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Why do | need
my science book?

Before You Read

e Chapter Opener Science is occurring all around you,
and the opening photo of each chapter will preview the
science you will be learning about. The Chapter
Preview will give you an idea of what you will be
learning about, and you can try the Launch Lab to
help get your brain headed in the right direction. The
Foldables exercise is a fun way to keep you organized.

e Section Opener Chapters are divided into two to four
sections. The As You Read in the margin of the first
page of each section will let you know what is most
important in the section. It is divided into four parts.
What You’ll Learn will tell you the major topics you
will be covering. Why It’s Important will remind you
why you are studying this in the first place! The
Review Vocabulary word is a word you already know,
either from your science studies or your prior knowl-
edge. The New Vocabulary words are words that you
need to learn to understand this section. These words

will be in boldfaced print and highlighted in the
section. Make a note to yourself to recognize these
words as you are reading the section.



FOLDA BLES Science Vocabulary Make the
it rrd  following Foldable to help you

understand the vocabulary
terms in this chapter.

m' Fold tical
As You Read sf?eetao\;er:oltc:book

paper from side to

e Headings Each section has a title side.
in large red letters, and is further
divided into blue titles and m Cut along every third line of only the
small red titles at the begin- top layer to form tabs.

nings of some paragraphs. T
To help you study, make an \

outline of the headings and

subheadings.
e Margins In the margins of 13N Label each tab with a vocabulary
your text, you will find many helpful word from the chapter.

resources. The Science Online exercises and
Integrate activities help you explore the topics

you are studying. MiniLabs reinforce the sci- B 2 B

ence concepts you have learned. Build Vocabulary As you read the chapter, list

I . . the vocabulary words on the tabs. As you learn
o Building Skills You also will find an the definitions, write them under the tab for

Applying Math or Applying Science activity each vocabulary word.
in each chapter. This gives you extra prac-

tice using your new knowledge, and helps

prepare you for standardized tests.

e Student Resources At the end of the book
you will find Student Resources to help you
throughout your studies. These include
Science, Technology, and Math Skill Hand-
books, an English/Spanish Glossary, and an

Index. Also, use your Foldables as a resource. LOOk For.. .

It will help you organize information, and T

review before a test. F OLDABLES
e IndClass Remember, you can always At the beginning of

ask your teacher to explain anything every section.

you don’t understand.



In Lab

Working in the laboratory is one of the best ways to understand the con-
cepts you are studying. Your book will be your guide through your laboratory
experiences, and help you begin to think like a scientist. In it, you not only will
find the steps necessary to follow the investigations, but you also will find
helpful tips to make the most of your time.

e FEach lab provides you with a Real-World Question to remind you that
science is something you use every day, not just in class. This may lead
to many more questions about how things happen in your world.

@ Remember, experiments do not always produce the result you expect.
Scientists have made many discoveries based on investigations with unex-
pected results. You can try the experiment again to make sure your results
were accurate, or perhaps form a new hypothesis to test.

e Keeping a Science Journal is how scientists keep accurate records of obser-
vations and data. In your journal, you also can write any questions that
may arise during your investigation. This is a great method of reminding
yourself to find the answers later.

1 F\\“’P
chapter- o Labs atthe
a
EXTRA T
3 of Vour.boo ( laborat® Y



Before a Test

Admit it! You don’t like to take tests! However, there are
ways to review that make them less painful. Your book will
help you be more successful taking tests if you use the
resources provided to you.

@ Review all of the New Vocabulary words and be sure you
understand their definitions.

® Review the notes you've taken on your Foldables, in class,
and in lab. Write down any question that you still need
answered.

@ Review the Summaries and Self Check questions at the
end of each section.

e Study the concepts presented in the chapter by reading
the Study Guide and answering the questions in
the Chapter Review.

Look For...

® Reading Checks and caption
questions throughout the text.
® the summaries and self check
questions at the end of each section.
e the Study Guide and Review
at the end of each chapter.
e the Standardized Test Practice
after each chapter.



Let’s Get Started

To help you find the information you need quickly, use the Scavenger

Hunt below to learn where things are located in Chapter 1.

What is the title of this chapter?
What will you learn in Section 1?

Sometimes you may ask, “Why am I learning this?” State a reason why the

concepts from Section 2 are important.

What is the main topic presented in Section 2?

How many reading checks are in Section 1?

What is the Web address where you can find extra information?
What is the main heading above the sixth paragraph in Section 2?

There is an integration with another subject mentioned in one of the margins
of the chapter. What subject is it?

List the new vocabulary words presented in Section 2.
List the safety symbols presented in the first Lab.
Where would you find a Self Check to be sure you understand the section?

Suppose you're doing the Self Check and you have a question about concept
mapping. Where could you find help?

On what pages are the Chapter Study Guide and Chapter Review?

Look in the Table of Contents to find out on which page Section 2 of the chapter

begins.

® 60 9668660 0000 OO

You complete the Chapter Review to study for your chapter test.

Where could you find another quiz for more practice?
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Visit life.msscience.com/unit_project to find project ideas and resources.

Projects include:

* Career Brainstorm a list of questions for a health professional about cell
reproduction, or bacteria and virus resistance to drugs.

* Technology Design both a chart and a graph that present information on
cell reproduction rates during specific time intervals.

* Model Construct a thumb flip book that models mitosis. Complete a second
book for meiosis to analyze and compare the two processes.

New Research on Cells is a Web-based investigation of current

research involving different types of cells, and why their

structures vary according to their location. (background)Diane Sculion Liter,

(cl)Jonathan Eisenback/PhotoTake, NYC/PictureQuest, (cr)Janice M. Sheldon/Picture 20-20/PictureQuest

//WejQuest



Life Under the Sea

This picture contains many living things—
including living coral. These living things
have both common characteristics and dif-
ferences. Scientists classify life according to
similarities.

Science Journal | List three characteristics that you
would use to classify underwater life.



Study Organizer

Vocabulary Make the follow-
ing Foldable to help you under-
stand the vocabulary terms

in this chapter.

m Fold a vertical sheet

of notebook paper
from side to side.

Cut along every third line of only the
top layer to form tabs.

I3 N Label each tab.

=] o o

Build Vocabulary As you read the chapter,
write the vocabulary words on the tabs. As you
learn the definitions, write them under the tab
for each vocabulary word.

Preview this chapter’s content
and activities at
life.msscience.com

U



What is science?

KWt You'll Learn

m Apply scientific methods to
problem solving.

B Demonstrate how to measure
using scientific units.

Wéy It’s Important

Learning to use scientific methods
will help you solve ordinary prob-
lems in your life.

% Review Vocabulary
experiment: using controlled
conditions to test a prediction

New Vocabulary

@ scientific e variable
methods e theory

e hypothesis e law

e control

Figure 1 Examine the picture

carefully. Some of these objects are

actually Lithops plants. They com-
monly are called stone plants and
are native to deserts in South
Africa.

6 CHAPTER1
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The Work of Science

Movies and popcorn seem to go together. So before you and
your friends watch a movie, sometimes you pop some corn in a
microwave oven. When the popping stops, you take out the bag
and open it carefully. You smell the mouthwatering, freshly
popped corn and avoid hot steam that escapes from the bag.
What makes the popcorn pop? How do microwaves work and
make things hot? By the way, what are microwaves anyway?

Asking questions like these is one way scientists find out
about anything in the world and the universe. Science is often
described as an organized way of studying things and finding
answers to questions.

Types of Science Many types of science exist. Each is given
a name to describe what is being studied. For example, energy
and matter have a relationship. That’s a topic for physics. A
physicist could answer most questions about microwaves.

On the other hand, a life scientist might study any of the mil-
lions of different animals, plants, and other living things on
Earth. Look at the objects in Figure 1. What do they look like to
you? A life scientist could tell you that some of the objects are
living plants and some are just rocks. Life scientists who study
plants are botanists, and those who study animals are zoologists.
What do you suppose a bacteriologist studies?



Critical Thinking

Whether or not you become a trained scientist, you are going
to solve problems all your life. You probably solve many prob-
lems every day when you sort out ideas about what will or won’t
work. Suppose your CD player stops playing music. To figure out
what happened, you have to think about it. That’s called critical
thinking, and it’s the way you use skills to solve problems.

If you know that the CD player does not run on batteries and
must be plugged in to work, that’s the first thing you check to
solve the problem. You check and the player is plugged in so you
eliminate that possible solution. You separate important infor-
mation from unimportant information—that’s a skill. Could
there be something wrong with the first outlet? You plug the
player into a different outlet, and your CD starts playing. You
now know that it’s the first outlet that doesn’t work. Identifying
the problem is another skill you have.

Solving Problems

Scientists use the same types of skills that you
do to solve problems and answer questions.
Although scientists don’t always find the answers
to their questions, they always use critical think-
ing in their search. Besides critical thinking, solv-
ing a problem requires organization. In science,
this organization often takes the form of a series
of procedures called scientific methods. Figure 2
shows one way that scientific methods might be
used to solve a problem.

State the Problem Suppose a veterinary
technician wanted to find out whether different
types of cat litter cause irritation to cats’ skin.
What would she do first? The technician begins
by observing something she cannot explain. A
pet owner brings his four cats to the clinic to be
boarded while he travels. He leaves his cell Revise
phone number so he can be contacted if any =~ Mpothesis
problems arise. When they first arrive, the four
cats seem healthy. The next day however, the
technician notices that two of the cats are
scratching and chewing at their skin. By the
third day, these same two cats have bare patches

Figure 2 The series of proce-
dures shown below is one way to
use scientific methods to solve a
problem.

Solving a
problem scientifically

State the problem

Gather information

Form a hypothesis

Perform an experiment

Analyze data

Repeat
many times

Draw conclusions

of skin with red sores. The technician decides T e
that something in the cats’ surroundings or ypothesis Hypothesis

. . T . . not supported supported
their food might be irritating their skin.

SECTION 1T What is science?
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Laboratory investigations

Fieldwork

Figure 3 Observations can be
made in many different settings.
List three other places where scien-
tific observations can be made.

Topic: Controlled
Experiments

Visit life.msscience.com for
Web links to information about
how scientists use controlled
experiments.

Activity List the problem,
hypothesis, and how the hypothe-
sis was tested for a recently per-
formed controlled experiment.

Gather Information Laboratory observations and experi-
ments are ways to collect information. Some data also are gath-
ered from fieldwork. Fieldwork
includes observations or experi-
ments that are done outside of the
laboratory. For example, the best
way to find out how a bird builds a
nest is to go outside and watch it.
Figure 3 shows some ways data
can be gathered.

The technician gathers infor-
mation about the problem by
watching the cats closely for the
next two days. She knows that
cats sometimes change their
behavior when they are in a new
place. She wants to see if the

behavior of the cats with the skin sores seems different
from that of the other two cats. Other than the scratch-
ing and chewing at their skin, all four cats’ behavior
seems to be the same.

The technician calls the owner and tells him about
the problem. She asks him what brand of cat food he
feeds his cats. Because his brand is the same one used at
the clinic, she decides that food is not the cause of the

skin irritation. She decides that the cats probably are reacting to
something in their surroundings. There are many things in the
clinic that the cats might react to. How does she decide what it is?

During her observations she notices that the cats seem to
scratch and chew themselves most after using their litter boxes.
The cat litter used by the clinic contains a deodorant. The tech-
nician calls the owner and finds out that the cat litter he buys
does not contain a deodorant.

Computer models

Form a Hypothesis Based on this information, the next
thing the veterinary technician does is form a hypothesis. A
hypothesis is a prediction that can be tested. After discussing
her observations with the clinic veterinarian, she hypothesizes
that something in the cat litter is irritating the cats’ skin.

Test the Hypothesis with an Experiment The techni-
cian gets the owner’s permission to test her hypothesis by per-
forming an experiment. In an experiment, the hypothesis is
tested using controlled conditions. The technician reads the
labels on two brands of cat litter and finds that the ingredients
of each are the same except that one contains a deodorant.

8 CHAPTER 1 Exploring and Classifying Life
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Controls The technician separates the cats with sores from
the other two cats. She puts each of the cats with sores in a cage
by itself. One cat is called the experimental cat. This cat is given
a litter box containing the cat litter without deodorant. The
other cat is given a litter box that contains cat litter with deodor-
ant. The cat with deodorant cat litter is the control.

A control is the standard to which the outcome of a test is
compared. At the end of the experiment, the control cat will be
compared with the experimental cat. Whether or not the cat lit-
ter contains deodorant is the variable. A variable is something
in an experiment that can change. An experiment should have
only one variable. Other than the difference in the cat litter, the
technician treats both cats the same.

How many variables should an experiment
have?

Analyze Data The veterinary technician observes both cats
for one week. During this time, she collects data on how often
and when the cats scratch or chew, as shown in Figure 4. These
data are recorded in a journal. The data show that the control
cat scratches and chews more often than the experimental cat
does. The sores on the skin of the experimental cat begin to heal,
but those on the control cat do not.

Draw Conclusions The technician then draws the conclu-
sion—a logical answer to a question based on data and observa-
tion—that the deodorant in the cat litter probably irritated
the skin of the two cats. To accept or reject the hypothesis is
the next step. In this case, the techni-
cian accepts the hypothesis. If she
had rejected it, new experiments
would have been necessary.
Although the technician decides
to accept her hypothesis, she realizes
that to be surer of her results she
should continue her experiment. She
should switch the experimental cat
with the control cat to see what the
results are a second time. If she did
this, the healed cat might develop
new sores. She makes an ethical deci-
sion and chooses not to continue the
experiment. Ethical decisions, like
this one, are important in deciding
what science should be done.

Analyzing Data

Procedure

1. Obtain a pan balance.
Follow your teacher’s
instructions for using it.

2. Record all data in your
Science Journal.

3. Measure and record the
mass of a dry sponge.

4. Soak this sponge in water.
Measure and record its
mass.

5. Calculate how much water
your sponge absorbed.

6. Combine the class data and
calculate the average
amount of water absorbed.

Analysis

What other information

about the sponges might be
important when analyzing the
data from the entire class?

Figure 4 C(ollecting and
analyzing data is part of scientific
methods.

SECTION 1 What is science? 9
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Theory

Figure 5 If data collected from
several experiments over a period
of time all support the hypothesis,
it finally can be called a theory.

Report Results When using scientific methods, it is impor-
tant to share information. The veterinary technician calls the
cats’ owner and tells him the results of her experiment. She tells
him she has stopped using the deodorant cat litter.

The technician also writes a story for the clinic’s newsletter
that describes her experiment and shares her conclusions. She
reports the limits of her experiment and explains that her results
are not final. In science it is important to explain how an exper-
iment can be made better if it is done again.

Developing Theories

After scientists report the results of experiments supporting
their hypotheses, the results can be used to propose a scientific
theory. When you watch a magician do a trick you might decide
you have an idea or “theory” about how the trick works. Is your
idea just a hunch or a scientific theory? A scientific theory is an
explanation of things or events based on scientific knowledge
that is the result of many observations and experiments. It is not
a guess or someone’s opinion. Many scientists repeat the exper-
iment. If the results always support the hypothesis, the hypoth-
esis can be called a theory, as shown in Figure 5.

What is a theory based on?

A theory usually explains many hypotheses. For example, an
important theory in life sciences is the cell theory. Scientists
made observations of cells and experimented for more than
100 years before enough information was collected to propose a
theory. Hypotheses about cells in plants and animals are com-
bined in the cell theory.

A valid theory raises many new questions. Data or informa-
tion from new experiments might change conclusions and the-
ories can change. Later in this chapter you will read about the
theory of spontaneous generation and how this theory changed
as scientists used experiments to study new hypotheses.

Laws A scientific law is a statement about how things work in
nature that seems to be true all the time. Although laws can be
modified as more information becomes known, they are less
likely to change than theories. Laws tell you what will happen
under certain conditions but do not necessarily explain why it
happened. For example, in life science you might learn about
laws of heredity. These laws explain how genes are inherited but
do not explain how genes work. Due to the great variety of liv-
ing things, laws that describe them are few. It is unlikely that a
law about how all cells work will ever be developed.

10 CHAPTER1 Exploring and Classifying Life



Scientific Methods Help Answer Questions You can
use scientific methods to answer all sorts of questions. Your
questions may be as simple as “Where did I leave my house
key?” or as complex as “Will global warming cause the polar ice
caps to melt?” You probably have had to find the answer to the
first question. Someday you might try to find the answer to the
second question. Using these scientific methods does not guar-
antee that you will get an answer. Often scientific methods just
lead to more questions and more experiments. That’s what sci-
ence is about—continuing to look for the best answers to your
questions.

Does temperature affect the rate
of bacterial reproduction?

ome bacteria make you sick. Other

bacteria, however, are used to produce
foods like cheese and yogurt. Understanding
how quickly bacteria reproduce can help
you avoid harmful bacteria and use helpful
bacteria. It's important to know things
that affect how quickly bacteria reproduce.
How do you think temperature will affect
the rate of bacterial reproduction? A stu-
dent makes the hypothesis that bacteria
will reproduce more quickly as the temper-
ature increases.

Identifying the Problem Look at the table. What conclusions can
The table below lists the reproduction- you draw from the data?
doubling rates at specific temperatures for

Solving the Problem
one type of bacteria. A rate of 2.0 means 1 g

that the number of bacteria doubled two
times that hour (e.g., 100 to 200 to 400).

. Do the data in the table support the
student’s hypothesis?
2. How would you write a hypothesis

. . about the relationship between bacterial
Bacterial Reproductive Rates reproduction and temperature?

Temperature (°C) Doubling Rate per Hour 3. Make a list of other factors that might
205 2.0 have influenced the results in the table.
305 30 4. Are you satisfied with these data? List

other things that you wish you knew.
5. Describe an experiment that would help
you test these other ideas.

36.0 2.5
39.2 1.2

SECTION 1 What is science?
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Figure 6 Your food often is measured in
metric units. Nutritional information on the
label is listed in grams or milligrams.

Measuring with
Scientific Units

An important part of most scientific
investigations is making accurate measure-
ments. Think about things you use every
day that are measured. Ingredients in your
hamburger, hot dog, potato chips, or soft
drink are measured in units such as grams

and milliliters, as shown in Figure 6. The water you drink,
the gas you use, and the electricity needed for a CD player
are measured, too.

Why is it important to make accurate
measurements?

In your classroom or laboratory this year, you will use the
same standard system of measurement scientists use to commu-
nicate and understand each other’s research and results. This

: system is called the International System of Units, or SI. For
The label of this juice bottle shows example, you may need to calculate the distance a bird flies in
you that it contains 473 mL of juice. : kilometers. Perhaps you will be asked to measure the amount of
¢ air your lungs can hold in liters or the mass of an automobile in

kilograms. Some of the SI units are shown in Table 1.

Measurement Unit Symbol Equal to
Length 1 millimeter mm 0.001(1/1,000) m
1 centimeter m 0.01(1/100) m
1 meter m 100 ¢cm
1 kilometer km 1,000 m
Volume 1 milliliter mlL 0.001(1/1,000) L
1 liter L 1,000 mL
Mass 1gram g 1,000 mg
1 kilogram kg 1,000 g
1tonne t 1,000 kg = 1 metric ton

12 CHAPTER1 Exploring and Classifying Life
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Safety First

Doing science is usually much more interesting
than just reading about it. Some of the scientific
equipment that you will use in your
classroom or laboratory is the same
as what scientists use. Laboratory
safety is important. In many states, a
student can participate in a labora-
tory class only when wearing proper
eye protection. Don’t forget to wash
your hands after handling materials.
Following safety rules, as shown in Figure 7, will
protect you and others from injury during your lab
experiences. Symbols used throughout your text
will alert you to situations that require special
attention. Some of these symbols are shown below.
A description of each symbol is in the Safety
Symbols chart at the front of this book.

T
A

Figure 7 Proper eye protection
should be worn whenever you see
this safety symbol.

Predict what might happen if

K P2 you do not wear eye protection
in the lab.
Kl ¥3 B3 B
N
Summary Self Check
The Work of Science 1. Describe scientific methods.
® Science is an organized way of studying 2. Infer why it is important to test only one variable at a
things and finding answers to questions. time during an experiment.
Solving Problems and Developing Theories 3. Id_entlfy the Sl unit you would use to measure the
o width of your classroom.
® Scientific methods are procedures used to . .
solve problems and answer questions. 4. Compare and contrast a theory with a hypothesis.
@ A theory is an explanation based on many 5. Thm'k Critically Can the veterinary technician in thIS
scientific observations section be sure that deodorant caused the cats’ skin
problems? How could she improve her experiment?
Measuring with Scientific Units
® Scientists use the Sl system for measurements.
6. Write a paper that explains what the veterinary tech-

Safety First
® Follow safety rules in the lab.

nician discovered from her experiment.

life.msscience.com/self check_quiz

SECTION 1 What is science? 13
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Living Things

KWt You'll Learn

B Distinguish between living and
nonliving things.

m |dentify what living things need
to survive.

Wéy It’s Important

All living things, including you,
have many of the same traits.

% Review Vocabulary
raw materials: substances
needed by organisms to make
other necessary substances

New Vocabulary
@ organism

o cell

e homeostasis

Muscle
cells

What are living things like?

What does it mean to be alive? If you walked down your
street after a thunderstorm, you'd probably see earthworms on
the sidewalk, birds flying, clouds moving across the sky, and
puddles of water. Youd see living and nonliving things that are
alike in some ways. For example, birds and clouds move.
Earthworms and water feel wet when they are touched. Yet,
clouds and water are nonliving things, and birds and earth-
worms are living things. Any living thing is called an organism.

Organisms vary in size from the microscopic bacteria in
mud puddles to gigantic oak trees and are found just about
everywhere. They have different behaviors and food needs. In
spite of these differences, all organisms have similar traits. These
traits determine what it means to be alive.

Living Things Are Organized If you were to look at almost
any part of an organism, like a plant leaf or your skin, under a
microscope, you would see that it is made up of small units
called cells. A cell is the smallest unit of an organism that carries
on the functions of life. Some organisms are composed of just
one cell while others are composed of many cells. Cells take in
materials from their surroundings and use them in complex
ways. Each cell has an orderly structure and contains hereditary
material. The hereditary material contains instructions for cel-
lular organization and function. Figure 8 shows some organisms
that are made of many cells. All the things that these organisms
can do are possible because of what their cells can do.

Color-enhanced LM Magnification: 106 X

Nerve cells

Figure 8 Your body is organ-
ized into many different types of
cells. Two types are shown here.

Color-enhanced SEM Magnification: 2500 X

(t)Michael Abbey/Science Source/Photo Researchers, (bl)Aaron Haupt, (br)Michael Delannoy/Visuals Unlimited



Living Things Respond Living things
interact with their surroundings. Watch your
cat when you use your electric can opener.
Does your cat come running to find out
what’s happening even when you're not open-
ing a can of cat food? The cat in Figure 9 ran
in response to a stimulus—the sound of the
can opener. Anything that causes some
change in an organism is a stimulus (plural,
stimuli). The reaction to a stimulus is a
response. Often that response results in
movement, such as when the cat runs toward
the sound of the can opener. To carry on its
daily activity and to survive, an organism
must respond to stimuli.

Living things also respond to stimuli that
occur inside them. For example, water or
food levels in organisms’ cells can increase or
decrease. The organisms then make internal
changes to keep the right amounts of water
and food in their cells. Their temperature also
must be within a certain range. An organism’s
ability to keep the proper conditions inside no matter what is
going on outside the organism is called homeostasis. Homeo-
stasis is a trait of all living things.

What are some internal stimuli living things
respond to?

Living Things Use Energy Staying organized and carrying
on activities like homeostasis require energy. The energy used by
most organisms comes either directly or indirectly from the
Sun. Plants and some other organisms use the Sun’s energy and
the raw materials carbon dioxide and water to make food. You
and most other organisms can’t use the energy of sunlight
directly. Instead, you take in and use food as a source of energy.
You get food by eating plants or other organisms that ate plants.
Most organisms, including plants, also must take in oxygen in
order to release the energy of foods.

Some bacteria live at the bottom of the oceans and in other
areas where sunlight cannot reach. They can’t use the Sun’s
energy to produce food. Instead, the bacteria use energy stored
in some chemical compounds and the raw material carbon
dioxide to make food. Unlike most other organisms, many of
these bacteria do not need oxygen to release the energy that is
found in their food.

Figure 9 Some cats respond to
a food stimulus even when they
are not hungry.

Infer why a cat comes running
when it hears a can opener.

Topic: Homeostasis

Visit life.msscience.com for
Web links to information about
homeostasis.

Activity Describe the external
stimuli and the corresponding
internal changes for three different
situations.
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Living Things Grow and Develop When a puppy is born,
it might be small enough to hold in one hand. After the same
dog is fully grown, you might not be able to hold it at all. How
does this happen? The puppy grows by taking in raw materials,
like milk from its female parent, and making more cells. Growth
of many-celled organisms, such as the puppy, is mostly due to an
increase in the number of cells. In one-celled organisms, growth
is due to an increase in the size of the cell.

Organisms change as they grow. Puppies can’t see or walk
when they are born. In eight or nine days, their eyes open, and
their legs become strong enough to hold them up. All of the
changes that take place during the life of an organism are called
development. Figure 10 shows how four different organisms
changed as they grew.

Figure 10 Complete develop- The length of time an organism is expected to live is its life
ment of an organism can take a ¢ span. Adult dogs can live for 20 years and a cat for 25 years.
few days or several years. The picc | Some organisms have a short life span. Mayflies live only one
tures below show the develop- : day, but a land tortoise can live for more than 180 years. Some
ment of a dog, a human, a pea . bristlecone pine trees have been alive for more than 4,600 years.
plant, and a butterfly. i Your life span is about 80 years.
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Figure 11 Living things reproduce themselves
in many different ways. A Paramecium repro-
duces by dividing into two. Beetles, like most
insects, reproduce by laying eggs. Every spore
released by the puffballs can grow into a new
fungus.

Color-enhanced LM

Paramecium diViding Magnification: 400X

Living Things Reproduce Cats, dogs, alligators,
fish, birds, bees, and trees eventually reproduce.
They make more of their own kind. Some bacteria
reproduce every 20 minutes while it might take a
pine tree two years to produce seeds. Figure 11
shows some ways organisms reproduce.

Without reproduction, living things would not exist to
replace those individuals that die. An individual cat can live its
entire life without reproducing. However, if cats never repro-
duced, all cats soon would disappear.

Why is reproduction important?

What do living things need?

What do you need to live? Do you have any needs that are
different from those of other living things? To survive, all living
things need a place to live and raw materials. The raw materials
that they require and the exact place where they live can vary.

A Place to Live The environment limits where organisms
can live. Not many kinds of organisms can live in extremely hot
or extremely cold environments. Most cannot live at the bottom
of the ocean or on the tops of mountains. All organisms also
need living space in their surroundings. For example, thousands
of penguins build their nests on an island. When the island
becomes too crowded, the penguins fight for space and some
may not find space to build nests. An organism’s surroundings
must provide for all of its needs.

Beetle

Puffballs

Social Development Human
infants quickly develop their
first year of life. Research to
find out how infants interact
socially at different stages of
development. Make a chart
that shows changes from
birth to one year old.
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Figure 12 You and a corn plant
each take in and give off about 2 L
of water in a day. Most of the
water you take in is from water
you drink or from foods you eat.
Infer where plants get water to
transport materials.

Summary
What are living things like?

® A cell is the smallest unit of an organism that
carries on the functions of life.

® Anything that causes some change in an

organism is a stimulus.

Raw Materials Water is important for all
living things. Plants and animals take in and
give off large amounts of water each day, as
shown in Figure 12. Organisms use homeo-
stasis to balance the amounts of water lost
with the amounts taken in. Most organisms
are composed of more than 50 percent water.
You are made of 60 to 70 percent water.
Organisms use water for many things. For
example, blood, which is about 90 percent
water, transports digested food and wastes in
animals. Plants have a watery sap that trans-
ports materials between roots and leaves.
Living things are made up of substances
such as proteins, fats, and sugars. Animals take
in most of these substances from the foods
they eat. Plants and some bacteria make them
using raw materials from their surroundings.
These important substances are used over and
over again. When organisms die, substances in
their bodies are broken down and released
into the soil or air. The substances can then be used again by other
living organisms. Some of the substances in your body might once
have been part of a butterfly or an apple tree.

At the beginning of this section, you learned that things such
as clouds, sidewalks, and puddles of water are not living things.
Now do you understand why? Clouds, sidewalks, and water do
not reproduce, use energy, or have other traits of living things.

Self Check

1. Identify the source of energy for most organisms.
2. List five traits that most organisms have.

3. Infer why you would expect to see cells if you looked at
a section of a mushroom cap under a microscope.

4. Determine what most organisms need to survive.

® QOrganisms use energy to stay organized and
perform activities like homeostasis.

® All of the changes that take place during an
organism’s life are called development.

What do living things need?

® Living things need a place to live, water, and
food.
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. Think Critically Why is homeostasis important to

organisms?

. Use a Database Use references to find the life span of

ten animals. Use your computer to make a database.
Then, graph the life spans from shortest to longest.

life.msscience.com/self check_quiz



Where does life

come from?

