Enzyme Lab

Amylase is an enzyme found in human saliva that assists in the breakdown of polysaccharides (starches) to disaccharides (sugars).  The breakdown of starches is called __________ and involves the addition of water.   Iodine can be used as an indicator for the presence of starch because it turns purple when starch is present.  Therefore,  purple is a positive test for starch whereas amber (normal iodine color) is a negative test for starch.

Materials

	Iodine Solution

Starch Suspension

Amylase (enzyme)

Three buffered solutions

1. pH 3

2. pH 7

3. pH 10
	Spot plate

Test tubes

Pasteur pipets

1 mL pipet

Thermometers

Graduated cylinders

Grease pencil
	Ice Bath

Hot Water Bath (100oC)

Warm Water Bath (37oC)


Testing for Starch

Procedure 1
1. Pour a small amount of the starch suspension into a test tube.

2. Pour a small amount of the amylase into a second test tube.

3. Place your spot plate on a white sheet of paper.  This will make it easier to observe color changes.

4. Place a drop of iodine in the first two depressions on the spot plate.  Note the color of the iodine.

5. Using a Pasteur pipet, add 1-2 drops of starch suspension to the first depression containing iodine.   What color change do you observe?
6. Using a Pasteur pipet, add 1-2 drops of amylase solution to the second depression containing iodine.  Does a color change occur?

What do these results tell you about the affect of amylase and starch on iodine?

Why was it important to do these tests before doing the rest of the lab activities?

Examining the Affect of Temperature on the Enzyme Activity

1. What are two ways in which the speed of a reaction can be increased?

2. Of the above two ways, which is most important in living organisms?

3. What will happen to the starch when it is combined with amylase?

4. How is iodine useful in determining if the starch has been broken down  (hydrolysis) to simpler building blocks?

5. What is formed when starch is hydrolyzed?

6. How are enzymes affected by temperature?

7. *At what temperature do you predict the rate of starch hydrolysis will be most rapid?  Least rapid?  Why 

*These predictions can be used to help formulate the hypothesis in your lab report.

Procedure 2

1. Pipette 1 mL of amylase into each of three test tubes.  Label each of the test tubes with a grease pencil so that you will be able to identify it.  The grease pencil marks tend to disappear, so it is a good idea if you can find some additional way to identify it.

2. Place test tube 1 in the hot water bath.  Record the temperature of the water bath in Table 1 on your Data Sheet.

3. Place test tube 2 in the warm water bath.  Record the temperature in Table 1 on your Data Sheet.
4. Place test tube 3 in the ice water bath 1.  Record the temperature of this water bath in Table 1 on your Data Sheet.

5. Leave the test tubes in place for at least 10 minutes.

6. While you are waiting for the 10 minutes to elapse, place 1 drop of iodine in 10 to 20 of the depressions on your spot plate.  Then read the following instructions carefully.  Time is a critical factor so you must know exactly what you are doing and do it quickly.
After 10 minutes, 

7. Pour 20 mL of starch suspension into test tube 1.  Use a graduated cylinder to measure.

8. Immediately cover the top of test tube 1 with you thumb and invert it to mix the contents.

9. Using a Pasteur pipet add 1-2 drops of the starch and amylase suspension from test tube 1 to the first depression (already containing iodine) on your spot plate.  Record the color 

10. Wait 1 minute and add 1-2 drops of the starch and amylase solution in test tube 1 to the next depression containing iodine.  Repeat this every minute until no starch is detected.  If necessary add iodine to additional depressions.  Record the time required for complete hydrolysis of starch in Table 1 on your data sheet. If starch is still present after 10 minutes you may stop and record 10+ in Table 1.

11. Prepare your spot plate and repeat steps 7 through 10 for test tubes 2, and 3.

Examining the Effect of pH on Enzyme Activity

*At what pH do you predict the rate of starch hydrolysis will be most rapid?  Why

*Use this prediction to form the hypothesis for your lab report.

Procedure 3

1. Label three test tubes.  The first test tube should be labeled 3, the second 7, and the third 10.  

2. Add 10 mL of the buffered solution with a pH of 3 to test tube 3, 10 mL of the buffered solution with a pH of 7 to test tube 7, and 10 mL of the buffered solution with a pH of 10 to test tube 10.

3. Pipet .5 mL of amylase into each tube.

4. Prepare your spot plate by placing a drop of iodine into 10 to 20 of the depressions.

5. Add 10 mL of starch to test tube 3.  Immediately cap the tube with your thumb and invert it to mix the contents.  Use a graduated cylinder to measure.

6. Using a Pasteur pipet, place 1-2 drops of the mixture in test tube 3 to the first depression on the spot plate (already containing iodine).  Note the color.

7. Wait two minutes and add 1-2 drops of the mixture in test tube 3 to the next depression containing iodine.  Repeat this every two minutes until no starch is detected.  If necessary add iodine to additional depressions.  Record the time required for complete hydrolysis of starch in Table 2 on your data sheet. If starch is still detected after 10 minutes, you may stop and record 10+ minutes in Table 2

 Repeat steps 4-7 for test tubes labeled 7 and 10.

Examining the effect of Substrate Concentration on Enzyme Activity

1. Would you expect hydrolysis to be completed more quickly when substrate concentration is high or when it is low?  Why?

2. Assume your results show that it takes less time to hydrolyze all the starch at 25% concentration than at 50% concentration.  Does this mean that the rate of hydrolysis was faster at lower concentrations?  Explain your answer.

