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Enyme Catalysis Lab: AP Lab # 2

OBJECTIVES

Section A: Before doing this laboratory you should understand:

    * the general functions and activities of enzymes

    * the relationship between the structure and function of enzymes

    * the concepts of initial reaction rates of enzymes

    * how the concept of free energy relates to enzyme activity

    * how pH relates to enzyme activity

    * that changes in temperature, pH, enzyme concentration, and substrate concentration can affect the initial reaction rates of enzyme-catalyzed reactions

Section B: After doing this laboratory you should be able to:

    * measure the effects of changes of temperature, pH, enzyme concentration, and substrate concentration on reaction rates of an enzyme-catalyzed reaction in a controlled experiment

    * explain how environmental factors affect the rate of enzyme-catalyzed reactions

BACKGROUND: Reaction Rate of an Enzyme Catatlyzed Reaction: Example

The purpose of an enzyme is to   


a reaction allowing products to form more rapidly and 


to get used up more rapidly as well.   Observe the graph below and complete the observations in the column on the right:
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How can this reaction shown in the graph with Lactaid pills and lactose (milk sugar) be induced to go faster so more product (glucose) is formed?

PART 1: ‘Toothpickase’ - Simulation of Enzyme Activity

Reaction Rate:  The function of enzymes is to 

the reaction rates so that products are formed more rapidly and substrates are used up more rapidly as well.  

Materials: 30 toothpicks per run of the simulation; clock/watch with a second hand
In this activity, the toothpicks represent 


and you represent the


, toothpick-ase. When you break a toothpick, the place where the toothpick fits between your fingers represents the



. As you heard in the class lecture, there are several factors that affects the rate of an enzyme catalyzed reaction.  These factors are listed on the first column of this table.   Complete this table:

TABLE 1
	Factor
	Effect on Enzyme Catalyzed reaction
	Biochemical Reason For This Effect 
	How can this be simulated in the toothpickase activity?
	Expected Graph

	Substrate concentration


	As [S] increases, reaction rate will 

until
	More chance of Enzyme encountering Substrate until all Active sites are


	Increase the number of toothpicks
	

	Temperature


	
	
	
	

	pH


	
	
	
	

	Competitive Inhibitor


	
	
	
	

	Noncompetitive Inhibitor


	
	
	
	

	Allosteric Activator


	
	
	
	


1. Count out 30 toothpicks on your desk.

2. Break as many toothpicks as you can in 10 seconds and record this on the data table. Broken toothpicks should be thrown into the pile of unbroken toothpicks because products & reactants mix in metabolic reactions. DO NOT BREAK TOOTHPICKS ALREADY BROKEN!

3. Count out another stack of 30 toothpicks.  Do 30 seconds of breaking and count and record the number of toothpicks broken.

4. Count out another stack of 30 toothpicks.  Do 60 seconds of breaking and count and record the number of toothpicks broken.  

5. Continue breaking toothpicks for these time intervals (120, 180 seconds). 

6. Graph the number of toothpicks broken as a function of time (0, 10, 30, 60, 120, 180 seconds). Be sure to title your graph and to label the x and y-axis.

7.  Choose one factor that can affect your toothpickase enzyme function and repeat the simulation under these altered conditions.  Run 2) Factor Chosen: 
How the simulation will be done:
8. Graph this second run on the same paper as the previous one.

Table #2: give a title:

	Setup
	Time  (X) (seconds)
	Number of toothpicks broken (Y)


	Rate of the Reaction

Yn+1-Yn
---------- 
Xn+1-Xn
	Number of toothpicks broken in the second run with a “factor”
	Rate of the Reaction (2nd run)

	1
	0
	0


	 0

 
	
	 0

 

 
	0
	

	2
	10
	
	
	
	
	
	

	3
	30
	
	
	
	
	
	

	4
	60
	
	
	
	
	
	

	5
	120
	
	
	
	
	
	

	6
	180
	
	
	
	
	
	


Record the class data on the next page:  record the class average for first run and the times for each of the simulations.  Compare class average with the different simulations.

