Chemistry of Carbohydrates, Fats, and Proteins
Biologists depend on chemists for much of their understanding of life and the life processes.  Carbohydrates, fats, proteins, and nucleic acids are the four major groups of organic molecules found in living organisms.  

· Carbohydrates make up a large group of organic compounds found in cells.  They are generally used for energy or cell structures.  

· The lipids are the fats, oils, and waxes.  Like carbohydrates, fats contain carbon, hydrogen, and oxygen, but the proportion of hydrogen to oxygen is not the same as in carbohydrates.  Because lipids contain very little oxygen, they can yield large amounts of energy when combined with oxygen.  

· Proteins are the main structural and growth components of cells in tissues such as skin, hair, muscle, and blood.  Other proteins serve in a regulatory capacity as enzymes or hormones.  Proteins always contain nitrogen in addition to carbon, hydrogen, and oxygen.  Phosphorus and sulfur are also found in many proteins.  The amino acid is the basic structural unit of all proteins.  There are only about 20 different amino acids known to exist in proteins; all of them have a similar basic structure

First you will work with carbohydrates.  The packet should have the following parts:

· 12 black Carbon (C)
· 13 blue Oxygen (O)

· 26 white Hydrogen (H)

· 26 plastic electron bonds (white)

I. Water:  The chemical formula of water is H2O.  By examining this formula, some information can be gained to get us ready for the rest of the lab. 

1. What elements make up water?

2. What does the subscript number 2 following the H represent?

3. Why doesn’t the “O” have a subscript?

4. How many molecules of water are represented by the formula H2O?

5. What is a molecular formula?

6. Build a structural model of water with the parts provided.  Show the teacher for credit.

7. Draw the structural formula for water.

8. What is a structural formula?

9. What do the lines between the O and the H represent?

II. Carbohydrates:  An important group of biological compounds are the saccharides (the sugars of carbohydrates).  Carbohydrates contain carbon, hydrogen, and oxygen.  The many different types of sugars have been groups in to three main categories – monosaccharides, disaccharides, and polysaccharides.

a. Monosaccharides = single sugars:  Study the structural formula of the monosaccharides below.
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Construct a model of the monosaccharide.  The model you have constructed represents the three-dimensional shape of the molecule.  
10. How many atoms of carbon are there in each molecule of glucose?

11. Write the molecular formula for glucose.

12. Compare the number of hydrogen atoms to the number of oxygen atoms.  What is the ration of hydrogen to oxygen?

13. Molecules of monosaccharides may have the same molecular formula but differ in three-dimensional structures.  This is called isomerism.  Describe isomerism in your own words.

b. Disaccharides = double sugars:  Two monosaccharide molecules can chemically join together to form a large carbohydrate molecule called a double sugar, or disaccharide.  When a glucose molecule chemically joins with another glucose molecule, a double sugar known as maltose is formed.  Create a second glucose molecule identical to the first.  

14. Attempt to join the two molecules and build a maltose molecule.  Will the maltose molecule stay together?

15. It will be necessary to remove an OH end from one molecule and an H end from another in order to join the molecules.  Does this enable the two molecules to be joined together?

16. Write the molecular formula for maltose. (Remember that H2O was lost.)

17. What are the ratios of H to O atoms?

18. Does isomerism exist in double sugars?

19. How many monosaccharide molecules are needed to form a disaccharide molecule?

c. Polysaccharides = complex sugars:  Just as double sugars were formed from two monosaccharide molecules, complex sugars are formed when many single sugars are joined together chemically.  The exact number of glucose molecules attached to form these polysaccharides is not known.  The two most common polysaccharides in biology are starch and cellulose.  They consist of long chains of glucose molecules joined together.  With another team construct a starch molecule by joining four glucose molecules.  This represents only a small part of a starch molecule because starch consists of hundreds of glucose molecules. 

20. What must be removed from some of the glucose molecules in order to join them?

21. Using only one of the middle “glucose” molecules of the model, determine the molecular formula of starch.  (Remember that a molecular of water has been lost from each glucose molecule when it joined with the others.)

