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Chapter 20

Energy Metabolism

Opening Essay
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Figure 20.1
Model of the Structure of the Insulin Receptor
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Figure 20.2Some Energy Transformations in Living Systems

Plants and animals exist in a cycle; each requires products of the other.
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20.1 ATPÑthe Universal Energy Currency

LEARNING OBJECTIVE
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Figure 20.3Hydrolysis of ATP to Form ADP

Energy is released because the products (ADP and phosphate ion) have less energy than the reactants [ATP and
water (H2O)].
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20.2 Stage I of Catabolism

LEARNING OBJECTIVE
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Figure 20.4Energy Conversions

The conversion of food into cellular energy (as ATP) occurs in three stages.

Digestion of Carbohydrates
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Figure 20.5The Principal Events and Sites of Carbohydrate Digestion
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Digestion of Proteins
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Note
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Figure 20.6The Principal Events and Sites of Protein Digestion
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Figure 20.7Activation of Some Pancreatic Enzymes in the Small Intestine
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Figure 20.8Hydrolysis of a Peptide by Several Peptidases

This diagram illustrates where in a peptide the different peptidases we have discussed would catalyze hydrolysis the
peptide bonds.

Digestion of Lipids
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Figure 20.9The Principal Events and Sites of Lipid (Primarily Triglyceride) Digestion
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20.3 Overview of Stage II of Catabolism

LEARNING OBJECTIVE
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Figure 20.10The Structure of Acetyl-Coenzyme A (Acetyl-CoA)
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Figure 20.11Cell Chemistry

Acetyl-CoA plays a variety of roles in cell chemistry.
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20.4 Stage III of Catabolism

LEARNING OBJECTIVES
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Figure 20.12Reactions of the Citric Acid Cycle
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Cellular Respiration
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Figure 20.13Respiration

Cellular respiration occurs in the mitochondria.
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Figure 20.14The Mitochondrial Electron Transport Chain and ATP Synthase

The red line shows the path of electrons.
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Reduction half-reaction�
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Reduction half-reaction�
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Figure 20.15An Iron Porphyrin

Iron porphyrins are present in cytochromes as well as in myoglobin and hemoglobin.

Oxidative Phosphorylation
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20.5 Stage II of Carbohydrate Catabolism

LEARNING OBJECTIVES
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Figure 20.16Glycolysis
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To Your Health: Diabetes
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Metabolism of Pyruvate
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Figure 20.17Metabolic Fates of Pyruvate

ATP Yield from Glycolysis
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20.6 Stage II of Lipid Catabolism

LEARNING OBJECTIVE
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Steps in the �-Oxidation of Fatty Acids
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Figure 20.18Fatty Acid Oxidation

The fatty acyl-CoA formed in the final step becomes the substrate for the first step in the next round of �-oxidation.
�-oxidation continues until two acetyl-CoA molecules are produced in the final step.
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Looking Closer: Ketone Bodies
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20.7 Stage II of Protein Catabolism

LEARNING OBJECTIVE
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Figure 20.19Two Transamination Reactions

In both reactions, the final acceptor of the amino group is �-ketoglutarate, and the final product is glutamate.
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Figure 20.20Fates of the Carbon Skeletons of Amino Acids
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Chapter Summary

To ensure that you understand the material in this chapter, you should review the meanings of the bold terms in the
following summary and ask yourself how they relate to the topics in the chapter.
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