Graph your results (Run 1 and 2) in a separate graph as well as class average for run 1 and run 2 for each simulation.

Class data table #3: (give a title)

	Time (sec)
	[Substrate] Class Average
	Temp
	pH/salt
	Competitive Inhibitor
	Noncompetitive Inhibitor
	Allosteric Activator

	10
	
	
	
	
	
	

	30
	
	
	
	
	
	

	60
	
	
	
	
	
	

	120
	
	
	
	
	
	

	180
	
	
	
	
	
	

	Vmax
	
	
	
	
	
	


LAB REPORT – ENZYME LAB

ALL INTRO SECTIONS will go together each identified by the subheading.  Same for ALL the other sections.  

General Introduction to enzyme lab: Guideline Questions – please identify all guideline answers by numbering them IN PENCIL after writing the Introduction in essay form. 

1)  What are enzymes – how do they work as described by induced fit hypothesis; describe the function of active + allosteric sites.  (keep it short and precise)

2)  What is reaction rate?  How can it be measured?  What are its units?  How does an enzyme influence the reaction rate?

3)  Discuss the structure of enzymes and relate it to the factors affecting the function of enzymes (type the Unit Objectives Enzyme table completed in class and place it in this section).  Support with diagrams. 

- Have a subheading for Part 1 (toothpickase): (what will be a good title for this part that describes the variables?) 

Introduction section in lab report for Toothpickase part should address:

4) Describe what the toothpickase simulation represents.

5)  Place Table 1 from this h/o here.

Design:  you should have a hypothesis for what will happen to rate of the reaction as substrate concentration is increased and a second hypothesis for your factor. Identfy variables/control. 

Materials and Methods: Copy and paste from lab word document – highlight changes if any.

Results - Data tables: Include the tables #2 and #3 for the toothpickase part.  You will have a  graph for your own results and a graph for every factor tested (class data). 

 Discussion – part 1 Toothpickase:

1a. How was the reaction rate measured? Could it be measured in a different way for this same simulation – how?

2a. What happens to the reaction rate as the supply of toothpicks runs out?  Discuss the concept of Vmax and how it applies to this simulation.

3a. Discuss what happened to the reaction rates for each group under the altered environmental conditions for the enzymes.  How many of the “mock” simulations we ran in class actually came close to modeling the factors affecting enzyme reactions – why or why/not? 

4a.  Give biochemical reason/s for the change in reaction rate in your second run and class runs for altered conditions (assuming toothpickase is a real protein enzyme).  Please relate it to the ACTUAL enzyme structure.

Part 2: Enzyme Catalysis using Catalase (need a better title!)

Background:

Rate of a reaction can be measured in terms of how much 


is formed or how much 


is used up when it is converted to products.  In this lab, catalase is the enzyme. It will react with hydrogen peroxide (H2O2), the substate.  The products formed should be 




.

 





H2O2                                           
The substrate is:





The enzyme is:

To investigate the rate of this enzyme catalyzed reaction, you will measure how fast the substrate - H2O2 is used up.  Actually you measure what amount of hydrogen peroxide that is remaining after the enzyme has had a chance to convert it to products in a titration reaction.  You will take the remaining hydrogen peroxide and react it with potassium permanganate - KMnO4 using titration.  Draw this concept below:

In the cup INITIALLY (Baseline ASSAY)


In the cup at the end (B series cups)






How much H2O2 was converted to product by the Enzyme?  
Furthermore, to figure out the rate at which the enzyme catalase converts substrate to product, it will be allowed to react with hydrogen peroxide for varying amounts of time.  As the amount of time increases, it is expected that the reaction rate will:


.  The independent variable is- 


 and the dependent variable is - 







You will stop the reactions by adding H2SO4 at each time interval.

