Name _____________________________________


Enzymes in Action Lab


Enzymes are specialized proteins that make it possible for our cells to perform all of the chemical reactions that they need to.  Simply put, each reaction that occurs in the body has a cost.  The currency for the cell, however, is not dollars and cents, but rather energy in the form of a molecule called ATP.  The more energy a reaction requires, the harder it is for the cell to perform.  The energy required to complete a chemical reaction is called the activation energy.  Enzymes make it easier for the cell to perform a chemical reaction by lowering the required amount of activation energy.  A substance that lowers activation energy is known as a catalyst; enzymes are organic catalysts.  The reactant that the enzyme helps to react is called its substrate.

In this lab you will examine three different enzyme catalyzed reactions and the effects of different factors such as pH and temperature on their activity.  There will actually be several experiments that you need to complete so follow the directions carefully but work quickly.  EACH STATION MUST BE RETURNED TO THE CONDITION IT WAS IN PRIOR TO YOUR ARRIVAL BEFORE YOU CAN MOVE ON.
Activity 1 background:  Got Milk?
Carbohydrates are a group of compounds used by the body for simple, fast energy.  Sugar and starch are two examples of carbohydrates.  Some of these carbs are very large molecules, like starch, which need to be broken down into much smaller units before they can be used.  Another example of a carbohydrate that needs to be broken down is the disaccharide, or double sugar, found in milk, called Lactose.  

Lactose is a combination of two small sugars: Galactose and Glucose.  See the reaction below.  
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In order for your body to use lactose it must first break it down into 1 molecule of Glucose and one molecule of galactose.  To make life easier, your body enlists the help of an enzyme to break apart lactose.  This enzyme is called Lactase.

Activity 1 Directions: 
1. Obtain a sample of regular milk.
2. Use the Glucose test strips to determine if there is any glucose in your milk sample.   Dip the strips in the milk and quickly remove.  Allow the strips 60 seconds to “develop” completely.
3. After the minute compare the color of the test strip to the key on the container.
4. Obtain 1 Lactase Enzyme Supplement tablet and GENTLY crush the tablet on a paper towel using the back end of a pair of scissors

5. Add the Lactase Enzyme powder to your sample of milk and swirl around to mix.   

6. After 15- 20 minutes, test your sample again for the presence of glucose.  

7. In the mean time start working on the questions

8. Clean up: dump milk mixture down the sink and rinse cup; DRY and return it to your station; throw out any used test strips; wipe up any spills or lactase powder
Activity 2 background: Potatoes and bubbles
One of the most common enzymes in living things is catalase. Catalase breaks down its substrate, H202 (hydrogen peroxide) a potentially harmful chemical formed in cells.  Catalase is found in most tissues, but large quantities exist in the liver of a mammal and in potatoes.  Catalase and can obtained by simply blending some fresh beef liver or potato into good yummy soup.  We have blended fresh potatoes with water to provide a source of catalase for you.  Your job is to use the catalase to help break down hydrogen peroxide into its products: water and oxygen gas.  So how do we know that the reaction is happening?  Well, what forms when a gas is put into a liquid? (think soda!)   The progress of the breakdown reaction can be monitored by looking for bubbles of 02 gas. In this exercise you will measure how long it takes a piece of filter paper soaked in catalase to rise to the top of three different beakers of H202, each at a different temperature.  This will allow you to determine the optimal temperature for the catalase enzyme.  
Activity 2 Directions: 

1) You will move from station to station testing the reaction rate as a function of temperature. At each station measure 25 mL of 1% H202 into a 50 mL beaker.

2) Use forceps to dip filter paper into catalase. Tap the filter paper against the side of the beaker to drain excess.

3) Lower filter paper to the bottom of the beaker and release it. Record the time it takes the paper to rise to the top of the solution (see data table.)

4) Discard filter paper into receptacle

5) Repeat experiment at EACH temperature 3 times and determine and average.
6) Discard the H202 into the waste beaker and rinse the H202 beaker.

Activity 3 background:  Potatoes and lots of bubbles

For activity 3 we will employ the same techniques as activity 2.  We will once again use filter paper soaked in catalase to determine what the optimal substrate concentration for this particular enzyme is.  Each beaker you will test has a different concentration of hydrogen peroxide, H202, in it.  The higher the concentration, the more substrate molecules there are for the catalase to break down.  But is there a limit to how fast this reaction can go?  You will tell me!

Activity 3 Directions: 

1) You will move from station to station testing the reaction rate as a function of the concentration of H202. At each concentration station, measure 25 ml of the H202 into a 50 ml beaker.

2) Use forceps to dip a piece of filter paper into catalase. Tap the filter paper on the edge of the catalase beaker to get rid of the excess catalase
3) Lower filter paper to the bottom of the beaker of H202 and release it. Record the time it takes the paper to rise to the top of the solution (see data table.)

