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Advance Planning
Chapter 18
■ Order live Oscillatoria for the

Project.
■ Order prepared slides of both

heterotrophic and autotrophic
bacteria for the Activity.

■ Order sterile agar plates for
the Quick Demo and BioLab,
and bacterial cultures and
antibiotic disks for the BioLab.

■ Order slides of cocci, bacilli,
and spirilla for MiniLab 18-2.

Chapter 19
■ Order live protozoans for the

Getting Started.
■ Order Paramecium for Mini-

Lab 19-1 and for the BioLab.
■ Order Euglena for the Project

and BioLab and methyl cellu-
lose for the BioLab.

■ Purchase slides of some proto-
zoans for the Quick Demo.

■ Order termites for the Meet-
ing Individual Needs.

■ Order diatomaceous earth for
the Activity.

■ Order brown and red algae for
the Quick Demo.

■ Order Physarum polycephalum
for the Alternative Lab.

Chapter 20
■ Grow mold on fruit for the

Getting Started.
■ Purchase preserved specimens

of Peziza for the Quick Demo.
■ Order a mushroom farming kit

for the Project. 

Display
Visual-Spatial Make a bulletin
board from news articles about

both harmful and beneficial microbes.
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Using the Library
Intrapersonal Find out about state
and federal laws that regulate food

handlers. Report on these laws and how
they help to prevent food contamination.
L3

P

LS

Final Report
Have each group present its findings to
the class in the form of an oral report,
demonstration, or poster.
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Use the Glencoe Science 
Web Site for more project

activities that are connected to this unit.
www.glencoe.com/sec/science

Unit 6Unit 6

Viruses,
Bacteria,
Protists,

and Fungi
Only about 1.8 million of an estimated 10
million species have been identified. Most of
the unidentified species probably belong to
kingdoms that you will study in this unit.
However, some members of these kingdoms,
such as those shown in the photograph, are
well known.
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Protists, and Fungi

BIODIGESTBIODIGEST
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Viruses, Bacteria,
Protists, and
Fungi

Unit Overview
Chapter 18 introduces students
to the characteristics of viruses
and to the structure, ecology, and
importance of bacteria. In Cha-
pter 19, students study the diver-
sity and classification of protists.
Finally, in Chapter 20, students
learn about the characteristics
and diversity of fungi.

Introducing the Unit
Naturalist Organize students
into groups. Ask  each

group to estimate how many
species live on Earth and to
explain their reasoning. To
emphasize the diversity of life on
Earth, ask students to list all the
living things that they see in the
photo.

P

COOP LEARN

LS

L1
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Microbes and Food 
Have students do one of the projects for 
this unit as described on the Glencoe Science
Web Site. As an alternative, students can 
do one of the projects described on these
two pages.

Make a Poster
Visual-Spatial Design and produce
a poster about foods that com-

monly carry disease-causing organisms.

P

ELL

LS

L1

P

LS

Interview a Specialist
Linguistic Interview a restaurant
owner about how his or her prac-

tices ensure food safety. L2

P

LS

http://www.glencoe.com/sec/science


Products Available From
Glencoe
To order the following products,
call Glencoe at 1-800-334-7344:
CD-ROM
NGS PictureShow: The Cell
Curriculum Kit
NGS PicturePack: Cells and
Microorganisms

Products Available From
National Geographic Society
To order the following products,
call National Geographic Society
at 1-800-368-2728:
Videos
Bacteria
Virus!

Index to National
Geographic Magazine
The following articles may be
used for research relating to this
chapter:
“Body Beasts,” by Richard
Conniff, December 1998.
“The Rise of Life on Earth,” by
Richard Monastersky, March 1998.
“Viruses: On the Edge of Life,
On the Edge of Death,” Peter
Jaret, July 1994.
“Bacteria: Teaching Old Bugs
New Tricks,” by Thomas Y.
Canby, August 1993.
“The Disease Detectives,” by
Peter Jaret, January 1991.

Teacher’s 
Corner
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TransparenciesReproducible MastersSection

Viruses

Archaebacteria
and Eubacteria

Section 18.1

Section 18.2

Teacher Classroom Resources

Reinforcement and Study Guide, p. 79-80
Concept Mapping, p. 18
BioLab and MiniLab Worksheets, p. 85
Laboratory Manual, pp. 125-128
Content Mastery, pp. 89-90, 92

Reinforcement and Study Guide, pp. 81-82
Critical Thinking/Problem Solving, p. 18
BioLab and MiniLab Worksheets, pp. 86-88
Laboratory Manual, pp. 129-132
Content Mastery, pp. 89, 91-92
Inside Story Poster
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Section Focus Transparency 43
Basic Concepts Transparency 25
Basic Concepts Transparency 26
Reteaching Skills Transparency 27

Section Focus Transparency 44
Basic Concepts Transparency 27
Reteaching Skills Transparency 28

P

ELL

LS

L1

P

LS

P

ELL

LS

L2

P

LS

P

ELL

LS

L1

P

LS

P

ELL

LS

L1

P

LS

P

ELL

LS

L2

P

LS

P

ELL

LS

L2

P

LS

P

ELL

LS

L1

P

LS

Assessment Resources Additional Resources
Spanish Resources
English/Spanish Audiocassettes
Cooperative Learning in the Science Classroom
Lesson Plans/Block Scheduling

COOP LEARN

LS

P

ELL

LS

P

ELL

LS

Chapter Assessment, pp. 103-108
MindJogger Videoquizzes
Performance Assessment in the Biology Classroom
Alternate Assessment in the Science Classroom
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 18 quiz

Chapter 18 OrganizerChapter 18 Organizer

Activities/FeaturesObjectivesSection

Viruses
National Science Education
Standards UCP.1, UCP.2,
UCP.5; A.1, A.2; C.5; F.1,
F.5; G.1-3 (2 sessions, 
1/2 block)

Archaebacteria and
Eubacteria
National Science Education
Standards UCP.1, UCP.2,
UCP.5; A.1, A.2; C.1, C.4,
C.5, C.6; E.1, E.2; F.1, 
F.4-6; G.1-3 (3 sessions, 
11/2 blocks)

1. Identify the different kinds of viruses.
2. Compare and contrast the replication

cycles of viruses.

3. Compare the types of prokaryotes.
4. Explain the characteristics and adapta-

tions of bacteria.
5. Evaluate the economic importance of

bacteria.

MiniLab 18-1: Measuring a Virus, p. 490
Problem-Solving Lab 18-1, p. 494
Careers in Biology: Dairy Farmer, p. 495
Focus On Viruses, p. 498

Inside Story: A Typical Bacterial Cell, p. 503
MiniLab 18-2: Bacteria Have Different
Shapes, p. 506
Problem-Solving Lab 18-2, p. 508
Design Your Own BioLab: How sensitive
are bacteria to antibiotics? p. 512
Biology & Society: Super Bugs Defy Drugs,
p. 514

Section 18.2

Section 18.1

MATERIALS LIST

BioLab
p. 512 bacteria cultures, sterile nutri-
ent agar, petri dishes, antibiotic disks,
sterile filter paper disks, marking pen,
long-handled cotton swabs, forceps,
incubator, metric ruler

MiniLabs
p. 490 metric ruler, pencil, paper
p. 506 microscope, paper, prepared
slides of bacteria

Alternative Lab
p. 504 screw-top test tubes, distilled
water, vinegar, Schultz liquid plant
food, Accent seasoning, baking soda,
60-watt light bulb, soil samples

Quick Demos
p. 491 bolt, nut (2), #22 gauge wire
p. 504 petri dishes (2), sterile nutrient
agar, soap, labels
p. 509 Swiss cheese, pickles, vinegar,
sauerkraut, yogurt, peas, beans, soy-
beans, peanuts, milk, sour cream

Need Materials? Contact Carolina Biological Supply Company at 1-800-334-5551
or at http://www.carolina.com

488A

Refer to pages 4T-5T of the Teacher Guide for an explanation of the National Science Education Standards correlations.

Key to Teaching StrategiesKey to Teaching Strategies

Level 1 activities should be appropriate
for students with learning difficulties.
Level 2 activities should be within the
ability range of all students.
Level 3 activities are designed for above-
average students.
ELL activities should be within the ability
range of English Language Learners.

Cooperative Learning activities
are designed for small group work.
These strategies represent student prod-
ucts that can be placed into a best-work
portfolio.
These strategies are useful in a block
scheduling format.

L1
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L2
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L3
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COOP LEARN

LS

PP

LS

P

LS

The following multimedia resources are available from Glencoe.

Biology: The Dynamics of Life
CD-ROM

Animation: The Lytic Cycle
Animation: The Lysogenic Cycle
BioQuest: Biodiversity Park
Video: Binary Fission

Videodisc Program
Lytic Cycle
Lysogenic Cycle
Binary Fission

The Secret of Life Series
Flu Virus
Bacteria Virus–Phage

P

LS

P

ELL

LS

http://www.carolina.com


Section

What Is a Virus?
You’ve probably had influenza—

the flu—at some time during your
life. Nonliving particles called viruses
cause influenza. Viruses are about
one-half to one-hundredth the size of
the smallest bacterium. To appreciate
how very tiny viruses are, try the
MiniLab on the next page. 

Most biologists consider viruses to
be nonliving because viruses are not
cells and don’t exhibit all the criteria
for life. For example, they don’t carry
out respiration, grow, or develop. All
viruses can do is replicate—make

copies of themselves—and they can’t
even do that without the help of liv-
ing cells. A cell in which a virus repli-
cates is called the host cell.

Because they are nonliving, viruses
were not named in the same way as
organisms. Viruses, such as rabies
viruses and polioviruses, were named
after the diseases they cause. Other
viruses were named for the organ or
tissue they infect. For example, scien-
tists first found the adenovirus (uh
DEN uh vyruhs), which is one cause
of the common cold, in adenoid tis-
sue between the back of the throat
and the nasal cavity. 

18.1 VIRUSES   489

How many childhood diseases
have you had—chicken pox,
mumps, German measles,

whooping cough? These diseases occur
mostly in children and therefore are
called childhood diseases. When your
grandparents were young, these child-
hood diseases were so common that
most children got them. Today, the
availability of vaccinations makes
these diseases rare. However, the
causes of childhood diseases still exist,
and these causes will break out
where people are not vaccinated
against them.

SECTION PREVIEW

Objectives
Identify the different
kinds of viruses.
Compare and contrast
the replication cycles of
viruses.

Vocabulary
virus
host cell
bacteriophage
capsid
lytic cycle
lysogenic cycle
provirus
retrovirus
reverse transcriptase

18.1 Viruses

A child being 
vaccinated (above)
and a Rubella virus
(inset)

Magnification: 
200 000�

489

Section 18.1

BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES
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Use with Chapter 18,
Section 18.1

How is the structure of viral RNA similar to that of viral DNA?

How do the two structures differ?
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Transparency RNA and DNA
in Viruses43

Prepare
Key Concepts
The structure and replication
cycles of viruses are described.
The origin of viruses is also dis-
cussed and their relationship to
living cells.

Planning
■ Collect metric rulers and elec-

tron micrographs of different
viruses for MiniLab 18-1.

■ Gather wire (#22 gauge), bolts,
and nuts for the Quick Demo.

■ Prepare photocopies of viral
and bacterial growth curves for
the Extension.

1 Focus
Bellringer 
Before presenting the lesson, 
display Section Focus Trans-
parency 43 on the overhead pro-
jector and have students answer
the accompanying questions.
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ELL
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L1
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Assessment PlannerAssessment Planner
Portfolio Assessment

Portfolio, TWE, pp. 492, 496, 503
MiniLab, TWE, p. 490
Assessment, TWE, p. 511
BioLab, TWE, pp. 512-513

Performance Assessment
Assessment, TWE, pp. 493, 505
MiniLab, SE, pp. 490, 506
Problem-Solving Lab, TWE, p. 494

Alternative Lab, TWE, pp. 504-505
MiniLab, TWE, p. 506
BioLab, SE, pp. 512-513

Knowledge Assessment
Section Assessment, SE, pp. 497, 511
Problem-Solving Lab, TWE, p. 508
Chapter Assessment, SE, pp. 515-517

Skill Assessment
Assessment, TWE, p. 497

You may not recognize 
the landscape shown 
here, but it is human skin.
Many bacteria, such as this
Staphylococcus epidermidis
(inset), live on your skin.

Viruses and Bacteria

What You’ll Learn
■ You will categorize viruses

and bacteria.
■ You will explain how viruses

and bacteria reproduce.
■ You will recognize the med-

ical and economic importance
of viruses and bacteria.

Why It’s Important
Viruses and bacteria are impor-
tant because some cause dis-
eases. Bacteria are also impor-
tant in nature’s nutrient cycles
and in the food and pharma-
ceutical industries.

Comparing Bacteria
Look at a sealed petri dish in
which bacteria are growing.
CAUTION: Do not open the
dish. Examine the bacteria
growing on the surface of 
the gelatinlike material called
agar. How do the shapes and
colors of the bacterial groups
compare?

To find out
more about

viruses and bacteria, visit the
Glencoe Science Web Site.
www.glencoe.com/sec/science 

18

GETTING STARTEDGETTING STARTED

ChapterChapter
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Magnification: 4600�

Magnification:
30 000�

488

Theme Development
The systems and interactions
theme is evident in the sections
about viral replication and the
recycling of nutrients by bacteria.
The theme of unity within
diversity is apparent in the dis-
cussions of the characteristics sci-
entists use to organize viruses and
classify bacteria.

Chapter 18Chapter 18

Multiple
Learning
Styles

Look for the following logos for strategies that emphasize different learning modalities.
Kinesthetic Meeting Individual
Needs, p. 491; Quick Demo, 

pp. 491, 504; Activity, p. 502; Project, 
p. 509; Tech Prep, p. 510

Visual-Spatial Biology Journal, 
p. 490; Check for Understanding,

p. 496; Extension, p. 497; Project, p. 500;
Meeting Individual Needs, p. 508;

Interpersonal  Portfolio, pp. 492,
503; Project, p. 493; Meeting

Individual Needs, p. 502
Intrapersonal Meeting Indi-
vidual Needs, pp. 495, 506
Linguistic Biology Journal, 
pp. 494, 503, 507; Portfolio, 

p. 496; Tech Prep, p. 505; Reteach, 
p. 510; Extension, p. 511

Logical-Mathematical Activity,
p. 501

GETTING STARTED DEMOGETTING STARTED DEMO

Visual-Spatial Prepare 
a wet mount slide of bac-

teria from one of the colonies
in the Getting Started plates.
Use a drop of crystal violet or
methylene blue to stain the
bacteria and place a cover slip
over them. Have students ob-
serve the bacteria under high
power.

P

LS
P

ELL

LS

L1

P

LS

If time does not permit teach-
ing the entire chapter, use the
BioDigest at the end of the
unit as an overview.

http://www.glencoe.com/sec/science


Capsid

Nucleic acidCapsid Nucleic acid

nizes and attaches the T4 to its bac-
terial host cell. In other viruses, the
attachment protein is in the capsid or
in the envelope. The recognition and

attachment process is like two pieces
of a jigsaw puzzle fitting together.
The process might also remind you
of two spaceships docking.

18.1 VIRUSES   491

Figure 18.1
The different proteins in viral capsids
produce a wide variety of viral shapes.

Nucleic
acid

Envelope

Capsid

Magnification: 120 000�Magnification: 78 000�

An envelope studded with projections covers
some viruses, including the influenza virus
(photo) and the AIDS-causing virus (inset). 

CC This T4 virus, which infects E. coli, consists of a
polyhedral-shaped head attached to a cylindri-
cal tail with leglike fibers.

DD

Magnification: 49 000�Magnification: 160 000�

Polyhedral viruses, such as the papilloma virus
that causes warts, resemble small crystals. 

AA The tobacco mosaic virus has a long, narrow
helical shape. 

BB

Capsid

Nucleic
acid

Tail fiber

Tail

491

Enrichment
On the chalkboard, write
the following:

1000 µm = 1 mm
1 000 000 nm = 1 mm

Ask students to draw a 132-mm
line that represents a tobacco
mosaic virus magnified 450 000
times. Ask them to calculate the
length of the virus in millimeters,
micrometers, and nanometers.
0.00029 mm, 0.29 µm, and 290 nm

Visual Learning
Figure 18.1  Ask students to
study each virus and describe its
shape. papilloma virus—polyhedral
shape; tobacco mosaic virus—cylin-
drical shape; influenza virus and
HIV—spherical shape with a stud-
ded covering; T4 bacteriophage—
a polyhedral head and a tail with six
projecting fibers L1

P

LS

L2

P

LS

Measuring a Virus Can you use a light microscope to view a
virus? Find out by measuring the size of a poliovirus in the
photo below and then comparing it to 0.2 µm, the size limit
for viewing objects with a light microscope.

