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Section 4.1: Introduction to Cellular Respiration and 
Fermentation 
Section 4.1 Questions, page 171  
1. (a) The final energy-rich product of the pathways that extract energy from food is 
ATP.  
(b) ATP is responsible for providing energy to drive almost all metabolic activities within 
the cell. 
2. The main difference between aerobic and anaerobic respiration is that aerobic 
respiration uses oxygen as a final electron acceptor to produce ATP, and anaerobic 
respiration uses an inorganic oxidizing agent other than oxygen.  
3.  

     
4. The differences between the three groups are that obligate aerobes cannot survive 
without oxygen, obligate anaerobes cannot survive in the presence of oxygen, and 
facultative anaerobes can live with or without oxygen. 
5. (a) 

     
(b) Answers will vary. Sample answer: Glucose, or sugar, reacts with oxygen to produce 
carbon dioxide, water, and energy stored in molecules called ATP. 
6. There are four main stages are involved in aerobic cellular respiration. They are 
glycolysis, pyruvate oxidation, the citric acid cycle, and electron transport. During 
glycolysis, enzymes break down a molecule of glucose into two molecules of pyruvate, 
producing some ATP and NADH. The two pyruvate molecules are transformed in 
pyruvate oxidation, resulting in two waste carbon dioxide molecules, two acetyl 
molecules, and two NADH molecules. In the citric acid cycle, the acetyl molecules from 
pyruvate oxidation enter a metabolic cycle, where they are completely oxidized to CO2 
and where more ATP, FADH2, and NADH are produced. During electron transport the 
NADH and FADH2 produced in stages two and three are oxidized by an electron 
transport system releasing free energy, which is used indirectly to synthesize ATP. 
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7. (a) The part of the aerobic respiration pathway that cannot be performed by 
mitochondria is glycolysis.  
(b) Mitochondria need to take in pyruvate and oxygen in order to generate ATP. 
8. Answers may vary. Answers may include some of the following: brewing, paper 
recycling, fuel production, bioremediation, sewage treatment, food production, 
biomedical research, and metabolic research. Since one form of fermentation yields 
ethanol, fermentation is necessary for brewing beer and in winemaking. 
9. Answers may vary. Sample answer: At present, commercial production of ethanol 
relies on using only the starch in corn as a source of sugars to turn into ethanol. Cellulosic 
fermentation uses genetically engineered bacteria to digest the cellulose and produce 
ethanol. This is much more desirable since many plants contain much larger amount of 
cellulose than they do of starch. Using cellulosic fermentation, many plants could become 
the source of ethanol, and more of the plant could be used. This would decrease the cost 
associated with the production of ethanol. 
10. The net effect for life on Earth if the aerobic pathway had not developed would be 
that organisms would be limited to being very small. Anaerobic respiration produces 
roughly one-tenth the energy of aerobic respiration, so the organisms that rely on it do not 
have nearly as much useful energy available to them as aerobic organisms do. Anaerobic 
respiration would also cause a large build-up of ethanol and other toxins on the planet.  


