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Question
Inquire into factors that may affect the activity of the catalase enzyme.
Hypothesis

Make a prediction: 
Background Information

Provide information to support and explain your hypothesis.
Variables

Independent variable:

Dependent variable:

Operational Definition:

Constants:

Materials
· pH 3 HCl (hydrochloric acid) solution

· pH 11 NaOH (sodium hydroxide) solution

· 3 test tubes 

· test tube rack 

· hot water bath 

· ice bath

· 10ml graduated cylinder 

· 50 mL flask
· transfer pipette
· 3% H2O2 (hydrogen peroxide) solution
· test tube holders (for hot water bath) 

· safety glasses
· safety gloves
· catalase solution (liver extract)
· gas collection apparatus
Methods
Safety: HCl and NaOH are strong acids and bases. If you spill these chemicals on your skin, immediately wash in running water. Wear safety glasses and gloves at all times. Be careful of hot water and hot plates.
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Gas collection apparatus
Temperature:

1. Label 3 test tubes hot, cold and room temp.
2. Pipette 2mL of catalase solution into each labeled test tube.
3. Add 4ml of distilled water to each test tube containing catalase solution.
4. Place the test tube into the appropriate temperature environment for 3 minutes. (Do one temperature at a time, and then repeat). 
5. After 3 minutes, remove the test tube from the temperature environment (allow the hot test tube to cool).
6. Add the enzyme/water solution to the flask.

7. Prepare the gas collection apparatus according to the instructor’s directions. Be sure to clear the hose of air and to have the end of the hose up in the air bubble in the graduated cylinder.
8. Prepare 1ml of H2O2 in a syringe and attach to the gas collection apparatus.
9. Record the level of air in the graduated cylinder.

10. Add the H2O2 to the flask.
11.  Wait one minute while reaction occurs then measure the level of air in the graduated cylinder.  Record the number.

12. Repeat with the other temperature conditions.

pH:

1. Pipette 2mL of catalase solution into the flask.
2. Test the pH of each solution by dropping a small amount onto pH paper. Record the level.
3. Add 4mL of the pH 3 solution (repeat later with pH 11 and with water). 

4. Mix by swirling. Wait 5 minutes.
5. Prepare the gas collection apparatus according to the instructor’s directions. Be sure to clear the hose of air and to have the end of the hose up in the air bubble in the graduated cylinder.
6. Prepare 1ml of H2O2 in a syringe and attach to the gas collection apparatus.
7. Record the level of air in the graduated cylinder.

8. Add the H2O2 to the flask.
9.  Wait one minute while reaction occurs then measure the level of air in the graduated cylinder. Record the number.

10. Repeat with the other pH conditions.

Substrate concentration:
1. Prepare different substrate concentrations of the H2O2 solution: add 2mL of H2O2 and 1mL of H2O to a small beaker labeled 2%; add 2mL of H2O2 and 2mL of H2O to a small beaker labeled 1.5%.
2. Pipette 2mL of catalase solution into the flask.
3. Add 4ml of distilled water to the flask containing catalase solution.
4. Mix by swirling. 
5. Prepare the gas collection apparatus according to the instructor’s directions. Be sure to clear the hose of air and to have the end of the hose up in the air bubble in the graduated cylinder.
6. Prepare 1ml of the appropriate concentration of H2O2 solution (3%, 2%, or 1.5%) in a syringe and attach to the gas collection apparatus.
7. Record the level of air in the graduated cylinder.

8. Add the H2O2 to the flask.
9.  Wait one minute while reaction occurs then measure the level of air in the graduated cylinder. Record the number.

10. Repeat with the other substrate concentration.

Results

Include raw data, processed data, and a written description of the data.
Conclusion 
Was your hypothesis supported by the results? Explain the significance of the data in relation to your question and hypothesis.
Evaluation 
What sources of experimental error may have existed? 
How can the investigation be improved?
What new experimental questions do you have about enzyme activity?