4) Discard filter paper into waste container
5) Repeat steps 2-4 for each concentration 3 times
6) AFTER you have tested your sample of H202  three times, discard your 25mL of H202 into the waste beaker, rinse the H202 beaker and move on to the next concentration. 
Activity 4 background: The wonderful world of spit

Ever wonder what your saliva is good for?  In your saliva there is an enzyme called amylase.  Its job is to start digesting, or hydrolyzing (think hydrolysis!), starch while you are chewing.  It takes the starch, a complex carbohydrate, or polysaccharide of many glucose molecules, and breaks it down into smaller disaccharides called Maltose (two glucose molecules bonded together) and eventually into glucose, although full digestion to glucose would take much longer than we have here in lab.  In this activity you will examine what happens when amylase is added to starch at a neutral pH and under acidic conditions.  Also, while this experiment would work exactly the same using your own saliva, we are going to lower the “ick” factor just a bit and use store bought amylase enzyme.  Same enzyme, only you won’t have to watch your classmates drool into a test tube.  (You’re welcome!)

Activity 4 Directions:
1. Set your tubes up as following

	Tube 1
	Tube 2
	Tube 3

	10 drops 1% starch
	10 drops 1% starch
	10 drops 1% starch

	NO HCl
	NO HCL
	2 drops 1M HCl

	NO amylase
	10 drops amylase
	10 drops amylase


2. Place the tubes in the warm water bath for about 10 minutes while you answer the introductory questions.  Do not adjust the temperature on the hot plate.
3. After the 15 minutes add 1 drops of Lugol’s iodine solution.
a. Remember from the macromolecule lab: a dark color indicates that starch is present.  Yellow/orangy color means that no starch remains in the sample.
4. Record your results and answer the discussion questions.
Pre-Lab questions: Answers to Questions 1 – 6 will be checked before lab starts!  Also set up data collection spaces and tables in your lab notebook.
Use this lab, your enzyme notes AND your brain to answer these questions.  (
1. IN YOUR WORDS: what is an enzyme and how does it work? 

2. Fill in the following chart for the three enzymes we will be using in this lab. 
	Enzyme name
	Substrate name
	Products of reaction
	How will we detect that the reaction occurred?

	
	
	
	

	
	
	
	

	
	
	
	


3. For activity 3: 

a. What is the dependent variable?

b. What is the independent variable?  
4. Activity 2: Predict which temperature will result in the fastest reaction rate and explain your reasoning.  

5. Activity 1: Lactose is a disaccharide.  Glucose is a monosaccharide.  What reaction is lactase catalyzing?  

6. Activity 4: Amylase activity: Predict what each tube will look like after adding the Lugol’s iodine.  Explain why.  
Data collection: Data must contain units!
Activity 1: 

Glucose levels before lactase:

_____________ 

Glucose levels after lactase: 

_____________

Activity 2: 





Activity 3:

	Temp
	Test 1
	Test 2
	Test 3
	Avg
	Rate

(1/Avg)

	0°C
	
	
	
	
	

	37°C
	
	
	
	
	

	90°C
	
	
	
	
	

	Substrate

Conc.
	Test 1
	Test 2
	Test 3
	Avg
	Rate

(1/Avg)

	0.05%
	
	
	
	
	

	0.1%
	
	
	
	
	

	1.0%
	
	
	
	
	


Activity 4:

	
	Test tube 1
	Test tube 2
	Test tube 3

	Color after iodine
	
	
	


Discussion Questions: Answer in complete sentences USING VOCABULARY

Activity 1: 

1. Explain clearly why there was glucose in your milk after the reaction but not before.   
2. People who are Lactose intolerant can’t break lactose down into glucose and galactose.  This causes them to have pain and discomfort whenever they eat dairy products.  What do you think prevents them from doing this?  

3. Starch is another carbohydrate that is made by linking together many small sugars (glucose).  Keeping in mind what we know about enzymes, what do you think would happen if we treated starch with lactase?  Why?

4. Think about what we talked about in relation to the effect of pH on enzymes.  What do you think would have happened if we added a strong acid AND Lactase to the milk?  Why? (NOTE: Lactase normally works in the intestines)

5. What else, other than adding acid, could we have done to the enzyme/milk mixture to have the same effect as you discussed above? 

Activity 2 and 3: 

1. Use a ruler and graph paper to: 
a. Graph your rates for Activity 2
b. Graph your rates for Activity 3
c. Use your graphing rules sheet to make sure you remembered everything

2. What generalized relationship, if any, exists between temperature and the rate at which the hydrogen peroxide is catalyzed to H20 and 02 by catalase?  

3. What general relation, if any, exists between the concentration of the substrate and the rate at which the reaction proceeds?

Activity 4: 

1. What does the word Denature mean in terms of enzymes?

2. What “level(s)” of protein structure are affected by denaturation? 

3. Does denaturation break any peptide bonds?  Explain.  

4. Explain what is happening in test tube 2 and how you know this. 

5. What happened when you added the HCl? BE SPECIFIC and use the proper vocabulary terms.  

6. Starchy foods are bland in taste.  But remember, they are really long chains of glucose!  What do you think you would start to taste if you held a starchy food like Matzah in your mouth for awhile?  Why would this be? 

7. Could we have used the glucose test strips instead of the lugol’s iodine to demonstrate the activity of amylase?  If so, what results would you have seen in each test tube and why?  Please REREAD your intro to this activity of the lab before answering this question.  
Galactose





Glucose





water





Lactose
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