ENZYME TECHNIQUES LAB

INTRODUCTION 

Hydrogen peroxide (H2O2) is a poisonous byproduct of metabolism that can damage cells if it is not removed.  Catalase is an enzyme that speeds up the breakdown of hydrogen peroxide into water (H2O) and oxygen gas (O2). 

2H2O2--------catalase--------------> 2H2O + O2
REMEMBER: A CATALYST is a substance that lowers the activation energy required for a chemical reaction, and therefore increases the rate of the reaction without being used up in the process. CATALASE is an enzyme, a biological (organic) catalyst. Hydrogen peroxide is the substrate for catalase.
The enzyme has been prepared for you as follows:  50g of peeled potato was mixed with 50 ml cold distilled water and crushed ice and homogenized in a blender for 30 seconds. This extract was filtered through cheesecloth and cold distilled water was added to a total volume of 100 ml. Extract concentration is arbitrarily set at 100 units/ml. 
ENZYME SHOULD BE KEPT ON ICE AT ALL TIMES!!
TECHNIQUE 1:   Filter Disc Method
The system used in this technique consists of a filter paper disc which is coated with the enzyme and then added to a vial of substrate (hydrogen peroxide).  As the catalyst breaks down the hydrogen peroxide into water and oxygen gas, the bubbles of oxygen collect underneath the filter paper disc and make it rise to the surface of the hydrogen peroxide. The time it takes for the filter to rise is an indication of the rate of enzyme activity. 

1. Cut a small (1cm-ish X 1cm-ish) square out of filter paper.  

2. Using forceps, dip the filter paper square into the enzyme solution, then remove it and drain it on a paper towel. 
3. Pour hydrogen peroxide into the plastic vial.  

4. Using the forceps, put the filter paper disc into the bottom of the vial of hydrogen peroxide.

5. Time how long it takes the filter paper disc to rise to the surface.
6. Calculate the rate of enzyme activity (rate = depth of hydrogen peroxide in mm)/time in sec). 
7. Create a data table in your lab book to record the distance, time and rate using the filter disc method.

TECHNIQUE 2:  Bubble Height Method
The system used in this technique consists of a graduated cylinder with Catalase solution in which you add the substrate (hydrogen peroxide).  As the catalyst breaks down the hydrogen peroxide into water and oxygen gas, bubbles of oxygen gas form in the cylinder. The time it takes for the bubbles to rise is an indication of the rate of enzyme activity. 

1. Place enzyme solution in a graduated cylinder to a depth of about 5 cm.

2. Add 10 mL hydrogen peroxide. Stir the cylinder quickly to mix the pulp and the hydrogen peroxide.

3. Note the time that foam begins to form.

4. After 1 min, measure the height of the foam (from the top of the liquid to the top of the foam)
5. Calculate the rate of enzyme activity (rate = height of foam in mm)/time in sec). 
6. Create a data table in your lab book to record the height, time and rate using the bubble height method.

TECHNIQUE 3:  02 Pressure Sensor Method
The system used in this technique measures the pressure of oxygen gas formed as H2O2 is destroyed. 
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1. Set up your equipment according to the diagram above.  Connect the plastic tubing to the valve on the Gas Pressure Sensor.
2. Connect the Gas Pressure Sensor to the computer interface. Prepare the computer for data collection by opening the file “06B Enzyme (Pressure)” from the Biology with Vernier folder of Logger Pro.
3. Add 3 mL of H2O2 to the test tube.
4. Using a clean dropper pipette, add 1 mL of enzyme suspension to test tube

5. Stopper the test tube and gently swirl to thoroughly mix the contents. The reaction should begin. The next step should be completed as rapidly as possible.

6. Connect the free-end of the plastic tubing to the connector in the rubber stopper. 

7. Click [image: image2.png]» Collect



to begin data collection. Data collection will end after 3 minutes.  

8. If the pressure exceeds 130 kPa, the pressure inside the tube will be too great and the rubber stopper is likely to pop off. Disconnect the plastic tubing from the Gas Pressure Sensor if the pressure exceeds 130 kPa. 

9. When data collection has finished, disconnect the plastic tubing connector from the rubber stopper. Remove the rubber stopper from the test tube and discard the contents in the waste. 

10. Find the rate of enzyme activity:

a. Move the mouse pointer to the point where the data values begin to increase. Hold down the mouse button. Drag the mouse pointer to the point where the pressure values no longer increase and release the mouse button.

b. Click the Linear Fit button, to perform a linear regression. A floating box will appear with the formula for a best-fit line.

c. Record the slope of the line, m, as the rate of enzyme activity in a data table. 

d. Close the linear regression floating box. 
TECHNIQUE 4:  02 Concentration Sensor Method
The system used in this technique measures the concentration of oxygen gas formed as hydrogen peroxide is broken down.
NOTE:  the O2 sensor must be kept upright at all times.
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1. Connect the Oxygen Gas Sensor to the computer interface. Prepare the computer for data collection by opening the file “06A Enzyme (O2)” from the Biology with Vernier folder of Logger Pro.

2. Initiate the enzyme catalyzed reaction.
a. Fill a test tube with 5 mL of H2O2.
b. Using a clean dropper pipette, add 5 drops of enzyme suspension to a test tube.
c. Begin timing with a stopwatch.

d. Cover the opening of the test tube with a finger and gently invert the test tube two times.

3. Pour the contents of the test tube into a clean 250 mL Nalgene bottle.

4. Place the O2 Gas Sensor into the bottle as shown in above. Gently push the sensor down into the bottle until it stops. The sensor is designed to seal the bottle without the need for unnecessary force.

5. When 30 seconds has passed, click[image: image4.png]» Collect



 to begin data collection.

1. When data collection has finished, remove the O2 gas sensor from the Nalgene bottle. Rinse the bottle with water and dry with a paper towel.

6. Click on the Linear Fit button.   A best-fit linear regression line will be shown.
7. In a data table, record the value of the slope, m, as the rate of the reaction.
TECHNIQUE 5:  02 Gas Collecting Method
The system used in this technique collects the oxygen gas formed from the breakdown of hydrogen peroxide. 
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2. Set up your equipment according to the diagram above.  
3. Fill the 100ml graduate cylinder with water to the very top so there is no space at the top for bubbles to form. Invert the cylinder keeping the open end submersed in the large beaker of water. You must take care not to trap any bubbles in the cylinder. 
4. Add about 10 mL hydrogen peroxide to a small test-tube.
5. Add 5 mL catalase extract and quickly stopper the test-tube, swirl it once to mix the contents, and place the tubing leading from the stopper beneath an inverted, water-filled graduated cylinder.
1. Record the volume of gas produced after 5 minutes.   

2. Calculate the rate of enzyme activity (rate = volume of oxygen gas release in mL)/time in sec). 
3. Create a data table in your lab book to record the volume, time and rate using the bubble height method.