Procedure
! Copy the data table below.

@ Examine the photo. The horizontal line you see would
measure only 0.4 micrometer (µm) in length if the photo
was not magnified 172 500�. Use this line for reference.

# Calculate the diameter of one poliovirus. First, measure
the length of the reference line in millimeters. Record the
value in the table. Then, measure the diameter of a polio-
virus in millimeters. Record the value in the table.

$ Use the following equation to calculate the actual diame-
ter of the poliovirus (X). Record your answer in the table.

photo line length in mm (A) = 0.4 µm 
diameter of virus in mm (B) diameter of virus in µm (X)

Analysis
1. Explain why you cannot see viruses with a light micro-

scope. Use specific numbers in your answer.
2. A bacterial cell may be 10 µm in size. How many polio-

viruses could fit across the top of such a bacterium?

MiniLab 18-1MiniLab 18-1 Measuring in SI

Today, most viruses are given a
genus name ending in the word
“virus” and a species name. However,
sometimes scientists use code num-
bers to distinguish among similar

viruses that infect the same host. For
example, seven similar-looking viruses
that infect the common intestinal
bacteria Escherichia coli have the code
numbers T1 through T7 (T stands for
“Type”). A virus that infects a bac-
terium is called a bacteriophage (bak
TIHR ee uh fayj), or phage for short.

Viral structure
A virus has an inner core of nucleic

acid, either RNA or DNA, and an
outer coat of protein called a capsid.
Some relatively large viruses, such as
human flu viruses, may have an addi-
tional layer, called an envelope, sur-
rounding their capsids. Envelopes are
composed primarily of the same
materials that are found in the
plasma membranes of all cells. You
can learn more about both viral cap-
sids and envelopes in the Focus On at
the end of this section.

The core of nucleic acid contains a
virus’s genetic material. Viral nucleic
acid is either DNA or RNA and con-
tains instructions for making copies of
the virus. Some viruses have only four
genes. The arrangement of proteins
in the capsid of a virus determines the
virus’s shape. Four different viral
shapes are shown in Figure 18.1. The
protein arrangement also plays a role in
determining what cell can be infected
and how the virus infects the cell.

Attachment to a host cell
Before a virus can replicate, it must

enter a host cell. Before it can enter,
it must first recognize and attach to a
receptor site on the plasma mem-
brane of the host cell.

A virus recognizes and attaches to
a host cell when one of its proteins
interlocks with a molecular shape
that is the receptor site on the host
cell’s plasma membrane. A protein in
the tail fibers of the bacteriophage
T4, shown in Figure 18.1, recog-

490 VIRUSES AND BACTERIA

Values to measure and calculate Measurement

Length of photo line in mm

Diameter of poliovirus in mm

Diameter of poliovirus in µm

Data Table

Reference line

Magnification: 172 500�

490

2 Teach

Purpose
Students will determine the size
of a virus in a TEM photo.

Process Skills
measure in SI, use numbers, col-
lect data

Teaching Strategies
■ Remind students that viruses
vary in size, and they will deter-
mine the size of only one virus.
■ Use the overhead projector
to preview this lab. Using a clear
ruler helps to demonstrate what
to measure.
■ Use microbiology textbooks
for other viruses to measure or
order viral electron micrographs
from biological supply houses.
■ Have students use calculators.

Expected Results
Students should calculate the size
of the poliovirus as follows.

69 mm   0.4 µm
———— = ———— = 0.029 µm
5 mm         (x)

Analysis
1. The virus’s diameter mea-

sures 0.029 µm, less than the
0.2 µm light microscope
limit.

2. 345 viruses (10 µm divided by
0.029 µm)

Portfolio Have students
look up the size of six viruses and
make a scale drawing that shows
their relative sizes. Use the Per-
formance Task Assessment List
for Scientific Drawing in PASC,
p. 55. L2

P

LS

AssessmentAssessment

P

LS

MiniLab 18-1MiniLab 18-1

BIOLOGY JOURNAL BIOLOGY JOURNAL 

Viral Time Line
Visual-Spatial Have students make
a time line showing the major devel-

opments in virology—instrumentation,
the discovery of immune system compo-
nents, the discovery of viral diseases, and
vaccine availablility. Students could make
a separate time line for HIV.

P

LS

L2

P

LS

Quick DemoQuick Demo

Kinesthetic Build a bac-
teriophage model. Screw

two nuts onto a large bolt so
that they touch the top of the
bolt. Take three 14-cm pieces 
of #22 gauge wire and twist
them around the bottom of the
bolt. Bend the ends of the wires
to resemble the tails of a bacte-
riophage. Ask students what
structure the wires represent?
tail fibers What structure do the
nuts and top of the bolt repre-
sent? protein head

P

LS

L1

P

LS

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Visually Impaired
Kinesthetic Allow visually impaired
students to touch objects that are

shaped like  viruses, such as various pastas,
a corkscrew, studded rubber balls, and
toddler toys. Help them to associate each
shape with a virus. Use the model you
made for the Quick Demo.
P

LS P

ELL

LS

L1

P

LS

VIDEODISC
The Secret of Life
Flu Virus

!7-t~F"

!7;>`H"
Bacterial Virus—Phage

Resource 
  Manager
Resource 
  Manager

Section Focus Transparency 43
and Master

BioLab and MiniLab Work-
sheets, p. 85 L2

P

LS

P

ELL

LS

L1

P

LS
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LYTIC CYCLE

LYSOGENIC CYCLE

AA Attachment and Entry
Provirus FormationBB

A lysogenic virus
injects its nucleic
acid into a bacterium.

The viral nucleic acid is called
a provirus when it becomes
part of  the host’s chromosome.

Although
the provirus
is inactive,
it replicates
along with
the host cell’s
chromosome.

Bacterial host
chromosome

Provirus

The provirus leaves
the chromosome.

Viral nucleic acid and 
proteins are made.

The cell breaks open
releasing viruses.

CC Cell Division

Figure 18.3
In a lysogenic cycle, 
a virus does not de-
stroy the host cell 
at once. Rather, the
viral nucleic acid is
integrated into the
genetic material of
the host cell and
replicates with it for
a while before enter-
ing a lytic cycle.

surrounds the virus and produces a
virus-filled vacuole inside the host
cell’s cytoplasm. Then, the virus
bursts out of the vacuole and releases
its nucleic acid into the cell.

Lytic cycle

Once inside the host cell, a virus’s
genes are expressed and the sub-
stances that are produced take over
the host cell’s genetic material. The
viral genes alter the host cell to make
new viruses. The host cell uses its
own enzymes, raw materials, and
energy to make copies of viral genes
that along with viral proteins are
assembled into new viruses, which
burst from the host cell, killing it.
The new viruses can then infect and
kill other host cells. This process is
called a lytic cycle (LIH tik). Follow
the typical lytic cycle for a bacterio-
phage shown in Figure 18.2.

Lysogenic cycle
Not all viruses kill the cells they

infect. Some viruses go through a
lysogenic cycle, a replication cycle
in which the virus’s nucleic acid is
integrated into the host cell’s chro-
mosome. A typical lysogenic cycle for
a virus that contains DNA is shown
in Figure 18.3.

A lysogenic cycle begins in the same
way as a lytic cycle. The virus attaches
to the host cell’s plasma membrane and
its nucleic acid enters the cell. How-
ever, in a lysogenic cycle, instead of
immediately taking over the host’s
genetic material, the viral DNA is inte-
grated into the host cell’s chromosome.

Viral DNA that is integrated into
the host cell’s chromosome is called a
provirus. A provirus may not affect
the functioning of its host cell, which
continues to carry out its own meta-
bolic activity. However, every time

View an ani-
mation of Figure 18.3
in the Presentation
Builder of the Inter-
active CD-ROM.

CD-ROM

493

View an ani-
mation of Figure 18.2
in the Presentation
Builder of the Inter-
active CD-ROM.

CD-ROM

Attachment is a specific process

Each virus has a specifically shaped
attachment protein. Therefore, each
virus can usually attach to only a few
kinds of cells. For example, the T4
phage can infect only certain types of
E. coli because the T4’s attachment
protein matches a surface molecule
of only these E. coli. A T4 cannot
infect a human, animal, or plant cell,
or even another bacterium. Similarly,
a tobacco mosaic virus infects only a
cell of a tobacco plant. In general,
viruses are species specific, and some
also are cell-type specific. For exam-
ple, polio viruses normally infect only
human intestinal and nerve cells.

The species specific characteristic
of viruses is significant for control-
ling the spread of viral diseases. For
example, by 1980, the World Health
Organization had announced that
smallpox, which is a deadly human

viral disease, had been eradicated.
The eradication was possible partly
because the smallpox virus infects
only humans. It is more difficult to
eradicate a virus that is not species
specific, such as the flu virus, which
infects humans and other animals.

Viral Replication Cycles
Once attached to the plasma mem-

brane of the host cell, the virus enters
the cell and takes over its metabolism.
Only then can the virus replicate.
Viruses have two ways of getting into
host cells. The virus may inject its
nucleic acid into the host cell like 
a syringe injects a vaccine into your
arm, as shown in Figure 18.2. The
capsid of the virus stays attached to
the outside of the host cell. An
enveloped virus enters a host cell in 
a different way. After attachment, 
the plasma membrane of the host cell  
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AA

CC

DD

EE

Attachment Entry

Lysis and Release

Assembly

Replication

Bacteriophage 

The bacteriophage
injects its nucleic acid
into the bacterial cell.

New virus 
particles are 
assembled.

The host‘s 
metabolic ma-
chinery makes 
viral nucleic acid 
and proteins.

The host cell breaks open and
releases new virus particles.  

Nucleic
acid

Bacterial DNA

Bacterial
host cell

BB

Figure 18.2
In a lytic cycle, a virus
uses the host cell’s
energy and raw ma-
terials to make new
viruses. A typical lytic
cycle takes about 
30 minutes and pro-
duces about 200 new
viruses.

OriginWORDWORD

lytic
From the Greek
word lyein, meaning
to “break down.”
The host cell is
destroyed during a
lytic cycle.
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Using an Analogy
Use the following analogy to
describe the lytic cycle. During
wartime, a tank (virus) filled with
enemy troops (nucleic acid)
crashes through the wall (mem-
brane) of an automobile factory
(cell). The troops take over the
factory’s machinery (nucleus and
organelles), and adapt them to
produce new tanks (viruses)
instead of cars (cell parts).

Revealing Misconceptions
Students may think that antibi-
otics will cure viral infections,
such as a cold and the flu. Explain
that although antibiotics cure
many bacterial infections, they do
not affect viral diseases.

Developing Disease Awareness
Interpersonal Organize students into
groups representing medical teams at

the Centers for Disease Control that are
entrusted with protecting the public against
lassa fever, which has just been diagnosed in
several people in New York City. Ask students

to produce a warning for television news
that describes the disease, its potential effect
on the population, and ways to protect
against it. Provide resources. Students can
videotape their presentations and keep their
written information in their portfolios.
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Vaccine Development

Interpersonal Ask student groups
to prepare skits about the discovery

of the following vaccines: polio, smallpox,
measles, and German measles. Each skit
should include information about the 
disease, the scientists involved in develop-
ing the vaccine, and the vaccine’s impact
on society.
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CD-ROM
Biology: The Dynamics
of Life 

Animation: The Lytic Cycle 
Disc 3
Animation: The Lysogenic Cycle
Disc 3

VIDEODISC
Biology: The Dynamics
of Life

The Lytic Cycle (Ch. 9)
Disc 1, Side 2, 1 min. 14 sec.

The Lysogenic Cycle (Ch. 10)
Disc 1, Side 2, 1 min. 25 sec.
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Visual Learning
Figures 18.2 and 18.3 On the
chalkboard, draw flowcharts that
sequence the stages in the lytic
and lysogenic cycles. Encourage
students to copy the flowcharts
into their journals and use them
to study.

Concept Development
Ask students to list a viral disease
they have had. Provide them with
the resources to find out how
each disease spreads and what
methods of prevention are avail-
able. Students can use the lists to
generate a classroom table of
viral diseases.

Performance Have stu-
dents create their own mnemonic
devices of the steps of the lytic
and lysogenic cycles and share
them with others.
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Resource 
  Manager
Resource 
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Concept Mapping, p. 18

Reteaching Skills Trans-
parency 27 and Master

Laboratory Manual, 
pp. 125-128 L2
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Basic Concepts Transparency 26 and

Master
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Retrovirus Cycle

Retrovirus

Reverse
transcriptase

Entering
cell

Exiting
cell

New virus
forming

New virus parts

Provirus in
host chromosome

RNA

RNA

mRNA

DNA

DNA is made from
the viral RNA.

CAREERS IN BIOLOGY

Dairy Farmer

D id you grow up on a farm, or do
you wish you did? Would you

enjoy a chance to work with animals
and be outdoors? Perhaps you
should be a dairy farmer.

Skills for the Job
In the past, most dairy farms were

family owned, but now corporations
own some of these farms. A person can learn
dairy farming on the job, or by completing two- and four-
year college programs in agriculture. A degree in agriculture
can lead to certification as a farm manager. Dairy farmers
must keep their herds healthy and producing both milk and
calves. Like all farming, dairy farming is a risky business that
depends on factors such as the weather, the cost of feed, the
amount of milk the herds produce, and the market price for
milk and milk products.

For more careers in related fields, be sure
to check the Glencoe Science Web Site.

www.glencoe.com/sec/science

transport process by which materials
are expelled or secreted from a cell,
release new viruses from the host
cell. In exocytosis, a newly produced
virus approaches the inner surface of
the host cell’s plasma membrane. The
plasma membrane surrounds the
virus, enclosing it in a vacuole that
then fuses with the host cell’s plasma
membrane. Then, the viruses are
released to the outside.

Retroviruses
Many viruses, such as the human

immunodeficiency virus (HIV) that
causes the disease AIDS, are RNA
viruses—RNA being their only
nucleic acid. The RNA virus with the
most complex replication cycle is the
retrovirus (reh tro VY rus). How can
RNA be integrated into a host cell’s
chromosome, which contains DNA?

Once inside a host cell, the retro-
virus makes DNA from its RNA. To
do this, it uses reverse transcriptase
(trans KRIHP taz), an enzyme it carries
inside its capsid. This enzyme helps
produce double-stranded DNA from
the viral RNA. Then the double-
stranded viral DNA is integrated into
the host cell’s chromosome and

becomes a provirus. If reverse tran-
scriptase is found in a person, it is evi-
dence for infection by a retrovirus.
You can see how a retrovirus replicates
in its host cell in Figure 18.5.
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Figure 18.5
Retroviruses have 
an enzyme that tran-
scribes their RNA
into DNA. The viral
DNA becomes a
provirus that steadily
produces small num-
bers of new viruses
without immediately
destroying the cell.
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Career Path
Courses in high school:
math, biology, chemistry,

accounting, and computer sci-
ence
College: bachelor’s degree in
agriculture or animal science
from a two- or four-year program

Career Issue
Urban sprawl results in housing
subdivisions on farm land.
Should subdivisions be allowed
on prime farm land? Will we run
out of arable land in the United
States?

For More Information
For more information on a career
in farming, students can write to:

U.S. Department of Agriculture
Washington, DC 20250

What type of virus causes disease? The symptoms and
incubation time of a disease can indicate how the virus acts
inside its host cell.

Analysis
Table 18.1 lists symptoms and incubation times for some

viral diseases. Use the table to predict which diseases lytic
viruses might cause and which diseases lysogenic viruses
might cause.

Thinking Critically
1. How much time is associated with the replication cycle of

a lytic virus? A lysogenic virus?
2. What diseases may lytic viruses cause? Explain your

answer.
3. What diseases may lysogenic viruses cause? Explain your

answer.
4. What is a possible consequence of the fact that a person

infected with HIV may have no symptoms for years?

Problem-Solving Lab 18-1Problem-Solving Lab 18-1 Analyzing
Information

the host cell reproduces, the provirus
is replicated along with the host cell’s
chromosome. Therefore, every cell
that originates from an infected host
cell has a copy of the provirus. The
lysogenic phase can continue for
many years. However, at any time,
the provirus can be activated and
enter a lytic cycle. Then the virus
replicates and kills the host cell. Try
to distinguish the human diseases
caused by lysogenic viruses from
those caused by lytic viruses in the
Problem-Solving Lab on this page.

Disease symptoms of proviruses
The lysogenic process explains the

reoccurrence of cold sores, which are
caused by the herpes simplex I virus.
Even though a cold sore heals, the
herpes simplex I virus remains in your
cells as a provirus. When the provirus
enters a lytic cycle, another cold sore
erupts. No one knows what causes a
provirus to be activated, but some sci-
entists suspect that physical stress,
such as sunburn, and emotional stress,
such as anxiety, play a role.

