
Student Edition
       P

rogram
 P

review

   HMDScience.com



“

Stephen Nowicki
• Professor at Duke University
• Dean and Vice Provost for 

Undergraduate Education
• Awarded Anne T. and Robert M. 

Bass Professorship for teaching 
and research

• Revised the Introductory Biology 
Program at Duke

“Writing this textbook from scratch was important to me because I 
could include a wide variety of teacher input before writing.

Many teachers and students have said they love the readability 
and the real world relevance.

An important distinction of this program is the diversity of 
resources, especially digital, that are available to teachers and 
their ‘digital native’ students.”

Meet the Author    

—Stephen Nowicki 



Biology Preview  1

with Dr. Michael Heithauswith Dr. Michael Heithaus

What’s New for © 2012    
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That’s Amazing! Video-based Inquiry

Engage students by peering into the bizarre world of 
nature and the application of the scientific method. 
After being amazed by nature’s wonders, students 
will apply the Data Analysis and Conclusion phases 
of the scientific method.  
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Designed the way students learn
All components of Holt McDougal Biology are designed to fit easily 
within commonly used learning models to help build understanding through 
inquiry and exploration.

5E Learning Model

Studies show proven effectiveness

Validated by the Educational 
Research Institute of America.

Researched-Based Program
Refined through teacher input

• Teacher Advisory Boards
• User Testing
• Pilot Studies
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Media Gallery
Start every class discussion with 
conversation-stimulating images, 
animations, video clips, and more!
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Video Clips
Introduce students to biology topics 
by using a short video clip to pique 
their interest.

Student Activities 
Holt McDougal Biology is full 
of useful suggestions on how 
to engage students throughout 
each chapter.

Media Gallery
Start every class discussion with 
conversation-stimulating images, 
animations, video clips, and more!

Media Gallery
Start every class discussion with 
conversation-stimulating images, 
animations, video clips, and more!

Student Activities 
Holt McDougal Biology
of useful suggestions on how 
to engage students throughout 
each chapter.

Activate Prior 
Knowledge
Point out that sometimes to understand 
how something works, one needs get 
down to basics. Ask, What does it take 
to master a computer game, perform a 
dance move, or sink a penalty shot in 
the back of the net? One needs to know 
how it works, break it down into 
components, study it. Discuss the fact 
that much of what happens in biology, 
at a basic level, relates to chemistry. 

Preview Vocabulary
Word Origins Sometimes word parts 
can help students remember meaning:

mono = one poly = many

Other times, word roots are too similar, 
which is true for solvent/solute/solution. 
In such instances, students should look 
for other ways to associate meaning with 
words so similar in appearance.

Academic Vocabulary Students will be 
studying different elements and their 
properties. Point out that the word 
unique as applied to an element has a 
meaning distinct from words that 
describe atoms as individual or specific.

unique, being the only one of its kind
specific, distinguishing a type
individual, a single member

English Learners Tell students that in 
this chapter they will be dealing with 
words that are not a regular part of 
everyday conversation. Suggest that 
students use the strategy of word 
squares to help them learn key vocabu-
lary. This strategy, described on page D4 
of the Biology Toolkit, includes a picture, 
a student definition as well as a diction-
ary definition, and use in a sentence. 
Have English learners pair up to teach 
another the words.

Integrating 
Biomechanics
The Venus flytrap can capture prey even 
though it has no muscles or nervous 
system. When one of six tiny trigger hairs 
is touched, the plant responds by moving 
water in its cells to change the curvature 
of the leaves. The convex leaf halves 
become concave and snap shut in less 
than 0.5 seconds.

Connecting CONCEPTS

How can this plant 
digest a frog?

Like other carnivores, the Venus flytrap 
 eats animals to get nutrients that it 

needs to make molecules such as proteins 
and nucleic acids. Other chemical com-
pounds made by the plant’s cells enable 
the Venus flytrap to digest the animals 
that it eats. These chemicals are similar to 
the chemicals that allow you to digest 
the food that you eat. 

Cell Function The Venus 
flytrap has specialized cells 
on the surfaces of its leaves. 
Some of these cells allow the 
plant to snap shut on its prey 
within 0.5 seconds. Other 
cells, such as those that 
appear purple in this light 
micrograph, secrete digestive 
chemicals that allow the 
plant to consume its prey. 
(LM; magnification 500�)
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bhspe-0102co.indd   CO:35 6/23/06   3:53:32 PMM3/06  3:53:13 PM Demonstrate Place sugar into the beaker. As 
you proceed, point out the safety precautions 
you are taking. With goggles on, slowly add 
sulfuric acid to the sugar. A column of carbon 
will rise up from the beaker, as steam is 
released. 

Discuss Point out that students have just 
observed a chemical reaction involving the 
dehydration of the organic compound sucrose, 
a sugar. Ask
• What effect did the sulfuric acid have upon 

sugar? caused the release of water in the form 
of steam—dehydration, leaving behind a mass 
of carbon material

• What is the defining characteristic of an 
organic compound? contains carbon 

• Was the reaction exothermic or endothermic, 
and what does that indicate? exothermic, 
releases energy Chapter 2: Chemistry of Life 35

digest

How can this plant digest 
a frog?
Have students read the explanation in 
the caption. The more interesting 
question is why. Ask, If plants can make 
their own food through photosynthesis, 
why would a plant species evolve a 
mechanism to capture and eat animals? 
The animal must be supplying nutrients 
that the plant cannot get from other 
sources.

Discuss with students that not all the 
materials a plant needs to maintain itself 
are supplied by photosynthesis. The end 
product of photosynthesis is a simple 
sugar called glucose, which can be 
broken down to yield energy. Most 
plants absorb additional nutrients from 
the soil, such as compounds containing 
nitrogen and phosphorus, which are 
needed to make molecules that make up 
a plant’s cells and tissues. Venus flytraps 
grow in swampy areas that have nitro-
gen-poor soil. These plants get the 
nitrogen they need by trapping and 
digesting animals.

Students can access BioZine at 
ClassZone.com to check the daily 
science news feeds.

In a Hurry?
The critical material of the chapter is 
found in Sections 2.2, 2.3, 2.4, and 2.5—
which cover the water molecule and 
hydrogen bonding, the four main types 
of carbon-based molecules in living 
things, the dynamics of chemical 
reactions, and the function of enzymes. 
For quick coverage, use the headings and 
visuals in Section 2.1 as a review of basic 
chemistry.

Focus and MotivateFocus and Motivate
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2 Chemistry
of Life

2.1 Atoms, Ions, and Molecules
All living things are based on atoms and their interactions.

2.2 Properties of Water
Water’s unique properties allow life to exist on Earth.

 2.3 Carbon-Based Molecules
Carbon-based molecules are the foundation of life.

 2.4 Chemical Reactions
Life depends on chemical reactions.

 2.5 Enzymes
Enzymes are catalysts for chemical reactions in living things.

View animated chapter 
concepts.
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• Calorimetry
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Eye Opener Demonstrate the dehydration 
of sucrose.

Materials

• 100-mL beaker of heat resistant glass
• 20 g powdered sugar
• 5 mL concentrated sulfuric acid
• safety goggles

Safety Make sure the beaker has no cracks. 
The reaction is exothermic, producing fumes 
from burning sugar. Perform in a well-ventilated 
area, where the beaker can be left untouched 
as it cools. Do not touch the beaker once the 
reaction begins. Refer to the MSDS on sulfuric 
acid.

Teacher Demo

34 Unit 1: Introducing Biology
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Activate Prior 
Knowledge
Point out that sometimes to understand 
how something works, one needs get 
down to basics. Ask, What does it take 
to master a computer game, perform a 
dance move, or sink a penalty shot in 
the back of the net? One needs to know 
how it works, break it down into 
components, study it. Discuss the fact 
that much of what happens in biology, 
at a basic level, relates to chemistry. 

Preview Vocabulary
Word Origins Sometimes word parts 
can help students remember meaning:

mono = one poly = many

Other times, word roots are too similar, 
which is true for solvent/solute/solution. 
In such instances, students should look 
for other ways to associate meaning with 
words so similar in appearance.

Academic Vocabulary Students will be 
studying different elements and their 
properties. Point out that the word 
unique as applied to an element has a 
meaning distinct from words that 
describe atoms as individual or specific.

unique, being the only one of its kind
specific, distinguishing a type
individual, a single member

English Learners Tell students that in 
this chapter they will be dealing with 
words that are not a regular part of 
everyday conversation. Suggest that 
students use the strategy of word 
squares to help them learn key vocabu-
lary. This strategy, described on page D4 
of the Biology Toolkit, includes a picture, 
a student definition as well as a diction-
ary definition, and use in a sentence. 
Have English learners pair up to teach 
another the words.

Integrating 
Biomechanics
The Venus flytrap can capture prey even 
though it has no muscles or nervous 
system. When one of six tiny trigger hairs 
is touched, the plant responds by moving 
water in its cells to change the curvature 
of the leaves. The convex leaf halves 
become concave and snap shut in less 
than 0.5 seconds.

Connecting CONCEPTS

How can this plant 
digest a frog?

Like other carnivores, the Venus flytrap 
 eats animals to get nutrients that it 

needs to make molecules such as proteins 
and nucleic acids. Other chemical com-
pounds made by the plant’s cells enable 
the Venus flytrap to digest the animals 
that it eats. These chemicals are similar to 
the chemicals that allow you to digest 
the food that you eat. 

Cell Function The Venus 
flytrap has specialized cells 
on the surfaces of its leaves. 
Some of these cells allow the 
plant to snap shut on its prey 
within 0.5 seconds. Other 
cells, such as those that 
appear purple in this light 
micrograph, secrete digestive 
chemicals that allow the 
plant to consume its prey. 
(LM; magnification 500�)
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Host Dr. Michael R. Heithaus, Ph.D. is an 
assistant professor of biological sciences 
at Florida International University.

Animated Biology / 
Virtual Investigations
Simulations and animations bring 
biology to life!

 • How does Photosynthesis Work? Watch It!
• What is Homeostasis? Practice it!
• What is the Scientific Method? Apply it!

That’s Amazing! Video-based Inquiry 
Engaging videos connect to topics in the 
book with the added benefit of having 
students manipulate and analyze data.

EXPLORE

• STEM
• Open Inquiry
• Biotech

• Virtual
• Video
• QuickLabs

• Probeware
• Forensics
• Chapter-based

Labs—all online & editable

Host Dr. Michael R. Heithaus, Ph.D. is an 

Prokaryotic	cells	lack	a	nucleus	and	most	internal	
structures	of	eukaryotic	cells.

  In the text above, circle two things that eukaryotic cells have 
inside them that prokaryotic cells do not have.

* ACAdemIC VoCAbUlAry

3.1 	 Vocabulary	Check

Go back and highlight each sentence that has a vocabulary 
word in bold.  

Mark It Up

3.1 	 The	Big	Picture

VISUAL	VOCAB

That’s Amazing! Video-based Inquiry That’s Amazing! Video-based Inquiry 

Prokaryotic cells lack a nucleus and most internal
structures of eukaryotic cells.Cells come in different shapes and carry out different jobs. 

However, they all share some features. Cells are very small. 
They are surrounded by a membrane that controls what 
enters and leaves the cell. They have cytoplasm,cytoplasm, a jellylike 
material that contains the building blocks needed for life. 
And they are made of similar molecules. One of these mol-
ecules is DNA, the genetic information. There are two main types of cells, prokaryotic cells and 

eukaryotic cells. Prokaryotic cells
Prokaryotic cells are extremely small. Their 

DNA floats in the cytoplasm, and they have no distinct* 
internal parts. Prokaryotes, such as bacteria, are made of only 
one cell. Eukaryotic cellsEukaryotic cells have a nucleus, which is a mem

 have a nucleus, which is a mem-
brane that separates DNA from the cytoplasm. The nucleus is 
a type of organelle,organelle, a small part that carries out a specific job in a cell. 
Eukaryotic cells have many types of organelles. Like the nucleus, most 
organelles are covered by a membrane. Eukaryotes, such as plants and 
animals, are made of one cell or many cells.In the text above, circle two things that eukaryotic cells have

inside them that prokaryotic cells do not have.
* ACAdemIC VoCAbUlAry
distinct distinguishable as a separate entity

cell theory eukaryotic cellscytoplasm organelleprokaryotic cells

	 1.	 Name two types of cells. 
,	2.	 In both types of cells, the jellylike substance is 

.
	 3.	 Parts that carry out specific jobs within a cell are 

.

	4.	 List the three parts of the cell theory. 

3.13.1 Vocabulary Check

Go back and highlighteach sentence thathas a vocabulary
word in bold.  

Mark It Up

3.13.1 The Big Picture

ProkaryoticProkaryotic cells do not have anucleus or other membrane-boundorganelles.

VISUAL VOCAB

cell
membrane

nucleus organelle

cytoplasm

EukaryoticEukaryotic cells have a nucleus andother membrane-bound organelles.

dNA

McDougal Littell Biology
38

FPO

Virtual Investigations
Simulations and animations bring 
biology to life!

 • How does Photosynthesis Work? 
• What is Homeostasis? Practice it!
• What is the Scientific Method?
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Differentiated Instruction 
Providing strategies for every lesson to 
assist you in helping students with a wide 
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FIGURE 3.6  Explain that the cell 
diagrams represent idealized versions  
of each cell type. For example, only a 
very small portion of the cytoskeleton 
has been shown in each diagram so  
that other cell parts can be seen more 
easily. In reality, the cytoskeleton fills  
a living cell. Have students compare  
the diagrams to the micrograph in 
Figure 3.5.

Address 
Misconceptions
Common Misconception  Because of 
the ways cells are portrayed, with only a 
few representatives of each organelle 
shown, students may think of a cell as a 
bag of cytoplasm with a loose assort-
ment of organelles floating about.
Correcting the Misconception  Quanti-
tative analysis of cell material shows that 
the parts of a cell are so numerous that 
they constantly bump up against one 
another and against the cell membrane 
and cytoskeleton.

Answers
A  Critical Viewing  The plant cell has 
chloroplasts, a central vacuole, and a cell 
wall. The animal cell has centrioles and 
lysosomes.

Teach continuedTeach continued

TEACH FROM VISUALSTEACH FROM VISUALS

nucleus

pores

FIGURE 3.7 The nucleus stores 
and protects DNA. (colored SEM; 
magnification 90,000�)

Connecting
Biochemistry Recall from 
Chapter 2 that certain amino 
acids within a protein molecule 
may form hydrogen bonds with 
other amino acids. These bonds 
cause the protein to form a 
specific shape.

CONCEPTS

TAKING NOTES
Make a chart to correlate each 
organelle with its function.

Organelle Function
Nucleus
Ribosome

stores DNA

Cytoplasm, which you read about in Section 3.1, is itself an important
contributor to cell structure. In eukaryotes, it fills the space between the
nucleus and the cell membrane. The fluid portion, excluding the organelles, is
called cytosol and consists mostly of water. The makeup of cytoplasm shows
that water is necessary for maintaining cell structure. This is only one of many
reasons that water is an essential component for life, however. Many chemical
reactions occur in the cytoplasm, where water acts as an important solvent.

The remainder of this chapter highlights the structure and function of the
organelles found in eukaryotic cells. As FIGURE 3.6 shows, plant and animal
cells use many of the same types of organelles to carry out basic functions.
Both cell types also have organelles that are unique to their needs.

Infer What problems might a cell experience if it had no cytoskeleton?

 MAIN IDEA

Several organelles are involved in making and 
processing proteins.

Much of the cell is devoted to making proteins. Proteins are made of 20 types
of amino acids that have unique characteristics of size, polarity, and acidity.
They can form very long or very short protein chains that fold into different
shapes. And multiple protein chains can interact with each other. This almost
limitless variety of shapes and interactions makes proteins very powerful.
Proteins carry out many critical functions, so they need to be made correctly.

Nucleus
The nucleus (NOO-klee-uhs) is the storehouse for most of the genetic infor-
mation, or DNA (deoxyribonucleic acid), in your cells. DNA contains genes
that are instructions for making proteins. There are two major demands on
the nucleus: (1) DNA must be carefully protected, and (2) DNA must be
available for use at the proper times. Molecules that would damage DNA need
to be kept out of the nucleus. But many proteins are involved in turning genes
on and off, and they need to access the DNA at certain
times. The special structure of the nucleus helps it meet
both demands.

The nucleus is composed of the cell’s DNA enclosed in a
double membrane called the nuclear envelope. Each mem-
brane in the nuclear envelope is similar to the membrane
surrounding the entire cell. As FIGURE 3.7 shows, the nuclear
envelope is pierced with holes called pores that allow large
molecules to pass between the nucleus and cytoplasm.

The nucleus also contains the nucleolus. The nucleolus is a
dense region where tiny organelles essential for making
proteins are assembled. These organelles, called ribosomes, are
a combination of proteins and RNA molecules. They are
discussed on the next page, and a more complete description
of their structure and function is given in Chapter 8.

