TENTH GRADE CURRICULUM EMBEDDED PERFORMANCE TASK—HIGH SCHOOL SCIENCE (CAPT)
ENZYMES
	PARAMETER
	GRADE 10
STRAND IV:  CELL CHEMISTRY AND BIOTECHNOLOGY

	EMBEDDED PERFORMANCE TASK TITLE
	ENZYMES

	YOUR TASK
	You and your lab partner will design and conduct an experiment to determine which enzyme (pectinase or cellulase) or combination of the two enzymes maximizes juice production.

	RESEARCH QUESTION
	Of pectinase, cellulase, and a pectinase/cellulase mixture which enzyme is the BEST for producing apple juice from apple sauce?

	HYPOTHESIS/PREDICTION
	If  pectinase, cellulase, and a pectinase/celluase mixture are added to apple sauce then pectinase will  produce the greatest amount of apple juice because it breaks down the most juice related cellular components.

	EXPERIMENT INDEPENDENT VARIABLE
	Type of enzyme (pectinase, cellulase, or pectinase/cellulose mixture).

	EXPERIMENT DEPENDENT VARIABLE
	Amount (mL) of apple juice produced (collected).

	CONTROL EXPERIMENT
	Apple juice collected from apple sauce with NO added 
enzymes just 10 drops of water.

	VARIABLES THAT MUST BE KEPT CONSTANT
	Same amount of time collecting the apple juice (10 minutes), same amount of apple sauce (50 g), same amount of enzyme (10 drops), same size hole (2 cm) in the filter paper for the apple juice to drain, same type of apple sauce, and the same stirrer (stirring rate).


EXPERIMENTAL DESIGN—ENZYMES
A Connecticut company is in the business of making and selling apple juice.  To make apple juice, apple sauce is strained through filters to remove the juice.  The company would like your help in testing the impact of different enzymes on the production of the apple juice. You will investigate the ability of these enzymes to remove more juice during this process and decide the most cost effective plan to increase juice production. The following is a list of the enzymes along with their prices:




Pectinase:
$  50 per liter




Cellulase:        $100 per liter 

Enzymes are proteins that catalyze chemical reactions in the cells of all living organisms.  Enzymes control many vital functions in the cell, including the release of energy during the breakdown of nutrients into smaller molecules and the synthesis of complex cell materials from the small molecules.  In this lab you will work with two plant enzymes – cellulase and pectinase. 
You have been provided with the following materials and equipment. It may not be necessary to use all of the equipment that has been provided. 
Suggested Materials:

Apple sauce
Droppers

Pectinase enzyme
Stirring rods

Cellulase enzyme
Graduated cylinder

Funnels
Access to tap water

Filter paper
Paper cups

Lab aprons
Access to a watch or clock with a second 

Splash-proof goggles
Access to a balance

Paper towels for cleanup                                         Tap water
PROCEDURE

1. We placed 50 g of apple sauce into 4 separate plastic cups. We labeled the cups A, B, C, and D.

2. Then we added 10 drops of water to cup A, 10 drops of pectinase to cup B, 10 drops of cellulase to cup C, and 10 drops of a pectinase/cellulase 50-50 mixture to cup D.

3. We then stirred each of the mixtures for 10 minutes.

4. We filtered each of the 4 cups of apple sauce with water or enzymes using a coffee filter, a paper funnel, and a graduated cylinder to collect the juice.

5. We then recorded the amount of apple juice in mL that was filtered from each mixture.

                                                        Filtered Apple Juice (mL)
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Amount of Apple Juice Produced (mL)
	(Independent Variable)

Type of Enzyme
	Trial #1

(Dependent Variable)

Amount of Apple Juice Produced (mL)
	Trial #2

(Dependent Variable)

Amount of Apple Juice Produced (mL)
	Trial #3

(Dependent Variable)

Amount of Apple Juice Produced (mL)
	3 Trial

Average

(Dependent Variable)

Apple Juice Produced (mL)

	Control

Experiment
(No Added Enzymes Just 10 Drops of Water )
	2.0 
	1.0
	3.0
	2.0 

	Pectinase
	33.5
	31.0
	28.5
	31.0

	Cellulase
	4.5
	4.0
	3.5
	4.0

	Combination of

Pectinase and

Cellulase
	34.0 
	32.0
	36.0
	34.0
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QUESTIONS
      1. Use the graph and data table to describe the relationship between enzyme type and the
          amount of apple juice produced.

      2.  Was the hypothesis (prediction) supported? Explain!
3.  Do you have enough information to replicate the group's experiment? If you think you 
     don't, write out the information you think you would need.
       4.  In terms of validity why is the 3 trial average better than a single trial?

       5. Explain why you need the tap (pure) water control experiment to draw a valid conclusion?  

       6. A student's conclusion was that cellulase was the worst enzyme to use for making apple 

           juice. Does your data support this conclusion? Explain!

       7. The students concluded that the apple juice company should be using both enzymes in

           combination. Based on the group's experiment and results do you think the group's 

           conclusion is valid? Explain why or why not using quantitative data?
       8. What is wrong with the procedure for making apple juice listed below:
a. We placed apple sauce into 3 separate plastic cups. We labeled the cups X, Y, and Z.

b. Then we added 10 drops of pectinase into cup X, 10 drops of cellulase into cup Y, and 10 drops of pectinase and 10 drops of cellulase into cup Z.

c. We then stirred each of the mixtures.

d. We filtered each of the 3 cups of apple sauce with enzymes using a coffee filter, paper funnel, and cup to collect the juice.

e. We measured the amount of apple juice that was filtered from each mixture.

        9. Identify 5 variables that were held constant in the apple juice experiment?
      10. Explain why it is important for these variables to be held constant.
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