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Chapter 2 

The Chemistry of Life 
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2.5 Types of Reactions
2.6 Organic Molecules
2.7 Macromolecules Needed for Life

2.7  Macromolecules Needed for Life

Living things are made up of four main types of organic macromolecules, or “big molecules.” Some of 
these may already be familiar to you if you’ve heard that protein helps you grow or that a healthy diet 
should not include too much fat—or if you’ve ever “carbo-loaded” before a long run. The four main types 
of macromolecules in living organisms are proteins, carbohydrates, lipids, and nucleic acids, as shown in 
Figure 2.33. You will see that they are called macromolecules for a reason—each of these “big molecules” 
consists of multiple smaller molecules joined together. 

Figure 2.33 

(a) Proteins are made up of amino acids. Leucine is one of the 20 amino acids found in living organisms. 
(b) Carbohydrates are made up of one or more simple sugars. This structure is glucose, a primary energy 
source for many living things. (c) Lipids have a variety of chemical structures, but many include fatty acids. 
Palmitic acid is a fatty acid found in lard and butter. (d) Nucleic acids are made up of nucleotides. This 
guanine nucleotide is one of the four nucleotides that make up DNA. 
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Lipids serve diverse functions in living organisms. As fats or oils, lipids are used by many living organisms 
to store energy. Lipids store energy much more efficiently than carbohydrates—that is, 1 gram of fat or oil 
contains a lot more energy than 1 gram of carbohydrate. For this reason, lipids are used for long-term energy 
storage by many organisms, including humans. Lipids can serve structural purposes as well; for example, 
phospholipids are an essential component of cell membranes. One of the most familiar lipids is cholesterol, 
which the body uses to make such hormones as estrogen and testosterone. Lipids have a variety of chemical 
structures, but many include fatty acids—strings of hydrocarbons (carbon and hydrogen atoms) with a 
carboxyl (COOH) group at one end—as a major component (Figure 2.33c). Lipids are hydrophobic; that is, 
they are not soluble in water. 

FIGURE 2.34

Strands of cellulose in a plant, including the leaves held by Maitreya, are joined 
by hydrogen bonds. These microscopic fibers are laid down in a crisscross 
pattern to give strength in many directions. 

Carbohydrates store energy in living organisms. Simple sugars, such as glucose (Figure 2.33b) and 
fructose, are carbohydrates. More complex carbohydrates are made up of chains of simple sugars. Starch 
and glycogen—the primary energy-storage substances in plants and animals, respectively—consist of 
linked glucose molecules. Carbohydrates can also have structural functions. Cellulose, found in plant 
cell walls, is a structural carbohydrate built from glucose subunits—and it is the most abundant organic 
compound in the world. Carbohydrates are made up of carbon, hydrogen, and oxygen atoms, generally in 
the form of (CH2O)n.

FIGURE 2.35

The walrus and other polar species 
are insulated from the cold by a think 
layer of fat beneath their skin.
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Figure 2.36 

A variety of proteins in the 
human body.

Proteins perform a wide range of functions in living organisms. The protein keratin provides structure—it is 
a major component of skin, hair, and feathers. Insulin is a protein that acts as a hormone, enabling one type 
of cell in the body to communicate with other types. Actin and myosin are proteins that allow muscles to 
contract. Hemoglobin, a protein found in red blood cells, transports oxygen to body tissues. Proteins called 
antibodies protect the body from disease. And proteins known as digestive enzymes break down food 
during digestion. 

What are proteins? Proteins are folded chains of organic molecules called amino acids. All amino acids 
include a central carbon (C) atom bonded to an amino group (NH2), a carboxyl group (COOH), a hydrogen 
atom (H), and a side chain (called R) that varies from one amino acid to another. The amino acid leucine is 
shown in Figure 2.33a. Although only 20 different amino acids are found in living organisms, they can be 
strung together and folded in practically countless ways to create proteins with unique three-dimensional 
structures. This is why proteins are able to perform such a wide variety of functions. 

The role of the fourth type of macromolecule, nucleic acids, is to store genetic information in living 
organisms—all our genes are made up of nucleic acids. In Chapter 16, we will see that genes provide the 
information that cells need to build proteins. Nucleic acids are made up of strands of smaller units called 
nucleotides. A nucleotide includes a sugar molecule, a phosphate group, and a nitrogenous base. The two 
kinds of nucleic acids found in living organisms are deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). 
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DNA consists of two nucleic acid strands twisted into a spiral, which is why it is sometimes called a double 
helix. There are four kinds of nucleotides in DNA—adenine, cytosine, guanine (Figure 2.33d), and thymine, 
or A, C, G, and T for short. All the genetic information in living organisms is expressed using this four-letter 
alphabet. 

READING CHECK 

1. Gecko lizards store fat in their tails, using this energy supply to survive during lean periods. what 
is the advantage of storing energy as fat rather than as carbohydrate? 

2. Living organisms contain thousands of different kinds of proteins. How is it possible to make so 
many different kinds of proteins from only 20 different amino acids? 

CHECK YOUR ANSWERS 

1. Because a gram of fat contains more energy than a gram of carbohydrate, storing the energy as fat 
allows geckos to store the energy they need without weighing themselves down as much as if they used 
carbohydrates. 

2. The 20 amino acids that make up proteins can be strung together and then folded in a huge number of 
different ways, thus creating many different proteins.

Figure 2.37

The double helix of deoxyribonucleic acid, DNA. A polymer of many nucleotide units, which 
we will explore in Chapters 5 through 7.


