SOTM LAB: B1                                                       11/23/99                       

I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: An Enzyme Catalyzed Reaction 
DEVELOPERS OF LAB:  Diane McCarron JD729,Sandy Black JD706, Joyce Valenti, Michael J. Dupre, Judith Hassler JD 815, Thomas Kelly JD 528, Janice B. Martin JD 561, Roger Strout JD 812, SOTM Staff.

OVERVIEW OF LAB


DESCRIPTION:  

In this laboratory, we will observe the effect of an enzyme, catalase, on cellular hydrogen peroxide.  A temperature probe attached to a laptop computer will be used to record changes in temperature. Students will then be asked to pose a question of their own about the nature of enzymes, and will create or design their own laboratory experiment to test possible answers to their question.  


The lab can be broken into two parts; the pre-lab can be completed in one forty-minute 
period.  Optimally, the inquiry lab should take two forty-minute periods for students to be 
able to work on writing the procedures before they start the actual lab.


CURRICULUM CONSIDERATIONS:  

For General, Regents, and AP Biology classes use during the biochemistry or digestive system units.  The pre-lab, inquiry lab, and post-
lab activities can be used to introduce enzyme concepts to your class.


REAL WORLD APPLICATIONS: 


There are now detergents containing lipases and 
proteases for such compounds as 
chlorophyll and blood.


There are laboratories hard at work genetically engineering bacteria that will produce 
enzymes to digest crude oil for use in ocean oil spills.


The dairy industry has developed products that contain the enzyme lactase for people 
who suffer from lactose intolerance.


Hydrogen peroxide is commonly used as a disinfectant.  On keratinized epithelial tissue, 
there is no reaction, but when hydrogen peroxide comes into contact with the catalase of 
the living cell, the reaction proceeds.


SAFETY CONSIDERATIONS: 

 

The laptop computer should be placed far away from the end of the desk where materials     

are being poured.  Liquid could splatter or spill and damage the laptop computers.



Hydrogen peroxide is an oxidizer and could bleach clothing.  Protect clothing by wearing 

a lab apron.



Wear safety goggles.



BACKGROUND INFORMATION

             
A.  SCIENTIFIC VIEWPOINT:


Enzymes are proteins composed of long chains of amino acids held together by 


peptide bonds.  They are the catalysts, which make biochemical reactions 


possible.  Without them, life would not exist.  Enzymes increase the rate of a 


reaction, but are not themselves consumed or produced by the reaction.  These 


catalysts are very specific and will not catalyze any reactions but those suited 


specifically to the enzyme.  Catalase is an enzyme, found in almost all cells, 


which detoxifies hydrogen peroxide, a poisonous byproduct of cellular 



metabolism.  Without catalase, a cell would die because hydrogen peroxide 


would oxidize the other enzymes.  Catalase is therefore vital to living organisms.  

The substrate, hydrogen peroxide, is reduced by catalase to water and oxygen by 


the following reaction:


2H2O2  + catalase  --------( 2H2O  + O2 + heat energy  +catalase (enzyme)


Although hydrogen peroxide would be spontaneously reduced, this would occur 


at such a slow rate that cells would die before the breakdown took place.  This 


spontaneous breakdown is why hydrogen peroxide is commercially sold in dark 


brown bottles with an expiration date.

             
B.  COMMON MISCONCEPTIONS:


Enzymes are depleted in the course of a chemical reaction.


Enzymes are altered in the course of a chemical reaction.


Enzymes cause a reaction to occur rather than simply increase the reaction rate.


Additional enzyme or substrate will always increase the rate of a reaction instead 


of reaching a point and remaining constant.


Enzymes are not affected by temperature or pH changes.


Reaction rate is independent of temperature.

OBJECTIVES


To observe an enzyme-catalyzed reaction.


To design an experiment that will explore various aspects of enzyme activity.


To collect and graph the data and explain the various outcomes of the experiments.


To confidently defend the hypothesis they formed based upon the data collected in their 
experiment.

EQUIPMENT/MATERIALS

       PROVIDED BY SOTM:  (per student team)


Laptop computer with Science Workshop 


Temperature probe 


Interface and cable


Two 25ml graduated cylinders


3% hydrogen peroxide


Liver catalase


Surge protector


Kimwipes


6” plastic droppers

*Hot water bath or hot plate

Optional:


1N  HCl
1N  NaOH
Alpha amylase

Bacterial amylase


Amyloglucosidase

            PROVIDED LOCALLY:

pH paper


different foods, i.e., potato, banana, liver etc.


freezer/refrigerator or ice


glassware

ADVANCE PREPARATION  

 Part A: Setting up the laptop computer and temperature probe:

1. Follow instructions of “General Procedures for Starting Science Workshop”, either with or without using the Library, as directed by your teacher.