Life Comes from Life

You've probably seen a fish tank, like the one in Figure 13,
that is full of algae. How did the algae get there? Before the sev-
enteenth century, some people thought that insects and fish
came from mud, that earthworms fell from the sky when it
rained, and that mice came from grain. These were logical con-
clusions at that time, based on repeated personal experiences.
The idea that living things come from nonliving things is known
as spontaneous generation. This idea became a theory that was
accepted for several hundred years. When scientists began to use
controlled experiments to test this theory, the theory changed.

Why did the theory of spontaneous generation
change?

Spontaneous Generation and Biogenesis From the late
seventeenth century through the middle of the eighteenth cen-
tury, experiments were done to test the theory of spontaneous
generation. Although these experiments showed that sponta-
neous generation did not occur in most cases, they did not dis-
prove it entirely.

It was not until the mid-1800s that the work of Louis
Pasteur, a French chemist, provided enough evidence to dis-
prove the theory of spontaneous generation. It was replaced
with biogenesis (bi oh JE nuh suss), which is
the theory that living things come only from
other living things.

Figure 13 The sides of this tank were clean
and the water was clear when the aquarium
was set up. Algal cells, which were not visible
on plants and fish, reproduced in the tank. So
many algal cells are present now that the water
is cloudy.

W You'll Learn

m Describe experiments about
spontaneous generation.

m Explain how scientific methods
led to the idea of biogenesis.

Wéy It’s Important

You can use scientific methods to
try to find out about events that
happened long ago or just last
week. You can even use them to
predict how something will behave
in the future.

% Review Vocabulary
contaminate: to make impure by
coming into contact with an
unwanted substance

New Vocabulary
[ ] spontaneous generation
® biogenesis
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NATIONAL
GEOGRAPHIC VISUALIZING THE ORIGINS OF LIFE

Figure 14

- Francesco Redi put decaying meat
or centuries scientists have theorized about in some jars, then covered half of them.
F the origins of life. As shown on this timeline, When fly maggots appeared only on the
some examined spontaneous generation— uncovered meat (see below, left), Redi con-
the idea that nonliving material can produce life. cluded that they had hatched from fly eggs
More recently, scientists have proposed theories and had not come from the meat.
about the origins of life on Earth by testing hypothe-
ses about conditions on early Earth.

John Needham heated broth in sealed flasks. When -
the broth became cloudy with microorganisms, he mis-
takenly concluded that they developed spontaneously

from the broth.

Lazzaro Spallanzani boiled -
broth in sealed flasks for a longer

time than Needham did. Only

the ones he opened

became cloudy with

contamination. Contaminated

Not Contaminated

contaminated - Louis Pasteur

disproved spontaneous
generation by boiling
broth in S-necked flasks that were open to the air. The
broth became cloudy (see above, bottom right) only
when a flask was tilted and the broth was exposed
to dust in the S-neck.

- Alexander Oparin hypothesized that
energy from the Sun, lightning, and
Earth’s heat triggered chemical
reactions early in Earth’s history.
The newly-formed molecules
- washed into Earth’s ancient
oceans and became a part
of what is often called the
primordial soup.

Stanley Miller and Harold Urey sent electric currents
through a mixture of gases like those thought to be in
Earth’s early atmosphere. When the gases cooled, they
condensed to form an oceanlike liquid that contained
materials such as amino acids, found in present-day cells.
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Life’s Origins

If living things can come only from other

living things, how did life on Earth begin?
Some scientists hypothesize that about 5 billion years ago,
Earth’s solar system was a whirling mass of gas and dust. They
hypothesize that the Sun and planets were formed from this
mass. It is estimated that Earth is about 4.6 billion years old.
Rocks found in Australia that are more than 3.5 billion years old
contain fossils of once-living organisms. Where did these living
organisms come from?

Oparin’s Hypothesis In 1924, a Russian scientist named
Alexander I. Oparin suggested that Earth’s early atmosphere had
no oxygen but was made up of the gases ammonia, hydrogen,
methane, and water vapor. Oparin hypothesized that these gases
could have combined to form the more complex compounds
found in living things.

Using gases and conditions that Oparin described, American
scientists Stanley L. Miller and Harold Urey set up an experi-
ment to test Oparin’s hypothesis in 1953. Although the Miller-
Urey experiment showed that chemicals found in living things
could be produced, it did not prove that life began in this way.

For many centuries, scientists have tried to find the origins
of life, as shown in Figure 14. Although questions about spon-
taneous generation have been answered, some scientists still are
investigating ideas about life’s origins.

Oceans Scientists hypothe-
size that Earth's oceans
originally formed when
water vapor was released
into the atmosphere from
many volcanic eruptions.
Once it cooled, rain fell and
filled Earth's lowland areas.
Identify five lowland areas
on Earth that are now filled
with water. Record your
answer in your Science
Journal.

Summary Self Check
Life Comes from Life 1. Compare and contrast spontaneous generation with
® Spontaneous generation is the idea that living biogenesis.
things come from nonliving things. 2. Describe three controlled experiments that helped

® The work of Louis Pasteur in 1859 disproved
the theory of spontaneous generation.

disprove the theory of spontaneous generation and led
to the theory of biogenesis.

e Biogenesis is the theory that living things 3. Summarize the results of the Miller-Urey experiment.

come only from other living things.

Life’s Origins

4. Think Critically How do you think life on Earth began?

® Alexander I. Oparin hypothesized about the
origin of life.

® The Miller-Urey experiment did not prove that

! | in Figure 14?
Oparin’s hypothesis was correct.

5. Draw Conclusions Where could the organisms have
come from in the 1768 broth experiment described

life.msscience.com/self check_quiz
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How are living things
classified?

W You'll Learn

m Describe how early scientists
classified living things.

®m Explain how similarities are used
to classify organisms.

m Explain the system of binomial
nomenclature.

B Demonstrate how to use a
dichotomous key.

Wéy It’s Important

Knowing how living things are
classified will help you understand
the relationships that exist among
all living things.

% Review Vocabulary
common name: a nonscientific
term that may vary from region
to region

New Vocabulary

e phylogeny

e kingdom

e binomial nomenclature
® genus

Figure 15 Using Aristotle’s
classification system, all animals
without hair would be grouped
together.

List other animals without hair
that Aristotle would have put in
this group.

Classification

If you go to a library to find a book about the life of Louis
Pasteur, where do you look? Do you look for it among the mys-
tery or sports books? You expect to find a book about Pasteur’s
life with other biography books. Libraries group similar types of
books together. When you place similar items together, you clas-
sify them. Organisms also are classified into groups.

History of Classification When did people begin to group
similar organisms together? Early classifications included
grouping plants that were used in medicines. Animals were
often classified by human traits such as courageous—for lions—
or wise—for owls.
More than 2,000 years ago, a Greek named
Aristotle observed living things. He decided
that any organism could be classified as either
a plant or an animal. Then he broke these two
groups into smaller groups. For example, ani-
mal categories included hair or no hair, four
legs or fewer legs, and blood or no blood.
Figure 15 shows some of the organisms
Aristotle would have grouped together. For
hundreds of years after Aristotle, no one way
of classifying was accepted by everyone.
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Kingdom ————— Animalia

Phylum ——— Chordata
Class —— Mammalia
Order ———  Cetacea
Family Delphinidae

Genus—— Tursiops

Species-Tursiops truncatus

Linnaeus In the late eighteenth century, Carolus Linnaeus, a
Swedish naturalist, developed a new system of grouping organ-
isms. His classification system was based on looking for organ-
isms with similar structures. For example, plants that had
similar flower structure were grouped together. Linnaeus’s sys-
tem eventually was accepted and used by most other scientists.

Modern Classification Like Linnaeus, modern scientists use
similarities in structure to classify organisms. They also use simil-
iarities in both external and internal features. Specific characteris-
tics at the cellular level, such as the number of chromosomes, can
be used to infer the degree of relatedness among organisms. In
addition, scientists study fossils, hereditary information, and early
stages of development. They use all of this information to deter-
mine an organism’s phylogeny. Phylogeny (fi LAH juh nee) is the
evolutionary history of an organism, or how it has changed over
time. Today, it is the basis for the classification of many organisms.

What information would a scientist use to deter-
mine an organism’s phylogeny?

Six Kingdoms A classification system commonly used today
groups organisms into six kingdoms. A kingdom is the first and
largest category. Organisms are placed into kingdoms based on
various characteristics. Kingdoms can be divided into smaller
groups. The smallest classification category is a species. Organisms
that belong to the same species can mate and produce fertile off-
spring. To understand how an organism is classified, look at the
classification of the bottle-nosed dolphin in Figure 16. Some sci-
entists propose that before organisms are grouped into kingdoms,
they should be placed in larger groups called domains. One pro-
posed system groups all organisms into three domains.

Figure 16 The classi-
fication of the bottle-
nosed dolphin shows
that it is in the order
Cetacea. This order
includes whales and
porpoises.

Topic: Domains
Visit life.msscience.com for Web
links to information about domains.

Activity List all the domains and
give examples of organisms that
are grouped in each domain.
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Scientific Names

Using common names can cause confusion. Suppose that
Diego is visiting Jamaal. Jamaal asks Diego if he would like a
soda. Diego is confused until Jamaal hands him a soft drink. At
Diego’s house, a soft drink is called pop. Jamaal’s grandmother,
listening from the living room, thought that Jamaal was offering
Diego an ice-cream soda.

What would happen if life scientists used only common
names of organisms when they communicated with other scien-
tists? Many misunderstandings would occur, and sometimes
health and safety are involved. In Figure 17, you see examples of

: animals with common names that can be misleading. A naming
Figure 17 Commonnamescan : system developed by Linnaeus helped solve this problem. It gave
be misleading. : each species a unique, two-word scientific name.

Binomial Nomenclature The two-word naming
system that Linnaeus used to name the various
species is called binomial nomenclature (bi NOH
mee ul * NOH mun klay chur). It is the system used
by modern scientists to name organisms. The first
word of the two-word name identifies the genus of
the organism. A genus is a group of similar species.
The second word of the name might tell you some-
thing about the organism—what it looks like, where
it is found, or who discovered it.

In this system, the tree species commonly known
as red maple has been given the name Acer rubrum.
The maple genus is Acer. The word rubrum is Latin
for red, which is the color of a red maple’s leaves in
the fall. The scientific name of another maple is Acer
saccharum. The Latin word for sugar is saccharum. In
the spring, the sap of this tree is sweet.

Sea lions are more closely
related to seals than to lions.
Identify another misleading
common name.

Jellyfish are neither
fish nor jelly.

24 CHAPTER 1 Exploring and Classifying Life

(l)Brandon D. Cole, (r)Gregory Ochocki/Photo Researchers



Uses of Scientific Names Two-word sci-

entific names are used for four reasons. First,

they help avoid mistakes. Both of the lizards

shown in Figure 18 have the name iguana.

Using binomial nomenclature, the green iguana is named
Iguana iguana. Someone who studied this iguana, shown in the
left photo, would not be confused by information he or she read
about Dispsosaurus dorsalis, the desert iguana, shown in the
right photo. Second, organisms with similar evolutionary histo-
ries are classified together. Because of this, you know that organ-
isms in the same genus are related. Third, scientific names give
descriptive information about the species, like the maples men-
tioned earlier. Fourth, scientific names allow information about
organisms to be organized easily and efficiently. Such informa-
tion may be found in a book or a pamphlet that lists related
organisms and gives their scientific names.

What are four functions of scientific names?

Tools for Identifying Organisms

Tools used to identify organisms include field guides and
dichotomous (di KAH tuh mus) keys. Using these tools is one
way you and scientists solve problems scientifically.

Many different field guides are available. You will find some
field guides at the back of this book. Most have descriptions and
illustrations of organisms and information about where each
organism lives. You can identify species from around the world
using the appropriate field guide.

Figure 18 These two lizards
have the same common name,
iguana, but are two different
species.

Communicating ldeas

Procedure

1.

Find a magazine picture
of a piece of furniture
that can be used as a place
to sit and to lie down.

. Show the picture to ten

people and ask them to tell
you what word they use
for this piece of furniture.

. Keep arecord of the

answers in your Science
Journal.

Analysis

1.

In your Science Journal,
infer how using common
names can be confusing.
How do scientific names
make communication
among scientists

easier?

Tryat
nome '

SECTION 4 How are living things classified? 25

(1)Zig Leszczynski/Animals Animals, (r)R. Andrew Odum/Peter Arnold, Inc.



Dichotomous Keys A dichotomous key is a detailed list of
identifying characteristics that includes scientific names.
Dichotomous keys are arranged in steps with two descriptive
statements at each step. If you learn how to use a dichotomous
key, you can identify and name a species.

Did you know many types of mice exist? You can use Table 2
to find out what type of mouse is pictured to the left. Start by
choosing between the first pair of descriptions. The mouse has
hair on its tail, so you go to 2. The ears of the mouse are small, so
you go on to 3. The tail of the mouse is less that 25 mm. What is
the name of this mouse according to the key?

1. Tail hair a. no hair on tail; scales show plainly; house mouse, Mus musculus
b. hair on tail, go to 2

2. Earsize a. ears small and nearly hidden in fur, go to 3
b. ears large and not hidden in fur, go to 4

3. Tail length a. less than 25 mm; woodland vole, Microtus pinetorum
b. more than 25 mm; prairie vole, Microtus ochrogaster

4. Tail coloration  a. sharply bicolor, white beneath and dark above; deer mouse,
Peromyscus maniculatus
b. darker above than below but not sharply bicolor; white-footed
mouse, Peromyscus leucopus

Summary Self Check

Classification 1. State Aristotle’s and Linnaeus’ contributions to classify-
® Organisms are classified into groups based on ing living things.

their similarities. 2. ldentify a specific characteristic used to classify organisms.
® Scientists today classify organisms into six 3. Describe what each of the two words identifies in bino-

kingdoms. mial nomenclature.
® Species is the smallest classification category. 4. Think Critically Would you expect a field guide to have
Scientific Names common names as well as scientific names? Why or

why not?

® Binomial nomenclature is the two-word
naming system that gives organisms their
scientific names.

Tools for Identifying Organisms 5. Classify Create a dichotomous key that identifies

® Field guides and dichotomous keys are used types of cars.

to identify organisms.
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Cl1ass

Scientists use classification systems to show
how organisms are related. How do they deter-
mine which features to use to classify organ-
isms? In this lab, you will observe seeds and use
their features to classify them.

Real-World Question

How can the features of seeds be used to
develop a key to identify the seed?

Goals
B Observe the seeds and notice their features.
B (lassify seeds using these features.

Materials

packets of seeds (10 different kinds)
magnifying lens

metric ruler

Safety Precautions
®f~-5 1]

WARNING: Some seeds may have been treated
with chemicals. Do not put them in your mouth.

FYiNng sSeeds

Procedure

1. Copy the following data table in your

Science Journal and record the features of
each seed. Your table will have a column for
each different type of seed you observe.

Seed Data

Feature Type of Seed

Color ‘

Length (mm) Do not write in this book.
Shape ‘

Texture

. Use the features to develop a key.
. Exchange keys with another group. Can you

use their key to identify seeds?

Conclude and Apply

. Determine how different seeds can be

classified.

. Explain how you would classify a seed you

had not seen before using your data table.

. Explain why it is an advantage for scientists

to use a standardized system to classify
organisms. What observations did you make
to support your answer?

Compare your conclusions with those of
other students in your class. For more help,
refer to the Science Skill Handbook.
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Goals

M Design and carry out
an experiment using
scientific methods to
infer why brine shrimp
live in the ocean.

B Observe the jars for
one week and notice
whether the brine
shrimp eggs hatch.

Possible Materials

500-mL, widemouthed
containers (3)

brine shrimp eggs

small, plastic spoon

distilled water (500 mL)

weak salt solution
(500 mL)

strong salt solution
(500 mL)

labels (3)

magnifying lens

Safety Precautions
~1-5 g | ® |

WARNING: Protect eyes
and clothing. Be careful
when working with live
organismes.

Dasign four Owr

UsinG ScienTiFic MeTH,

Real-World Question

Brine shrimp are relatives of lobsters, crabs, cray-
fish, and the shrimp eaten by humans. They are
often raised as a live food source in aquariums.
In nature, they live in the oceans where fish

feed on them. They can hatch from eggs that
have been stored in a dry condition for many
years. How can you use scientific methods to
determine whether salt affects the hatching and
growth of brine shrimp?

213

Brine shrimp

Form a Hypothesis

Based on your observations, form a hypothesis to explain how salt
affects the hatching and growth of brine shrimp.

Test Your Hypothesis
Make a Plan

1. As a group, agree upon the hypothesis and decide how you will
test it. Identify what results will confirm the hypothesis.
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2. List steps that you need to test your hypothesis. Be specific. Describe exactly
what you will do at each step.

3. List your materials.
4. Prepare a data table in your Science Journal to record your data.

5. Read over your entire experiment to make sure that all planned steps are in
logical order.

6. Identify any constants, variables, and controls of the experiment.

Follow Your Plan
1. Make sure your teacher approves your plan before you start.
2. Carry out the experiment as planned by your group.

3. While doing the experiment, record any observations and complete the data
table in your Science Journal.

4. Use a bar graph to plot your results.

Analyze Your Data
1. Describe the contents of each jar after one week.
2. ldentify your control in this experiment.
3. Identify your variable in this experiment.

Conclude and Apply
1. Explain whether or not the results support your hypothesis.

2. Predict the effect that increasing the amount of salt in the
water would have on the brine shrimp eggs.

3. Compare your results with those of other groups.

Prepare a set of instructions on how to hatch
brine shrimp to use to feed fish. Include
diagrams and a step-by-step procedure.



SGIENCEAND

Manicore

Acari marmoset

marmoset

n 2000, a scientist from Brazil’'s Amazon
National Research Institute came across two
squirrel-sized monkeys in a remote and iso-
lated corner of the rain forest, about 2,575 km
from Rio de Janeiro.
It turns out that the monkeys had never
been seen before, or even known to exist.

Acari marmoset

The new species were spotted by a scientist
who named them after two nearby rivers the
Manicore and the Acari, where the animals were
discovered. Both animals are marmosets, which
is a type of monkey found only in Central and
South America. Marmosets have claws instead of
nails, live in trees, and use their extraordinarily
long tail like an extra arm or leg. Small and light,

BUSINESS

both marmosets measure about 23 cm in length
with a 38 cm tail, and weigh no more than 0.4 kg.

The Manicore marmoset has a silvery-white
upper body, a light-gray cap on its head, a yel-
low-orange underbody, and a black tail.

The Acari marmoset’s upper body is snowy
white, its gray back sports a stripe running to
the knee, and its black tail flashes a bright-
orange tip.

Amazin’ Amazon

The Amazon Basin is a treasure trove of
unique species. The Amazon River is Earth’s
largest body of freshwater, with 1,100 smaller
tributaries. And more than half of the world’s
plant and animal species live in its rain forest
ecosystems.

Research and Report Working in small groups, find out more
about the Amazon rain forest. Which plants and animals live there?

What products come from the rain forest? How does what happens in
the Amazon rain forest affect you? Prepare a multimedia presentation.

Marc Von Roosmalen/AP

nline

For more information, visit
life.msscience.com/time



What is science?

1. Scientists use problem-solving methods to
investigate observations about living and
nonliving things.

2. Scientists use SI measurements to gather
measurable data.

3. Safe laboratory practices help you learn
more about science.

Living Things
1. Organisms are made of cells, use energy,
reproduce, respond, grow, and develop.

2. Organisms need energy, water, food, and a
place to live.

Where does life come from?

. Controlled experiments finally disproved

the theory of spontaneous generation.

. Pasteur’s experiment proved biogenesis.

How are living things
classified?

. Classification is the grouping of ideas,

information, or objects based on their simi-
lar characteristics.

. Scientists today use phylogeny to group

organisms into six kingdomes.

. All organisms are given a two-word scientific

name using binomial nomenclature.

Copy and complete this events-chain concept map that shows the order in which you might use a
scientific method. Use these terms: analyze data, perform an experiment, and form a hypothesis.

Gtate the problem

U

A
Y

Report resul

ts

life.msscience.com/interactive_tutor
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Explain the differences in the vocabulary words in
each pair below. Then explain how they are related.

1.

-
e

WO NN R WN

binomial nomenclature law p.10

p.24 organism p. 14
biogenesis p.19 phylogeny p.23
cell p.14 scientific methods p.7
control p.9 spontaneous
genus p.24 generation p.19
homeostasis p. 15 theory p.10
hypothesis p.8 variable p.9

kingdom p.23

control—variable

law—theory
biogenesis—spontaneous generation
binomial nomenclature—phylogeny
organism—cell
kingdom—phylogeny
hypothesis—scientific methods
organism—homeostasis
kingdom—genus

theory—hypothesis

Choose the word or phrase that best answers the
question.

1

12.

13.

. What category of organisms can mate and
produce fertile offspring?

A) family () genus

B) class D) species

What is the closest relative of Canis lupus?

A) Quercus alba Q) Felis tigris
B) Equus zebra D) Canis familiaris

What is the source of energy for plants?
A) the Sun () water
B) carbon dioxide D) oxygen

32 CHAPTER REVIEW

KS Studios/Mullenix

14.

15.

16.

17.

18.

19.

20.

What makes up more than 50 percent of
all living things?
A) oxygen

B) carbon dioxide

C) minerals
D) water

Who finally disproved the theory of spon-
taneous generation?
A) Oparin

B) Aristotle

() Pasteur
D) Miller

What gas do some scientists think was
missing from Earth’s early atmosphere?
A) ammonia () methane

B) hydrogen D) oxygen

What is the length of time called that an
organism is expected to live?

A) life span () homeostasis

B) stimulus D) theory

What is the part of an experiment that can
be changed called?
A) conclusion

B) variable

Q) control
D) data

What does the first word in a two-word
name of an organism identify?

A) kingdom 0) phylum

B) species D) genus

Use the photo below to answer question 20.

What SI unit is used to measure the vol-
ume of soda shown above?

A) meter Q) gram

B) liter D) degree

life.msscience.com/vocabulary_puzzlemaker



21. Predict what Lathyrus odoratus, the scien-
tific name for a sweet pea plant, tells you
about one of its characteristics.

Use the photo below to answer question 22.

22. Determine what problem-solving techniques
this scientist would use to find how dol-
phins learn.

Use the graph below to answer question 23.

Infant Birth Data

[}
I N
®
2
2
2
=) N
=
w
(1}
g
v
g —/
1 2 3 4 5
Birth weight (kg)

23. Interpret Data Do the data in the graph
above support the hypothesis that babies
with a birth weight of 2.5 kg have the best
chance of survival? Explain.

24. List advantages of using SI units.

life.msscience.com/chapter_review

25. FormaHypothesis A lima bean plant is placed
under green light, another is placed under
red light, and a third under blue light. Their
growth is measured for four weeks to deter-
mine which light is best for plant growth.
What are the variables in this experiment?
State a hypothesis for this experiment.

26. Bulletin Board Interview people in your
community whose jobs require a knowl-
edge of life science. Make a Life Science
Careers bulletin board. Summarize each
person’s job and what he or she had to

study to prepare for that job.

27. Body Temperature Normal human body tem-
perature is 98.6°F. What is this temperature in
degrees Celsius? Use the following expression,
5/9(°F—32), to find degrees Celsius.

Use the graph below to answer question 28.

Favorite Flower Survey

40 |
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S 20
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=2

Marigold Iris Daisy  Violet
Favorite flower

28. Favorite Flower The graph above shows how
many people selected a certain type of flower as
their favorite. According to the graph, what
percentage of the people picked daisy as their
favorite?
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. A prediction that can be tested is a
A. conclusion. C. hypothesis.
B. variable. D. theory.

2. Which of the following units would a scien-
tist likely use when measuring the length of
a mouse’s tail?
A. kilometers
B. millimeters

C. grams
D. milliliters

Use the illustrations below to answer questions 3 and 4.

3. What scientist used the flasks pictured
above to support the theory of biogenesis?
A. John Needham (. Lazzaro Spallanzani
B. Louis Pasteur  D. Francesco Redi

4. Why did only the broth in the flask that was

tilted become cloudy and contaminated?

A. The broth was not boiled.

B. Flies contaminated the broth.

C. The broth was exposed to dust in the
neck of the flask.

D. Decaying meat caused the broth to be
contaminated.

Practice Skills Remember that test-taking skills can improve
with practice. If possible, take at least one practice test and
familiarize yourself with the test format and instructions.
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Dwight Kuhn

Use the photos below to answer questions 5 and 6.

5. The dog pictured above has increased in size.
How did most of this size increase take place?
A. an increase in cell size
B. an increase in the number of cells
C. an increase in cell water
D. an increase in cell energy

6. What characteristic of life is illustrated by
the change in the dog?
A. reproduction
B. homeostasis
C. growth and development
D. response to stimulus

7. What gas must most organisms take in to
release the energy of foods?
A. oxygen C. water vapor
B. carbon dioxide D. hydrogen

8. What characteristic of living things is rep-
resented by a puftball releasing millions of
spores?

A. reproduction
B. development

C. organization
D. use of energy

9. When using scientific methods to solve a
problem, which of the following is a scientist
most likely to do after forming a hypothesis?
A. analyze data
B. draw conclusions
C. state a problem
D. perform an experiment

10. What are the smallest units that make up

your body called?
A. cells C. muscles
B. organisms D. fibers



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

11. From where do bacteria that live in areas
where there is no sunlight obtain energy?

12. Organisms take in and give off large
amounts of water each day. What process
do they use to balance the amount of
water lost with the amount taken in?

13. After a rain storm, earthworms may be
seen crawling on the sidewalk or road.
How would the theory of spontaneous
generation explain the origin of the
worms?

14. List three things modern scientists study
when they classify organisms.

Use the illustrations below to answer questions 15 and 16.

Day 1

Day 4

15. A science class set up the experiment
above to study the response of plants to
the stimulus of light. What hypothesis is
likely being tested by this experiment?

16. After day 4, Fatima wanted to find out how

plant 2 and plant 3 would grow in normal
light. What did she have to do to find out?

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

17.

18.

Describe several different ways scientists
gather information. Which of these ways
would likely be used to collect data about
which foods wild alligators eat in Florida?

Some scientists think that lightning may
have caused chemicals in the Earth’s early
atmosphere to combine to begin the origin
of life. Explain how the experiment of Miller
and Urey does not prove this hypothesis.

Use the photo below to answer questions 19 and 20.

19.

20.

21.

22.

23.

Both of these living things use energy.
Describe the difference between the source
of energy for each. In what similar ways
would each of these organisms use energy?

How are the needs of the two organisms
alike? Explain why the plant is raw mate-
rial for the beetle. When the beetle dies,
how could it be raw material for the plant?

Explain stimulus and response. How
is response to a stimulus related to
homeostasis?

What information would you need to write
a field guide used to identify garden plants?
What other information would you need if
the guide included a dichotomous key?

Explain the difference between a kingdom
and a species in the classification system
commonly used.

STANDARDIZED TEST PRACTICE 35
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Too Small To Be Seen

The world around you is filled with organ-
isms that you could overlook, or even be
unable to see. Some of these organisms are
one-celled and some are many-celled. You
can study these organisms and the cells of
other organisms by using microscopes.

Science Journal | Write three questions that you
would ask a scientist researching cancer cells.



FOLDABLES Cells Make the following

M OTGRVEENTTTY  Foldable to help you illustrate
the main parts of cells.

I3 Fold a vertical

sheet of paper in
half from top
to bottom.

1348 Fold in half from
side to side with

the fold at the top.

134N Unfold the paper

once. Cut only the
fold of the top flap
to make two tabs.

MUEAES Turn the paper o

vertically and !

write on the front _
Animal

tabs as shown. Cell

lllustrate and Label Asyou read the chapter,
draw and identify the parts of plant and animal
cells under the appropriate tab.

Preview this chapter’s content
and activities at
life.msscience.com

57
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Cell Structure

KWt You'll Learn

B |dentify names and functions of
each part of a cell.

®m Explain how important a nucleus
isin a cell.

m Compare tissues, organs, and
organ systems.

Wéy It’s Important

If you know how organelles func-
tion, it’s easier to understand how
cells survive.

® Review Vocabulary
photosynthesis: process by
which most plants, some protists,
and many types of bacteria make
their own food

New Vocabulary

o cell membrane e ribosome

e cytoplasm e endoplasmic
e cell wall reticulum

® organelle e Golgi body
e nucleus ® tissue

e chloroplast ® organ

@ mitochondrion

Figure 1 The shape of the cell
can tell you something about its
function. These cells are drawn
700 times their actual size.
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Common Cell Traits

Living cells are dynamic and have several things in common.
A cell is the smallest unit that is capable of performing life func-
tions. All cells have an outer covering called a cell membrane.
Inside every cell is a gelatinlike material called cytoplasm
(SI tuh pla zum). In the cytoplasm of every cell is hereditary
material that controls the life of the cell.

Comparing Cells Cells come in many sizes. A nerve cell in
your leg could be a meter long. A human egg cell is no bigger
than the dot on this i. A human red blood cell is about one-tenth
the size of a human egg cell. A bacterium is even smaller—8,000
of the smallest bacteria can fit inside one of your red blood cells.

A cell’s shape might tell you something about its function.
The nerve cell in Figure 1 has many fine extensions that send
and receive impulses to and from other cells. Though a nerve
cell cannot change shape, muscle cells and some blood cells can.
In plant stems, some cells are long and hollow and have open-
ings at their ends. These cells carry food and water throughout
the plant.

