Toothpickase






Name 






This is a lesson in enzyme action, demonstrating the natural increase (or decrease?) in reaction rate, the leveling off of the reaction and the subsequent drop in products produced as the substrate is used up. 
Substrate = Toothpicks    
(analogous to starch)
Enzyme = Toothpickase
(analogous to amylase)
Toothpicks are the substrate to be broken down and your hands are an enzyme, complete with an active site (between your fingers and thumb). Notice that the enzyme (your hand) is much larger than the substrate (toothpicks). As you will be performing the activity with your eyes closed, this simulates the random contact made between substrate and enzyme. The object of the activity is to break as many toothpicks in half as possible in a given time period. 
During the activity, you will also notice that the substrate will not break unless you find just the right spot (the bonding site) and that you will naturally find a maximum rate of reaction, the top speed at which your hands can find and break an enzyme. This speed may lower during the activity as your hands become tired, the pieces are all too small to break and the substrates get more and more scattered in the solution (your playing field). Throughout the activity, notice that the enzyme (your hands) remains unchanged throughout the reaction. 

MATERIALS 
Toothpicks
Clock 

Calculator/Brain

Manipulation Supplies
RULES 

Stay tuned and listen to your teacher.

Trial 1: Initial Reaction of Toothpickase

	Time (seconds)
	Total Number of Toothpicks Broken (product formed)
	Reaction Rate*

	0
	0
	x

	10
	
	

	30
	
	

	60
	
	


Trial 2: Condition tested: 





	Time (seconds)
	Total Number of Toothpicks Broken (product formed)
	Reaction Rate*


	0
	0
	x

	10
	
	

	30
	
	

	60
	
	


*To calculate Reaction Rate (or rate of enzyme activity), use the following equation:

	number of toothpicks brokenfinal – number of toothpicks brokeninitial
timefinal – timeinitial


Complete the Graphs on the other side of this sheet.

When finished graphing, complete Debrief Questions in your journal.

1. What was the enzyme in this activity?

2. What was the substrate in this activity?
3. Where was (“what represented”) the enzyme’s active site for this activity?

4. Think about the first toothpickase reaction (i.e., no manipulation yet). Within that trial, what happened to the product formation over time? Explain why the graph makes sense.

5. Think about the first toothpickase reaction (i.e., no manipulation yet). Within that trial, how did the reaction rates change over time? Explain why that graph makes sense.

6. Think about the second toothpickase reaction. What was your manipulation?

7. Consult other groups. Describe how mixing in another substrate could have affected product formation and reaction rate.

8. Consult other groups. Describe how temperature could have affected product formation and reaction rate.
GRAPHS



1. Create a line graph to show how much product was formed over time for the Initial Toothpickase Reaction. Plot product formed vs. time. 
2. On the same graph, create a line graph to show how much product was formed over time for the Manipulation of Enzyme-Substrate Reaction.
3. Create a key or legend to show the difference in reactions with and without the manipulation.
4. Make sure your graph has a descriptive title, axis labels, and units.

CONCLUSIVE STATEMENT
using evidence from graph:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


5. Create a bar graph to show how reaction rates changed over time for the Initial Toothpickase Reaction. Plot reaction rate vs. time. 
6. On the same graph, create a bar graph to show how reaction rates changed over time for the Manipulation of Enzyme-Substrate Reaction.
7. Create a key or legend to show the difference in reactions with and without the manipulation.
8. Make sure your graph has a descriptive title, axis labels, and units.

CONCLUSIVE STATEMENT
using evidence from graph:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