2. Set sampling frequency to 5 seconds.

3. Display Graph and Table


Part B: Preparing the solutions for Student Inquiry Lab

Note:  (These are only materials, which may be needed in the inquiry part of the lab; students may or may not choose any one of these materials, or they may need additional materials.)

General Materials

1.  3% hydrogen peroxide can be bought at this concentration in a grocery store or pharmacy.

2.  1.5% hydrogen peroxide can be made by taking a known amount of 3% of hydrogen peroxide and adding an equal amount of distilled water.

3.  Liver catalase concentrated---4000 units: To lyophilized catalase provided, add 12 ml of distilled water.  Shake or stir to dissolve.

4.  Catalase diluted---400 units: Transfer 2 ml of the 4000 unit concentration to a clean container and add 18 ml of distilled water.

5.  Add dilute hydrochloric acid to 3% hydrogen peroxide until it reads approximately a pH of 5 when tested with pH paper.

6.  Add dilute sodium hydroxide to hydrogen peroxide until it reads approximately pH of 9 when tested with pH paper.

7.  Commercial hydrogen peroxide can be used for pH of approximately 7.

8.  Use a refrigerator/freezer and hot water bath for temperature changes.

9.  Have various foods available for testing in the inquiry lab: ie potato, banana, liver etc….

II. PRE-LAB 

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS

This is to be done the previous day in class or for a homework assignment the night before.

WORD SPLASH:

Give the students a list of 10 words from the unit.  Have them write 5 sentences using at least one of these words in each sentence.  Some examples would be:

enzyme protein    substrate   catalyst  catalyze  temperature   pH   concentration    reaction rate    digestion      

Be sure to stress that the sentences do not have to be correct, they just have to reflect what they currently know about enzymes.

DISCUSSION OF PRECONCEPTIONS

Using the word splashes, discuss some of the common misconceptions of the class.

Some guiding questions could be:

1. What would happen if your digestive system stopped producing enzymes?

2. Why do you think that?

3. What do you think might affect the rate at which enzymes catalyze reactions in your body?  Why?

4. What happens to an enzyme after the reaction is complete?  Why do you think that?

5. Will adding more catalyst increase the rate of a reaction?  Why do you think that?

6. Do all enzymes work on the same substrates?

7. How do you know a reaction is occurring?

8. When does a reaction stop?

9. What methods might be used to measure reaction rates?

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & 

       INTRODUCTION OF EXPERIMENTAL 

       PROTOCOL

STUDENT PRE-LAB Investigation

First day approximately 40 minutes

PROBLEM

What effect will catalase, a naturally occurring enzyme in the body, have on 3% hydrogen peroxide (a toxic by-product in cellular metabolism)?

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT
Materials:

3% hydrogen peroxide

concentrated catalase

25 ml graduated cylinders

laptop computer with Science Workshop

temperature probe

Two droppers (pipettes)

1 50 ml beaker

Procedure:

Follow the SOTM General Procedure without using Library. You will be using the plain temperature sensor and a sampling frequency of 5 seconds.

1. Measure 10ml of 3% hydrogen peroxide into a clean 25ml-graduated cylinder.

2. Pour into 50-ml beaker.

3. Insert the temperature probe into the beaker.  (no calibration is required.)

4. Double click on the monitor button (MON) at the upper left of the computer screen until the temperature stabilizes.

5. Double click on the record button (REC) at the upper left of the computer screen.  Allow a few readings. 

6. Add 2 drops of concentrated catalase to the hydrogen peroxide.

7. Constantly stir the enzyme-substrate mixture, recording the temperature every 5 seconds for 2 minutes.  Data will be recorded on graph in computer.  

8. Double click on STOP.

9. Move the cursor to the AUTOSCALE box in the lower left section of the graph display amplify your graph.

Discussion:   

1. Explain what is happening in the graph.

2. Why is there a temperature change?

3. What is an enzyme?

4. What is the structure of enzymes, including the organic category, the subunits and the elements present?

5. How do enzymes interact with their substrates?

6. Explain the lock and key model.

7. What factors influence enzyme-catalyzed reactions?

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

       INQUIRY-BASED STUDENT INVESTIGATION

Second day for approximately 80 minutes

PROBLEM

Based on the discussion at the end of the pre-lab, design your own lab experiment to investigate what factors influence enzyme-catalyzed reactions.

HYPOTHESIS OR PREDICTION

Guiding questions to help students form a hypothesis:

What else would you like to know about enzyme-catalyzed reactions?

Why do you want to know this? 

Use this question to form a hypothesis or prediction to base your experiment on.