Chapter 3: Cell Structure and Function  75
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FOUND IN PLANT CELLS

chloroplast

central vacuole

cell wall

FOUND IN ANIMAL CELLS

centriole

lysosome

PLANT CELL

ANIMAL CELL

FOUND IN BOTH

cytoskeleton

vesicle

nucleus

nucleolus

endoplasmic reticulum (rough)

ribosome

centrosome

endoplasmic reticulum (smooth)

cell membrane

Golgi apparatus

mitochondrion

vacuole
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nucleus

nucleolus
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ribosome
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cell membrane
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Explore cell organelles 
at ClassZone.com.

BIOLOGY
FIGURE 3.6 Cell Structure

Eukaryotic cells have highly organized structures, including membrane-
bound organelles. Plant and animal cells share many of the same types of 
organelles, but both also have organelles that are unique to their needs.

What differences do you observe between animal 
and plant cells?

CRITICAL 
VIEWING

74 Unit 2: Cells
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Differentiated Instruction

BELOw LEVEL
Have students copy an outline of the two 
cells from Figure 3.6 into their science 
notebooks. As students learn about each 
organelle, have them draw it into the dia-
grams, including definitions and notes.  
Once complete, students will have a good 
tool for review.

Biology Toolkit, Combination Notes, p. C23

TEACH wITH TECHnOLOGy
Students may be interested in viewing the art 
of David Goodsell, a molecular biologist and 
artist whose drawings are meant to depict 
cellular structures in a realistic way. Go to 
ClassZone.com to link to his Web site and 
then project some of his work on the board. 
Compare his work with the idealized models 
above.

74  Unit 2: Cells

A

assist you in helping students with a wide 

Answers
A  Infer  The cell would be disorganized. 
It would be weak and might fall apart. 
The cell would also be unable to move, 
divide, and transport organelles.

FIGURE 3.7  Have students look carefully 
at the colorized micrograph. The nuclear 
pores highlighted in pink represent only 
a tiny portion of pores that are present 
on this nucleus. If students look closely, 
they will see pores cover the entire 
surface of the nucleus. Ask, What is 
distinctive about the nuclear mem-
brane? Why is it described as an 
envelope? It is a double membrane with 
a bilipid membrane folded upon itself, 
creating a space in between, which is the 
inside of the envelope. 
Suggest the analogy of the nucleus as a 
castle keep, the stronghold of a castle. 
Ask, What are the nuclear envelope and 
nuclear pores analogous to? The interior 
space of the double membrane acts 
almost like a moat, forcing materials to 
move across a few thousand tiny 
drawbridges, the nuclear pores.

Take It Further
Being isolated in the nucleus—away 
from other organelles and enzymes that 
can inflict damage—protects the 
genetic information in eukaryotes. 
Students may ask how prokaryotes can 
survive if their DNA is not so well 
protected. Some scientists think that 
the movement of organelles within a cell 
or the movement of the cell itself by 
the action of the cytoskeleton may 
create shearing forces that could 
damage or destroy the DNA. The 
nucleus may protect DNA from the 
cytoskeleton. Because prokaryotes have 
no cytoskeleton, their DNA does not 
need the protection of a nucleus.

TEACH FROM VISUALSTEACH FROM VISUALS

nucleus

pores

FIGURE 3.7 The nucleus stores 
and protects DNA. (colored SEM; 
magnification 90,000�)

Connecting
Biochemistry Recall from 
Chapter 2 that certain amino 
acids within a protein molecule 
may form hydrogen bonds with 
other amino acids. These bonds 
cause the protein to form a 
specific shape.

CONCEPTS

TAKING NOTES
Make a chart to correlate each 
organelle with its function.

Organelle Function
Nucleus
Ribosome

stores DNA

Cytoplasm, which you read about in Section 3.1, is itself an important
contributor to cell structure. In eukaryotes, it fills the space between the
nucleus and the cell membrane. The fluid portion, excluding the organelles, is
called cytosol and consists mostly of water. The makeup of cytoplasm shows
that water is necessary for maintaining cell structure. This is only one of many
reasons that water is an essential component for life, however. Many chemical
reactions occur in the cytoplasm, where water acts as an important solvent.

The remainder of this chapter highlights the structure and function of the
organelles found in eukaryotic cells. As FIGURE 3.6 shows, plant and animal
cells use many of the same types of organelles to carry out basic functions.
Both cell types also have organelles that are unique to their needs.

Infer What problems might a cell experience if it had no cytoskeleton?

 MAIN IDEA

Several organelles are involved in making and 
processing proteins.

Much of the cell is devoted to making proteins. Proteins are made of 20 types
of amino acids that have unique characteristics of size, polarity, and acidity.
They can form very long or very short protein chains that fold into different
shapes. And multiple protein chains can interact with each other. This almost
limitless variety of shapes and interactions makes proteins very powerful.
Proteins carry out many critical functions, so they need to be made correctly.

Nucleus
The nucleus (NOO-klee-uhs) is the storehouse for most of the genetic infor-
mation, or DNA (deoxyribonucleic acid), in your cells. DNA contains genes
that are instructions for making proteins. There are two major demands on
the nucleus: (1) DNA must be carefully protected, and (2) DNA must be
available for use at the proper times. Molecules that would damage DNA need
to be kept out of the nucleus. But many proteins are involved in turning genes
on and off, and they need to access the DNA at certain
times. The special structure of the nucleus helps it meet
both demands.

The nucleus is composed of the cell’s DNA enclosed in a
double membrane called the nuclear envelope. Each mem-
brane in the nuclear envelope is similar to the membrane
surrounding the entire cell. As FIGURE 3.7 shows, the nuclear
envelope is pierced with holes called pores that allow large
molecules to pass between the nucleus and cytoplasm.

The nucleus also contains the nucleolus. The nucleolus is a
dense region where tiny organelles essential for making
proteins are assembled. These organelles, called ribosomes, are
a combination of proteins and RNA molecules. They are
discussed on the next page, and a more complete description
of their structure and function is given in Chapter 8.
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BIOLOGY
FIGURE 3.6 Cell Structure

Eukaryotic cells have highly organized structures, including membrane-
bound organelles. Plant and animal cells share many of the same types of 
organelles, but both also have organelles that are unique to their needs.

What differences do you observe between animal 
and plant cells?

CRITICAL 
VIEWING
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Point out that the same words can be used to 
mean different things, depending on context. 
For example, in Chapter 2, the nucleus was 
described as being the center of an atom, 
where protons and neutrons are located.  
Here the nucleus is an organelle that houses 
genetic material. Students may find that to  
be true in their own home language. For 
example, el núcleo is used for both in Spanish.

InCLUSIOn
Students who are hearing impaired benefit by 
having visual cues accompany an oral presen-
tation. Project the cell diagrams of Figure 3.6 
from the Media Gallery and point to each 
cell part as you discuss it with the class. As 
with English learners, students who are 
hearing impaired need plenty of cues from 
your mouth and facial expressions. When 
possible, face students as you speak and 
speak slowly and clearly.
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Notes, p. C23

Answers
A  Infer  The cell would be disorganized. 
It would be weak and might fall apart. 
The cell would also be unable to move, 
divide, and transport organelles.

FIGURE 3.7  Have students look carefully 
at the colorized micrograph. The nuclear 
pores highlighted in pink represent only 
a tiny portion of pores that are present 
on this nucleus. If students look closely, 
they will see pores cover the entire 
surface of the nucleus. Ask, What is 
distinctive about the nuclear mem-
brane? Why is it described as an 
envelope? It is a double membrane with 
a bilipid membrane folded upon itself, 
creating a space in between, which is the 
inside of the envelope. 
Suggest the analogy of the nucleus as a 
castle keep, the stronghold of a castle. 
Ask, What are the nuclear envelope and 
nuclear pores analogous to? The interior 
space of the double membrane acts 
almost like a moat, forcing materials to 
move across a few thousand tiny 
drawbridges, the nuclear pores.

Take It Further
Being isolated in the nucleus—away 
from other organelles and enzymes that 
can inflict damage—protects the 
genetic information in eukaryotes. 
Students may ask how prokaryotes can 
survive if their DNA is not so well 
protected. Some scientists think that 
the movement of organelles within a cell 
or the movement of the cell itself by 
the action of the cytoskeleton may 
create shearing forces that could 
damage or destroy the DNA. The 
nucleus may protect DNA from the 
cytoskeleton. Because prokaryotes have 
no cytoskeleton, their DNA does not 
need the protection of a nucleus.

TEACH FROM VISUALSTEACH FROM VISUALS

nucleus

pores

FIGURE 3.7 The nucleus stores 
and protects DNA. (colored SEM; 
magnification 90,000�)

Connecting
Biochemistry Recall from 
Chapter 2 that certain amino 
acids within a protein molecule 
may form hydrogen bonds with 
other amino acids. These bonds 
cause the protein to form a 
specific shape.

CONCEPTS

TAKING NOTES
Make a chart to correlate each 
organelle with its function.

Organelle Function
Nucleus
Ribosome

stores DNA

Cytoplasm, which you read about in Section 3.1, is itself an important
contributor to cell structure. In eukaryotes, it fills the space between the
nucleus and the cell membrane. The fluid portion, excluding the organelles, is
called cytosol and consists mostly of water. The makeup of cytoplasm shows
that water is necessary for maintaining cell structure. This is only one of many
reasons that water is an essential component for life, however. Many chemical
reactions occur in the cytoplasm, where water acts as an important solvent.

The remainder of this chapter highlights the structure and function of the
organelles found in eukaryotic cells. As FIGURE 3.6 shows, plant and animal
cells use many of the same types of organelles to carry out basic functions.
Both cell types also have organelles that are unique to their needs.

Infer What problems might a cell experience if it had no cytoskeleton?

 MAIN IDEA

Several organelles are involved in making and 
processing proteins.

Much of the cell is devoted to making proteins. Proteins are made of 20 types
of amino acids that have unique characteristics of size, polarity, and acidity.
They can form very long or very short protein chains that fold into different
shapes. And multiple protein chains can interact with each other. This almost
limitless variety of shapes and interactions makes proteins very powerful.
Proteins carry out many critical functions, so they need to be made correctly.

Nucleus
The nucleus (NOO-klee-uhs) is the storehouse for most of the genetic infor-
mation, or DNA (deoxyribonucleic acid), in your cells. DNA contains genes
that are instructions for making proteins. There are two major demands on
the nucleus: (1) DNA must be carefully protected, and (2) DNA must be
available for use at the proper times. Molecules that would damage DNA need
to be kept out of the nucleus. But many proteins are involved in turning genes
on and off, and they need to access the DNA at certain
times. The special structure of the nucleus helps it meet
both demands.

The nucleus is composed of the cell’s DNA enclosed in a
double membrane called the nuclear envelope. Each mem-
brane in the nuclear envelope is similar to the membrane
surrounding the entire cell. As FIGURE 3.7 shows, the nuclear
envelope is pierced with holes called pores that allow large
molecules to pass between the nucleus and cytoplasm.

The nucleus also contains the nucleolus. The nucleolus is a
dense region where tiny organelles essential for making
proteins are assembled. These organelles, called ribosomes, are
a combination of proteins and RNA molecules. They are
discussed on the next page, and a more complete description
of their structure and function is given in Chapter 8.
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FIGURE 3.6 Cell Structure

Eukaryotic cells have highly organized structures, including membrane-
bound organelles. Plant and animal cells share many of the same types of 
organelles, but both also have organelles that are unique to their needs.

What differences do you observe between animal 
and plant cells?
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Point out that the same words can be used to 
mean different things, depending on context. 
For example, in Chapter 2, the nucleus was 
described as being the center of an atom, 
where protons and neutrons are located.  
Here the nucleus is an organelle that houses 
genetic material. Students may find that to  
be true in their own home language. For 
example, el núcleo is used for both in Spanish.

InCLUSIOn
Students who are hearing impaired benefit by 
having visual cues accompany an oral presen-
tation. Project the cell diagrams of Figure 3.6 
from the Media Gallery and point to each 
cell part as you discuss it with the class. As 
with English learners, students who are 
hearing impaired need plenty of cues from 
your mouth and facial expressions. When 
possible, face students as you speak and 
speak slowly and clearly.
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Extra reading and vocabulary support.

UsinG LAnGUAGE

Describing time  Certain words and phrases can 

help you understand when something happened and 

how long it took. These words and phrases are called 

specific time markers. Specific time markers include 

words and phrases such as first, next, 1 hour, yesterday, 

the twentieth century, and 30 years later.

YOUr tUrn
Read  the sentences below and write down the specific  

time markers.

1. Early in the morning, before the sun rises, Emilio gets 

up to take his dogs for a walk.

2. Before a cell can divide, it must first make a copy of 

its DNA.

this reading tool can help you learn the material in the following pages. r E A D i n G  T O O L B O X

Chapter 8: From DNA to Proteins 225

Why is this mouse glowing?
This mouse’s eerie green glow comes from green fluorescent protein 
(GFP), which glows under ultraviolet light. Scientists put a gene from 
a glowing jellyfish into a virus that was then used to infect a mouse 
egg. The jellyfish gene became part of the mouse’s genes.  
As a result, the mouse cells produce the same protein. Researchers 
hope to track cancer cells using GFP.

Q
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Eukaryotic Cells and Cell OrganellesKEY	ConCEPT	 ukaryotic cells share many similarities.

Cells	have	an	internal	structure.Your skeleton is made of bones that help keep all your body parts in 
place. Eukaryotic cells have a skeleton, too. It is called the cytoskeleton. 
The cytoskeleton is a network of protein fibers. They look like a lot of 
tiny strings that crisscross a cell. The cytoskeletoncytoskeleton is the framework of a 
cell. It gives a cell shape, support, and strength. The cytoskeleton can 
change as a cell needs to change. 

  What might a cell look like if it had no cytoskeleton?

Several	organelles	are	involved	in	making	and	
processing	proteins.Proteins are a very important type of molecule that are used in all life 

functions. Basic life functions include reproduction, repair, and growth 
of injured cells or body parts. Life functions also include the regulation 
of circulation and digestion systems. You need proteins to digest the 
foods you eat or to move your muscles when you ride a bike. Proteins 
are at work when your heart beats or your eye blinks. Some hormones 
such as insulin, which controls your blood sugar levels, are also proteins.

Proteins are very important, and many organelles work together 
to make them. These organelles include the nucleus, endoplasmic 
reticulum, ribosomes, the Golgi apparatus, and vesicles. Ribosomes 
are found in both eukaryotic and prokaryotic cells. However, the other 
organelles—those surrounded by a membrane—are found only in 

 stores and protects the DNA of the cell. DNA 
contains the genes that are the instructions for making proteins. endoplasmic reticulum (ER)

endoplasmic reticulum (ER) is a 
network of thin, folded membranes that helps in the production of 
proteins and other molecules. The membranes are like a maze; they fold 
back on themselves and have little spaces inside the folds. There are two 
types of ER, smooth and rough. The rough ER looks bumpy because it 

3.2 Student text pages 73–79

supports and shapes the cell.

The cytoskeleton 

The nucleus stores and protects DNA.

The nucleus stores 

cytoskeletoncytoskeleton

See pictures in student text, pgs. 75–79

Visual	Connection

Interactive Reader 39

Worktext for deeper comprehension

Eukaryotic Cells and Cell Organelles
CEPT	 eukaryotic

internalYour skeleton is made of bones that help keep all your body parts in 
place. Eukaryotic cells have a skeleton, too. It is called the cytoskeleton. 
The cytoskeleton is a network of protein fibers. They look like a lot of 
tiny strings that crisscross a cell. The cell. It gives a cell shape, support, and strength. The cytoskeleton can 
change as a cell needs to change. 

cell look

are involvedproteins.Proteins are a very important type of molecule that are used in all life 
functions. Basic life functions include reproduction, repair, and growth 
of injured cells or body parts. Life functions also include the regulation 
of circulation and digestion systems. You need proteins to digest the 
foods you eat or to move your muscles when you ride a bike. Proteins 
are at work when your heart beats or your eye blinks. Some hormones 
such as insulin, which controls your blood sugar levels, are also proteins.

Proteins are very important, and many organelles work together 
to make them. These organelles include the nucleus, endoplasmic 
reticulum, ribosomes, the Golgi apparatus, and vesicles. Ribosomes 
are found in both eukaryotic and prokaryotic cells. However, the other 
organelles—those surrounded by a membrane—are found only in 

 stores and protects the DNA of the cell. DNA 
contains the genes that are the instructions for making proteins. The endoplasmic reticulum (ER)

endoplasmic reticulum (ER)
network of thin, folded membranes that helps in the production of 
proteins and other molecules. The membranes are like a maze; they fold 
back on themselves and have little spaces inside the folds. There are two 
types of ER, smooth and rough. The rough ER looks bumpy because it 

Eukaryotic Cells and Cell OrganellesKEY	ConCEPT	

Cells have an internalYour skeleton is made of bones that help keep all your body parts in 
place. Eukaryotic cells have a skeleton, too. It is called the cytoskeleton. 
The cytoskeleton is a network of protein fibers. They look like a lot of 
tiny strings that crisscross a cell. The cell. It gives a cell shape, support, and strength. The cytoskeleton can 
change as a cell needs to change. 

