CHAPTER 8

AN INTRODUCTION TO METABOLISM

I.
Student misconceptions

1.
Metabolism and energy transformations are inherently complex and challenging topics. One problem is that the term energy has a familiar connotation of strength and power that is very different from its meaning in thermodynamics. Many students have difficulty distinguishing between the colloquial and scientific uses of terms such as energy, work, and fuel. 
2.
Students may not realize that free-energy changes are not fixed for a particular reaction, but vary considerably with alterations of pH and other conditions in various regions of the cell.

3.
The “high-energy bond” that joins the terminal phosphate groups of ATP may be a useful concept, but it may create confusion. 

a.
Students tend to imagine that a high level of free energy is stored in ATP’s high-energy bonds, that this energy is released when the bond is broken, and that the terminal phosphate somehow takes ATP’s high energy with it when it is removed. Students may discuss the hydrolysis of ATP while not appreciating that bonds are both broken and created in this process. The net free-energy change for ATP hydrolysis depends on the sum of all free-energy changes for all parts of the reaction. Free energy is not, as students may visualize, stored in one “high-energy” covalent bond. 

b.
Students may imagine that the hydrolysis of the terminal phosphate group of ATP is associated with an exceptionally high release of free energy. In fact, the free energy released by ATP hydrolysis is near the midrange of –(G values for the hydrolysis of phosphate groups from phosphorylated molecules. This allows ATP to accept phosphate groups from some compounds and donate them to other compounds. 

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 8

1.
Which of the following statements about the ATP in cell metabolism are true?

a.
The free-energy change ((G) of the hydrolysis of ATP to ADP and Pi is constant at -7.3 kcal/mole.

b.
The free energy released by ATP hydrolysis is near the midrange of -(G values for the hydrolysis of phosphate groups from phosphorylated molecules.
c.
The energy from the hydrolysis of ATP may be directly coupled to endergonic processes by the transfer of the phosphate group to another molecule.

2.
An enzyme increases the rate of a chemical reaction by:

a.
Reducing the free-energy change ((G) of the reaction



b.
Reducing the free energy of activation (EA) of the reaction



c.
Stretching the substrate molecules toward their transition-state form

III.
How can instructors address and correct the misconceptions that students have about metabolism?

1.
Clarify to students that work is not energy, but that the free-energy change associated with chemical reactions can do work in living cells. Clarify to them that fuel and food are not energy, and emphasize that fuel may be used up while energy is always conserved.

2.
Students tend to think of free energy as something that is stored within a cell or held in the bonds of a molecule. Avoid talking about the amount of energy that is stored in or possessed by an object or molecule. The amount of energy in a food molecule, in a cell, or in a living thing has little meaning, while energy transfer and free-energy change are meaningful and quantifiable concepts.

3.
Emphasize to students that both reactants and products are possible substrates for an enzyme. Of course, many reactions in a cell, especially those that are coupled to ATP hydrolysis, have equilibria that are far to the right. However, it is important that students realize that chemical reactions—including those catalyzed by enzymes—can proceed in either direction.

4.
Students tend to visualize enzyme-substrate interaction as a lock and key, even when taught the induced-fit model. When teaching the induced-fit model, explain to students why the lock-and-key analogy is flawed.

IV.
Post-test to identify whether students have corrected their misconceptions

1.
Explain why each phenomenon does not violate the second law of thermodynamics.

a.
A clean and tidy home

b.
The increasing complexity of an organism during embryonic development

c.
Evolution of complex morphological features

2.
Identify each statement as TRUE or FALSE.

a.
Most metabolic enzymes can catalyze a reaction in both the forward and reverse directions. True 

b.
An enzyme can alter the free-energy change ((G) of a reaction. False
c.
Enzymes may briefly bind covalently to substrates. True
V.
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