Many disease-causing viruses have
lysogenic cycles. Three examples of
these viruses are herpes simplex I,
herpes simplex II that causes genital
herpes, and the hepatitis B virus that
causes hepatitis B. Another lysogenic
virus is the one that causes chicken
pox. Having chicken pox, which 
usually occurs before age ten, gives
lifelong protection from another
infection by the virus. However, some
chicken pox viruses may remain 
as proviruses in some of your body’s
nerve cells. Later in your life, these
proviruses may enter a lytic cycle and
cause a disease called shingles—a
painful infection of some nerve cells.

Release of viruses
Either lysis, the bursting of a cell,

or exocytosis, Figure 18.4, the active

Figure 18.4
Before the influenza virus leaves a host cell, it is wrapped in a
piece of the host’s plasma membrane, making an envelope with
the same structure as the host’s plasma membrane

Disease IncubationSymptom

Measles

Shingles

Warts

Coryza (cold)

HIV

9-11 days

years

months

2-4 days

2-5 years

rash, fever

pain, itching on skin

bumpy areas on skin

sneezing, runny nose, fever

fatigue, weight loss, fever

Table 18.1  Characteristics of some viral diseases

Magnification: 18 000�
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Purpose
Students will analyze data about
viruses and decide if the viruses
have lytic or lysogenic cycles.

Process Skills
think critically, analyze informa-
tion, classify, define operationally,
interpret data

Background
Measles is caused by the rubeola
virus. Shingles is caused by a her-
pes virus (varicella-zoster virus).
Human papillomavirus causes
warts. Colds are caused by several
viral types—the rhinovirus is the
most common. AIDS is caused by
the human immunodeficiency
virus.

Teaching Strategies
■ If necessary, review the two
viral replication cycles or ask stu-
dents to reread these sections.

Thinking Critically

1. short—usually days; long—
could be months or years

2. Measles, cold; a short incuba-
tion implies a short replica-
tion cycle.

3. Shingles, warts, AIDS; a long
incubation implies a long
replication cycle.

4. They may be unaware that
they’re infected and then
transmit the disease to others.

Performance Ask students
to research one of these diseases
and write a brief report in their
journal. Use the Performance
Task Assessment List for Writing
in Science in PASC, p. 87. L2

P
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AssessmentAssessment

P
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Problem-Solving Lab 18-1Problem-Solving Lab 18-1

BIOLOGY JOURNAL BIOLOGY JOURNAL 

Smallpox Epidemic
Linguistic Ask students to write an
article about an epidemic of small-

pox in Boston, Massachusetts, during colo-
nial times as it might have appeared then
in a newspaper.

P
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MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Gifted
Intrapersonal Ask students to ex-
plore the genetic engineering re-

search that uses viruses to insert genes in
people with genetic disorders. Ask them
to model the processes being used and to
share their findings with the class. L3

P

LS

VIDEOTAPE
The Secret of Life

Nothing to Sneeze at: Viruses

http://www.glencoe.com/sec/science


of plants such as some tulips, gladioli,
and pansies. The infected flowers, like
the one shown in Figure 18.7, have
streaks of vibrant, contrasting colors
in their petals. These viruses are easily
spread among plants when you cut an
infected stem and then cut healthy
stems with the same tool.

Origin of Viruses
You might assume that viruses rep-

resent an ancestral form of life
because of their relatively uncompli-
cated structure. This is probably not

so. For replication, viruses need host
cells; therefore, scientists suggest that
viruses might have originated from
their host cells.

Some scientists suggest that viruses
are nucleic acids that break free from
their host cells while maintaining an
ability to replicate parasitically within
the host cells. The fact that tumor
viruses contain genes that are identi-
cal to ones found in normal cells is
evidence for this hypothesis. Accor-
ding to this hypothesis, viruses are
more closely related to their host
cells than they are to each other.

Figure 18.7
Tobacco mosaic virus
causes yellow spots
on tobacco leaves,
making them unmar-
ketable (a). In con-
trast, another virus
causes the beautiful
stripes of Rembrandt
tulips, making them
more desirable (b).

Section AssessmentSection Assessment

Understanding Main Ideas
1. Why is a virus considered to be nonliving?
2. What is the difference between a lytic cycle and

a lysogenic cycle?
3. What is a provirus?
4. How do retroviruses convert their RNA to DNA? 

Thinking Critically
5. Describe the state of a herpes virus in a person

who had cold sores several years ago but who
does not have them now.

6. Making and Using Graphs A microbiologist
added some viruses to a bacterial culture. Every
hour from noon to 4:00 p.m., she determined the
number of viruses present in a sample of the cul-
ture. Her data were 3, 3, 126, 585, and 602.
Graph these results. How would the graph look if
the culture had initially contained dead bacteria?
For more help, refer to Organizing Information
in the Skill Handbook.

SKILL REVIEWSKILL REVIEW
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a

b
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Section AssessmentSection AssessmentSection Assessment
1. It does not respire, grow, move, or carry

on any life function on its own.
2. In the lytic cycle, viral nucleic acid immedi-

ately takes over the cell’s machinery and
quickly destroys the cell. In the lysogenic
cycle, it becomes part of the host cell’s
DNA and does not quickly kill the cell.

3. viral DNA in a host cell’s chromosome
4. using the enzyme reverse transcriptase

5. a provirus in some cells of the person
6. The horizontal axis should be labeled

“Time” and the vertical axis “Number of
Virus Particles.” Student graphs should
show a stepwise increase in the number
of viruses. Without living bacteria for
viral replication, there would be no data
and thus no graph.

HIV: An infection 
of white blood cells

Once inside a human host, HIV
infects white blood cells. Newly made
viruses are released into the blood
stream by exocytosis. Then these
viruses infect other white blood cells.
Infected host cells still function nor-
mally because the viral genetic mater-
ial is a provirus that produces only a
small number of new viruses at a
time. Because the infected cells are
still able to function normally, an
infected person may not appear sick.
However, people who are infected
with HIV but have no symptoms can
transmit the virus in their body fluids.

An HIV-infected person can expe-
rience no AIDS symptoms for a long
time. However, most people with an
HIV infection eventually get AIDS
because, over time, more and more
white blood cells are infected and pro-
duce new viruses, Figure 18.6. People
will gradually lose white blood cells
because proviruses enter a lytic cycle
and kill their host cells. Because white
blood cells are part of a body’s disease-
fighting system, their destruction
interferes with the body’s ability to

protect itself from organisms that
cause disease, a symptom of AIDS.

Viruses and Cancer
Retroviruses are one kind of virus

that may cause some cancers. The
retroviruses that convert, or transform,
normal cells to tumor cells are known
as tumor viruses. The first tumor virus
was discovered in chickens. In addition
to retroviruses, the papilloma virus,
which is a DNA virus that causes
warts, and the hepatitis B virus, a
DNA virus thought to cause liver can-
cer in humans, are also tumor viruses.

Plant Viruses
The first virus to be identified was

a plant virus, called tobacco mosaic
virus, that causes disease in tobacco
plants. Biologists know of more than
400 viruses that infect a variety of
plants. These viruses cause as many
as 1000 plant diseases.

Not all viral plant diseases are fatal
or even harmful. For example, there
are some mosaic viruses that cause
striking patterns of color in the flowers
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Figure 18.6
Normal white blood
cells are an essential
part of a human’s
immune system (a).
In an HIV infected
person, white blood
cells are eventually
destroyed by HIV
proviruses that enter
lytic cycles (b).

a
Magnification: 5800�

Magnification:
7800�

b
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Preventing the Spread of AIDS
Linguistic Ask student groups to pre-
pare interview questions for a dentist

or dental assistant to find out how dental
professionals protect both themselves and
patients from HIV. Once prepared, have one

or two students from each group interview a
dental professional and report back to the
group. Encourage students to find out about
the American Dental Association’s guidelines
for AIDS prevention. A group report can be
prepared.

P

COOP LEARN

LS

P

LS

PP

LS

L2

P

LS

PortfolioPortfolio

Discussion
Based on viral structure and
replication, have students identify
approaches to the production of
antiviral vaccines.

3 Assess
Check for Understanding

Visual-Spatial Give students
out-of-sequence sketches 

of the steps in the lytic and 
lysogenic cycles. Have them 
rearrange the sketches into the
correct sequences.

Reteach
Ask students to make a table that
lists each virus discussed in this
section, its type of nucleic acid,
structure, method of replication,
and host organism. L1

P
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VIDEODISC
STV: Human Body 
Vol. 3

AIDS Virus (tinted blue)1
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AIDS Virus (tinted blue) 2

VIDEOTAPE
The Secret of Life

What’s in Stetter’s Pond: The
Basics of Life

Extension
Visual-Spatial Provide stu-
dents with graphs showing

curves of bacterial growth and
viral replication. Have students
compare the curves and summa-
rize their observations. Point out
that, in time, the accumulation 
of toxic materials leads to bacter-
ial death. The viral curve is steplike.
Viral numbers are constant during
replication in the host cell and then
suddenly rise when the newly made
viruses are released. Bacterial growth
curves are exponential to a point.

Skill Ask students to com-
pare and contrast viruses and liv-
ing cells by making a table.

4 Close
Discussion
Ask students the meaning of the
saying, “If you catch a cold, it will
take seven days to get better. If
you take medication, it will take a
week.” Medications may be taken to
relieve symptoms, but they will not
destroy viruses.
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Resource 
  Manager
Resource 
  Manager

Reinforcement and Study
Guide, pp. 79-80

Content Mastery, p. 90 L1
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ENVELOPED VIRUSES
Some viruses, such as influenza
and HIV (the virus that causes
AIDS), are enclosed in an enve-
lope composed of lipids, carbohy-
drates, and proteins. Envelope
proteins (right) form spiky projec-
tions that help the virus gain entry
to a host cell, much like keys
fitting into a lock.

HELICAL VIRUSES
Helical viruses are shaped like tiny
cylinders, with the viral genetic
material spiraling down the center
of a hollow protein tube. Tobacco
mosaic virus (below), which infects
plants (right), is a long helical
virus.

PHAGES
Bacteriophages, or phages for short, are viruses that infect bacteria. This
T4-phage (top left), looks like a miniature lunar-landing module. It has a
DNA-containing head, a protein tail, and protein tail fibers that attach to
the surface of a bacterium. Once viruses are attached (left), the tail section
contracts and pierces the cell wall, and viral DNA is injected into the host
cell.

DEADLY BEAUTY
Some viruses have irregular
shapes. The Ebola virus (below),
which causes massive internal
bleeding in humans, has a twisted,
worm-like form. A strain of Ebola
virus from Zaire, Africa, is one of the
most deadly viruses researchers have
ever studied.

T-PHAGE E-COLI

T-PHAGE

TOBACCO MOSAIC VIRUS 
Magnification: 30 000 x PLANT INFECTED BY TOBACCO MOSAIC VIRUS 

INFLUENZA VIRUS
Magnification: 17 150 x 

T-PHAGES, IN BLUE, INFECTING E. COLI BACTERIUM
Magnification: 90 000 x 

1 THINKING CRITICALLY In what way might viruses like those that
cause common colds be considered “more successful” than viruses such
as Ebola?

2 JOURNAL WRITING Read The Andromeda Strain (1969) by Michael
Crichton, a science fiction story about an alien virus that comes to Earth.
In your journal, record your reactions to the book. What similarities did
you notice between how scientists in the story handled the alien virus and
how present-day scientists study viruses such as Ebola?

EXPANDING Your View

EBOLA VIRUS
Magnification: 
19 000 x
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Visual Learning
■ Ask students to calculate
the actual size of one of the

tobacco mosaic viruses and
one of the polio viruses by
using a metric ruler to mea-
sure the size of the virus in the
photo. Then, they should
divide the measurement by the
photo’s magnification.

■ Have students make a video or
computer presentation about a
viral disease, such as mumps,
Ebola, or rabies. Their presen-
tations should include infor-
mation about both the virus
and the disease it causes.

Answers to Expanding 
Your View

1. They don’t kill their hosts.
2. They used the highest level

of containment when work-
ing with the virus, as do vir-
ologists who work with
deadly and newly discovered
viruses today.
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STRUCTURE
A single drop of blood can contain
six billion viruses. Despite their
incredibly small size, many viruses,
such as this tobacco mosaic virus
(below), have complex structures.
All viruses consist of a core of

nucleic acid—either
DNA or RNA—
enclosed in a protein
coat called a capsid.
Both the type and
arrangement of pro-
teins in the capsid
give different viruses
characteristic shapes.

Viruses lurk everywhere–on
computer keyboards, in bird
droppings, under your fin-
gernails–just waiting to
get inside your body or
some other living thing.
Smaller than the small-
est bacteria, viruses
are not alive. By them-
selves, they cannot
move, grow, or repro-
duce. But give viruses the
chance to invade a living cell,
and they will take over its
metabolic machinery, repro-
gramming it to churn out more
viruses to attack other cells.

INVISIBLE INVADERS
Scientists have identified thou-
sands of viruses. Some invade
plants, others attack animals, and
still others target bacteria.

In humans, viruses are responsi-
ble for chicken pox, warts, cold
sores, and the common cold, as
well as dreaded diseases such
as rabies, influenza, hepatitis,
and AIDS.

ICOSAHEDRAL VIRUSES
Many animal viruses—
such as polio (above)
and adenovirus—have
20-sided, or icosahedral,
capsids. Viewed under
an electron microscope,
icosahedral viruses look
like perfectly symmetri-
cal crystals. 

POLIO VIRUS
Magnification:
85 000 x

MODEL OF TOBACCO
MOSAIC VIRUS 

Viruses
FOCUSON

WOMAN EXPERIENCING SYMPTOMS OF
THE COMMON COLD

MODEL OF AIDS VIRUS 
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Focus On
Viruses

Purpose
Students will compare and con-
trast the structures and shapes of
viruses.

Background
The classification of viruses is
based on the criteria of size, mor-
phology, type of genetic material
(DNA or RNA and  double-
stranded or single-stranded), and
means of replication.

Teaching Strategies
■ Discuss with students the dif-
ferent ways viruses enter cells as
illustrated by a bacteriophage and
an enveloped virus.
■ Students interested in Ebola
may wish to read Ebola: A
Documentary Novel of Its First
Explosion by William T. Close or
Hot Zone by Richard Preston.
L2
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Internet Address Book

Note Internet addresses that you find useful in the space
below for quick reference.VIDEODISC

VIDEOTAPE
The Secret of Life

Tinkering with Our Genes: Genetic Medicine
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Figure 18.8
Archaebacteria live in
extreme environments.

Dead Sea. A third type lives in the
hot, acidic waters of sulfur springs.
This type of anaerobic archaebac-
terium also thrives near cracks deep in
the Pacific Ocean’s floor, where it is
the autotrophic producer for a unique
animal community’s food chain. 

Eubacteria: The heterotrophs
Eubacteria, the other kingdom of

prokaryotes, includes those prokary-
otes that live in more hospitable
places than archaebacteria inhabit and
that vary in nutritional needs. The

heterotrophic eubacteria live almost
everywhere and use organic molecules
as a food source. Some bacterial het-
erotrophs are parasites, obtaining
their nutrients from living organisms.
Because they are not adapted for trap-
ping food that contains organic mole-
cules or for making organic molecules
themselves. Others are saprophytes,
which are organisms that feed on dead
organisms or organic wastes. Recall
that saprophytes break down and
thereby recycle the nutrients locked in
the body tissues of dead organisms.

Heat- and acid-loving
archaebacteria live
around deep ocean
vents where water
temperatures are
often above 100°C. 

CC

Methane-producing
archaebacteria flourish
in this swamp and also
live in the stomachs of
cows.

AA

Salt-loving archaebac-
teria live in these salt
pools left after this lake
in British Columbia,
Canada evaporated.
These pools have high
levels of magnesium
and potassium salts. 

BB
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2 Teach
Activity
Ask students to make a wet
mount of a period cut from

a newspaper. Remind them to
handle glass microscope slides
carefully. Have them estimate the
period’s size given that the aver-
age low-power objective field of
view of a microscope is 1.44 mm.
about 0.35 mm. Ask them to cal-
culate how many bacteria that
measure 0.002 mm could fit on
the period. about 175

Activity
Logical-Mathematical Give
students slides of hetero-

trophic and photoautotrophic
bacteria. Ask them to observe the
slides under high power and
sketch them. Remind students to
use care when handling a micro-
scope and glass slides and to use
special care not to break the slide
when viewing it under the high-
power objective. Have students
estimate the bacterial sizes if
their  high-power field of view is
0.35 mm. Then, ask them to
write a comparison of the two
types of bacteria.
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Diversity of
Prokaryotes

Recall that prokaryotes are unicel-
lular organisms that do not have
membrane-bound organelles. They
are classified in two kingdoms—
archaebacteria and eubacteria. Many
biochemical differences exist between
these two types of prokaryotes. For
example, their cell walls and the
lipids in their plasma membranes dif-
fer. In addition, the structure and
function of the genes of archaebacte-
ria are more similar to those of
eukaryotes than to those of bacteria.