What might a cell

Several organelles areprocessing proteins.Proteins are a very important type of molecule that are used in all life 
functions. Basic life functions include reproduction, repair, and growth 
of injured cells or body parts. Life functions also include the regulation 
of circulation and digestion systems. You need proteins to digest the 
foods you eat or to move your muscles when you ride a bike. Proteins 
are at work when your heart beats or your eye blinks. Some hormones 
such as insulin, which controls your blood sugar levels, are also proteins.

Proteins are very important, and many organelles work together 
to make them. These organelles include the nucleus, endoplasmic 
reticulum, ribosomes, the Golgi apparatus, and vesicles. Ribosomes 
are found in both eukaryotic and prokaryotic cells. However, the other 
organelles—those surrounded by a membrane—are found only in 
eukaryotic cells.
nucleus The nucleus stores and protects the DNA of the cell. DNA 

 stores and protects the DNA of the cell. DNA 
contains the genes that are the instructions for making proteins. 
Endoplasmic	reticulum	reticulum	r (Er)r)r The network of thin, folded membranes that helps in the production of 
proteins and other molecules. The membranes are like a maze; they fold 
back on themselves and have little spaces inside the folds. There are two 
types of ER, smooth and rough. The rough ER looks bumpy because it 
has ribosomes attached to it.
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be true in their own home language. For
example, el núcleo is used for both in Spanish.
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Objectives
• Describe the interactions of the bio-

sphere, atmosphere, hydrosphere, 
and geosphere.

• Describe the interactions of biotic 
and abiotic factors in the biosphere.

Section Resources
Unit Resource Book

Study Guide pp. 65–66
Power Notes p. 67
Reinforcement p. 68

Interactive Reader Chapter 15
Spanish Study Guide pp. 155–156

Biology Toolkit pp. C19, D2

Technology
Power Presentation 15.1
Media Gallery DVD
Online Quiz 15.1

Activate Prior Knowledge Students 
deal with many boundaries in their 
everyday lives. Ask, In an average day, 
how many boundaries do you cross, and 
what are they? Sample Answers: 
doorways, yards, sidelines (sports) 
Discuss the difficulty of identifying the 
boundaries of the biosphere.

Vocabulary
Greek and Latin Words Origins 
Flora, which is Latin for “flower,” refers to 
the plant life of a given area. Fauna, or 
“animals,” refers to all of the animals in a 
given area. Once bacteria were discov-
ered, the scientific community was not 
sure whether to group them in with the 
flora or the fauna. The word biota, which 
comes from the Greek bios, meaning 
“life,” functions as a catchall word for the 
flora, fauna, and bacteria of our world.

Answers
A  Connect The air is part of the 

biosphere. It contains living things such 
as bacteria, but air itself is not alive.

Plan and PreparePlan and Prepare

TeachTeach

U

The biosphere includes living 
organisms and the land, air, and 
water on Earth where living things 
reside.

VISUAL VOCAB

biosphere

biota

The collection of living things in 
the biosphere may also be called 
the biota.

TAKING NOTES
Use a diagram to take notes on 
the biosphere.

biota

land

air

Biosphere

water

Life in the Earth System
KEY CONCEPT The biosphere is one of Earth’s four interconnected systems.

 MAIN IDEAS
•  The biosphere is the portion of 

Earth that is inhabited by life.

•  Biotic and abiotic factors interact in 
the biosphere.

VOCABULARY
biosphere, p. 456

biota, p. 456

hydrosphere, p. 456

atmosphere, p. 456

geosphere, p. 456

Review
biotic, abiotic

15.1

Connect You’ve probably seen many photos of tropical rain forests, complete 
with monkeys and brightly colored frogs. But did you know that there are also 
temperate rain forests? They get just as much rain but have cooler temperatures 
and different types of plants and animals. These are just two of the biomes found 
within the biosphere. 

 MAIN IDEA

The biosphere is the portion of Earth that is 
inhabited by life.

The biosphere is the part of Earth 
where life exists. All of Earth’s ecosys-
tems, taken together, form the bio-
sphere. If you could remove all the 
nonliving parts of the biosphere—all 
the water, air, rocks, and so on—you 
would be left with the biota. The biota
is the collection of living things that 
live in the biosphere. 

 The biosphere is one of Earth’s 
four major interconnected systems. 
The other three Earth systems are

• the hydrosphere, all of Earth’s water, ice, and water vapor
• the atmosphere, the air blanketing Earth’s solid and liquid surface
• the geosphere, the features of Earth’s surface—such as the continents, 

rocks, and the sea floor—and everything below Earth’s surface

 You need to look at how all four Earth systems interact to really under-
stand how an ecosystem works. For example, a plant growing in a swamp 
depends on the soil in which it grows just as much as on the water in the 
swamp. It uses carbon dioxide from the atmosphere to make sugars, and it 
gives off excess oxygen, slightly changing the air around it. One plant growing 
in one swamp has a small effect on the Earth system as a whole. But all living 
things together throughout the planet’s history have had a vast effect.

Connect Is the air in your classroom part of the biosphere or the biota? Explain.

456 Unit 5: Ecology

3.b Provide examples to justify 
the interdependence among envi-
ronmental elements.

LS-H-E3.31  Compare the levels 
of organization in the biosphere

INDIANA
STANDARDS

B.4.1  Explain that the amount of 
life an environment can support is 
limited by the available energy, 
water, oxygen, and minerals, and 
by the ability of ecosystems to 
recycle the remains of dead 
organisms.

FLORIDA
STANDARDS

SC.912.L.17.5  Analyze how popu-
lation size is determined by births, 
deaths, immigration, emigration, 
and limiting factors (biotic and 
abiotic) that determine carrying 
capacity.
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Differentiated Instruction

SECTION 15.1

ENGLISH LEARNERS
Have students study the parts of the words 
biosphere, atmosphere, hydrosphere, and 
geosphere. For each prefix, have students 
write a list of any other words they know in 
which it appears. To reinforce the meaning of 
the prefixes and the whole terms, have 
students use the Multilanguage Glossary and 
practice writing sentences that use these 
terms in a way that clarifies their meanings 
through context.

Biology Toolkit, New Word Analysis, p. D2

PRE-AP
Draw this figure on the board:

Have students look at this figure and write a 
paragraph on the interactions and overlaps 
between the five circles.

Biology Toolkit, Quick-Write, p. C19

biosphere

biota

atmosphere
geospherehydrosphere
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Read  the sentences below and write down the specific 

Early in the morning, before the sun rises, Emilio gets 

his reading tool can help you learn the material in the following pages. 

COnnECt tO 

8.2
VOCABULArY

nucleotide
double helix
base pairing rules

Connect to Your World  
The experiments of Hershey and Chase confirmed that DNA carries the genetic 
information, but they left other big questions unanswered: What exactly is this 
genetic information? How does DNA store this information? Scientists in the early 
1950s still had a limited knowledge of the structure of DNA, but that was about to 
change dramatically.

 MAin iDEA

DnA is composed of four types of nucleotides.
Since the 1920s, scientists have known that the DNA molecule is a very long 
polymer, or chain of repeating units. The small units, or monomers, that make 
up DNA are called nucleotides (NOO-klee-oh-tydz). Each nucleotide has 
three parts.
• A phosphate group (one  

phosphorus with four oxygens)
• A ring-shaped sugar called  

deoxyribose
• A nitrogen-containing base (a 

single or double ring built around 
nitrogen and carbon atoms)

 One molecule of human DNA 
contains billions of nucleotides, but 
there are only four types of nucleotides 
in DNA. These nucleotides differ only 
in their nitrogen-containing bases.
 The four bases in DNA are shown in FiGUrE 8.4. Notice that the bases 
cytosine (C) and thymine (T) have a single-ring structure. Adenine (A) and 
guanine (G) have a larger, double-ring structure. The letter abbreviations refer 
both to the bases and to the nucleotides that contain the bases.
 For a long time, scientists hypothesized that DNA was made up of equal 
amounts of the four nucleotides, and so the DNA in all organisms was exactly 
the same. That hypothesis was a key reason that it was so hard to convince 
scientists that DNA was the genetic material. They reasoned that identical 
molecules could not carry different instructions across all organisms.

  structure of DnA

KEY COnCEpt DnA structure is the same in all organisms.

MAin iDEAs

 DNA is composed of four types of nucleotides.

  Watson and Crick developed an accurate model of DNA’s  
three-dimensional structure.

  Nucleotides always pair in the same way.

BiOCHEMistrY
The nucleotides in a strand of 
DNA all line up in the same direc-
tion. As a result, DNA has chemi-
cal polarity, which means that the 
two ends of the DNA strand are 
different. The 5’ carbon is located 
at one end of the DNA strand, 
and the 3’ carbon is located at the 
other end. When the two strands 
of DNA pair together, the 5’ end 
of one strand aligns with the 3’ 
end of the other strand.

230 Unit 3: Genetics

VisUAL VOCAB

The small units, or monomers, that 
make up a strand of DNA are called 
nucleotides. Nucleotides have  
three parts.

nitrogen- 
containing base

phosphate group

deoxyribose (sugar)

A

G

T

T

C

A

5‘

3‘

3‘

5‘

VIDEO CLIP
HMDScience.com
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Premium Content
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DNA Structure
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CONNECT TO 

MENDELIAN GENETICS

6. Describe how Mendel’s studies 
relate to the experiments 
discussed in this section.

Real-world Connections
Every section of the textbook grabs 
students’ attention by relating content 
to the world around them. 

• Classroom Discussion
• Engaging Dialogue
• Community Action

Biozine online
Current information from the community 
to the world, updated regularly with live 
newsfeeds and article features.

EXTEND ••• Making it Relevant  

STEM
Science, Technology, Engineering, and Mathematics 
for your classroom!

Engage students with specially designed STEM labs to bring the 
application of science, technology, engineering, and mathematics 
into your classroom.

• 10 hands-on labs focusing on STEM activities 
• Project-based
• Multi-modal learning

Biozine online
Current information from the community 
to the world, updated regularly with live 
newsfeeds and article features.

Biozine online
Current information from the community 
to the world, updated regularly with live 
newsfeeds and article features.

COnnECt tO 

VOCABULArY

translation
codon
stop codon
start codon
anticodon

8.5

Connect to Your World  
As you know, translation is a process that converts a message from one language 
into another. For example, English words can be translated into Spanish words, 
into Chinese characters, or into the hand shapes and gestures of sign language. 
Translation occurs in cells too. Cells translate an RNA message into amino acids, 
the building blocks of proteins. But unlike people who use many different 
languages, all cells use the same genetic code.

  translation

KEY COnCEpt translation converts an mrnA message into a poly-
peptide, or protein.

MAin iDEAs

 Amino acids are coded by mRNA base sequences.

  Amino acids are linked to become a protein.

 MAin iDEA

Amino acids are coded by mrnA base sequences.
translation is the process that converts, or translates, an mRNA message into 
a polypeptide. One or more polypeptides make up a protein. The “language” of 
nucleic acids uses four nucleotides—A, G, C, and T in DNA; or A, G, C, and U 
in RNA. The “language” of proteins, on the other hand, uses 20 amino acids. 
How can four nucleotides code for 20 amino acids? Just as letters are strung 
together in the English language to make words, nucleotides are strung to-
gether to code for amino acids. 

triplet Code
Different words have different numbers of letters. In the genetic code, how-
ever, all of the “words,” called codons, are made up of three letters. A codon is 
a three-nucleotide sequence that codes 
for an amino acid. Why is the genetic 
code read in units of three nucleotides? 
Well, we can’t entirely answer that 
question, but consider the possibilities. 
If one nucleotide coded for one amino 
acid, RNA could code for only four 
amino acids. If two nucleotides coded 
for one amino acid, RNA could code 
for 16 (42) amino acids—still not 
enough. But if three nucleotides coded 
for one amino acid, RNA could code 
for 64 (43) amino acids, plenty to cover the 20 amino acids used to build 
proteins in the human body and most other organisms. 

BiOCHEMistrY
Recall from Chemistry of Life 
that amino acids are the build-
ing blocks of proteins. Although 
there are many types of amino 
acids, only the same 20 types 
make up the proteins of almost 
all organisms.

Chapter 8: From DNA to Proteins 243

VisUAL VOCAB

A codon is a sequence of three nucle-
otides that codes for an amino acid.

Segment of mRNA

C U UU GA

codon for 
methionine (Met)

codon for 
leucine (Leu)
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Diagnose and Evaluate with a Variety of Assessments

EVALUATE ••• Assessment that 
Guides Instruction    

Our enhanced assessment and remediation engine provides students 
with prescriptive remediation and reassessment to ensure mastery.1 Assess

3 Re-assess

Online Assessment & Remediation

B
IO
LO

GY
P

rogram
 P

review

• Reading Checks
• Section Reviews
• ExamView Quizzes
• Section Quizzes
• Chapter Tests
• Alternative Assessments
• Extended Response
• Diagnostic Test

Different 
Questions at
Each Stage of
 Assessment

2 Prescribe



8  Biology Preview

   Updated Resources for © 2012

Student Edition 2012 Newly designed to 
strengthen and emphasize vocabulary, 
reading, real-world connections, data 
analysis, and online resources.   

 Textbooks

 Practice Tools

Active Reading Worksheets Active Reading 
Worksheets provide topical reading excerpts 
with deep-thinking follow-up questions that 
help boost students’ science reading 
comprehension abilities.

Interactive Reader The hugely popular 
Interactive Reader is now back. Designed for 
struggling students, the Interactive Reader 
features all the essential content written 
below grade level with additional learning 
support.

Leveled Section Study Guides Easier 
versions of the existing Section Study guides 
are now available in Spanish and English to 
better support struggling students.

Prokaryotic	cells	lack	a	nucleus	and	most	internal	
structures	of	eukaryotic	cells.

They are surrounded by a membrane that controls what 
enters and leaves the cell. They have cytoplasm,cytoplasm, a jellylike 
material that contains the building blocks needed for life. 
And they are made of similar molecules. One of these mol-
ecules is DNA, the genetic information. There are two main types of cells, prokaryotic cells and 

eukaryotic cells. Prokaryotic cells
Prokaryotic cells are extremely small. Their 

DNA floats in the cytoplasm, and they have no distinct* 
internal parts. Prokaryotes, such as bacteria, are made of only 
one cell. Eukaryotic cellsEukaryotic cells have a nucleus, which is a mem

 have a nucleus, which is a mem-
brane that separates DNA from the cytoplasm. The nucleus is  a small part that carries out a specific job in a cell. 
Eukaryotic cells have many types of organelles. Like the nucleus, most 
organelles are covered by a membrane. Eukaryotes, such as plants and 

  In the text above, circle two things that eukaryotic cells have 
inside them that prokaryotic cells do not have.

* ACAdemIC VoCAbUlAry

.

.

3.1 	 Vocabulary	Check

Go back and highlight each sentence that has a vocabulary 
word in bold.  

Mark It Up

3.1 	 The	Big	Picture

ProkaryoticProkaryotic cells do not have anucleus or other membrane-boundorganelles.

VISUAL	VOCAB

cell
membrane

nucleus organelle

cytoplasm

EukaryoticEukaryotic cells have a nucleus andother membrane-bound organelles.

dNA

Easier 
versions of the existing Section Study guides 
are now available in Spanish and English to 

internal parts. Prokaryotes, such as bacteria, are made of only 
Eukaryotic cellsEukaryotic cells have a nucleus, which is a mem

 have a nucleus, which is a mem-
brane that separates DNA from the cytoplasm. The nucleus is 
a type of organelle,organelle, a small part that carries out a specific job in a cell. 
Eukaryotic cells have many types of organelles. Like the nucleus, most 
organelles are covered by a membrane. Eukaryotes, such as plants and 
animals, are made of one cell or many cells.

things that eukaryoticcells do not have.

,In both types of cells, the jellylike substance is Parts that carry out specific jobs within a cell are 

Go back and highlighteach sentence that
a vocabulary

word in bold.  

Mark It Up

Eukaryotic Cells and 

Cell Organelles
KEY	ConCEPT	 e

ukaryotic cells sh
are many similari

ties.

Cells	have	an	inte
rnal	structure.

Your skeleton is made of bones that help keep all your body parts in 

place. Eukaryotic cells have a skeleton, too. It is called the cytoskeleton. 

The cytoskeleton is a network of protein fibers. They look like a lot of 

tiny strings that crisscross a cell. The cytoskeletoncytoskeleton is the framework of a 

cell. It gives a cell shape, support, and strength. The cytoskeleton can 

change as a cell needs to change. 

  What might a ce
ll look like if it ha

d no cytoskeleto
n?

Several	organelle
s	are	involved	in	

making	and	

processing	prote
ins.

Proteins are a very important type of molecule that are used in all life 

functions. Basic life functions include reproduction, repair, and growth 

of injured cells or body parts. Life functions also include the regulation 

of circulation and digestion systems. You need proteins to digest the 

foods you eat or to move your muscles when you ride a bike. Proteins 

are at work when your heart beats or your eye blinks. Some hormones 

such as insulin, which controls your blood sugar levels, are also proteins.

Proteins are very important, and many organelles work together 

to make them. These organelles include the nucleus, endoplasmic 

reticulum, ribosomes, the Golgi apparatus, and vesicles. Ribosomes 

are found in both eukaryotic and prokaryotic cells. However, the other 

organelles—those surrounded by a membrane—are found only in 

eukaryotic cells.

nucleus The nucleus stores and protects the DNA of the cell. DNA 

contains the genes that are the instructions for making proteins. 

