CHAPTER 5

THE STRUCTURE AND FUNCTION OF MACROMOLECULES

I.
Student misconceptions

1.
Students may think that two-dimensional representations of organic molecules are accurate. However, organic molecules are less static than students imagine. Conveniently drawn as linear, monosaccharides usually form rings in aqueous solutions. There may be considerable rotation around single bonds within organic molecules, unless their structure is stabilized by interactions between regions of the molecule. Emphasize to students that although two-dimensional drawings of organic molecules are convenient, they greatly oversimplify real-life molecular structures.

2.
Students may not realize that every protein has primary, secondary, and tertiary structures. They may think that any particular protein is characterized by only one level of structure.

3.
The majority of students have difficulty visualizing different levels of protein structure and interactions between the regions of the protein molecule. To fully understand levels of protein structure, students must be able to mentally construct three-dimensional images of proteins. This can be very challenging. 

4.
Students tend to define nucleic acids by the most familiar examples, DNA and RNA, rather than understanding the structure of nucleotide monomers. This causes confusion when students encounter important molecules such as ATP and cAMP and fail to recognize them as nucleotides. 
II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 5 

Identify the interactions that stabilize each level of protein structure.

Levels of protein structure
Interactions

1. Primary


a. Interactions between R groups

2. Secondary structure
b. Hydrogen bonds between constituents of the polypeptide backbone

3. Tertiary structure

c. Aggregations between polypeptides

4. Quaternary structure
d. Peptide bonds

Answers: 1(d), 2 (b), 3 (a), 4 (c)
III.
How can instructors address and correct the misconceptions that students have about organic macromolecules?

1.
After you introduce the four levels of protein structure, illustrate this material by discussing how each primary, secondary, tertiary, and quaternary structure contributes to the three-dimensional structure of a specific protein. The four levels of protein structure are illustrated in the textbook for transthyretin, a globular protein found in the blood that transports vitamin A and a thyroid hormone. 

2.
Assist students in visualizing the different levels of protein structure and the interactions of the regions of the protein molecule by using three-dimensional images to illustrate lectures. Encourage students to develop their own mental images of protein structure. 

3.
When lecturing on energetics and intracellular signaling, point out the familiar structural features of ATP and cAMP, and remind students that these important molecules are nucleotides.

IV.
Post-test to identify whether students have corrected their misconceptions
Identify all correct statements:

1.
Primary protein structure is stabilized by peptide bonds between a linear sequence of amino acids.

2.
Secondary protein structure is stabilized by hydrogen bonds between R groups on adjacent amino acids.

3.
Both primary and tertiary protein structure may be stabilized by covalent bonds.

4.
All proteins display primary, secondary, and tertiary levels of protein structure.
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