Be sure your hypothesis is a statement, not a question.

EXPERIMENTAL DESIGN

Guiding questions:

What are you going to measure?

What variables could you change in the pre-lab experiment to investigate your hypothesis or prediction?

What would you keep constant throughout the experiment and why?

What procedures could you use to test your hypothesis?

What end products can be measured in this chemical reaction?

How can these help you form a hypothesis or prediction?

If the enzymes in the liver breakdown hydrogen peroxide, how do you think some foods you eat would react with hydrogen peroxide?

Checkpoint

Have your experimental design approved by the teacher before proceeding.

Students should have a written lab with specific materials and procedures at this point.

PLAN FOR DATA COLLECTION & ANALYSIS

Guiding questions:

Will your data be more useful in a graph or table form?

What will be the best form for you to interpret your data?

Checkpoint  (Teacher checks students' plan for feasibility.)

CONDUCTING THE EXPERIMENT

Teacher should be monitoring students for safety procedures, and keeping students focused on their hypothesis.

Checkpoint (Teacher monitors students' investigations in progress.)

ANALYSIS OF DATA

Checkpoint (Teacher checks students' analysis.)

DISCUSSION OF RESULTS

1. COMPARE

Was your hypothesis confirmed or refuted?

How do your results compare to your preconceptions of what would happen?

What experimental conclusions can you now draw from your data?

2. PERSUADE

A five-minute oral presentation will be required here to share with the class the results of your experiment.  Explain your hypothesis and discuss whether your results confirm or refute your hypothesis.  (Allow for time to debate and discussion between groups.) 

3. RELATE 

How can investigating pH variations on enzyme activity be applied to real world situations?

How can investigating temperature changes on enzyme activity be applied to real world situations?

How can we manipulate enzymes in the environmental industry to benefit an ecosystem?

V.  EVALUATION

POST-LAB SURVEY OF STUDENTS' CONCEPTIONS

  Have students retake the Pre-Lab Exercise.  Compare pre-lab and post-lab responses.

TRADITIONAL

1. Describe the general structure and function of an enzyme?

Answer:  An enzyme is a 3-dimensional molecule composed of long chains of amino acids, held together by peptide bonds. They are catalysts that make biochemical reactions possible.

2. Describe what happens in an enzyme catalyzed reaction.  Include diagrams in your explanation.

Answer:  During an enzyme catalyzed reaction the enzyme bonds with a specific substrate at the active site.  This is called an enzyme-substrate complex.  The substrate is converted into a specific product, but the enzyme remains unchanged.  Enzymes accelerate reactions by factors of at least a million.

3. Describe what will happen to the rate of an enzyme controlled reaction if the initial concentration of substrate is increased.

Answer:  As the initial substrate is increased, the initial reaction rate will increase up to the point where all the enzyme molecules are engaging at their maximum rate. Beyond this point the rate of reaction will remain constant (level off).
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4. Describe what will happen to the rate of an enzyme-controlled reaction if higher concentrations of the enzyme are used.

Answer:  As more enzyme is added initially to the substrate, the reaction rate will increase up to the point where all there are too few substrate molecules to allow all of the enzyme molecules to collide with them and catalyze the reaction at the maximum rate. At that point no additional increase in the initial rate of reaction will occur.

Graph for explanation
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ALTERNATIVE ASSESSMENTS

The following post-lab activities will enable the teacher to assess if the major concepts have been assimilated into the students’ minds, and to see if misconceptions still exist.

LATE NIGHT WITH...

You are "the Jay Leno and the David Letterman" talk show hosts of the "SCIENTIFIC WORLD" LATE NIGHT TV.  You are employed by Mrs. V's Broadcasting Systems (MVBS).  Your late night talk shows often feature interviews with "celebrities" from the biological sciences.  You and your executive producer are busily working on a special segment "FOCUS ON THE BIOCHEMICAL WORLD".  You have narrowed down your choice of guests to

six possibilities:

1) amino acid        
2) protein
             3) glucose

4) glycogen
5) enzyme
             6) fatty acids and glycerol

All six of these "celebrities" can appear on this special month's show date.  You and your executive producer are now in a dilemma.  MV is waiting to hear your final decision in the program for that night.  WHAT WILL BE YOUR FINAL OUTCOME?

You are to use the following guidelines:

· indicate the two guest celebrities that you have chosen to appear on



the show

· give a minimum of two reasons why these two guest celebrities were chosen from the 


other possible choices

· include a minimum of five important questions that you would to ask each guest 



celebrity

(***Since you are the King/Queen of Late Night TV Talk Shows, you want to make sure the questions directed to each of the celebrities will be worthwhile for them and for your audience.  You also would like to keep your RATINGS up there.)