Bacterium

Nerve cell

Red blood cell Muscle cell



Prokaryotic

Gel-like capsule

\ Cell wall
/ Cell membrane

Hereditary Ribosomes
material

Prokaryotic cell

Cell Types Scientists have found that cells can be separated
into two groups. One group has no membrane-bound structures
inside the cell and the other group does, as shown in Figure 2.
Cells without membrane-bound structures are called prokaryotic
(proh KAYR ee yah tihk) cells. Cells with membrane-bound
structures are called eukaryotic (yew KAYR ee yah tihk) cells.

Into what two groups can cells be separated?

Cell Organization

Each cell in your body has a specific function. You might
compare a cell to a busy delicatessen that is open 24 hours every
day. Raw materials for the sandwiches are brought in often. Some
food is eaten in the store, and some customers take their food
with them. Sometimes food is prepared ahead of time for quick
sale. Wastes are put into trash bags for removal or recycling.
Similarly, your cells are taking in nutrients, secreting and storing
chemicals, and breaking down substances 24 hours every day.

Cell Wall Just like a deli that is located inside the walls of a

building, some cells are enclosed in a cell wall. The cells of

plants, algae, fungi, and most bacteria are enclosed in a cell wall.
Cell walls are tough, rigid outer coverings that protect the cell
and give it shape.

A plant cell wall, as shown in Figure 3, mostly is made up of
a carbohydrate called cellulose. The long, threadlike fibers of :

cellulose form a thick mesh that allows water and dissolved
materials to pass through it. Cell walls also can contain pectin,
which is used in jam and jelly, and lignin, which is a compound
that makes cell walls rigid. Plant cells responsible for support
have a lot of lignin in their walls.

Cell membrane

[

Organelles

Eukaryotic

Nucleolus
Nucleus with

hereditary
material

N Ribosomes

Eukaryotic cell

Figure 2 Examine these draw-
ings of cells. Prokaryotic cells are
only found in one-celled organ-
isms, such as bacteria. Protists,
fungi, plants, and animals are
made of eukaryotic cells.
Describe differences you see
between them.

Figure 3 The protective cell
wall of a plant cell is outside the

cell membrane.
Color-enhanced TEM Magnification: 9000 X

—Cell wall
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Figure 4 A cell

membrane is made
up of a double layer
of fatlike molecules.

Cell membranes

Stained LM Magnification: 700 X

Figure 5 Cytoskeleton, a net-
work of fibers in the cytoplasm,
gives cells structure and helps
them maintain shape.

Modeling Cytoplasm

Procedure

1. Add 100 mL of water to a
clear container.

2. Add unflavored gelatin
and stir.

3. Shine a flashlight through
the solution.

Analysis

1. Describe what you see.

2. How does a model help
you understand what cyto-
plasm might be like?

40 CHAPTER2 Cells
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Cell Membrane The pro-

tective layer around all cells is

the cell membrane, as shown

in Figure 4. If cells have cell

walls, the cell membrane is

inside of it. The cell membrane

regulates interactions between

the cell and the environment.

Water is able to move freely

Color-enhanced TEM Magnification: 125000X into and out of the cell

through the cell membrane. Food particles and some molecules
enter and waste products leave through the cell membrane.

Cytoplasm Cells are filled with a gelatinlike substance called
cytoplasm that constantly flows inside the cell membrane. Many
important chemical reactions occur within the cytoplasm.

Throughout the cytoplasm is a framework called the
cytoskeleton, which helps the cell maintain or change its shape.
Cytoskeletons enable some cells to move. An amoeba, for exam-
ple, moves by stretching and contracting its cytoskeleton. The
cytoskeleton is made up of thin, hollow tubes of protein and
thin, solid protein fibers, as shown in Figure 5. Proteins are
organic molecules made up of amino acids.

What is the function of the cytoskeleton?

Most of a cell’s life processes occur in the cytoplasm. Within
the cytoplasm of eukaryotic cells are structures called
organelles. Some organelles process energy and others manu-
facture substances needed by the cell or other cells. Certain
organelles move materials, while others act as storage sites. Most
organelles are surrounded by membranes. The nucleus is usually
the largest organelle in a cell.

Nucleus The nucleus is like the deli manager who directs the
store’s daily operations and passes on information to employees.
The nucleus, shown in Figure 6, directs all cell activities and is
separated from the cytoplasm by a membrane. Materials enter
and leave the nucleus through openings in the membrane. The
nucleus contains the instructions for everything the cell does.
These instructions are found on long, threadlike, hereditary
material made of DNA. DNA is the chemical that contains the
code for the cell’s structure and activities. During cell division,
the hereditary material coils tightly around proteins to form
structures called chromosomes. A structure called a nucleolus
also is found in the nucleus.



Rough endoplasmic
reticulum (RER)

Ribosome \

. Nucleus
Figure 6 Referto ———
these diagrams of a -_
Nucleolus

typical animal cell

(top) and plant cell

(bottom) as you read

about cell structures

and their functions.

Determine which

structures a plant

cell has that are Cell membrane
not found in ani-

mal cells.

Smooth endoplasmic
reticulum (SER)

Mitochondrion

Cytoskeleton

Free ribosome

Golgi bodies
Lysosome

Central vacuole

Chloroplast _

Free ribosome \

Cell wall of adjacent cell

Nucleus
Smooth endoplasmic —— /

reticulum (SER)
. ———Nudeolus

-
Ribosome

Rough endoplasmic
reticulum (RER)

Golgi bodies

Mitochondrion

Cell wall Cell membrane
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Color-enhanced TEM Magnification: 37000 X

Figure 7 Chloroplasts are
organelles that use light energy to
make sugar from carbon dioxide
and water.

Figure 8 Mitochondria are
known as the powerhouses of the
cell because they release energy
that is needed by the cell from
food.

Name the cell types that might
contain many mitochondria.

42 CHAPTER2 Cells

Energy-Processing

Organelles Cells require a
continuous supply of energy to process food,
make new substances, eliminate wastes, and com-
municate with each other. In plant cells, food
is made in green organelles in the cytoplasm
called chloroplasts (KLOR uh plasts), as shown in
Figure 7. Chloroplasts contain the green pigment
chlorophyll, which gives many leaves and stems
their green color. Chlorophyll captures light
energy that is used to make a sugar called glucose.
Glucose molecules store the captured light energy
as chemical energy. Many cells, including animal cells, do not
have chloroplasts for making food. They must get food from
their environment.

The energy in food is stored until it is released by the mito-
chondria. Mitochondria (mi tuh KAHN dree uh) (singular,
mitochondrion), such as the one shown in Figure 8, are
organelles where energy is released from breaking down food
into carbon dioxide and water. Just as the gas or electric com-
pany supplies fuel for the deli, a mitochondrion releases energy
for use by the cell. Some types of cells, such as muscle cells,
are more active than other cells. These cells have large numbers
of mitochondria. Why would active cells have more or larger
mitochondria?

Manufacturing Organelles One substance that takes part
in nearly every cell activity is protein. Proteins are part of cell
membranes. Other proteins are needed for chemical reactions
that take place in the cytoplasm. Cells make their own proteins
on small structures called ribosomes. Even though ribosomes
are considered organelles,
they are not membrane
bound. Some ribosomes
float freely in the cytoplasm;
others are attached to
the endoplasmic reticulum.
Ribosomes are made in the
nucleolus and move out into
the cytoplasm. Ribosomes
receive directions from the
hereditary material in the
nucleus on how, when, and
in what order to make spe-

cific proteins.
Color-enhanced SEM Magnification: 48000 <

(t)George B. Chapman/Visuals Unlimited, (b)P. Motta & T. Naguro/Science Photo Library/Photo Researchers
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Figure 9 Endoplasmic reticulum (ER) is a
complex series of membranes in the cyto-
plasm of the cell.

Infer what smooth ER would look like.

Color-enhanced TEM Magnification: 65000 X

Processing, Transporting, and Storing Organelles
The endoplasmic reticulum (en duh PLAZ mihk ¢ rih TIHK
yuh lum) or ER, as shown in Figure 9, extends from the nucleus
to the cell membrane. It is a series of folded membranes in
which materials can be processed and moved around inside of
the cell. The ER takes up a lot of space in some cells.

The endoplasmic reticulum may be “rough” or “smooth.” ER
that has no attached ribosomes is called smooth endoplasmic
reticulum. This type of ER processes other cellular substances
such as lipids that store energy. Ribsomes are attached to areas
on the rough ER. There they carry out their job of making pro-
teins that are moved out of the cell or used within the cell.

What is the difference between rough ER and
smooth ER?

After proteins are made in a cell, they are transferred to
another type of cell organelle called the Golgi (GAWL jee) bod-
ies. The Golgi bodies, as shown ion Figure 10, are stacked, flat-
tened membranes. The Golgi bodies sort proteins and other
cellular substances and package them into

olor-enhanced TEM
membrane-bound structures called vesicles.  Magnification: 28000
The vesicles deliver cellular substances to areas
inside the cell. They also carry cellular sub-
stances to the cell membrane where they are
released to the outside of the cell.

Just as a deli has refrigerators for temporary
storage of some of its foods and ingredients,
cells have membrane-bound spaces called vac-
uoles for the temporary storage of materials. A
vacuole can store water, waste products, food,
and other cellular materials. In plant cells, the
vacuole may make up most of the cell’s volume.

Figure 10 The Golgi body pack-
ages materials and moves them to
the outside of the cell.

Explain why materials are
removed from the cell.



Recycling Just like a cell,
you can recycle materials.
Paper, plastics, aluminum,
and glass are materials that
can be recycled into usable
items. Make a promotional
poster to encourage others
to recycle.

Recycling Organelles Active cells break down and recycle
substances. Organelles called lysosomes (LI suh sohmz) contain
digestive chemicals that help break down food molecules, cell
wastes, and worn-out cell parts. In a healthy cell, chemicals are
released into vacuoles only when needed. The lysosome’s mem-
brane prevents the digestive chemicals inside from leaking into
the cytoplasm and destroying the cell. When a cell dies, a lyso-
some’s membrane disintegrates. This releases digestive chemi-
cals that allow the quick breakdown of the cell’s contents.

What is the function of the lysosome’s
membrane?

Calculate a Ratio

@ This is the procedure
you need to use:

B Check your answer:

CELL RATIO Assume that a cell is like a cube with six equal
sides. Find the ratio of surface area to volume for a cube that

is 4 cm high. Aem
Solution _—
€ This is what you know: A cube has 6 equal sides L /‘

€ This is what you need to What is the ratio (R) of surface

find out: area to volume for the cube?
E) These are the equations e surface area (A) = width X length X 6
you use: e volume (V) = length X width X height
e R=A/V

—

of 4 cm X 4 cm. e

m\\‘/él am

e Substitute in known values and solve the equations
A=4cmX4cmX6=96cm?
V=4cmX4cmX4cm= 64 cm’

R =96 cm?/64 cm® = 1.5 cm?/cm?

Multiply the ratio by the volume. Did you calculate
the surface area?

1. Calculate the ratio of surface area to volume for a cube that is 2 cm high. What happens
to this ratio as the size of the cube decreases?

2. If a 4-cm cube doubled just one of its dimensions, what would happen to the ratio of
surface area to volume? -

For more practice, visit

life.msscience.com/
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From Cell to Organism

Many one-celled organisms perform all their life
functions by themselves. Cells in a many-celled organ-
ism, however, do not work alone. Each cell carries on
its own life functions while depending in some way on
other cells in the organism.

In Figure 11, you can see cardiac muscle cells
grouped together to form a tissue. A tissue is a group
of similar cells that work together to do one job. Each
cell in a tissue does its part to keep the tissue alive.

Tissues are organized into organs. An organ is a
structure made up of two or more different types of
tissues that work together. Your heart is an organ
made up of cardiac muscle tissue, nerve tissue, and
blood tissues. The cardiac muscle tissue contracts,
making the heart pump. The nerve tissue brings mes-
sages that tell the heart how fast to beat. The blood
tissue is carried from the heart to other organs of the

body.

What types of tissues make up your
heart?

/ Cell

!

/ Tissue

S

Organ system

Organ

Organism

A group of organs working together to perform a certain : Figure 11 Inamany-celled

function is an organ system. Your heart, arteries, veins, and cap-
illaries make up your cardiovascular system. In a many-celled
organism, several systems work together in order to perform life
functions efficiently. Your nervous, circulatory, respiratory,

organism, cells are organized into
tissues, tissues into organs, organs
into systems, and systems into an

muscular, and other systems work together to keep you alive. oroanm:
Summary Self Check
Common Cell Traits 1. Explain why the nucleus is important in the life of a cell.
® All cells have an outer covering called a cell 2. Determine why digestive enzymes in a cell are
membrane. enclosed in a membrane-bound organelle.
® C(ells can be classified as prokaryotic or 3. Discuss how cells, tissues, organs, and organ systems
eukaryotic. are related.
Cell Organization 4. Think Critically How is the cell of a one-celled organ-
@ Each cell in your body has a specific function. ism different from the cells in many-celled organisms?

® Most of a cell’s life processes occur in the

cytoplasm.
From Cell to Organism

5. Interpret Scientific lllustrations Examine Figure 6.

Make a list of differences and similarities between the

® In a many-celled organism, several systems
work together to perform life functions.

animal cell and the plant cell.

life.msscience.com/self check_quiz
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Ge&mparing Gells

If you compared a goldfish to a rose, you would
find them unlike each other. Are their individ-
ual cells different also?

Real-World Question

How do human cheek cells and plant cells
compare?

Goals
B Compare and contrast an animal cell
and a plant cell.

Materials

microscope dropper

microscope slide Elodea plant

coverslip prepared slide of human
forceps cheek cells

tap water

Safety Precautions

e QIS 2

Procedure
1. Copy the data table in your Science Journal.

Check off the cell parts as you observe them.

Cell Part Cheek Elodea
(ytoplasm
Nucleus

Do not write

(osmplise in thi$ book.
Cell wall

Cell membrane

2. Using forceps, make a wet-mount slide of a
young leaf from the tip of an Elodea plant.

46 CHAPTER2 Cells

3. Observe the leaf on low power. Focus on

the top layer of cells.

. Switch to high power and focus on one cell.

In the center of the cell is a membrane-
bound organelle called the central vacuole.
Observe the chloroplasts—the green, disk-
shaped objects moving around the central
vacuole. Try to find the cell nucleus. It looks
like a clear ball.

. Draw the Elodea cell. Label the cell wall,

cytoplasm, chloroplasts, central vacuole, and
nucleus. Return to low power and remove
the slide. Properly dispose of the slide.

. Observe the prepared slide of cheek cells

under low power.

. Switch to high power and observe the cell

nucleus. Draw and label the cell membrane,
cytoplasm, and nucleus. Return to low
power and remove the slide.

Conclude and Apply

. Compare and contrast the shapes of the

cheek cell and the Elodea cell.

. Draw conclusions about the differences

between plant and animal cells.

Draw the two kinds of cells on one sheet of
paper. Use a green pencil to label the
organelles found only in plants, a red pencil
to label the organelles found only in
animals, and a blue pencil to label the
organelles found in both. For more help,
refer to the Science Skill Handbook.
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Viewing Cells

Magnifying Cells

The number of living things in your environment that you
can’t see is much greater than the number that you can see.
Many of the things that you cannot see are only one cell in size.
To see most cells, you need to use a microscope.

Trying to see separate cells in a leaf, like the ones in Figure 12,
is like trying to see individual photos in a photo mosaic picture
that is on the wall across the room. As you walk toward the wall,
it becomes easier to see the individual photos. When you get
right up to the wall, you can see details of each small photo. A
microscope has one or more lenses that enlarge the image of an
object as though you are walking closer to it. Seen through these
lenses, the leaf appears much closer to you, and you can see the
individual cells that carry on life processes.

Early Microscopes In the late 1500s, the first microscope
was made by a Dutch maker of reading glasses. He put two mag-
nifying glasses together in a tube and got an image that was
larger than the image that was made by either lens alone.

In the mid 1600s, Antonie van Leeuwenhoek, a Dutch fabric
merchant, made a simple microscope with a tiny glass bead for
a lens, as shown in Figure 13. With it, he reported seeing things
in pond water that no one had ever imagined. His microscope
could magnify up to 270 times. Another way to
say this is that his microscope could make the
image of an object
270 times larger
than its actual size.

Today you would say
his lens had a power
of 270X. Early com-
pound microscopes
were crude by
today’s standards.
The lenses would
make an image
larger, but it wasn’t

always sharp or clear. Magnification: 250

Wt You'll Learn

m Compare the differences
between the compound light
microscope and the electron
microscope.

B Summarize the discoveries that
led to the development of the
cell theory.

Wéy It’s Important

Humans are like other living things
because they are made of cells.

% Review Vocabulary
magnify: to increase the size of
something

New Vocabulary
o cell theory

Figure 12 Individual cells
become visible when a plant leaf is
viewed using a microscope with
enough magnifying power.
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Observing Maghnified
Objects

Procedure

1. Look at a newspaper
through the curved side
and through the flat bot-
tom of an empty, clear
glass.

2. Look at the newspaper
through a clear glass bowl
filled with water and then
with a magnifying lens.

Analysis

In your Science Journal,
compare how well you
can see the newspaper

through each
€ Try at
Home '

of the objects.

Cell Biologist Microscopes
are important tools for cell
biologists as they research
diseases. In your Science
Journal, make a list of dis-
eases for which you think
cell biologists are trying to
find effective drugs.

50 CHAPTER2 Cells

Modern Microscopes Scientists use a variety of micro-
scopes to study organisms, cells, and cell parts that are too small
to be seen with the human eye. Depending on how many lenses
a microscope contains, it is called simple or compound. A sim-
ple microscope is similar to a magnifying lens. It has only one
lens. A microscope’s lens makes an enlarged image of an object
and directs light toward your eye. The change in apparent size
produced by a microscope is called magnification. Microscopes
vary in powers of magnification. Some microscopes can make
images of individual atoms.

The microscope you probably will use to study life science
is a compound light microscope, similar to the one in the
Reference Handbook at the back of this book. The compound
light microscope has two sets of lenses—eyepiece lenses and
objective lenses. The eyepiece lenses are mounted in one or two
tubelike structures. Images of objects viewed through two eye-
pieces, or stereomicroscopes, are three-dimensional. Images of
objects viewed through one eyepiece are not. Compound light
microscopes usually have two to four movable objective lenses.

Magnification The powers of the eyepiece and objective
lenses determine the total magnifications of a microscope. If the
eyepiece lens has a power of 10X and the objective lens has a
power of 43X, then the total magnification is 430X (10X times
43X). Some compound microscopes, like those in Figure 13,
have more powerful lenses that can magnify an object up to
2,000 times its original size.

Electron Microscopes Things that are too small to be seen
with other microscopes can be viewed with an electron micro-
scope. Instead of using lenses to direct beams of light, an elec-
tron microscope uses a magnetic field in a vacuum to direct
beams of electrons. Some electron microscopes can magnify
images up to one million times. Electron microscope images
must be photographed or electronically produced.

Several kinds of electron microscopes have been invented, as
shown in Figure 13. Scanning electron microscopes (SEM) pro-
duce a realistic, three-dimensional image. Only the surface of
the specimen can be observed using an SEM. Transmission elec-
tron microscopes (TEM) produce a two-dimensional image of a
thinly-sliced specimen. Details of cell parts can be examined using
a TEM. Scanning tunneling microscopes (STM) are able to show
the arrangement of atoms on the surface of a molecule. A metal
probe is placed near the surface of the specimen and electrons
flow from the tip. The hills and valleys of the specimen’s surface
are mapped.



Cell Theory

During the seventeenth cen-
tury, scientists used their new All organisms are made up
invention, the microscope, to of one or more cells.
explore the newly discovered

microscopic world. They examined ) o
drops of blood, scrapings from The cell is the basic unit of

their own teeth, and other small organization in organisms.
things. Cells weren’t discovered
until the microscope was im-
proved. In 1665, Robert Hooke cut
a thin slice of cork and looked at it
under his microscope. To Hooke,
the cork seemed to be made up of empty little boxes, which he
named cells.

In the 1830s, Matthias Schleiden used a microscope to study
plants and concluded that all plants are made of cells. Theodor
Schwann, after observing different animal cells, concluded that all
animals are made up of cells. Eventually, they combined their ideas
and became convinced that all living things are made of cells.

Several years later, Rudolf Virchow hypothesized that cells
divide to form new cells. Virchow proposed that every cell came
from a cell that already existed. His observations and conclusions
and those of others are summarized in the cell theory, as
described in Table 1.

All cells come from cells.

Who first concluded that all animals are made

An organism can be one
cell or many cells like
most plants and animals.

Even in complex organisms,
the cell is the basic unit of
structure and function.

Most cells can divide to form
two new, identical cells.

of cells?
Summary Self Check
Magnifying Cells 1. Determine why the invention of the microscope was
@ The powers of the eyepiece and objective important in the study of cells.

lenses determine the total magnification of a
microscope.

® An electron microscope uses a magnetic field
in a vacuum to direct beams of electrons.

vi W N

Development of the Cell Theory

. State the cell theory.

. Compare a simple and a compound light microscope.
. Explain Virchow’s contribution to the cell theory.

. Think Critically Why would it be better to look at living
cells than at dead cells?

® In 1665, Robert Hooke looked at a piece of
cork under his microscope and called what he
saw cells.

of others are summarized in the cell theory.

6. Solve One-Step Equations Calculate the magnifica-

tions of a microscope that has an 8 X eyepiece and
® The conclusions of Rudolf Virchow and those 10X and 40X objectives.

life.msscience.com/self check_quiz
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Viruses

KWt You'll Learn

m Explain how a virus makes
copies of itself.

m |dentify the benefits of vaccines.

B Investigate some uses of viruses.

Wéy It’s Important

Viruses infect nearly all organisms,
usually affecting them negatively
yet sometimes affecting them
positively.

® Review Vocabulary
disease: a condition that results
from the disruption in function
of one or more of an organism’s
normal processes

New Vocabulary
® virus
@ host cell

Color-enhanced TEM Magnification: 160000 X

Filoviruses do not have uniform
shapes. Some of these Ebola viruses
have a loop at one end.
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What are viruses?

Cold sores, measles, chicken pox, colds, the flu, and AIDS are
diseases caused by nonliving particles called viruses. A virus is a
strand of hereditary material surrounded by a protein coating.
Viruses don’t have a nucleus or other organelles. They also lack
a cell membrane. Viruses, as shown in Figure 14, have a variety
of shapes. Because they are too small to be seen with a light
microscope, they were discovered only after the electron micro-
scope was invented. Before that time, scientists only hypothe-
sized about viruses.

How do viruses multiply?

All viruses can do is make copies of themselves. However,
they can’t do that without the help of a living cell called a host
cell. Crystalized forms of some viruses can be stored for years.
Then, if they enter an organism, they can multiply quickly.

Once a virus is inside of a host cell, the virus can act in two
ways. It can either be active or it can become latent, which is an
inactive stage.

Figure 14 Viruses come in a variety of shapes.

Color-enhanced SEM Maghnification: 140000 X

The potato leafroll virus, Polervirus,
damages potato crops worldwide.

This is just one of the many
adenoviruses that can cause the
common cold.

(DRichard J. Green/Photo Researchers, (c)Dr. J.F.J.M. van der Heuvel, (r)Gelderblom/Eye of Science/Photo Researchers



Figure 15 An active virus multiplies
and destroys the host cell.

New viruses are released
as the host cell bursts
open and is destroyed.

The virus attaches to

New viruses form

a specific host cell.
Virus
Host cell
The virus’s hereditary material
causes the cell to make viral
hereditary material and proteins.

Nucleus \
Viral hereditary
/ material
/ Viral /

The virus's hereditary proteins
material enters the
host cell.

Active Viruses When a virus enters a cell and is active, it
causes the host cell to make new viruses. This process destroys
the host cell. Follow the steps in Figure 15 to see one way that an
active virus functions inside a cell.

Latent Viruses Some viruses can be latent. That means that
after the virus enters a cell, its hereditary material can become
part of the cell’s hereditary material. It does not immediately
make new viruses or destroy the cell. As the host cell reproduces,
the viral DNA is copied. A virus can be latent for many years.
Then, at any time, certain conditions, either inside or outside
your body, can activate the virus.

If you have had a cold sore on your lip, a latent virus in your
body has become active. The cold sore is a sign that the virus is
active and destroying cells in your lip. When the cold sore disap-
pears, the virus has become latent again. The virus is still in your
body’s cells, but it is hiding and doing no apparent harm.

inside of the host cell. f

Topic: Virus Reactivation
Visit life.msscience.com for Web
links to information about viruses.

Activity In your Science Journal,
list five stimuli that might activate
a latent virus.

SECTION 3 Viruses 53



Virus

Figure 16 Viruses and the
attachment sites of the host cell
must match exactly. That’s why
most viruses infect only one kind of
host cell.

Identify diseases caused by

viruses.

Topic: Filoviruses

Visit life.msscience.com for Web
links to information about the
virus family Filoviridae.

Activity Make a table that dis-
plays the virus name, location, and
year of the initial outbreaks associ-
ated with the Filoviridae family.

54 CHAPTER2 Cells

Cell membrane How do viruses affe(',‘t

organisms?

Viruses attack animals, plants, fungi, pro-
tists, and all prokaryotes. Some viruses can
infect only specific kinds of cells. For instance,
many viruses, such as the potato leafroll virus,
are limited to one host species or to one type of
tissue within that species. A few viruses affect a
broad range of hosts. An example of this is the
rabies virus. Rabies can infect humans and
many other animal hosts.

A virus cannot move by itself, but it can
reach a host’s body in several ways. For example,
it can be carried onto a plant’s surface by the
wind or it can be inhaled by an animal. In a viral

infection, the virus first attaches to the surface of the host cell.
The virus and the place where it attaches must fit together
exactly, as shown in Figure 16. Because of this, most viruses
attack only one kind of host cell.

Viruses that infect bacteria are called bacteriophages
(bak TIHR ee uh fay jihz). They differ from other kinds of
viruses in the way that they enter bacteria and release their
hereditary material. Bacteriophages attach to a bacterium
and inject their hereditary material. The entire cycle takes
about 20 min, and each virus-infected cell releases an average
of 100 viruses.

Fighting Viruses

Vaccines are used to prevent disease. A vaccine is made from
weakened virus particles that can’t cause disease anymore.
Vaccines have been made to prevent many diseases, including
measles, mumps, smallpox, chicken pox, polio, and rabies.

What is a vaccine?

The First Vaccine Edward Jenner is credited with develop-
ing the first vaccine in 1796. He developed a vaccine for small-
pox, a disease that was still feared in the early twentieth century.
Jenner noticed that people who got a disease called cowpox
didn’t get smallpox. He prepared a vaccine from the sores of
people who had cowpox. When injected into healthy people, the
cowpox vaccine protected them from smallpox. Jenner didn’t
know he was fighting a virus. At that time, no one understood
what caused disease or how the body fought disease.



Treating Viral Diseases Antibiotics treat bacterial infections
but are not effective against viral diseases. One way your body can
stop viral infections is by making interferons. Interferons are pro-
teins that are produced rapidly by virus-infected cells and move to
noninfected cells in the host. They cause the noninfected cells to
produce protective substances.

Antiviral drugs can be given to infected patients to help fight
a virus. A few drugs show some effectiveness against viruses but
some have limited use because of their adverse side effects.

Preventing Viral Diseases Public health measures for pre-
venting viral diseases include vaccinating people, improving san-
itary conditions, quarantining patients, and controlling animals
that spread disease. For example, annual rabies vaccinations of
pets and farm animals protect them and humans from infection.
To control the spread of rabies in wild animals such as coyotes
and wolves, wildlife workers place bait containing an oral rabies
vaccine, as shown in Figure 17, where wild animals will find it.

Research with Viruses

You might think viruses are always harmful. However,
through research, scientists are discovering helpful uses for some
viruses. One use, called gene therapy, substitutes normal heredi-
tary material for a cell’s defective hereditary material. The nor-
mal material is enclosed in viruses that “infect” targeted cells. The
new hereditary material enters the cells and replaces the defective
hereditary material. Using gene therapy, scientists hope to help
people with genetic disorders and find a cure for cancer.

Figure 17 This oral rabies bait
is being prepared for an aerial
drop by the Texas Department of
Health as part of their Oral Rabies
Vaccination Program. This five-
year program has prevented the
expansion of rabies into Texas.

Summary Self Check
What are viruses? 1. Describe how viruses multiply.
® Avirus is a strand of hereditary material 2. Explain how vaccines are beneficial.
surrounded by a protein coating. 3. Determine how some viruses might be helpful.
How do viruses multiply? 4. Discuss how viral diseases might be prevented.
® An active virus immediately destroys the host 5. Think Critically Explain why a doctor might not give
cell but a latent virus does not. you any medication if you have a viral disease.

Fighting Viruses and Research with Viruses

® Antiviral drugs can be given to infected
patients to help fight a virus.

® Scientists are discovering helpful uses for
some viruses.

active.

6. Concept Map Make an events-chain concept map to
show what happens when a latent virus becomes

life.msscience.com/self check_quiz

SECTION 3 Viruses 55

Pam Wilson/Texas Dept. of Health



Dasign folr Owr

coats Miereseopes

B Learn how to correctly r )
use a stereomicroscope Real_ WOI‘Id Question
and a compound light
microscope.

