ENZYME ACTIVITY

ENZYME ACTIVITY
Background

Enzymes are proteins that catalyze chemical reactions by reducing the reaction’s activation energy and are important in many reactions. For example, in order to digest lactose (a sugar found in milk), lactase must be present. People born without the gene to produce the enzyme lactase cannot digest lactose. 
Enyzmes are hyper-specific, often only interacting with one substrate. Like catalysts in other chemical reactions, enzymes are not consumed during the reaction but help turn the substrate into the final product. Notice in the following reaction that the enzyme is present before and after the reaction.
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Hydrogen peroxide (H2O2) is produced in cells as a byproduct of aerobic respiration and is used in cell signaling and apoptosis. Hydrogen peroxide is highly reactive and can produce free radicals which damage nucleic acids, so cells must carefully regulate its concentration. To remove excess hydrogen peroxide, cells produce an enzyme (called catalase in animal cells and peroxidase in plant cells) which breaks down H2O2 into oxygen (O2) and water (H2O), as shown above. This reaction also proceeds spontaneously without the enzymes, though much slower. This uncatalyzed reaction will serve as the baseline, or control, in the initial investigation. 
Safety

Follow these important safety precautions in addition to your regular classroom procedures.
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Materials and Equipment

Check with your teacher to see what materials and equipment are available before designing your investigation. Request any additional materials needed before designing your experiment.
	Data collection system
	3-Finger clamp

	Oxygen and/or pressure sensor(s)
	Base and support rod

	Sampling bottle, 250-mL
	Distilled water

	Magnetic stirrer and stirring bar
	Pipets, 10 mL (2)

	1.5% Hydrogen peroxide (H2O2), 10.0 mL
	Catalase, 1.0 mL 1

	Additional Equipment Recommended For the Student-Designed Experiment :

	3.0% Hydrogen peroxide (H2O2) 2
	Catalase or peroxidase suspension (yeast, liver, plant, etc.) 1,2

	Buffers, pH 3 to pH 10 2
	


1Ask your teacher for specific preparation instructions or a prepared suspension or solution.
2The volume or quantity needed depends on your group’s experiment.
Initial Investigation
Complete the following lab procedure before designing your own experiment.
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Put on your safety goggles. 

2. Connect the oxygen gas sensor or a pressure sensor to your SPARKscience™ interface. Build a page to show a graph of the sensor measurement versus time in minutes.

3. Set the auto-stop condition to 3 minutes and adjust the sample rate to 1 sample every 15 seconds.
4. Set up the equipment as shown in Figure 1.
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NOTE: Put the magnetic stirring bar in the sampling bottle before adding the hydrogen peroxide.

5. Put 10.0 mL of 1.5% H2O2 in a clean 250-mL sample bottle.

6. Using a pipet, add 1.0 mL of catalase, swirl the bottle gently, and quickly insert the sensor. Begin data collection as soon as the bottle is positioned on the magnetic stirrer, stirring continuously on a medium setting.

7. When data collection has stopped, compare your data to the uncatalyzed reaction rate shown below. How much faster does the catalyzed reaction proceed?
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Figure 2. Uncatalyzed decomposition of hydrogen peroxide using the Initial Investigation procedure. 
Design and Conduct the Experiment
Use the following questions to guide your experiment design. Record your answers in your lab notebook.
1. For the reaction shown below, which reactants or products could you measure with the available equipment? Explain which sensor, procedure, or equipment could be used and what variable it would measure. 
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2. Based on your knowledge of enzymatic reactions and biological systems, what environmental factors (abiotic or biotic) could affect the reaction above? 
3. Choose one of the factors you’ve identified that can be manipulated in the lab and develop a driving question for your experiment. 
4. What is the justification for your question, that is, why is it biologically significant, relevant, or interesting?

5. Formulate a testable hypothesis (If…then…). 
6. What is the dependent variable in your experiment? Will measuring it test your hypothesis?

7. What variables must remain constant in order to get consistent results? Quantify these values if possible.
8. Describe at least 3 potential sources of error that could prevent you from gathering accurate and reliable data. 
9. Describe how you will analyze your results to determine if they support your hypothesis.
10. Create a table in your notebook indicating 
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the independent variable you are testing in your experiment 
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how you will be manipulating the independent variable 
c. the number of trials you will conduct for each test group.
Procedure

Create an outline of the procedure you will use and identify the following:
· The measurements you will make

· The points at which you will make these measurements

· How each piece of equipment will be used to make these measurements 

· Your independent variable and how you are controlling it 

· The data to be collected and how it will be processed or analyzed

Another student or group should be able to replicate your results from this procedure. If you make changes during the experiment, be sure to update this procedure.

Diagram of the Experiment

Draw a diagram of the experimental setup and label each item in the diagram. Include relevant materials and the concentration, volume, size, and quantity where appropriate. Using your diagram, another group should be able to replicate your experimental setup. Update this if you make changes during the experiment.

Data Analysis Questions
1. Using the data from your investigation, graph the results.

2. From your observations and the graph produced, 
a. Describe how the independent variable you manipulated affected the rate of the reaction. 

b. Does the data support your hypothesis? If yes, explain how the evidence supports it. If no, how can you revise your hypothesis to explain the data. 
3. What other variables could you test in your investigation to determine the effect of environmental conditions on enzyme–substrate interaction?  What results would you expect to get and why?

4. As each reaction progresses in each trail, is the rate constant? How do you explain any changes?
5. If you were to alter the amount of catalase added to the solution, would the reaction rate change? Explain why or why not. 

6. If you were to alter the amount of substrate added to the solution, would the reaction rate change? Explain why or why not. 
7. Is there any evidence in your data or from your observations that experimental error or other uncontrolled variables affected your results? If yes, is the data reliable enough to determine if your hypothesis was correct?
Figure � SEQ Figure \* ARABIC �1�. Setup with O2 gas sensor





Figure � SEQ Figure \* ARABIC �3�. Sample Table
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