Many talk show hosts and their producers must do much research in order to understand the background and current status of their guest celebrities.  Therefore, you must research and report at least two new facts for each guest celebrity (other than what was learned in the "briefing" session with MV in biology class).  Indicate how these new facts can be used in the show to capture audience attention.  Provide documentation for sources of

information.

T.V.
BioGuide    --Starts - November 30 at 1: 15 A.M.




--Running Time - 60 minutes

--Topic:
Focus on Science; 2 special guests; molecules of the invisible, biochemical world; --Channel 79

2 special guests chosen:   Amino Acid and Protein

Reasons for selection: Amino acids and proteins are closely related to each other, because amino acids are the building blocks of proteins.  In addition, Proteins are one of the most important substances contained within all living tissues, because they help produce new cells as well as replace and repair the older or damaged ones,

Questions   for Amino Acid:
Q:
What elements are you composed of?

A:
Carbon, hydrogen, oxygen, and sometimes sulfur.
Q:
  Who can make all the different kinds of amino acids they need?

A:
Green plants and some microorganisms.
Q:
Who can't and how do they get them?

A:
Human beings and other higher animals can't make all 20 amino acids they need.  Therefore, they obtain them by eating a variety of foods such eggs, meat, and milk.
Q: 
How many amino acid units usually make up a single protein unit?

A:
A single protein can be made of as many as several hundred amino acids, or of as few as 4 of  them.

Q:
Is there a specific order in which these amino acids must be arranged, and if so, why?

A:
Yes, the sequence in which we, the amino acids, are put in determines the functions of our big brother, the proteins.

 Questions for Protein:

Q:     What happens to you during the digestive process?

A:     First, I am taken apart and changed into a simpler substance that can enter the cell  membranes.  There I'm reassembled to form new tissue proteins.
Q:
Just for reference, what is one specific kind of protein?

A:
One kind of protein is called gliadin, and it's found in wheat flour.
Q:
Are you stored in the body like fat and carbohydrates?

A:
No, I'm usually not stored in the body, except by growth of tissue such as muscle.
Q:
How do plants obtain you?

A:
Plants get us, the proteins, from materials such as water, minerals,

          and soil using synthesis.

Q:
Which foods contain you in the least amounts?

A:
Unfortunately, many fruits do not have enough protein in them to help in the building process.  They are full of carbohydrates and sugars.
Two new facts: 1.  Protein that is combined in the muscle to make muscle tissue is called myogen. 2. Glutamic acid is found in at least 3 different proteins: egg white, globin (blood) and flour. (THESE TERMS COULD BE INCORPORATED IN A GAME FOR THE AUDIENCE.)

------------------------------------------------------------------------

Written by Joyce G. Valenti (Life Science/Biology teacher at Windham-Ashland-Jewett Central School, Windham, NY), 1991.  Modified by Joyce G. Valenti, 1995

KEY TO GENERAL SCORING RUBRIC
This general scoring rubric could be applied to assess a variety of science learning situations.

Excellent:
All criteria are met and the product or performance exceeds the assigned task and contains additional, unexpected, or outstanding features.

Good:
The product or performance completely or substantially meets the criteria.

Fair:
The product or performance meets some of the criteria and does not contain gross errors or crucial omissions.

Poor:
The product or performance does not satisfy a significant number of the criteria, does not accomplish what was asked, contains errors, or is of poor quality.

Unacceptable:
The student did not do the task, did not complete the assignment, or shows no comprehension of the activity.

LATE NIGHT WITH…RUBRIC
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minimum of 5 questions to ask
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2 new facts of guest # 1 (other than


learned in class or in student text)

4
3
2
1
0

---------------------------------------------------------------------------------------------------------------------


2 new facts of guest #2 (other than


learned in class or in student text)

4
3
2
1
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WRITTEN COMMUNICATION      


developed the assigned topic in a 


very interesting and imaginative way

4
3
2
1
0

---------------------------------------------------------------------------------------------------------------------


science terminology/vocabulary


appropriate for concept used


4
3
2
1
0

---------------------------------------------------------------------------------------------------------------------

ORGANIZATION


presentation/ neat and legible


4
3
2
1
0

---------------------------------------------------------------------------------------------------------------------


logical plan




4
3
2
1
0

---------------------------------------------------------------------------------------------------------------------

MECHANICS


no minor mechanical errors


4
3
2
1
0


no major mechanical errors/ communication

SOURCES INDICATED_____YES _____NO

COMMENTS ON CREATIVITY:

---------------------------------------------------------------------------------------------------------------------

Joyce Valenti, Life Science/Biology teacher, Windham-Ashland-Jewett Central School, Windham, New York.  8/97 

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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