Endoplasmic	ret
iculum	reticulum	r (Er)r)r The endoplasmic reticulum (ER)

endoplasmic reticulum (ER) is a  is a 

network of thin, folded membranes that helps in the production of 

proteins and other molecules. The membranes are like a maze; they fold 

back on themselves and have little spaces inside the folds. There are two 

types of ER, smooth and rough. The rough ER looks bumpy because it 

has ribosomes attached to it.

sECTiOn

3.2

Student text pages 

73–79

supports and shapes 

the cell.

The cytoskeleton 

The nucleus stores 

and protects DNA.The nucleus stores 

cytoskeletoncytoskeleton

See pictures in stu
dent 

text, pgs. 75–79

Visual	Connectio
n

Interactive Reader 39

Cells come in different shapes and carry out different jobs. 
However, they all share some features. Cells are very small. 
They are surrounded by a membrane that controls what 
enters and leaves the cell. They have 

Prokaryotic

VISUAL VOCAB

Prokaryotic cells lack a nucleus and most internal
structures of eukaryotic cells.Cells come in different shapes and carry out different jobs. 

However, they all share some features. Cells are very small. 
They are surrounded by a membrane that controls what 

VISUAL VOCAB
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 Online Assessment

Online Assessment & Remediation 
Our enhanced assessment and 
remediation engine provides students 
the benefit of receiving prescriptive 
remediation and re-assessment to 
determine mastery.

 Labs

STEM Labs Labs designed specifically 
to bring the application of science, 
technology, engineering, and 
mathematics into your chemistry 
classroom.

Open Inquiry Labs Introduce your 
students to a true inquiry-based lab 
experience. 

Video Labs 44 professionally 
developed video demonstrations of 
classroom biology labs and activities 
that are great for professional 
development, lab pre-work, or lab 
alternatives. 

 Technology

That’s Amazing! Online video-based inquiry 
activities engage students by peering into 
the bizarre world of nature and the 
application of the scientific method. After 
being amazed by nature’s wonders, students 
will apply the Data Analysis and Conclusion 
phases of the scientific method.

Animated Biology Brand new animations 
and simulations bring biology concepts and 
principles to life.

Interactive Whiteboard Resources 
Key teaching visuals have been adapted 
specifically for interactive whiteboard use, 
allowing teachers to take advantage of this 
exciting technology. 

Interactive Review Games Nothing 
encourages students to study and review 
more than a game! These newly designed 
online review games help make biology more 
fun than ever.

WebLinks Hand-selected resource links bring 
the BEST of the internet to the classroom. No 
longer will teachers have to spend endless 
hours scouring the internet for great 
resources—we’ve done all the work!

Section Self-checks Students can check their 
understanding of biology through these short 
online section quizzes which provide 
immediate feedback.

ExamView Banks In addition to the many 
existing Biology assessments in ExamView, an 
additional bank of questions is provided for 
teachers who are interested in further 
expanding and customizing their assessments.
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Extracting DNA
UV Light and Skin Cancer
Modeling Transcription
Quick Lab  Replication
Observing Drosophila Mutations
Virtual Lab  Gene Expression
Exploring Protein Crystallization
Video Lab  Genetic Code of Keratin

online Biology
HMDScience.com

OnLinE Labs
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Premium Content

Modeling DnA   Did you know that the 
average human body contains over a billion 
miles of DNA?  Learn how the structure of 
DNA helps it all fit into your body’s cells!

From DNA to  
Proteins

Data Analysis 
intErprEtinG HistOGrAMs

 8.1  identifying DnA as the Genetic 
Material

8

 8.2  structure of DnA

 8.3  DnA replication

 8.4  transcription

 8.5  translation

 8.6  Gene Expression and regulation

 8.7  Mutations
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UsinG LAnGUAGE

Describing time  Certain words and phrases can 

help you understand when something happened and 

how long it took. These words and phrases are called 

specific time markers. Specific time markers include 

words and phrases such as first, next, 1 hour, yesterday, 

the twentieth century, and 30 years later.

YOUr tUrn
Read  the sentences below and write down the specific  

time markers.

1. Early in the morning, before the sun rises, Emilio gets 

up to take his dogs for a walk.

2. Before a cell can divide, it must first make a copy of 

its DNA.

this reading tool can help you learn the material in the following pages. r E A D i n G  T O O L B O X

Chapter 8: From DNA to Proteins 225

Why is this mouse glowing?
This mouse’s eerie green glow comes from green fluorescent protein 
(GFP), which glows under ultraviolet light. Scientists put a gene from 
a glowing jellyfish into a virus that was then used to infect a mouse 
egg. The jellyfish gene became part of the mouse’s genes.  
As a result, the mouse cells produce the same protein. Researchers 
hope to track cancer cells using GFP.

Q
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live
S bacteria

live
R bacteria

heat-killed
S bacteria

heat-killed S bacteria
+ live R bacteria

dead mouse dead mouselive mouse live mouse

Connect to Your World  
Some people think a complicated answer is better than a simple one. If they have 
a head cold, for instance, they may use all sorts of pills, syrups, and sprays, when 
they simply need rest, water, and warm chicken soup. In the early 1900s, most 
scientists thought DNA’s structure was too repetitive for it to be the genetic 
material. Proteins, which are more variable in structure, appeared to be a better 
candidate. Starting in the 1920s, experiments provided data that did not support 
this idea. By the 1950s, sufficient evidence showed that DNA—the same molecule 
that codes for GFP in the glowing mouse—carries genetic information.

  identifying DnA as the Genetic Material

KEY COnCEpt DnA was identified as the genetic material 
through a series of experiments.

MAin iDEAs

 Griffith finds a “transforming principle.”

  Avery identifies DNA as the transforming principle.

  Hershey and Chase confirm that DNA is the genetic material.

 MAin iDEA

Griffith finds a “transforming principle.”
In 1928 the British microbiologist Frederick Griffith was investigating two 
forms of the bacterium that causes pneumonia. One form is surrounded by a 
coating made of sugar molecules. Griffith called these bacteria the S form 
because colonies of them look smooth. The second form of bacteria do not 
have a smooth coating and are called the R, or rough, form. As you can see in 
FiGUrE 8.1, when Griffith injected the two types of bacteria into mice, only the 
S type killed the mice. When the S bacteria were killed with heat, the mice 
were unaffected. Therefore, only live S bacteria would cause the mice to die. 

FiGUrE 8.1 Griffith’s Experiments

 the s form of the bacterium is deadly; the r form is not.

VOCABULArY

bacteriophage

tAKinG nOtEs
Make a table to keep track of 
the experiments discussed in 
this section and how they con-
tributed to our understanding 
of DNA. 

Experiment Results
Griffth’s 
mice

A transferable  
material changed  
harmless bacteria 
into disease-causing 
bacteria.

r E A D i n G  T O O L B OX

8.1

226 Unit 3: Genetics

 >  Virginia standards

1.3.2 This is standards text. Because 
this is pasted inline it can’t be on the 
StateStandards layer, but it should be 
in your live documents.
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CHEMiCAL AnALYsis OF trAnsFOrMinG prinCipLE

% nitrogen 
(n)

% phosphorus (p) ratio of n 
to p

sample A 14.21 8.57 1.66

sample B 15.93 9.09 1.75

sample C 15.36 9.04 1.69

sample D 13.40 8.45 1.58

Known 
value for 
DnA

15.32 9.05 1.69

Source: Avery, O. T. et al., The Journal of  
Experimental Medicine 79:2.

Analyze How do the data support the  
hypothesis that DnA, not protein, is  
the transforming principle?

Oswald Avery

COnnECt tO  Griffith next injected mice with a combination of heat-killed S bacteria and 
live R bacteria. To his surprise, the mice died. Even more surprising, he found 
live S bacteria in blood samples from the dead mice. Griffith concluded that 
some material must have been transferred from the heat-killed S bacteria to the 
live R bacteria. Whatever that material was, it contained information that 
changed harmless R bacteria into disease-causing S bacteria. Griffith called this 
mystery material the “transforming principle.”

infer What evidence suggested that there was a transforming principle?

 MAin iDEA

Avery identifies DnA as the transforming principle.
What exactly is the transforming principle that Griffith discovered? That 
question puzzled Oswald Avery and his fellow biologists. They worked for 
more than ten years to find the answer. Avery’s team began by combining living 
R bacteria with an extract made from S bacteria. This procedure  
allowed them to directly observe the transformation of R bacteria into  
S bacteria in a petri dish.
 Avery’s group next developed a process to purify 
their extract. They then performed a series of tests 
to find out if the transforming principle was DNA 
or protein.
•	 Qualitative	tests	 Standard chemical tests 

showed that no protein was present. In contrast, 
tests revealed that DNA was present.

•	 Chemical	analysis As you can see in FiGUrE 8.2, 
the proportions of elements in the extract 
closely matched those found in DNA. Proteins 
contain almost no phosphorus. 

•	 Enzyme	tests	 When the team added to the 
extract enzymes known to break down proteins, 
the extract still transformed the R bacteria to 
the S form. Also, transformation occurred 
when researchers added an enzyme that breaks 
down RNA (another nucleic acid). Transforma-
tion failed to occur only when an enzyme was 
added to destroy DNA.

 In 1944 Avery and his group presented this and other evidence to support 
their conclusion that DNA must be the transforming principle, or genetic mate-
rial. The results created great interest. However, some scientists questioned 
whether the genetic material in bacteria was the same as that in other organisms. 
Despite Avery’s evidence, some scientists insisted that his extract must have 
contained protein.

summarize List the key steps in the process that Avery’s team used to identify the 
transforming principle.

MiCrOBiOLOGY
Much of our knowledge of 
the chemical basis of genet-
ics has come from the study 
of bacteria. You will learn 
much more about bacteria in 
Viruses and prokaryotes.

FiGUrE 8.2 Avery’s Discoveries

Chapter 8: From DNA to Proteins 227
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COnnECt tO 

MEnDELiAn GEnEtiCs

6. Describe how Mendel’s studies 
relate to the experiments 
discussed in this section.

 MAin iDEA

Hershey and Chase confirm that DnA is the 
genetic material.

Conclusive evidence for DNA as the genetic material came in 1952 from two 
American biologists, Alfred Hershey and Martha Chase. Hershey and  
Chase were studying viruses that infect bacteria. This type of virus, called a 
bacteriophage (bak-TIR-ee-uh-fayj), or “phage” for short, takes over a  
bacterium’s genetic machinery and directs it to make more viruses.
 Phages like the ones Hershey and Chase studied are relatively simple—little 
more than a DNA molecule surrounded by a protein coat. This two-part 
structure of phages offered a perfect opportunity to answer the question, Is the 
genetic material made of DNA or protein? By discovering which part of a 
phage (DNA or protein) actually entered a bacterium, as shown in FiGUrE 8.3, 
they could answer this question once and for all.
 Hershey and Chase thought up a clever procedure that made use of the 
chemical elements found in protein and DNA. Protein contains sulfur but very 
little phosphorus, while DNA contains phosphorus but no sulfur. The re-
searchers grew phages in cultures that contained radioactive isotopes of sulfur 
or phosphorus. Hershey and Chase then used these radioactively tagged 
phages in two experiments. 
•	 Experiment	1	 In the first experiment, bacteria were infected with phages 

that had radioactive sulfur atoms in their protein molecules. Hershey and 
Chase then used an ordinary kitchen blender to separate the bacteria from 
the parts of the phages that remained outside the bacteria. When they 
examined the bacteria, they found no significant radioactivity. 

•	 Experiment	2	 Next, Hershey and Chase repeated the procedure with 
phages that had DNA tagged with radioactive phosphorus. This time, 
radioactivity was clearly present inside the bacteria. 

 From their results, Hershey and Chase concluded that the phages’ DNA 
had entered the bacteria, but the protein had not. Their findings finally 
convinced scientists that the genetic material is DNA and not protein.

Apply How did Hershey and Chase build upon Avery’s chemical analysis results?

FiGUrE 8.3 This micrograph 
shows the protein coat of a  
bacteriophage (orange) after  
it has injected its DNA into an  
E. coli bacterium (blue). (colored 
TEM; magnification 115,0003)

rEViEWinG  MAin iDEAs

 1. What was “transformed” in Griffith’s 
experiment?

2. How did Avery and his group identify 
the transforming principle?

3. Summarize how Hershey and Chase 
confirmed that DNA is the genetic 
material.

CritiCAL tHinKinG

4. summarize Why was the bacterio-
phage an excellent choice for 
research to determine whether genes 
are made of DNA or proteins?

5. Analyze Choose one experiment 
from this section and explain how 
the results support the conclusion. 

Formative Assessment8.1

228 Unit 3: Genetics

Self check Online
HMDScience.com

Premium Content
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Crack

Crack the Code
Build a protein  Test your skill at 
building a protein from a DNA code.

Modeling DnA  Did you 
know that the average 
human body contains over 
a billion miles of DNA?  
Learn how the structure of 
DNA helps it all fit into 
your body’s cells!
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COnnECt tO 

8.2
VOCABULArY

nucleotide
double helix
base pairing rules

Connect to Your World  
The experiments of Hershey and Chase confirmed that DNA carries the genetic 
information, but they left other big questions unanswered: What exactly is this 
genetic information? How does DNA store this information? Scientists in the early 
1950s still had a limited knowledge of the structure of DNA, but that was about to 
change dramatically.

 MAin iDEA

DnA is composed of four types of nucleotides.
Since the 1920s, scientists have known that the DNA molecule is a very long 
polymer, or chain of repeating units. The small units, or monomers, that make 
up DNA are called nucleotides (NOO-klee-oh-tydz). Each nucleotide has 
three parts.
• A phosphate group (one  

phosphorus with four oxygens)
• A ring-shaped sugar called  

deoxyribose
• A nitrogen-containing base (a 

single or double ring built around 
nitrogen and carbon atoms)

 One molecule of human DNA 
contains billions of nucleotides, but 
there are only four types of nucleotides 
in DNA. These nucleotides differ only 
in their nitrogen-containing bases.
 The four bases in DNA are shown in FiGUrE 8.4. Notice that the bases 
cytosine (C) and thymine (T) have a single-ring structure. Adenine (A) and 
guanine (G) have a larger, double-ring structure. The letter abbreviations refer 
both to the bases and to the nucleotides that contain the bases.
 For a long time, scientists hypothesized that DNA was made up of equal 
amounts of the four nucleotides, and so the DNA in all organisms was exactly 
the same. That hypothesis was a key reason that it was so hard to convince 
scientists that DNA was the genetic material. They reasoned that identical 
molecules could not carry different instructions across all organisms.

  structure of DnA

KEY COnCEpt DnA structure is the same in all organisms.

MAin iDEAs

 DNA is composed of four types of nucleotides.

  Watson and Crick developed an accurate model of DNA’s  
three-dimensional structure.

  Nucleotides always pair in the same way.

BiOCHEMistrY
The nucleotides in a strand of 
DNA all line up in the same direc-
tion. As a result, DNA has chemi-
cal polarity, which means that the 
two ends of the DNA strand are 
different. The 5’ carbon is located 
at one end of the DNA strand, 
and the 3’ carbon is located at the 
other end. When the two strands 
of DNA pair together, the 5’ end 
of one strand aligns with the 3’ 
end of the other strand.

230 Unit 3: Genetics
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The small units, or monomers, that 
make up a strand of DNA are called 
nucleotides. Nucleotides have  
three parts.

nitrogen- 
containing base

phosphate group

deoxyribose (sugar)

A

G

T

T

C

A
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3‘

5‘
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FiGUrE 8.4 the Four nitrogen-Containing Bases of DnA

pYriMiDinEs = sinGLE rinG  pUrinEs = DOUBLE rinG

name of Base structural Formula Model name of Base structural Formula Model
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Compare Which base is most similar in structure to thymine?

thymine

cytosine

adenine

guanine

Rosalind Franklin
FiGUrE 8.5 Rosalind Franklin 
(above) produced x-ray photo-
graphs of DNA that indicated it 
was a helix. Her coworker, Mau-
rice Wilkins, showed the data 
without Franklin’s consent to 
Watson and Crick, which helped 
them discover DNA’s structure.

 By 1950 Erwin Chargaff changed the thinking about DNA by analyzing the 
DNA of several different organisms. Chargaff found that the same four bases 
are found in the DNA of all organisms, but the proportion of the four bases 
differs somewhat from organism to organism. In the DNA of each organism, 
the amount of adenine approximately equals the amount of thymine. Simi-
larly, the amount of cytosine roughly equals the amount of guanine. These  
A = T and C = G relationships became known as Chargaff ’s rules.

summarize What is the only difference among the four DnA nucleotides?

 MAin iDEA

Watson and Crick developed an accurate  
model of DnA’s three-dimensional structure.

The breakthrough in understanding the structure of DNA came in the early 
1950s through the teamwork of American geneticist James Watson and British 
physicist Francis Crick. Watson and Crick were supposed to be studying the 
structure of proteins. Both men, however, were more fascinated by the chal-
lenge of figuring out DNA’s structure. Their interest was sparked not only by the 
findings of Hershey, Chase, and Chargaff but also by the work of the biochemist 
Linus Pauling. Pauling had found that the structure of some proteins was a 
helix, or spiral. Watson and Crick hypothesized that DNA might also be a helix.