B Compare the uses of
the stereomicroscope
and compound light

You’re a technician in a police forensic lab-
oratory. You use a stereomicroscope and a
compound light microscope in the labora-
tory. A detective just returned from a crime
scene with bags of evidence. You must

TRETOSCOPe: examine each piece of evidence under a
Possible Materials microscope. How do you decide which
compound light microscope is the best tool to use? Will all

microscope of the evidence that you've collected be
stereomicroscope viewable through both microscopes?

items from the
classroom—include
some living or once-

living items (8) Form a Hypothesis
microscope slides and Compare the items to be examined under the microscopes. Form a
coverslips hypothesis to predict which microscope will be used for each item and
plastic petri dishes explain why.
distilled water
dropper

Safety Precautions

® o ely]i
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Test Your Hypothesis

Make a Plan

1. As a group, decide how you will test your hypothesis.

2. Describe how you will carry out this experiment using a
series of specific steps. Make sure the steps are in a logical

3.

order. Remember that you must place an item in the
bottom of a plastic petri dish to examine it under the
stereomicroscope and you must make a wet mount of
any item to be examined under the compound light

microscope. For more help, see the Reference Handbook.

If you need a data table or an observation table, design

one in your Science Journal.

Follow Your Plan

1.

Make sure your teacher approves the objects you’ll examine, your plan, and

your data table before you start.

. Carry out the experiment.

table.

Analyze Your Data

Conclude and Apply

Infer which microscope a scientist might use
to examine a blood sample, fibers, and live
snails.

List five careers that require people to use a
stereomicroscope. List five careers that require
people to use a compound light microscope.
Enter the lists in your Science Journal.

. Infer how the images would differ if you

examined an item under a compound light
microscope and a stereomicroscope.

Determine which microscope is better for
looking at large, or possibly live, items.

. While doing the experiment, record your observations and complete the data

. Compare the items you examined with those of your classmates.
. Classify the eight items you observed based on this experiment.

In your Science Journal, write a short
description of an imaginary crime scene
and the evidence found there. Sort the
evidence into two lists—items to be
examined under a stereomicroscope and
items to be examined under a compound
light microscope. For more help, refer to
the Science Skill Handbook.

LAB 57
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TIME

SCIENCEAND
HISTORY

did important background research on the
use of drugs against cancer in the 1950s.
She removed cells from cancerous tumors and
cultured them in the lab. Then, in a controlled
study, she tried a series of different drugs against
batches of the same cells. Her goal was to find
the right drug to cure each patient’s particular
cancer. Cobb never met that
goal, but her research
laid the groundwork
for modern
chemotherapy—the
use of chemicals to
treat cancer.

Jewel Cobb also
influenced science
in another way. She

was a role model, espe-
cially in her role as
dean or president

' ewel Plummer Cobb is a cell biologist who

of several universities. Cobb promoted equal
opportunity for students of all backgrounds,
especially in the sciences.

Light Up a Cure

Vancouver, British Columbia 2000. While
Cobb herself was only able to infer what was going
on inside a cell from its reactions to various drugs,
her work has helped others go further. Building on
Cobb’s work, Professor Julia Levy and her research
team at the University of British Columbia actually
go inside cells, and even organelles, to work
against cancer. One technique they are pioneering
is the use of light to guide cancer drugs to the right
cells. First, the patient is given a chemotherapy
drug that reacts to light. Then, a fiber optic tube is
inserted into the tumor. Finally, laser light is
passed through the tube, which activates the light-
sensitive drug—but only in the tumor itself. This
will hopefully provide a technique to keep healthy
cells healthy while killing sick cells.

Write Report on Cobb’s experiments on cancer cells. What were
her dependent and independent variables? What would she have
used as a control? What sources of error did she have to guard
against? Answer the same questions about Levy’s work.

nline

For more information, visit
life.msscience.com/time




Cell Structure

1. Prokaryotic and eukaryotic are the two cell

types.
2. The DNA in the nucleus controls cell
functions.

3. Organelles such as mitochondria and
chloroplasts process energy.

4. Most many-celled organisms are organized

into tissues, organs, and organ systems.

Viewing Cells

1. A simple microscope has just one lens. A
compound light microscope has an eye-
piece and objective lenses.

. To calculate the magnification of a micro-

scope, multiply the power of the eyepiece
by the power of the objective lens.

. According to the cell theory, the cell is the

basic unit of life. Organisms are made of
one or more cells, and all cells come from
other cells.

Viruses

. A virus is a structure containing heredi-

tary material surrounded by a protein
coating.

. A virus can make copies of itself only when

it is inside a living host cell.

Copy and complete the following concept map of the basic units of life.

Cell
Organelles

have different

Energy
processing
contains

| | digestive
chemicals

releases captures
energy energy

Transport
and storage

life.msscience.com/interactive_tutor

makes
proteins |
packages moves

cellular material
substances around cells
Rlbosomes ] |
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cell membrane p.38 host cell p.52

cell theory p.51 mitochondrion p.42

cell wall p.39 nucleus p.40

chloroplast p.42 organ p.45

cytoplasm p.38 organelle p.40

endoplasmic ribosome p.42
reticulum p.43 tissue p.45

Golgi body p.43 virus p.52

Using the vocabulary words, give an example of

each of the following.
1. found in every organ
smaller than one cell
a plant-cell organelle
part of every cell
powerhouse of a cell
used by biologists
contains hereditary material

a structure that surrounds the cell

O NN R WN

can be damaged by a virus

-
e

made up of cells

Choose the word or phrase that best answers the
question.

11. What structure allows only certain things
to pass in and out of the cell?
A) cytoplasm () ribosomes
B) cell membrane D) Golgi body

12. What is the organelle
to the right?
A) nucleus
B) cytoplasm
() Golgi body
D) endoplasmic
reticulum

60 CHAPTER REVIEW

Use the illustration below to answer question 13.

13.

14.

15.

16.

17.

18.

In the figure above, what is the function of
the structure that the arrow is pointing to?
A) recycles old cell parts

B) controls cell activities

() protection

D) releases energy

Which scientist gave the name cells to
structures he viewed?

A) Hooke Q) Schleiden

B) Schwann D) Virchow

Which of the following is a viral disease?
A) tuberculosis () smallpox
B) anthrax D) tetanus

Which microscope can magnify up to a
million times?

A) compound light microscope

B) stereomicroscope

() transmission electron microscope

D) atomic force microscope

Which of the following is part of a bacter-
ial cell?

A) a cell wall () mitochondria

B) lysosomes D) a nucleus

Which of the following do groups of dif-
ferent tissues form?

A) organ () organ system

B) organelle D) organism

life.msscience.com/vocabulary_puzzlemaker



19. Infer why it is difficult to treat a viral
disease.

20. Explain which type of microscope would be
best to view a piece of moldy bread.

21. Predict what would happen to a plant cell
that suddenly lost its chloroplasts.

22. Predict what would
happen if the ani-
mal cell shown to
the right didn’t
have ribosomes.

23. Determine how you
would decide
whether an
unknown cell was an animal cell, a plant
cell, or a bacterial cell.

24. Concept Map Make an events-chain concept
map of the following from simple to com-
plex: small intestine, circular muscle cell,
human, and digestive system.

25. Interpret Scientific lllustrations Use the illustra-
tions in Figure 1 to describe how the shape
of a cell is related to its function.

Use the table below to answer question 26.

Structure PrOkceLrI)I/otic EUkcae I‘I)IlOtic
Cell membrane Yes
(Cytoplasm Yes
Nucleus Yes
Endoplasmic
reticulum
Golgi bodies

26. Compare and Contrast Copy and complete
the table above.

life.msscience.com/chapter_review

27. Make a Model Make and illustrate a time line
about the development of the cell theory.
Begin with the development of the micro-
scope and end with Virchow. Include the
contributions of Leeuwenhoek, Hooke,
Schleiden, and Schwann.

28. Model Use materials that resemble cell
parts or represent their functions to make
a model of a plant cell or an animal cell.
Include a cell-parts key.

29. Poster Make a poster about the history of
vaccinations. Contact your local Health
Department for current information.

Use the illustration below to answer question 30.

30. Cell Width If the pointer shown above with the
cell is 10 micrometers (jum) in length, then
about how wide is this cell?

A) 20 um Q) 5um
B) 10 pum D) 0.1 pum

31. Magnification Calculate the magnification of
a microscope with a 20X eyepiece and a
40X objective.
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Record your answers on the answer sheet 5. Why is a virus not considered a living cell?
provided by your teacher or on a sheet of paper. A. It has a cell wall.

1. What do a bacterial cell, a plant cell, and a B. It has hereditary material.
nerve cell have in common? C. It has no organ.elles.
A. cell wall and nucleus D. It cannot multiply.

B. cytoplasm and cell membrane Use the illustration below to answer questions 6 and 7.
C. endoplasmic reticulum
D. flagella -

2. Which of the following is not a function of
an organelle?
A. tough outer coating
B. energy producers
C. chemical producers \\
D. chemical storage

Use the images below to answer question 3.

6. What does the diagram above represent?
A. cell reproduction
B. bacterial reproduction
C. active virus multiplication
D. vaccination

7. What does the largest circular structure

represent?
A. a host cell C. avacuole
B. a ribosome D. the nucleus

3. What is the primary function of this

organelle? 8. Where do most of a cell’s life processes

A. capturing light energy occur?

B. directing cell processes A. nucleus C. organ

C. releasing energy stored in food B. cell wall D. cytoplasm

D. making proteins 9. A group of similar cells that work together
4. Which organell.es receive the directions' les.e}[(izls)u . C. organ system.

from .the DNA in the nucleus about which B. organ. D. organism.

proteins to make?

A. ribosomes

B. endoplasmic reticulum

C. Golgi bodies Read Carefully Read each question carefully for full understanding.

D. cell wall

62 STANDARDIZED TEST PRACTICE



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

10. Compare and contrast the cell wall and
the cell membrane.

11. How would a cell destroy or breakdown
a harmful chemical which entered the
cytoplasm?

12. How does your body stop viral infections?
What are other ways of protection against
viral infections?

13. Where is cellulose found in a cell and
what is its function?

Use the following table to answer question 14.

Organelle Function

Directs all cellular activities
Mitochondria

(aptures light energy to make glucose
Ribosomes

14. Copy and complete the table above with
the appropriate information.

15. How are Golgi bodies similar to a packag-
ing plant?

16. Why does a virus need a host cell?

17. Give an example of an organ system and
list the organs in it.

18. Compare and contrast the energy pro-
cessing organelles.

19. Describe the structure of viruses.

20. How do ribosomes differ from other cell
structures found in the cytoplasm?

21. What kind of microscope uses a series of
lenses to magnify?

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

22. Name three different types of microscopes
and give uses for each.

23. Some viruses, like the common cold, only
make the host organism sick, but other
viruses, like Ebola, are deadly to the host
organism. Which of these strategies is
more effective for replication and trans-
mission of the virus to new host organ-
isms? Which type of virus would be easier
to study and develop a vaccine against?

24. Discuss the importance of the cytoplasm.

25. Explain how Hooke, Schleiden, and
Schwann contributed to the cell theory.

Use the illustration below to answer question 26.

Cell membrane

Virus

26. What interaction is taking place in the
illustration above? What are two possible
outcomes of this interaction?

27. Describe how the first vaccine was
developed.
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The Science of Gardening

Growing a garden is hard work for both you
and the plants. Like you, plants need water
and food for energy. How plants get food and
water is different from you. Understanding
how living things get the energy they need to
survive will make a garden seem like much
more than just plants and dirt.

Science Journal | Describe two ways in which you
think plants get food for energy.



FOLDABLES How Living Things Survive

Make the following vocabulary
Foldable to help you under-
stand the chemistry of living things and how
energy is obtained for life.

m Fold a vertical sheet

of notebook paper
from side to side.

Cut along every
third line of only :
the top layer to
form tabs.

Build Vocabulary As you read this chapter, list
the vocabulary words about cell processes on the
tabs. As you learn the definitions, write them
under the tab for each vocabulary word. Write a
sentence about one of the cell processes using
the vocabulary word on the tab.

Preview this chapter’s content
and activities at
life.msscience.com
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Chemistry of Life

KWt You'll Learn

B List the differences among
atoms, elements, molecules,
and compounds.

m Explain the relationship between
chemistry and life science.

B Discuss how organic compounds
are different from inorganic
compounds.

Wéy It’s Important

You grow because of chemical reac-
tions in your body.

® Review Vocabulary
cell: the smallest unit of a living
thing that can perform the func-
tions of life

New Vocabulary

® mixture

@ organic compound
® enzyme

@ inorganic compound

Figure 1 An oxygen atom model
shows the placement of electrons,

protons, and neutrons.
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The Nature of Matter

Think about everything that surrounds you—chairs, books,
clothing, other students, and air. What are all these things made
up of? You're right if you answer “matter and energy.” Matter is
anything that has mass and takes up space. Energy is anything
that brings about change. Everything in your environment,
including you, is made of matter. Energy can hold matter
together or break it apart. For example, the food you eat is mat-
ter that is held together by chemical energy. When food is
cooked, energy in the form of heat can break some of the bonds
holding the matter in food together.

Atoms Whether it is solid, liquid, or gas, matter is made of
atoms. Figure 1 shows a model of an oxygen atom. At the center
of an atom is a nucleus that contains protons and neutrons.
Although they have nearly equal masses, a proton has a positive
charge and a neutron has no charge. Outside the nucleus are
electrons, each of which has a negative charge. It takes about
1,837 electrons to equal the mass of one proton. Electrons are
important because they are the part of the atom that is involved
in chemical reactions. Look at Figure 1 again and you will see
that an atom is mostly empty space. Energy holds the parts of an
atom together.

Oxygen atom

Nucleus,
8 protons,
8 neutrons

Electron ®
Proton @
Neutron @



Symbol Element Percent

0 Oxygen 65.0
C Carbon 18.5
H Hydrogen 9.5
N Nitrogen 3.2
(a (alcium 15
P Phosphorus 1.0
K Potassium 0.4
S Sulfur 0.3
Na Sodium 0.2
d Chlorine 0.2
Mg Magnesium 0.1

Other elements 0.1

Elements When something is made up of only one kind of :

atom, it is called an element. An element can’t be broken down
into a simpler form by chemical reactions. The element oxygen

is made up of only oxygen atoms, and hydrogen is made up of

only hydrogen atoms. Scientists have given each element its own
one- or two-letter symbol.

All elements are arranged in a chart known as the periodic
table of elements. You can find this table at the back of this
book. The table provides information about each element
including its mass, how many protons it has, and its symbol.

Everything is made up of elements. Most things, including all
living things, are made up of a combination of elements. Few
things exist as pure elements. Table 1 lists elements that are in the
human body. What two elements make up most of your body?

Six of the elements listed in the table are important because
they make up about 99 percent of living matter. The symbols for
these elements are S, P, O, N, C, and H. Use Table 1 to find the
names of these elements.

What types of things are made up of elements?

/ Oxygen 65.0%

/ Carbon 18.5%

/ Hydrogen 9.5%

—— Nitrogen 3.2%

—— C(alcium 1.5%

Phosphorus 1.0%
Other elements 1.3%
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Figure 2 The words atoms, mole-
cules, and compounds are used to
describe substances.

Explain how these terms are related
to each other.

Oxygen
atoms
Oxygen
molecule
f_)%

m Some elements, like oxygen,
occur as molecules. These mole-
cules contain atoms of the same
element bonded together.
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B Compounds also are composed

Oxygen Compounds and Molecules

/ atom Suppose you make a pitcher of

lemonade using a powdered mix

V and water. The water and the

Hydrogen lemonade mix, which is mostly

atoms Water sugar, contain the elements oxy-
molecule

gen and hydrogen. Yet, in one,
they are part of a nearly tasteless
liquid—water. In the other they
are part of a sweet solid—sugar.
How can the same elements be

—

of molecules. Molecules of com- part of two materials that are so
pounds contain atoms of two or different? Water and sugar are
more different elements bonded compounds. Compounds are
together, as shown by these water made up of two or more ele-
molecules. ments in exact proportions. For

example, pure water, whether
one milliliter of it or one million liters, is always made up of
hydrogen atoms bonded to oxygen atoms in a ratio of two
hydrogen atoms to one oxygen atom. Compounds have proper-
ties different from the elements they are made of. There are
two types of compounds—molecular compounds and ionic
compounds.

Molecular Compounds The smallest part of a molecular
compound is a molecule. A molecule is a group of atoms held
together by the energy of chemical bonds, as shown in Figure 2.
When chemical reactions occur, chemical bonds break, atoms
are rearranged, and new bonds form. The molecules produced
are different from those that began the chemical reaction.

Molecular compounds form when different atoms share
their outermost electrons. For example, two atoms of hydrogen
each can share one electron on one atom of oxygen to form one
molecule of water, as shown in Figure 2B. Water does not have
the same properties as oxygen and hydrogen. Under normal
conditions on Earth, oxygen and hydrogen are gases. Yet, water
can be a liquid, a solid, or a gas. When hydrogen and oxygen
combine, changes occur and a new substance forms.

lons Atoms also combine because they’ve become positively or
negatively charged. Atoms are usually neutral—they have no
overall electric charge. When an atom loses an electron, it has
more protons than electrons, so it becomes positively charged.
When an atom gains an electron, it has more electrons than pro-
tons, so it becomes negatively charged. Electrically charged
atoms—positive or negative—are called ions.



lonic Compounds Ions of opposite
charges attract one another to form elec-
trically neutral compounds called ionic
compounds. Table salt is made of sodium
(Na) and chlorine (Cl) ions, as shown in
Figure 3B. When they combine, a chlorine
atom gains an electron from a sodium
atom. The chlorine atom becomes a neg-
atively charged ion, and the sodium atom
becomes a positively charged ion. These
oppositely charged ions then are attracted

LM Magnification: 8 X

to each other and form the ionic com- 0 Magpnified crystals of

pound sodium chloride, NaCl. salt look like this.
Ions are important in many life

processes that take place in your body and in other organisms.
For example, messages are sent along your nerves as potassium
and sodium ions move in and out of nerve cells. Calcium ions
are important in causing your muscles to contract. Ions also are
involved in the transport of oxygen by your blood. The move-
ment of some substances into and out of a cell would not be
possible without ions.

Mixtures

Some substances, such as a combination of sugar and salt,
can’t change each other or combine chemically. A mixture is a
combination of substances in which individual substances
retain their own properties. Mixtures can be solids, liquids,
gases, or any combination of them.

Why is a combination of sugar and salt said to
be a mixture?

Most chemical reactions in living organisms take place in
mixtures called solutions. You’ve probably noticed the taste
of salt when you perspire. Sweat is a solution of salt and
water. In a solution, two or more substances are mixed
evenly. A cell’s cytoplasm is a solution of dissolved molecules
and ions.

Living things also contain mixtures called suspensions. A
suspension is formed when a liquid or a gas has another sub-
stance evenly spread throughout it. Unlike solutions, the
substances in a suspension eventually sink to the bottom. If
blood, shown in Figure 4, is left undisturbed, the red blood cells
and white blood cells will sink gradually to the bottom.
However, the pumping action of your heart constantly moves
your blood and the blood cells remain suspended.

B A salt crystal is held
together by the attractions
between sodium ions and
chlorine ions.

Figure 3 Table salt crystals are
held together by ionic bonds.

Figure 4 When a test tube of
whole blood is left standing, the
blood cells sink in the watery
plasma.
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Elements

Examples

Function

Carbohydrates

carbon, hydrogen,
and oxygen

sugars, starch, and
cellulose

supply energy for cell
processes; form plant
structures; short-term

Lipids

carbon, oxygen,
hydrogen, and
phosphorus

fats, oils, waxes,
phospholipids, and
cholesterol

store large amounts of
energy long term; form
boundaries around cells

Proteins

carbon, oxygen,
hydrogen, nitrogen,
and sulfur

enzymes, skin, and hair

requlate cell processes
and build cell structures

Nudleic Acids

carbon, oxygen,
hydrogen, nitrogen,
and phosphorus

DNA and RNA

carry hereditary
information; used to
make proteins

energy storage

Topic: Air Quality

Visit life.msscience.com for
Web links to information about
air quality.

Activity Organic compounds
such as soot, smoke, and ash can
affect air quality. Look up the air
quality forecast for today. List
three locations where the air
quality forecast is good, and three
locations where it is unhealthy.
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Organic Compounds

You and all living things are made up of compounds that are
classified as organic or inorganic. Rocks and other nonliving
things contain inorganic compounds, but most do not contain
large amounts of organic compounds. Organic compounds
always contain carbon and hydrogen and usually are associated
with living things. One exception would be nonliving things that
are products of living things. For example, coal contains organic
compounds because it was formed from dead and decaying
plants. Organic molecules can contain hundreds or even thou-
sands of atoms that can be arranged in many ways. Table 2 com-
pares the four groups of organic compounds that make up all
living things—carbohydrates, lipids, proteins, and nucleic acids.

Carbohydrates Carbohydrates are organic molecules that
supply energy for cell processes. Sugars and starches are carbo-
hydrates that cells use for energy. Some carbohydrates also are
important parts of cell structures. For example, a carbohydrate
called cellulose is an important part of plant cells.

Lipids Another type of organic compound found in living
things is a lipid. Lipids do not mix with water. Lipids such as fats
and oils store and release even larger amounts of energy than
carbohydrates do. One type of lipid, the phospholipid, is a
major part of cell membranes.

What are three types of lipids?



Proteins Organic compounds called proteins have many
important functions in living organisms. They are made up of
smaller molecules called amino acids. Proteins are the building
blocks of many structures in organisms. Your muscles contain
large amounts of protein. Proteins are scattered throughout cell
membranes. Certain proteins called enzymes regulate nearly all
chemical reactions in cells.

Nucleic Acids Large organic molecules that store important
coded information in cells are called nucleic acids. One nucleic
acid, deoxyribonucleic acid, or DNA—genetic material—is
found in all cells at some point in their lives. It carries informa-
tion that directs each cell’s activities. Another nucleic acid,
ribonucleic acid, or RNA, is needed to make enzymes and other
proteins.

Inorganic Compounds

Most inorganic compounds are made from elements other
than carbon. Generally, inorganic molecules contain fewer
atoms than organic molecules. Inorganic compounds are the
source for many elements needed by living things. For example,
plants take up inorganic compounds from the soil. These inor-
ganic compounds can contain the elements nitrogen, phospho-
rus, and sulfur. Many foods that you eat contain inorganic
compounds. Table 3 shows some of the inorganic compounds
that are important to you. One of the most important inorganic
compounds for living things is water.

Compound Use in Body
W makes up most of the blood; most chemical
ater : .
reactions occur in water
Calcium phosphate gives strength to bones
Hydrochloric acid breaks down foods in the stomach

Sodium bicarbonate helps the digestion of food to occur

Salts containing sodium,
chlorine, and potassium

important in sending messages
along nerves

Observing How
Enzymes Work

Procedure ~-5 | ® [

. Get two small cups of

prepared gelatin from
your teacher. Do not eat
or drink anything in lab.

. On the gelatin in one of

the cups, place a piece of
fresh pineapple.

. Let both cups stand

undisturbed overnight.

. Observe what happens to

the gelatin.

Analysis

1.

What effect did the piece
of fresh pineapple have on
the gelatin?

What does fresh pineapple
contain that caused it to
have the effect on the
gelatin you observed?

. Why do the preparation

directions on a box of
gelatin dessert tell you
not to mix it with fresh
pineapple?

SECTION 1 Chemistry of Life 771



Importance of Water Some scientists hypothesize that life
began in the water of Earth’s ancient oceans. Chemical reactions
might have occurred that produced organic molecules. Similar
chemical reactions can take place in cells in your body.

Living things are composed of more than 50 percent water
and depend on water to survive. You can live for weeks without
food but only for a few days without water. Figure 5 shows
where water is found in your body. Although seeds and spores of
plants, fungi, and bacteria can exist without water, they must
have water if they are to grow and reproduce. All the chemical
reactions in living things take place in water solutions, and most
organisms use water to transport materials through their bod-
ies. For example, many animals have blood that is mostly water
and moves materials. Plants use water to move minerals and
sugars between the roots and leaves.

Solve an Equation

CALCULATE THE IMPORTANCE OF WATER All life on Earth depends on water for survival. Water
is the most vital part of humans and other animals. It is required for all of the chemical
processes that keep us alive. At least 60 percent of an adult human body consists of water.
If an adult man weighs 90 kg, how many kilograms of water does his body contain?

Solution
€ This is what you know: e adult human body = 60% water
e man = 90 kg
€3 This is what you need How many kilograms of water does the adult
to find: man have?

B This is the procedure you e Set up the ratio: 60/100 = x/90.
need to use:

@ Check your answer:

e Solve the equation for x: (60 X 90)/100.
e The adult man has 54 kg of water.

Divide your answer by 90, then multiply by 100. You
should get 60%.

. A human body at birth consists of 78 percent water. This gradually decreases to 60 percent
in an adult. Assume a baby weighed 3.2 kg at birth and grew into an adult weighing 95 kg.
Calculate the approximate number of kilograms of water the human gained.

. Assume an adult woman weighs 65 kg and an adult man weighs 90 kg. Calculate how
much more water, in kilograms, the man has
compared to the woman. .

For more practice, visit

life.msscience.com/
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Characteristics of Water The atoms
of a water molecule are arranged in such
a way that the molecule has areas with different charges. Water

. . Water
mole.cules are like magnets. The negative part of a water mole- outside of
cule is attracted to the positive part of another water molecule body cells

Water
inside of
body cells
(662 %)

just like the north pole of a magnet is attracted to the south
pole of another magnet. This attraction, or force, between
water molecules is why a film forms on the surface of water.
The film is strong enough to support small insects because the
forces between water molecules are stronger than the force of
gravity on the insect.

When heat is added to any substance, its molecules begin
to move faster. Because water molecules are so strongly
attracted to each other, the temperature of water changes
slowly. The large percentage of water in living things acts like
an insulator. The water in a cell helps keep its temperature
constant, which allows life-sustaining chemical reactions to
take place.

You've seen ice floating on water. When water freezes, ice
crystals form. In the crystals, each water molecule is spaced at
a certain distance from all the others. Because this distance is
greater in frozen water than in liquid water, ice floats on water.
Bodies of water freeze from the top down. The floating ice
provides insulation from extremely cold temperatures and
allows living things to survive in the cold water under the ice.

(333 %)

Figure 5 About two-thirds of
your body’s water is located within
your body’s cells. Water helps
maintain the cells” shapes and sizes.
One-third of your body’s water is
outside of your body’s cells.

Summary Self Check
The Nature of Matter 1. Compare and contrast atoms and molecules.
® Atoms are made up of protons, neutrons, and 2. Describe the differences between an organic and an
electrons. inorganic compound. Given an example of each type of
® Elements are made up of only one kind of atom. compound.
® Compounds are made up of two or more 3. List the four types of organic compounds found in all
elements. living things.
Mixtures 4. Infer why life as we know it depends on water.

. Think Critically If you mix salt, sand, and sugar with

water in a small jar, will the resulting mixture be a sus-
pension, a solution, or both?

® Solutions are made of two or more substances 5
and are mixed evenly, whereas substances in
suspension eventually will sink to the bottom.

Organic Compounds

® All living things contain organic compounds. 6

Inorganic Compounds

® Water is one of the most important inorganic
compounds for living things.

. Interpret Carefully observe Figure 1 and determine

how many protons, neutrons, and electrons an atom
of oxygen has.

life.msscience.com/self check_quiz
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Moving
Cellular Materials

W You'll Learn

m Describe the function of a selec-
tively permeable membrane.

m Explain how the processes of
diffusion and osmosis move
molecules in living cells.

m Explain how passive transport
and active transport differ.

Wéy It’s Important

Cell membranes control the sub-
stances that enter and leave the
cells in your body.

% Review Vocabulary
cytoplasm: constantly moving
gel-like mixture inside the cell
membrane that contains heredi-
tary material and is the location
of most of a cell’s life process

New Vocabulary

® passive ® active
transport transport

e diffusion e endocytosis

e equilibrium
® 0SMosis

® exocytosis

Figure 6 A cell membrane, like a
screen, will let some things through

more easily than others. Air gets
through a screen, but insects are
kept out.
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Passive Transport

“Close that window. Do you want to let in all the bugs and
leaves?” How do you prevent unwanted things from coming
through the window? As seen in Figure 6, a window screen pro-
vides the protection needed to keep unwanted things outside. It
also allows some things to pass into or out of the room like air,
unpleasant odors, or smoke.

Cells take in food, oxygen, and other substances from their
environments. They also release waste materials into their envi-
ronments. A cell has a membrane around it that works for a cell
like a window screen does for a room. A cell’s membrane is
selectively permeable (PUR mee uh bul). It allows some things
to enter or leave the cell while keeping other things outside or
inside the cell. The window screen also is selectively permeable
based on the size of its openings.

Things can move through a cell membrane in several ways.
Which way things move depends on the size of the molecules or
particles, the path taken through the membrane, and whether or
not energy is used. The movement of substances through the
cell membrane without the input of energy is called passive
transport. Three types of passive transport can occur. The type
depends on what is moving through the cell membrane.



