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UNIT ONE

In every human cell, even in the most sedentary individ-
ual, thousands of chemical reactions essential to life occur
every second. A special type of protein called an enzyme
controls the rate of each reaction. The sum total of chemi-
cal reactions within the cell constitutes metabolism.

Many metabolic reactions occur one after the other in
a linked fashion, in which the products of one reaction are
starting materials for the next. These reactions form path-
ways and cycles that may intersect where they share inter-
mediate compounds. As a result, metabolism in its entirety
is complex. However, individual pathways of metabolism
reveal how cells function—in essence, how chemistry
becomes biology. This chapter explores how metabolic
pathways supply energy to a cell and how that energy is
used in other biochemical processes such as those that
enable a cell to produce proteins—including the enzymes
that make all of metabolism possible.

Metabolic Processes
Metabolic reactions and pathways are of two types. In
anabolism (an′′ah-bol′liz-m), larger molecules are con-
structed from smaller ones, requiring input of energy. In
catabolism (kat′′ah-bol-liz-m), larger molecules are bro-
ken down into smaller ones, releasing energy.

Anabolism
Anabolism provides all the materials required for cellular
growth and repair. For example, an anabolic process
called dehydration synthesis (de′′hi-dra′shun sin′the-sis)
joins many simple sugar molecules (monosaccharides) to
form larger molecules of glycogen. When a runner con-
sumes pasta the night before a race, digestion breaks
down the complex carbohydrates in the pre-race meal to
monosaccharides. These are absorbed into the blood-
stream, which carries the energy-rich molecules to body
cells. Here, dehydration synthesis joins the monosaccha-
rides to form glycogen, which stores energy that the run-
ner may not need until later, as the finish line nears.
When monosaccharide units join, an —OH (hydroxyl
group) from one monosaccharide molecule and an —H
(hydrogen atom) from an —OH group of another are
removed. As the —H and —OH react to produce a water
molecule, the monosaccharides are joined by a shared
oxygen atom, as figure 4.1 shows (read from left to right).
As the process repeats, the molecular chain extends,
forming a polysaccharide.

Similarly, glycerol and fatty acid molecules join by
dehydration synthesis in fat (adipose) tissue cells to form
fat molecules. In this case, three hydrogen atoms are
removed from a glycerol molecule, and an —OH group is

physician and his seventeen-year-old son ate leftover

spaghetti with homemade pesto sauce for several days,

each time after it had been unrefrigerated for an hour or two.

On the fourth day, the food had a peculiar odor, but the father heated it

in a pan anyway. About a half hour after lunch, father and son developed

severe abdominal pain. The father recovered, but the son began to

behave strangely, becoming listless, then very sleepy. A yellow pallor

indicated that his liver was malfunctioning.

Because of the rapid onset of abdominal pain after eating

reheated food, food poisoning was likely. Indeed, the boy’s body fluids

and the pan used to reheat the spaghetti contained Bacillus cereus, a

type of bacterium that produces a toxin that can cause abdominal pain.

In the boy, the toxin took a deadly turn to the liver.

To learn how the bacterial toxin harms the liver, researchers

applied toxin from the boy to rat liver cells growing in culture. This exper-

iment revealed that the toxin targets mitochondria, the organelles that

house the biochemical reactions that extract energy from nutrients.

Specifically, the toxin destroys the mitochondria’s ability to break down

fats. Ironically, liver cells have many mitochondria to power the energy-

requiring reactions that break down toxins. With his liver mitochondria

severely impaired, the boy’s liver literally ran out of energy and shut

down. He died four days after the spaghetti meal. ■
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FIGURE 4.1
A disaccharide is formed from two monosaccharides in a dehydration synthesis reaction (arrows to the right). In the reverse reaction, hydroly-
sis, a disaccharide is broken down into two monosaccharides (arrows to the left).
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