X-ray Evidence
At the same time, Rosalind Franklin, shown in FiGUrE 8.5, and Maurice 
Wilkins were studying DNA using a technique called x-ray crystallography. 
When DNA is bombarded with x-rays, the atoms in DNA diffract the x-rays in 
a pattern that can be captured on film. Franklin’s x-ray photographs of DNA 
showed an X surrounded by a circle. Franklin’s data gave Watson and Crick 
the clues they needed. The patterns and angle of the X suggested that DNA is 
a helix consisting of two strands that are a regular, consistent width apart.

r E A D i n G  T O O L B OX
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VOCABULArY
An amine is a molecule that 
contains nitrogen. Notice that 
the four DNA bases end in -ine 
and all contain nitrogen.
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FiGUrE 8.6 James Watson 
(left) and Francis Crick 
(right) used a model to fig-
ure out DNA’s structure. 
Their model was influ-
enced by data from other 
researchers, including an  
x-ray image (far right) taken 
by Rosalind Franklin. When 
x-rays bounce off vertically 
suspended DNA, they form 
this characteristic x-shaped 
pattern.

James Watson and Francis Crick

COnnECt tO 

the Double Helix
Back in their own laboratory, Watson and Crick made models of metal and  
wood to figure out the structure of DNA. Their models placed the sugar- 
phosphate backbones on the outside and the bases on the inside. At first,  
Watson reasoned that A might pair with A, T with T, and so on. But the bases 
A and G are about twice as wide as C and T, so this produced a helix that 
varied in width. Finally, Watson and Crick found that if they paired double-
ringed nucleotides with single-ringed nucleotides, the bases fit like a puzzle.
 In April 1953 Watson and Crick published their DNA model in a paper in 
the journal Nature. FiGUrE 8.6 shows their double helix (DUB-uhl HEE-lihks) 
model, in which two strands of DNA wind around each other like a twisted 
ladder. The strands are complementary —they fit together and are the opposite 
of each other. That is, if one strand is ACACAC, the other strand is TGTGTG. 
The pairing of bases in their model finally explained Chargaff ’s rules. 

Apply How did the Watson and Crick model explain Chargaff’s rules?

 MAin iDEA

nucleotides always pair in the same way.
The DNA nucleotides of a single strand are joined together by covalent bonds 
that connect the sugar of one nucleotide to the phosphate of the next nucle-
otide. The alternating sugars and phosphates form the sides of a double helix, 
sort of like a twisted ladder. The DNA double helix is held together by hydro-
gen bonds between the bases in the middle. Individually, each hydrogen bond 
is weak, but together, they maintain DNA structure.
 As shown in FiGUrE 8.7, the bases of the two DNA strands always pair up in 
the same way. This is summarized in the base pairing rules: thymine (T) 
always pairs with adenine (A), and cytosine (C) always pairs with guanine (G). 
These pairings occur because of the sizes of the bases and the ability of the 

CHEMiCAL BOnDs
Recall from Chemistry of Life 
that a covalent bond is a strong 
bond in which two atoms share 
one or more pairs of electrons. 
Hydrogen bonds are much weaker 
than covalent bonds and can eas-
ily be broken.
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FiGUrE 8.7 Base pairing rules

the base pairing rules describe how nucleotides form pairs 
in DnA. t always pairs with A, and G always pairs with C.

This ribbonlike part  
represents the phosphate 
groups and deoxyribose 
sugar molecules that make 
up DNA’s “backbone.”

synthesize Which base pairs do you think are held more 
tightly together? Why?

A

G

T

C

T

C

A

G

hydrogen bond

G C

A t

GC

t A

The nitrogen-containing 
bases bond in the middle 
to form the rungs of the 
DNA ladder.

covalent bond

COnnECt tO 

Formative Assessment8.2

bases to form hydrogen bonds with each other. Due to the arrangement of their 
molecules, A can form unique hydrogen bonds with T, and C with G. Notice 
that A and T form two hydrogen bonds, whereas C and G form three.
 You can remember the rules of base pairing by noticing that the letters C 
and G have a similar shape. Once you know that C and G pair together, you 
know that A and T pair together by default. If a sequence of bases on one 
strand of DNA is CTGCTA, you know the other DNA strand will be GACGAT. 

Apply What sequence of bases would pair with the sequence tGACtA?

rEViEWinG  MAin iDEAs

 1. How many types of nucleotides  
are in DNA, and how do they  
differ?

2. How are the base pairing rules 
related to Chargaff’s research on 
DNA?

3. Explain how the double helix model 
of DNA built on the research of 
Rosalind Franklin. 

CritiCAL tHinKinG

4. infer Which part of a DNA molecule 
carries the genetic instructions that 
are unique for each individual: the 
sugar-phosphate backbone or the 
nitrogen-containing bases? Explain.

5. predict In a sample of yeast DNA, 
31.5% of the bases are adenine (A). 
Predict the approximate percentages 
of C, G, and T. Explain.

EVOLUtiOn

6. The DNA of all organisms 
contains the same four bases 
(adenine, thymine, cytosine, 
and guanine). What might this 
similarity indicate about the 
origins of life on Earth?

Chapter 8: From DNA to Proteins 233

Self check Online
HMDScience.com

Premium Content

SE_BIO2012_proto_RH11.19.indd   233 12/3/10   2:30:27 PM



GrApH 2. nUMBEr OF GEnEs in sELECt spECiEs
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A histogram is a graph that shows the frequency distribution of a data set. 
First, a scientist collects data. Then, she groups the data values into equal 
intervals. The number of data values in each interval is the frequency of 
the interval. The intervals are shown along the x-axis of the histogram, 
and the frequencies are shown on the y-axis.

Model
The histogram at right shows the frequency 

distribution of the ages of winners of the Nobel 

Prize in Medicine at the time of winning. Francis 

Crick was 46 and James Watson was 34 when they 

were jointly awarded a Nobel Prize in Medicine in 

1962.

According to the histogram, the most winners have 

been between 50 and 59 years old at the time of 

winning. Only five scientists have been between 

the ages of 80 and 89 at the time of winning a 

Nobel Prize in Medicine.

interpreting  
Histograms

practice interpret a Histogram
The histogram on the left categorizes data 

collected based on the number of genes 

in 11 species.

 1. identify How many species had 

between 10,001 and 15,000 genes?

 2. Analyze Are the data in graph 2 

sufficient to reveal a trend in the 

number of genes per species? Explain 

your reasoning.
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COnnECt tO 

Connect to Your World  
Do you know that some of your cells are dying right now? You may live to the 
ripe old age of 100, but most of your cells will have been replaced thousands of 
times before you blow out the candles on that birthday cake. Every time that 
cells divide to produce new cells, DNA must first be copied in a remarkable 
process of unzipping and zipping by enzymes and other proteins. The next few 
pages will take you through that process.

  DnA replication

KEY COnCEpt DnA replication copies the genetic information  
of a cell.

MAin iDEAs

 Replication copies the genetic information.

  Proteins carry out the process of replication.

  Replication is fast and accurate.

 MAin iDEA

replication copies the genetic information.
One of the powerful features of the Watson and Crick model was that it 
suggested a way that DNA could be copied. In fact, Watson and Crick ended 
the journal article announcing their discovery with this sentence: “It has not 
escaped our notice that the specific pairing we have postulated immediately 
suggests a possible copying mechanism for the genetic material.” 
 Recall that the bases that connect the strands of DNA will pair only in one 
way, according to the rules of base pairing. An A must bind with a T, and a C 
must bind with a G. If the base sequence of one strand of the DNA double 
helix is known, the sequence of the other strand is also known. Watson and 
Crick realized that a single DNA strand can serve as a template, or pattern, 
for a new strand. This process by which DNA is copied during the cell cycle is 
called replication.

 Suppose all of your classmates took off their shoes, placed their left shoe in 
a line, and tossed their right shoe into a pile. You could easily pick out the 
right shoes from the pile and place them with the matching left shoes. The 
order of the shoes would be preserved. Similarly, a new strand of DNA can be 
synthesized when the other strand is a template to guide the process. Every 
time, the order of the bases is preserved, and DNA can be accurately repli-
cated over and over again.
 Replication assures that every cell has a complete set of identical genetic 
information. Recall that your DNA is divided into 46 chromosomes that are 
replicated during the S phase of the cell cycle. So your DNA is copied once in 
each round of the cell cycle. As a result, every cell has a complete set of DNA. 

VOCABULArY

replication
DNA polymerase

8.3

CELL GrOWtH
In  Cell Growth and Division 
you learned that the cell 
cycle has four main stages. 
DNA is replicated during the 
S (synthesis) stage.
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COnnECt tO 

 The fact that cells throughout the body have complete sets of DNA is very 
useful for forensic scientists. They can identify someone from nearly any cell 
in the body. A few cells from a drop of blood or from saliva on a cigarette butt 
are all detectives need to produce a DNA “fingerprint” of a criminal suspect.

Apply How does replication ensure that cells have complete sets of DnA?

 MAin iDEA

proteins carry out the process of replication.
Although people may say that DNA copies itself, the DNA itself does nothing 
more than store information. Enzymes and other proteins do the actual work 
of replication. For example, some enzymes start the process by unzipping the 
double helix to separate the strands of DNA. Other proteins hold the strands 
apart while the strands serve as tem-
plates. Nucleotides that are floating 
free in the nucleus can then pair up 
with the nucleotides of the existing 
DNA strands. A group of enzymes 
called DnA polymerases (puh-LIM-
uh-rays) bond the new nucleotides 
together. When the process is finished, 
the result is two complete molecules of 
DNA, each exactly like the original 
double strand.

the replication process
The following information describes the process of DNA replication in eu-
karyotes, which is similar in prokaryotes. As you read, follow along with each 
step illustrated in FiGUrE 8.8.

1  Enzymes begin to unzip the double helix at numerous places along the 
chromosome, called origins of replication. That is, the hydrogen bonds 
connecting base pairs are broken, the original molecule separates, and 
the bases on each strand are exposed. Unlike unzipping a jacket, this 
process proceeds in two directions at the same time.

2  Free-floating nucleotides pair, one by one, with the bases on the template 
strands as they are exposed. DNA polymerases bond the nucleotides 
together to form new strands that are complementary to each template 
strand. DNA replication occurs in a smooth, continuous way on one of 
the strands. Due to the chemical nature of DNA polymerase, replication 
of the other strand is more complex. It involves the formation of many 
small DNA segments that are joined together. This more complex pro-
cess is not shown or described in detail here.

3  Two identical molecules of DNA result. Each new molecule has one 
strand from the original molecule and one new strand. As a result, DNA 
replication is called semiconservative because one old strand is con-
served, and one complementary new strand is made.

infer How does step 3 of replication show that DnA acts as a template?

BiOCHEMistrY
You read in Chemistry of Life 
that many proteins are enzymes 
that function as catalysts. 
Enzymes decrease the activation 
energy and increase the rate of 
chemical reactions. DNA poly-
merase catalyzes the reaction 
that bonds two nucleotides 
together.

tAKinG nOtEs
Use a cycle diagram to take 
notes about processes such as 
replication. 

r E A D i n G  T O O L B OX

236 Unit 3: Genetics

DnA polymerases are enzymes  
that form bonds between nucleotides 
during replication.

 DNA polymer   ase

The ending -ase signals 
that this is an enzyme.

This part of the name tells what the 
enzyme does—makes DNA polymers.

VisUAL VOCAB

existing 
molecule unzipping

two DNA 
molecules 

formed
nucleotides 

added
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DnA polymerase

DnA polymerase

nucleotide

two molecules of DnA

strand of DnA unzipping
(colored TEM, magnification 
unknown)

nucleotide

nucleotide

new strands

the DnA molecule 
unzips in both directions.

new strandoriginal strand

1

2

3
Two identical double-stranded DNA molecules result from  
replication. DNA replication is semiconservative. That is, each 
DNA molecule contains an original strand and one new strand.

Each existing strand of the DNA molecule is a template for a new strand. 
Free-floating nucleotides pair up with the exposed bases on each tem-
plate strand. DNA polymerases bond these nucleotides together to form 
the new strands. The arrows show the directions in which new strands 
form.

A DNA molecule unzips as nucle-
otide base pairs separate. Replication 
begins on both strands of the mol-
ecule at the same time.

FiGUrE 8.8 replication

When a cell’s DnA is copied, or replicated, two complete and identical 
sets of genetic information are produced. then cell division can occur.

How is each new molecule of DnA related to the  
original molecule?

CritiCAL 
ViEWinG
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DnA polymerase

DnA polymerase

nucleotide

two molecules of DnA

strand of DnA unzipping
(colored TEM, magnification 
unknown)

nucleotide

nucleotide

new strands

the DnA molecule 
unzips in both directions.

new strandoriginal strand

1

2

3
Two identical double-stranded DNA molecules result from  
replication. DNA replication is semiconservative. That is, each 
DNA molecule contains an original strand and one new strand.

Each existing strand of the DNA molecule is a template for a new strand. 
Free-floating nucleotides pair up with the exposed bases on each tem-
plate strand. DNA polymerases bond these nucleotides together to form 
the new strands. The arrows show the directions in which new strands 
form.

A DNA molecule unzips as nucle-
otide base pairs separate. Replication 
begins on both strands of the mol-
ecule at the same time.

FiGUrE 8.8 replication

When a cell’s DnA is copied, or replicated, two complete and identical 
sets of genetic information are produced. then cell division can occur.

How is each new molecule of DnA related to the  
original molecule?

CritiCAL 
ViEWinG
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FiGUrE 8.9  Eukaryotic chromo-
somes have many origins of repli-
cation. The DNA helix is unzipped 
at many points along each chro-
mosome. The replication “bub-
bles” grow larger as replication 
progresses in both directions, 
resulting in two complete copies.

A

B

C

D

COnnECt tO 

Formative Assessment8.3

 MAin iDEA

replication is fast and accurate.
In every living thing, DNA replication happens over and over again, and it 
happens remarkably fast. In human cells, about 50 nucleotides are added every 
second to a new strand of DNA at an origin of replication. But even at this 
rate, it would take many days to replicate a molecule of DNA if the molecule 
were like a jacket zipper, unzipping one tooth at a time. Instead, replication 
proceeds from hundreds of origins of replication along the chromosome, as 
shown in FiGUrE 8.9, so the process takes just a few hours.
 Another amazing feature of replication is that it has a built-in “proofread-
ing” function to correct errors. Occasionally, the wrong nucleotide is added to 
the new strand of DNA. However, DNA polymerase can detect the error, 
remove the incorrect nucleotide, and replace it with the correct one. In this way, 
errors in replication are limited to about one error per 1 billion nucleotides. 
 Replication is happening in your cells right now. Your DNA is replicated 
every time your cells turn over, or replicate themselves. Your DNA has repli-
cated trillions of times since you grew from a single cell.

infer Why does a cell need to replicate its DnA quickly?

rEViEWinG  MAin iDEAs

 1. Explain the function of replication.
2. Explain how DNA serves as its own 

template during replication.

3. How do cells help ensure that DNA 
replication is accurate?

CritiCAL tHinKinG

4. summarize Describe two  
major functions of DnA  
polymerases.

5. infer Why is it important that 
human chromosomes have many 
origins of replication?

CELL BiOLOGY
6. DNA is replicated before both 

mitosis and meiosis. How does the 
amount of DNA produced in a cell 
during mitosis compare with that 
produced during meiosis?

238 Unit 3: Genetics

Q U i C K  L A B

replication
Use two zipping plastic bags to model how complementary  
strands of DNA attach to template strands during replication. 

prOCEDUrE
 1. Cut the sliding zippers off both bags. One zipper represents 

the template strands of a DNA molecule.

 2. Cut the other zipper into four smaller pieces and unzip 
each of them. These represent free nucleotides. Don’t 
worry about which nucleotide is which in this activity.

 3. Use the pieces to model replication as shown on page 237.

AnALYzE AnD COnCLUDE
Evaluate What are the limitations of this model?

MODE LinG

MAtEriALs
• 2 zipping bags
• scissors
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FiGUrE 8.10 The central dogma 
describes the flow of information 
from DNA to RNA to proteins. It 
involves three major processes, 
shown in a eukaryotic cell below.

nucleus

DNA

RNA

Protein

DNA

RNA

Protein

cytoplasm

replication

transcription

translation

VOCABULArY

central dogma
RNA
transcription
RNA polymerase
messenger RNA (mRNA)
ribosomal RNA (rRNA)
transfer RNA (tRNA)

8.4

Connect to Your World  
Suppose you want to play skeeball at a game center, but the skeeball lane only 
takes tokens. You only have quarters. Do you go home in defeat? Stand idly by as 
someone else becomes high scorer? No, you exchange your quarters for tokens 
and then proceed to show the other players how it’s done. In a similar way, your 
cells cannot make proteins directly from DNA. They must convert the DNA into 
an intermediate molecule called RNA, or ribonucleic acid. That conversion 
process, called transcription, is the focus of this section.

  transcription

KEY COnCEpt transcription converts a gene into a single-stranded 
rnA molecule.

