CHAPTER 9 

CELLULAR RESPIRATION: 

HARVESTING CHEMICAL ENERGY

I.
Student misconceptions

1.
Cellular respiration is one of the most difficult and poorly understood topics dealt with in general biology courses. Many students merely memorize the steps of glycolysis, the citric acid cycle, and the electron transport chain. Such rote learning leads to fragmentation of knowledge. Students may not understand how the processes of cellular metabolism relate to one another, and they may falter when asked to explain the significance of these stages. They may not appreciate how cellular metabolism is relevant to higher levels of biological organization, such as organismal physiology or energy flow in communities. Students may have considerable difficulty explaining the relationship of breathing and digestion to cellular respiration. 
2.
Although most students recognize that plants respire, they may not fully understand that cellular respiration plays the same role in all aerobically respiring organisms. Many students do not appreciate the relationship between photosynthesis and respiration in plants. Watch for some of these common misconceptions:

a.
Photosynthesis is the plant’s form of cellular respiration. 

b.
Plants respire only when they don’t photosynthesize.

c.
Cellular respiration takes place only in plant roots, not throughout the plant.

3.
Fermentation is misunderstood by many students. Students may not recognize that it functions to regenerate NAD+ and instead think that it yields additional ATP. You may be surprised to know that many students do not realize that yeast are living organisms. Many have the mistaken view that baking yeast are dead, or they think of yeast as a set of enzymes rather than living cells. 

4.
A surprisingly large number of students think that carbohydrates are the only source of glucose and that glucose is the only molecule that can be used as fuel for ATP production. Oliviera et al. (2003) found that more than half of first-year science students thought ATP production would decrease dramatically when a person was fasting or on a low-carbohydrate diet.

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 9

1.
Identify each statement as TRUE or FALSE.

a.
Plants carry out cellular respiration only in organs such as roots that cannot carry out photosynthesis. False
b.
Fermentation produces additional ATP by further oxidizing the products of glycolysis. False
c.
Glycolysis produces ATP by substrate level phosphorylation. True
2.
Which statement(s) accurately describes the function of a metabolic pathway? 

a.
The function of the citric acid cycle is oxidation of an acetyl group to CO2 with production of high-energy reduced compounds and ATP.
b.
The function of fermentation is to continue the oxidation of pyruvate in the absence of oxygen.

c.
The function of glycolysis is to begin catabolism by breaking glucose into two molecules of pyruvate, with a net yield of two ATP.

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

1.
As far as possible, avoid exam questions about cellular respiration that reward memorization and rote learning. Mention the significance of cellular metabolism when covering community ecology, gas exchange, digestion, and circulation.

2.
Students may be confused by terms that have familiar, everyday meanings distinct from their biological definitions. Respiration is particularly confusing because it is an everyday term with two biological definitions, in cellular respiration and breathing. Point out the distinction between these two definitions to students. 

3.
Emphasize to students the integration of metabolic reactions. Ask students whether a person on a low-carbohydrate diet is still able to produce ATP, and use this as a starting point for a discussion of the metabolic exchanges by which our cells interconvert molecules as necessary.

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

1.
In one or two sentences, describe the essential role(s) of each of the following processes involved in energy transformations in cells. Include in your answer the major products of each process.

a.
Citric acid cycle

b.
Fermentation

c.
Respiratory electron transport chain

2.
Explain how a person on a low-carbohydrate diet or a fast can continue to produce ATP.
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