Because they are so different, many
scientists propose that archaebacteria
and eubacteria arose separately from a
common ancestor several billion years
ago. The exact time is unknown.

Archaebacteria: 
Often the extremists

There are three types of archae-
bacteria that live mainly in extreme
habitats where there is usually no
free oxygen available. You can see
some of these inhospitable places in
Figure 18.8. One type of archaebac-
terium lives in oxygen-free environ-
ments and produces methane gas.
These methane-producing archae-
bacteria live in marshes, lake sedi-
ments, and the digestive tracts of
some mammals, such as cows. They
also are found at sewage disposal
plants, where they play a role in the
breakdown of sewage.

A second type of archaebacterium
lives only in water with high concen-
trations of salt, such as in Utah’s
Great Salt Lake and the Middle East’s

Imagine yourself going back
three-and-a-half billion years.
You wander around the young

Earth and find yourself alone with
the first life on this planet. Dino-
saurs? Saber-toothed tigers? No.
You would be alone with what have
become some of the most 
diverse forms of life on 
Earth—prokaryotes.

SECTION PREVIEW

Objectives
Compare the types of
prokaryotes.
Explain the characteris-
tics and adaptations of
bacteria.
Evaluate the economic
importance of bacteria.

Vocabulary
chemosynthesis
binary fission
conjugation
obligate aerobe
obligate anaerobe
endospore
toxin
nitrogen fixation

18.2 Archaebacteria and
Eubacteria

A hot spring (above) and 
the archaebacterium
Thermoproteus tenax (inset)

Magnification:
17 280�

500

Section 18.2

Prepare
Key Concepts
The classification, structure, sur-
vival adaptations, and diversity of
bacteria are explained. Bacterial
reproduction and the importance
of bacteria to people, other
organisms, and the environment
are discussed.

Planning
■ Purchase distilled water and

yogurt containing live bacter-
ial cultures for the Microscope
Activity.

■ Purchase pickles, yogurt, Swiss
cheese, soybeans, peanuts,
milk, sour cream, and sauer-
kraut or bring in their pictures
for the Quick Demo.

1 Focus
Bellringer 
Before presenting the lesson, 
display Section Focus Trans-
parency 44 on the overhead pro-
jector and have students answer
the accompanying questions.
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BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 18,
Section 18.2

What role do bacteria play in the nitrogen cycle?

In what other ways do living things depend on bacteria?
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CO2 O2

Nitrates
Animal 
wastes

Bacterial
decomposers

Nitrogen-fixing bacteria
in soil and root nodulesNitrogen

fixing
bacteria

N2

N2

Ammonia

Cellulose Glucose
Intestinal
bacteria

Cyanobacteria

P R O J E C T
Bacterial Microscopy

Visual-Spatial Show students how
to prepare depression slides and use

the hanging drop (oil suspension) method
of microscopy. Ask students to use these
methods to make slides of living Oscilla-
toria and observe the cells. Have students
write and sketch their observations.
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Internet Address Book

Note Internet addresses that you find useful in the space
below for quick reference.

VIDEODISC
The Secret of Life
Archaebacteria
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Resource ManagerResource Manager
Section Focus Transparency 44 and

Master
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A Typical Bacterial Cell

Bacteria are microscopic, prokaryotic cells. The great
majority of bacteria are unicellular. A typical bacte-

rium would have some or all of the structures shown in
this diagram of a bacterial cell.

Critical Thinking Which structures of bacteria are
involved in reproduction?

Magnification: 4275�INSIDE
SSTORTORYY

INSIDE

Flagellum Some
bacteria have
long, whiplike
protrusions called
flagella that
enable them to
move.

77

Pilus Some bacteria have pili—extensions 
of their plasma membranes. A hairlike pilus
helps a bacterium stick to a surface. It is also
like a bridge through or on which two bacte-
ria can exchange DNA.

55

Plasma Membrane
A plasma membrane
surrounds the cell and
regulates what enters
and leaves the cell.

44

Chromosome A single
DNA molecule, arranged 
as a circular chromosome
and not enclosed in a
nucleus, contains most of
the bacterium’s genes. 

11

Plasmid A few genes
are located in a small
circular chromosome
piece called a plasmid.
A bacterium may have
one or more plasmids.

66

Cell wall A cell
wall surrounds the
plasma membrane.
It gives the cell its
shape, and prevents
osmosis from burst-
ing the cell.

22 Capsule Some bacteria have a
sticky gelatinous capsule around the
cell wall. A bacterium with a capsule
is more likely to cause disease than
a bacterium without a capsule.

33

Escherichia coli

503
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Purpose
Students will learn about both
the structures and adaptations of
a generalized bacterium.

Teaching Strategies
■ To demonstrate some condi-
tions that inhibit bacterial
growth, pour 100 mL of boiled
beef broth into each of four ster-
ile beakers. Label the beakers 1,
2, 3, and 4 and add respectively
to each 1 tsp salt, 1 tsp sugar, 1
tsp vinegar, and 1 tsp distilled
water. Have students observe and
record the clarity and color of the
broth in each beaker initially and
again after three days. Explain
that bacterial growth clouds the
broth. Ask students to explain
how salt, sugar, and acid (vinegar)
affected bacterial growth. Salt
and acids inhibit growth; sugar aids
it.

Visual Learning
■ Name the bacterial structures

shown in The Inside Story. As
you name each structure, have
a student summarize its func-
tion. Repeat until all structures
have been discussed.

■ Challenge students to identify
bacterial cell structures that
are shared and not shared by
plant and/or animal cells.

Critical Thinking
Students might say the chromo-
some, pili, and maybe plasmids.
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Eubacteria: 
Photosynthetic autotrophs

A second type of eubacterium is
the photosynthetic autotroph. These
eubacteria live in places with sunlight
because they need light to make the
organic molecules that are their food.
Cyanobacteria are photosynthetic
autotrophs. They contain the pig-
ment chlorophyll that traps the sun’s
energy, which they then use in photo-
synthesis. Most cyanobacteria, like
the Anabaena shown in Figure 18.9,
are blue-green and some are red or
yellow in color. Cyanobacteria com-
monly live in ponds, streams, and
moist areas of land. They are com-
posed of chains of independent
cells—an exception to the unicellular
form of most other bacteria.

Eubacteria: 
Chemosynthetic autotrophs

A third type of eubacterium is the
chemosynthetic autotroph. Like pho-
tosynthetic bacteria, these bacteria
make organic molecules that are their
food. However, unlike the photosyn-
thetic bacteria, the chemosynthetic

bacteria do not obtain the energy they
need to make food from sunlight.
Instead, they break down and release
the energy of inorganic compounds
containing sulfur and nitrogen in the
process called chemosynthesis (kee
moh SIHN thuh sus). Some chemosyn-
thetic bacteria are very important to 
other organisms because they are able
to convert atmospheric nitrogen into
the nitrogen-containing compounds
that plants need.

What Is a Bacterium?
A bacterium consists of a very

small cell. Although tiny, a bacterial
cell has all the structures necessary to
carry out its life functions.

The structure of bacteria
Prokaryotic cells have ribosomes,

but their ribosomes are smaller than
those of eukaryotes. They also have
genes that are located for the most
part in a single circular chromosome,
rather than in paired chromosomes.
What structures can protect a bac-
terium? Look at the Inside Story on
the next page to learn about other
structures located in bacterial cells.

One structure that supports and
protects a bacterium is the cell wall.
The cell wall protects the bacterium
by preventing it from bursting.
Because most bacteria live in a hypo-
tonic environment, one in which
there is a higher concentration of
water molecules outside than inside
the cell, water is always trying to enter
a bacterial cell. A bacterial cell re-
mains intact, however, and does not
burst open as long as its cell wall is
intact. If the cell wall is damaged,
water will enter the cell by osmosis,
causing the cell to burst. Scientists
used a bacterium’s need for an intact
cell wall to develop a weapon against
bacteria that cause disease. 
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Figure 18.9
Cyanobacteria, such
as Anabaena, have a
blue-green color.

OriginWORDWORD

cyanobacterium
From the Greek
words kyanos, mean-
ing “blue,” and 
bakterion, meaning
“small rod.” The
cyanobacteria are
blue-green bacteria.

Magnification: 1100�
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Activity
Kinesthetic Thin yogurt
containing live bacterial cul-

tures with distilled water. Have
students make a wet mount of the
yogurt, adding a drop of methyl-
ene blue, and look for bacteria on
their slides. The bacteria should
be visible under the high-power.
Remind students to use care
when handling a microscope and
glass slides and to use special care
not to break the slide when view-
ing it under the high-power
objective. Caution students that
stains may be permanent on their
clothing. Have them rinse their
skin immediately if they spill
stain on it.
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Learning Disabled
Interpersonal Have pairs of students
design flash cards that show a bacterial

structure on one side and its function on the
other side. Later, students can make cards
that show bacterial shape on one side and
the name of a bacterium with that shape on

the other. They can also make cards that
show bacterial arrangements—clusters,
chains, and pairs—to practice using the cor-
rect prefixes. Students can use the cards to
learn the names of the bacteria studied in
this section.
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Bacteria Making Headlines
Linguistic Ask students to bring in
newspaper and magazine articles

about bacterial illnesses and summarize
the articles in their journals.
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PortfolioPortfolio

Discovering Penicillin
Interpersonal Ask groups to write
a skit about penicillin, including

how penicillin was discovered and how
medicine changed after its discovery.
They could also include the problem of
penicillin-resistant bacteria. Have stu-
dents place the script in their portfolios.
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CD-ROM
Biology: The Dynamics
of Life

BioQuest: Biodiversity Park
Disc 3, 4

Resource 
  Manager
Resource 
  Manager

Basic Concepts Transparency
27 and Master
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Reteaching Skills Trans-
parency 28 and Master

P

ELL

LS

L1

P

LS



two chromosomes separate and move
to opposite ends of the cell. Then, a
partition forms between the chromo-
somes, as shown in Figure 18.12.
This partition separates the cell into
two similar cells. Because each new
cell has either the original or the copy
of the chromosome, the resulting cells
are genetically identical.

Bacterial reproduction can be rapid.
In fact, under ideal conditions, some

bacteria can reproduce every 20 min-
utes, producing enormous numbers of
bacteria quickly. If bacteria always
reproduced this fast, they would cover
the surface of Earth within a few
weeks. But, this doesn’t happen, be-
cause bacteria don’t always have ideal
growing conditions. They run out of
nutrients and water, they poison
themselves with their own wastes, and
predators eat them.
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Figure 18.11
Scrub, shampoo, and
gargle as you will,
you’ll remove only a
small fraction of the
bacteria that live on
and in you. 

Figure 18.12
This Escherichia coli
cell is starting to
divide. The newly
forming partition is
visible in the center
of the cell.

Magnification: 18 300�

These spherical, Gram-positive
Streptococcus mutans bacteria
cause tooth decay.

AA

Magnification: 1100�

This rodlike, Gram-positive bac-
terium, Clostridium botulinum,
produces a poison that can
result in food poisoning.

BB

Magnification: 1500�

This spiral-shaped, Gram-
negative Spirillum volutans
bacterium has flagella.

CC

Magnification: 875�

tube. Add growth medium, screw on
the test tube’s top, and shake well.

2. Place the tubes about 60 cm away from
a light bulb and do not disturb.

3. Hypothesize where bacteria will grow.
4. Examine the cultures daily for two

weeks. Red, rust, pink, and orange col-
ors indicate photosynthetic bacteria.

Analysis
1. In which tubes did you find photosyn-

thetic bacteria? from all to none

2. Was your hypothesis supported by your
data? Speculate why or why not. Data
will vary. There are hundreds of photo-
synthetic bacteria and only some may
have been able to grow.

3. What caused the colors you saw in the
test tubes? photosynthetic pigments

Performance Have students
experiment to determine the best tem-
perature for the growth of their isolated
bacteria. They must subculture every
two weeks to maintain the culture. Use
the Performance Task Assessment List
for Assessing a Whole Experiment and
Planning the Next Experiment in
PASC, p. 33. L3

P

LS

AssessmentAssessment
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In 1928, Sir Alexander Fleming
accidentally discovered penicillin, the
first antibiotic used in humans. He
was growing bacteria when an air-
borne mold, Penicillium notatum,
contaminated his culture plates. He
noticed that the mold, shown in
Figure 18.10, secreted a substance—
now known as the antibiotic peni-
cillin—that killed the bacteria he was
growing. Later, biologists discovered
that penicillin interferes with the
ability of some bacteria to make cell
walls. When such bacteria grow in
penicillin, holes develop in their cell
walls, water enters their cells, and
they rupture and die.

Identifying bacteria
You may think of bacteria as all the

same, but scientists have developed
ways to distinguish among them. For
example, one trait that helps catego-
rize bacteria is how they react to
Gram stain. Gram staining is a tech-
nique that distinguishes two groups

of bacteria because the stain reflects a
basic difference in the composition of
bacterial cell walls. The cell walls of
all bacteria are made of interlinked
sugar and amino acid molecules that
differ in arrangement and therefore
react differently to Gram stain. After
staining, gram-positive bacteria are
purple and Gram-negative bacteria
are pink. Gram-positive bacteria are
affected by different antibiotics—
substances that can destroy bacterial
cells—than the antibiotics that affect
Gram-negative bacteria.

Not only do bacterial cell walls
react differently to Gram stain, but
they also give bacteria different
shapes. Shape is another way to cate-
gorize bacteria. The three most com-
mon shapes are spheres, rods, and
spirals, as shown in Figure 18.11. In
addition to having one of these
shapes, bacterial cells often grow in
characteristic patterns that provide
another way of categorizing them.
Diplo- is a prefix that refers to a
paired arrangement of cell growth.
The prefix staphylo- describes an
arrangement of cells that resemble
grapes. Strepto- is a prefix that refers
to an arrangement of chains of cells. 

Reproduction by binary fission
Bacteria cannot reproduce by

mitosis or meiosis because they have
no nucleus, and instead of pairs of
chromosomes, they have one circular
chromosome and varying numbers of
smaller circular pieces of DNA called
plasmids. Therefore, they have other
ways to reproduce.

Bacteria reproduce asexually by a
process known as binary fission. To
reproduce in this way, a bacterium
first copies its chromosome. Then
the original chromosome and the
copy become attached to the cell’s
plasma membrane for a while. The
cell grows larger, and eventually the
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Figure 18.10
The mold known as
Penicillium notatum
produces the antibi-
otic penicillin.

Alternative Lab
Photosynthetic Bacteria

Purpose
Students will isolate photosynthetic bacteria
from a variety of soil samples.

P

LS

Safety Precautions 
Remind students to wear safety goggles, a
lab apron, and disposable latex gloves and
to avoid skin, eye, and mouth contact with
the materials used in this activity. Caution
them to handle glass tubes carefully and to
dispose of broken glass as you direct. Re-
mind them not to handle electrical equip-
ment with wet hands and to wash their
hands thoroughly after this activity.

Materials 
screw-top test tubes; liquid growth
medium composed of 445 mL distilled
water, 50 mL vinegar, 4 drops Schultz liquid
plant food, 0.5 g Accent seasoning, and
enough baking soda to bring the pH to 7.0
(about 4.5 g); 60-watt incandescent light
bulbs; four soil samples
Procedure
Give students the following directions.

1. Place 1 to 2 cm of each soil in a test504

Quick DemoQuick Demo

Kinesthetic Obtain two
sterile petri dishes with

agar. Label one dish “Soap.”
Ask a student to lift the cover
of the unlabeled dish, gently
touch the agar, and recover the
dish. After using soap to wash
his or her hands, have the stu-
dent do the same in the labeled
dish. Leave both dishes upside
down in a warm place and un-
disturbed. After two to three
days, ask students to explain
any differences they observe.
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Bacterial Growth
Linguistic Have  students
research how antiseptics,

sterilizing, canning, freezing,
salting, smoking, and cooling
can reduce the growth of bac-
teria. Assign students individual
topics and have them demon-
strate their findings to the
class.
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LSVIDEODISC
The Secret of Life
Gram Staining

Bacteria Shapes

Biology: The Dynamics of Life
Binary Fission (Ch. 11)
Disc 1, Side 2, 18 sec.

