Detection and Digestion of Macromolecules
Objectives: 

After completing this exercise, you should be able to: 

1. Explain the purpose of protein, carbohydrate and lipid digestion

2. Identify the enzymes involved in the digestion of each proteins, carbohydrates and lipids.

3. Explain how the procedure demonstrated in this exercise is used to determine whether or not a specific class of compounds has been digested.

Introduction: 


The classification of molecules is dependent on the presence of key functional groups.  Proteins, lipids and carbohydrates are all defined by their chemical composition and structure which in turn provide the molecules with a unique set of properties.  These key compositional features are not only exploited by indicators used to chemically detect the presence of a particular class of compounds, but are also what allow enzymes to identify their specific substrates.  Each class of macromolecules contains its own set of chemical indicators as well as its own set of digestive enzymes.  

Part I: Proteins
The proteins we eat can be neither absorbed nor used by the body directly.  They must be completely dismantled into their subunits, amino acids.  We then use these amino acids to assemble our own proteins.  Thus, even through we might eat quantities of muscle (meat) containing the proteins actin and myosin, these protein molecules do not necessarily become actin and myosin in the muscles in our bodies.  Their amino acids are reassigned to whatever proteins are needed at the moment, which might be keratin for hair, hemoglobin for red blood cells, an enzyme in the aerobic respiration pathway, or any one of thousands of other proteins.  Nine of the 20 amino acids that we need to make proteins can be obtained only by breaking down proteins from food.  These are called the nine essential amino acids.  We can synthesize the other 11 from simpler precursor molecules.  The enzymes that digest proteins are called proteases.  
Method: 
In the following procedure you will use trypsin to digest gelatin.  

Gelatin is a protein obtained from sources such as animal hooves and hides.  It is capable of taking up large amounts of water, which cause it to swell and set in the familiar Jell-O fashion.  If the gelatin is digested the gelatin’s structure is destroyed.  Without the proper structure, the gelatin will not gel.  

1. In setting up this experiment, what is the dependent variable? 

2. How is this dependent variable related to the activity of trypsin?
Procedure: 

1. Set up tubes according to the chart below: 

a. Again, fill all appropriate tubes with water, then move on to the gelatin and then the biuret.  

b. Add the trypsin to the test tubes and place each tube in its appropriate temperature for 20 minutes
c. Make your predictions as to the outcome of each tube.  

	Tube Number
	Water (1 mL)
	Gelatin 
(10 mL)
	Biuret

(10 drops)
	Trypsin  (1 mL)
	Temperature:
	Predictions: 

	1
	+
	-
	-
	+
	Room Temp
	

	2
	+
	+
	+
	-
	Room Temp
	

	3
	+
	+
	-
	-
	Cold
	

	4
	-
	+
	-
	+
	Cold
	

	5
	+
	+
	-
	-
	Room Temp
	

	6
	-
	+
	-
	+
	Room Temp
	


2. After the 20 minute incubation time is complete, add 10 drops of biuret reagent to Tubes 3, 4, 5 and 6.  Record your observations/results for each tube below.  

	Tube 1: 
	

	Tube 2: 
	

	Tube 3: 
	

	Tube 4: 
	

	Tube 5: 
	

	Tube 6: 
	


Discussion Questions: 

1. Explain how both the enzyme, trypsin, and the indicator, biuret, work.  Include a discussion of the chemical attributes of protein with which each react.  

2. Discuss the effect of temperature on your experiment.  How does temperature alter the effectiveness of the enzyme? 
Part II: Lipids

 Lipid digestion must begin by making the molecules more compatible with water so that the digestive enzymes have access to them.  This is accomplished by breaking up the lipid into small droplets, which are then distributed throughout the water.  This type of mixture is called an emulsion.  Immediately before pouring out salad dressing, you shake the bottle.  The separation problem is solved only temporarily, however.  In a few minutes, the oil droplets have again joined up with each other and the oil and aqueous vinegar have separated.  A permanent emulsion can be established by using an emulsifying agent to keep the oil droplets dispersed.  In salad dressing, mustard may be added to stabilize the oil-and-vinegar emulsion.  Egg yolks are also emulsifiers.  For example, mayonnaise is an emulsion containing oil, lemon juice and egg yolks.  In the digestive process, bile which is produced by the liver and stored in the gall bladder emulsifies lipids.  
Once lipids are emulsified they are broken down into their subunits by enzymes called lipases.  The subunits can then be absorbed into the body.  Lipases are another type of digestive enzyme that is produced in the pancreas and secreted into the small intestine.  Lipid emulsification and digestion take place in the small intestine, and the subunits are absorbed into the blood.  

Fats, which constitute a major subclass of lipids, are composed of a glycerol molecule linked to fatty acids.  Most fats found in nature have three fatty acids, so they are called triglycerides.  There are also fats that contain one or two fatty acids linked to a glycerol molecule.  Enzymatic digestion of fats releases the fatty acids.  As weak acids, the fatty acids affect the pH of a solution.  
Method: In this experiment you will analyze the pH of various test tubes to determine whether lipid digestion has occurred or not.  You will use phenolphthalein as a pH indicator, detergent as an emulsifier and lipase as your digestive enzyme.  NaOH will be used to give the starting solutions a strong basic pH.  