MAin iDEAs

 RNA carries DNA’s instructions.

  Transcription makes three types of RNA.

  The transcription process is similar to replication.

 MAin iDEA

rnA carries DnA’s instructions.
Soon after his discovery of DNA structure, Francis Crick defined the 
central dogma of molecular biology, which states that information flows in 
one direction, from DNA to RNA to proteins. The central dogma involves 
three processes, as shown in FiGUrE 8.10.

• Replication, as you just learned, copies DNA (blue arrow).
• Transcription converts a DNA message into an intermediate molecule, 

called RNA (red arrow).
• Translation interprets an RNA message into a string of amino acids, called 

a polypeptide. Either a single polypeptide or many polypeptides working 
together make up a protein (green arrow).

 In prokaryotic cells, replication, transcription, and translation all occur in 
the cytoplasm at approximately the same time. In eukaryotic cells, where DNA 
is located inside the nuclear membrane, these processes are separated both in 
location and time. Replication and transcription occur in the nucleus, while 
translation occurs in the cytoplasm. In addition, the RNA in eukaryotic cells 
goes through a processing step before it can be transported out of the nucleus. 
Unless otherwise stated, the rest of this chapter describes how these processes 
work in eukaryotic cells.
 RNA acts as an intermediate link between DNA in the nucleus and protein 
synthesis in the cytoplasm. Like DNA, rnA, or ribonucleic acid, is a chain of 
nucleotides, each made of a sugar, a phosphate group, and a nitrogen- 
containing base. You can think of RNA as a temporary copy of DNA that is 
used and then destroyed.
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COnnECt tO  RNA differs from DNA in three significant ways. First, the sugar in RNA is 
ribose, which has one additional oxygen atom not present in DNA’s sugar (deoxy-
ribose). Second, RNA has the base uracil in place of thymine. Uracil, like thymine, 
forms base pairs with adenine. Third, RNA is a single strand of nucleotides, in 
contrast to the double-stranded structure of DNA. This single-stranded structure 
allows some types of RNA to form complex three-dimensional shapes. As a result, 
some RNA molecules can catalyze reactions much as enzymes do.

Contrast How do DnA and rnA differ?

 MAin iDEA

transcription makes three types of rnA.
transcription is the process of copying a sequence of DNA to produce a 
complementary strand of RNA. During the process of transcription, a gene—
not an entire chromosome—is transferred into an RNA message. Just as 
replication is catalyzed by DNA polymerase, transcription is catalyzed by 
rnA polymerases, enzymes that bond nucleotides together in a chain to make 
a new RNA molecule. RNA polymerases are very large enzymes composed of 
many proteins that play a variety of roles in the transcription process. 
FiGUrE 8.11 shows the basic steps of transcription in eukaryotic cells.

1  With the help of other proteins and DNA sequences, RNA polymerase 
recognizes the transcription start site of a gene. A large transcription 
complex consisting of RNA polymerase and other proteins assembles on 
the DNA strand and begins to unwind a segment of the DNA molecule, 
until the two strands separate from each other. 

2  RNA polymerase, using only one strand of DNA as a template, strings 
together a complementary strand of RNA nucleotides. RNA base pairing 
follows the same rules as DNA base pairing, except that uracil, not 
thymine, pairs with adenine. The growing RNA strand hangs freely as it 
is transcribed, and the DNA helix zips back together.

3  Once the entire gene has been transcribed, the RNA strand detaches 
completely from the DNA. Exactly how RNA polymerase recognizes the 
end of a transcription unit is complicated. It varies with the type of RNA. 

 Transcription produces three major types of RNA molecules. Not all RNA 
molecules code for proteins, but most play a role in the translation process. 
Each type of RNA molecule has a unique function.
• Messenger rnA (mrnA) is an intermediate message that is translated to 

form a protein.
• ribosomal rnA (rrnA) forms part of ribosomes, a cell’s protein factories.
• transfer rnA (trnA) brings amino acids from the cytoplasm to a ribo-

some to help make the growing protein. 

 Remember that the RNA strand must be processed before it can exit the 
nucleus of a eukaryotic cell. This step occurs during or just after transcription. 
However, we will next examine translation and then return to processing.

Analyze Explain why transcription occurs in the nucleus of eukaryotes.

DnA strUCtUrE
As you learned in structure of 
DnA, nucleotides are made of a 
phosphate group, a sugar, and a 
nitrogen-containing base. In DNA, 
the four bases are adenine, cyto-
sine, guanine, and thymine. In 
RNA, uracil (below) replaces thy-
mine and pairs with adenine.

r E A D i n G  T O O L B OX
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VOCABULArY
The word transcribe means  
“to make a written copy of.”  
Transcription is the process  
of transcribing. A transcript  
is the copy produced by  
transcription.
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rnA polymerase moves 
along the DnA

1

nucleotides

transcription com-
plex DnA

start site

2

3

A large transcription complex made of RNA poly-
merase and other proteins recognizes the start of a 
gene and begins to unwind the segment of DNA.

RNA polymerase uses one strand of the  
DNA as a template. RNA nucleotides form comple-
mentary base pairs with the DNA template. 
G pairs with C, and A pairs with U. The  
growing RNA strand hangs freely as it is  
transcribed. Then the DNA strand  
closes back together.

The completed RNA strand separates from the DNA 
template, and the transcription complex falls apart.

rnA

FiGUrE 8.11 transcription
transcription produces an rnA molecule from a DnA template. Like DnA  
replication, this process takes place in the nucleus in eukaryotic cells and 
involves both DnA unwinding and nucleotide base pairing.

Compare the nucleotide sequence of the rnA transcript with 
the nucleotide sequence of the nontemplate strand of DnA.

CritiCAL 
ViEWinG
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DnA polymerase

DnA polymerase

nucleotide

two molecules of DnA

strand of DnA unzipping
(colored TEM, magnification 
unknown)

nucleotide

nucleotide

new strands

the DnA molecule 
unzips in both directions.

new strandoriginal strand

1

2

3
Two identical double-stranded DNA molecules result from  
replication. DNA replication is semiconservative. That is, each 
DNA molecule contains an original strand and one new strand.

Each existing strand of the DNA molecule is a template for a new strand. 
Free-floating nucleotides pair up with the exposed bases on each tem-
plate strand. DNA polymerases bond these nucleotides together to form 
the new strands. The arrows show the directions in which new strands 
form.

A DNA molecule unzips as nucle-
otide base pairs separate. Replication 
begins on both strands of the mol-
ecule at the same time.

FiGUrE 8.8 replication

When a cell’s DnA is copied, or replicated, two complete and identical 
sets of genetic information are produced. then cell division can occur.

How is each new molecule of DnA related to the  
original molecule?

CritiCAL 
ViEWinG
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FiGUrE 8.12 This TEM shows  
DNA being transcribed into 
numerous RNA strands by many 
RNA polymerases. The RNA 
strands near the start of each  
gene are shorter than those near 
the end. (TEM; magnification 
unknown)

one 
gene

COnnECt tO 

Formative Assessment8.4
rEViEWinG  MAin iDEAs

 1. What is the central dogma?

2. Why can the mrnA strand made 
during transcription be thought of as 
a mirror image of the DNA strand from 
which it was made?

3. Why might a cell make lots of rrnA 
but only one copy of DNA?

CritiCAL tHinKinG

4. Apply If a DNA segment has the 
nucleotides AGCCTAA, what would 
be the nucleotide sequence of the 
complementary rnA strand?

5. synthesize What might  
geneticists learn about genes  
by studying RNA?

CELL CYCLE
6. You know that a healthy cell 

cannot pass the G2 checkpoint 
until all of its DNA has been 
copied. Do you think that a 
cell must also transcribe all of 
its genes into RNA to pass this 
checkpoint? Explain.

 MAin iDEA

the transcription process is similar to replication.
The processes of transcription and replication share many similarities. Both 
processes occur within the nucleus of eukaryotic cells. Both are catalyzed by 
large, complex enzymes. Both involve unwinding of the DNA double helix. And 
both involve complementary base pairing to the DNA strand. In addition, both 
processes are highly regulated by the cell. Just as a cell does not replicate its 
DNA without passing a critical checkpoint, so, too, a cell carefully regulates 
which genes are transcribed into RNA. 

 The end results of transcription and replication, however, 
are quite different. The two processes accomplish very 
different tasks. Replication ensures that each new cell will 
have one complete set of genetic instructions. It does this by 
making identical sets of double-stranded chromosomes. This 
double-stranded structure makes DNA especially well suited 
for long-term storage because it helps protect DNA from 
being broken down and from potentially harmful interac-
tions with other molecules. Replication occurs only once 
during each round of the cell cycle because each cell needs to 
make only one copy of its DNA.

 In contrast, a cell may need hundreds or thousands of 
copies of certain proteins, or the rRNA and tRNA molecules 
needed to make proteins. Transcription enables a cell to 
adjust to changing demands. It does so by making a single-
stranded complement of only a segment of DNA and only 

when that particular segment is needed. In addition, many RNA molecules can 
be transcribed from a single gene at the same time to help produce more pro-
tein. Once RNA polymerase has transcribed one portion of a gene and has 
moved on, another RNA polymerase can attach itself to the beginning of the 
gene and start the transcription process again. This process can occur over and 
over again, as shown in FiGUrE 8.12. 

Compare How are the processes of transcription and replication similar?

DnA

growing rnA strands
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COnnECt tO 

VOCABULArY

translation
codon
stop codon
start codon
anticodon

8.5

Connect to Your World  
As you know, translation is a process that converts a message from one language 
into another. For example, English words can be translated into Spanish words, 
into Chinese characters, or into the hand shapes and gestures of sign language. 
Translation occurs in cells too. Cells translate an RNA message into amino acids, 
the building blocks of proteins. But unlike people who use many different 
languages, all cells use the same genetic code.

  translation

KEY COnCEpt translation converts an mrnA message into a poly-
peptide, or protein.

MAin iDEAs

 Amino acids are coded by mRNA base sequences.

  Amino acids are linked to become a protein.

 MAin iDEA

Amino acids are coded by mrnA base sequences.
translation is the process that converts, or translates, an mRNA message into 
a polypeptide. One or more polypeptides make up a protein. The “language” of 
nucleic acids uses four nucleotides—A, G, C, and T in DNA; or A, G, C, and U 
in RNA. The “language” of proteins, on the other hand, uses 20 amino acids. 
How can four nucleotides code for 20 amino acids? Just as letters are strung 
together in the English language to make words, nucleotides are strung to-
gether to code for amino acids. 

triplet Code
Different words have different numbers of letters. In the genetic code, how-
ever, all of the “words,” called codons, are made up of three letters. A codon is 
a three-nucleotide sequence that codes 
for an amino acid. Why is the genetic 
code read in units of three nucleotides? 
Well, we can’t entirely answer that 
question, but consider the possibilities. 
If one nucleotide coded for one amino 
acid, RNA could code for only four 
amino acids. If two nucleotides coded 
for one amino acid, RNA could code 
for 16 (42) amino acids—still not 
enough. But if three nucleotides coded 
for one amino acid, RNA could code 
for 64 (43) amino acids, plenty to cover the 20 amino acids used to build 
proteins in the human body and most other organisms. 

BiOCHEMistrY
Recall from Chemistry of Life 
that amino acids are the build-
ing blocks of proteins. Although 
there are many types of amino 
acids, only the same 20 types 
make up the proteins of almost 
all organisms.
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VisUAL VOCAB

A codon is a sequence of three nucle-
otides that codes for an amino acid.

Segment of mRNA

C U UU GA

codon for 
methionine (Met)

codon for 
leucine (Leu)
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second base

Fi
rs

t 
ba

se

third base

UUU phenylalanine 
(Phe)

UCU

serine 
(Ser)

UAU tyrosine 
(Tyr)

UGU cysteine 
(Cys)

U

UUC UCC UAC UGC C

UUA leucine 
(Leu)

UCA UAA STOP UGA STOP A

UUG UCG UAG STOP UGG tryptophan (Trp) G

CUU

leucine 
(Leu)

CCU

proline 
(Pro)

CAU histidine 

(His)

CGU

arginine 
(Arg)

U

CUC CCC CAC CGC C

CUA CCA CAA glutamine 
(Gln)

CGA A

CUG CCG CAG CGG G

AUU
isoleucine 

(Ile)

ACU

threonine 
(Thr)

AAU asparagine 
(Asn)

AGU serine 
(Ser)

U

AUC ACC AAC AGC C

AUA ACA AAA lysine 
(Lys)

AGA arginine 
(Arg)

A

AUG methionine (Met) ACG AAG AGG G

GUU

valine 
(Val)

GCU

alanine 
(Ala)

GAU aspartic acid 
(Asp)

GGU

glycine 
(Gly)

U

GUC GCC GAC GGC C

GUA GCA GAA glutamic 
acid  

GGA A

GUG GCG GAG GGG G

 Apply Which amino acid would be encoded by the mrnA codon CGA?

CU GA CU GA CU GA CU GA

CU GA

CU GA

CU GA

CU GA

1

2

3

FiGUrE 8.14 Codons are read as 
a series of three nonoverlapping 
nucleotides. A change in the 
reading frame changes the  
resulting protein.

reading frame 1

reading frame 2

C CCG GU UA A A GA

Arg Tyr Ser Ser

C CCG GU UA A A GA

Asp Thr Val

CAU histidine

Suppose you want to determine 
which amino acid is encoded by 
the CAU codon.

FiGUrE 8.13 Genetic Code: mrnA Codons

the genetic code matches each mrnA codon with its amino acid or function.

 As you can see in FiGUrE 8.13, many amino acids are coded for by more than 
one codon. The amino acid leucine, for example, is represented by six different 
codons: CUU, CUC, CUA, CUG, UUA, and UUG. There is a pattern to the 
codons. In most cases, codons that represent the same amino acid share the 
same first two nucleotides. For example, the four codons that code for alanine 
each begin with the nucleotides GC. Therefore, the first two nucleotides are 
generally the most important in coding for an amino acid. As you will learn in 
Section 8.7, this feature makes DNA more tolerant of many point mutations.

 In addition to codons that code for amino acids, three stop codons signal 
the end of the amino acid chain. There is also one start codon, which signals 
the start of translation and the amino acid methionine. This means that 
translation always begins with methionine. However, in many cases, this 
methionine is removed later in the process.
 For the mRNA code to be translated correctly, codons must be read in the 
right order. Codons are read, without spaces, as a series of three nonoverlap-
ping nucleotides. This order is called the reading frame. Changing the reading 
frame completely changes the resulting protein. It may even keep a protein 
from being made if a stop codon turns up early in the translation process. 
Therefore, punctuation—such as a clear start codon—plays an important role 
in the genetic code. FiGUrE 8.14 shows how a change in reading frame changes 

Find the first base, C, 
in the left column.

1

Find the second base, 
A, in the top row. 
Find the box where 
these two intersect.

2

Find the third base, 
U, in the right col-
umn. CAU codes 
for histidine, 
abbreviated as His.

3
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FiGUrE 8.15 trAnsLAtiOn MACHinErY

ribosomes The large and small ribosomal  
subunits pull mRNA through the ribosome,  
reading it one codon at a time.

trnA In cells, tRNA forms a characteristic  
L shape. One end of the L has an anticodon that  
recognizes an mRNA codon. The other end is 
attached to an amino acid.

large subunit 
binds to tRNA

ribosome

small subunit 
binds to mRNA

binding sites

amino acid

anticodon

tRNA

the resulting protein. When the mRNA strand is read starting from the first 
nucleotide, the resulting protein includes the amino acids arginine, tyrosine, 
and two serines. When the strand is read starting from the second nucleotide, 
the resulting protein includes aspartic acid, threonine, and valine.

Common Language
The genetic code is shared by almost all organisms—and even viruses. That 
means, for example, that the codon UUU codes for phenylalanine when that 
codon occurs in an armadillo, a cactus, a yeast, or a human. With a few minor 
exceptions, almost all organisms follow this genetic code. As a result, the code 
is often called universal. The common nature of the genetic code suggests that 
almost all organisms arose from a common ancestor. It also means that 
scientists can insert a gene from one organism into another organism to make 
a functional protein. 

Calculate suppose an mrnA molecule in the cytoplasm had 300 nucleotides. 
How many amino acids would be in the resulting protein? 

 MAin iDEA

Amino acids are linked to become a protein.
Let’s take a step back to look at where we are in the process of making  
proteins. You know mRNA is a short-lived molecule that 
carries instructions from DNA in the nucleus to the cyto-
plasm. And you know that this mRNA message is read in sets 
of three nucleotides, or codons. But how does a cell actually 
translate a codon into an amino acid? It uses two important 
tools: ribosomes and tRNA molecules, as illustrated in 
FiGUrE 8.15.

