
 

   LABORATORY
INVESTIGATION

The Breakdown of Hydrogen Peroxide by Catalase
 

The  characteristics of life are the result of chemical reactions occurring  within the cell.  These 
chemical reactions take place at unusually high rates because of the participation of a group of protein 
molecules known as enzymes.  While enzymes speed up the rate of the chemical reaction they are not 
consumed during the reaction.  Therefore, each molecule of the enzyme can continuously repeat the 
reaction it regulates.

According to current theory, the enzyme combines temporarily  with a specific substrate molecule 
forming an enzyme-substrate complex.  This union of enzyme and substrate is thought to place added 
stress on bonds holding the substrate molecule together.  So, the energy needed to initiate the bond 
breaking process is lower and the chemical reaction can take place at life tolerable temperatures.  
These assumptions are illustrated in the following reaction.

Enzyme + Substrate   Enzyme-Substrate Complex  Enzyme + Products
Catalase, is a common enzyme that converts hydrogen peroxide (H2O2) into water (H2O) and 

oxygen (O2).  This reaction is shown in the following equation.

Catalase + 2H2O2  Catalase + 2H2O + O2
The rate of the conversion of hydrogen peroxide into water and oxygen is measurable.  One method, 

which we will use, measures how rapidly oxygen is released when catalase is added to the hydrogen 
peroxide.  If the reaction occurs in a sealed container the oxygen produced causes an increase in the 
pressure within the container.  This pressure increase is measurable using a special sensor.

The sensor produces an electrical signal that is proportional to the increase in pressure.  The signal 
is digitized by the LabPro interface and then sent to the computer for recording and display.  As the 
measurements are recorded on the screen, a curve representing the pressure change in the reaction vessel 
is drawn that represents the rate of oxygen release.  If the curve is steep the reaction is rapid.  If the 
curve has a slight incline the reaction is slow.  A flat line shows there is no reaction.

Your task is to figure out how catalase concentration changes the rate of the reaction.  State your 
prediction as a hypothesis and record it after question 1 in the analysis section of this report.
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Vernier Equipment
Pressure sensor, LabPro interface, gas pressure accessories kit

Materials
Safety goggles, 50 ml. beaker, 1.5% hydrogen peroxide, Chopped liver, apple slice, ground hamburger, 
potato, splint, matches, test tubes, test tube brush, 10 ml. graduate, catalase solution, 1 ml syringe, 10 ml 
syringe, 125 ml beaker.
 
Safety
Wear safety goggles at all times during this investigation.  Carefully follow the special instructions 
given by your teacher for doing the glowing splint test for oxygen.  Your teacher also will have added 
instructions for the disposal of the waste liver, apple, potato and hamburger tissue.

Procedure
1. Record all data in Table 1 or in a similar table in your data book.

2. Verify that cells contain catalase and that the enzyme breaks down hydrogen peroxide into 
oxygen and possibly water.  Place 5 ml. of hydrogen peroxide solution into a test tube.  Add 
pieces of chopped liver to the solution.  Describe the reaction you observe.  Test the bubbles that 
form with a glowing splint (oxygen test).  Record your observation.  After the reaction stops add 
another 5 ml. of hydrogen peroxide to the tube.  Does the reaction start again?  Which substance 
is consumed during the reaction, catalase or hydrogen peroxide?  

3. Test potato tissue, apple tissue and hamburger for catalase activity as you did in step 2 above.  
Do these tissues contain catalase?  Do they seem to contain the same amount of catalase?
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Apple

Potato

Hamburger

Liver

Results of Glowing 
Splint Test

Reaction with 
CatalaseOrganic Substance

Table 1:  Qualitative Catalase Observations

Lab Pro Computer Setup
1. Check your computer lab station equipment for the following connections.  The cable of the 

pressure sensor is plugged into LabPro channel 1 (ch1).  The LabPro power supply is plugged into 
the LabPro AC adaptor port and a 110 volt outlet.  The USB cable is plugged into the LabPro 
and the computer USB port. 

2. Start the data collection software by double clicking on the LabPro icon found on the desk top.  
A data table and graph should appear on the screen.  The Y axis of the graph should be labeled 
Pressure (kPa) and the X axis should be labeled Time (S).  The Collect button at the top of the 
screen should also be highlighted.  If this is the case proceed to the next step.  If the computer 
did not detect the pressure sensor the graph will not be labeled and the Collect button will be 
faded.  In this case ask your teacher to manually set the sensor ID for you.

3. At this point the monitor window should be divided into two regions.  The left region should 
contain the table for recording the pressure readings.  The right region should contain the graph 
where the pressure readings will be plotted.  Both the table and graph have titles and labels.  
You are now almost ready to start data collection.  Begin by single clicking the Collect button.