!7;DVD"
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Bacteria Shapes
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CD-ROM
Biology: The Dynamics
of Life

Video: Binary Fission
Disc 3

Visual Learning
Figure 18.12 Ask students why
cell growth is needed for binary
fission. for chromosome duplication
and separation.

Performance Assessment
in the Biology Classroom, p. 29,
Inhibiting Bacterial Growth. Have
students carry out the activity to
determine how to inhibit bacterial
growth. L2
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AssessmentAssessment



some bacteria probably adapted over
time to use oxygen for respiration.

Diversity of metabolism
Recall that the breaking down food

to release its energy is called cellular
respiration. Modern bacteria have
diverse types of respiration.

Many bacteria require oxygen for
respiration. These bacteria are called
obligate aerobes. Mycobacterium
tuberculosis, the organism that causes
the lung disease called tuberculosis, is
an obligate aerobe. There are other
bacteria, called obligate anaerobes,
that are killed by oxygen. Among
bacteria that are obligate anaerobes is
the bacterium Treponema pallidum
that causes syphilis, a sexually trans-
mitted disease, and the bacterium
that causes botulism, a type of food
poisoning that you will learn more
about soon. There are still other bac-
teria that can live either with or with-
out oxygen, releasing the energy in
food aerobically by cellular respira-
tion or anaerobically by fermentation.

A survival mechanism
Some bacteria, when faced with

unfavorable environmental condi-
tions, produce endospores, shown in
Figure 18.14. An endospore is a

tiny structure that contains a bac-
terium’s DNA and a small amount of
its cytoplasm, encased by a tough
outer covering that resists drying out,
temperature extremes, and harsh
chemicals. As an endospore, the bac-
terium rests and does not reproduce.
When environmental conditions
improve, the endospore germinates,
or produces a cell that begins to grow
and reproduce. Some endospores
have germinated after thousands of
years in the resting state.

Although endospores are useful to
bacteria, they can cause problems for
people. Endospores can survive a
temperature of 100°C, which is the
boiling point of water. To kill endo-
spores, items must be sterilized—
heated under high pressure in either
a pressure cooker or an autoclave.
Under pressure, water will boil at a
higher temperature than its usual
100°C, and this higher temperature
kills endospores.

Canned foods must be sterilized
and acidified. This is because the
endopores of the bacterium called
Clostridium botulinum easily get into
foods being canned. These bacteria
belong to the group clostridia—all
obligate anaerobic bacteria that 
form endospores. If the endospores
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Figure 18.14
This TEM shows 
bacteria in three 
different stages 
of endospore 
production

Magnification: 25 500�
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Visual Learning
Figure 18.14 Point out the yel-
low bacterium in the middle of
the photo that is in the early
stage of spore formation and still
lacks an endospore wall. Have
students find the yellow bac-
terium nearer the edge of the
photo that contains a mature
endospore with a wall. Ask them
to find the blue bacterium
between the two yellow ones that
is releasing its endospore. Ask
students why a thick wall is valu-
able to the bacterium. It helps the
bacterium resist dehydration, boil-
ing, and many chemicals.

Revealing Misconceptions
Students may think that stepping
on a rusty nail causes tetanus
because of the rust on the nail.
But, the soil that the nail touched
is the source of the bacterium
that causes tetanus.

Sexual reproduction
In addition to binary fission, some

bacteria have a form of sexual repro-
duction called conjugation. During
conjugation (kahn juh GAY shun), one
bacterium transfers all or part of its
chromosome to another cell through
or on a bridgelike structure called a
pilus (plural, pili) that connects the
two cells. In Figure 18.13, you can
see how this genetic transfer occurs.
Conjugation results in a bacterium
with a new genetic composition. This
bacterium can then undergo binary
fission, producing more cells with the
same genetic makeup.

Try the MiniLab on this page to
see some bacterial staining reactions,
cell shapes, and patterns of growth.

Adaptations in Bacteria
Based on fossil evidence, some sci-

entists propose that anaerobic bacte-
ria were probably among the first
photosynthetic organisms, producing
not only their own food but also oxy-
gen. As the concentration of oxygen
increased in Earth’s atmosphere,
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Bacteria Have Different 
Shapes Bacteria come in 
three shapes: spherical 
(coccus), rodlike (bacillus), 
and spiral shaped (spirillum). 
They may appear singly or 
in pairs, chains, or clusters. 
Each species has a typical 
shape and reaction to Gram 
stain.

Procedure
! Obtain slides of bacteria from your teacher.
@ Using low power, locate bacteria of one shape. Switch to

high power. Look for individual cells and observe their
shape. Observe also the size of the cells and their color.
Then look for groups of bacterial cells to determine their
arrangement. CAUTION: Use caution when working with
a microscope and microscope slides.

# Repeat step 2 for bacteria with the other shapes. Then,
compare the sizes of the bacteria.

$ Draw a diagram of each type of bacteria.

Analysis
1. How do the sizes of the three bacteria compare?
2. Which of the bacteria were Gram negative?
3. What adaptive advantage might there be for bacteria to

form groups of cells?

MiniLab 18-2MiniLab 18-2 Observing

Figure 18.13
The E. coli at the bot-
tom is attached to the
other bacteria by pili,
through or on which
genetic material is
being transferred.

Staphylococcus bacteria

Magnification: 19 800�

Magnification: 50 000�
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Purpose
Students will examine three typi-
cal shapes of bacteria.

Process Skills
compare and contrast, classify,
observe and infer

Teaching Strategies
■ Provide students with their
microscopes’ high-power field of
view diameter.
■ Encourage students to identify
bacterial arrangements.
■ Caution students to work care-
fully with microscopes, slides, and
coverslips especially when view-
ing slides under a high-power
objective.

Expected Results
Students will observe spherical,
rod, and spiral-shaped bacteria.

Analysis
1. The spherical bacteria were

smallest. The spirilla were
most likely largest.

2. the pink bacteria
3. exchange information and

nuclear material.

Performance Give stu-
dents a prepared slide of unfamil-
iar bacteria. Ask them to identify
the bacteria’s shape and arrange-
ment. Use the Performance Task
Assessment List for Making
Observations and Inferences in
PASC, p. 17.

Visual Learning
Figure 18.13  Ask students why
it is advantageous for bacteria to
transfer genetic material. The
transfer of genetic material allows
for genetic recombination, leading to
variation in the species that permits
some members to survive conditions
that others cannot.
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Gifted
Intrapersonal Ask students to
research Gram positive and Gram

negative bacteria. Ask them to examine
prepared slides of Gram-stained bacteria
and present their findings.
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Immunization History
Linguistic Have students obtain their
immunization records and write in

their journals the dates of their most recent
vaccinations, indicating if each vaccination
was against a disease caused by bacteria or

viruses. Encourage students to find out for
how long the immunization is good. Provide
research resources. Students who have reli-
gious beliefs that prohibit immunization can
write about the medically suggested immu-
nization schedule.
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need a booster shot periodically, or
immediately if you receive a puncture
wound and are seriously injured.

The Importance 
of Bacteria

When you think about bacteria,
your first thought may be disease.
But disease-causing bacteria are few
compared with the number of harm-
less and beneficial bacteria on Earth.
Bacteria help to fertilize fields, to
recycle nutrients on Earth, and to
produce foods and medicines.

Nitrogen fixation
Most of the nitrogen on Earth

exists in the form of nitrogen gas,
N2, which makes up 80 percent of
the atmosphere. All organisms need
nitrogen because the element is a
component of their proteins, DNA,
RNA, and ATP. Yet few organisms,
including most plants, can directly
use nitrogen from the air.

Several species of bacteria have
enzymes that convert N2 into ammo-
nia (NH3) in a process known as
nitrogen fixation. Other bacteria
then convert the ammonia into
nitrite (NO2

- ) and nitrate (NO3
- ),

which plants can use. Bacteria are the
only organisms that can perform
these chemical changes.

Some nitrogen-fixing bacteria live
symbiotically within the roots of
some trees and legumes—plants such
as peas, peanuts, and soybeans—in
swollen areas called nodules. You can
see some nodules in Figure 18.16.
Farmers grow legume crops after the
harvesting of crops such as corn,
which depletes the soil of nitrogen.
Not only do legumes replenish the
soil’s nitrogen supply, they are an
economically useful crop.

Recycling of nutrients
You learned that life could not

exist if decomposing bacteria did not
break down the organic materials in

Figure 18.16
Soybean plants have
swellings, called nod-
ules, on their roots (a).
The nodules (b) con-
tain bacteria called
Rhizobium (c) that
convert nitrogen gas
into ammonia. In this
symbiotic association,
the plant gains usable
nitrogen, and the bac-
teria gain food.

a

b

Magnification: 
21 500�

c
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Enrichment
Explain that some bacteria pro-
duce methane gas, which is 
the major component of natural
gas. On the chalkboard, sketch
the structural formula of methane
and write its molecular formula,
CH4. Light a Bunsen burner to
illustrate methane’s properties.
Tell students that natural gas
companies add chemicals with
odors that warn their customers 
of a fuel leak. Have students
brainstorm advantages resulting
from utilizing bacteria that pro-
duce methane. L3
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Can you get food poisoning
from eating home-canned
foods? Clostridium botu-
linum is a bacterial species
that causes food poisoning.

Analysis
C. botulinum is an obli-

gate anaerobic soil bacterium, 
and it easily spreads onto 
plants. It forms endospores 
that are highly heat-resistant 
and germinate only in anaero-
bic conditions. The bacterium
produces a heat-resistant toxin
that can kill humans. Commercially canned foods are heated
to 121°C for a minimum of 20 minutes to ensure that all
spores are killed. 

Thinking Critically
1. Hypothesize why you don’t get food poisoning if you eat

fresh vegetables that are contaminated with the endo-
spores of C. botulinum.

2. Hypothesize how the endospores of C. botulinum get into
home-canned vegetables.

3. Hypothesize how C. botulinum endospores can survive
inadequate home-canning procedures.

4. Explain why endospores of C. botulinum germinate inside
canning jars.

Problem-Solving Lab 18-2Problem-Solving Lab 18-2 Hypothesizing
of C. botulinum get into improperly
sterilized canned food, they germi-
nate. Bacteria grow in the anaerobic
environment of the can and produce
a powerful and deadly poison, called
a toxin, as they grow. This deadly
toxin saturates the food and, if eaten,
causes the disease called botulism.
Although rare, botulism is often fatal,
and it can be transmitted in many
ways other than poorly canned food,
as shown in Figure 18.15. Try the
Problem-Solving Lab on this page to
learn more about C. botulinum.

Another clostridia, Clostridium
tetani, produces a powerful nerve
toxin that causes the disease called
tetanus, which is often fatal. Because
endospores of C. tetani exist almost
everywhere, they will often enter a
wound. Deep wounds and puncture
wounds are hard to clean and provide
the conditions needed for the growth
of anaerobes. The endospores germi-
nate in the wound, and the bacteria
grow and produce a toxin that the
blood carries to nerve cells in the
spinal cord. Fortunately, there is an
immunization for tetanus. You prob-
ably received this shot as a child. You

508 VIRUSES AND BACTERIA

Figure 18.15
CAUTION: When a foil-wrapped
potato is baked, any Clostridium
botulinum spores on its skin can 
survive. If the potato is eaten imme-
diately, the spores cannot germi-
nate. However, if the still-wrapped
potato cools at room temperature,
the spores can germinate in the
anaerobic environment of the foil,
and the bacteria will produce their
deadly toxin.
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Purpose
Students are asked to apply infor-
mation about one type of food
poisoning.

Process Skills
think critically, analyze informa-
tion, hypothesize

Background
Endospores of Clostridium botu-
linum that are left undestroyed
on a vegetable being canned can
germinate after the jar is sealed.
The bacteria grow in the jar’s
anaerobic conditions, producing
a powerful endotoxin that can
result in respiratory failure if
ingested by humans.

Teaching Strategies
■ Have students review the
meaning of the terms obligate
anaerobe, endospore, anaerobic
conditions, germinate, toxin.

Thinking Critically

1. Answers may vary. Endo-
spores won’t germinate in
oxygen.

2. Answers may vary. Spores in
soil cling to the plant.

3. Answers may vary. A high
enough temperature may not
have been reached during
canning.

4. The jars contain no oxygen.

Knowledge Ask students
to make a poster comparing the
characteristics, problems, symp-
toms and general nature of the
diseases caused by Clostridium
tetani (tetanus) and Clostridium
botulinum. Use the Performance
Task Assessment List for Poster
in PASC, p. 73. L2

P
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AssessmentAssessment

P

ELL
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L1

P

LS

P
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Problem-Solving Lab 18-2Problem-Solving Lab 18-2

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

English Language Learners
Visual-Spatial Give students a dia-
gram of bacteria with different

shapes and arrangements. Include a key 
of the meanings of the word parts needed
to name each bacterial type. Ask students
to write the correct bacterial name below
each drawing. 

P

LS
P

ELL

LS

L1

P

LS

Quick DemoQuick Demo

Bring to class some foods that
require bacteria for processing.
Include Swiss cheese, pickles,
vinegar, sauerkraut, yogurt, and
sour cream.  Explain the impor-
tance of bacteria to each food.P

LS

P R O J E C T
Bacteria of Decay

Kinesthetic Have students model a
landfill in a jar containing moist soil.

Instruct them to bury carrot shavings, paper,
aluminum foil, and a few other items that
are in landfills. Make sure they do not bury
any animal products.

After two weeks, have them unearth the
items they buried and compare the way they

look with their pre-burial appearances. Ask
students to record their observations and
use them to discuss the importance of the
recycling that bacteria do.

Have students wear a lab apron, dispos-
able latex gloves, and safety goggles when
working on this project. Remind them to
wash their hands thoroughly each time they
work with the model landfill.

P

LS

L2

P

LS



Bacteria cause disease
Although only a few kinds of bacte-

ria cause diseases, those that do
greatly affect human lives. Bacteria
cause about half of all human diseases,
some of which you can see listed in
Table 18.2. Disease-causing bacteria
can enter human bodies through
openings, such as the mouth. They
are carried in air, food, and water and
sometimes invade humans through
skin wounds.

In the past, bacterial illnesses had a
greater effect on human populations
than they do now. As recently as
1900, life expectancy in the United
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Disease Transmission Symptoms Treatment

Strep throat Inhale or  Fever, sore throat, Antibiotic
ingest through swollen neck glands
mouth

Tuberculosis Inhale Fatigue, fever, night  Antibiotic
sweats, cough, weight 
loss, chest pain

Tetanus Puncture Stiff jaw, muscle spasms, Open and clean wound, 
wound paralysis antibiotic; give antitoxin

Lyme disease Bite of Rash at site of bite,  Antibiotic
infected tick chills, body aches, joint 

swelling

Dental Bacteria in Destruction of tooth Remove and fill the  
cavities (caries) mouth enamel, tooth ache destroyed area of tooth

Cholera Drinking Diarrhea, vomiting, Replace body fluids, 
contaminated dehydration antibiotics
water

Table 18.2  Diseases caused by bacteria

Section AssessmentSection Assessment

Understanding Main Ideas
1. Describe six parts of a typical bacterial cell. State

the function of each.
2. What are endospores? How do they help bacte-

ria survive?
3. Explain how penicillin affects a bacterial cell.
4. Explain how bacteria avoid osmotic rupture.

Thinking Critically
5. Some scientists have proposed that bacterialike

cells were probably among the earliest organisms

to live on Earth. Draw up a list of reasons why
such a suggestion is feasible. Then explain each
reason on your list. 

6. Making and Using Tables Construct a table 
comparing and contrasting archaebacteria and
eubacteria. Include at least three ways they are
alike and three ways they are different. For more 
help, refer to Organizing Information in the 
Skill Handbook.

SKILL REVIEWSKILL REVIEW

States was only 47 years. The most
dangerous diseases at that time were
the bacterial illnesses tuberculosis
and pneumonia. In the last 100 years,
human life expectancy has increased
to about 75 years. This increase is
due to many factors, including better
public health systems, improved
water and sewage treatment, better
nutrition, and better medical care.
These improvements, along with
antibiotics, have reduced the death
rates from bacterial diseases to low
levels. However, this is starting to
change as you can read in the Biology
& Society at the end of this chapter.
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Extension
Linguistic Ask a group of
students to write to the

Centers for Disease Control and
Prevention in Atlanta, Georgia,
to get recent copies of the “Mor-
bidity and Mortality Weekly
Report” (MMWR). Have them
summarize the information about
diseases that are currently moni-
tored in the United States and
around the world.

Portfolio Have students
make labeled diagrams of the bac-
teria they have studied in this
chapter. Ask them to include cap-
tions that describe their adapta-
tions.