Figure 7 Like all other cells in your
body, cells in your toes need oxygen.
Describe What is diffusion?

In your big toe,
oxygen diffuses out
of red blood cells.

Airsacin lung

Oxygen ‘

Toe cell

Red blood
cell

Red

In your lungs, oxygen dif- blood cell

fuses into red blood cells.

Diffusion Molecules in solids, liquids, and gases move con-

stantly and randomly. You might smell perfume when you sit ) ) )

near or as you walk past someone who is wearing it. This is : Observing Diffusion
because perfume molecules randomly move throughout the air. Procedure o~ -5 [
This random movement of molecules from an area where there : - Use two clean glasses of

is relatively more of them into an area where there is relatively : equal size. Label one Hor,

fewer of them is called diffusion. Diffusion is one type of cellu- then fill it until half full
with very warm water.

lar passive transport. Molecules of a sgbstance w.ill continue to Label the other Cold, then
move from one area into another until the relative number of : fill it until half full with
these molecules is equal in the two areas. When this occurs, : cold water. WARNING: Do
equilibrium is reached and diffusion stops. After equilibrium : not use boiling hot water.

2. Add one drop of food color-
ing to each glass. Carefully
release the drop just at the
water’s surface to avoid

Every cell in your body uses oxygen. When you breathe, how splashing the water.
does oxygen get from your lungs to cells in your big toe? Oxygen : 3. Observe the water in the
is carried throughout your body in your blood by the red blood 3;?;?\2‘i§;°£i:fel:r c;tr)‘s;jer—
cells. When your blood is pumped from your heart to your again after 15 min.y
lungs, your red blood cells do not contain much oxygen.

occurs, it is maintained because molecules continue to move.

What is equilibrium?

Analysis
However, your lungs have more oxygen molecules than your red : .

) : : 1. Describe what happens
blood cells do, so the oxygen molecules dlf.fuse into your red : when food coloring is
blood cells from your lungs, as shown in Figure 7. When the added to each glass.
blood reaches your big toe, there are more oxygen molecules in 2. How does temperature
your red blood cells than in your big toe cells. The oxygen dif- : affect the rate
fuses from your red blood cells and into your big toe cells, as : of diffusion? 6‘““1 at '
shown also in Figure 7. : nome
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Osmosis—The Diffusion of Water Remember that water
makes up a large part of living matter. Cells contain water and
are surrounded by water. Water molecules move by diffusion
into and out of cells. The diffusion of water through a cell mem-
brane is called osmosis.

If cells weren’t surrounded by water that contains few dis-
solved substances, water inside of cells would diffuse out of
them. This is why water left the carrot cells in this chapter’s
Launch Lab. Because there were relatively fewer water mol-
ecules in the salt solution around the carrot cells than in the car-
rot cells, water moved out of the cells and into the salt solution.

Losing water from a plant cell causes its cell membrane to
come away from its cell wall, as shown on the left in Figure 8.
This reduces pressure against its cell wall, and a plant cell
becomes limp. If the carrot sticks were taken out of salt water
and put in pure water, the water around the cells would move
into them and they would fill with water. Their cell membranes
would press against their cell walls, as shown on the right in
Figure 8, pressure would increase, and the cells would become
firm. That is why the carrot sticks would be crisp again.

Why do carrots in salt water become limp?

Osmosis also takes place in animal cells. If animal cells were
placed in pure water, they too would swell up. However, animal
cells are different from plant cells. Just like an overfilled water

Figure 8 Cells respond to differ- : balloon, animal cells will burst if too much water enters the cell.
ences between the amount of

water inside and outside the cell.

Define What is osmosis? l
» Q

Equilibrium occurs
when water leaves and
enters the cells at the
same rate.

The carrot stick becomes limp
when more water leaves each
of its cells than enters them.
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Facilitated Diffusion Cells take in
many substances. Some substances pass
easily through the cell membrane by
diffusion. Other substances, such as
glucose molecules, are so large that they
can enter the cell only with the help of
molecules in the cell membrane called
transport proteins. This process, a type
of passive transport, is known as facili-
tated diffusion. Have you ever used the
drive through at a fast-food restaurant
to get your meal? The transport pro-
teins in the cell membrane are like the
drive-through window at the restau-
rant. The window lets you get food out
of the restaurant and put money into
the restaurant. Similarly, transport pro-
teins are used to move substances into
and out of the cell.

Active Transport

Imagine that a football game is over and you leave the sta-
dium. As soon as you get outside of the stadium, you remember
that you left your jacket on your seat. Now you have to move
against the crowd coming out of the stadium to get back in to
get your jacket. Which required more energy—Ileaving the sta-
dium with the crowd or going back to get your jacket?
Something similar to this happens in cells.

Sometimes, a substance is needed inside a cell even though
the amount of that substance inside the cell is already greater
than the amount outside the cell. For example, root cells require
minerals from the soil. The roots of the plant in Figure 9 already
might contain more of those mineral molecules than the sur-
rounding soil does. The tendency is for mineral molecules to
move out of the root by diffusion or facilitated diffusion. But
they need to move back across the cell membrane and into the
cell just like you had to move back into the stadium. When an
input of energy is required to move materials through a cell
membrane, active transport takes place.

Active transport involves transport proteins, just as facili-
tated diffusion does. In active transport, a transport protein
binds with the needed particle and cellular energy is used to
move it through the cell membrane. When the particle is
released, the transport protein can move another needed parti-
cle through the membrane.

Higher  Lower
mineral mineral
levels levels

Winetals

g

Active
tanspaott

Soil Root
particles hair

Figure 9 Some root cells have
extensions called root hairs that
may be 5 mm to 8 mm long.
Minerals are taken in by active
transport through the cell mem-
branes of root hairs.

Transport Proteins Your
health depends on trans-
port proteins. Sometimes
transport proteins are miss-
ing or do not function cor-
rectly. What would happen
if proteins that transport
cholesterol across mem-
branes were missing?
Cholesterol is an important
lipid used by your cells.
Write your ideas in your
Science Journal.
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Endocytosis and Exocytosis

Some molecules and particles are too large to
move by diffusion or to use the cell membrane’s
transport proteins. Large protein molecules and
bacteria, for example, can enter a cell when they are
surrounded by the cell membrane. The cell mem-
brane folds in on itself, enclosing the item in a
sphere called a vesicle. Vesicles are transport and
storage structures in a cell’s cytoplasm. The sphere
pinches off, and the resulting vesicle enters the cyto-
plasm. A similar thing happens when you poke your
finger into a partially inflated balloon. Your finger is
surrounded by the balloon in much the same way
that the protein molecule is surrounded by the cell
membrane. This process of taking substances into a
cell by surrounding it with the cell membrane is
called endocytosis (en duh si TOH sus). Some one-
celled organisms, as shown in Figure 10, take in

food this way.
Color-enhanced TEM Magnification: 1,400 The contents of a vesicle can be released by a cell
: using the process called exocytosis (ek soh si TOH sus). Exo-
Figure 10 One-celledorgan-  :  cytosis occurs in the opposite way that endocytosis does. A vesi-
isms like this egg-shaped one can  : (Je’s membrane fuses with a cell’s membrane, and the vesicle’s
take in other one-celled organisms  :  contents are released. Cells in your stomach use this process to
using endocytosis. : release chemicals that help digest food. The ways that materials

can enter or leave a cell are summarized in Figure 11.

Summary Self Check

Passive Transport 1. Describe how cell membranes are selectively
® (ells take in substances and release waste permeable.

through their cell membranes. 2. Compare and contrast the processes of osmosis and
® Facilitated diffusion and osmosis are types of diffusion.

passive transport. 3. Infer why endocytosis and exocytosis are important
Active Transport processes to cells.
e Transport proteins are involved in active 4. Think Critically Why are fresh fruits and vegetables

transport. sprinkled with water at produce markets?

® Transport proteins can be reused many times.
Endocytosis and Exocytosis

® Vesicles are formed when a cell takes in a sub-
stance by endocytosis.

® Contents of a vesicle are released to the out-
side of a cell by exocytosis.

5. Communicate Seawater is saltier than tap water.
Explain why drinking large amounts of seawater
would be dangerous for humans.

78 CHAPTER 3 Cell Processes life.msscience.com/self_check_quiz
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VISUALIZING CELL MEMBRANE TRANSPORT

Outside cell

Cell membrane

Inside cell

DIFFUSION AND OSMOSIS FACILITATED DIFFUSION

ACTIVE TRANSPORT

ENDOCYTOSIS AND EXOCY- Endocytosis
TOSIS

Nucleolus Nucleus Exocytosis




&@bserving 0smaosis

It is difficult to observe osmosis in cells because
most cells are so small. However, a few cells
can be seen without the aid of a microscope.
Try this lab to observe osmosis.

Real-World Question
How does osmosis occur in an egg cell?
Materials
unshelled egg* distilled water (250 mL)
balance light corn syrup (250 mL)
spoon 500-mL container

*an egg whose shell has been dissolved by vinegar

Goals
B Observe osmosis in an egg cell.
B Determine what affects osmosis.

Safety Precautions

(® ] jev] i

WARNING: Eggs may contain bacteria. Avoid
touching your face.

Procedure

1. Copy the table below into your Science
Journal and use it to record your data.

Beginning Egg Mass
Egg Mass After Two Days
Distilled Do not write in this book.
water
Corn
syrup

2. Obtain an unshelled egg from your teacher.
Handle the egg gently. Use a balance to find
the egg’s mass and record it in the table.
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. Place the egg in the container and add

enough distilled water to cover it.

. Observe the egg after 30 min, one day, and

two days. After each observation, record the
egg’s appearance in your Science Journal.

. After day two, remove the egg with a spoon

and allow it to drain. Find the egg’s mass
and record it in the table.

. Empty the container, then put the egg back

in. Now add enough corn syrup to cover it.
Repeat steps 4 and 5.

Conclude and Apply

. Explain the difference between what hap-

pened to the egg in water and in corn syrup.

. Calculate the mass of water that moved

into and out of the eqqg.

. Hypothesize why you used an unshelled

egg for this investigation.

. Infer what part of the egg controlled

water’'s movement into and out of the egq.

Compare your conclusions with those of
other students in your class. For more help,
refer to the Science Skill Handbook.



Energy for Life

Trapping and Using Energy

Think of all the energy that players use in a basketball game.
Where does the energy come from? The simplest answer is
“from the food they eat.” The chemical energy stored in food
molecules is changed inside of cells into forms needed to per-
form all the activities necessary for life. In every cell, these
changes involve chemical reactions. All of the activities of an
organism involve chemical reactions in some way. The total of
all chemical reactions in an organism is called metabolism.

The chemical reactions of metabolism need enzymes. What
do enzymes do? Suppose you are hungry and decide to open a
can of spaghetti. You use a can opener to open the can. Without
a can opener, the spaghetti is unusable. The can of spaghetti
changes because of the can opener, but the can opener does not
change. The can opener can be used again later to open more
cans of spaghetti. Enzymes in cells work something like can
openers. The enzyme, like the can opener, causes a change, but
the enzyme is not changed and can be used again, as shown in
Figure 12. Unlike the can opener, which can only cause things
to come apart, enzymes also can cause molecules to join.
Without the right enzyme, a chemical reaction in a cell cannot
take place. Each chemical reaction in a cell requires a specific
enzyme.

Enzyme Enzyme
\ /

E
| ‘Y
Large Small é

molecule molecules

The enzyme attaches to the The enzyme causes the larger

large molecule it will help molecule to break down into

change. two smaller molecules. The
enzyme is not changed and can
be used again.

Wt You'll Learn

m List the differences between pro-
ducers and consumers.

®m Explain how the processes of
photosynthesis and respiration
store and release energy.

m Describe how cells get energy
from glucose through
fermentation.

Wéy It’s Important

Because of photosynthesis and res-
piration, you use the Sun’s energy.

D Review Vocabulary
mitochondrion: cell organelle
that breaks down lipids and car-
bohydrates and releases energy

New Vocabulary
e metabolism

e photosynthesis

® respiration

e fermentation

Figure 12 Enzymes are needed
for most chemical reactions that
take place in cells.

Determine What is the sum of all
chemical reactions in an organism
called?
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Light energy

Photosynthesis

Photosynthesis Living things
are divided into two groups—pro-
ducers and consumers—based on
how they obtain their food. Organ-
isms that make their own food,
such as plants, are called producers.
Organisms that cannot make their
own food are called consumers.

If you have ever walked barefoot
across a sidewalk on a sunny summer
day, you probably moved quickly
because the sidewalk was hot.

Steted Sunlight energy was converted into
tuae thermal energy and heated the
sidewalk. Plants and many other

6C0, + 6H,0 + lightenergy ~ —>  C4Hyy04 + 60, producers can convert light energy

carbon water chloro
dioxide

Figure 13 Plants use photosyn-
thesis to make food.

Determine According to the
chemical equation, what raw mate-
rials would the plant in the photo
need for photosynthesis?
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phyll sugar  oxygen into another kind of energy—
chemical energy. The process they
use is called photosynthesis. During
photosynthesis, producers use light energy to make sugars, which
can be used as food.

Producing Carbohydrates Producers that use photosyn-
thesis are usually green because they contain a green pigment
called chlorophyll (KLOR uh fihl). Chlorophyll and other pig-
ments are used in photosynthesis to capture light energy. In
plant cells, these pigments are found in chloroplasts.

The captured light energy powers chemical reactions that
produce sugar and oxygen from the raw materials, carbon diox-
ide and water. For plants, the raw materials come from air and
soil. Some of the captured light energy is stored in the chemical
bonds that hold the sugar molecules together. Figure 13 shows
what happens during photosynthesis in a plant. Enzymes also are
needed before these reactions can occur.

Storing Carbohydrates Plants make more sugar during
photosynthesis than they need for survival. Excess sugar is
changed and stored as starches or used to make other carbo-
hydrates. Plants use these carbohydrates as food for growth,
maintenance, and reproduction.

Why is photosynthesis important to consumers? Do you eat
apples? Apple trees use photosynthesis to produce apples. Do
you like cheese? Some cheese comes from milk, which is pro-
duced by cows that eat plants. Consumers take in food by eating
producers or other consumers. No matter what you eat, photo-
synthesis was involved directly or indirectly in its production.



Respiration Imagine that you get up late for school. You
dress quickly, then run three blocks to school. When you get to
school, you feel hot and are breathing fast. Why? Your muscle
cells use a lot of energy when you run. To get this energy, mus-
cle cells break down food. Some of the energy from the food is
used when you move and some of it becomes thermal energy,
which is why you feel warm or hot. Most cells also need oxygen
to break down food. You were breathing fast because your body
was working to get oxygen to your muscles. Your muscle cells
were using the oxygen for the process of respiration. During
respiration, chemical reactions occur that break down food
molecules into simpler substances and release their stored
energy. Just as in photosynthesis, enzymes are needed for the
chemical reactions of respiration.

What must happen to food molecules for
respiration to take place?

Breaking Down Carbohydrates The food molecules
most easily broken down by cells are carbohydrates.
Respiration of carbohydrates begins in the cytoplasm of the
cell. The carbohydrates are broken down into glucose mole-
cules. Each glucose molecule is broken down further into two
simpler molecules. As the glucose molecules are broken down,
energy is released.

The two simpler molecules are broken down again.
This breakdown occurs in the mitochondria of the cells of
plants, animals, fungi, and
many other organisms. This
process uses oxygen, releases
much more energy, and pro-
duces carbon dioxide and
water as wastes. When you
exhale, you breathe out car-
bon dioxide and some of
the water.

Respiration occurs in the
cells of all living things.
Figure 14 shows how respira-
tion occurs in one consumer.
As you are reading this sec-
tion of the chapter, millions

of cells in your body are *

breaking down glucose, re-
leasing energy, and producing
carbon dioxide and water.

COand

Microbiologist Dr. Harold
Amos is a microbiologist
who has studied cell
processes in bacteria and
mammals. He has a medical
degree and a doctorate in
bacteriology and immunol-
ogy. He has also received
many awards for his scien-
tific work and his contribu-
tions to the careers of other
scientists. Research micro-
biology careers, and write
what you find in your
Science Journal.

Figure 14 Producers and con-
sumers carry on respiration that
releases energy from foods.

1,0

[
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Topic: Beneficial
Microorganisms

Visit life.msscience.com for Web
links to information about how
microorganisms are used to
produce many useful products.

Activity Find three other ways
that microorganisms are beneficial.

Figure 15 Organisms that use
fermentation produce several dif-
ferent wastes.

Fermentation Remember imagining you were late and had
to run to school? During your run, your muscle cells might not
have received enough oxygen, even though you were breathing
rapidly. When cells do not have enough oxygen for respiration,
they use a process called fermentation to release some of the
energy stored in glucose molecules.

Like respiration, fermentation begins in the cytoplasm.
Again, as the glucose molecules are broken down, energy is
released. But the simple molecules from the breakdown of
glucose do not move into the mitochondria. Instead, more
chemical reactions occur in the cytoplasm. These reactions
release some energy and produce wastes. Depending on the type
of cell, the wastes may be lactic acid or alcohol and carbon diox-
ide, as shown in Figure 15. Your muscle cells can use fermenta-
tion to change the simple molecules into lactic acid while
releasing energy. The presence of lactic acid is why your muscle
cells might feel stiff and sore after you run to school.

Where in a cell does fermentation take place?

Some microscopic organisms, such as bacteria, carry out fer-
mentation and make lactic acid. Some of these organisms are
used to produce yogurt and some cheeses. These organisms
break down a sugar in milk and release energy. The lactic acid
produced causes the milk to become more solid and gives these
foods some of their flavor.

Have you ever used yeast to make bread? Yeasts are one-
celled living organisms. Yeast cells use fermentation and break
down sugar in bread dough. They produce alcohol and carbon
dioxide as wastes. The carbon dioxide waste is a gas that makes
bread dough rise before it is baked. The alcohol is lost as the
bread bakes.

Fermentation

Color-enhanced SEM Magnification: 18,000 X

Yeast cells produce carbon dioxide
and alcohol as wastes when they
undergo fermentation.

84 CHAPTER 3 Cell Processes

David M. Phillips/Visuals Unlimited

Carbon dioxide and alcohol

Fermentation

sl Lactic acid

Stained LM Magnification: 500 X

Your muscle cells produce lactic acid as
a waste when they undergo fermentation.



B

Respiration

(all living things)

e

Related Processes How are photosynthesis, respiration, and
fermentation related? Some producers use photosynthesis to make
food. All living things use respiration or fermentation to release
energy stored in food. If you think carefully about what happens
during photosynthesis and respiration, you will see that what is
produced in one is used in the other, as shown in Figure 16. These
two processes are almost the opposite of each other. Photosynthe-
sis produces sugars and oxygen, and respiration uses these prod-
ucts. The carbon dioxide and water produced during respiration
are used during photosynthesis. Most life would not be possible
without these important chemical reactions.

Figure 16 The chemical reac-
tions of photosynthesis and respi-
ration could not take place without
each other.

Summary Self Check

Trapping and Using Energy 1. Explain the difference between producers and con-
@ Metabolism is the total of all chemical reac- sumers and give three examples of each.

tions in an organism. 2. Infer how the energy used by many living things on
® During photosynthesis, light energy is used to Earth can be traced back to sunlight.

make sugars. 3. Compare and contrast respiration and fermentation.
® Chlorophyll and other pigments capture light 4. Think Critically How can some indoor plants help to

energy. improve the quality of airin a room?

® Consumers take in energy by eating producers
and other consumers.

® Living cells break down glucose and release

energy. This is called respiration.
® Fermentation changes simple molecules and
releases energy.

® Without photosynthesis and respiration, most

photosynthesis.
life would not be possible.

5. Solve Refer to the chemical equation for photosyn-
thesis. Calculate then compare the number of carbon,
hydrogen, and oxygen atoms before and after

life.msscience.com/self check_quiz
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Goals

B Observe green water
plants in the light and
dark.

B Determine whether
plants carry on photo-
synthesis and
respiration.

Materials

16-mm test tubes (3)

150-mm test tubes with
stoppers (4)

*small, clear-glass baby
food jars with lids (4)

test-tube rack

stirring rod

scissors

carbonated water (5 mL)

bromthymol blue solu-
tion in dropper bottle

aged tap water (20 mL)

*distilled water (20 mlL)

sprigs of Elodea (2)

*other water plants

*Alternate materials

Safety Precautions
e B T e [ B

WARNING: Wear splash-
proof safety goggles to pro-
tect eyes from hazardous
chemicals.

86 CHAPTER 3 Cell Processes

(t)Runk/Schoenberger from Grant Heilman, (b)Matt Meadows

PheT esynthesis
and Respirdatien

LM Magnification: 225X

Real-World Question

Every living cell carries on many chemical processes. Two important
chemical processes are respiration and photosynthesis. All cells,
including the ones in your body, carry on respiration. However, some
plant cells can carry on both processes. In this experiment you will
investigate when these processes occur in plant cells. How could you
find out when plants were using these processes? Are the products of
photosynthesis and respiration the same? When do plants carry on
photosynthesis and respiration?

Procedure

1. Inyour Science Journal, copy and complete the test-tube data table
as you perform this lab.

Test Tube Color at Start ;3'&2:&2;
1
2 Do not writelin this book.
3
4



. Label each test tube using the numbers 7, 2, 3, and 4. Pour 5 mL of aged tap
water into each test tube.

. Add 10 drops of carbonated water to test tubes 7 and 2.

. Add 10 drops of bromthymol blue to all of the test tubes. Bromthymol blue
turns green to yellow in the presence of an acid.

. Cut two 10-cm sprigs of Elodea. Place one sprig in test tube 7 and one sprig in
test tube 3. Stopper all test tubes.

. Place test tubes 7 and 2 in bright light. Place tubes 3 and 4 in the dark. Observe
the test tubes for 30 min or until the color changes. Record the color of each of
the four test tubes.

Analyze Your Data

. Identify what is indicated by the color of the water in all four test tubes at the
start of the activity.

. Infer what process occurred in the test tube or tubes that changed color after
30 min.

Conclude and Apply
. Describe the purpose of test tubes 2 and 4 in this experiment.

. Explain whether or not the results of this experiment show that
photosynthesis and respiration occur in plants.

Choose one of the following activities to
communicate your data. Prepare an oral
presentation that explains how the exper-
iment showed the differences between
products of photosynthesis and respiration.
Draw a cartoon strip to explain what you
did in this experiment. Use each panel to
show a different step. For more help, refer
to the Science Skill Handbook.
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from “Tulip”

by Penny Harter

I watched its first green push
through bare dirt, where the builders
had dropped boards, shingles,
plaster—
killing everything.

I could not recall what grew there,
what returned each spring,
but the leaves looked tulip,
and one morning it arrived,

a scarlet slash against the aluminum siding.

Mornings, on the way to my car,

I bow to the still bell

of its closed petals; evenings,

it greets me, light ringing

at the end of my driveway.
Sometimes I kneel

to stare into the yellow throat . . ..

It opens and closes my days.

It has made me weak with love.. . ..

Understanding
Literature

Personification Using human traits or emo-
tions to describe an idea, animal, or inan-
imate object is called personification. When
the poet writes that the tulip has a “yellow
throat,” she uses personification. Where else
does the poet use personification?

Respond to the Reading

1. Why do you suppose the tulip survived
the builders”abuse?

2. What is the yellow throat that the nar-
rator is staring into?

3. Linking Science and Writing Keep
a gardener’s journal of a plant for a
month, describing weekly the plant’s
condition, size, health, color, and other
physical qualities.

Because most chemi-

cal reactions in plants
take place in water, plants must have water in
order to grow. The water carries nutrients and
minerals from the soil into the plant. The
process of active transport allows needed
nutrients to enter the roots. The cell mem-
branes of root cells contain proteins that bind
with the needed nutrients. Cellular energy is
used to move these nutrients through the cell
membrane.



Chemistry of Life

. Matter is anything that has mass and takes
up space.

. Energy in matter is in the chemical bonds
that hold matter together.

. All organic compounds contain the elements
hydrogen and carbon. The organic com-
pounds in living things are carbohydrates,
lipids, proteins, and nucleic acids.

. Organic and inorganic compounds are
important to living things.

Moving Cellular Materials

. The selectively permeable cell membrane
controls which molecules can pass into and
out of the cell.

. In diffusion, molecules move from areas
where there are relatively more of them to
areas where there are relatively fewer of them.

w

. Osmosis is the diffusion of water through a

cell membrane.

. Cells use energy to move molecules by

active transport but do not use energy for
passive transport.

. Cells move large particles through cell

membranes by endocytosis and exocytosis.

Energy for Life

. Photosynthesis is the process by which

some producers change light energy into
chemical energy.

. Respiration that uses oxygen releases the

energy in food molecules and produces
waste carbon dioxide and water.

. Some one-celled organisms and cells that

lack oxygen use fermentation to release
small amounts of energy from glucose.
Wastes such as alcohol, carbon dioxide, and
lactic acid are produced.

Copy and complete the following table on energy processes.

Photosynthesis

Energy source

In plant and animal cells,
occurs in

Reactants are

Products are

life.msscience.com/interactive_tutor

Respiration

food (glucose)

Fermentation

food (glucose)

Do not write in this book.
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active transport p.77
diffusion p.75
endocytosis p.78
enzyme p.71
equilibrium p.75
exocytosis p.78
fermentation p.84
inorganic

metabolism p. 81
mixture p.69

organic compound p.70
osmosis p.76

passive transport p.74
photosynthesis p.82
respiration p.83

compound p.71

Use what you know about the vocabulary words
to answer the following questions.

1.

2.

What is the diffusion of water called?

What type of protein regulates nearly all
chemical reactions in cells?

How do large food particles enter an
amoeba?

. What type of compound is water?

. What process is used by some producers to

convert light energy into chemical energy?

. What type of compounds always contain

carbon and hydrogen?

. What process uses oxygen to break down

glucose?

What is the total of all chemical reactions in
an organism called?

Choose the word or phrase that best answers the
question.

9.

What is it called when cells use energy to
move molecules?
A) diffusion

B) osmosis

() active transport
D) passive transport
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Use the photo below to answer question 10.

10.

11.

12.

13.

14.

15.

16.

What cell process is occurring in the
photo?

A) osmosis

B) endocytosis

() exocytosis
D) diffusion

What occurs when the number of mole-
cules of a substance is equal in two areas?
A) equilibrium () fermentation

B) metabolism D) cellular respiration

Which of the following substances is an
example of a carbohydrate?

A) enzymes C0) waxes

B) sugars D) proteins
What is RNA an example of?

A) carbon dioxide ) lipid

B) water D) nucleic acid

What organic molecule stores the greatest
amount of energy?
A) carbohydrate

B) water

Q) lipid
D) nucleic acid

Which of these formulas is an example of
an organic compound?

A) C,H,,0, 0 H,0

B) NO, D) O,

What are organisms that cannot make
their own food called?

A) biodegradables €) consumers
B) producers D) enzymes

life.msscience.com/vocabulary_puzzlemaker



17. Concept Map Copy and complete the events-
chain concept map to sequence the fol-
lowing parts of matter from smallest to
largest: atom, electron, and compound.

C

is part of

U

is part of

U

Use the table below to answer question 18.

Photosynthesis in Water Plants

Beaker Distance from Bubbles
Number Light (cm) per Minute
1 10 45
2 30 30
3 50 19
4 70 6
5 100 1

18. Interpret Data Water plants were placed
at different distances from a light
source. Bubbles coming from the plants
were counted to measure the rate of
photosynthesis. What can you say about
how the distance from the light affected
the rate?

19. Infer why, in snowy places, salt is used to
melt ice on the roads. Explain what could
happen to many roadside plants as a result.

life.msscience.com/chapter_review

20. Draw a conclusion about why sugar dissolves
faster in hot tea than in iced tea.

21. Predict what would happen to the con-
sumers in a lake if all the producers died.

22. Explain how meat tenderizers affect meat.

23. Form a hypothesis about what will happen
to wilted celery when placed in a glass of
plain water.

24, Puzzle Make a crossword puzzle with
words describing ways substances are
transported across cell membranes. Use
the following words in your puzzle: diffu-
sion, osmosis, facilitated diffusion, active
transport, endocytosis, and exocytosis.
Make sure your clues give good descrip-
tions of each transport method.

25. Light and Photosynthesis Using the data from
question 18, make a line graph that shows the
relationship between the rate of photosynthesis
and the distance from light.

26. Importance of Water Assume the brain is 70%
water. If the average adult human brain weighs
1.4 kg, how many kilograms of water does it
contain?

Use the equation below to answer question 27.

Photosynthesis
6C0, + 6H,0 + light energy —> C¢Hq206 + 60,
carbon water chlorophyll  sugar  oxygen
dioxide

27. Photosynthesis Refer to the chemical equation
above. If 18 CO, molecules and 18 H,0 mole-
cules are used with light energy to make sugar,
how many sugar molecules will be produced?
How many oxygen molecules will be produced?
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. An element cannot be broken down by
chemical reactions and is made up of only
one kind of
A. electron. C. atom.

B. carbohydrate.  D. molecule.

Use the illustration below to answer questions 2 and 3.

2. What kind of chemical compound do salt
and water form?
A. covalent
B. ionic
C. solution
D. lipid
3. Salt is very important in the human body.
What kind of compound is salt?
A. organic
B. carbohydrate
C. protein
D. inorganic

4. A cell that contains 40% water is placed in
a solution that is 20% water. The cell and
the solution will reach equilibrium when
they both contain how much water?