After the reaction is stopped, the amount of substrate (H2O2) remaining in the beaker is measured. To measure this quantity, potassium permanganate (purple solution) is used.  In such a titration, you slowly add a chemical (KMnO4) that will cause a color change until a target color is achieved.  This is the reaction:

5 H2O2 + 2 KMnO4 + 3 H2SO4 --------------> K2SO4 + 2 MnSO4 + 8 H2O + 5 O2
Note that H2O2 is a reactant for this reaction. Once all the H2O2 has reacted, any more KMnO4 added will be in excess and will not be decomposed. The addition of excess KMnO4 causes the solution to have a permanent pink or brown color. Therefore, the amount of H2O2 remaining is determined by adding KMnO4, until the whole mixture stays a faint pink or brown, permanently. Add no more KMnO4 after this point. 


Add H2O2 to all cups.  DO NOT ADD ENZYME! Work on 1 cup at a time and complete to step 4.  

10mL H2O2
       10mL H2O2                  10mL H2O2            10mL H2O2           10mL H2O2

1 ml Catalase
     1 ml Catalase       1 ml Catalase           1 ml Catalase        1 ml Catalase 
Wait 10s                Wait 30 sec            Wait 60 sec             Wait 120 sec        Wait 180sec

10 mL H2SO4         10 mL H2SO4            10 mL H2SO4          10 mL H2SO4                10 mL H2SO4
Use a pipette and draw out 5 ml of solution into corresponding B cups


Take one cup at a time, place on top of a white paper.  Use a 5 ml syringe filled with potassium permanganate (note Initial reading in table #5).  Drip the pink permanganate solution ONE DROP at a time into the B cup.  Swirl gently.  The endpoint of the titration is when a permanent pink/brown color is established.  Note down final reading in table #5. 

 Setup: (needs to be completed on your time)

1) Mark 2 measuring cylinders – ‘H’ and ‘S’

2) Mark 1 set of 5 small (2 oz) cups as (A series):

10sec A, 30 sec A, 60 sec A, 120 sec A, and 180 sec A
3) Mark a second set of 5 small (2 oz) cups as (B series):

10sec B, 30 sec B, 60 sec B, 120 sec B, and 180 sec B

4) Learn how to use a pipette to draw out 5mL of water.

5)  Mark 2 additional cups – Baseline 1, Baseline 2

The Baseline Assay: Determines how much H2O2 is in the ‘A’ cup before adding enzyme
To determine the amount of H2O2 initially present in a 1.5% solution, one needs to perform all the steps of the procedure without adding catalase to the reaction mixture. This amount is known as the baseline and is an index of the initial concentration of H2O2 in solution. In any series of experiments, a baseline should be established first.
Procedure for Establishing Baseline:
1. Take two small 2 oz cups (Baseline 1 and 2)

2.  Put 10 mL of 1.5% H2O2 into Baseline 1 cup. Use a measuring cylinder marked ‘H’.
3. Add 1 mL of H2O (instead of enzyme solution).  Use a transfer pipette.
4. Add 10 mL of H2SO4 (1.0 M).  Use a measuring cylinder marked ‘S’.  Use Extreme care in Handling Acids.  Wear goggles.
5. Mix by swirling gently.
6. Remove a 5 mL sample using a pipette. 
Place this 5 mL sample in second 2 oz. cup and assay for the amount of H2O2 as follows: Place the beaker containing the sample over white paper. Use a 5 mL syringe with tubing attached to it to add potassium permanganate a drop at a time to the solution until a persistent pink or brown color is obtained. Remember to gently swirl the solution after adding each drop. Record your data below.
Table 4: Establishing a Baseline 

	Baseline Calculations (syringe contains KMnO4)
	Readings

	Initial Reading of Syringe
	

	Final Reading of Syringe
	

	Baseline (I - F) its the difference
	


Time Couse Determination:

