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Enzyme Action


Student Inquiry Worksheet


Enzyme Action
Driving Questions

Enzymes require specific environmental conditions to function. 

· What are the differences in enzyme function in room-temperature, chilled, and heated conditions?

Background

Enzymes are naturally occurring proteins found in living cells. Enzymes function as catalysts, helping to speed up reactions.  

Like catalysts in other chemical reactions, enzymes are not consumed during the reaction, but help turn the substrate into the final product. Once the final product is released from the enzyme, it is available to pick up additional substrate (substance acted on by an enzyme) and catalyze another reaction. Enzymes are substrate-specific. This is called enzyme specificity. Only one type of molecule can fit into the active site of the enzyme and have the reaction proceed. 
Many factors affect how well enzymes are able to function. All enzymes have an optimal temperature and pH at which they have maximum efficiency. Enzymes found in most human cells typically work best at 37 °C and pH 7. Enzymes in the acidic environment of the stomach are adapted to work best at pH 2. Some enzymes are found in virtually all living organisms and have a wide range of optimal temperatures and pH. When an enzyme's environment strays too far away from its optimal pH and temperature, its protein structure unravels and the enzyme will no longer function. This process is called denaturing. Once an enzyme becomes denatured, it will never return to its original structure and will never function properly again.  

An important example of an enzyme is catalase. The name, catalase, should not be confused with "catalyze" or "catalysis." Many enzymes end with the letters "ase." Enzymes catalyze (speed up) reactions. Catalase catalyzes the following reaction:
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Most living cells produce the enzyme, catalase. It breaks down the toxic substance, hydrogen peroxide (H2O2), into water and oxygen gas.
Materials and Equipment

For each student or group:

	· Data collection system
	· Tongs

	· Oxygen gas sensor
	· Catalase source: yeast suspension

	· Sampling bottle (provided with the sensor)
	· Hydrogen peroxide, 3%

	· Graduated cylinder, 25-mL
	· Ice, crushed or cube

	· Beaker (2), 1-L 
	· Water, 500 mL

	· Beaker, 500-mL
	· Water, distilled, 500 mL

	· Test tube (2)


Safety

Follow all standard laboratory procedures.
Sequencing Challenge
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catalase

2HO2HOO(gas)

®+

The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note: When students see the symbol "�" with a superscripted number following a step, they should refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There they will find detailed technical instructions for performing that step. Please make copies of these instructions available for your students.
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Set Up 
1.
(
Start a new experiment on the data collection system. �(1.2)

Note: your teacher may have already completed the next two steps for you.

2.
(
Heat 10 mL of fresh yeast suspension. 

a.
Pour 200 mL of water into a beaker.

b.
Put the beaker on a hot plate, and heat the water to a gentle boil. 
c.
Once the water is boiling, pour 10 mL of fresh yeast suspension into a test tube. 
d.
Heat the test tube in the boiling water for 10 to 15 minutes. 

3.
(
Chill 10 mL of fresh yeast suspension. 

a.
Pour 10 mL of fresh yeast suspension into a test tube. 
b.
Put the test tube into a beaker and pack crushed or cube ice around the test tube. 
c.
Add some water to the ice. 
d.
Cool the test tube in the ice for 10 to 15 minutes. 

Note: While you are waiting for the above items to heat or cool, you may begin working on the rest of the activity.

4.
(
Plug the end of the cable of the oxygen gas sensor into the connector on the top of the oxygen gas sensor. 

5.
(
Connect the oxygen gas sensor to your data collection system. �(2.1)
6.
(
Calibrate the O2 sensor. �(3.5)
7.
(
Display O2 concentration (%) on the y-axis versus Time on the x-axis of a graph. �(7.1.1) 
Collect Data 

Part 1 – Catalase + hydrogen peroxide
Note: It is especially important to rinse your graduated cylinder between the measurements in this lab.
8.
(
Pour 10 mL of 3% hydrogen peroxide into the sampling bottle. 

9.
(
Add 40 mL of distilled water to the hydrogen peroxide in the sampling bottle.

10.
(
Add 10 mL of fresh, room-temperature, yeast suspension to the dilute hydrogen peroxide solution in the sampling bottle. 

11.
(
Loosely insert the oxygen-sensing element into the sampling bottle. 

12.
(
Start data recording. �(6.2) 
13.
(
Adjust the scale of the graph to show all data. �(7.1.2)
14.
(
Describe what you see happening in the solution. What do you think those "bubbles" are?
15.
(
What is happening to your O2 (%) concentration?
16.
(
Record data for 300 seconds (or until the oxygen level stabilizes). Then, stop data recording. �(6.2)
17.
(
Remove the oxygen-sensing element from the sampling bottle. 
18.
(
Dispose of the contents of the bottle as directed and rinse the bottle thoroughly. 

Part 2 – Chilled catalase + hydrogen peroxide
19. ( Pour 10 mL of 3% hydrogen peroxide into the sampling bottle. 

20. ( Add 40 mL of distilled water to the hydrogen peroxide in the sampling bottle.

21. ( Add 10 mL of the chilled yeast suspension to the sampling bottle.

22. ( Loosely insert the oxygen-sensing element into the sampling bottle. 

23. ( Start data recording. �(6.2) Adjust the scale of the graph to show all data. �(7.1.2)
24.
(
Do you expect oxygen to be produced at a faster or slower rate when the enzyme is cold? Explain your answer.
25. ( Record data for 300 seconds (or until the oxygen level stabilizes). Then, stop data recording. �(6.2)
26.
(
Remove the oxygen-sensing element from the sampling bottle. 
27.
(
Dispose of the contents of the bottle as directed and rinse the bottle thoroughly. 
Part 3 – Heated catalase + hydrogen peroxide
28.
(
Pour 10 mL of 3% hydrogen peroxide into the sampling bottle. 