 Recall from Chapter 3 that ribosomes are the site of 
protein synthesis. Ribosomes are made of a combination of 
rRNA and proteins, and they catalyze the reaction that forms 
the bonds between amino acids. Ribosomes have a large and 
small subunit that fit together and pull the mRNA strand 
through. The small subunit holds onto the mRNA strand, and 
the large subunit holds onto the growing protein. 
 The tRNA acts as a sort of adaptor between mRNA and 
amino acids. You would need an adaptor to plug an appliance 
with a three-prong plug into an outlet with only two-prong 
openings. Similarly, cells need tRNA to carry free-floating 
amino acids from the cytoplasm to the ribosome. The tRNA 
molecules fold up in a characteristic L shape. One end of the 
L is attached to a specific amino acid. The other end of the L, 
called the anticodon, recognizes a specific codon. An 
anticodon is a set of three nucleotides that is complementary 
to an mRNA codon. For example, the anticodon CCC pairs 
with the mRNA codon GGG.
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MetMet

LeuLeu

CysCys

MetMet

LeuLeu

peptide bond

2

3
The ribosome pulls the mRNA strand the length of one codon. 
The first tRNA is shifted into the exit site, where it leaves the 
ribosome and returns to the cytoplasm to recharge. The first 
site is again empty, exposing the next mRNA codon.

MetMet
ArgArg

LeuLeu
CysCys

CysCys

U GA

The ribosome continues to translate the mRNA strand 
until it reaches a stop codon. Then it releases the new 
protein and disassembles.

1
The exposed codon in the first site attracts a complementary 
tRNA bearing an amino acid. The tRNA anticodon pairs with the 
mRNA codon, bringing it very close to the other tRNA molecule. 

MetMet

LeuLeu

CU

U G

A

A

incoming trnA

mrnA

methionine

start codon

stop codon

cytoplasm

Translation occurs in the cytoplasm of both 
eukaryotic (illustrated) and prokaryotic cells.  
It starts when a tRNA carrying a methionine 
attaches to a start codon. 

trnA
ribosome 

mrnA

nucleus
amino acid

The ribosome forms a peptide bond between the two 
amino acids and breaks the bond between the first tRNA 
and its amino acid.

leucine

FiGUrE 8.16 translation
translation converts an mrnA transcript into a polypeptide. 
 the process consists of three repeating steps.

the figure above shows how the first two amino acids are added to a growing protein. 
Draw a series of sketches to show how the next two amino acids are added.
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DnA polymerase

DnA polymerase

nucleotide

two molecules of DnA

strand of DnA unzipping
(colored TEM, magnification 
unknown)

nucleotide

nucleotide

new strands

the DnA molecule 
unzips in both directions.

new strandoriginal strand

1

2

3
Two identical double-stranded DNA molecules result from  
replication. DNA replication is semiconservative. That is, each 
DNA molecule contains an original strand and one new strand.

Each existing strand of the DNA molecule is a template for a new strand. 
Free-floating nucleotides pair up with the exposed bases on each tem-
plate strand. DNA polymerases bond these nucleotides together to form 
the new strands. The arrows show the directions in which new strands 
form.

A DNA molecule unzips as nucle-
otide base pairs separate. Replication 
begins on both strands of the mol-
ecule at the same time.

FiGUrE 8.8 replication

When a cell’s DnA is copied, or replicated, two complete and identical 
sets of genetic information are produced. then cell division can occur.

How is each new molecule of DnA related to the  
original molecule?

CritiCAL 
ViEWinG
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Formative Assessment8.5

 Translation, shown in FiGUrE 8.16, has many steps and takes a lot of energy 
from a cell. It happens in the cytoplasm of both prokaryotic and eukaryotic 
cells. Before translation can begin, a small ribosomal subunit must bind to an 
mRNA strand in the cytoplasm. Next, a tRNA with methionine attached binds 
to the AUG start codon. This binding signals a large ribosomal subunit—
which has three binding sites for tRNA molecules—to join. The ribosome 
pulls the mRNA strand through itself one codon at a time. As the strand 
moves, the start codon and its complementary tRNA molecule shift into the 
second site inside the large subunit. This shift leaves the first site empty, which 
exposes the next mRNA codon. The illustration shows the process in one 
ribosome, but in a cell many ribosomes may translate the same gene at the 
same time.

1  The exposed codon attracts a complementary tRNA molecule bearing an 
amino acid. The tRNA anticodon pairs with the mRNA codon. This 
action brings the new tRNA molecule very close to the tRNA molecule 
occupying the second site. 

2  Next, the ribosome helps form a peptide bond between the two  
amino acids. The ribosome then breaks the bond between the tRNA 
molecule in the second site and its amino acid. 

3  The ribosome pulls the mRNA strand the length of one codon. The  
tRNA molecule in the second site is shifted into the third site, which is the 
exit site. The tRNA leaves the ribosome and returns to the cytoplasm to be 
charged with another amino acid. The tRNA molecule that was in the first 
site shifts into the second site. The first site is again empty, exposing the 
next mRNA codon. 

 Another complementary tRNA molecule is attracted to the exposed mRNA 
codon, and the process continues. The ribosome moves down the mRNA 
strand, attaching new amino acids to the growing protein, until it reaches a 
stop codon. Then it lets go of the new protein and falls apart.

summarize Explain the different roles of the large and small ribosomal subunits.

rEViEWinG  MAin iDEAs

 1. Explain the connection between a 
codon and an amino acid.

2. Briefly describe how the process of 
translation is started.

CritiCAL tHinKinG

3. synthesize Suppose a tRNA mol-
ecule had the anticodon  
AGU. What amino acid would  
it carry?

4. Hypothesize The DNA of eukaryotic 
cells has many copies of genes that 
code for rRNA molecules. Suggest a 
hypothesis to explain  
why a cell needs so many copies  
of these genes. 

BiOCHEMiCAL rEACtiOns
5. Enzymes have shapes that 

allow them to bind to a 
substrate. Some types of RNA 
also form specific three-
dimensional shapes. Why do 
you think RNA, but not DNA, 
catalyzes biochemical 
reactions?
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VOCABULArY

promoter
operon
exon
intron

8.6

Connect to Your World  
Ours is a world of marvels. So many, in fact, that we may overlook what seem like 
little ones, such as plumbing. The turn of a handle sends clean water to your sink 
or shower. One twist and the water trickles out; two twists and it gushes forth. 
Another turn of the handle and the water is off again. But think about the mess 
and waste that would result if you couldn’t control its flow. In a similar way, your 
cells have ways to control gene expression. Depending on an organism’s needs, a 
gene can make a lot of protein, a little protein, or none at all.

  Gene Expression and regulation

KEY COnCEpt Gene expression is carefully regulated in both 
prokaryotic and eukaryotic cells.

MAin iDEAs

 Prokaryotic cells turn genes on and off by controlling transcription.

  Eukaryotic cells regulate gene expression at many points.

 MAin iDEA

prokaryotic cells turn genes on and off by 
controlling transcription.

The regulation of gene expression allows prokaryotic cells, such as bacteria, to 
better respond to stimuli and to conserve energy and materials. In general, 
this regulation is simpler in prokaryotic cells than in eukaryotic cells, such as 
those that make up your body. DNA in a prokaryotic cell is in the cytoplasm. 
Transcription and translation can happen at the same time. As a result, gene 
expression in prokaryotic cells is mainly regulated at the start of transcription. 
 A gene includes more than just a protein-coding sequence. It may have 
many other nucleotide sequences that play a part in controlling its expression. 
The start of transcription is largely controlled by these sequences, including 
promoters and operators. A promoter is a DNA segment that allows a gene to 
be transcribed. It helps RNA polymerase find where a gene starts. An opera-
tor is a DNA segment that turns a gene “on” or “off.” It interacts with proteins 
that increase the rate of transcription or block transcription from occurring.
 Bacteria have much less DNA than do eukaryotes, and their genes tend to 
be organized into operons. An operon is a region of DNA that includes a 
promoter, an operator, and one or more structural genes that code for all the 
proteins needed to do a specific task. Typically, operons are found only in 
prokaryotes and roundworms. The lac operon was one of the earliest exam-
ples of gene regulation discovered in bacteria. It will serve as our example. 
The lac operon has three genes, which all code for enzymes that play a role in 
breaking down the sugar lactose. These genes are transcribed as a single 
mRNA transcript and are all under the control of a single promoter and 

VOCABULArY
The word promote comes from 
the Latin prefix pro-, meaning 
“forward,” and the Latin word 
movere, meaning “to move.”

r E A D i n G  T O O L B OX
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DNA

Without lactose (switched off)

RNA polymerase blocked

genes for enzymes that digest lactosepromoter

repressor

operator

DNA

With lactose (switched on)

RNA polymerase transcribes

genes for enzymes that digest lactosepromoter

repressor

lactose

operator

growing RNA

operator. This means that although we’re dealing with several genes, they act 
together as a unit. 
 The lac operon is turned on and off like a switch. When lactose is absent 
from the environment, the lac operon is switched off to prevent transcription 
of the lac genes and save the cell’s resources. When lactose is present, the lac 
operon is switched on to allow transcription. How does this happen? 
 Bacteria have a protein that can bind specifically to the operator. When 
lactose is absent, this protein binds to the operator, which blocks RNA poly-
merase from transcribing the genes. Because the protein blocks—or re-
presses—transcription, it is called a repressor protein. 

 When lactose is present it binds to the repressor, which makes the repres-
sor change shape and fall off the lac operon. RNA polymerase can then 
transcribe the genes in the lac operon. The resulting transcript is translated 
and forms three enzymes that work together to break down the lactose.

Analyze Explain how the lac operon is turned on or off like a switch.

 MAin iDEA

Eukaryotic cells regulate gene expression at  
many points.

You have already learned that every body cell in an organism has the same set 
of DNA. But your cells are not all the same. Cells differ from each other 
because different sets of genes are expressed in different types of cells. Eukary-
otic cells can control the process of gene expression at many different points 
because of their internal compartments and chromosomal organization. As in 
prokaryotic cells, however, one of the most highly regulated steps is the start of 
transcription. In both cell types, RNA processing is a part of the transcription 
process. In eukaryotic cells, however, RNA processing also includes the 
removal of extra nucleotide segments from an mRNA transcript. 
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FiGUrE 8.17 starting transcription
  transcription factors that bind to promoters and other DnA sequences help 

rnA polymerase recognize the start of a gene in a eukaryotic cell.

enhancer

transcription
factors

RNA polymerase

TATA
box promoter

DNA

gene

predict Does an enhancer 
have to be close to the start 
site of a gene? Explain.

COnnECt tO 

starting transcription
The start of transcription in eukaryotic cells is controlled by many elements 
that work together in complex ways. These elements include regulatory DNA 
sequences and proteins called transcription factors, as shown in FiGUrE 8.17. 
They occur in different combinations in different types of cells. The interplay 
between these elements results in specialized cells and cell responses.
 Eukaryotes have many types of regulatory DNA sequences. These sequences 
are recognized by transcription factors that bind to the DNA strand and help 
RNA polymerase know where a gene starts. Some DNA sequences, such as 
promoters, are close to the start of a gene. Others are far away from the genes 
they affect. However, DNA can loop and bend, bringing these sequences with 
their transcription factors into close contact with the others. 
 Each gene has a unique combination of regulatory sequences. Some are 
found in almost all eukaryotic cells. For example, most eukaryotic cells have a 
seven-nucleotide promoter (TATAAAA) called the TATA box. Eukaryotic cells 
also have other types of promoters that are more specific to an individual gene. 
DNA sequences called enhancers and silencers also play a role by speeding up 
or slowing down, respectively, the rate of transcription of a gene.
 Some genes control the expression of many other genes. Regulation of these 
genes is very important because they can have a large effect on development. 
One such gene codes for a protein called sonic hedgehog. This protein was first 
found in fruit flies, but many other organisms have very similar proteins that 
serve a similar function. Sonic hedgehog helps establish body pattern. When 
missing in fruit flies, the embryos are covered with little  
prickles and fail to form normal body segments.

mrnA processing
Another important part of gene regulation in eukaryotic cells is RNA process-
ing, which is shown in FiGUrE 8.18. The mRNA produced by transcription is 
similar to a rough cut of a film that needs a bit of editing. A specialized nucle-
otide is added to the beginning of each mRNA molecule, which forms a cap. It 
helps the mRNA strand bind to a ribosome and prevents the strand from being 
broken down too fast. The end of the mRNA molecule gets a string of A nucle-
otides, called the tail, that helps the mRNA molecule exit the nucleus. 

AniMALs
As you will learn in invertebrate 
Diversity, most animals have 
homeobox genes. These genes  
are among the earliest that are 
expressed and play a key role in 
development. The illustration 
below shows the expression of 
homeobox genes in a fruitfly 
embryo.
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FiGUrE 8.18 mrnA processing

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

 Connect Where does mrnA processing take place in a eukaryotic cell?

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

  An mrnA molecule typically undergoes processing during or immediately after DnA transcription.

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

DNA

mRNA

mRNA

processed mRNA

cap

Protein-coding DNA is
transcribed into mRNA.

In eukaryotic cells, DNA 
contains noncoding stretches
called introns and coding 
stretches called exons.

mRNA goes through three
major processing steps: the
removal of introns and the
addition of a cap and tail.

The exons are spliced
together, and the mRNA
molecule enters the cytoplasm,
where it can be translated.

tail

exon intron intronexon exon

exonintron intron intronexon exon
genegene

COnnECt tO 

Formative Assessment8.6

 The “extra footage” takes the form of nucleotide segments that are not 
included in the final protein. In eukaryotes, exons are nucleotide segments 
that code for parts of the protein. introns are nucleotide segments that inter-
vene, or occur, between exons. Almost no prokaryotes have introns. Introns 
are removed from mRNA before it leaves the nucleus. The cut ends of the 
exons are then joined together by a variety of molecular mechanisms.
 The role of introns is not clear. They may regulate gene expression. Or they 
may protect DNA against harmful mutations. That is, if large regions of DNA 
are noncoding “junk,” then mutations occurring in those regions will have no 
effect. Some mRNA strands can be cut at various points, resulting in different 
proteins. As a result, introns increase genetic diversity without increasing the 
size of the genome.

Apply Which parts of a gene are expressed as protein: introns or exons?

rEViEWinG  MAin iDEAs

 1. What is a promoter?

2. In eukaryotic cells, genes each have a 
specific combination of regulatory 
DNA sequences. How do these 
combinations help cells carry out 
specialized jobs?

CritiCAL tHinKinG

3. predict Suppose a bacterium had a 
mutated repressor protein that could 
not bind to the lac operator. How 
might this affect regulation of the 
operon?

4. summarize What are the three major 
steps involved in mRNA processing?

DnA
5. DNA is loosely organized in 

areas where RNA polymerase 
is transcribing genes. What 
might you infer about a region 
of DNA that was loosely 
organized in muscle cells but 
tightly coiled in lung cells?
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FiGUrE 8.19 Cystic fibrosis (CF) is a genetic 
disease that is most commonly caused by a 
specific deletion. It causes the overproduction 
of thick, sticky mucus. Although CF cannot be 
cured, it is treated in a number of ways, includ-
ing oxygen therapy (above).

VOCABULArY

mutation
point mutation
frameshift mutation
mutagen

8.7

Connect to Your World  
We all make mistakes. Some may be a bit embarrassing. Others become funny 
stories we tell our friends later. Still others, however, have far-reaching effects 
that we failed to see in our moment of decision. Cells make mistakes too. These 
mistakes, like our own, can have a range of effects. When they occur in DNA, 
they are called mutations, and cells have evolved a variety of methods for 
dealing with them. 

  Mutations

KEY COnCEpt Mutations are changes in DnA that may or may 
not affect phenotype.

MAin iDEAs

  Some mutations affect a single gene, while others affect an entire 
chromosome.

  Mutations may or may not affect phenotype.

  Mutations can be caused by several factors.

 MAin iDEA

some mutations affect a single gene, while 
others affect an entire chromosome.

You may already know the term mutation from popular culture, but it has a 
specific meaning in biology. A mutation is a change in an organism’s DNA. 
Many types of mutations can occur, as shown in FiGUrE 8.20. Typically, muta-
tions that affect a single gene happen during replication, whereas mutations 
that affect a group of genes or an entire chromosome happen during meiosis. 

Gene Mutations
A point mutation is a mutation in which one nucleotide is substituted 
for another. That is, an incorrect nucleotide is put in the place of the 
correct nucleotide. Very often, such a mistake is caught and fixed by 
DNA polymerase. If it is not, the substitution may permanently change 
an organism’s DNA.
 A frameshift mutation involves the insertion or deletion of a nucle-
otide in the DNA sequence. It usually affects a polypeptide much more 
than does a substitution. Frameshift mutations are so named because 
they shift the entire sequence following them by one or more nucle-
otides. To understand how this affects an mRNA strand, imagine a short 
sentence of three-letter “codons”:
tHE CAt AtE tHE rAt

If the letter E is removed, or deleted, from the first “THE,” all the letters 
that follow shift to the left. The sentence now reads:
tHC AtA tEt HEr At . . .
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FiGUrE 8.20 types of Mutations

A mutation is a change in an organism’s DnA.