4 Close
Brainstorming
Ask students to summarize the
importance of bacteria, including
their diverse roles in the environ-
ment, in causing diseases, and in
industry. L2

P

LS

PP

LS

L1

P

LS

AssessmentAssessment

L3

P
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Section AssessmentSection AssessmentSection Assessment
1. Chromosome has genetic information;

plasma membrane regulates entry and
exit; cell wall prevents osmotic rupture
and gives shape; capsule protects; flagella
move; pili help it adhere and conjugate.

2. Survival structure; endospores protect
bacteria from dryness, chemicals, etc.

3. It interferes with the construction and
repair of bacterial cell walls.

4. Cell walls protect them.
5. The oldest fossils are bacterialike. The

prokaryotic cell is not complex. Today,
some bacteria live in extreme conditions.

6. Differences: plasma membrane and cell
wall structure, tRNA and rRNA base
sequences, reactions to antibiotics.
Similarities: prokaryotes, unicellular, one
circular chromosome.

dead organisms and wastes, returning
nutrients, both organic materials and
inorganic materials, to the environ-
ment. Autotrophic bacteria and also
plants and algae, which are at the
bottom of the food chains, use the
nutrients in the food they make. 

This food is passed from one het-
erotroph to the next in food chains
and webs. In the process of making
food, many autotrophs replenish the
supply of oxygen in the atmosphere.
You can see from all this that other
life depends on bacteria.

Food and medicines
Some foods that you eat—mellow

Swiss cheese, shown in Figure 18.17,

crispy pickles, tangy yogurt—would
not exist without bacteria. During
respiration, different bacteria pro-
duce diverse products, many of which
have distinctive flavors and aromas.
As a result, specific bacteria are used
to make different foods, such as vine-
gar, cheeses, and sauerkraut.

In addition to food, some bacteria
produce important antibiotics that
destroy other types of bacteria. Strep-
tomycin, erythromycin, bacitracin,
and neomycin are some of these
antibiotics. How do you know which
antibiotic you need when you are
sick? The BioLab at the end of this
chapter will help you learn how scien-
tists have obtained such information.
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Figure 18.17
Bacteria not only give Swiss
cheese (a) its flavor but also its
holes as they produce carbon
dioxide that bubbles through the
cheese (b). Useful bacteria are
grown in large industrial ferment-
ing vats (c).

b

c

a
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3 Assess
Check for Understanding
Have students list the common
characteristics of the major
groups of bacteria.

Reteach
Linguistic Ask students to
outline this section of the

chapter using standard outline
format. Beneath each of their
outline heads, have students write
a short summary of the section.
L2

P

LS

L1

P

LS

Food Preparation
Kinesthetic Use bacteria
to make yogurt, sauer-

kraut, or cheese as a class pro-
ject. Recipes can be found in
cookbooks or on the Internet.

P
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P

ELL
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L1
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Cultural Diversity
Medicine in Latin America
Bacteriology is an important field of study in
Latin America thanks in part to work con-
ducted at Brazil’s Institute of Experimental
Pathology founded in 1902. Tell students
about some twentieth century findings from
these laboratories, including, in 1909, both

Carlos Chagas’s identification of the patho-
gen called trypanosomiasis that causes Cha-
gas’s disease (American sleeping sickness)
and Alberto Barton’s solution to Carrion’s
disease. Also discuss the work of Cuban sci-
entist Carlos Finlay, a major contributor to
the etiology and pathology of yellow fever.

The BioLab at the
end of the chapter
can be used at this
point in the lesson.

YOUR OWN
DESIGN

YOUR OWN
DESIGN

Resource 
  Manager
Resource 
  Manager

Critical Thinking/Problem
Solving, p. 18 L3

P

LS

Resource 
  Manager
Resource 
  Manager

Reinforcement and Study
Guide, pp. 81-82

Content Mastery, pp. 89,
91-92 L1

P

LS

L2

P

LS



Going FurtherGoing Further

Application Use a similar procedure to 
test the effectiveness of four commercial
antibacterial soaps. Prepare your disks by
soaking them in the different soap solutions.

To find out more about
antibiotics, visit the

Glencoe Science Web Site.
www.glencoe.com/sec/science

PLAN THE EXPERIMENTPLAN THE EXPERIMENT

1. Examine the materials provided
by your teacher, and study the
photos in this lab. As a group,
make a list of ways you might
investigate your hypothesis.

2. Agree on one way that your
group could investigate your
hypothesis. Design an experi-
ment in which you can collect
quantitative data.

3. Make a list of numbered direc-
tions. In your list, include the
amounts of each material you
will need. If possible, use no
more than one Petri dish for
each person.

4. Design and construct a table
for recording data. To do this,
carefully consider what data
you need to record and how
you will measure the data. For
example, how will you measure
what happens around the anti-
biotic disks as the antibiotic
diffuses into the agar?

1. Measuring in SI How did you
measure the zones of inhibition?
Why did you do it this way?

2. Drawing Conclusions Suppose
you were a physician treating a
patient infected with these bacte-
ria. Which antibiotic would you
use? Why?

3. Analyzing the Procedure What
limitations does this technique
have? If these bacteria were infect-
ing a person, what other tests
might increase your confidence
about treating the person with

ANALYZE AND CONCLUDEANALYZE AND CONCLUDE
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Check the Plan
Discuss the following points

with other group members to
decide on your final procedure.
1. How will you set up your

Petri dishes? How many
antibiotics can you test on
one Petri dish? How will
you measure the effective-
ness of each antibiotic?
What will be your control? 

2. Will you add the bacteria or
the antibiotic disks first?

3. What will you do to prevent
other bacteria from contami-
nating the Petri dishes?

4. How often will you observe the
Petri dishes?

5. Make sure your teacher has
approved your experimental
plan before you proceed.

6. Carry out your experiment.
CAUTION: Wash your hands
with soap and water after
handling dishes of bacteria.

the antibiotic that appears most
effective against these bacteria?

YOUR OWN
DESIGN

YOUR OWN
DESIGN

1. Most students will measure
the diameter of the zone of
inhibition and use the value
as a basis of comparison.

2. Use the one with the largest
zone of inhibition, which best
inhibits bacterial growth.

3. The antibiotic may work in
an agar culture, but not in
human tissue. A doctor might
also do blood tests to exam-
ine the kinds of white blood
cells present, or look for the
bacteria themselves.

Portfolio Ask students to
write a paragraph about the fol-
lowing event: A man arrives at his
doctor’s office with a bacterial
infection in a cut. The doctor can
prescribe one of ten antibiotics.
How can she learn which antibi-
otic will work best for the
patient? Use the Performance
Task Assessment List for Writing
in Science in PASC, p. 87. L2

P

LS

AssessmentAssessment

ANALYZE AND CONCLUDEANALYZE AND CONCLUDE
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antibiotic disks in each of three quadrants
and a plain sterile disk in the fourth.

■ After incubating the dish for two days,
students can measure the diameter of the
clear areas that surround the disks.

Data and Observations
All antibiotic disks should show some inhi-
bition. Results will vary depending on the
antibiotic disks used. The untreated disks
should show no zone of inhibition.

Going FurtherGoing Further

Students can use liquid soaps or
a solution of distilled water and
shavings of bar soap. They may
need to vary the concentrations
of the soap solutions.

How sensitive are bacteria
to antibiotics?

Doctors must know which antibiotic kills each disease-causing bac-
terium. You can use a test similar to the one in this BioLab to pro-

vide this information. You will use sterile, agar-containing Petri dishes
and sterile, antibiotic disks. When you place a disk on the agar, the antibi-
otic diffuses into the agar. A clear ring that develops around a disk—a
zone of inhibition—is where the antibiotic killed sensitive bacteria.

YOUR OWN
DESIGN

YOUR OWN
DESIGN

Problem
How can you determine which

antibiotic most effectively kills spe-
cific bacteria?

Hypotheses
Decide on one hypothesis that you

will test. Your hypothesis might be
that the antibiotic with the widest
zone of inhibition most effectively
kills bacteria.

Objectives
In this BioLab, you will:
■ Compare how effectively different

antibiotics kill specific bacteria.
■ Determine the most effective antibi-

otic to treat an infection that these
bacteria might cause.

Possible Materials
cultures of bacteria
sterile nutrient agar Petri dishes
antibiotic disks
sterile disks of blank filter paper
marking pen
long-handled cotton swabs
forceps
37°C incubator
metric ruler

Safety Precautions
Always wear goggles in the lab.

Although the bacteria you will work
with are not disease-causing, do not
spill them. Wash your hands with
soap immediately after handling any
bacterial culture. Carefully clean
your work area after you finish.
Follow your teacher’s instructions
about disposal of your swabs, cul-
tures, and Petri dishes.

Skill Handbook
Use the Skill Hand-

book if you need
additional help with
this lab.

PREPARATIONPREPARATION

YOUR OWN
DESIGN

YOUR OWN
DESIGN
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Time Allotment 
Initial session: one class period;
followup session: 15 minutes, 48
hours after lab is begun.

Process Skills
compare and contrast, observe
and infer, recognize cause and
effect, form a hypothesis, inter-
pret data

Safety Precautions
Have students wear a lab apron,
safety goggles, and disposable
latex gloves during this lab.
Students should wash their hands
with soap after handling bacterial
cultures. When students com-
plete the lab, they should clean
their work areas with disinfec-
tant. Used swabs and petri dishes
should be disposed of after auto-
claving or by incineration. 

If students are transferring
bacteria from an agar culture,
they should use sterile technique.
Remind them that even though
E. Coli is not pathogenic under
normal conditions, it is wise to
treat cultures with caution. 

■ Arrange for delivery of the
culture of E. coli and the petri
dishes shortly before the stu-
dents will do the lab.

■ Purchase discs that contain
antibiotics with which students
are likely to be familiar.

Possible Hypotheses
If antibiotic disks are in a bacter-
ial culture, no bacteria will grow.
If no antibiotic disks are present,
bacterial growth will be great.

PREPARATIONPREPARATION

P
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PLAN THE EXPERIMENTPLAN THE EXPERIMENT

Teaching Strategies
■ Show students a petri dish that you inoc-
ulated with E. coli and then incubated two
days before they begin this lab.
■ Teach students sterile technique. Have
them practice with a sterile loop on plain
agar before working with live cultures. A
loop and solid cultures are harder to use
than a cotton swab and a liquid culture. 

■ Have students hold the dish to the light
to examine the clear zones of inhibition.
■ Explain that the E. coli that is a common,
harmless intestinal dweller can cause disease
in other body areas.

Possible Procedures
■ Students will likely divide the dish in-

to four quadrants and place different

Resource 
  Manager
Resource 
  Manager

BioLab and MiniLab Work-
sheets, pp. 87-88 L2

P

LS
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SUMMARYSUMMARY

Section 18.1

Section 18.2

Main Ideas
■ Viruses are nonliving particles that have a nucleic

acid core and a protein-containing capsid.
■ To replicate, a virus must first recognize a host

cell, then attach to it, and finally enter the host
cell and take over its metabolism.

■ During a lytic cycle, a virus replicates and kills
the host cell. In a lysogenic cycle, a virus’s DNA
is integrated into a chromosome of the host cell,
but the host cell does not die.

■ Retroviruses contain RNA. Reverse transcriptase
is an enzyme that helps convert viral RNA to
DNA, which is then integrated into the host
cell’s chromosome.

■ Viruses probably originated from their host cells.

Vocabulary
bacteriophage (p. 490)
capsid (p. 490)
host cell (p. 489)
lysogenic cycle (p. 493)
lytic cycle (p. 493)
provirus (p. 493)
retrovirus (p. 495)
reverse transcriptase 

(p. 495)
virus (p. 489)

Viruses

Main Ideas
■ There are two kingdoms of prokaryotes: archae-

bacteria and eubacteria. Archaebacteria inhabit
extreme environments. Eubacteria live almost
everywhere else. They probably arose separately
from a common ancestor billions of years ago.

■ Some bacteria are heterotrophs, some are pho-
tosynthetic autotrophs, and others are chemo-
synthetic autotrophs. Some bacteria are obligate
aerobes, some obligate anaerobes, and some are
both aerobes and anaerobes.

■ Bacteria usually reproduce by binary fission.
Some have a type of sexual reproduction called
conjugation. Some bacteria form endospores
that enable them to survive when conditions 
are unfavorable.

■ Bacteria fix nitrogen, recycle nutrients, and help
make food products and medicines. Some bacte-
ria cause diseases.

Vocabulary
binary fission (p. 504)
chemosynthesis (p. 502)
conjugation (p. 506)
endospore (p. 507)
nitrogen fixation (p. 509)
obligate aerobe (p. 507)
obligate anaerobe 

(p. 507)
toxin (p. 508)
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1. A ________ is never a part of a virus.
a. nucleic acid c. viral envelope
b. protein coat d. cell wall

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS 2. The cell walls of bacteria ________.
a. control what enters and leaves the cell
b. prevent osmotic rupture
c. are involved in penicillin synthesis
d. are involved in protein synthesis

Archaebacteria
and Eubacteria
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Main Ideas
Summary statements can be used by
students to review the major con-
cepts of the chapter.

Using the Vocabulary
To reinforce chapter vocabulary, use
the Content Mastery Booklet and
the activities in the Interactive Tutor
for Biology: The Dynamics of Life on
the Glencoe Science Web Site.
www.glencoe.com/sec/science

1. d
2. b

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS

Chapter 18 AssessmentChapter 18 Assessment

All Chapter
Assessment

questions and answers have been
validated for accuracy and suitabil-
ity by The Princeton Review.

Resource ManagerResource Manager

Chapter Assessment, pp. 103-108
MindJogger Videoquizzes
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 18

quiz 

Antibiotics have prevented millions of deaths 
from bacterial diseases in the past. Today,

however, antibiotics do not always cure disease
because many disease-causing bacteria have de-
veloped resistance to many antibiotics.

Different Viewpoints
During the past 50 years, antibiotics have

been used for preventive medical reasons and in
agriculture. With the development of resistant
bacteria, these uses are being reassessed.

How Much Is Too Much? Because antibiotics
have worked well and had few side effects, some
physicians prescribe them for preventive reasons.
For example, physicians may prescribe antibiotics
before surgery to prevent the chance of infection
from bacteria during the surgery. In addition,
some physicians prescribe antibiotics for patients
with viral infections because a viral infection
makes a body vulnerable to a bacterial infection.

Because antibiotics hasten the growth of heal-
thy cattle, chickens, and other domestic animals,
many animal feeds contain small amounts of anti-
biotics. Similarly, antibiotics are used to coat
fruit and other agricultural products. These anti-
biotics may produce resistant bacteria, which
pass to people when they eat the food.

A Public Health Crisis? More than 100 antibi-
otics are available, and many bacteria that they
once killed are now resistant to one or more of
them. Tuberculosis, for example, is a deadly,
highly contagious disease that a combination of
antibiotics usually treats effectively. But strains of
resistant tuberculosis bacteria have appeared, and
the number of deaths from the disease are begin-
ning to increase.

Staphylococcus aureus and Enterococcus faecalis
are common bacteria. S. aureus causes serious

infections in hospital patients and is beginning to
show resistance to the last antibiotic effective
against it—vancomycin. The body’s immune sys-
tem usually controls E. faecalis. But in patients
with weakened immune systems, this bacterium
causes life-threatening illness. Like S. aureus, it is
resistant to most antibiotics. Bacteria often pass
traits among species, and health workers fear that
S. aureus could pass its vancomycin resistance to
E. faecalis.

Super Bugs Defy Drugs
You have strep throat—a bacterial infection. After taking an antibiotic
for six days, you feel fine, so you stop taking it. A few weeks later, you
have strep throat again. Your doctor prescribes the same antibiotic. But
this time the sore throat doesn’t go away. You have to take a different
antibiotic to get rid of the infection.

Thinking Critically Antibacterial products—
from soaps and lotions to kitchen cutting boards
and sponges—cram market shelves. Is it a good
idea to rely on them to keep kitchens and bath-
rooms free of harmful bacteria? Why or why not?

To find out more about bacteria
that are antibiotic-resistant, visit

the Glencoe Science Web Site.
www.glencoe.com/sec/science

INVESTIGATING THE ISSUEINVESTIGATING THE ISSUE

Antibiotics
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Purpose
Students learn why drug-resistant
bacteria develop and how this
threatens public health.

Background
Low levels of antibiotics in the
environment promote natural
selection for resistant bacteria.
Without antibiotics, larger popu-
lations of nonresistant bacteria
thrive because they usually out-
compete resistant strains. There-
fore, the presence of nonresistant
bacteria might help slow the
development of drug resistance.