4. A plot of the room’s air pressure should now appear on the graph and new readings should 
appear in the table every second.  The plot of the pressure should be just above 100 kPa.  Move 
the plot line down to the bottom of the graph  by changing the scale of the Y axis.  Place the 
pointed on zero at the bottom of the Y axis.  A box appears.  Click in the box.  The box is 
highlighted.  Type in the new value 100.  Click somewhere in the graph to initiate the change.  
Move the pointer over the top number of the Y axis.  A new box appears.  Click in the box in 
highlight it.  Type  in the new value 120.  Click somewhere in the graph to change the upper 
scale value.  Change the sample time by moving the pointer over the last number of the X axis.  
A box appears.  Click in the box to highlight it.  Type in the new sample time (200).  Click 
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somewhere in the graph to change the X axis scale.  At this point the pressure sensor is in 
proper adjustment and should not be changed during the experiment.

5. Click stop .  Click on Experiment, drag to clear  latest run, release.  Now you are ready for the 
first run of the experiment.

Running the Experiment

1. Place 10 ml. of 1.5% hydrogen peroxide solution into the reaction flask using a 10 ml syringe 
that is to be used only for that purpose.

2. Add 1 ml of catalase solution to the enzyme vessel using a 1 ml syringe that is to be used only for 
that purpose.

3. Place the enzyme vessel inside the reaction flask without spilling the enzyme.

4. Insert the two hole stopper into the reaction flask with a twisting motion.

5. Seal the system by closing the valve. I t should be turned at a right angle to the tube.  Click on 
collect.  Immediately swirl the flask to tip the enzyme vessel.  This step spills the enzyme into 
the outer reaction flask.  Continue swirling the flask as long as data is being collected.

6. The line plotted on the graph should rise sharply.   Stop the data collection when the sample 
number reaches 200.  Open the valve to release the pressure.  Print a graph of the data.  Click on 
Experiment, drag to clear  latest run, release.  Now you are ready for the next run of the 
experiment.

7. Remove the stopper from the reaction flask.  Dump the contents of the flask.  Wash and dry the 
reaction flask and the enzyme vessel thoroughly.

8. Repeat steps 1 to 7 for enzyme concentrations of 75%, 50%, 25%, and 0%.  A 75% concentration is 
obtained by using .75 ml of enzyme and 0.25 mL's of pH 7  buffer.  A 50% concentration is obtained 
by using .5 ml of enzyme and .5 ml of buffer pH 7.  A 25% concentration is obtained by using 0.25 
ml of enzyme and .75 ml of pH 7 buffer.  Use 1.0 ml of pH 7 buffer as the 0% enzyme 
concentration.

9.  Print graphs of all test runs.

Analysis

1. In this investigation you observed the chemical breakdown of hydrogen peroxide by the enzyme 
catalase.  Catalase was found in both plant and animal tissues and oxygen was one product of 
the reaction.  The following questions and activities are designed to help you in the 
interpretation of the data collected.  Start by examining your original hypothesis.

2. Sate your hypothesis in proper form.

3. List the variable plotted on the X axis of your 5 data graphs.  Is this the independent or 
dependent variable?

4. List the variable plotted on the Y axis of your 5 data graphs.  Is this the independent or 
dependent variable?
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5. Write a title at the top of each of the five graphs.  The title should take the general form, 
"Graph 1.  The Effect of  (independent variable) on (dependent variable)."

6. Is the relationship of the variables shown on the graph direct or inverse?  Explain.  Do any 
graphs show  no change?

7. Write a short description of the slope of the line plotted on graph 1.  Give an explanation for 
the change in the slope of the line. 

8. Identify the conditions of the experiment held constant.  Why is it necessary to hold all 
conditions of an experiment constant except the one being tested?

9. Identify the experimental variable(s) and the control.  Why is a control a necessary part of this 
experiment?

10. Write a summary of your investigation.  Tell the reader what you learned about the enzyme 
catalase.  Offer proof for the statements made by referring the reader to specific evidence 
developed from the enzyme study.

11. Write a paragraph in which you summarize the information gained in steps 2  and 3 of the 
procedure.  What evidence do you have that cells contain catalase?  What evidence do you 
have that catalase is not used up during the reaction?  What evidence do you have that oxygen 
is a product of the reaction?

Going Further

1. Continue your study of catalase using other concentrations of substrate (hydrogen peroxide) 
while holding the enzyme concentration constant.

2. Continue your study of catalase using other pH levels while holding the substrate and enzyme 
concentrations constant.

3. Continue your study using catalase from another source.  Determine if catalase from another 
source shows the same characteristics observed in this laboratory investigation
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Avg. Rate
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0

Rate (Slope) kPa/secCatalase 
Concentration %

Table 2:  Effect of Enzyme Concentration

Avg. Rate
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Rate (Slope) kPa/secPeroxide 
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Table 3:  Effect of Substrate Concentration
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Avg. Rate

12
11
10
9
8

6

4

2

7

5

3

Rate (Slope) kPa/secpH

Table 4:  Effect of pH
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