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Science In Motion

Juniata College

Catalase
What effect will different concentrations of a substrate have on an enzyme?

Standards:

3.2.10 C  Apply the elements of scientific inquiry to solve problems.

· Conduct a multiple step experiment.

3.3.12 B  Analyze the chemical and structural basis of living organisms.

· Evaluate metabolic activites using experimental knowledge of enzymes.

3.1.12 A  Apply concepts of systems, subsystems, feedback and control to solve complex 


technological problems.

Evaluate the causes of a system’s inefficiency
Introduction and Background:

     
Enzymes are biological catalysts.  They are extremely important because they accelerate chemical reactions that, under normal conditions, would not occur quickly enough to support life.  Enzymes are generally large proteins made up of several hundred amino acids.  Despite their large size, usually only small portions of the protein, termed active sites, are actually involved in the chemical reaction.  The rest of the protein is involved in secondary tasks such as binding to the reactant and maintaining the structural integrity of the active site.  Enzymes are highly specific, meaning each enzyme only catalyzes a single reaction.  They are involved in thousands of types of chemical reactions that occur in living cells.  Enzymes fall into six general reaction categories: oxidoreductase, transferase, hydrolase, lyase, isomerase, and ligase.  Many different enzymes are found in each cell but because they are not used up in the chemical reaction, there may be only a small amount of each enzyme present.  

    
Several factors affect the action of enzymes: salt concentration, pH, temperature, concentration of the enzyme, concentration of the substrate, and the presence of inhibitors or activators.  Every enzyme has an optimal condition under which its activity is at its greatest.  If these factors are outside these optimal conditions, the activity suffers.  The activity of an enzyme is typically measured by its turnover rate, or the amount of reactants that are converted to products in a given time frame.

In this lab activity, you will study the enzyme catalase and its substrate, hydrogen peroxide.  Catalase is an oxidoreductase enzyme that accelerates the breakdown of hydrogen peroxide (H2O2) into water (H2O) and oxygen (O2).  The chemical equation for this reaction is:




2 H2O2   ----Catalase-------> 2H2O  +  O2
     
Catalase is a 500 amino acid peptide which contains four porphyrin heme molecules (similar to those found in red blood cells) in its active site.  The turnover rate for catalase is one of the highest recorded: one molecule of catalase can convert one hundred thousand hydrogen peroxide molecules into water and oxygen in one second.1  Hydrogen peroxide is a strong oxidizing agent which is a byproduct of fatty acid oxidation, cholesterol synthesis, and bile acid production.  Catalase is extremely important in cells because it prevents the accumulation of hydrogen peroxide which is toxic to cells.  If the concentration of hydrogen peroxide is too high, it will kill the cell.  This enzyme is found in both plant and animal tissues.  It is especially abundant in plant storage organs such as potatoes and the fleshy parts of fruits.  In humans, it can be found in the peroxisomes (organelles) and in the plasma portion of the blood.  

      
This lab deals only with how an enzyme is affected by different concentrations of substrate - specifically, what effect will different concentrations of a substrate (H2O2) have on an enzyme (catalase) in potato juice.

.

Vocabulary:

Hydrolase- Adds water to peptide bonds to break into individual amino acids
Isomerase- Converts isomers (chemical compounds with the same chemical formula) into another form

Ligase- Forms covalent bonds between two unlinked molecules

Lyase- Forms double bonds by removing chemical groups; can also add chemical groups to a double bond

Oxidoreductase- Oxidizes or reduces molecules by removing or adding electrons

Transferase-Transfers a chemical group, typically phosphate, between molecules

.

Materials: (per group)

10 ml graduated cylinder

hydrogen peroxide ( the instructor will assign a specific concentration)

forceps

5 paper circles (Whatman #1 filter-1.0cm in diameter)

graph paper

beaker of potato extract (prepared prior to class—see below) or commercially-prepared
catalase
large beaker or ice bucket containing crushed ice and water

stopwatch


Recipe for potato extract:  (Place chunks of a large, peeled potato into a blender
along with 4 ice cubes and 250ml of ice water, grind, then filter through 
cheesecloth – store on ice in the dark.)

Safety Notes:


1.  Hydrogen peroxide can damage your clothes.  Rinse any spills with water immediately.


2.  Wear safety glasses- hydrogen peroxide can damage your eyes!



3.  Report any accidents or spills to your instructor

Procedure:
*Keep the potato extract (catalase) in an ice bath throughout the experiment.
*Please note that times listed in the procedure must be accurate—stopwatches are provided.

1.  Obtain your assigned sample of H2O2 concentration along with the other materials
     needed.

2.  Record the percent concentration of H2O2 that you were given in Table I.

3.  Pour 10mL of the hydrogen peroxide into the graduate cylinder. 

4.  Using forceps, obtain one paper circle and immerse the paper in the potato juice 

      extract for 5 seconds.
5.  Drain excess juice from the paper circle by touching it to a paper towel for 10 seconds.

6.  Place the paper circle into the hydrogen peroxide (at the bottom) with the forceps.  The
     oxygen produced will get trapped in the fibers of the paper circle and cause the circle 
     to rise to the surface.  

7.  Use the stopwatch or the second hand on a clock to calculate the time it takes for the 
      paper to reach the surface.  Begin timing the instant the paper touches the peroxide.  

8.  Record the time in seconds in Table I.

9.  Repeat steps 3-8 four more times using new hydrogen peroxide and a new paper circle

     for each trial.  

10.  Calculate the average time and record in Table I.

11.  Obtain class data for each concentration of hydrogen peroxide used by all groups in
       the class and record this data in Table II.

12.  Graph the results with the substrate (hydrogen peroxide) concentrations on the X-axis
       and the reaction times on the Y-axis.

Optional/Additional Activities:

1.  Use a constant hydrogen peroxide concentration and vary the catalase concentration.

2.  You may want to test various plant and animal tissues:  i.e.- muscle, liver, heart,
      potato, fruits, roots, and leaves.  Samples may be chunks or ground, raw or cooked.
      Test with 3%H2O2.  Do raw, ground or cooked samples of the same tissue vary?  Why 
      or why not?
Web references:

1http://www.seps.org/cvoracle/faq/catalase.html 









Name_____________

Student Evaluation

Catalase:  What effect will different concentrations of a substrate have on an enzyme?

Data:





   Table I - Group Data 
	
	Time (sec) for            conc.
	Time (sec) for            conc.

	Trial 1
	
	

	Trial 2
	
	

	Trial 3
	
	

	Trial 4
	
	

	Trial 5
	
	

	Average time (sec)
	
	


                                    Table II - Class Data

	     Conc. H2O2
	Avg. time (sec)

	           0%       
	

	         0.1%
	

	         0.5%
	

	            1%
	

	            3%
	


Analysis/Conclusions:
1.  Choose the word in parentheses that completes the sentence.


The greater the concentration of H2O2, the (greater, less) time required to raise the 
             paper circle.

2.  Write a brief paragraph summarizing what you have learned about the effect of an 
      enzyme on different concentrations of a substrate.  Include the terms:  ENZYME, 
      SUBSTRATE, HYDROGEN PEROXIDE, and CONCENTRATION.  Refer to your 
      graph to help in your explanation.
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