Stuyvesant High School                                                 Department of Biology & Geo-Science


Nedwidek revised LABORATORY  EXERCISE  #6

FACTORS THAT AFFECT ENZYME ACTIVITY

INTRODUCTION
Enzymes are biological catalysts responsible for speeding up the rate of most of the reactions occurring in living organisms. In turn, there are many physical factors that affect how well an enzyme works in a reaction. In this laboratory, you will investigate the effect some of those factors have on an enzyme, catalase, which facilitates this reaction:

        catalase

                                                2H2O2 --------------> 2H2O + O2
                                            (Substrate)                 (Products)

Notice that one of the products of this reaction is oxygen gas. The bubbles of oxygen will cling to the filter paper and make it buoyant, so that it will eventually float to the top of the reaction container! You will use this phenomenon to measure the reaction rates of catalase in different conditions. 

You will be using a living yeast culture as the source of your enzyme. Do not spill it.
STUDENT OBJECTIVES

1. Determine the effects of certain factors on enzyme action.

2. Review experimental design.

3. Interpret charts from data.

PRE-LAB QUESTIONS: Read section on biological reactions and enzymes in your text. Answer the following questions IN YOUR HEAD.  NED IS NOT COLLECTING THIS SEPARATELY:

1. What type of biomacromolecule is an enzyme?

2. Name three factors that affect the tertiary structure of proteins.

3. What happens when a protein is denatured?

4. Diagram the reaction course of any exergonic reaction. Show what happens when a  

catalyst is added. Label reactants, products and activation energy.

5. Write the simplified equation for any enzyme-driven reaction.

6.    Diagram a simple model for enzyme action.

MATERIALS

50ml beakers, 125ml Flask, forceps, graduated cylinder, filter paper disks, pH paper, timer or stopwatch, water bath, ice bath, H2O2 solution, yeast solution, 0.1 N NaOH, 0.1N HCl. 

PROCEDURE: 

1. From your pre-lab investigation, list some of the factors you believe will affect the way the catalase will do its job. Again, Ned is not collecting this separately, which of course means you will all pore over it with the diligence and drive of the typical Stuyvesant superhuman student.

                                   Factor                                 

a._____________________________________

b._____________________________________                   

c._____________________________________

d._____________________________________

2. Find the data collection charts in the Laboratory Report to keep track of the information you collect.
3.   Establish a baseline reaction rate.  For your purposes, this is a positive control for the rise time.  (By way of reference, a disk without yeast would be a negative control, as it would have no rise time.)

a. Pour about 15 ml of the substrate solution, which is H2O2 in this lab, into a 25 ml beaker. Use the pH paper to determine the pH of this solution.

b. Add a filter paper disk soaked only in water to the substrate solution. It should sink to the bottom and remain there. This is your negative control. 

c. Next add a filter paper disk soaked in the yeast solution to the same substrate solution. It should immediately sink to the bottom.

d. Record the TIME it takes for the disk soaked in yeast solution to rise to the top of the solution. Save the substrate solution for next steps. 

e. Repeat steps c & d two more times with fresh yeast soaked disks.

f. Average your times and record this on the class data sheet. Please note that the concentrations of the yeast solutions between groups are different, the baseline reaction rates might be different between groups.

4.   How does the pH of the solution affect reaction rate?

      Now that you have a good standard value for this assay, you can begin to experiment   

      with the effect of pH change on the rate of reaction.

a. Pour about 15 ml of the substrate solution into a clean 25 mL beaker. Add either 0.1N HCl or 0.1N NaOH to the solution. Use the pH paper to determine the pH of this solution.

b. Repeat steps b-e in procedure 3.

c. Continue your investigation by repeating the last step two more times. Remember to add your data to the class data sheet.

5.  How do temperature and substrate concentration affect reaction rate?

a. You are now ready to design your own experiment to determine the effects of      

TEMPERATURE or SUBSTRATE CONCENTRATION on the reaction rate of  yeast  

catalase enzyme.

b. Write out a step-by-step procedure to test temperature effects on catalase activity in the space below. Show it to an instructor for an OK and proceed!
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