A. 30% C. 60%
B. 40% D. 20%

5. All chemical reactions in living things take
place in what kind of a solution?
A. protein C. gas
B. water D. solid
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6. The sum of all the chemical reactions in
an organism is
A. respiration.
B. metabolism.

C. fermentation.
D. endocytosis.

7. What is needed for all chemical reactions

in cells?

A. enzymes C. DNA

B. lipids D. cell membrane
8. The carbon dioxide that you exhale is a

product of

A. osmosis.

B. DNA synthesis.
C. photosynthesis.
D. respiration.

9. Matter cannot be held together or broken
apart without
A. gas.
B. liquid.
C. energy.
D. temperature.

Use the table below to answer question 10.

Cell Substances

Organic Compound | Flexibility Found in

Keratin Not very flexible | Hair and skin of
mammals

(ollagen Not very flexible | Skin, bones, and
tendons of mammals

Chitin Very rigid Tough outer shell of
insects and crabs

Cellulose Very flexible Plant cell walls

10. According to this information, which
organic compound is the least flexible?
A. keratin
B. collagen
C. chitin
D. cellulose




Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

11. Explain the structure of an atom.

12. How does chewing food affect your body’s
ability to release the chemical energy of

the food?

13. Ice fishing is a popular sport in the winter.
What properties of water is this sport
based on?

14. Explain where the starch in a potato
comes from.

15. Does fermentation or respiration release
more energy for an athlete’s muscles?
Which process would be responsible for
making muscles sore?

Use the table below to answer question 16.

(lassification of Compounds

Compound | Organic Inorganic | Type of organic

compound

Salt

Fat

Skin

DNA

Sugar

Water

Potassium

16. Copy and complete the table above. Identify
each item as inorganic or organic. If the item
is an organic compound further classify it as
a protein, carbohydrate, lipid or nucleic acid.

17. Define selectively permeable and discuss

why it is important for the cell membrane.

18. What is the source of energy for the pho-
tosynthesis reactions and where do they
take place in a cell?

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

19. Give examples of each of the four types
of organic molecules and why they are
needed in a plant cell.

20. Trace the path of how oxygen molecules
are produced in a plant cell to how they
are used in human cells.

21. Describe four ways a large or small mole-
cule can cross the cell membrane.

22. Discuss how water is bonded together and
the unique properties that result from the

bonds.

Use the illustration below to answer question 23.

23. Describe in detail what process is taking
place in this diagram and its significance
for a cell.

24. How do plants use carbon dioxide? Why
would plants need oxygen?

Diagrams Study a diagram carefully, being sure to read all
labels and captions.
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Why a turtle, not a chicken?

A sweet potato plant can be grown from just
one potato, but turtles and most other ani-
mals need to have two parents. A cut on
your finger heals. How do these things hap-
pen? In this chapter, you will find answers
to these questions as you learn about cell
reproduction.

Science Journal = Write three things that you know
about how and why cells reproduce.



FOLDABLES [N Why Cells Divide

MOTGRVPENTITE  Make the following Foldable to
help you organize information
from the chapter about cell reproduction.

m Draw a mark at the midpoint of a
vertical sheet of paper along the

side edge.

(® ]

M AN Turn the paper horizontally and fold
the outside edges in to touch at the
midpoint mark.

M348 Use a pencil to draw a cell on the
front of your Foldable as shown.

Analyze As you read the chapter, write under
the flaps how cells divide. In the middle section,
list why cells divide.

Preview this chapter’s content

and activities at

life.msscience.com
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Cell Division and Mitosis

KWt You'll Learn

®m Explain why mitosis is
important.

m Examine the steps of mitosis.

® Compare mitosis in plant and
animal cells.

m List two examples of asexual
reproduction.

Wéy It’s Important

Your growth, like that of many
organisms, depends on cell division.

% Review Vocabulary
nucleus: organelle that controls
all the activities of a cell and con-
tains hereditary material made
of proteins and DNA

New Vocabulary

® mitosis

e chromosome

@ asexual reproduction

Figure 1 All organisms use cell
division. Many-celled organisms,
such as this octopus, grow

by increasing the

numbers of their

cells.
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Why is cell division important?

What do you, an octopus, and an oak tree have in common?
You share many characteristics, but an important one is that you
are all made of cells—trillions of cells. Where did all of those
cells come from? As amazing as it might seem, many organisms
start as just one cell. That cell divides and becomes two, two
become four, four become eight, and so on. Many-celled organ-
isms, including you, grow because cell division increases the
total number of cells in an organism. Even after growth stops,
cell division is still important. Every day, billions of red blood
cells in your body wear out and are replaced. During the few sec-
onds it takes you to read this sentence, your bone marrow
produced about six million red blood cells. Cell division is
important to one-celled organisms, too—it’s how they repro-
duce themselves, as shown in Figure 1. Cell division isn’t as sim-
ple as just cutting the cell in half, so how do cells divide?

The Cell Cycle

A living organism has a life cycle. A life cycle begins with the
organism’s formation, is followed by growth and development,
and finally ends in death. Right now, you are in a stage of your
life cycle called adolescence, which is a period of active growth
and development. Individual cells also have life cycles.

Like this dividing amoeba, a one-celled organism
reaches a certain size and then reproduces.



Cell Cycle

Figure 2 Interphase is the
longest part of the cell cycle.
Identify When do chromosomes
duplicate?
Cell grows and

functions, organelles

duplicate. duplicate.

Cell grows and

Cytoplasm —

divides. /
Mitosis

occurs.

Length of Cycle The cell cycle, as shown in Figure 2, is a
series of events that takes place from one cell division to the
next. The time it takes to complete a cell cycle is not the same in
all cells. For example, the cycle for cells in some bean plants
takes about 19 h to complete. Cells in animal embryos divide
rapidly and can complete their cycles in less than 20 min. In
some human cells, the cell cycle takes about 16 h. Cells in
humans that are needed for repair, growth, or replacement, like
skin and bone cells, constantly repeat the cycle.

Interphase Most of the life of any eukaryotic cell—a cell with
a nucleus—is spent in a period of growth and development
called interphase. Cells in your body that no longer divide, such
as nerve and muscle cells, are always in interphase. An actively
dividing cell, such as a skin cell, copies its hereditary material
and prepares for cell division during interphase.

Why is it important for a cell to copy its hereditary informa-
tion before dividing? Imagine that you have a part in a play and
the director has one complete copy of the script. If the director
gave only one page to each person in the play, no one would
have the entire script. Instead the director makes a complete,
separate copy of the script for each member of the cast so that
each one can learn his or her part. Before a cell divides, a copy
of the hereditary material must be made so that each of the two
new cells will get a complete copy. Just as the actors in the play
need the entire script, each cell needs a complete set of heredi-
tary material to carry out life functions.

After interphase, cell division begins. The nucleus divides,
and then the cytoplasm separates to form two new cells.

DNA is copied;
chromosomes

Interphase

prepares for mitosis.

Oncologist In most cells,
the cell cycle is well con-
trolled. Cancer cells, how-
ever, have uncontrolled cell
division. Doctors who diag-
nose, study, and treat can-
cer are called oncologists.
Someone wanting to
become an oncologist must
first complete medical
school before training in
oncology. Research the sub-
specialities of oncology. List
and describe them in your
Science Journal.
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Mitosis

T —— (hromatids

Duplication

e

Unduplicated
chromosome

Duplicated
chromosome

Figure 3 DNA is copied during
interphase. An unduplicated chro-
mosome has one strand of DNA.

A duplicated chromosome has two
identical DNA strands, called chro-
matids, that are held together at a
region called the centromere.

Figure 4 The cell plate shown
in this plant cell appears when the
cytoplasm is being divided.
Identify what phase of mitosis will
be next.

Cell plate

Centromere

Mitosis (mi TOH sus) is the process in which the
nucleus divides to form two identical nuclei. Each new
nucleus also is identical to the original nucleus.
Mitosis is described as a series of phases, or steps.
The steps of mitosis in order are named prophase,
metaphase, anaphase, and telophase.

Steps of Mitosis When any nucleus divides, the

chromosomes (KROH muh sohmz) play the impor-
tant part. A chromosome is a structure in the nucleus that con-
tains hereditary material. During interphase, each chromosome
duplicates. When the nucleus is ready to divide, each duplicated
chromosome coils tightly into two thickened, identical strands
called chromatids, as shown in Figure 3.

How are chromosomes and chromatids related?

During prophase, the pairs of chromatids are fully visible
when viewed under a microscope. The nucleolus and the
nuclear membrane disintegrate. Two small structures called
centrioles (SEN tree olz) move to opposite ends of the cell.
Between the centrioles, threadlike spindle fibers begin to stretch
across the cell. Plant cells also form spindle fibers during mito-
sis but do not have centrioles.

In metaphase, the pairs of chromatids line up across the cen-
ter of the cell. The centromere of each pair usually becomes
attached to two spindle fibers—one from each side of the cell.

In anaphase, each centromere divides and the spindle fibers
shorten. Each pair of chromatids separates, and chromatids
begin to move to opposite ends of the cell. The separated chro-
matids are now called chromosomes. In the final step, telophase,
spindle fibers start to disappear, the chromosomes start to
uncoil, and a new nucleus forms.

Division of the Cytoplasm For most cells, after the nucleus
has divided, the cytoplasm separates and two new cells are
formed. In animal cells, the cell membrane pinches in the mid-
dle, like a balloon with a string tightened around it, and the
cytoplasm divides. In plant cells, the appearance of a cell plate,
as shown in Figure 4, tells you that the cytoplasm is being
divided. New cell walls form along the cell plate, and new cell
membranes develop inside the cell walls. Following division of
the cytoplasm, most new cells begin the period of growth, or
interphase, again. Review cell division for an animal cell using
the illustrations in Figure 5.

Cabisco/Visuals Unlimited



Figure 5 Cell division for an animal cell is shown here. Each

micrograph shown in this figure is magnified 600 times.

Centrioles

/\

Nudeus — \
Nucleolus

Interphase

During interphase, the cell's chromosomes
duplicate. The nucleolus is clearly visible in
the nucleus.

The two new cells enter interphase and
cell division usually begins again.

Telophase
In the final step, the cytoplasm
is beginning to separate.

Mitosis ends

Mitosis begins

\

Spindle fibers

5

Prophase

The chromatid

pairs are now

visible and the spindle
is beginning to form.

Duplicated
chromosome
(2 chromatids)

Metaphase
Chromatid pairs are
lined up in the center
of the cell.

Anaphase
The chromosomes
have separated.

>

Chromosomes

\Cytoplasm

New /

nucleus

separating
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Figure 6 Pairs of chromosomes
are found in the nucleus of most
cells. All chromosomes shown here
are in their duplicated form. Most
human cells have 23 pairs of chro-
mosomes including one pair of
chromosomes that help determine
sex such as the XY pair above.

Most fruit fly cells have four pairs of :

chromosomes.
Infer What do you think the XX
pair in fruit flies helps determine?
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Chromosomes of a fruit fly cell

Results of Mitosis You should remember two important
things about mitosis. First, it is the division of a nucleus. Second,
it produces two new nuclei that are identical to each other and
the original nucleus. Each new nucleus has the same number
and type of chromosomes. Every cell in your body, except sex
cells, has a nucleus with 46 chromosomes—23 pairs. This is
because you began as one cell with 46 chromosomes in its
nucleus. Skin cells, produced to replace or repair your skin, have
the same 46 chromosomes as the original single cell you devel-
oped from. Each cell in a fruit fly has eight chromosomes, so
each new cell produced by mitosis has a copy of those eight
chromosomes. Figure 6 shows the chromosomes found in most
human cells and those found in most fruit fly cells.

Each of the trillions of cells in your body, except sex cells, has
a copy of the same hereditary material. Even though all actors in
a play have copies of the same script, they do not learn the same
lines. Likewise, all of your cells use different parts of the same
hereditary material to become different types of cells.

Cell division allows growth and replaces worn out or dam-
aged cells. You are much larger and have more cells than a baby
mainly because of cell division. If you cut yourself, the wound
heals because cell division replaces damaged cells. Another way
some organisms use cell division is to produce new organisms.



Asexual Reproduction

Reproduction is the process by which an organism produces
others of its same kind. Among living organisms, there are two
types of reproduction—sexual and asexual. Sexual reproduction
usually requires two organisms. In asexual reproduction, a new
organism (sometimes more than one) is produced from one
organism. The new organism will have hereditary material iden-
tical to the hereditary material of the parent organism.

How many organisms are needed for asexual
reproduction?

Cellular Asexual Reproduction Organisms with eukary-
otic cells asexually reproduce by cell division. A sweet potato
growing in a jar of water is an example of asexual reproduction.
All the stems, leaves, and roots that grow from the sweet potato
have been produced by cell division and have the same heredi-
tary material. New strawberry plants can be reproduced asexu-
ally from horizontal stems called runners. Figure 7 shows
asexual reproduction in a potato and a strawberry plant.

Recall that mitosis is the division of a nucleus. However, bac-
teria do not have a nucleus so they can’t use mitosis. Instead,
bacteria reproduce asexually by fission. During fission, an
organism whose cells do not contain a nucleus copies its genetic
material and then divides into two identical organisms.

Figure 7 Many plants can reproduce
asexually.

A new potato plant can grow from each sprout
on this potato.

plant.

Modeling Mitosis
Procedure

1.

Make models of cell
division using materials
supplied by your teacher.
Use four chromosomes in
your model.

. When finished, arrange

the models in the order in
which mitosis occurs.

Analysis

1.

2.

In which steps is the
nucleus visible?

How many cells does a
dividing cell form?

Infer how the genetic material in the small strawberry plant
above compares to the genetic material in the large strawberry
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Figure 8 Some organisms use
cell division for budding and
regeneration.

ﬂ Hydra, a freshwater animal,
can reproduce asexually by bud-
ding. The bud is a small exact copy
of the adult.

B This sea star is regenerating four new arms.

Budding and Regeneration Look at Figure 8A. A new
organism is growing from the body of the parent organism. This
organism, called a hydra, is reproducing by budding. Budding is
a type of asexual reproduction made possible because of cell
division. When the bud on the adult becomes large enough, it
breaks away to live on its own.

Could you grow a new finger? Some organisms can regrow
damaged or lost body parts, as shown in Figure 8B. Regeneration
is the process that uses cell division to regrow body parts.
Sponges, planaria, sea stars, and some other organisms can use
regeneration for asexual reproduction. If these organisms break
into pieces, a whole new organism will grow from each piece.
Because sea stars eat oysters, oyster farmers dislike them. What
would happen if an oyster farmer collected sea stars, cut them
into pieces, and threw them back into the ocean?

Summary Self Check
The Cell Cycde 1. Define mitosis. How does it differ in plants and animals?
® The cell cycle is a series of events from one 2. ldentify two examples of asexual reproduction in
cell division to the next. many-celled organisms.
@ Most of a eukaryotic cell's life is interphase. 3. Describe what happens to chromosomes before mitosis.
Mitosis 4. Compare and contrast the two new cells formed after

® Mitosis is a series of four phases or steps.

® Each new nucleus formed by mitosis has the
same number and type of chromosomes.

Asexual Reproduction

@ In asexual reproduction, a new organism is

produced from one organism.

mitosis and cell division.

5. Think Critically Why is it important for the nuclear
membrane to disintegrate during mitosis?

6. Solve One-Step Equations If a cell undergoes cell
division every 5 min, how many cells will there be

® (ellular, budding, and regeneration are forms after 1 h?

of asexual reproduction.

102 CHAPTER4 Cell Reproduction

()Walker England/Photo Researchers, (r)Tom Stack & Assoc.

life.msscience.com/self check_quiz



Mit52sis in Plant Cells

Reproduction of most cells in plants and ani-
mals uses mitosis and cell division. In this lab,
you will study mitosis in plant cells by examin-
ing prepared slides of onion root-tip cells.

Real-World Question

How can plant cells in different stages of
mitosis be distinguished from each other?

Goals
B Compare cells in different stages of mitosis

and observe the location of their chromosomes.

B Observe what stage of mitosis is most
common in onion root tips.

Materials
prepared slide of an onion root tip
microscope

Safety Precautions

P O B

Procedure

1. Copy the data table in your Science Journal.

Percent of
Cells Observed

Number of
Cells Observed

Stage of
Mitosis
Prophase
Metaphase
Anaphase Do not write in this book.
Telophase

Total

2. Obtain a prepared slide of cells from an
onion root tip.

Zone of Root—
cell division  cap

. Set your microscope on low power and

examine the slide. The large, round cells at
the root tip are called the root cap. Move the
slide until you see the cells just behind the
root cap. Turn to the high-power objective.

Find an area where you can see the most
stages of mitosis. Count and record how
many cells you see in each stage.

. Return the nosepiece to low power. Remove

the onion root-tip slide.

Conclude and Apply:

Compare the cells in the region behind the
root cap to those in the root cap.

. Calculate the percent of cells found in each

stage of mitosis. Infer which stage of mitosis
takes the longest period of time.

Write and illustrate a story as if you were a
cell undergoing mitosis. Share your story
with your class. For more help, refer to the
Science Skill Handbook.

LAB 103
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Sexual Reproduction
and Meiosis

W You'll Learn

B Describe the stages of meiosis
and how sex cells are produced.

®m Explain why meiosis is needed
for sexual reproduction.

® Name the cells that are involved
in fertilization.

m Explain how fertilization occurs
in sexual reproduction.

Wéy It’s Important

Meiosis and sexual reproduction
are the reasons why no one else is
exactly like you.

% Review Vocabulary
organism: any living thing; uses
energy, is made of cells, repro-
duces, responds, grows, and
develops

New Vocabulary

e sexual ® zygote
reproduction e diploid

® sperm e haploid

® eqgg ® meiosis

o fertilization

Sexual Reproduction

Sexual reproduction is another way that a new organism can
be produced. During sexual reproduction, two sex cells, some-
times called an egg and a sperm, come together. Sex cells, like
those in Figure 9, are formed from cells in reproductive organs.
Sperm are formed in the male reproductive organs. Eggs are
formed in the female reproductive organs. The joining of an egg
and a sperm is called fertilization, and the cell that forms is
called a zygote (ZI goht). Generally, the egg and the sperm come
from two different organisms of the same species. Following fer-
tilization, cell division begins. A new organism with a unique
identity develops.

Diploid Cells Your body forms two types of cells—body cells
and sex cells. Body cells far outnumber sex cells. Your brain,
skin, bones, and other tissues and organs are formed from body
cells. A typical human body cell has 46 chromosomes. Each
chromosome has a mate that is similar to it in size and shape
and has similar DNA. Human body cells have 23 pairs of chro-
mosomes. When cells have pairs of similar chromosomes, they
are said to be diploid (DIH ployd).

Figure 9 Ahumanegganda
human sperm at fertilization.
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Haploid Cells Because sex cells do not have pairs of chromo-
somes, they are said to be haploid (HA ployd). They have only
half the number of chromosomes as body cells. Haploid means
“single form.” Human sex cells have only 23 chromosomes—
one from each of the 23 pairs of similar chromosomes. Compare
the chromosomes found in a sex cell, as shown in Figure 9, to
the full set of human chromosomes seen in Figure 6.

How many chromosomes are usually in each
human sperm?

Meiosis and Sex Cells

A process called meiosis (mi OH sus) produces haploid sex
cells. What would happen in sexual reproduction if two diploid
cells combined? The offspring would have twice as many chro-
mosomes as its parent. Although plants with twice the number
of chromosomes as the parent plants are often produced, most
animals do not survive with a double number of chromosomes.
Meiosis ensures that the offspring will have the same diploid
number as its parent, as shown in Figure 10. After two haploid
sex cells combine, a diploid zygote is produced that develops
into a new diploid organism.

During meiosis, two divisions of the nucleus occur. These
divisions are called meiosis I and meiosis II. The steps of each
division have names like those in mitosis and are numbered for
the division in which they occur.

Diploid Zygote The human
egg releases a chemical
into the surrounding fluid
that attracts sperm.
Usually, only one sperm fer-
tilizes the egg. After the
sperm nucleus enters the
egg, the cell membrane of
the egg changes in a way
that prevents other sperm
from entering. What adap-
tation in this process guar-
antees that the zygote will
be diploid? Write a para-
graph describing your ideas
in your Science Journal.

Figure 10 When sex cells join, a zygote forms. The zygote
divides by cell division and develops into a new organism.
Compare the number of chromosomes present in the

Sperm different cells.

Meiosis (Haploid number = 24)

D
\ Fertilization

Male lion Mitosis

=
I Zygote

(Diploid number = 48)

o Egg

Meiosis (Haploid number = 24)

Female lion

Development

3>

Cub
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Pair of duplicated Spindle fibers
chromosomes

Nuclear membrane  Centrioles

Prophase |

Figure 11 Meiosis has two divi-
sions of the nucleus—meiosis |
and meiosis II.

Determine how many sex cells

are finally formed after both
divisions are completed.
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Meiosis |
Duplicated
chromosomes

Metaphase | Anaphase | Telophase |

Meiosis | Before meiosis begins, each chromosome is dupli-
cated, just as in mitosis. When the cell is ready for meiosis, each
duplicated chromosome is visible under the microscope as two
chromatids. As shown in Figure 11, the events of prophase I are
similar to those of prophase in mitosis. In meiosis, each dupli-
cated chromosome comes near its similar duplicated mate. In
mitosis they do not come near each other.

In metaphase I, the pairs of duplicated chromosomes line up
in the center of the cell. The centromere of each chromatid pair
becomes attached to one spindle fiber, so the chromatids do not
separate in anaphase I. The two pairs of chromatids of each sim-
ilar pair move away from each other to opposite ends of the cell.
Each duplicated chromosome still has two chromatids. Then, in
telophase I, the cytoplasm divides, and two new cells form. Each
new cell has one duplicated chromosome from each similar pair.

What happens to duplicated chromosomes
during anaphase I?

Meiosis Il The two cells formed during meiosis I now begin
meiosis II. The chromatids of each duplicated chromosome will
be separated during this division. In prophase II, the duplicated
chromosomes and spindle fibers reappear in each new cell. Then
in metaphase II, the duplicated chromosomes move to the cen-
ter of the cell. Unlike what occurs in metaphase I, each cen-
tromere now attaches to two spindle fibers instead of one. The
centromere divides during anaphase II, and the chromatids sep-
arate and move to opposite ends of the cell. Each chromatid now
is an individual chromosome. As telophase II begins, the spindle
fibers disappear, and a nuclear membrane forms around the
chromosomes at each end of the cell. When meiosis II is fin-
ished, the cytoplasm divides.



Meiosis I1

Unduplicated A

chromosomes
Prophase Il Metaphase Il Anaphase Il Telophase Il
Summary of Meiosis Two cells form during meiosis I. In
meiosis II, both of these cells form two cells. The two divisions
of the nucleus result in four sex cells. Each has one-half the
number of chromosomes in its nucleus that was in the original
nucleus. From a human cell with 46 paired chromosomes, meio-
sis produces four sex cells each with 23 unpaired chromosomes.
How can chromosome numbers be predicted?
ffspring get half of their chromosomes  Solving the Problem
from one parent and half from the 1. How many chromosomes would the
other. What happens if each parent has a zonkey receive from each parent?
different diploid number of chromosomes? 2. What is the chromosome number of the
zonkey?
Identifying the Problem 3. What would happen when meiosis
A zebra and a donkey can mate to pro- occurs in the zonkey’s reproductive
duce a zonkey. Zebras have a diploid number organs?

of 46. Donkeys have a diploid number of 62. 4. Predict why zonkeys are usually sterile.

—

Donkey

62 chromosomes Zebra

46 chromosomes

Zonkey
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NATIONAL

GEOGRAPHIC VISUALIZING POLYPLOIDY IN PLANTS

Figure 12

ou received a haploid (n) set of chromosomes
Yfrom each of your parents, making you a diploid

(2n) organism. In nature, however, many plants
are polyploid—they have three (3n), four (4n), or
more sets of chromosomes. We depend on some of

these plants for food.

A TRIPLOID Bright yellow bananas
typically come from triploid (3n) banana
plants. Plants with an odd number of
chromosome sets usually cannot repro-
duce sexually and have very small seeds
or none at all.

WV HEXAPLOID Modern cultivated strains of
oats have six sets of chromosomes, making
them hexaploid (6n) plants.

A TETRAPLOID Polyploidy
occurs naturally in many

plants—including peanuts
and daylilies—due to mis-
takes in mitosis or meiosis.

A OCTAPLOID Polyploid plants often are
bigger than nonpolyploid plants and may
have especially large leaves, flowers, or
fruits. Strawberries are an example of octa-
ploid (8n) plants.

(thArtville, (tr)Tim Fehr, (c)Bob Daemmrich/Stock Boston/PictureQuest, (bl)Troy Mary Parlee/Index Stock/PictureQuest, (br)Jeffery Myers/Southern Stock/PictureQuest




Metaphase | Anaphase | Metaphase Il

Mistakes in Meiosis Meiosis occurs many times in re-
productive organs. Although mistakes in plants, as shown in
Figure 12, are common, mistakes are less common in animals.
These mistakes can produce sex cells with too many or too few
chromosomes, as shown in Figure 13. Sometimes, zygotes pro-
duced from these sex cells die. If the zygote lives, every cell in the
organism that grows from that zygote usually will have the
wrong number of chromosomes. Organisms with the wrong

number of chromosomes may not grow normally.

Anaphase || Sex cells
Figure 13 This diploid cell

has four chromosomes. During
anaphase |, one pair of duplicated
chromosomes did not separate.
Infer how many chromosomes
each sex cell usually has.

Summary
Sexual Reproduction

® During sexual reproduction, two sex cells 2,
come together.

® (ell division begins after fertilization.

® A typical human body cell has 46 chro- 4.
mosomes, and a human sex cell has
23 chromosomes.

Meiosis and Sex Cells

Self Check

1. Describe a zygote and how it is formed.

Explain where sex cells form.

3. Compare what happens to chromosomes during

anaphase | and anaphase Il.

Think Critically Plants grown from runners and leaf
cuttings have the same traits as the parent plant. Plants
grown from seeds can vary from the parent plants in
many ways. Why can this happen?

® Each chromosome is duplicated before meio- ("
sis, then two divisions of the nucleus occur. 5.

® During meiosis I, duplicated chromosomes are
separated into new cells.

® Chromatids separate during meiosis Il.

® Meiosis | and meiosis Il result in four sex cells. .

\

Make and use a table to compare mitosis and meiosis
in humans. Vertical headings should include: What Type
of Cell (Body or Sex), Beginning Cell (Haploid or Diploid),
Number of Cells Produced, End-Product Cell (Haploid or
Diploid), and Number of Chromosomes in New Cells.

life.msscience.com/self check_quiz
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DNA

KWt You'll Learn

B |dentify the parts of a DNA
molecule and its structure.

®m Explain how DNA copies itself.

B Describe the structure and
function of each kind of RNA.

Wéy It’s Important

DNA helps determine nearly

everything your body is and does.

% Review Vocabulary
heredity: the passing of traits
from parents to offspring

New Vocabulary
e DNA e RNA
® gene e mutation

Figure 14 DNA s part of
the chromosomes found in
a cell’s nucleus.
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What is DNA?

Why was the alphabet one of the first things you learned
when you started school? Letters are a code that you need to
know before you learn to read. A cell also uses a code that is
stored in its hereditary material. The code is a chemical called
deoxyribonucleic (dee AHK sih ri boh noo klay ihk) acid, or
DNA. It contains information for an organism’s growth and
function. Figure 14 shows how DNA is stored in cells that have
a nucleus. When a cell divides, the DNA code is copied and
passed to the new cells. In this way, new cells receive the same
coded information that was in the original cell. Every cell that
has ever been formed in your body or in any other organism
contains DNA.

Discovering DNA Since the mid-1800s,

scientists have known that the nuclei of
cells contain large molecules called nucleic acids. By 1950,
chemists had learned what the nucleic acid DNA was made of,
but they didn’t understand how the parts of DNA were
arranged.

Duplicated
chromosome

Each chromosome

is composed of a long
strand of DNA wrapped
around proteins, like
thread wrapped
around a spool.

Z J|

Proteins

Nucleus




The large DNA molecule, called a double
helix, looks like a twisted ladder.
The sides of the ladder are made of

The rungs of the ladder are paired
nitrogen bases. Notice that the pairs fit

together much like puzzle pieces. G
smaller sugar phosphate molecules. V A
G
T C
¢ A
G
C A T
T A
G c G
A
AA T ; A ¢
T C C C
G
Guanine Cytosine Adenine Thymine Phosphate Sugar (deoxyribose)

DNA’s Structure In 1952, scientist Rosalind Franklin dis-
covered that DNA is two chains of molecules in a spiral form.
By using an X-ray technique, Dr. Franklin showed that the
large spiral was probably made up of two spirals. As it turned
out, the structure of DNA is similar to a twisted ladder. In
1953, using the work of Franklin and others, scientists James
Watson and Francis Crick made a model of a DNA molecule.

