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Ms. Randall

 Living Environment

Lab Activity: Factors Affecting Enzyme Activity
Background: An enzyme is an organic molecule (usually a protein) that acts to speed up a specific chemical reaction. Without the necessary enzyme, most reactions within the cell take place so slowly as to be insignificant. Therefore, by controlling which enzymes are made, the DNA of a cell essentially controls which chemical reactions take place. Enzymes speed up reactions by binding to reacting molecules, called substrates, to form an enzyme-substrate complex. The enzyme-substrate complex lines up the substrates in an orientation that stresses or distorts existing chemical bonds, leading to formation of the transition state. In the transition state, the substrates become more reactive and the metabolic reaction accelerates. The site of attachment and the surrounding parts of the enzyme that stress the substrate’s bonds constitute the enzyme’s active site. The reaction is complete when the product forms and the enzyme is released in its original condition. The enzyme is then ready to repeat the process with new substrate molecules. Although enzymes speed up chemical reactions, each enzyme works most efficiently (causes the reaction to occur fastest) under a specific set of conditions. Because almost all enzymes are proteins, any factor that affects the shape of a protein may affect enzyme activity. For example, at high temperatures, proteins denature, or lose their normal shape. Also, the pH of a solution will affect the charge of acidic and basic amino acid side chains on a protein, affecting the interactions that lead to protein structures. In addition to factors that affect protein shape, factors that affect substrate availability can also affect reaction rate. For example, as substrate concentration increases, the reaction rate also tends to increase. This is because the enzyme’s active site is more likely to be occupied as substrate concentration increases. However, increasing substrate concentration cannot cause the reaction rate to increase indefinitely. Eventually, a point is reached where all available enzymes are saturated and working at maximum efficiency. In this laboratory, you will investigate the effect some of these factors have on an enzyme, catalase, which facilitates this reaction:

        catalase

2H2O2 --------------> 2H2O + O2
(Substrate)       (Products)
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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.
Objectives:
· To determine the effects of certain factors on enzyme action.

· To review experimental design.

Pre lab:

1. What type of organic compound is an enzyme?

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

3. What happens when a protein is denatured?

Safety: Goggles and aprons

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

Procedure: 

1.   Establish a baseline reaction rate. 

a. Pour about 15 ml of the substrate solution, which is H2O2 , (Hydrogen peroxide 3%) in this lab, into a 25 ml beaker. Use the pH paper to determine the pH of this solution.

b. Add a filter paper square 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 square soaked in the yeast solution to the same substrate solution. It should immediately sink to the bottom.

d. Record the TIME in seconds it takes for the square 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 squares.
f. Average your times and record this on the data sheet.

2.   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 c-e in procedure 1.

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

3.  How does temperature affect reaction rate?
d. Pour about 15 ml of the substrate solution into a clean 25 mL beaker. 
e. Use either heated or cooled yeast solution soaked squares. 
f. Record the temperature of the yeast solution on your data table.

g. Use the pH paper to determine the pH of the substrate solution.

h. Repeat steps c-e in procedure 1.

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

Data:
1. Baseline reaction

pH of substrate solution_______

Trial 1


______secs

Trial 2


______secs


Trial 3


______secs

_____________________________

Average

______secs


2. Effect of pH on reaction rate

pH of substrate solution_______

Trial 1


______secs

Trial 2


______secs


Trial 3


______secs

_____________________________

Average

______secs
3. Effect of temperature on reaction rate

Temperature of the Yeast solution____°C

pH of substrate solution_______

Trial 1


______secs

Trial 2


______secs


Trial 3


______secs

_____________________________

Average

______secs

Analysis: 

1. What is the control for the experiment in Part I of this exercise? Why is it necessary?
2. What independent variables were tested to determine the effect on enzyme activity?

3. What was the dependent variable for your experiments?

4. Write a paragraph describing the effects of each variable on enzyme activity. Support your writing with evidence from the lab activity.
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