Chapter 9

Cellular Respiration: 
Harvesting Chemical Energy

Teaching Objectives

The Principles of Energy Harvest

 1.
In general terms, distinguish between fermentation and cellular respiration.

 2.
Write the summary equation for cellular respiration. Write the specific chemical equation for the degradation of glucose.

 3.
Define oxidation and reduction.
 4.
Explain in general terms how redox reactions are involved in energy exchanges.

 5.
Describe the role of NAD+ in cellular respiration.

 6.
In general terms, explain the role of the electron transport chain in cellular respiration.

The Process of Cellular Respiration

 7.
Name the three stages of cellular respiration and state the region of the eukaryotic cell where each stage occurs.

 8.
Describe how the carbon skeleton of glucose changes as it proceeds through glycolysis.

 9.
Explain why ATP is required for the preparatory steps of glycolysis.

10.
Identify where substrate-level phosphorylation and the reduction of NAD+ occur in glycolysis.

11.
Describe where pyruvate is oxidized to acetyl CoA, what molecules are produced, and how this process links glycolysis to the citric acid cycle.

12.
List the products of the citric acid cycle. Explain why it is called a cycle.

13.
Describe the point at which glucose is completely oxidized during cellular respiration.

14.
Distinguish between substrate-level phosphorylation and oxidative phosphorylation.

15.
In general terms, explain how the exergonic “slide” of electrons down the electron transport chain is coupled to the endergonic production of ATP by chemiosmosis.

16.
Explain where and how the respiratory electron transport chain creates a proton gradient.

17.
Describe the structure and function of the four subunits of ATP synthase.

18.
Summarize the net ATP yield from the oxidation of a glucose molecule by constructing an ATP ledger.

19.
Explain why it is not possible to state an exact number of ATP molecules generated by the oxidation of glucose.

Related Metabolic Processes

20.
State the basic function of fermentation.

21.
Compare the fate of pyruvate in alcohol fermentation and in lactic acid fermentation.

22.
Compare the processes of fermentation and cellular respiration.

23.
Describe the evidence that suggests that glycolysis is an ancient metabolic pathway.

24.
Describe how food molecules other than glucose can be oxidized to make ATP.
25.
Explain how glycolysis and the citric acid cycle can contribute to anabolic pathways.

26.
Explain how ATP production is controlled by the cell, and describe the role that the allosteric enzyme phosphofructokinase plays in the process.

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 transfer chain. Such rote learning leads to fragmentation of student knowledge. Students may not understand how the processes of cellular metabolism relate to one another and 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.
As much 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. The term respiration is particularly confusing, because it is an everyday term with two biological definitions, both in cellular respiration and in breathing.

 3.
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 out 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.
 4.
Fermentation is misunderstood by many students. Many students do not recognize that it functions to regenerate NAD+ and think that it yields additional ATP. You may be surprised to know that many students do not realize that yeast is a living organism. Many have the mistaken view that baking yeast is dead or think of yeast as a set of enzymes rather than living cells.
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Word Roots

aero- 5 air (aerobic: chemical reaction using oxygen)

an- 5 not (anaerobic: chemical reaction not using oxygen)

chemi- 5 chemical (chemiosmosis: the production of ATP using the energy of hydrogen ion gradients across membranes to phosphorylate ADP)

glyco- 5 sweet; -lysis 5 split (glycolysis: the splitting of glucose into pyruvate)
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