Name: _____________________ Date: ____________
ECE Biology Enzyme Lab: A Tale of Catalase and a Fun Guy.
I. Background Information: 

Hydrogen peroxide (H2O2) is a common but poisonous by-product of cellular metabolism, but H2O2 does not accumulate in cells because it is decomposed to water and oxygen gas. The decomposition of the hydrogen peroxide is mediated by catalase, an enzyme present in most cells. The balanced equation for the reaction is 2H2O2 -----> 2H2O + O2. One molecule of catalase can catalyze the decomposition of approximately 4 x 107 molecules H2O2 per second!  In enzyme terms, that’s a really fun guy….  The oxygen gas released will be seen as bubbling.  We will use a method called the floating disc method to test how catalase activity is affected by such things as temperature, pH or the concentration of substrate.  If a small disc of filter paper is cut out with a hole puncher and then soaked in a solution that contains yeast (the yeast solution has catalase in it), it can be placed in a small beaker containing hydrogen peroxide solution, and the oxygen given off will cause the disc to eventually float.  Measuring the time it takes the disc to float can be used as a measure of the rate of the reaction:  faster reaction rate = faster floating.
In this lab activity, you will be using yeast catalase, but you could also use catalase from potatoes, carrots, plant leaves, chicken liver, or steak….to name just a few of the many places where you can find catalase. Use your textbook as a source of additional information about the function and sources of catalase as well as information about the effects of H2O2 on cells.
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We will be testing the effect of substrate (hydrogen peroxide) concentration on the rate of reaction.  On the day of the lab, Mr. F will tell you the concentrations of hydrogen peroxide solutions you will be using.  Fill in these values in the table below.
II. Hypothesis:  

In the space below, state a fully measureable hypothesis that describes your prediction regarding the effect of increasing hydrogen peroxide concentration or temperature (if you’d rather) on the rate of reaction.

_________________________________________________________________________
_________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
III. Methodology

A. Materials (per group):
1. 4 small beakers (50 ml capacity) – for your hydrogen peroxide solutions

2. 1 large beaker (400 ml capacity) – for your yeast solution

3. 1 teaspoonful of yeast – for your yeast solution
4. ½ teaspoonful of sugar – for your yeast solution
5. 200 ml of water  - for your yeast solution
6. 12 hole-punched paper discs (prepared for you)

7. Tweezers (forceps)

8. Stopwatch (you can use your phone!)

B. Procedure

1. Measure 30 ml of each hydrogen peroxide solution using the graduated cylinder provided next to each solution (do not mix these up!) and pour the solutions into your four small beakers.  Make sure to mark the solution number on the beaker using a piece of masking tape and a permanent marker.

2. Prepare your yeast solution by mixing 1 teaspoonful of yeast, ½ teaspoonful of sugar, and 200 ml of water in your large beaker.  Use the room temperature water provided by Mr. F.  (Note: Make sure to swirl the cup of yeast solution before you use it because the yeast will settle to the bottom.)

3. Using the forceps, dip a paper disc into the beaker of yeast/catalase solution for 5 seconds, then place the disc onto a small piece of paper towel for one minute to remove excess solution. 
4. Then, with stopwatch ready, quickly place the disc all the way to the bottom of one of your small beakers using the tweezers before releasing it.  Start the watch when the disc is released at the bottom of the well, and stop it when the disc has risen all the way to the top of the hydrogen peroxide solution. Record the time to the hundredth of a second in your individual data table. 
5. Repeat #3 and 4 for two more trials for this first solution.  Follow the same procedure for each of your three remaining hydrogen peroxide solutions.  In other words, you must perform three trials (with three separate discs) for each of the four solutions.
6. Clean everything up.  Use your forceps to remove the paper discs from the hydrogen peroxide solutions before you pour the solutions down the drain.  This way no paper discs will clog the sink.  Wash out and dry the small beakers and the cup with the yeast solution in it.  Wipe off forceps.  Clean up any bits of paper and return everything exactly as you found it.  Wash your hands, with soap, and don’t use too much paper towel to dry them (save a tree, right?).
7. In order to express the rate as a number with a direct relationship to the rate, take the number (or average number) of seconds it took the disc to float and invert it.  For example, if it took 5.48 seconds, the rate would be expressed as 1/5.48, which equals 0.18 (round to hundredths).
IV. Results: 
Individual Data Table (H2O2 Concentration Variable):
	Substrate (Hydrogen Peroxide) Concentration
	Trial
	Time for Disk to Rise (to the 1/100 of a sec)
	Average Time for Floating Disk to Rise
	Average Rate of Reaction (see #7 in Procedure)
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Individual Data Table (Temperature Variable):