Teaching Strategies
■ Remind students that common
antibiotics include penicillin,
ampicillin, and tetracycline.
■ Explain that patients who take
fewer than the prescribed num-
ber of daily pills maintain low
drug levels in their bodies that
kill nonresistant cells.
■ Tell students that some bacte-
ria produce substances called 
bacteriocins that are toxic to
closely related bacteria. Some-
times bacteriocins can replace
antibiotics to control bacteria
that can cause food poisoning.
■ Explain that responsible use
can prolong the effectiveness of
current antibiotics while new
ones are being tested.

Investigating the Issue
Their use maintains a low level of
antibacterial agent and may pro-
mote the natural selection of
resistant bacteria.

P
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Going FurtherGoing FurtherGoing Further

Encourage students to explore recent
developments in the use of bacteriocins
to battle food-borne bacteria, the search
for new antibiotics, and the occurrence of
drug-resistant strains of disease.

VIDEOTAPE
MindJogger Videoquizzes

Chapter 18: Viruses and Bacteria
Have students work in groups as they play
the videoquiz game to review key chapter
concepts.

http://www.glencoe.com/sec/science
http://www.glencoe.com/sec/science
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25. Applying Concepts Although bacteria grow
on nutrient agar in a laboratory, viruses will
not grow on agar. What kind of substance
would you need to grow viruses in the labo-
ratory? Explain your answer.

26. Observing and Inferring If you were offered
the choice of either a million dollars or a sum
of money equal to a penny that doubles every
day for 64 days in a row, which would you
choose? Relate your choice to the growth
rate of bacteria cells.

27. Interpreting Scientific
Illustrations Bacteria
from an infected person
were tested for their 
sensitivity to three
antibiotics. The results 
of the test are shown in 
the petri dish at right. If you
were the patient’s physician, which antibiotic
would you prescribe and why?

28. Concept Mapping Complete the concept
map by using the following vocabulary terms:
host cells, viruses, lysogenic cycle, bacterio-
phages, lytic cycle.

THINKING CRITICALLYTHINKING CRITICALLY ASSESSING KNOWLEDGE & SKILLSASSESSING KNOWLEDGE & SKILLS

One milliliter of E. coli culture was added to
each of three Petri dishes (A, B, and C). The
dishes were incubated for 36 hours, and then
the number of bacterial colonies on each
were counted.

Interpreting data Study the table and
answer the following questions.
1. Which of the above dishes demonstrate

that carbohydrates are necessary for the
growth of E. coli?
a. Dish I alone
b. Dishes I and II
c. Dishes I and III
d. Dish III

2. Which of the above dishes demonstrate
that vitamins enhance the growth of 
E. coli?
a. Dishes I and II
b. Dishes II and III
c. Dishes I and III
d. None of the dishes

3. Which of the following is a variable in
this experiment?
a. E. coli
b. agar
c. carbohydrates
d. number of colonies

4. Making a Graph Construct a bar graph
from the data in the above table.

Petri dish 
number Medium

Colonies
per dish 

I

II

III

Table 18.3 Growth of 
various conditions

underE. coli

Agar and
carbohydrates

Agar, carbohydrates,
and vitamins

Agar and vitamins

35

250

0

Control 1

2 3

such as

1.

2.

to reproduce 
at once in a

to reproduce 
eventually in a

4. 5.

3.

use

For additional review, use the assessment
options for this chapter found on the Biology: The
Dynamics of Life Interactive CD-ROM and on the
Glencoe Science Web Site.
www.glencoe.com/sec/science

CD-ROM
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25. Cell cultures because viruses
need to grow and reproduce
inside living cells.

26. The penny would yield more
than $1 million in 64 days.
Bacteria increase at an expo-
nential rate.

27. Antibiotic 3; it shows the largest
zone of inhibition.

28. 1. Viruses; 2. Bacteriophages; 3.
Host cells; 4. Lytic cycle; 5.
Lysogenic cycle

THINKING CRITICALLYTHINKING CRITICALLY
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1. c
2. a
3. c
4. Student bar graphs should

match the data in the
table.

Chapter 18 AssessmentChapter 18 Assessment

3. Which of the following is NOT a common
bacterial shape?
a. b. c. d.

4. What characteristic do viruses share with all
living organisms?
a. respiration c. replication
b. metabolism d. movement

5. During a lytic cycle, after a virus enters the
cell, the virus ________.
a. forms a provirus c. dies
b. replicates d. becomes inactive

6. Prokaryotic cells have ________.
a. organelles c. mitochondria
b. a nucleus d. a cell wall

7. In ________, bacteria convert gaseous nitro-
gen into ammonia, nitrates, and nitrites.
a. nitrogen fixation c. conjugation
b. binary fission d. attachment

8. Bacteria that require ________ for respiration
are called ________.
a. food—obligate saprophytes
b. hydrogen—archaebacteria
c. oxygen—obligate anaerobes
d. oxygen—obligate aerobes

9. Some bacteria, when faced with unfavorable
environmental conditions, produce structures
called ________.
a. pili c. toxins
b. capsules d. endospores

10. Which of the following would be most likely
to live in Utah’s Great Salt Lake?
a. Archaebacteria c. Eubacteria
b. staphylococci d. viruses

11. The nucleic acid core of a virus contains
________or ________.

12. Viruses are species specific so that the T4
bacteriophage can infect only organisms
known as ________.

13. In the ________ cycle, viruses use the cell’s
energy and raw materials to copy themselves,
then burst from the cell.

14. ________ are the prokaryotes that have genes
most similar to those of eukaryotes.

15. ________ is 
a prefix that 
describes the 
pattern of 
growth of 
the bacteria 
shown here.

16. ________ results in two bacteria, each geneti-
cally identical to the original.

17. The World Health Organization has success-
fully eradicated the disease ________ from the
world’s population.

18. Penicillin kills bacteria by interfering with
the enzymes that link the sugar chains in the
________.

19. All viruses contain a coat of _______ and core
of ________.

20. Some bacteria have a form of sexual repro-
duction called ________.

21. Why are bacteria essential to life?
22. Discuss two ways that prokaryotic cells differ

from eukaryotic cells.
23. Discuss three factors that limit bacterial

growth. 
24. Scientists cannot grow about 99 percent 

of all bacteria in the laboratory. How might
this inability interfere with understanding
bacteria?

APPLYING MAIN IDEASAPPLYING MAIN IDEAS
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TEST–TAKING TIPTEST–TAKING TIP

Investigate
Ask what kinds of questions to expect on the test.
Ask for practice tests so that you can become fa-
miliar with the test-taking materials.
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3. c
4. c
5. b
6. d
7. a
8. d
9. d

10. a
11. RNA, DNA
12. Escherichia coli
13. lytic
14. Archaebacteria
15. staphylo-
16. binary fission
17. smallpox
18. cell wall
19. protein, nucleic acid
20. conjugation

21. Bacteria recycle nutrients for liv-
ing things.

22. Prokaryotic cells do not have
membrane-bound organelles
and have one circular chromo-
some. Eukaryotic cells have
membrane-bound organelles
and linear chromosomes.

23. Bacteria may run out of nutri-
ents, be eaten by predators, or
dehydrate.

24. Scientists cannot study them or
conduct experiments to dis-
cover their characteristics and
requirements.

APPLYING MAIN IDEASAPPLYING MAIN IDEAS
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http://www.glencoe.com/sec/science

	Main Menu
	ITE Page Navigator
	Biology: The Dynamics of Life
	Contents in Brief
	Teacher Wraparound Edition
	Program Overview
	National Science Education Standards
	Philosophy and Themes

	Program Resources
	Teaching Strategies
	Developoment of Thinking Processes and Skills
	Meeting Individual Needs
	Assessment

	Planning Guide
	Biology in the Laboratory
	Managing Activities in the Biology Classroom
	Safety Symbols
	Chemical Storage and Disposal
	Preparation of Solutions
	Equipment and Materials List
	Suppliers

	Bibliography

	Student Edition
	Unit 1: What Is Biology?
	Chapter 1 Organizer
	Chapter 1: Biology: The Study of Life
	Section 1.1: What Is Biology?
	MiniLab 1-1: Predicting Whether Mildew is Alive
	Careers in Biology: Nature Preserve Interpreter
	Internet BioLab: Collecting Biological Data

	Section 1.2: The Methods of Biology
	MiniLab 1-2: Testing for Alcohol
	Focus On Scientific Theories
	Problem-Solving Lab 1-1
	Inside Story: Scientific Methods

	Section 1.3: The Nature of Biology
	Problem-Solving Lab 1-2
	MiniLab 1-3: Hatching Dinosaurs
	Biology & Society: Organic Food: Is it healthier?

	Chapter 1 Assessment


	BioDigest: What Is Biology?

	Unit 2: Ecology
	Chapter 2 Organizer
	Chapter 2: Principles of Ecology
	Section 2.1: Organisms and Their Environment
	MiniLab 2-1: Salt Tolerance of Seeds
	Problem-Solving Lab 2-1
	Careers in Biology: Science Reporter

	Section 2.2: Nutrition and Energy Flow
	Problem-Solving Lab 2-2
	MiniLab 2-2: Detecting Carbon Dioxide
	Inside Story: The Carbon Cycle
	Design Your Own BioLab: How can one population affect another?
	Biology & Society: The Florida Everglades—An Ecosystem at Risk

	Chapter 2 Assessment


	Chapter 3 Organizer
	Chapter 3: Communities and Biomes
	Section 3.1: Communities
	MiniLab 3-1: Looking at Lichens
	Problem-Solving Lab 3-1
	Investigate BioLab: Succession in a Jar

	Section 3.2: Biomes
	Problem-Solving Lab 3-2
	MiniLab 3-2: Looking at Marine Plankton
	Focus On Biomes
	Inside Story: A Tropical Rain Forest
	Literature Connection: The Yellowstone National Park by John Muir

	Chapter 3 Assessment


	Chapter 4 Organizer
	Chapter 4: Population Biology
	Section 4.1: Population Dynamics
	MiniLab 4-1: Fruit Fly Population Growth
	Inside Story: Population Growth
	Problem-Solving Lab 4-1
	Investigate BioLab: How can you determine the size of an animal population?
	Chemistry Connection: Polystyrene: Friend or Foe?

	Section 4.2: Human Population Growth
	MiniLab 4-2: Doubling Time
	Problem-Solving Lab 4-2

	Chapter 4 Assessment


	Chapter 5 Organizer
	Chapter 5: Biological Diversity and Conservation
	Section 5.1: Vanishing Species
	MiniLab 5-1: Measuring Species Diversity
	Problem-Solving Lab 5-1
	Internet BioLab: Researching Information on Exotic Pets

	Section 5.2: Conservation of Biodiversity
	MiniLab 5-2: Conservation of Soil
	Problem-Solving Lab 5-2
	Art Connection: Wildlife Photography of Art Wolfe

	Chapter 5 Assessment


	BioDigest: Ecology

	Unit 3: The Life of a Cell
	Chapter 6 Organizer
	Chapter 6: The Chemistry of Life
	Section 6.1: Atoms and Their Interactions
	Problem-Solving Lab 6-1
	Careers in Biology: Weed/Pest Control Technician
	MiniLab 6-1: Determine pH
	Design Your Own BioLab: Does temperature affect an enzyme reaction?

	Section 6.2: Water and Diffusion
	Problem-Solving Lab 6-2
	MiniLab 6-2: Examine the Rate of Diffusion

	Section 6.3: Life Substances
	Inside Story: Action of Enzymes
	BioTechnology: Are fake fats for real?

	Chapter 6 Assessment


	Chapter 7 Organizer
	Chapter 7: A View of the Cell
	Section 7.1: The Discovery of Cells
	MiniLab 7-1: Measuring Objects Under a Microscope
	Focus On Microscopes
	Investigate BioLab: Observing and Comparing Different Cell Types

	Section 7.2: The Plasma Membrane
	Problem-Solving Lab 7-1

	Section 7.3: Eukaryotic Cell Structure
	Problem-Solving Lab 7-2
	MiniLab 7-2: Cell Organelles
	Inside Story: Comparing Animal and Plant Cells
	Literature Connection: The Lives of a Cell by Lewis Thomas

	Chapter 7 Assessment


	Chapter 8 Organizer
	Chapter 8: Cellular Transport and the Cell Cycle
	Section 8.1: Cellular Transport
	MiniLab 8-1: Cell Membrane Simulation

	Section 8.2: Cell Growth and Reproduction
	Problem-Solving Lab 8-1
	Problem-Solving Lab 8-2
	Inside Story: The Cell Cycle
	MiniLab 8-2: Seeing Asters
	Investigate BioLab: Where is mitosis most common?

	Section 8.3: Control of the Cell Cycle
	Problem-Solving Lab 8-3
	Health Connection: Skin Cancer

	Chapter 8 Assessment


	Chapter 9 Organizer
	Chapter 9: Energy in a Cell
	Section 9.1: ATP in a Molecule
	Problem-Solving Lab 9-1

	Section 9.2: Photosynthesis: Trapping the Sun's Energy
	Problem-Solving Lab 9-2
	MiniLab 9-1: Use Isotopes to Understand Photosynthesis
	Inside Story: The Calvin Cycle
	Careers in Biology: Biochemist
	Internet BioLab: What factors influence photosynthesis?
	Chemistry Connection: Plant Pigments

	Section 9.3: Getting Energy to Make ATP
	Inside Story: The Citric Acid Cycle
	Problem-Solving Lab 9-3
	MiniLab 9-2: Determine if Apple Juice Ferments

	Chapter 9 Assessment


	BioDigest: The Life of a Cell

	Unit 4: Genetics
	Chapter 10 Organizer
	Chapter 10: Mendel and Meiosis
	Section 10.1: Mendel's Laws of Heredity
	MiniLab 10-1: Looking at Pollen
	Problem-Solving Lab 10-1
	Internet BioLab: How can phenotypes and genotypes of plants be determined?
	Math Connection: A Solution from Ratios

	Section 10.2: Meiosis
	Problem-Solving Lab 10-2
	MiniLab 10-2: Modeling Crossing Over
	Inside Story: Genetic Recombination

	Chapter 10 Assessment


	Chapter 11 Organizer
	Chapter 11: DNA and Genes
	Section 11.1: DNA: The Molecule of Heredity
	Problem-Solving Lab 11-1
	Inside Story: Copying DNA

	Section 11.2: From DNA to Protein
	Problem-Solving Lab 11-2
	MiniLab 11-1: Transcribe and Translate
	Investigate BioLab: RNA Transcription

	Section 11.3: Genetic Changes
	Careers in Biology: Genetic Counselor
	Problem-Solving Lab 11-3
	MiniLab 11-2: Gene Mutations and Proteins
	BioTechnology: Scanning Probe Microscopes

	Chapter 11 Assessment


	Chapter 12 Organizer
	Chapter 12: Patterns of Heredity and Human Genetics
	Section 12.1: Mendelian Inheritance of Human Traits
	MiniLab 12-1: Illustrating a Pedigree
	Problem-Solving Lab 12-1

	Section 12.2: When Heredity Follows Different Rules
	Problem-Solving Lab 12-2
	Design Your Own BioLab: What is the pattern of cytoplasmic inheritance?

