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The Chemistry of Amino
Acids and Proteins

Student Study and Analysis Sheet

Introduction

Proteins, along with carbohydrates, fats, and nucleic acids, are the major groups of organic chemicals which
make up cells. Proteins are primarily responsible for the maintenance and repair of tissue, and the formation
of enzymes, hormones, and defense cells in organic structures. Proteins also aid in sending and receiving mes-
sages between cells.

Molecularly, a protein can be thought of as a large jigsaw puzzle, made from hundreds of individual pieces
called amino acids. There are only twenty different types of amino acids found in proteins, but the amino acids’
infinite number of sequence combinations creates the vast diversity of protein types. For example, imagine you
were given an unlimited supply of each of the twenty amino acids, and you were told to connect any tenin a
chain using as many of each amino acid in any pattern as you wanted. If your lab partner were asked to do the
same, what would be the chance that both patterns would turn out to be the same? This can be calculated by
multiplying twenty (the number of possible amino acids) to the power of ten (the number needed in this chain).
The answer is approximately ten trillion patterns. Each pattern would create a different protein.

The twenty amino acids are composed of a specific arrangement of the elements carbon, hydrogen, oxygen,
nitrogen, and, on occasion, sulfur. Each amino acid is situated around a central carbon atom. Since every car-
bon has four bonding sites, four atoms or molecules must project from the central carbon. One is a simple
hydrogen atom. A second is called an amine functional group (-NHy). The third is a carboxylic acid function-
al group (-COOH). All amino acids have these three branches off the central carbon, hence its name (amino

from amine, acid from carboxylic acid). The fourth group is called a radical, and may contain various combi-
nations of carbon, hydrogen, oxygen, nitrogen, or sulfur.

When two amino acids combine, the linkage between them is called a peptide bond (Figure 1). The bond occurs
between the amine group of one amino acid and the carboxylic acid group of another. The two amino acids are
now referred to as a dipeptide. Additional amino acids are bonded to a dipeptide to form a polypeptide. Each
time a new amino acid is added to the chain, two hydrogens and an oxygen are released, which covalently bond
to form water. This is why formation of a protein is considered a dehydration synthesis reaction.
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Formation of a peptide bond

Each organism on earth contains particular proteins which are specific to that organism. Since not all amino
acids can be made by an organism, proteins from other species must be ingested, broken down into their
amino acids, and rearranged into the proteins necessary for the new organism. Humans take in proteins from
sources such as meats, fish, beans, and dairy products. When a person drinks a glass of milk, the “cow pro-
tein” is decomposed into the individual amino acids, then those puzzle pieces are rebuilt into a “human pro-
tein”. The newly constructed proteins may be converted into enzymes, substances which allow essential
organic reactions to progress at compatibie temperatures or may be used to build skin, hair, or muscle tissue.
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Models will be used to visualize amino acids, emphasizing the characteristic amine and carboxylic acid func-
tional groups. The amino acids will be joined to demonstrate peptide bonds, showing how a protein is formed.

Materials needed per group:

1 Molecular model packet containing:
11 Black, Carbon atoms %@
26 White, Hydrogen atoms Q=0
9 Red, Oxygen atoms&
4 Blue, Nitrogen atoms é%b
1 Yeliow, Sulfur atom S

43 Bonding tubes 2.5cm (for single electron bonds) T 7D

8 Bonding tubes 3.5cm ( for double electron bonds) C 0
1 Student study and analysis sheet (per student)

Procedure

Part I - Building the general structure of an amino acid

1. The central carbon

A. Obtain one carbon atom from your packet. Note that there are four bonding sites extending from
the atom. One of these bonding sités must be filled with a hydrogen atom to create an amino acid. Use
a bonding tube (2.5cm) to link a hydrogen atom to your carbon, forming a single bond.

2. The amine functional group

A.  All amino acids must have an amine group bonded to the central carbon. An amine
has the formula -NH,. Construct one by connecting a hydrogen with a bonding tube
(2.5cm) to two of the bonding sites on a nitrogen atom (as illustrated in Figure 2).

B. Using the third bonding site on the nitrogen and a single bonding tube, connect this )
amine to the central carbon from Step 1. The fourth bonding site on nitrogen represents Figure 2
an unshared pair of electrons and will not be used in this lab. Amine

3. The carboxylic acid functional group

A. Al amino acids must have a carboxylic acid group bonded to the central
carbon. A carboxylic acid has the formula -COOH. Construct one by con-
necting both bonding sites of one oxygen to a carbon, creating a double
bond. Form a single bond between a second oxygen and the third bonding
site of the carbon. Link a hydrogen atom to the remaining oxygen bond site.
Compare your carboxylic acid to the one illustrated in Figure 3. Figure 3

B. Using the fourth bonding site on the carbon, connect this carboxylic acid Carboxylic acid
to the carbon from Step 1.

4. General structure of an amino acid

A. The model in front of you is the general structure of every amino acid found in nature. Note the
remaining bonding site on your central carbon. What connects here, called the radical (R), determines
which amino acid is formed. Each of the twenty amino acids that make up proteins has a different radical.
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5. Building an actual amino acid

A. Glycine is the simplest amino acid, since its radical is only a hydrogen atom. Construct glycine by adding
a hydrogen atom to the remaining bonding site on the general amino acid model from procedure four.

B. Compare your glycine to the one illustrated in Figure 4. Save this model for later use.

6. More amino acids
A. Build three more general amino acid models, by repeating Steps 1 through 4.

B. To the first model, add the radical -CH; (a carbon with three hydrogens bonded to it). This amino
acid is called “alanine”.

C. To the second model, add the radical -CH,OH. This amino acid is called “serine”.
D. To the third model, add the radical -CH,SH. This amino acid is called “cysteine”.
E. Compare these three models to the structures shown in Figure 3. Are there any differences?
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Select amino acids

Part 1l - Building a Protein

7. The peptide bond

A. Place the glycine model created in Step 5 next to the alanine model made in Step 6. Remove the
-OH end (with tube) from the carboxyl group of the glycine model. Remove a hydrogen atomn (with-
out tube) from the amine group of the alanine. Bond the glycine to the alanine at these locations.

B. Whenever two amino acids combine, the bond is called a peptide bond, and the larger molecule is
generally called a dipeptide.

8. Dehydration synthesis

A. Note what pieces are left over from the peptide bond in Step 7. Can these pieces bond together? Because
water (H,0) is formed during the making of a dipeptide, the reaction is called dehydration synthesis.

9. Starting a protein

A. Form a peptide bond between the model created in Step 8 and the serine model from Step 6. Then
add on the cysteine model from Step 6. Two more water molecules will be given off when you are finished.

B. This model is a small polypeptide chain, and the beginning of a protein. it is however, only the start,
because you have combined only four amino acids. Most proteins have hundreds of amino acids linked
together, while some have thousands.

Extended Procedure:

A. Examining four or five amino acids bonded side by side shows the primary, “linear” structure of a sim-
ple polypeptide. A protein, however, is not shaped like one long, stretched piece of string. A secondary
structure of folding that “string” back onto itself exists in proteins.

B. The amino acid cysteine plays a highly important role in the secondary structure. The sulfur of one
cysteine will bond to the sulfur of another cysteine within the same polypeptide chain, creating a more
rigid protein structure. Two hydrogen atoms are given off during this bond formation.

C. Use two peptide chain models from Step 9 to demonstrate this cysteine characteristic. Note how the
molecule’s movement is reduced after the bond is created.
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