A DNA Model What does DNA look like? According to the
Watson and Crick DNA model, each side of the ladder is made

up of sugar-phosphate molecules. Each molecule consists of

the sugar called deoxyribose (dee AHK sih ri bohs) and a

phosphate group. The rungs of the ladder are made up of

other molecules called nitrogen bases. Four kinds of nitrogen
bases are found in DNA—adenine (A duh neen), guanine
(GWAH neen), cytosine (SI tuh seen), and thymine (THI
meen). The bases are represented by the letters A, G, C, and T.

The amount of cytosine in cells always equals the amount of :

guanine, and the amount of adenine always equals the
amount of thymine. This led to the hypothesis that these bases
occur as pairs in DNA. Figure 14 shows that adenine always
pairs with thymine, and guanine always pairs with cytosine.
Like interlocking pieces of a puzzle, each base bonds only with
its correct partner.

What are the nitrogen base pairs in a
DNA molecule?

Modeling DNA
Replication

Procedure

1.

Suppose you have a
segment of DNA that is

six nitrogen base pairs in
length. On paper, using
the letters A, T, C, and G,
write a combination of six
pairs, remembering that A
and T are always a pair and
Cand G are always a pair.
Duplicate your segment of
DNA. On paper, diagram
how this happens and
show the new DNA
segments.

Analysis
Compare the order of bases of
the original DNA to the new

DNA molecules.
Ty at
Q rome '
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Step 1
Enzyme separates
DNA sides
A
T

Original DNA molecule

Figure 15 DNA unzips when it is
about to be copied. A protein called
an enzyme helps unzip the DNA.

Figure 16 This diagram shows
just a few of the genes that have
been identified on human chromo-
some 7. The bold print is the name
that has been given to each gene.

Chromosome 7

Diabetes

— Williams-Beuren
syndrome

Physical- and mental-
development disorder

— Cystic fibrosis

Pendred syndrome
A form of deafness

Obesity

112 CHAPTER 4 Cell Reproduction

T G
C T
A A
G
T T
Step 3
Step 2 o C Two new identical DNA
New bases pair with A molecules are produced.
bases on original DNA.
c T
G
A
G T A A
C
T C
C A T

Copying DNA When chromosomes are duplicated before
mitosis or meiosis, the amount of DNA in the nucleus is dou-
bled. The Watson and Crick model shows how this takes place.
The two sides of DNA unwind and separate. Each side then
becomes a pattern on which a new side forms, as shown in
Figure 15. The new DNA has bases that are identical to those of
the original DNA and are in the same order.

Genes

Most of your characteristics, such as the color of your hair,
your height, and even how things taste to you, depend on the
kinds of proteins your cells make. DNA in your cells stores the
instructions for making these proteins.

Proteins build cells and tissues or work as enzymes. The
instructions for making a specific protein are found in a gene
which is a section of DNA on a chromosome. As shown in
Figure 16, each chromosome contains hundreds of genes.
Proteins are made of chains of hundreds or thousands of amino
acids. The gene determines the order of amino acids in a pro-
tein. Changing the order of the amino acids makes a different
protein. What might occur if an important protein couldn’t be
made or if the wrong protein was made in your cells?

Making Proteins Genes are found in the nucleus, but pro-
teins are made on ribosomes in cytoplasm. The codes for mak-
ing proteins are carried from the nucleus to the ribosomes by
another type of nucleic acid called ribonucleic acid, or RNA.



Ribonucleic Acid RNA is made in the nucleus on a DNA
pattern. However, RNA is different from DNA. If DNA is like a
ladder, RNA is like a ladder that has all its rungs sawed in half.

Compare the DNA molecule in Figure 14 to the RNA molecule Topic: The Human Genome
in Figure 17. RNA has the bases A, G, and C like DNA but has Project
the base uracil (U) instead of thymine (T). The sugar-phosphate : | Visit life.msscience.com for Web

links to information about the

molecules in RNA contain the sugar ribose, not deoxyribose. _
Human Genome Project.

The three main kinds of RNA made from DNA in a cell’s :
nucleus are messenger RNA (mRNA), ribosomal RNA (rRNA), Activity Find out when chromo-
and transfer RNA (tRNA). Protein production begins when : | $omes>: 16,2921, and 22 were
mRNA moves into the cytoplasm. There, ribosomes attach to it. ;zr:gitigtsi?::t?i dl'e\g:zz
Ribosomes are made of rRNA. Transfer RNA molecules in the about each of these chromosomes.
cytoplasm bring amino acids to these ribosomes. Inside the
ribosomes, three nitrogen bases on the mRNA temporarily
match with three nitrogen bases on the tRNA. The same thing
happens for the mRNA and another tRNA molecule, as shown
in Figure 17. The amino acids that are attached to the two tRNA
molecules bond. This is the beginning of a protein.

The code carried on the mRNA directs the order in which
the amino acids bond. After a tRNA molecule has lost its amino
acid, it can move about the cytoplasm and pick up another
amino acid just like the first one. The ribosome moves along the :
mRNA. New tRNA molecules with amino acids match up and : Figure 17 Cells need DNA, RNA,
add amino acids to the protein molecule. : and amino acids to make proteins.

Growing protein
Aminoacids  Chemical bond forms
mRNA

DNA— -»I

Nucleus

DNA in the nucleus

is used to make RNA.
RNA carries the code for a
protein from the nucleus A

to the ribosome. u G C A U

mRNA
Ribosome

At the ribosome, the RNA’s message
is translated into a specific protein.
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Cells in the iris of the
eye produce proteins
needed for eye color.

Figure 18 Each cell in the body
produces only the proteins that are
necessary to do its job.
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Controlling Genes You might
think that because most cells in an
organism have exactly the same
chromosomes and the same genes,
they would make the same proteins,
but they don’t. In many-celled or-
ganisms like you, each cell uses only
some of the thousands of genes that
it has to make proteins. Just as each
actor uses only the lines from the
script for his or her role, each cell
uses only the genes that direct the
making of proteins that it needs. For

Muscle cells produce example, muscle proteins are made
proteins that help in muscle cells, as represented in
make muscles move. Figure 18, but not in nerve cells.

Cells must be able to control
genes by turning some genes off and
turning other genes on. They do this
in many different ways. Sometimes
the DNA is twisted so tightly that
no RNA can be made. Other times,
Cellsin the chemicals bind to the DNA so that it
stomach produce cannot be used. If the incorrect pro-
proteins necessary . .
to digest food. teins are produced, the organism

cannot function properly.

Mutations

Sometimes mistakes happen when DNA is being copied.
Imagine that the copy of the script the director gave you was
missing three pages. You use your copy to learn your lines. When
you begin rehearsing for the play, everyone is ready for one of
the scenes except for you. What happened? You check your copy
of the script against the original and find that three of the pages
are missing. Because your script is different from the others, you
cannot perform your part correctly.

If DNA is not copied exactly, the proteins made from the
instructions might not be made correctly. These mistakes, called
mutations, are any permanent change in the DNA sequence of
a gene or chromosome of a cell. Some mutations include cells
that receive an entire extra chromosome or are missing a chro-
mosome. Outside factors such as X rays, sunlight, and some
chemicals have been known to cause mutations.

When are mutations likely to occur?



Figure 19 Because of a defect on
chromosome 2, the mutant fruit fly has
short wings and cannot fly.

Predict Could this defect be transferred
to the mutant’s offspring? Explain.

Results of a Mutation Genes control the traits you inherit.
Without correctly coded proteins, an organism can’t grow,
repair, or maintain itself. A change in a gene or chromosome can
change the traits of an organism, as illustrated in Figure 19.

If the mutation occurs in a body cell, it might or might not
be life threatening to the organism. However, if a mutation
occurs in a sex cell, then all the cells that are formed from that
sex cell will have that mutation. Mutations add variety to a
species when the organism reproduces. Many mutations are
harmful to organisms, often causing their death. Some muta-
tions do not appear to have any effect on the organism, and
some can even be beneficial. For example, a mutation to a plant
might cause it to produce a chemical that certain insects avoid.
If these insects normally eat the plant, the mutation will help the
plant survive.

Topic: Fruit Fly Genes

Visit life.msscience.com for Web
links to information about what
genes are present on the chromo-
somes of a fruit fly.

Activity Draw a picture of one
of the chromosomes of a fruit fly
and label some of its genes.

Summary
What is DNA? 1.
® Each side of the DNA ladder is made up of 2.
sugar-phosphate molecules, and the rungs of
the ladder are made up of nitrogenous bases. 3

® When DNA is copied, the new DNA has bases
that are identical to those of the original DNA.
Genes 5

® The instructions for making a specific protein
are found in genes in the cell nucleus. Proteins
are made on ribosomes in the cytoplasm.

Self Check

Describe how DNA makes a copy of itself.

Explain how the codes for proteins are carried from the
nucleus to the ribosomes.

. Apply A strand of DNA has the bases AGTAAC. Using

letters, show a matching DNA strand.

4. Determine how tRNA is used when cells build proteins.
. Think Critically You begin as one cell. Compare the

DNA in your brain cells to the DNA in your heart cells.

(
® There are three main kinds of RNA—mRNA, 6
rRNA, and tRNA. ’
Mutations 7
® If DNA is not copied exactly, the resulting
mutations may cause proteins to be made
incorrectly. .

\
Concept Map Using a Venn diagram, compare and
contrast DNA and RNA.
Use a word processor to make an outline of the events
that led up to the discovery of DNA. Use library
resources to find this information.

J

life.msscience.com/self check_quiz
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Mutations

Real-World Question

Mutations can result in dominant or recessive genes. A recessive
characteristic can appear only if an organism has two recessive genes
for that characteristic. However, a dominant characteristic can appear
if an organism has one or two dominant genes for that characteristic.
Why do some mutations result in more common traits while others
do not? Form a hypothesis about how a mutation can become a
common trait.

(e

Make a Plan

Fantail pigeon 1. Observe common traits in various animals, such as household
pets or animals you might see in a zoo.

2. Learn what genes carry these traits in each animal.

Goals
B Observe traits of vari- 3. Research the traits to discover which ones are results of muta-
G STEls tions. Are all mutations dominant? Are any of these mutations

i
B Research how muta- beneficial?

tions become traits.

B Gather data about
mutations.

B Make a frequency table
of your findings and
communicate them
to other students.

Data Source

Visit life.msscience.com/
internet_lab for more
information on common
genetic traits in different
animals, recessive and
dominant genes, and
data from other students.

White tiger
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Follow Your Plan

. Make sure your teacher approves your plan before you start.
. Visit the link shown below to access different Web sites for information about

mutations and genetics.

. Decide if a mutation is beneficial, harmful, or neither. Record your data in your

Science Journal.

Analyze Your Data

1. Record in your Science Journal a list of traits that are results of
mutations.
2. Describe an animal, such as a pet or an animal you’ve seen in
the zoo. Point out which traits are known to be the result of a
mutation.
3. Make a chart that compares recessive mutations to dominant
mutations. Which are more common?
4. Share your data with other students by posting it at the link Siberian Husky's eyes
shown below.
Conclude and Apply
1. Compare your findings to those of your classmates and other data at the link

. Mutations occur every day but we only see

shown below. What were some of the traits your classmates found that you did
not? Which were the most common?

. Look at your chart of mutations. Are all muta-

tions beneficial? When might a mutation be
harmful to an organism?

. Predict how your data would be affected if

you had performed this lab when one of

these common mutations first appeared. Do Find this lab using the link below. Post
you think you would see more or less animals your data in the table provided. Combine
with this trait? your data with that of other students and

make a chart that shows all of the data.

a few of them. Infer how many mutations
over millions of years can lead to a new life.msscience.com/internet_lab
species.
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y pra
A Tangled Tale

How did a scientist get
chromosomes to separate?

iewed under the microscope, chro-
v mosomes in cells sometimes look a lot

like spaghetti. That’s why scientists
had such a hard time figuring out how many
chromosomes are in each human cell.
Imagine, then, how Dr. Tao-Chiuh Hsu
(dow sheweSEW) must have felt when he
looked into a microscope and saw “beauti-
fully scattered chromosomes.” The problem
was, Hsu didn’t know what he had done to
separate the chromosomes into countable
strands.

“I tried to study those slides and set up

some more cultures to repeat the miracle,”
Hsu explained. “But nothing happened.”

Thanks to chromosomes, each of us is
unique!

For three months Hsu tried changing
every variable he could think of to make the
chromosomes separate again. In April 1952,
his efforts were finally rewarded. Hsu quickly
realized that the chromosomes separated
because of osmosis.

Osmosis is the movement of water mole-
cules through cell membranes. This move-
ment occurs in predictable ways. The water
molecules move from areas with higher con-
centrations of water to areas with lower con-
centrations of water. In Hsu’s case, the
solution he used to prepare the cells had a

higher concentration of water
then the cell did. So water moved
from the solution into the cell and
the cell swelled until it finally
exploded. The chromosomes sud-
denly were visible as separate
strands.

What made the cells swell
the first time? Apparently a tech-
nician had mixed the solution
incorrectly. “Since nearly four
months had elapsed, there was
no way to trace who actually had
prepared that particular [solu-
tion],” Hsu noted. “Therefore,
this heroine must remain
anonymous.”

These chromosomes are
magnified 500 times.

Research What developments led scientists to conclude that the m
human cell has 46 chromosomes? Visit the link shown to the right to

For more information, visit

get started. ' .
life.msscience.com/oops

(t)Philip Lee Harvey/Stone, (b)Lester V. Bergman/CORBIS




Cell Division and Mitosis

. The life cycle of a cell has two parts—
growth and development, and cell division.

. In mitosis, the nucleus divides to form two
identical nuclei. Mitosis occurs in four
continuous steps, or phases—prophase,
metaphase, anaphase, and telophase.

. Cell division in animal cells and plant cells
is similar, but plant cells do not have centri-
oles and animal cells do not form cell walls.

. Organisms use cell division to grow, to
replace cells, and for asexual reproduction.
Asexual reproduction produces organisms
with DNA identical to the parent’s DNA.
Fission, budding, and regeneration can be
used for asexual reproduction.

Sexual Reproduction
and Meiosis

. Sexual reproduction results when an egg and
sperm join. This event is called fertilization,
and the cell that forms is called the zygote.

2

used for

N

. Meiosis occurs in the reproductive organs,

producing four haploid sex cells.

. During meiosis, two divisions of the

nucleus occur.

. Meiosis ensures that offspring produced by

fertilization have the same number of
chromosomes as their parents.

DNA

. DNA is a large molecule made up of two

twisted strands of sugar-phosphate mole-
cules and nitrogen bases.

. All cells contain DNA. The section of DNA

on a chromosome that directs the making
of a specific protein is a gene.

. DNA can copy itself and is the pattern from

which RNA is made. Messenger RNA,
ribosomal RNA, and transfer RNA are used
to make proteins.

. Permanent changes in DNA are called

mutations.

Think of four ways that organisms can use mitosis. Copy and complete the spider diagram below.

C D

used for

used for

-

life.msscience.com/interactive_tutor

used for

-
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asexual haploid p.105
reproduction meiosis p. 105
p.101 mitosis p.98
chromosome p.98 mutation p.114
diploid p.104 RNA p.112
DNA p.110 sexual
egg p.104 reproduction p.104
fertilization p.104 sperm p. 104
gene p.112 zygote p. 104

Fill in the blanks with the correct vocabulary
word or words.

1. and cells are sex
cells.

2. produces two identical cells.

3. An example of a nucleic acid is

4. A(n) is the code for a protein.

5. A(n) sperm is formed during
meiosis.

6. Budding is a type of

7. A(n)

9. As a result of

10.

is a structure in the
nucleus that contains hereditary material.

produces four sex cells.

, 2 New organism
develops that has its own unique identity.

An error made during the copying of
DNA is called a(n)

Choose the word or phrase that best answers the

qu
11

12

estion.

. Which of the following is a double spiral
molecule with pairs of nitrogen bases?
A) RNA Q) protein
B) amino acid D) DNA

0 CHAPTER REVIEW

Walker England/Photo Researchers

12.

13.

14.

15.

16.

17.

18.

19.

What is in RNA but not in DNA?
A) thymine () adenine
B) thyroid D) uracil

If a diploid tomato cell has 24 chromo-
somes, how many chromosomes will the
tomato’s sex cells have?

A) 6 Q) 24
B) 12 D) 48
During a cell’s life cycle, when do chromo-

somes duplicate?
A) anaphase
B) metaphase

() interphase
D) telophase

When do chromatids separate during
mitosis?

A) anaphase
B) prophase

How is the hydra

shown in the picture
reproducing?

A) asexually, by budding
B) sexually, by budding
Q) asexually, by fission
D) sexually, by fission

() metaphase
D) telophase

What is any permanent change in a gene
or a chromosome called?

A) fission Q) replication

B) reproduction D) mutation

What does meiosis produce?

A) cells with the diploid chromosome
number

B) cells with identical chromosomes

Q) sex cells

D) a zygote

What type of nucleic acid carries the codes
for making proteins from the nucleus to
the ribosome?
A) DNA

B) RNA

() protein
D) genes

life.msscience.com/vocabulary_puzzlemaker



26. Compare and Contrast Meiosis is two divisions
of a reproductive cell’s nucleus. It occurs

20. List the base sequence of a strand of RNA in a continuous series of steps. Compare
made using the DNA pattern ATCCGTC. and contrast the steps of meiosis I to the
Look at Figure 14 for a hint. steps of meiosis II.

21. Predict whether a mutation in a human 27. Describe what occurs in mitosis that gives
skin cell can be passed on to the person’s the new cells identical DNA.

offspring. Explain. .
28. Form a hypothesis about the effect of an

22. Explain how a zygote could end up with an incorrect mitotic division on the new cells
extra chromosome. produced.

23. Classify Copy and complete this table about ~ 29. Determine how many chromosomes are
DNA and RNA. in the original cell compared to those in

the new cells formed by cell division.

DNA and RNA Explain.

DNA RNA
Number of strands
Type of sugar N
Do not writg in this book. 30. Flash Cards Make a set of 11 flash cards

Letter names of bases . . .
with drawings of a cell that show the dif-

Where found ferent stages of meiosis. Shuffle your cards
and then put them in the correct order.

24. Concept Map Make an events-chain concept Give them to another student in the class
map of what occurs from interphase in to try.

the parent cell to the formation of the
zygote. Tell whether the chromosome’s
number at each stage is haploid or diploid.

31. Cell Cycle Assume an average human cell has a
cell cycle of 20 hours. Calculate how many cells
there would be after 80 hours.

25. Concept Map Copy and complete the events-
chain concept map of DNA synthesis.

( ) Use the diagram below to answer question 32.
e s A C A G U C G U A ¢ G v .
A6, v
( > 32. Amino Acids Sets of three nitrogen bases code
l for an amino acid. How many amino acids will
make up the protein molecule that is coded for

< ) by the mRNA molecule above?

life.msscience.com/chapter_review CHAPTERREVIEW 121




Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1.

What stage of the cell cycle involves growth
and function?
A. prophase

B. interphase

C. mitosis
D. cytoplasmic division

. During interphase, which structure of a cell

is duplicated?

A. cell plate

B. mitochondrion
C. chromosome
D. chloroplast

Use the figure below to answer questions 3 and 4.

. What form of asexual reproduction is

shown here?
A. regeneration
B. cell division

C. sprouting
D. meiosis

. How does the genetic material of the new

organism above compare to that of the par-
ent organism?

A. It is exactly the same.

B. It is a little different.

C. It is completely different.

D. It is haploid.

. Organisms with three or more sets of

chromosomes are called
A. monoploid. C. haploid.
B. diploid. D. polyploid.

122 STANDARDIZED TEST PRACTICE

Barry L. Runk from Grant Heilman

6. If a sex cell has eight chromosomes, how
many chromosomes will there be after
fertilization?
A. 8
B. 16

C 32
D. 64

Use the diagram below to answer questions 7 and 8.

T 6 A
C T
G LA
A
T O
T CA
C
G GT
A G T A A
¢ C
TcAT

7. What does this diagram illustrate?
A. DNA duplication
B. RNA
C. cell reproduction
D. RNA synthesis

8. When does the process shown occur in the
cell cycle?
A. prophase C
B. metaphase D.

interphase
anaphase

9. Proteins are made of
A. genes C
B. bases D.

amino acids
chromosomes

Prepare Avoid rushing on test day. Prepare your clothes and
test supplies the night before. Wake up early and arrive at
school on time on test day.



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

10. In the human body, which cells are con-
stantly dividing? Why is this important?
How can this be potentially harmful?

11. Arrange the following terms in the correct

order: fertilization, sex cells, meiosis,
zygote, mitosis.

12. What are the three types of RNA used
during protein synthesis? What is the
function of each type of RNA?

13. Describe the relationship between gene,
protein, DNA and chromosome.

Use the table below to answer question 14.

Phase of Cell Cycle Action within the Cell

Chromosomes duplicate

Prophase

Metaphase

Chromosomes have separated

Telophase

14. Fill in the blanks in the table with the
appropriate term or definition.

15. What types of cells would constantly be in
interphase?

16. Why is regeneration important for some
organisms? In what way could regeneration
of nerve cells be beneficial for humans?

17. What types of organisms are polyploidy?
Why are they important?

18. What happens to chromosomes in meiosis I
and meiosis II?

19. Describe several different ways that organ-
isms can reproduce.

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

Use the photo below to answer question 20.

20. Is this a plant or an animal cell? Compare
and contrast animal and plant cell division.

21. Describe in detail the structure of DNA.

Use the diagram below to answer question 22.

Nucleus
\ RNA
\
Amino
Acids ;
v Ribosome

22. Discuss in detail what is taking place at each
step of protein synthesis diagrammed above.

23. If a skin cell and a stomach cell have the
same DNA then why are they so different?

24. What is mutation? Give examples where
mutations could be harmful, beneficial or
neutral.

STANDARDIZED TEST PRACTICE 123
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Why do people look ditferent?

People have different skin colors, different
kinds of hair, and different heights. Knowing
how these differences are determined will
help you predict when certain traits might
appear. This will help you understand what
causes hereditary disorders and how these
are passed from generation to generation.

Science Journal = Write three traits that you have and
how you would determine how those traits were passed to you.



FOLDABLES Classify Characteristics As you

M OTGRVEENTTITE  read this chapter about hered-
ity, you can use the following
Foldable to help you classify characteristics as
inherited or not inherited.

m Fold the top of a vertical piece of
paper down and the bottom up to

divide the paper into thirds.

M1 Turn the paper horizontally; unfold
and label the three columns as shown.

! .
personaly Inherited | Not
CharacteristicS | | Inherteq

eyes

1

hair !
1

dimples 1
1

1

1

1

Read for Main Ideas Before you read the chap-
ter, list personal characteristics and predict
which are inherited or not inherited. As you read
the chapter, check and change your list.

Preview this chapter’s content
and activities at
life.msscience.com
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Genetics

KWt You'll Learn

B Explain how traits are inherited.

m |dentify Mendel’s role in the his-

tory of genetics.

® Use a Punnett square to predict
the results of crosses.

® Compare and contrast the dif-
ference between an individual’s
genotype and phenotype.

Wéy It’s Important

Heredity and genetics help explain
why people are different.

® Review Vocabulary
meiosis: reproductive process
that produces four haploid sex
cells from one diploid cell

New Vocabulary

e heredity @ Punnett square
e allele @ genotype

e genetics @ phenotype

@ hybrid e homozygous

e dominant e heterozygous
® recessive

Figure 1 Note the strong family

resemblance among these four
generations.

126 CHAPTER5 Heredity
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Inheriting Traits

Do you look more like one parent or grandparent? Do you
have your father’s eyes? What about Aunt Isabella’s cheekbones?
Eye color, nose shape, and many other physical features are
some of the traits that are inherited from parents, as Figure 1
shows. An organism is a collection of traits, all inherited from its
parents. Heredity (huh REH duh tee) is the passing of traits
from parent to offspring. What controls these traits?

What is genetics? Generally, genes on chromosomes con-
trol an organism’s form and function. The different forms of a
trait that a gene may have are called alleles (uh LEELZ). When
a pair of chromosomes separates during meiosis (mi OH sus),
alleles for each trait also separate into different sex cells. As a
result, every sex cell has one allele for each trait, as shown in
Figure 2. The allele in one sex cell may control one form of the
trait, such as having facial dimples. The allele in the other sex
cell may control a different form of the trait—not having
dimples. The study of how traits are inherited through the inter-
actions of alleles is the science of genetics (juh NE tihks).



Figure 2 An allele is one form of a gene. Alleles separate into separate
sex cells during meiosis. In this example, the alleles that control the trait for
dimples include D, the presence of dimples, and d, the absence of dimples.

- °
D D D
Eggs
Female Meiosis g9
e ‘
d d d ﬁ
Male Sperm
The alleles that control a trait During meiosis, duplicated chro-
are located on each duplicated mosomes separate.
chromosome.

Mendel—The Father of Genetics

Did you know that an experiment with pea plants helped
scientists understand why your eyes are the color that they are?
Gregor Mendel was an Austrian monk who studied mathemat-
ics and science but became a gardener in a monastery. His inter-
est in plants began as a boy in his father’s orchard where he
could predict the possible types of flowers and fruits that would
result from crossbreeding two plants. Curiosity about the con-
nection between the color of a pea flower and the type of seed
that same plant produced inspired him to begin experimenting
with garden peas in 1856. Mendel made careful use of scientific
methods, which resulted in the first recorded study of how traits
pass from one generation to the next. After eight years, Mendel
presented his results with pea plants to scientists.

Before Mendel, scientists mostly relied on observation and
description, and often studied many traits at one time. Mendel
was the first to trace one trait through several generations. He
was also the first to use the mathematics of probability to
explain heredity. The use of math in plant science was a new
concept and not widely accepted then. Mendel’s work was
forgotten for a long time. In 1900, three plant scientists, work-
ing separately, reached the same conclusions as Mendel. Each
plant scientist had discovered Mendel’s writings while doing his
own research. Since then, Mendel has been known as the father
of genetics.

H—

D
Fertilization
D
Fertilized

eggs

During fertilization, each parent
donates one chromosome. This

results in two alleles for the trait
of dimples in the new individual

formed.

Topic: Genetics

links to information about early
genetics experiments.

organism they used in their
research.

Visit life.msscience.com for Web

Activity List two other scientists
who studied genetics, and what

SECTION 1 Genetics
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Traits Shape Color Color Shape Plant Position Flower
of Seeds | of Seeds of Pods of Pods Height | of Flowers Color
Dominant |  Round Yellow Green Full Tall At leaf Purple
trait junctions
Recessive | Wrinkled Green Yellow Flat, short At tips of White
trait constricted branches
Genetics in a Garden
Each time Mendel studied a trait, he crossed two plants with
different expressions of the trait and found that the new plants
all looked like one of the two parents. He called these new plants
hybrids (HI brudz) because they received different genetic
information, or different alleles, for a trait from each parent.
The results of these studies made Mendel even more curious
about how traits are inherited.

] Garden peas are easy to breed for pure traits. An organism
Comparing ) that always produces the same traits generation after generation
Common Traits is called a purebred. For example, tall plants that always produce
Procedure seeds that produce tall plants are purebred for the trait of tall
1. Safely survey as many height. Table 1 shows other pea plant traits that Mendel studied.

dogs in your neighborhood
as you can for the presence
of a solid color or spotted
coat, short or long hair,
and floppy or upright ears.

. Make a data table that lists

each of the traits. Record
your data in the data table.

Analysis

1.

Compare the number of
dogs that have one form of
a trait with those that have
the other form.

. What can you conclude

about the variations you

noticed in
Ty at
Q ey

the dogs?

128 CHAPTER5 Heredity

Why might farmers plant purebred crop seeds?

Dominant and Recessive Factors In nature, insects
randomly pollinate plants as they move from flower to flower. In
his experiments, Mendel used pollen from the flowers of pure-
bred tall plants to pollinate by hand the flowers of purebred
short plants. This process is called cross-pollination. He found
that tall plants crossed with short plants produced seeds that
produced all tall plants. Whatever caused the plants to be short
had disappeared. Mendel called the tall form the dominant
(DAH muh nunt) factor because it dominated, or covered up,
the short form. He called the form that seemed to disappear the
recessive (rih SE sihv) factor. Today, these are called dominant
alleles and recessive alleles. What happened to the recessive
form? Figure 3 answers this question.



VISUALIZING MENDEL’S EXPERIMENTS




Figure 4 This snapdragon’s
phenotype is red.

Determine Can you tell what the
flower’s genotype for color is?
Explain your answer.
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Using Probability to Make Predictions If you and your
sister can’t agree on what movie to see, you could solve the prob-
lem by tossing a coin. When you toss a coin, you're dealing with
probabilities. Probability is a branch of mathematics that helps
you predict the chance that something will happen. If your sis-
ter chooses tails while the coin is in the air, what is the probabil-
ity that the coin will land tail-side up? Because a coin has two
sides, there are two possible outcomes, heads or tails. One out-
come is tails. Therefore, the probability of one side of a coin
showing is one out of two, or 50 percent.

Mendel also dealt with probabilities. One of the things that
made his predictions accurate was that he worked with large
numbers of plants. He studied almost 30,000 pea plants over a
period of eight years. By doing so, Mendel increased his chances
of seeing a repeatable pattern. Valid scientific conclusions need
to be based on results that can be duplicated.