	Section 12.3: Complex Inheritance of Human Traits
	Inside Story: The ABO Blood Group
	Problem-Solving Lab 12-3
	MiniLab 12-2: Detecting Colors and Patterns in Eyes
	Social Studies Connection: Queen Victoria and Royal Hemophilia

	Chapter 12 Assessment


	Chapter 13 Organizer
	Chapter 13: Genetic Technology
	Section 13.1: Applied Genetics
	Focus On Selective Breeding of Cats
	Problem-Solving Lab 13-1

	Section 13.2: Recombinant DNA Technology
	MiniLab 13-1: Matching Restriction Enzymes to Cleavage Sites
	Inside Story: Gel Electrophoresis
	Problem-Solving Lab 13-2
	Investigate BioLab: Modeling Recombinant DNA
	BioTechnology: How to Clone a Mammal

	Section 13.3: The Human Genome
	MiniLab 13-2: Storing the Human Genome
	Careers in Biology: Forensic Analyst
	Problem-Solving Lab 13-3

	Chapter 13 Assessment


	BioDigest: Genetics

	Unit 5: Change Through Time
	Chapter 14 Organizer
	Chapter 14: The History of Life
	Section 14.1: The Record of Life
	MiniLab 14-1: Marine Fossils
	Problem-Solving Lab 14-1
	Inside Story: The Fossilization Process
	Careers in Biology: Animal Keeper
	MiniLab 14-2: A Time Line
	Investigate BioLab: Determining a Fossil's Age

	Section 14.2: The Origin of Life
	Problem-Solving Lab 14-2
	Biology & Society: How Did Life Begin: Different Viewpoints

	Chapter 14 Assessment


	Chapter 15 Organizer
	Chapter 15: The Theory of Evolution
	Section 15.1: Natural Selection and the Evidence for Evolution
	MiniLab 15-1: Camouflage Provides an Adaptive Advantage
	Problem-Solving Lab 15-1

	Section 15.2: Mechanisms of Evolution
	MiniLab 15-2: Detecting a Variation
	Internet BioLab: Natural Selection and Allelic Frequency
	Math Connection: Mathematics and Evolution

	Chapter 15 Assessment


	Chapter 16 Organizer
	Chapter 16: Primate Evolution
	Section 16.1: Primate Adaptation and Evolution
	Inside Story: A Primate
	MiniLab 16-1: Comparing Old and New World Monkeys
	Problem-Solving Lab 16-1
	Focus On Primates
	Earth Science Connection: The Land Bridge to the New World

	Section 16.2: Human Ancestry
	MiniLab 16-2: Compare Human Proteins with Those of Other Primates
	Problem-Solving Lab 16-2
	Investigate BioLab: Comparing Skulls of Three Primates

	Chapter 16 Assessment


	Chapter 17 Organizer
	Chapter 17: Organizing Life's Diversity
	Section 17.1: Classification
	MiniLab 17-1: Using a Dichotomous Key
	Problem-Solving Lab 17-1
	Careers in Biology: Biology Teacher
	Focus On Kingdoms of Life
	Investigate BioLab: Making a Dichotomous Key

	Section 17.2: The Six Kingdoms
	MiniLab 17-2: Using a Cladogram to Show Relationships
	Problem-Solving Lab 17-2
	BioTechnology: Molecular Clocks

	Chapter 17 Assessment


	BioDigest: Change Through Time

	Unit 6: Viruses, Bacteria, Protists, and Fungi
	Chapter 18 Organizer
	Chapter 18: Viruses and Bacteria
	Section 18.1: Viruses
	MiniLab 18-1: Measuring a Virus
	Problem-Solving Lab 18-1
	Careers in Biology: Dairy Farmer
	Focus On Viruses

	Section 18.2: Archaebacteria and Eubacteria
	Inside Story: A Typical Bacterial Cell
	MiniLab 18-2: Bacteria Have Different Shapes
	Problem-Solving Lab 18-2
	Design Your Own BioLab: How sensitive are bacteria to antibiotics?
	Biology & Society: Super Bugs Defy Drugs

	Chapter 18 Assessment


	Chapter 19 Organizer
	Chapter 19: Protists
	Section 19.1: The World of Protists
	MiniLab 19-1: Observing Ciliate Motion
	Inside Story: A Paramecium
	Problem-Solving Lab 19-1

	Section 19.2: Algae: Plantlike Protists
	MiniLab 19-2: Going on an Algae Hunt
	Problem-Solving Lab 19-2
	Design Your Own BioLab: How do Paramecium and Euglena respond to light?

	Section 19.3: Slime Molds, Water Molds, and Downy Mildews
	Problem-Solving Lab 19-3
	Social Studies Connection: The Irish Potato Famine

	Chapter 19 Assessment


	Chapter 20 Organizer
	Chapter 20: Fungi
	Section 20.1: What Is a Fungus?
	MiniLab 20-1: Growing Mold Spores
	Problem-Solving Lab 20-1

	Section 20.2: The Diversity of Fungi
	MiniLab 20-2: Examining Mushroom Gills
	Inside Story: The Life of a Mushroom
	Problem-Solving Lab 20-2
	Internet BioLab: Does temperature affect the metabolic activity of yeast?
	Social Studies Connection: The Dangers of Fungi

	Chapter 20 Assessment


	BioDigest: Viruses, Bacteria, Protists, and Fungi

	Unit 7: Plants
	Chapter 21 Organizer
	Chapter 21: What Is a Plant?
	Section 21.1: Adapting to Life on Land
	MiniLab 21-1: Examining Land Plants
	Problem-Solving Lab 21-1
	Focus On Plants for People

	Section 21.2: Survey of the Plant Kingdom
	MiniLab 21-2: Looking at Modern and Fossil Plants
	Problem-Solving Lab 21-2
	Internet BioLab: Researching Trees on the Internet
	Health Connection: Medicines from Plants

	Chapter 21 Assessment


	Chapter 22 Organizer
	Chapter 22: The Diversity of Plants
	Section 22.1: Nonvascular Plants
	Problem-Solving Lab 22-1

	Section 22.2: Non-Seed Vascular Plants
	Problem-Solving Lab 22-2
	MiniLab 22-1: Identifying Fern Sporangia

	Section 22.3: Seed Plants
	MiniLab 22-2: Comparing Seed Types
	Inside Story: Pine Needles
	Careers in Biology: Lumberjack
	Design Your Own BioLab: How can you make a key for identifying conifers?
	Biology & Society: Forestry: Keeping a Balance

	Chapter 22 Assessment


	Chapter 23 Organizer
	Chapter 23: Plant Structure and Function
	Section 23.1: Plant Cells and Tissues
	Inside Story: A Plant
	MiniLab 23-1: Examining Plant Tissues
	Problem-Solving Lab 23-1
	Investigate BioLab: Determining the Number of Stomata on a Leaf
	Art Connection: Red Poppy by Georgia O'Keeffe

	Section 23.2: Roots, Stems, and Leaves
	Problem-Solving Lab 23-2
	MiniLab 23-2: Looking at Stomata

	Section 23.3: Plant Responses
	Problem-Solving Lab 23-3

	Chapter 23 Assessment


	Chapter 24 Organizer
	Chapter 24: Reproduction in Plants
	Section 24.1: Life Cycles of Mosses, Ferns, and Conifers
	MiniLab 24-1: Growing Plants Asexually
	Problem-Solving Lab 24-1
	BioTechnology: Hybrid Plants

	Section 24.2: Flowers and Flowering
	Problem-Solving Lab 24-2
	Inside Story: Parts of a Flower
	Investigate BioLab: Examining the Structure of a Flower

	Section 24.3: The Life Cycle of a Flowering Plant
	Careers in Biology: Greens Keeper
	MiniLab 24-2: Looking at Germinating Seeds

	Chapter 24 Assessment


	BioDigest: Plants

	Unit 8: Invertebrates
	Chapter 25 Organizer
	Chapter 25: What Is an Animal?
	Section 25.1: Typical Animal Characteristics
	Careers in Biology: Marine Biologist
	MiniLab 25-1: Observing Animal Characteristics
	Problem-Solving Lab 25-1
	Inside Story: Early Animal Development
	Internet BioLab: Zebra Fish Development
	Biology & Society: Protecting Endangered Species

	Section 25.2: Body Plans and Adaptations
	Problem-Solving Lab 25-2
	MiniLab 25-2: Check Out a Vinegar Eel

	Chapter 25 Assessment


	Chapter 26 Organizer
	Chapter 26: Sponges, Cnidarians, Flatworms, and Roundworms
	Section 26.1: Sponges
	Inside Story: A Sponge
	Problem-Solving Lab 26-1

	Section 26.2: Cnidarians
	MiniLab 26-1: Watching Hydra Feed
	Inside Story: A Cnidarian
	Problem-Solving Lab 26-2
	Biology & Society: Why are the corals dying?

	Section 26.3: Flatworms
	Problem-Solving Lab 26-3
	Inside Story: A Planarian
	Investigate BioLab: Observing Planarian Regeneration

	Section 26.4: Roundworms
	MiniLab 26-2: Observing the Larval Stage of a Pork Worm
	Problem-Solving Lab 26-4

	Chapter 26 Assessment


	Chapter 27 Organizer
	Chapter 27: Mollusks and Segmented Worms
	Section 27.1: Mollusks
	Inside Story: A Clam
	Problem-Solving Lab 27-1
	MiniLab 27-1: Identifying Mollusks

	Section 27.2: Segmented Worms
	Problem-Solving Lab 27-2
	MiniLab 27-2: A Different View of an Earthworm
	Inside Story: An Earthworm
	Careers in Biology: Microsurgeon
	Design Your Own BioLab: How do earthworms respond to their environment?
	Earth Science Connection: Mollusks as Indicators

	Chapter 27 Assessment


	Chapter 28 Organizer
	Chapter 28: Arthropods
	Section 28.1: Characteristics of Arthropods
	MiniLab 28-1: Crayfish Characteristics
	Problem-Solving Lab 28-1

	Section 28.2: Diversity of Arthropods
	Inside Story: A Spider
	Inside Story: A Grasshopper
	MiniLab 28-2: Comparing Patterns of Metamorphosis
	Focus On Insects
	Design Your Own BioLab: Will salt concentration affect brine shrimp hatching?
	Health Connection: Terrible Ticks

	Chapter 28 Assessment


	Chapter 29 Organizer
	Chapter 29: Echinoderms and Invertebrate Chordates
	Section 29.1: Echinoderms
	MiniLab 29-1: Examining Pedicellariae
	Inside Story: A Sea Star
	Problem-Solving Lab 29-1
	Investigate BioLab: Observing Sea Urchin Gametes and Egg Development
	Physics Connection: Hydraulics of Sea Stars

	Section 29.2: Invertebrate Chordates
	MiniLab 29-2: Examining a Lancelet
	Inside Story: A Tunicate
	Problem-Solving Lab 29-2

	Chapter 29 Assessment


	BioDigest: Invertebrates

	Unit 9: Vertebrates
	Chapter 30 Organizer
	Chapter 30: Fishes and Amphibians
	Section 30.1: Fishes
	MiniLab 30-1: Measuring Breathing Rate in Fishes
	Problem-Solving Lab 30-1
	Inside Story: A Bony Fish

	Section 30.2: Amphibians
	Inside Story: A Frog
	MiniLab 30-2: Looking at Frog and Tadpole Adaptations
	Investigate BioLab: Development of Frog Eggs
	Chemistry Connection: Killer Frogs

	Chapter 30 Assessment


	Chapter 31 Organizer
	Chapter 31: Reptiles and Birds
	Section 31.1: Reptiles
	Inside Story: An Amniotic Egg
	Careers in Biology: Wildlife Artist/Photographer
	Focus On Dinosaurs

	Section 31.2: Birds
	MiniLab 31-1: Comparing Feathers
	Inside Story: Flight
	MiniLab 31-2: Feeding the Birds
	Problem-Solving Lab 31-1
	Design Your Own BioLab: Which egg shape is best?
	Biology & Society: Illegal Wildlife Trade

	Chapter 31 Assessment


	Chapter 32 Organizer
	Chapter 32: Mammals
	Section 32.1: Mammal Characteristics
	MiniLab 32-1: Anatomy of a Tooth
	Problem-Solving Lab 32-1
	MiniLab 32-2: Mammal Skeletons
	Inside Story: A Mammal
	Careers in Biology: Animal Trainer
	Internet BioLab: Domestic Dogs Wanted
	Biology & Society: Do we need zoos?

	Section 32.2: Diversity of Mammals
	Focus On Placental Mammals

	Chapter 32 Assessment


	Chapter 33 Organizer
	Chapter 33: Animal Behavior
	Section 33.1: Innate Behavior
	MiniLab 33-1: Testing an Isopod's Response to Light
	Problem-Solving Lab 33-1
	Investigate BioLab: Behavior of a Snail
	BioTechnology: Tracking Sea Turtles

	Section 33.2: Learned Behavior
	MiniLab 33-2: Solving a Puzzle
	Problem-Solving Lab 33-2

	Chapter 33 Assessment


	BioDigest: Vertebrates

	Unit 10: The Human Body
	Chapter 34 Organizer
	Chapter 34: Protection, Support, and Locomotion
	Section 34.1: Skin: The Body's Protection
	Inside Story: The Skin
	MiniLab 34-1: Examine Your Fingerprints
	Problem-Solving Lab 34-1

	Section 34.2: Bones: The Body's Support
	Problem-Solving Lab 34-2
	Physics Connection: X rays—The Painless Probe

	Section 34.3: Muscles for Locomotion
	Problem-Solving Lab 34-3
	MiniLab 34-2: Look at Muscle Contraction
	Inside Story: A Muscle
	Design Your Own BioLab: Does fatigue affect the ability to perform an exercise?

	Chapter 34 Assessment


	Chapter 35 Organizer
	Chapter 35: The Digestive and Endocrine Systems
	Section 35.1: Following Digestion of a Meal
	Inside Story: Your Mouth
	Problem-Solving Lab 35-1

	Section 35.2: Nutrition
	MiniLab 35-1: Evaluate a Bowl of Soup
	Problem-Solving Lab 35-2
	Biology & Society: The Promise of Weight Loss

	Section 35.3: The Endocrine System
	Problem-Solving Lab 35-3
	MiniLab 35-2: Compare Thyroid and Parathyroid Tissue
	Investigate BioLab: Average Growth Rate in Humans

	Chapter 35 Assessment


	Chapter 36 Organizer
	Chapter 36: The Nervous System
	Section 36.1: The Nervous System
	Focus On Evolution of the Brain
	MiniLab 36-1: Distractions and Reaction Time
	BioTechnology: Scanning the Mind

	Section 36.2: The Senses
	Inside Story: The Eye
	Problem-Solving Lab 36-1

	Section 36.3: The Effects of Drugs
	Problem-Solving Lab 36-2
	Careers in Biology: Pharmacist
	MiniLab 36-2: Interpret a Drug Label
	Design Your Own BioLab: What drugs affect the heart rate of Daphnia?

	Chapter 36 Assessment


	Chapter 37 Organizer
	Chapter 37: Respiration, Circulation, and Excretion
	Section 37.1: The Respiratory System
	Problem-Solving Lab 37-1
	Careers in Biology: Registered Nurse
	Investigate BioLab: Measuring Respiration

	Section 37.2: The Circulatory System
	MiniLab 37-1: Checking Your Pulse
	Inside Story: Your Heart
	Problem-Solving Lab 37-2

	Section 37.3: The Urinary System
	MiniLab 37-2: Testing Urine for Glucose
	Biology & Society: Finding Transplant Donors

	Chapter 37 Assessment


	Chapter 38 Organizer
	Chapter 38: Reproduction and Development
	Section 38.1: Human Reproductive Systems
	Inside Story: Sex Cell Production
	Problem-Solving Lab 38-1

	Section 38.2: Development Before Birth
	MiniLab 38-1: Examining Sperm and Egg Attraction
	MiniLab 38-2: Making a Graph of Fetal Size
	Problem-Solving Lab 38-2
	Investigate BioLab: What hormone is produced by an embryo?
	BioTechnology: Frozen Embryos

	Section 38.3: Birth, Growth, and Aging
	Careers in Biology: Midwife

	Chapter 38 Assessment


	Chapter 39 Organizer
	Chapter 39: Immunity from Disease
	Section 39.1: The Nature of Disease
	Problem-Solving Lab 39-1
	MiniLab 39-1: Testing How Diseases are Spread
	Internet BioLab: Getting On-line for Information on Diseases

	Section 39.2: Defense Against Infectious Diseases
	Inside Story: Lines of Defense
	MiniLab 39-2: Distinguishing Types of White Blood Cells
	Problem-Solving Lab 39-2
	BioTechnology: New Vaccines

	Chapter 39 Assessment


	BioDigest: The Human Body

	Appendices
	Appendix A: The Six-Kingdom Classification
	Appendix B: Origins of Scientific Terms
	Appendix C: Safety in the Laboratory
	Appendix D: The Periodic Table

	Skill Handbook
	Practicing Scientific Methods
	Caring for and Using the Microscope
	Forming a Hypothesis
	Designing an Experiment
	Identifying and Controlling Variables
	Measuring in SI

	Thinking Critically
	Calculating Magnification
	Interpreting Scientific Illustrations
	Interpreting Data
	Comparing and Contrasting

	Organizing Information
	Classifying
	Sequencing
	Concept Mapping
	Making and Using Tables
	Making and Using Graphs


	Glossary
	Index



	Exit
	Help
	Internet Link
	Previous Document
	Search - Document
	Search - Full
	Resources
	Alternate Assessment in the Science Classroom
	Basic Concepts Transparency Masters
	BioLab and MiniLab Worksheets
	Biology Projects
	Chapter Assessment
	Concept Mapping
	Content Mastery
	Student Edition
	Teacher Edition

	Cooperative Learning in the Science Classroom
	Critical Thinking / Problem Solving
	Exploring Environmental Issues
	Inside Story User Guide
	Using the Internet in the Science Classroom
	Laboratory Manual
	Student Edition
	Teacher Edition

	Lesson Plans
	Performance Assessment in the Science Classroom
	Student Edition
	Teacher Edition

	Reinforcement and Study Guide
	Reteaching Skills Transparency Masters
	Section Focus Transparency Masters
	Spanish Resources
	Tech Prep Applications


