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"TOOTHPICKASE" - Enzyme Simulation
 

Introduction: Enzymes are proteins made by living cells.  They act as catalysts 
and affect the rate of a chemical reaction.  For example, the enzyme “amylase” in 
your saliva speeds up the breakdown of starch (the substrate) into simple sugars.  
The enzyme itself does not get used up during the chemical reaction.
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In this activity, the toothpicks represent a substrate and the taped thumbs and index fingers of one of your group members will represent the enzyme, toothpick-ase.  Section 1 of this lab will have you measure the baseline rate of the enzyme’s activity while variables (competitive inhibition and a change in temperature) will be introduced in sections 2 and 3.
Materials: 
· 250 flat toothpicks

· container for toothpicks 
· stopwatch 
Group Roles:  Have one person in the group serve as the enzyme, one as the timer, one as the recorder, and the last person as the counter.  The person acting as the enzyme is to break toothpicks without looking at the plate and all of its products (broken toothpicks).All broken toothpicks must remain in the bowl along with the unbroken toothpicks, & you cannot re-break a broken toothpick!
READ! For each section, make a clear hypothesis stating what you expect your results to show.
Section 1: Baseline measurement of the speed of toothpickase 

Procedure:

-Collect a pile of 100 toothpicks and place them on a plate.   
-Tape the index and middle finger together on the dominant hand of the “enzyme.”  The enzyme acts on the substrate (toothpicks) by breaking them using their taped fingers and thumb – nothing else (like the bottom on the plate, the table, etc.) may be used.  
-The enzyme should break as many toothpicks as they can without looking while being careful not to flip the box and do not remove the broken toothpicks!  
-Record how many toothpicks are broken every 10 seconds.  This should be a running total – do not stop every 10 seconds and restart the count.  The timer should call “time” at every interval and the counter should call out the total number of toothpicks broken at that point in time for the recorder to write down.  Data should be shared amongst group members when all 3 sections are complete!
	Time (seconds)
	#of toothpicks broken
	Rate of reaction

	0
	0
	

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	

	60
	
	

	70
	
	

	80
	
	

	90
	
	


Formula:  Total # of Toothpicks Broken  =  Reaction Rate



Change in Time

Section 1: Hypothesis
What evidence supports or disproves your initial hypothesis?

List and analyze any sources of potential error in this part.  State what could be done to prevent them from being a factor in future trials.

Section 2:  Effects of competitive inhibition on toothpickase

Procedure: 

-Remove any broken toothpicks from Section 1 and put 50 unbroken, regular toothpicks in the box.  

-Count out 50 colored toothpicks and add them into the box.  The enzyme is allowed to break only the regular toothpicks – whenever a colored toothpick is picked up, the counter should say “next” or “no” – some quick (appropriate) verbal queue to let the enzyme know not to break the particular toothpick.  Follow same timing/counting procedure as for Section 1.

	Time (seconds)
	#of toothpicks broken
	Rate of reaction

	0
	0
	

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	

	60
	
	

	70
	
	

	80
	
	

	90
	
	


Section 2: Hypothesis

What evidence supports or disproves your initial hypothesis?

List and analyze any sources of potential error in this part.  State what could be done to prevent them from being a factor in future trials.

Section 3:  Effects of temperature on toothpickase

Procedure:  

-Take all of the colored toothpicks that are intact and neatly put them back in the container.  

-Remove all remaining toothpicks from the box – separate the broken ones and put them in the garbage. 

- Count out 100 whole toothpicks and put them back into the plate.  ., the –The “enzyme” will go ice their “active site” for 3 minutes – make sure this is timed.  After 3 minutes, immediately return to the table and again, follow same timing/counting procedure as for Section 1.
	Time (seconds)
	#of toothpicks broken
	Rate of reaction

	0
	0
	

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	

	60
	
	

	70
	
	

	80
	
	

	90
	
	


Section 3: Hypothesis
What evidence supports or disproves your initial hypothesis?

List and analyze any sources of potential error in this part.  State what could be done to prevent them from being a factor in future trials.

Conclusion instructions:

Graph your data from Part 1-3 and make a key to the graph. Finally, answer the Post-lab questions.
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Post-Lab Questions: 
1) Why were you instructed to leave the broken toothpicks in the box after your broke them?  What did this represent?

2) What happens to the reaction rate as the supply of substrate runs out?

3) What would happen to the reaction rate if more toothpicks were added?

4) What would happen to the reaction rate if more enzymes were added?
5) Write a sentence to describe how mixing in another substrate affects how fast an enzyme works.

6) Write a sentence to describe how temperature affects how fast an enzyme works.

7) What is the optimal operating temperature for enzymes in the human body?

8) What if the enzymes (actual enzymes…NOT your hands!) were put into boiling water for one minute & denatured?  Would the reaction rate return to normal after the active site cooled back down?  Why is this a different result than putting the enzyme in ice water?

9) What would happen to the reaction rate if there were 2 or 3 group members breaking toothpicks at the same time?  What does this represent inside the cell (think about enzyme/substrate concentration)?
10) What is an additional section that you could add to the lab to test another variable’s effect on enzyme function?  Briefly describe the materials and procedure.

