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Chapter 13

Nutrients of Life
THE MAIN IDEA

There are four main classes  
of biomolecules.

13.1 Biomolecules
13.2 Carbohydrates
13.3 Lipids
13.4 Proteins
13.5 Nucleic Acids
13.6 Vitamins and Minerals
13.7 Metabolism
13.8 A Healthy Diet

13.5 Nucleic Acids

The number of different ways in which amino acids can be 
arranged to make proteins is astronomical. Yet somehow 
our bodies are able to assemble amino acids in just the right 
order to build proteins that have highly functional structures. 
How the body builds these proteins begins with the fourth 
category of biomolecules, which are the nucleic acids. Nucleic 
acids hold the information for how amino acids need to be 
linked together to form the organism. The nucleic acids of 
a fish, for example, direct the formation of the proteins that 
come together to make the fish. Likewise, the nucleic acids 
of a human direct the formation of the proteins that come 
together to make the human. The details of how this works 
are something you may learn about in a follow-up course in 
chemistry or biology. For now, we simply introduce you to 
the chemical structures of these amazing biomolecules.

A nucleic acid is a polymer. The monomer units of the 
nucleic acid polymer are nucleotides, as shown in Figure 
13.26. There are two major classes of nucleic acids, which 
are the deoxyribonucleic acids, or simply DNA, and the ribonu-
cleic acids, also known as RNA. DNA is found primarily within 
the cell’s nucleus, where it holds all the organism’s genetic 
information. RNA is synthesized from DNA and transports this 
genetic information to structures outside the nucleus, where 
the proteins are built from a supply of individual amino acids.

What information is held 
by a nucleic acid?
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Figure 13.27 illustrates the two major classes of nucleic 
acids, distinguished from each other by the type of ribose in the 
nucleotide monomers. Those with an oxygen atom missing on one 
of the carbon atoms in the ribose ring are deoxyribonucleic acids, 
or simply DNA. These polymers, which are the primary source of 
genetic information in plants and animals, are found in the cell 
nucleus as well as in certain organelles known as mitochondria. 
Nucleic acids that have an oxygen atom on each carbon atom of 
the ribose, as shown in Figure 13.27, are ribonucleic acids (RNA). 
These polymers are synthesized in the nucleus and then travel out-
side the nucleus to the cytoplasm, where they direct the synthesis 
of proteins.

Figure 13.26 >
A nucleic acid is a long polymeric 
chain of nucleotides, each nucle-
otide consisting of a nitrogenous 
base, a ribose sugar, and a phos-
phate group. (Nitrogenous means 
“containing nitrogen atoms,” and 
ribose is a certain sugar contain-
ing five carbon atoms.)

  Figure 13.27

a) The ribose in nucleotides 
of DNA is missing an oxygen 
on one of the carbons. The 
nitrogenous bases of DNA are 
adenine, guanine, cytosine, 
and thymine. (b) The ribose 
in nucleotides of RNA is fully 
oxygenated. The nitrogenous 
bases of RNA are adenine, 
guanine, cytosine, and uracil.

^
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There are four types of nucleotides in a DNA polymer (Figure 
13.27a). These four nucleotides differ from one another in the nitrog-
enous base they contain, which may be adenine (A), guanine (G), 
cytosine (C), or thymine (T). There are also four types of nucleotides 
used to build RNA polymers (Figure 13.27b). The RNA nucleotides 
contain the same nitrogenous bases found in DNA nucleotides 
except for thymine. Instead of thymine, RNA nucleotides contain 
the nitrogenous base uracil (U), whose structure is only slightly 
different from that of thymine.

C O N C E P T   C H E C K
What are the two ways in which DNA nucleotides differ structurally from RNA nucleotides?

CHECK  YOUR  ANSWER   All DNA  nucleotides lack  an oxygen  atom on  the ribose. Also, the 
nitrogenous base in a DNA nucleotide may be adenine, guanine, cytosine, or thymine. The 
nitrogenous base in an RNA nucleotide may be adenine, guanine, cytosine, or uracil.

DNA Is the Template of Life
Genetics is the study of how living bodies come into being. The 
story of our modern-day understanding of genetics began in the 
1850s in an abbey garden, where a monk named Gregor Mendel 
(1822–1884) documented how varieties of sweet peas could pass 
traits, such as flower color, from one generation to the next. From 
Mendel’s work arose the idea that heritable traits are passed from 
parents to offspring in discrete units called genes. In the early 1900s, 
researchers correlated Mendel’s heritable genes to cellular micro-
structures known as chromosomes, which are elongated bundles 
of DNA and protein that form whenever a cell is getting ready to 
divide (Figure 13.28). Each 
gene, it was found, resides at 
a specific location on a partic-
ular chromosome. Offspring 
inherit genes by receiving 
replicates of their parents’ 
chromosomes.

Up until the 1940s, it 
was not known whether the 
DNA portion or the protein 
portion of the chromosomes 
was the carrier of genetic 
information. Most investiga-
tors were inclined to believe 
that proteins, with their great 
diversity, were the carriers. In 
the 1940s, however, DNA was 
found to be a polymer con-
taining adenine, guanine, 
cytosine, and thymine. Along 

  Figure 13.27
Onion cells in the process of 
dividing show chromosomes that 
consist of DNA and protein mol-
ecules clumped together. During 
division, the chromosomes dupli-
cate themselves in such a way that 
each new cell receives a full set of 
chromosomes identical to the set 
in the parent cell.
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the DNA chain, these bases could be sorted in any order. This poten-
tial variability in base sequencing opened up the possibility that 
DNA was the carrier of genetic information.