Procedure: 
1. Set up your test tubes as follows: 

a. Confirm the volumes of each solution with your instructor.  

b. Start by adding oil to all the appropriate tubes, then detergent and phenolphthalein.   
c. Add enough water to each tube such that the total volume in each tube is equal.  

d. Before adding the lipase, record your predictions in the table 
	Tube number
	Oil
(1mL)
	Water

	Detergent
(1mL)
	Phenolphthalein

(1 drop)
	Lipase 

(TBA)
	Predictions

	1
	+
	Fill to total volume
	-
	+
	+
	

	2
	+ 
	Fill to total volume
	+
	+
	+
	

	3
	+
	Fill to total volume
	+
	+
	-
	


2. Add Lipase, cover each test tube tightly with parafilm, place your thumb over the tube and shake vigorously ten times.  
3. Remove the parafilm and put 2 -3 drops of NaOH into each tube.  Replace the parafilm and shake to mix.  Add drops of NaOH until the solution stays pink after shaking.    
4. Record the color of each tube at time 0 and at each time point listed in the chart.  
	Time: (min)


	Tube 1
	Tube 2
	Tube 3

	0
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	20
	
	
	

	30
	
	
	


Discussion Questions: 
1.  In which tube(s) did a full lipid digestion occur in your experiment?  Explain including any evidence you have to support your answer?  
2. Explain the difference between treating the oil with bile salts and treating the oil with lipase.  
3.  Draw a picture of a triglyceride.  Indicate the bond(s) that are being targeted by the lipase. 
4.  Your set up includes both experimental and control tubes.  Discuss each tube, identify it as a control tube or an experimental tube and the purpose each serves. (ie: if it is a control, why is that particular control needed?)

Part 3: Carbohydrates
The ultimate function of a carbohydrate digestion is to convert all carbohydrate molecules into monosaccharide subunits that can be absorbed into the blood and ultimately into body cells.  The giant polysaccharides obviously must be chopped up into their component subunits, but even disaccharides such as sucrose (table sugar) and lactose (milk sugar) must be converted to monosaccharides for absorption.  

Cellulose, which composes the cell walls of plants, is a large polysaccharide and a component of many plant foods we eat, but our digestive systems cannot break cellulose molecules down into their component sugars.  Because it is indigestible, cellulose is the largest component of dietary fiber.  It adds bulk to the intestinal contents and thus helps the remains of a meal pass through the digestive system more quickly.  

On the other hand, starch is a major source of nutrients.  Digestion of starch begins in the mouth, where salivary amylase initiates the process of clipping the huge polysaccharide into smaller strands, then into disaccharide maltose molecules, and finally into its monosaccharide glucose subunits.  Amylase is also secreted by the pancreas into the small intestine.  In the small intestine, starch digestion that was begun in the mouth is completed, and the monosaccharides are absorbed into the blood.  

Method: Starch is added to the experimental tubes as a substrate for amylase.  You will use iodine reagent which turns dark blue in the presence of starch, to determine whether starch digestion has occurred.  If no starch is present, the solution remains yellow.  If the starch had been partially digested, a red-brown color will result.  In addition we will use glucose test strips to determine if the amylase digestion has broken the starch down completely into its glucose subunits.  

Procedure: Set up your tubes as follows and make your predictions.  

1. Set up your tubes according to the chart below: 

a. Start with the Starch solution and add it to all the appropriate tubes.  Then move on to the water, and iodine in that order.  

b. BEFORE ADDING AMYLASE: record the color of each test tube

	Tube Number
	Starch (10 mL)
	Water (10 mL)
	Iodine (1 drop)
	Color before Amylase
	Color After Amylase

	1
	-
	+
	+
	
	

	2
	+
	+
	+
	
	

	3
	+
	-
	+
	
	

	4
	+
	+
	+
	
	

	5
	+
	-
	-
	
	

	6
	+
	-
	-
	
	


2. Add 10 drops of Amylase to tubes 3, 4 and 5 ONLY.  

3. Place tubes 3, 4, and 5 in the warm water bath for 10 minutes.  

4. Record the color of the three amylase tubes after incubation time is over.  

5. After digestion is complete pour a sample of test tube 3 into a beaker and test it with a glucose test strip.  Use a fresh glucose strip to test the prepared glucose sample as a reference. 

6. Record your observations/results below.  

	Tube 1: 
	

	Tube 2: 
	

	Tube 3: 
	

	Tube 4: 
	

	Tube 5: 
	

	Tube 6: 
	


1. What is the biological significance of the effect of temperature on this enzyme? 
2. Describe the effect that amylase has on the starch molecules.  What does the final glucose test tell you about the extent of digestion performed by amylase? 