22. How does the ratio of H to O atoms in starch compare with the ratio in double sugars?  In single sugars?  In water? 

Now you will work with fats.  The packet should have the following parts:

· 15 black Carbon (C)

· 5 blue Oxygen (O)

· 32 white Hydrogen (H)

· 51 plastic electron bonds (white)

I. Fats:  On a molecular basis, all fats are somewhat similar.  Just as carbohydrates are composed of smaller molecules called monosaccharides, all fats are composed of smaller molecules.  The smaller molecules in fats are glycerol (an alcohol) and fatty acids.

a. Glycerol – an alcohol with three hydroxide groups.
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1. What elements are present in glycerol?
2. Are there any elements in glycerol that are not in carbohydrates?

3. What is the molecular formula for glycerol?

4. Build a structural model of glycerol.

5. What is the ratio of hydrogen atoms to oxygen atoms in glycerol?

b. Fatty acids:  The second molecule, which contributes to forming fat, is a long molecule called a fatty acid.  Many different fatty acids exist, but all are similar in several ways.
6. Construct a three-dimensional model of a fatty acid, butyric acid, listed below.  
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7. What elements are present in all fatty acids?

8. What is the molecular formula of butyric acid?

9. Does a 2:1 ration of hydrogen atoms to oxygen atoms exist in fatty acids?
c. Forming fats:  A fat molecule consists of one glycerol molecule and three fatty acid molecules joined together.

10.  With two other groups, attempt to join together the glycerol 

molecule with three fatty acids.  Will the fat molecule stay together?

11.  It will be necessary to remove three OH ends from the glycerol 
       molecule and the OH ends from the glycerol molecule and the  

       H end from each of the fatty acids carboxyl (COOH) end in 
       order to join the molecules.  Does this enable the molecules to 
       be joined together?  If so, do it.

12.  Join the H and OH ends.  What chemical substance is found 

       when the H and OH ends are joined?

13.  Production of a fat molecule is a chemical reaction.  A 

       chemical shorthand way of expressing the formation of a fat is 

       as follows:  Fatty acids + Glycerol → Fat + Water.  How many 

       water molecules are formed when one fat molecule is 

       produced?

Now you will work with proteins.  The packet should have the following parts:

· 14 black Carbon (C)

· 4 red Nitrogen (N)

· 9 blue Oxygen (O)

· 32 white Hydrogen (H)

· 58 plastic electron bonds (white)

I. Examine the structural formula below for an amino acid.  Construct a model using the molecular parts provided leaving the R portion open. [image: image4.png]carboxyl
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II. Note that the amino acid has an amino group (NH2) at one end and an acid group (carboxyl, COOH) at the other end.  The R stands for radical.  The uniqueness of each amino acid is determined by the atoms in the R position.

III. The structural formulas of four representative amino acids are shown below.  Glycine is the simplest amino acid, with only a single hydrogen atom in the R position.  Complete the previous model with the R group of glycine.
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1.  What is the molecular formula for glycine?

2.  What is the molecular formula for alanine?

3.  Are the molecular formulas for all amino acids the same?

4.  Identify the end arrangement found in fatty acids as well as amino acids.  What is it called?

IV. The remaining amino acids have more complex arrangements of atoms in the R position.  Construct two different amino acids.  Join with another team so that all four representative amino acids are built.  The models constructed represent the three dimensional shapes of the molecules.

V. A protein is formed by the chemical bonding of many amino acid molecules.  Proteins may contain as few as 50 or as many as 5000 or more amino acids.  The chemical combination of two amino acids is called a dipeptide.  The amino group of one amino acid molecule combines with the acid group of another in what is called a peptide bond.  In this reaction one molecule of water is formed by the removal of a hydrogen atom from the amino group of one amino acid molecule and an OH group from the acid group of the other.  This process is called dehydration synthesis. [image: image6.jpg]HHO HHO HHOHHDO
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VI. Combine the two amino acid molecules built by removing the proper OH group and H group as needed to form a protein.  Rejoin the OH and H ends.

5.  What chemical substance is formed when the OH and H is joined?

VII. As in fats and carbohydrates, the reverse of this reaction, called hydrolysis, restores a water molecule at the site from which it was originally removed.















