Enzyme Action:
Testing Catalase Activity

Pre-Lab Questions (please refer to lab and textbook to answer the following questions on a separate sheet of paper):

1. What do catalysts do?

2. Explain what this equation means: E + S ( ES ( E + P

3. Identify the enzyme, substrate, and products in our experiment.

4. Explain how pH might affect an enzyme and the rate of the reaction.

5. Explain how salt might affect an enzyme and the rate of the reaction.

6. Explain how temperature might affect an enzyme and the rate of the reaction.

7. Explain how the concentration of the enzyme might affect the rate of the reaction.

8. Explain how activators and inhibitors might affect an enzyme and the rate of the reaction.

9. Explain how the concentration of the substrate might affect the rate of the reaction.

10. Describe catalase & explain why it is so essential that it would be found in all aerobic (oxygen-dependent) organisms.

11. What does the curved line in the graph on page 1 indicate?

12. Why is the initial reaction rate usually faster than the rate as the reaction proceeds?

13. What is the formula for determining the initial rate of reaction?

14. Explain in words what this means.

15. In our experiment what will we measure to determine the rate of reaction?

16. Write down your assigned variable.

17. Describe how you might vary this factor in order to experimentally explore the relationship between your assigned variable and the rate of the reaction (decomposition of hydrogen peroxide). BE SPECIFIC. Describe how you will use the materials provided to accomplish this.

18. Describe the steps you will take to attempt to ensure that the experiment is controlled (i.e., how will you attempt to minimize the effects of other variables?)

BACKGROUND INFORMATION

Many organisms can decompose hydrogen peroxide (H2O2) enzymatically. Enzymes are globular proteins, responsible for most of the chemical activities of living organisms. They act as catalysts, as substances that speed up chemical reactions without being destroyed or altered during the process. Enzymes are extremely efficient and may be used over and over again. One enzyme may catalyze thousands of reactions every second. Both the temperature and the pH at which enzymes function are extremely important. Most organisms have a preferred temperature range in which they survive, and their enzymes most likely function best within that temperature range. If the environment of the enzyme is too acidic or too basic, the enzyme may irreversibly denature, or unravel, until it no longer has the shape necessary for proper functioning.

H2O2 is toxic to most living organisms. Many organisms are capable of enzymatically destroying the H2O2 before it can do much damage. H2O2 can be converted to oxygen and water, as follows:

2 H2O2  2 H2O + O2 

Although this reaction occurs spontaneously, enzymes increase the rate considerably. At least two different enzymes are known to catalyze this reaction: catalase, found in animals and protists, and peroxidase, found in plants. A great deal can be learned about enzymes by studying the rates of enzyme-catalyzed reactions.
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In this experiment, you will measure the rate of enzyme activity under various conditions, such as different enzyme concentrations, pH values, and temperatures. It is possible to measure the pressure of oxygen gas formed as H2O2 is destroyed. If a plot is made, it may appear similar to the graph shown.

At the start of the reaction, there is no product, and the pressure is the same as the atmospheric pressure. After a short time, oxygen accumulates at a rather constant rate. The slope of the curve at this initial time is constant and is called the initial rate. As the peroxide is destroyed, less of it is available to react and the O2 is produced at lower rates. When no more peroxide is left, O2 is no longer produced.
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Figure 1

Objectives

In this experiment, you will

· use a computer and gas pressure sensor to measure the destruction of hydrogen peroxide by the enzyme catalase or peroxidase at various enzyme concentrations.

· measure and compare the initial rates of reaction for this enzyme when different concentrations of enzyme react with H2O2.
· use a computer to measure the destruction of hydrogen peroxide by the enzyme catalase or peroxidase at various temperatures.

· measure and compare the initial rates of reaction for the enzyme at each temperature.
· use a computer to measure the destruction of hydrogen peroxide by the enzyme catalase or peroxidase at various pH values.

· measure and compare the initial rates of reaction for the enzyme at each pH value.

MATERIALS

	Power Macintosh or Windows PC
	600-mL beaker

	Vernier computer interface
	enzyme suspension (1 drop doses)

	Logger Pro
	four 18 X 150 mm test tubes

	Vernier Gas Pressure Sensor 
	ice

	Graphical Analysis (optional)
	pH buffers

	1-hole rubber stopper assembly
	test tube rack

	10-mL graduated cylinder
	thermometer

	150-mL beaker of water
	three dropper pipettes

	3% H2O2 (3mL doses)
	Hot plate


METHODS

To be written with lab group on the first day of lab (i.e., everyone in the lab group should have the same procedure—approved by instructor-- written out by the end of the block)

1. Write out the purpose/ objective of your group’s experiment.

2. Write out your group’s hypothesis (make SPECIFIC predictions on the optimal range, in terms of enzyme activity).

3. Write out a step-by-step protocol/ procedure to test your hypothesis (make sure your experiment is “controlled”).

4. Create a table to be used to collect your raw data.

5. (Perform as many trials as time allows.)

Refer to the following protocols in your methodology when applicable

Set-Up:

1. Obtain goggles.
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Figure 2

2.
Connect the plastic tubing to the valve on the Gas Pressure Sensor. If your sensor has     a blue plastic valve on it, place the valve in the position shown in Figure 2.

3.  Set up test tube, connect to pressure sensor.
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Figure 3
Data Collection:


  1.
    Stopper the test tube and gently swirl to thoroughly mix the contents. The reaction should begin. The next step should be completed as rapidly as possible.


2.
Connect the free-end of the plastic tubing to the connector in the rubber stopper as shown in Figure 3. Click the arrow button just below the screen to begin data collection.  After three minutes, to end data collection, press the arrow button again.


3.
If the pressure exceeds 130 kPa, the pressure inside the tube will be too great and the rubber stopper is likely to pop off. Disconnect the plastic tubing from the Gas Pressure Sensor if the pressure exceeds 130 kPa.


4.
When data collection has finished, disconnect the plastic tubing connector from the rubber stopper. Remove the rubber stopper from the test tube and discard the contents in a waste beaker.


To find the rate of enzyme activity:

a. Use the stylus to highlight the graph by placing the tip at the point where the data values begin to increase and dragging it across the screen to the point where the pressure values begin to taper off or decrease.

b.  Click the analyze button, then “curve fit,” and check the pressure box.  Under the “fit equation” dropdown menu, click on “linear.”  The formula for the best fit line of your graph will appear.

c. Record the slope of the line, m, as the rate of enzyme activity in your data table.

Close the linear regression floating box.

Post-Lab/ Data Analysis

1. From the slopes you have obtained through the pressure vs. time graphs, construct a separate graph that represents the relationship between enzymatic activity and the variable you are examining.  (Make sure the graph is correctly labeled) 

2. Sketch graphs predicting the results of the other groups (temperature, pH, enzyme concentration). Explain the chemistry/ physics that form the basis of your predictions. 
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