In 1953, James Watson (b. 1928), an American biologist, 
and Francis Crick (1916–2004), a British biophysicist, together 
deduced that DNA occurs as two separate strands of nucleotides 
coiled around each other in a double helix, as illustrated in Figure 
13.29. The strands are held together by hydrogen bonding between 
opposing nitrogenous bases.

What is most critical about Watson and Crick’s model is that 
hydrogen bonding occurs only between specific bases—guanine 
pairs only with cytosine and adenine pairs only with thymine, as 
shown in Figure 13.30. This means that if you know the sequence 
of one strand, you can automatically deduce the sequence of 
the second strand, also known as the complementary strand. For 
example, if the first strand contains the sequence CTGA, the com-
plementary strand must contain the sequence GACT.

In living tissue, cells divide to create duplicates of them-
selves. In a maturing organism, cells divide frequently to provide 
growth. In a mature organism, cells divide at a rate sufficient for 
the replacement of those that die. Each time a cell divides, genetic 
information must be preserved. In a process called replication, 
DNA strands are duplicated so that each newly formed cell receives 
a copy. Replication also allows copies of DNA to pass from parent 
to offspring.

With their model, Watson and Crick proposed that DNA 
replication begins with the unraveling of the double helix. Each 
single strand then serves as a template for the synthesis of its com-
plementary strand. Free nucleotides are coupled to the single strand 

Figure 13.29 > 
A ladder made of rope 
sides and rigid wooden 
rungs can be twisted to 
create a double helix. The 
ropes are the equivalent 
of DNA’s two sugar–phos-
phate backbones, which 
are shown as the yellow 
and orange atoms in 
the computer rendition 
shown on the right. The 
rungs represent pairs of 
nitrogenous bases, which 
are seen in the computer 
rendition as shades of 
lavender and blue.

^  Figure 13.30
The two strands of nucleotides in a DNA 
molecule are held together by hydro-
gen bonding between complementary 
nitrogenous bases: adenine with thy-
mine and guanine with cytosine.
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of DNA according to the rules of base pairing: guanine + cytosine, 
adenine + thymine. One double helix thus turns into two, as shown 
in Figure 13.31. As a cell divides, one of the two new strands is 
segregated in each of the two newly formed cells.

For their elucidation of DNA’s secondary structure and func-
tion, Watson and Crick, along with biophysicist Maurice Wilkins 
(1916–2004), received the 1962 Nobel Prize in Physiology and 
Medicine. Subsequent research soon led to an understanding of 
how the nucleotide sequences in DNA translate into the synthesis 
of proteins. The Nobel laureates are shown in Figure 13.32.

<  Figure  13.31
The replication of DNA. 
(1) The double helix of DNA 
unwinds. 
(2) Each single strand serves 
as a template for the forma-
tion of a new DNA strand 
containing the complemen-
tary sequence. 
(3) Two daughter double 
helices are formed, each 
containing one of the parent 
strands.
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One Gene Codes for One polypeptide
As we saw in Section 13.4, the shape of a protein molecule is deter-
mined by the protein’s primary structure, which is the sequence 
of amino acids. So, what, then, controls a protein’s amino acid 
sequence? The answer to this question is the gene.

In modern terms, a gene is a particular sequence of nucle-
otides along the DNA strand. Each gene codes for the synthesis of 
one or more proteins in an organism. Organisms, of course, need 
enormous numbers of genes to produce all the proteins they need. 
The number of genes contained in a single human cell, for instance, 
is estimated to be on the order of 21,000. To accommodate this 
many genes, each DNA molecule is very long, containing on the 
order of 3.1 billion base pairs. Interestingly, genes make up only 
about 20 percent of a DNA molecule. The other 80 percent of the 
nucleotides in a DNA strand appear to serve primarily as spacers, 
their main job being to separate genes on the DNA molecule.

Much has been learned about the chemistry of nucleic acids 
over the past half century. We now know, for example, many details 
of how the information in a gene is translated into a protein. This 
knowledge has given rise to genetic engineering, which allows sci-
entists to manipulate the behavior of nucleic acids for a variety of 
purposes, such as treating human disease and creating new agri-
cultural crops, as described in Chapter 15.

Initially, scientists estimated 
that there were over 100,000 
different human genes. Over 
the past couple decades, 
however, this estimate has 
been gradually reduced to 
about 21,000 genes, which 
is only about 1000 more 
genes than in the DNA of the 
roundworm. This suggests 
that what the genes code 
for is more important than 
the number of them.

FOR YOUR
INFORMATION

^  Figure 13.32
(a) Watson and Crick in 1953 with their model of the DNA double helix. In discovering this model, Watson and Crick 
relied heavily on the experimental evidence gathered by other researchers; most notably, the research team of (b) 
Maurice Wilkins and (c) Rosalind Franklin (1920–1958) provided the X-ray images of DNA crystals critical to Watson 
and Crick’s elucidation of DNA’s structure. Franklin did not share in the 1962 Nobel Prize because it is not awarded 
posthumously.