	Substrate (Hydrogen Peroxide) Temp (ºC)
	Trial
	Time for Disk to Rise (to the 1/100 of a sec)
	Average Time for Floating Disk to Rise
	Average Rate of Reaction (see #7 in Procedure)
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A. Class Data Table:

	Substrate (H2O2) Temperature
	Average Time for Floating Disk to Rise
	Average Rate of Reaction (see #7 in Procedure)

	
	
	

	
	
	

	
	
	

	
	
	


	Substrate (H2O2) Concentration
	Average Time for Floating Disk to Rise
	Average Rate of Reaction (see #7 in Procedure)
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Graph of Class Data: 
Discussion: 

Explain your observations about concentration, and temperature with reference to the protein nature of enzymes. Remember to support your statements with specific results. Indicate sources of error and include suggestions for improvement.  Be sure to weave in at least 3 references that are not this packet.
Also, please answer these questions: 

1. How does the kinetic energy of an environment impact the catalase reaction?
2. Ectothermic organisms have body temperatures that vary with the temperature of their surroundings. How might this affect the function of catalase in these organisms? Suggest some ways ectothermic organisms might cope with this problem. 

Conclusion: 

3 testable statements about effects of concentration and temperature
You may also want to state the optimum temperature and pH for yeast catalase activity

Reflection:  Personal statement about what you learned from the activity.  This can be a final paragraph following the lab report proper.
Writing Your Mini Lab Report:

Directions: You will be including an introduction section and a discussion/conclusion section in this mini lab report.  You will also turn in your lab packet so that your graph can be evaluated according to the criteria in the results section of the rubric below.  You mini lab report should be titled “Mini Lab Report: Enzyme Lab.”  This report should be typed, 12 point font, and double spaced.  Make sure to include your name, date, and class period at the top right corner of the page.  Please include “introduction” and “discussion / conclusion” subtitles so that I know which sections are which.  You may find that you need more than one paragraph to fully meet the requirements for each section.  You will have two grades in the grade book.  There will be one grade for the introduction section (weighted as 56% of the assignment) and one grade for the results and discussion/conclusion sections (weighted as 44% of the assignment). 

	Section
	Criteria 
	Point Breakdown
	Total Grade

	Introduction


	A. The introduction thoroughly and accurately discusses the effect of three factors – pH, temperature, and substrate concentration—on the rate of reaction in an enzyme-catalyzed reaction.

B. The enzyme, substrate, and products in the catalase / hydrogen peroxide reaction are clearly identified. 

C. A logical research question is stated 

D. A testable hypothesis is stated in “If, then” format and communicates a cause and effect relationship between the independent and dependent variables

(Note: a testable hypothesis must yield numeric data) 

E. Independent and dependent variables, as well as constants are explicitly identified and justified.

F. A BASIC summary of the procedure for the lab is given and a method is identified for measuring changes in the dependent variable. 
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	Results


	A. A graph of the class data is included and is labeled with a descriptive title (includes both the independent and dependent variable), appropriately labeled axes (with units)

B. The graph has appropriately spaced axes with correctly placed data points.  
	/5


	/14

	Discussion and Conclusion


	A. There is a thorough and accurate explanation/analysis of how the data relates back to the original hypothesis. Numeric data is cited and the data tables and/or graph is referenced.  

B. A conclusion statement is included that states whether the data supported or refuted the original hypothesis 

C. There is a discussion of why we used class data to draw conclusions instead of individual data. 

D. Potential sources of error are identified and discussed. (Note: Human measurement error timing the floating disks does not count!)
E. Specific recommendations to address identified sources of error are given.
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