Normal Point mutation

Frameshift mutation (insertion) Frameshift mutation (deletion)

Leu Glu Ser Asp

Normal

Leu GluLeu

added base

deleted
base

Leu Ser Asp

Glu

mutated
base

Asp

Ser IleVal Arg

UUU

CC C

C C C

TTT GG

G GG

G AAA

A A A

UUU

CC C

C C

TTT

G
G GG

G G A AAA

A A A UUUU

CC C

C C C

T

T

TT T GG

G GG

G AAA

A A A A

UUUU

CC

C C C

TTT GG

G G

G A

A

AAA

A A A

DNA

RNA

protein

DNA

RNA

protein

DNA

RNA

protein

DNA

RNA

protein

Gene translocation

1 17
normal

1 17
translocated

1

Gene duplication

Gene translocation

1 17
normal

1 17
translocated
1

The sentence no longer makes sense. The same would be true if a nucleotide 
was added, or inserted, and all the letters shifted to the right. In the same way, 
a nucleotide sequence loses its meaning when an insertion or deletion shifts 
all the codons by one nucleotide. This change throws off the reading frame, 
which results in codons that code for different amino acids.

Chromosomal Mutations
Recall that during meiosis, homologous chromo-
somes exchange DNA segments through crossing 
over. If the chromosomes do not align with each 
other, these segments may be different in size. As a 
result, one chromosome may have two copies of a 
gene or genes, called gene duplication. The other 
chromosome may have no copy of the gene or 
genes. Gene duplication has happened again and 
again throughout eukaryotic evolution.
 Translocation is another type of chromosomal 
mutation. In translocation, a piece of one chromo-
some moves to a nonhomologous chromosome. 
Translocations are often reciprocal, which means 
that the two nonhomologous chromosomes 
exchange segments with each other. 

Explain How does a frameshift mutation affect 
reading frame?

Evaluate Explain which mutation you think would have the greatest effect.
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FiGUrE 8.21 The coronary artery 
supplies blood to the heart. If it 
becomes blocked (top), a heart 
attack may result. Some people 
have a mutation that appears to 
help protect against coronary 
artery disease (bottom) by 
increasing their “good” choles-
terol levels and decreasing their 
triglyceride levels. (colored LMs; 
magnifications: 153)

blockage

no blockage

 MAin iDEA

Mutations may or may not affect phenotype.
A mutation can affect an organism to different degrees. The effect depends on 
factors such as the number of genes involved and the location of the mutation.

impact on phenotype
Chromosomal mutations affect a lot of genes and tend to have a big effect on 
an organism. A mutation may break up a gene, which could make the gene no 
longer work, or it could make a new hybrid gene with a new function. Trans-
located genes may also come under the control of a new set of promoters, 
which could make many genes be more or less active than usual.
 Gene mutations, though smaller in scale, can also have a big effect on an 
organism. Suppose a substitution occurs in a coding region of DNA that 
changes an AAG codon to CAG. The resulting protein will have a glutamine 
in place of a lysine. If this change happens in the active site of an enzyme, the 
enzyme may not be able to bind to its substrate. If the substituted amino acid 
differs from the original one in size or polarity, the mutation could affect 
protein folding and thus possibly destroy the protein’s function. A substitution 
could also cause a premature stop codon. 
 Even a mutation that occurs in a noncoding region can cause problems. 
For example, such a mutation could disrupt an mRNA splice site and prevent 
an intron from being removed. A mutation in a noncoding region could also 
interfere with the regulation of gene expression, keeping a protein from being 
produced or causing it to be produced all the time. 
 Many gene mutations, however, do not affect an organism’s phenotype. 
Remember that many codons code for the same amino acid. Therefore, some 
substitutions have no effect, especially those occurring in the third nucleotide 
of a codon. If AAG changes to AAA, the resulting protein still has the correct 
amino acid, lysine. A mutation that does not affect the resulting protein is 
called silent. Similarly, an incorrect amino acid might have little effect on a 
protein if it has about the same size or polarity as the original amino acid or if 
it is far from an active site. If a mutation occurs in a noncoding region, such as 
an intron, it may not affect the encoded protein at all. 

impact on Offspring
Mutations happen both in body cells and in germ cells. Mutations in body 
cells affect only the organism in which they occur. In contrast, mutations in 
germ cells may be passed to offspring. They are the underlying source of 
genetic variation, which is the basis of natural selection. Mutations in the 
germ line affect the phenotype of offspring. Often, this effect is so harmful 
that offspring do not develop properly or die before they can reproduce. Other 
mutations, though less severe, still result in less adaptive phenotypes. In such 
cases, natural selection removes these mutant alleles from the population. 
More rarely, a mutation results in a more beneficial phenotype. These muta-
tions are favored by natural selection and increase in a population. 

Apply Why aren’t mutations in body cells passed on to offspring?
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Rachel Carson

FiGUrE 8.22 Rachel Carson was 
one of the first ecologists to  
warn against the widespread use 
of pesticides and other potential 
mutagens and toxins.

COnnECt tO 

Formative Assessment8.7

 MAin iDEA

Mutations can be caused by several factors.
Mutations are not uncommon, and organisms have many tools to repair them. 
However, events and substances can make mutations happen faster than the 
body’s repair system can handle. 

replication Errors
As you have learned, DNA polymerase has a built-in proofreading func-
tion. Nevertheless, a small number of replication errors are not fixed. They 
build up over time, and eventually affect how the cell works. For example, 
many studies suggest that mutations are a significant cause of aging.

Mutagens
Mutagens are agents in the environment that can change DNA. They 
speed up the rate of replication errors and, in some cases, even break 
DNA strands. Some mutagens occur naturally, such as ultraviolet (UV) 
rays in sunshine. Many others are industrial chemicals. Ecologists such 
as Rachel Carson, shown in FiGUrE 8.22, warned the public about muta-
gens.
 The human body has DNA repair enzymes that help find and fix 
mutations. For instance, UV light can cause neighboring thymine 
nucleotides to break their hydrogen bonds to adenine and bond with each 
other instead. Typically, one enzyme removes the bonded thymines, another 
replaces the damaged section, and a third bonds the new segment in place. 
Sometimes, these enzymes do not work. If these mistakes interfere with 
regulatory sites and control mechanisms, they may result in cancer. In rare 
cases, people inherit mutations that make their DNA repair systems less 
active, which makes these people very vulnerable to the damaging effects of 
sunlight. 
 Some cancer drugs take advantage of mutagenic properties by causing 
similar damage to cancer cells. One type wedges its way between nucleotides, 
causing so many mutations that cancer cells can no longer function.

summarize Explain why mutagens can damage DnA in spite of repair enzymes.

rEViEWinG  MAin iDEAs

 1. Explain why frameshift mutations 
have a greater effect than do 
point mutations.

2. If GUA is changed to GUU, will  
the resulting protein be affected? 
Explain.

3. Explain how mutagens can cause 
genetic mutations in spite of your 
body’s DNA repair enzymes.

CritiCAL tHinKinG

4. Connect Some genetic mutations 
are associated with increased risk for 
a particular disease. Tests exist for 
some of these genes. What might be 
the advantages and disadvantages of 
being tested?

5. infer How could a mutated gene 
produce a shorter protein than that 
produced by the normal gene?

ECOLOGY
6. How might the presence of a 

chemical mutagen in the 
environment affect the 
genetic makeup and size of a 
population over time? 

Chapter 8: From DNA to Proteins 255

Self check Online
HMDScience.com

Premium Content

SE_BIO2012_proto_RH11.19.indd   255 12/3/10   2:31:19 PM



Summary
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 8.1  identifying DnA as the Genetic 
Material
DNA was identified as the genetic material through 
a series of experiments. Griffith discovered a “trans-
forming principle,” which Avery later identified as 
DNA. Hershey and Chase’s experiments with bacte-
riophages conclusively demonstrated that DNA is 
the genetic material.

 8.2 structure of DnA
DNA structure is the same in all organisms.  
DNA is a polymer made up of four types of nucle-
otides. Watson and Crick discovered that DNA con-
sists of two strands of nucleotides bonded together 
into a double helix structure. Nucleotides always 
pair in the same way—  
C with G, and A with T.

 8.3 DnA replication
DNA replication copies the genetic information of 
a cell. During replication, a DNA molecule separates 
into two strands. Each strand serves as a template 
for building a new complementary strand through a 
rapid, accurate process involving DNA polymerase 
and other enzymes.

 8.4 transcription
Transcription converts a gene into a single-stranded 
RNA molecule. The transcription process is similar 
to DNA replication and makes three types of RNA. 
Messenger RNA is an intermediate molecule that 
carries DNA’s instructions to be translated. 

 8.5 translation
Translation converts an mRNA message into  
a polypeptide, or protein. This process occurs  
on ribosomes, which are made of rRNA and  
proteins. Transfer RNA molecules bring amino acids 
to the growing protein by selectively pairing with 
mRNA codons.

 8.6 Gene Expression and regulation
Gene expression is carefully regulated in both 
prokaryotic and eukaryotic cells. In prokaryotes, 
transcription is the primary point of control. In 
eukaryotes, gene expression is controlled at many 
points, including RNA processing. 

 8.7 Mutations
Mutations are changes in DNA that may or may not 
affect phenotype. Some affect a single gene, and 
others affect an entire chromosome. Mutations may 
occur naturally, or they may be caused by mutagens. 
A mutation that does not affect phenotype is called 
silent. Mutations in sperm or egg cells can be passed 
to offspring.

KEY COnCEpts 

Two identical double-stranded DNA  
molecules result from replication.

sYntHEsizE YOUr nOtEs

summarize How can you summarize the process by 
which proteins are made? Use your notes to make a  
detailed version of the graphic organizer below. Include 
important details about the processes of transcription  
and translation. Mark important vocabulary words.

Concept Map Use a concept map like the one below to 
summarize what you know about mutations.

DNA RNA Proteins

From DnA to proteins

mutations

may be caused by

mutagens

include

r E A D i n G  T O O L B O X

8

256 Unit 3: Genetics

interactiVe Review
HMDScience.com

Premium Content

CH 8: Multimedia Tab] 
Review Games • Concept Map • Section Self Checks

SE_BIO2012_proto_RH11.19.indd   256 12/3/10   2:31:21 PM



review
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reviewing Vocabulary
Compare and Contrast
Describe one similarity and one difference between 
the two terms in each of the following pairs.

 1. translation, transcription

 2. point mutation, frameshift mutation

 3. messenger RNA (mRNA), transfer RNA (tRNA)

 4. codon, anticodon

WOrD OriGins

 5. The word codon was coined in 1962 by putting  
together the word code with the suffix -on, which 
means “a hereditary unit.” How do these word parts 
relate to the meaning of the term codon?

Use the word parts in this table to answer the next 
two questions.

part Meaning

-gen to give birth

muta- to change

phago- eating

poly- many

 6. Use the meaning of the word parts to write your  
own definitions for the following terms: mutagen, 
bacteriophage, polypeptide.

 7. Suggest a likely definition for these biology terms: 
polygenic, phagocyte.

reviewing MAin iDEAs
 8. How did qualitative, chemical, and enzyme tests help 

Avery identify DNA as the transforming principle?

 9. Hershey and Chase confirmed that DNA, not protein, 
was the genetic material. How do the results of  
their two experiments support this conclusion?

 10. Describe Watson and Crick’s double helix model of 
DNA. Include a labeled drawing of the model.

 11. One DNA strand has the nucleotide sequence AACGTA. 
What is the sequence of the other strand?

 12. How do the base pairing rules explain how a strand of 
DNA acts as a template during DNA replication?

 13. What are three main steps in DNA replication?

 14. What does it mean to say that there is a “proofreading” 
function in DNA replication?

 15. Describe two differences between DNA and RNA.

 16. List the main types of RNA and their functions.

 17. Explain how the interaction between mRNA codons 
and tRNA anticodons codes for a specific amino acid.

 18. What role do ribosomes play in translation?

 19. Where in the eukaryotic cell do replication, 
transcription, RNA processing, and translation each 
occur?

 20. How do the promoter and operator work together to 
control gene expression?

 21. Describe mRNA processing in eukaryotic cells.

 22. Describe three ways mutations can occur.

CHAptEr VOCABULArY

 8.1 bacteriophage

 8.2 nucleotide 
  double helix 
  base pairing rules

 8.3 replication 
  DNA polymerase

 8.4  central dogma 
RNA 
transcription 

RNA polymerase 
messenger RNA (mRNA) 
ribosomal RNA (rRNA) 
transfer RNA (tRNA)

 8.5  translation 
codon 
stop codon 
start codon  
anticodon

 8.6  promoter 
operon 
exon 
intron

 8.7  mutation 
point mutation 
frameshift mutation 
mutagen

r e a D I n g  T O O L B O X

8
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EstiMAtED nEW CAsEs OF BrEAst CAnCEr
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9 >80

23. Apply Give one example of how a mutation may affect 
an organism’s traits, and one example of how a mutation 
may not affect an organism’s traits.

24. synthesize When you eat a serving of black beans, 
your body breaks down the beans into smaller subunits. 
How do you think your body uses the nucleotides and 
amino acids that are found in black beans?

25. Hypothesize If the nucleus was surrounded by a membrane 
that had fewer pores, how might the rate of protein 
synthesis be affected, and why?

26. Apply For the DNA sequence TACCAAGTGAAAATT, 
write the sequence of its RNA transcript and the 
sequence of amino acids for which it codes.

27. predict Suppose you genetically altered a gene in a line 
of eukaryotic cells by inserting only the operator from 
the bacterial lac operon. Do you think that adding lactose 
to the cell culture would cause the cells to start 
transcribing the altered gene? Explain your reasoning.

28. Contrast What process did Watson and Crick use to 
develop their model of DNA, and how did it differ from 
the controlled experiments used by Griffith, Avery, and 
Hershey and Chase?

29. infer Having spent much time in sunlight during youth, 
an older person develops skin cancer and has the growths 
removed. Why might the growths keep coming back?

30. synthesize Watson and Crick learned from Franklin’s  
x-ray crystallography that the distance between the 
backbones of the DNA molecule was the same for the 
entire length of the molecule. How did this information, 
combined with what they knew about the sizes of the 
four bases, lead to their model of DNA structure?

interpreting Visuals
Use the diagram to answer the next three questions.

 31. Apply What process is taking place in this diagram?

 32. Apply What do the arrows on the yellow strands indicate?

 33. predict If you were to extend the diagram in both 
directions, what would you expect to see?

Analyzing Data Interpret a Histogram
Many factors contribute to breast cancer, including some 
that are genetic. For example, women with a mutation in the 
BRCA1 gene have an especially high risk of developing breast 
cancer. The histogram below shows the total estimated 
number of new breast cancer cases for women in the United 
States for 2003. Use the data in the histogram to answer the 
next two questions.

34. Analyze In which age group was the incidence of new 
cases the lowest? the highest?

35. Hypothesize Using the data in this histogram, develop 
a hypothesis to explain why breast cancer genes are still 
present in the population.

Making Connections
36. Write an Analogy This chapter used an analogy about 

exchanging quarters for tokens at a game center to 
represent the process of transcription. Think of your 
own analogy for one of the processes you learned 
about in this chapter. Write a paragraph using that 
analogy to explain the process. Also, note any 
limitations of your analogy. (That is, in what ways does it 
not “fit” the process you’re explaining?)

37. synthesize Look again at the picture of the glowing 
mouse on the chapter opener. The gene for the protein 
GFP was inserted into a mouse egg, and then expressed 
in the mouse. What genetic processes are involved in 
the expression of this gene? 

Source: American Cancer Society

Critical thinking
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 1. Before the genetic code could be understood, 
scientists needed to know that a codon is 
composed of three nucleotides. This situation  
is an example of the
A fact that codons are the building block of life.
B cumulative nature of scientific evidence.
C way that theories can lead to scientific laws.
D ability of scientists to make hypotheses.

2. 

A A A C A C U A U

A U A

U U U

tyr

G U G

his

lys

  This illustration shows a strand of mRNA and 
the complementary tRNA molecules that can 
base pair with the mRNA codons. What is the 
correct sequence of amino acids?
A lys-his-tyr
B his-tyr-lys
C tyr-lys-his
D lys-tyr-his

 3. Less than 60% of the DNA sequence of the 
human GM-CSF gene and the mouse GM-CSF 
gene is the same. When scientists put the 
human gene into mice, however, it functions 
properly. Which statement best explains why 
this happens?
A The resulting proteins are similar enough. 
B Mice can make any human protein.
C The DNA is mutated in the mouse.
D The differences are at the ends of the protein.

 

The name of the gene is not important in answer-
ing this question. All you need to learn from the 
names is that the question involves only one type 
of gene. Don’t let a complicated name distract you 
from answering the real question. 

tHinK tHrOUGH tHE QUEstiOn

 4. A mutant protein that has a proline in place of  
a histidine generally has different chemical 
properties from the normal protein. Which 
statement best explains this difference?
A Proline and histidine cannot exist in the same 

protein sequence.
B Proline and histidine are both rare amino 

acids.
C Proline and histidine cannot both be made by 

the same cell.
D Proline and histidine interact differently with 

other amino acids. 

 5. 

DNA RNA X

  The diagram above represents the cellular 
processes of transcription and translation. 
What word best replaces X in the last box?
A replication
B protein
C glucose 
D molecule

 6. 
A T C A G T G A T

  A codon is a sequence of three nucleotides that 
codes for an amino acid. If the DNA sequence 
shown here goes through transcription and 
translation, how many amino acids will result 
from this sequence?
A 2
B 3
C 6
D 12

 ❯   Standards-Based Assessment
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