29.
(
Add 40 mL of distilled water to the hydrogen peroxide in the sampling bottle.

30.
(
What do you think would happen if the hydrogen peroxide was not diluted with water?
31.
(
Add 10 mL of the heated yeast suspension to the sampling bottle.

32.
(
Loosely insert the oxygen-sensing element into the sampling bottle. 

33.
(
Start data recording. �(6.2) Adjust the scale of the graph to show all data. �(7.1.2)
34.
(
Do you expect oxygen to be produced at a faster or slower rate after the enzyme has been heated? Explain your answer.
35.
(
Record data for 300 seconds (or until the oxygen level stabilizes) and then stop data recording. �(6.2)
36.
(
Remove the oxygen-sensing element from the sampling bottle. 
37.
(
Dispose of the contents of the bottle as directed and rinse the bottle thoroughly. 
38.
(
Save your experiment, �(11.1) and clean up the equipment and work area. 

Data Analysis

1.
(
Using available tools on your data collection system find values for the initial and final O2 gas percentages. �(9.1) Record these changes in Table 1.

2.
(
Calculate the change in O2 (%); then calculate the rate of change, where 
the rate of change = [change in O2 (%)] ÷ 5 minutes. Record these in Table 1. 

Table 1: Oxygen measurements at room temperature, and for chilled and heated yeast
	
	Initial O2 Gas (%)
	Final O2 Gas (%)
	Change in O2 (%)
	Rate 
(per minute)

	Room Temp.
	
	
	
	

	Chilled
	
	
	
	

	Heated
	
	
	
	


3.
(
Graph your data for O2 concentration versus Time. Label the overall graph, the x-axis, the y-axis, and include units on the axes. Label the data for each trial: room-temperature, chilled, and heated yeast.
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Analysis Questions

1.
What does the graph of the reaction between hydrogen peroxide and catalase tell you about enzyme activity?
2.
Describe the effect that cooling the catalase before adding it to the hydrogen peroxide had on the reaction. If you saw no change, what does that tell you about the optimal temperature range of catalase?
3.
Describe the effect that heating the catalase to boiling before adding it to the hydrogen peroxide had on the reaction. How did the effect of cooling compare to the effect of boiling the catalase? How can you explain the difference between these two trials?

Synthesis Questions
Use available resources to help you answer the following questions.

1.
Why are enzymes important in biological systems? What would happen to cells if enzymes were not present?

2.
Many human disorders are caused by malfunctioning enzymes. People who are "lactose intolerant" typically become ill after eating dairy products that contain the sugar lactose. What is the function of the enzyme lactase? Is there anything these people can do to be able to properly digest the lactose?
3.
What temperature and pH do you think are optimal for enzymes found in human cells? If an enzyme is found in the stomach, do you think its optimal pH range is the same as enzymes found in cells in different body locations? Explain your answer.
4.
Using what you have learned about a heated enzyme and the optimal temperature range of enzymes, explain why fevers over 40.5 oC (105 oF) are so dangerous in humans.

5.
Knowing that catalase is found in all human cells, explain why hydrogen peroxide fizzes when you apply it to a cut.

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following is the correct substrate-enzyme relationship?

A.
Lactose-catalase 

B.
Starch-amylase
C.
Bile-glutanase

D.
Glucose-polymerase

2.
 What does the term "enzyme specificity" refer to? 

A.
Enzymes are made in a specific part of the cell. 

B.
An enzymes can only bind to a specific substrate. 

C.
One enzyme can catalyze many different reactions. 

D.
Substrates are transported to enzymes along the electron transport chain.

3.
Enzymes are what kind of substance?
A.
Lipids

B.
Carbohydrates

C.
Nucleic Acids

D.
Proteins

Key Term Challenge 

Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
Enzymes are found in the cells of living organisms. Their main function is to ______________, or speed up, chemical reactions that occur in the cell. Enzymes are not ______________ during the reaction and therefore are available to catalyze another reaction immediately. Each enzyme has a different job, and many enzymes must work together to keep an organism alive and healthy. Enzymes all have an optimal ______________ and pH range in which they can function properly. In your body, for example, enzymes work best when your temperature is normal (around 37 oC). If the environmental conditions are outside the normal range, enzymes lose some of their ability to catalyze reactions or may even be ______________ and not function at all.

2.
In the human body, the liver has several enzymes that act on certain toxic or poisonous compounds by removing hydrogen atoms from the poisons and transferring them to oxygen molecules. This detoxifies the poison, but it creates a new compound, hydrogen peroxide (H2O2), which can be ______________ to the organism. Fortunately, there is another enzyme in the liver that helps break down the hydrogen peroxide into ______________ and ______________. This enzyme is known as ______________. Most living organisms have catalase inside their cells. 
Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	
	

	catalyze
consumed

denatured

produced

substrates

temperature
	beneficial

dangerous

glucose

carbon dioxide

catalase
lactase

oxygen 
water


	
	











Measure a base-line reading of oxygen production when hydrogen peroxide is added to the yeast solution at room temperature.























Gather all materials and equipment to perform the activity.











Measure the production of oxygen using yeast that has been chilled. Repeat using yeast that has been heated.











Analyze your data and compare your results with your predictions. Determine the effect of temperature on the activity of catalase.











Clean up all equipment and put everything away.
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