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21.1: Energy, Life, and Biochemical Reactions

&b Learning Objectives

e Objective 1
e Objective 2

Life requires energy. Animals, for example, require heat energy to maintain body temperature, mechanical energy to move their
limbs, and chemical energy to synthesize the compounds needed by their cells. Living cells remain organized and functioning
properly only through a continual supply of energy. But only specific forms of energy can be used. Supplying a plant with energy
by holding it in a flame will not prolong its life. On the other hand, a green plant is able to absorb radiant energy from the sun, the
most abundant source of energy for life on the earth. Plants use this energy first to form glucose and then to make other
carbohydrates, as well as lipids and proteins. Unlike plants, animals cannot directly use the sun’s energy to synthesize new
compounds. They must eat plants or other animals to get carbohydrates, fats, and proteins and the chemical energy stored in them.
Once digested and transported to the cells, the nutrient molecules can be used in either of two ways: as building blocks for making
new cell parts or repairing old ones or “burned” for energy.
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Figure 21.1.2: Some Energy Transformations in Living Systems. Plants and animals exist in a cycle; each requires products of the

other.
The thousands of coordinated chemical reactions that keep cells alive are referred to collectively as metabolism. In general,
metabolic reactions are divided into two classes: the breaking down of molecules to obtain energy is catabolism, and the building
of new molecules needed by living systems is anabolism.

# Definition: Metabolite

Any chemical compound that participates in a metabolic reaction is a metabolite.

Most of the energy required by animals is generated from lipids and carbohydrates. These fuels must be oxidized, or “burned,” for
the energy to be released. The oxidation process ultimately converts the lipid or carbohydrate to carbon dioxide (CO,) and water
(H,0).

Carbohydrate:
Ce¢H,,04+6 0, — 6 CO, +6 H,0+670kcal
Lipid:
C,6H;3,0, +230, — 16 CO, +16 H,O +2, 385 kcal

These two equations summarize the biological combustion of a carbohydrate and a lipid by the cell through respiration.
Respiration is the collective name for all metabolic processes in which gaseous oxygen is used to oxidize organic matter to carbon
dioxide, water, and energy.
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Like the combustion of the common fuels we burn in our homes and cars (wood, coal, gasoline), respiration uses oxygen from the
air to break down complex organic substances to carbon dioxide and water. But the energy released in the burning of wood is
manifested entirely in the form of heat, and excess heat energy is not only useless but also injurious to the living cell. Living
organisms instead conserve much of the energy respiration releases by channeling it into a series of stepwise reactions that produce
adenosine triphosphate (ATP) or other compounds that ultimately lead to the synthesis of ATP. The remainder of the energy is
released as heat and manifested as body temperature.
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