1.  You are now going to work with the ‘A’ and ‘B’ series cups.

2.  Put 10 mL of 1.5% H2O2 into a clean 2 oz. cup. Use a measuring cylinder marked ‘H’.
3. Add 1 mL of enzyme (keep enzyme on ice at all times when not using it).  Use a transfer pipette.
4. Add 10 mL of H2SO4 (1.0 M).  Use a measuring cylinder marked ‘S’.  Use Extreme care in Handling Acids.  Wear goggles.
5. Mix by swirling gently.  Wait for 10 seconds.  This is your waiting interval.
6. Remove a 5 mL sample using a pipette. 
Place this 5 mL sample in second 2 oz. cup and assay for the amount of H2O2 as follows: Place the beaker containing the sample over white paper. Use a 5 mL syringe with tubing attached to it to add potassium permanganate a drop at a time to the solution until a persistent pink or brown color is obtained. Remember to gently swirl the solution after adding each drop. Record your data below.
7.  Repeat this procedure for 30 sec, 60 sec, 120 sec, 180 sec waiting intervals and chart the time course of enzyme reaction.

Table #5 : Time-Course Determination (what’s a better title?)

	Potassium Permanganate (mL)
	Time in Seconds

	 
	10
	30
	60
	120
	180
	Repeat?  

	Baseline (from table #4)  How much substrate is there at start of reaction
	
	
	
	
	
	

	Final Reading
	
	
	
	
	
	

	Initial Reading
	
	
	
	
	
	

	Amount of KMnO4 Consumed = How much substrate H2O2 was remaining after enzyme reacted with it
	
	
	
	
	
	

	Amount of substrate- H2O2 Used In The Enzyme Reaction – this is a measure of the reaction rate
	
	
	
	
	
	


Calculate the rates of the enzyme catalyzed reaction as you did for the toothpickase activity.  Graph the data for enzyme-catalyzed H2O2 decomposition.

Table #6
	Time (s)
	Amount of substrate used in mL
	Rate of reaction

	10 sec
	
	

	30 sec
	
	

	60 sec
	
	

	120 sec
	
	

	180 sec
	
	

	
	
	


X Axis (independent):


Y axis (dependent):






 Introduction section of lab report for part 2: give suitable subheading

6) Explain the assay+titration reactions used in this lab – I want to know that you actually understood the reactions in this part of the lab (colored diagrams will be fantastic!). – basically, what was the reason for doing this part of the lab?
7) Why do you need to determine the baseline for this reaction:




Design: Hypothesize what would happen as time of enzyme exposure to substrate increases.  Identify Variables.

Materials and Method – copy and paste with changes highlighted.

Results: Tables 5, 6; graph the data in table #6.  Calculate Vmax.

Discussion section of lab report for part 2:  Include the following:

1) Discuss results from your catalase lab.  Include class data.  What conclusions were you able to make about the way enzymes work?

2) How did this lab connect with the concepts learned in Chapter 6 – be very specific and use protein (enzyme) structure as a basis whenever possible.

3) Are there real conditions/diseases in the human body when the factors tested in the lab (changes in pH, temperature, salt concentration) might come into play?  What are examples of such conditions?

4) Sources of errors + changes for the next time that addresses the sources of errors

Part 3:  Test the effect of pH or temperature on the action of Lactase 

Design an experiment to test the effect of pH OR temperature on lactaid pills containing lactase.  

You are provided the following:

Group of two students:  3 lactose pills containing 9000 FCC Lactase Units (what is this – do the research online!);  Each pill weighs approximately 1.05 gms.  You will be provided with a mortar and pestle to crush your pills and an electronic weighing balance.  Plan on weighing out the lactose pill powders for your experiment. 

Lactose dairy Relief pills contain the following:  

Lactase – 9000 FCC Units; Sodium – 5mg;  Total Carbohydrate < 1mg; Dicalcium phosphate, Maltodextrin, fructose, Crospovidone, Starch, Povidone, Flavors, Magnesium Stearate, Sodium Citrate, Sucralose.  

You will also receive 6-7 strips of the Diastix Reagent Strips for Urine glucose.  

