how enzymes function:

a. Describe how mixing in another substrate affects the reaction rate.

b. Describe how temperature affects how fast an enzyme acts.  Explain what would happen to an enzyme-facilitated reaction if the temperature were significantly increased.  What is the optimal temperature (oC) for enzymes functioning in the human body?

4. What happens to the reaction rate as more product is formed (the supply of unbroken toothpicks diminishes)

5. Research and explain 2 examples of enzymes at the grocery store or in manufacturing processes.  

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	











