Proteins and the Insulin Model
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Background:
You probably already know that atoms, the smallest representative sample of an element, bond together to form molecules. Different atoms of elements (like carbon, oxygen, and nitrogen) bond together in different amounts and different ways to form the billions of chemicals that make up everything in our universe. Living things tend to create complex molecules in order to do specific jobs to maintain life. 
Some of the complex molecules that help life function are carbohydrates, fats, steroids, and proteins. Some of these molecules are used in cell structure, others are “active” compounds that move or change chemicals. Proteins are a class of chemicals that participate in every function of the living cell, including structural support for the cell, muscle movement, breaking down chemicals (these proteins are called enzymes), turning genes off or on, or cell signaling. Proteins play a very important role in biology and biochemistry. You can differentiate proteins from other chemicals in a living thing because proteins are made up of amino acids. Proteins also often have complex multidimensional structures. There are 22 amino acids. The human body uses 20 of these amino acids and can make 10 of them on its own. The other 10 we have to get through eating.
When amino acids bond together they are called peptides. “Polypeptide” is simply another name for a protein, where many amino acids are joined together (poly = many). There are proteins that are very short, such as the artificial sweetener aspartame, which is a dipeptide (two amino acids bonded). And there are proteins that contain several thousand amino acids.

When many amino acids bond together, the molecules can get quite large compared to the rest of its microscopic cellular surroundings. Imagine trying to stretch out a 50-foot rope in a 10 x 10 foot room. You would not be able to fully extend the rope into a straight position. You would need to bend or curve the rope, or pile it upon itself. Large proteins face a similar challenge, so they fold in upon themselves to generate a three-dimensional (3-D) structure.

There are three parts to this 3-D structure. The primary structure is the amino acid “chain” bonded together (Figure 1), much like the “straight” rope in our analogy. The order and type of amino acids in this primary structure are what define a specific protein. The amino acid type, order, and number are different for the hemoglobin protein (which carries oxygen in the blood) compared to the insulin protein (which manages sugar in the blood).

The secondary structure of a protein is the first step of a protein “folding in” on itself. The secondary structure folding is typically in a regular, repetitive pattern, like an alpha (α)-helix, or spiral, or a beta (β)-sheet (Figure 2). For an α-helix structure, imagine taking your rope and swirling it into a circular pile. Then imagine that where each part of the rope touches the rope above and below, they stick together or bond. For a β-sheet you would fold the rope so there are many parallel strands, like making compressed S’s or zigzags. The pieces of rope (or protein) that are parallel or next to each other would bond. The bonds are what stabilize the secondary structure.

The third part of the protein structure is called the tertiary structure (Figure 2). This is additional bending and kinking of the secondary structure to compress the protein even more. Like the primary and secondary structures, the tertiary structure is formed and held by bonds. The really interesting feature of the protein’s tertiary structure is its function beyond saving space. The hills and valleys of the outside of the protein act like a key that fits to a specific lock or a puzzle piece. When the key or puzzle piece fits with its intended counterpart, the protein is doing its job—like carrying oxygen, stimulating the release of hormones, or fighting off infection.

Figure 1: Portion of a peptide chain, the primary protein structure.
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Now you are going to build a model of a protein called insulin. Insulin helps regulate the amount of sugar in our blood. People who do not release enough insulin or whose insulin becomes less effective get a disease called diabetes. If diabetes is left untreated, the excess sugar in the body can cause blindness, kidney damage, artery damage, or death. Diabetes can be prevented or managed through a healthy diet of fruit, vegetables, “good” fats (like the fat in nuts, olives, and fish), plenty of water, and exercise. Extreme cases of diabetes require that a person inject insulin into their bodies near meal time.
