Effects of Temperature on the Enzyme Peroxidase

Introduction

The compound hydrogen peroxide, H2O2, is a byproduct of metabolic reactions in most living things. However, hydrogen peroxide is damaging to delicate molecules inside cells. As a result, nearly all organisms contain the enzyme peroxidase, which breaks down H2O2 as it forms. Potatoes are one source of peroxidase. Peroxidase speeds up the breakdown of hydrogen peroxide into water and gaseous oxygen. This reaction can be observed by the evolution of oxygen gas bubbles.

Problem 

Does the enzyme peroxidase work in cold temperatures? Does peroxidase work better at higher temperatures? Does peroxidase work after being frozen or boiled? At what temperature does the enzyme peroxidase have the most activity? What happens to the enzyme at low and high temperature?

Hypotheses 

Make a hypothesis regarding how you think temperature will affect the rate at which the enzyme peroxidase breaks down hydrogen peroxide. Consider both low and high temperatures. 

Objectives 

Observe the activity of an enzyme. 

Compare the activity of the enzyme at various temperatures. 

Examine the affects of denaturing an enzyme.

Understand how to develop a detailed procedure.

Materials 

clock

ice

250-mL beaker

hot plate

potato corer

waxed paper

tongs

potato

3% hydrogen peroxide 

thermometer

scalpel

NaCl

Safety Precautions 

Be sure to wash your hands before and after handling the lab materials. Always wear goggles in the lab. Use caution with hot and cold materials. Follow all lab safety procedures.

Procedure

1. Prepare a hot water bath and a cold water bath to immerse your potato cores. Do not start the process of heating or cooling yet. The baths should be between 250 and 500 ml, large enough to enable you to put all of the potato cores and water. In the baths, you will need to have a thermometer to record the temperature change. The thermometer should be suspended so that it is not touching the sides or bottom of the beaker.

2. Slice, using a potato corer and scalpel, pieces of potato that are of equal diameter and length. The length should be around 10mm. Remove all skin or uneven pieces to avoid discrepancies in the results from differences in samples.

3. When all of the potato cores are ready, place 5 cores for each temperature gradient to be tested into the appropriate beaker.

4. When heating a thin potato slice, first place it in a small amount of water in a beaker. Then heat the beaker slowly using a hot plate so that the temperature of the water and the temperature of the slice are always the same to avoid burning the potato.

5. Repeat the same procedure to cool the potato cores. You will use a bath of ice and salt water to cool the samples.

6. To test for peroxidase activity, looking through a dissecting microscope at the potato add 1 drop of hydrogen peroxide to the potato slice and observe what happens. Formation of gas bubbles represents a positive reaction. Rate the reactions on a scale from 0 to 3 with 0 being no reaction and 3 being the highest reaction.

7. When heating a thin potato slice, first place it in a small amount of water in a beaker. Then heat the beaker slowly so that the temperature of the water and the temperature of the slice are always the same to avoid burning the potato. 

CAUTION: 

Be careful with chemicals and heat. Wash your hands after the lab. 

Analyze and Conclude 

1. Develop a graph to represent your data that shows the activity range of peroxidase.

2. Do your data support or reject your hypothesis? Explain your results. 

3. At what temperature did peroxidase work best? 

4. Explain what it means to denature an enzyme?

5. What factors did you need to control in your tests? 

6. If you’ve ever used hydrogen peroxide as an antiseptic to treat a cut or scrape, you know that it foams as soon as it touches an open wound. How can you account for this observation?

7. Why is it important for organisms to regulate internal temperatures or metabolic processes at different temperatures?
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