3. How might extremely low concentrations of substrate (starch) influence the rate of enzyme activity?  Why?
Use the answers to the above questions to formulate your hypothesis.

Procedure 4

1. Label 4 test tubes.  The first test tube should be labeled 50%, the second 25%, the third 10%, and the fourth 5%.   These labels will refer to dilutions of the starch suspension you have been using.

2. Prepare the desired dilutions by adding the starch suspension and water to the corresponding test tube as directed in the following table: 

	Dilution
	Starch 
	Water

	50% Tube
	10 mL
	10 mL

	25% Tube
	5 mL
	15 mL

	10% Tube
	2 mL
	18 mL

	5% Tube
	1 mL
	19 mL


3.  Prepare your spot plate by placing a drop of iodine into 10 to 20 of the depressions

4. Pipet 0.1 mL of amylase into the test tube containing the 50% starch suspension.  Immediately cap the tube with your thumb and invert it to mix the contents.

5. Using a Pasteur pipet, place 1-2 drops of the mixture from the test tube containing the 50% dilution to the first depression on the spot plate (already containing iodine).  Note the color.

6. Wait two minutes and place1-2 drops of the mixture from the same test tube to the next depression containing iodine.  Repeat this every two minutes until no starch is detected.  If necessary add iodine to additional depressions.  Record the time required for complete hydrolysis of starch in Table 3 on your data sheet.  If starch is still detected after 10 minutes, you may stop and record 10 minutes in Table 3.

7. Repeat steps 3 – 6 for the 3 remaining test tubes.

Data Sheet

Procedure 1: Testing for Starch

      Color observed when starch suspension was mixed with iodine _____________

     Color observed when amylase was mixed with iodine ________________

1. What do you think will happen if the amylase suspension is added to the starch        suspension?

Procedure 2: Effect of Temperature

2. What do you expect to begin happening as soon as you add the amylase to the starch suspension?
	Table 1:    Total Time Required for the Complete Hydrolysis of Starch at Different Temperatures

	
	Temperature
	Test  tube#
	Hydrolysis  

Time
	Observations and Comments 



	Hot WaterBath
	
	
	
	

	Warm Water Bath
	
	
	
	

	Ice Bath 
	
	
	
	


3. At what temperature do you predict the rate of starch hydrolysis will be most rapid?  Why

At what temperature was the rate of hydrolysis most rapid?  Does this match your initial prediction (Question 2)?  If not, do you know why?

4. How does heat influence the performance of an enzyme?

5. How does cold influence the performance of an enzyme?

Procedure 3:  Effect of pH

6. At what pH do you predict the rate of starch hydrolysis will be most rapid?  Why

	Table 2:  Total Time Required for the Complete Hydrolysis of Starch at Different pHs

	pH
	Hydrolysis

time
	Observations and Comments

	
	
	

	
	
	

	
	
	


7. At what pH was the rate of hydrolysis most rapid?  Does this match your initial prediction (Question 7)?  If not do you know why?

8. How do less than optimal pHs influence the performance of an enzyme?

Procedure 4: The Effect of Substrate Concentration on Enzyme Activity

9. Would you expect hydrolysis to be completed more quickly when substrate concentration is high or when it is low?   Why

	Table 3:  Total Time Required for the Complete Hydrolysis of Different Concentrations of Starch

	Dilution
	Hydrolysis

Time
	Observations and Comments

	50%
	
	

	25%
	
	

	10%
	
	

	5%
	
	


10. At what concentration was hydrolysis completed quickest.?  Does this match your initial prediction (question 10)?  If not do you know why?

11. Does the fastest time necessarily indicate the most rapid rate?  Explain your answer.

12. At high substrate (starch) concentrations, what is the limiting factor determining the speed at which hydrolysis is completed?

13. At what point would you predict that increasing substrate concentration would stop increasing the rate of hydrolysis?

This lab activity should be written up as a formal lab report.  Data should be reported in both tabular and graphic form for procedures 2-4.  Time to complete hydrolysis should be placed on the vertical axis and temperature, pH, and substrate concentration, respectively on the horizontal axis.  This will require 3 graphs.    Remember to include an introduction that reviews what you know or have learned from reading about enzyme activity and how and why changes in temperature, pH, and substrate concentration can affect enzyme activity.  Following the introduction, you should include a section delineating materials and procedures.  This section should be brief.  Following the procedure you should have one or more hypotheses explaining what results you expect.  The next section should be your results.  Results should be presented in both a narrative and graphic format.  Do not interpret you results at this point, but simply present them in a clear and readily understandable format.  Following the results you should include a discussion.  The discussion should explain your results.  This is the most important section.  It is the part where you demonstrate you understanding of the experiment, interpret the results, discuss the results relevant to your understanding of enzyme activity, and explain those results that deviated from your expectations.  You should then include a brief conclusion in which you accept, reject, or modify your initial hypotheses and explain your reasons for doing so.  Lastly you should include a bibliography.  The bibliography must include at least three references.  These references may include the text book and the lab manual.  Follow a specific example in presenting your literature citations.  While content is the major factor determining your grade, neatness, style, correct grammar, and correct spelling also affect your grade.  Your computer has both spell check and grammar check.  Get in the habit of using them.  A more complete explanation of the parts of a lab report can be found at the back of your lab manual.
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