The test is based on a double sequential enzyme reaction on the strip!  One enzyme, glucose oxidase catlyses the formation of gluconic acid and hydrogen peroxide from the oxidation of glucose.  A second enzyme, peroxidase, catalyses the reaction of the hydrogen peroxide with a potassium iodide chromagen (color generating compund)  to colors ranging from green to brown!  So each strip has 2.2% glucose oxidase and 1.1% peroxidase, 8.1% potassium iodide, 69.8% buffer, and 18.9% nonreacting agents.

The reading from the strip (based on the colors observed) are given in mg glucose/dL of solution. 

Procedure for using the Glucose Strips:  FOLLOW it EXACTLY:

1) Dip in solution once

2) Tap against side of test tube

3) Read in 30 seconds EXACTLY!  - very, very important (color changes after 30 sec to be ignored) 

I will bring milk in for your lab.

Do an online ‘google’ research for your background – what temperature does the lactase enzyme perform MOST optimally?  What pH does it perform MOST optimally under?  

Every student writes their own prelab (in the lab notebooks) – write out all sections including title, background (include online research), design, procedure, how you think your graphs will look like…. Use your prelab guide.

PART 4: FACTORS AFFECTING CATALASE ENZYME ACTION

 Objective: To determine the factors that influence enzyme action. 

Introduction: Enzymes are proteins that speed up or slow down reactions in cells. They contain an active site where the substrate bonds with the enzyme and creates a product. If the active site is damaged, the substrate won’t fit correctly onto the enzyme. This can limit the chemical reaction. This investigation will enable us to see what factors limit enzyme action in cells.
For lab report Introduction to part 2:

1)  Research the enzyme catalase – what is its function, where it is found and in what concentrations?

2)  What are the optimal conditions for catalase function (pH, temperature, salt concentration, cofactors, coenzyme,…)?

 Materials: potatoes-raw, cooked, vinegar solution, salt solution; liver-raw, cooked, hydrogen peroxide (H2O2), 8 test tubes, test tube rack, pH paper, forceps, paper towels, 10mL graduated cylinder, test tubes, goggles

 Procedure: Put goggles on for entire procedure.

Raw potato/liver preparation:  Weigh out same mass of potato and liver using the scale.  Record the mass in grams.

Grind up the potato in a mortar and pestle with a little water.  You will need to use 2 mL of the ground solution for each of the tests. So, you need a volume of 6-8 mL.  Do the same for the liver after you clean your mortar and pestle.  

Label the test tubes A-H


Tube A- 2 mL of Raw potato only.


Tube B- 2 mL of Cooked potato only.


Tube C-2 mL of vinegar solution + 2mL of Raw potato


Tube D-2 mL of salt solution. + 2 mL of Raw potato


Tube E-2 mL of Raw liver only.


Tube F-2 mL of Cooked liver.


Tube G-2mL Liver + 2mL vinegar solution


Tube H-2 mL Liver + 2mL salt solution

Put 5 mL of hydrogen peroxide in each test tube after you set up all tubes
Make observations about what is happening in each tube. Record in data table.

Test the pH of each tube. Record this in data table.

Clean up your mess completely!! Solid waste goes in the garbage can, liquid waste goes down the sink. Wash test tubes. Wipe off tables please.   

Observations and data
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Initial Stage of Reaction:  


[Substrate] is:


[Enzyme] is:


Number of Active Sites available to catalyse this reaction is:


Calculation of Initial Reaction rate: 


Ri =( y2-y1)/(x2-x1)   => Rise/Run








Final Stage of Reaction:


[Substrate] is:


[Enzyme] is:


Number of Active Sites available to catalyse this reaction is:


Calculation of Final Reaction rate: 


Rf =( y2-y1)/(x2-x1)   = 


Maximum Velocity: Vmax




















Predict   Actual





Predict   Actual





10 sec


A1





30 sec


A2





60 sec


A3





120 s  A4





180 s  A5





A Series Cups
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