Punnett Squares Suppose you wanted to know what colors
of pea plant flowers you would get if you pollinated white flow-
ers on one pea plant with pollen from purple flowers on a dif-
ferent plant. How could you predict what the offspring would
look like without making the cross? A handy tool used to predict
results in Mendelian genetics is the Punnett (PUH nut) square. In
a Punnett square, letters represent dominant and recessive alle-
les. An uppercase letter stands for a dominant allele. A lowercase
letter stands for a recessive allele. The letters are a form of code.
They show the genotype (JEE nuh tipe), or genetic makeup, of
an organism. Once you understand what the letters mean, you
can tell a lot about the inheritance of a trait in an organism.

The way an organism looks and behaves as a result of its
genotype is its phenotype (FEE nuh tipe), as shown in
Figure 4. If you have brown hair, then the phenotype for your
hair color is brown.

Alleles Determine Traits Most cells in your body have two
alleles for every trait. These alleles are located on chromosomes
within the nucleus of cells. An organism with two alleles that are
the same is called homozygous (hoh muh ZI gus). For Mendel’s
peas, this would be written as TT (homozygous for the tall-
dominant trait) or #f (homozygous for the short-recessive trait).
An organism that has two different alleles for a trait is called
heterozygous (he tuh roh ZI gus). The hybrid plants Mendel
produced were all heterozygous for height, 7.

What is the difference between homozygous and
heterozygous organisms?



Making a Punnett Square Ina Punnett square for predict-
ing one trait, the letters representing the two alleles from one
parent are written along the top of the grid, one letter per sec-
tion. Those of the second parent are placed down the side of the
grid, one letter per section. Each square of the grid is filled in
with one allele donated by each parent. The letters that you use
to fill in each of the squares represent the genotypes of possible
offspring that the parents could produce.

Calculate Percentages

Solution
€ This is what you know:

©) This is what you need to
find out:

€ This is the procedure
you need to use:

@ Check your answer:

PUNNET SQUARE One dog carries heterozygous, black-fur traits (Bb), and its mate carries
homogeneous, blond-fur traits (bb). Use a Punnett square to determine the probability
of one of their puppies having black fur.

e dominant allele is represented by B

e recessive allele is represented by b

What is the probability of a puppy’s fur color being black?

e Complete the Punnett square. Black dog
B b
e There are two Bb genotypes
and four possible b| Bb bb
outcomes. Blond
dog
0 =
e 9% (black fur) o bb
number of ways to get black fur
Genotypes of offspring:
2Bb, 2bb
= 2 = 1 =50% Phenotypes of offspring:
4 2 2 black, 2 blond

—;— of 4 is 2, which is the number

of black dogs.
Parent (Yy)

1. In peas, the color yellow (Y) is dominant to the color green Y y

(»). According to the Punnett square, what is the probability

of an offspring being yellow? vl w vy

Parent

2. What is the probability of an offspring having the yy (vy)

genotype? vl vy vy

f For more practice, visit

life.msscience.com/

math_practice
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Principles of Heredity Even though Gregor Mendel didn’t
know anything about DNA, genes, or chromosomes, he suc-
ceeded in beginning to describe and mathematically represent
how inherited traits are passed from parents to offspring. He
realized that some factor in the pea plant produced certain traits.
Mendel also concluded that these factors separated when the pea
plant reproduced. Mendel arrived at his conclusions after years
of detailed observation, careful analysis, and repeated experi-
mentation. Table 2 summarizes Mendel’s principles of heredity.

1 | Traits are controlled by alleles
on chromosomes.

2 | Anallele’s effect is dominant or recessive.

3 | When a pair of chromosomes separates during
meiosis, the different alleles for a trait move
into separate sex cells.

Summary
Inheriting Traits
® Heredity is the passing of traits from parent to
offspring.
® Genetics is the study of how traits are inher-
ited through the interactions of alleles.
Mendel—The Father of Genetics

® In 1856, Mendel began experimenting with
garden peas, using careful scientific methods.

® Mendel was the first to trace one trait
through several generations.

@ In 1900, three plant scientists separately
reached the same conclusions as Mendel.

Genetics in a Garden

® Hybrids receive different genetic information
for a trait from each parent.

® Genetics involves dominant and recessive factors.

® Punnett squares can be used to predict the
results of a cross.

® Mendel’s conclusions led to the principles of
heredity.
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Self Check

. Contrast Alleles are described as being dominant or

recessive. What is the difference between a dominant
and a recessive allele?

. Describe how dominant and recessive alleles are repre-

sented in a Punnett square.

. Explain the difference between genotype and pheno-

type. Give examples.

. Infer Gregor Mendel, an Austrian monk who lived in

the 1800s, is known as the father of genetics. Explain
why Mendel has been given this title.

. Think Critically If an organism expresses a recessive

phenotype, can you tell the genotype? Explain your
answer by giving an example.

. Use Percentages One fruit fly is heterozygous for long

\

wings, and another fruit fly is homozygous for short
wings. Long wings are dominant to short wings. Use a
Punnett square to find the expected percent of off-
spring with short wings.

J

life.msscience.com/self check_quiz




Predicting Results

Could you predict how many brown rabbits would
result from crossing two heterozygous black rab-
bits? Try this investigation to find out. Brown color
is a recessive trait for hair color in rabbits.

Real-World Question

How does chance affect combinations of genes?

Goals

B Model chance events in heredity.

B Compare and contrast predicted and
actual results.

Materials
paper bags (2)
red beans (100)

white beans (100)

Safety Precautions
i~ ® ]

WARNING: Do not taste, eat, or drink any mate-
rials used in the lab.

Procedure

1. Use a Punnett square to predict how many
red/red, red/white, and white/white bean
combinations are possible. The combinations
represent the coat colors in rabbit offspring.

2. Place 50 red beans and 50 white beans in a
paper bag. Place 50 red beans and 50 white
beans in a second bag. Red beans represent
black alleles and white beans represent
brown alleles.

3. Label one of the bags Female for the female
parent. Label the other bag Male for the
male parent.

4. Use a data table to record the combination
each time you remove two beans. Your table
will need to accommodate 100 picks.

5. Without looking, remove one bean from each
bag. The two beans represent the alleles that
combine when sperm and egg join. After
recording, return the beans to their bags.

(=)

. Count and record the total numbers for each
of the three combinations in your data table.

N

. Compile and record the class totals.

Conclude and Apply

. Name the combination that occurred most
often.

=

N

. Calculate the ratio of red/red to red/white
to white/white. What hair color in rabbits
do these combinations represent?

(8]

. Compare your predicted (expected) results
with your observed (actual) results.

4. Hypothesize how you could get predicted
results to be closer to actual results.

Gene Combinations

Rabbits Red/ Red/ White/
Red White White
Your total Do not|write in this book.

(lass total

Write a paragraph that clearly describes
your results. Have another student read
your paragraph. Ask if he or she could
understand what happened. If not, rewrite
your paragraph and have the other student
read it again. For more help, refer to the
Science Skill Handbook.
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Genetics Since Mendel

KWt You'll Learn

m Explain how traits are inherited
by incomplete dominance.

B Compare multiple alleles and
polygenic inheritance, and give
examples of each.

B Describe two human genetic dis-
orders and how they are inherited.

®m Explain how sex-linked traits are
passed to offspring.

Wéy It’s Important

Most of your inherited traits involve
more complex patterns of inheri-
tance than Mendel discovered.

% Review Vocabulary
gene: section of DNA on a chro-
mosome that contains instruc-
tions for making specific proteins

New Vocabulary

@ incomplete dominance
@ polygenic inheritance
@ sex-linked gene

Figure 5 When a chestnut
horse is bred with a cremello
horse, all offspring will be
palomino. The Punnett square
shown on the opposite page can
be used to predict this result.
Explain how the color of the
palomino horse shows that the coat
color of horses may be inherited by
incomplete dominance.
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Incomplete Dominance

Not even in science do things remain the same. After
Mendel’s work was rediscovered in 1900, scientists repeated his
experiments. For some plants, such as peas, Mendel’s results
proved true. However, when different plants were crossed, the
results were sometimes different. One scientist crossed purebred
red four-o’clock plants with purebred white four-o’clock plants.
He expected to get all red flowers, but they were pink. Neither
allele for flower color seemed dominant. Had the colors become
blended like paint colors? He crossed the pink-flowered
plants with each other, and red, pink, and white flowers were
produced. The red and white alleles had not become blended.
Instead, when the allele for white flowers and the allele for red
flowers combined, the result was an intermediate phenotype—a
pink flower.

When the offspring of two homozygous parents show an
intermediate phenotype, this inheritance is called incomplete
dominance. Other examples of incomplete dominance include
the flower color of some plant breeds and the coat color of some
horse breeds, as shown in Figure 5.

Chestnut horse

Cremello horse



Multiple Alleles Mendel studied traits in peas that were con-
trolled by just two alleles. However, many traits are controlled by
more than two alleles. A trait that is controlled by more than two
alleles is said to be controlled by multiple alleles. Traits con-
trolled by multiple alleles produce more than three phenotypes
of that trait.

Imagine that only three types of coins are made—nickels,
dimes, and quarters. If every person can have only two coins, six
different combinations are possible. In this problem, the coins
represent alleles of a trait. The sum of each two-coin combina-
tion represents the phenotype. Can you name the six different
phenotypes possible with two coins?

Blood type in humans is an example of multiple alleles that
produce only four phenotypes. The alleles for blood types are
called A, B, and O. The O allele is recessive to both the A and B
alleles. When a person inherits one A allele and one B allele for
blood type, both are expressed—phenotype AB. A person with
phenotype A blood has the genetic makeup, or genotype—AA
or AO. Someone with phenotype B blood has the genotype BB
or BO. Finally, a person with phenotype O blood has the geno-
type OO.

What are the six different blood type
genotypes?

Palomino horse

Topic: Blood Types

Visit life.msscience.com for Web
links to information about the
importance of blood types in blood
transfusions.

Activity Make a chart showing
which blood types can be used for
transfusions into people with A, B,
AB, or O blood phenotypes.

Punnett square
Chestnut horse (CC)
C C
C cC ¢
Cremello

horse
(ca)

C cC' ¢

Genotypes: All CC'
Phenotypes: All palomino
horses
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Interpreting
Polygenic Inheritance

Procedure 32

1. Measure the hand spans of
your classmates.

2. Using a ruler, measure
from the tip of the thumb
to the tip of the little finger
when the hand is stretched
out. Read the measurement
to the nearest centimeter.

3. Record the name and
hand-span measurement
of each person in a data
table.

Analysis

1. What range of hand spans
did you find?

2. Are hand spans inherited
as a simple Mendelian pat-
tern or as a polygenic or
incomplete dominance
pattern? Explain.

Figure 6 Himalayan rabbits
have alleles for dark-colored fur.
However, this allele is able to
express itself only at lower temper-
atures. Only the areas located far-
thest from the rabbit’s main body
heat (ears, nose, feet, tail) have
dark-colored fur.
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Polygenic Inheritance

Eye color is an example of a trait that is produced by a
combination of many genes. Polygenic (pah lih JEH nihk)
inheritance occurs when a group of gene pairs acts together to
produce a trait. The effects of many alleles produces a wide vari-
ety of phenotypes. For this reason, it may be hard to classify all
the different shades of eye color.

Your height and the color of your eyes and skin are just some
of the many human traits controlled by polygenic inheritance. It
is estimated that three to six gene pairs control your skin color.
Even more gene pairs might control the color of your hair and
eyes. The environment also plays an important role in the
expression of traits controlled by polygenic inheritance.
Polygenic inheritance is common and includes such traits as
grain color in wheat and milk production in cows. Egg produc-
tion in chickens is also a polygenic trait.

Impact of the Environment Your environment plays a
role in how some of your genes are expressed or whether they
are expressed at all, as shown in Figure 6. Environmental influ-
ences can be internal or external. For example, most male
birds are more brightly colored than females. Chemicals in
their bodies determine whether the gene for brightly colored
feathers is expressed.

Although genes determine many of your traits, you might be
able to influence their expression by the decisions you make.
Some people have genes that make them at risk for developing
certain cancers. Whether they get cancer might depend on exter-
nal environmental factors. For instance, if some people at risk
for skin cancer limit their exposure to the Sun and take care of
their skin, they might never develop cancer.

What environmental factors might affect the
size of leaves on a tree?



Human Genes and Mutations

Sometimes a gene undergoes a change that results in a trait
that is expressed differently. Occasionally errors occur in the
DNA when it is copied inside of a cell. Such changes and errors
are called mutations. Not all mutations are harmful. They might
be helpful or have no effect on an organism.

Certain chemicals are known to produce mutations in plants
or animals, including humans. X rays and radioactive substances
are other causes of some mutations. Mutations are changes in
genes.

Chromosome Disorders In addition to individual muta-
tions, problems can occur if the incorrect number of chromo-
somes is inherited. Every organism has a specific number of
chromosomes. However, mistakes in the process of meiosis can
result in a new organism with more or fewer chromosomes than
normal. A change in the total number of human chromosomes
is usually fatal to the unborn embryo or fetus, or the baby may
die soon after birth.

Look at the human chromosomes in Figure 7. If three copies
of chromosome 21 are produced in the fertilized human egg,
Down’s syndrome results. Individuals with Down’s syndrome
can be short, exhibit learning disabilities, and have heart prob-
lems. Such individuals can lead normal lives if they have no
severe health complications.

Genetic Counselor Testing
for genetic disorders may
allow many affected indi-
viduals to seek treatment
and cope with their dis-
eases. Genetic counselors
are trained to analyze a
family's history to deter-
mine a person’s health risk.
Research what a genetic
counselor does and how to
become a genetic counselor.
Record what you learn in
your Science Journal.

Figure 7 Humans usually have 23 pairs of chromosomes.
Notice that three copies of chromosome 21 are present in this
photo, rather than the usual two chromosomes. This change
in chromosome number results in Down’s syndrome. Chris
Burke, a well-known actor, has this syndrome.
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Color-enhanced SEM Magnification: 16000

Figure 8 Sexin many organ-
isms is determined by Xand Y
chromosomes.

Observe How do the X (left) and Y
(right) chromosomes differ from one
another in shape and size?
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Recessive Genetic Disorders

Many human genetic disorders, such as cys-
tic fibrosis, are caused by recessive genes. Some
recessive genes are the result of a mutation
within the gene. Many of these alleles are rare.
Such genetic disorders occur when both par-
ents have a recessive allele responsible for this
disorder. Because the parents are heterozygous,
they don’t show any symptoms. However, if
each parent passes the recessive allele to the
child, the child inherits both recessive alleles
and will have a recessive genetic disorder.

How is cystic fibrosis
inherited?

Cystic fibrosis is a homozygous recessive disorder. It is the
most common genetic disorder that can lead to death among
Caucasian Americans. In most people, a thin fluid is produced
that lubricates the lungs and intestinal tract. People with cystic
fibrosis produce thick mucus instead of this thin fluid. The thick
mucus builds up in the lungs and makes it hard to breathe. This
buildup often results in repeated bacterial respiratory infections.
The thick mucus also reduces or prevents the flow of substances
necessary for digesting food. Physical therapy, special diets, and
new drug therapies have increased the life spans of patients with
cystic fibrosis.

Sex Determination

What determines the sex of an individual? Much informa-
tion on sex inheritance came from studies of fruit flies. Fruit
flies have only four pairs of chromosomes. Because the chromo-
somes are large and few in number, they are easy to study.
Scientists identified one pair that contains genes that determine
the sex of the organism. They labeled the pair XX in females and
XY in males. Geneticists use these labels when studying organ-
isms, including humans. You can see human X and Y chromo-
somes in Figure 8.

Each egg produced by a female normally contains one X chro-
mosome. Males produce sperm that normally have either an X or
a’Y chromosome. When a sperm with an X chromosome fertilizes
an egg, the offspring is a female, XX. A male offspring, XY, is the
result of a Y-containing sperm fertilizing an egg. What pair of sex
chromosomes is in each of your cells? Sometimes chromosomes
do not separate during meiosis. When this occurs, an individual
can inherit an abnormal number of sex chromosomes.



Sex-Linked Disorders Female carrier of

calico gene (X¢X)

Some inherited conditions are linked with the X < ”
and Y chromosomes. An allele inherited on a sex
chromosome is called a sex-linked gene. Color blind-
ness is a sex-linked disorder in which people cannot Xep xexe XX¢
distinguish between certain colors, particularly red Male carrier of
and green. This trait is a recessive allele on the X chro-  <alico gene (XCY)
mosome. Because males have only one X chromo- Y| X XY
some, a male with this allele on his X chromo-some is
color-blind. However, a color-blind female occurs Genotypes: XX, XCX, XCY, XY
only when both of her X chromosomes have the allele Phenotypes: one calico female,

one carrier female, one carrier

for this trait. male, one normal male

The allele for the distinct patches of three differ-
ent colors found in calico cats is recessive and carried
on the X chromosome. As shown in Figure 9, calico
cats have inherited two X chromosomes with this
recessive allele—one from both parents.

Pedigrees Trace Traits

How can you trace a trait through a family? A
pedigree is a visual tool for following a trait through

generations of a family. Males are represented by squares and : Figure 9 Calico catfurisa
females by circles. A completely filled circle or square shows : homozygous recessive sex-linked
that the trait is seen in that person. Half-colored circles or : trait. Female cats that are hetero-
squares indicate carriers. A carrier is heterozygous for the trait, : zygous are not calico but are only
and it is not seen. People represented by empty circles or : carriers. Two recessive alleles
squares do not have the trait and are not carriers. The pedigree : must be present for this allele to
in Figure 10 shows how the trait for color blindness is carried : be expressed.
through a family. : Determine Why aren'tall the
. females calico?
Parents

b

Children (}Fj Pedigree Key
O Normal female @ Normal male
ﬁ ﬁ é 6 6 é é é 6 6 O Carrier female i Color-blind male

Grandchildren

Figure 10 The symbols in this pedigree’s key mean the same thing on all
pedigree charts. The grandfather in this family was color-blind and married
to a woman who was not a carrier of the color-blind allele.

Infer why no women in this family are color-blind.
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Shih Tzu

Figure 11

A variety of traits are
considered when

breeding dogs.
Black Labrador

Summary
Incomplete Dominance

® Incomplete dominance is when a dominant
and recessive allele for a trait show an inter-
mediate phenotype.

® Many traits are controlled by more than two
alleles.

® A wide variety of phenotypes is produced by
polygenic inheritance.

Human Genes and Mutations
® Errors can occur when DNA is copied.

® Mistakes in meiosis can result in an unequal
number of chromosomes in sex cells.

® Recessive genes control many human genetic
disorders.

Sex Determination

® An allele inherited on a sex chromosome is
called a sex-linked gene.

® Pedigrees are visual tools to trace a trait
through generations of a family.
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Using Pedigrees A pedigree is a useful
tool for a geneticist. Sometimes a geneticist
needs to understand who has had a trait in
a family over several generations to deter-
mine its pattern of inheritance. A geneticist
determines if a trait is recessive, dominant,
sex-linked, or has some other pattern of
inheritance. When geneticists understand
how a trait is inherited, they can predict the
probability that a baby will be born with a
specific trait.

Pedigrees also are important in breed-
ing animals or plants. Because livestock
and plant crops are used as sources of food,
these organisms are bred to increase their
yield and nutritional content. Breeders of
pets and show animals, like the dogs pic-
tured in Figure 11, also examine pedigrees
carefully for possible desirable physical and
ability traits. Issues concerning health also
are considered when researching pedigrees.

Self Check

. Compare how inheritance by multiple alleles and poly-

genic inheritance are similar.

. Explain why a trait inherited by incomplete dominance

is not a blend of two alleles.

. Discuss Choose two genetic disorders and discuss how

they are inherited.

. Apply Using a Punnett square, explain why males are

affected more often than females by sex-linked genetic
disorders.

. Think Critically Calico male cats are rare. Explain how

such a cat can exist.

. Predict A man with blood type B marries a woman

7. Communicate In your Science Journal, explain why

~

with blood type A. Their first child has blood type O.
Use a Punnett square to predict what other blood
types are possible for their offspring.

offspring may or may not resemble either parent.

life.msscience.com/self check_quiz



Advances in Genetics

Why is genetics important?

If Mendel were to pick up a daily newspaper in any country
today, he’d probably be surprised. News articles about develop-
ments in genetic research appear almost daily. The term gene has
become a common word. The principles of heredity are being
used to change the world.

Genetic Engineering

You may know that chromosomes are made of DNA and are in
the nucleus of a cell. Sections of DNA in chromosomes that direct
cell activities are called genes. Through genetic engineering,
scientists are experimenting with biological and chemical meth-
ods to change the arrangement of DNA that makes up a gene.
Genetic engineering already is used to help produce large vol-
umes of medicine. Genes also can be inserted into cells to
change how those cells perform their normal functions, as
shown in Figure 12. Other research is being done to find new
ways to improve crop production and quality, including the
development of plants that are resistant to disease.

What You'll Learn

B Evaluate the importance of
advances in genetics.

H Sequence the steps in mak-
ing genetically engineered
organisms.

Wéy It’s Important

Advances in genetics can affect your
health, the foods that you eat, and
your environment.

% Review Vocabulary
DNA: deoxyribonucleic acid; the
genetic material of all organisms

New Vocabulary
@ genetic engineering

Figure 12 DNA from one organism is placed into another Bacterial cell

species. This method is used to produce human insulin,
human growth hormone, and other chemicals by bacteria.

More genetically engineered
cells making insulin /
DNA chromosome

Insulin
produced

Reproduction

Another bacterial cell Recombinant
takes up recombinant DNA DNA formed

\

DNAloop

DNAloop

cut and removed
using chemicals;
cut section is lost

— Insulin gene from
human chromosome
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Genetically Engineered
Crops Crop plants are
now being genetically
engineered to produce
chemicals that kill specif-
ic pests that feed on
them. Some of the pollen
from pesticide-resistant
canola crops is capable of
spreading up to 8 km
from the plant, while
corn and potato pollen
can spread up to 1 km.
What might be the
effects of pollen landing
on other plants?

Figure 13 Gene therapy involves
placing a normal allele into a cell
that has a mutation. When the
normal allele begins to function, a
genetic disorder such as cystic
fibrosis (CF) may be corrected.
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Recombinant DNA Making recombinant DNA is one
method of genetic engineering. Recombinant DNA is made by
inserting a useful segment of DNA from one organism into a
bacterium, as illustrated in Figure 12. Large quantities of human
insulin are made by some genetically engineered organisms.
People with Type 1 diabetes need this insulin because their
pancreases produce too little or no insulin. Other uses include
the production of growth hormone to treat dwarfism and
chemicals to treat cancer.

Gene Therapy Gene therapy is a kind of genetic engineering.
In gene therapy, a normal allele is placed in a virus, as shown in
Figure 13. The virus then delivers the normal allele when it
infects its target cell. The normal allele replaces the defective
one. Scientists are conducting experiments that use this method
to test ways of controlling cystic fibrosis and some kinds of can-
cer. More than 2,000 people already have taken part in gene
therapy experiments. Gene therapy might be a method of cur-
ing several other genetic disorders in the future.

Normalgene —  +

’ Cold virus

Normal gene
inserted into
' cold virus

A Nucleus
A Nasal cell
A Normal gene
Lung



Genetically Engineered Plants For thousands of years
people have improved the plants they use for food and clothing
even without the knowledge of genotypes. Until recently, these
improvements were the results of selecting plants with the most
desired traits to breed for the next generation. This process is
called selective breeding. Recent advances in genetics have not
replaced selective breeding. Although a plant can be bred for a
particular phenotype, the genotype and pedigree of the plants
also are considered.

Genetic engineering can produce improvements in crop
plants, such as corn, wheat, and rice. One type of genetic engi-
neering involves finding the genes that produce desired traits in
one plant and then inserting those genes into a different plant.
Scientists recently have made genetically engineered tomatoes
with a gene that allows tomatoes to be picked green and trans-
ported great distances before they ripen completely. Ripe, firm
tomatoes are then available in the local market. In the future,
additional food crops may be genetically engineered so that they
are not desirable food for insects.

What other types of traits would be considered
desirable in plants?

Because some people might prefer foods that are not
changed genetically, some stores label such produce, as shown in
Figure 14. The long-term effects of consuming genetically engi-
neered plants are unknown.

Figure 14 Genetically engi-
neered produce is sometimes
labeled. This allows consumers
to make informed choices about
their foods.

Summary Self Check

Why is genetics important? 1. Apply Give examples of areas in which advances in
® Developments in genetic research appear in genetics are important.

newspapers almost daily. 2. Compare and contrast the technologies of using
e The world is being changed by the principles recombinant DNA and gene therapy.

of heredity. 3. Infer What are some benefits of genetically engi-

neered crops?

Genetic Engineering 4. Describe how selective breeding differs from genetic
® Scientists work with biological and chemical engineering.

methods to change the arrangement of DNA 5. Think Critically Why might some people be opposed to

that makes up a gene.

® One method of genetic engineering is making
recombinant DNA.

genetically engineered plants?

® A normal allele is replaced in a virus and then 6
delivers the normal allele when it infects its
target cell.

. Concept Map Make an events-chain concept map of
the steps used in making recombinant DNA.

life.msscience.com/self check_quiz
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Dasign four Owi)

Goals

B Design an experiment
that tests for a specific
type of color blindness
in males and females.

B Calculate the per-
centage of males
and females with
the disorder.

Tests for Caler
Blindness

Real-World Question

What do color-blind people see? People who
have inherited color blindness can see most col-
ors, but they have difficulty telling the difference
between two specific colors. You have three
genes that help you see color. One gene lets you
see red, another blue, and the third gene allows
you to see green. In the most common type of
color blindness, red-green color blindness, the

green gene does not work properly. What per-
centages of males and females in your school
are color-blind?

Possible Materials

white paper or poster
board

colored markers: red,
orange, yellow, bright
green, dark green, blue

*computer and color printer

*Alternate materials

Form a Hypothesis

Based on your reading and your own experiences, form a hypothesis
about how common color blindness is among males and females.

Test Your Hypothesis

Make a Plan

1. Decide what type of color blindness you
will test for—the common green-red color
blindness or the more rare green-blue color
blindness.

2. List the materials you will need and
describe how you will create test pictures.
Tests for color blindness use many circles of
red, orange, and yellow as a background,
with circles of dark and light green to make
a picture or number. List the steps you will
take to test your hypothesis.

3. Prepare a data table in your Science Journal
to record your test results.
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4. Examine your experiment to make sure all steps are in logical order.

5. Identify which pictures you will use as a control and which pictures you will
use as variables.

Follow Your Plan
1. Make sure your teacher approves your plan before you start.
2. Draw the pictures that you will use to test for color blindness.

3. Carry out your experiment as planned and record your results in your data table.

Analyze Your Data

1. Calculate the percentage of males and females that tested positive for color
blindness.

2. Compare the frequency of color blindness in males with the frequency of color
blindness in females.

Conclude and Apply

1. Explain whether or not the results supported
your hypothesis.

2. Explain why color blindness is called a sex-
linked disorder.

3. Infer how common the color-blind disorder is
in the general population.

4. Predict your results if you were to test a larger
number of people.

Using a word processor, write a short article
for the advice column of a fashion magazine
about how a color-blind person can avoid
wearing outfits with clashing colors. For
more help, refer to the Science Skill
Handbook.
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The Human Genome
Did you know...

Centriole
. . . The biggest advance in genetics in /
years took place in February 2001. Scientists \
successfully mapped the human genome. There Nucleus
are 30,000 to 40,000 genes in the human Endoplasmic \
genome. Genes are in the nucleus of each of reticulum Mitochondrion
the several trillion cells in your body. (ytoplasm

... The strands of DNA
in the human genome,
if unwound and connected end
to end, would be more than
1.5 m long—but only about

Human DNA 130 trillionths of a centimeter

hair wide. Even an average human
hair is as much as 200,000
times wider than that.

. . . It would take about nine and one-half years to read aloud without,
stopping the 3 billion bits of instructions (called base pairs) in your genome.

If one million base pairs of DNA take up 1 megabyte of storage space on a
computer, how many gigabytes (1,024 megabytes) would the whole genome fill?

Find Out About It
Human genome scientists hope to identify the location of disease-causing genes. Visit
life.msscience.com/science_stats to research a genetic disease and share your results with

your class.
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Genetics

. Genetics is the study of how traits are
inherited. Gregor Mendel determined the
basic laws of genetics.

. Traits are controlled by alleles on
chromosomes.

. Some alleles can be dominant or recessive.

. When a pair of chromosomes separates
during meiosis, the different alleles move
into separate sex cells. Mendel found that
he could predict the outcome of genetic
Crosses.

Genetics Since Mendel

. Inheritance patterns studied since Mendel
include incomplete dominance, multiple
alleles, and polygenic inheritance.

. These inheritance patterns allow a variety
of phenotypes to be produced.

. Some disorders are the results of inheritance

and can be harmful and even deadly.

. Pedigree charts help reveal patterns of the

inheritance of a trait in a family. Pedigrees
show that sex-linked traits are expressed
more often in males than in females.

Advances in Genetics

. Genetic engineering uses biological and

chemical methods to change genes.

. Recombinant DNA is one method of

genetic engineering to make useful chemi-
cals, including hormones.

. Gene therapy shows promise for correcting

many human genetic disorders by inserting
normal alleles into cells.

. Breakthroughs in the field of genetic engi-

neering are allowing scientists to do many
things, such as producing plants that are
resistant to disease.

Examine the following pedigree for diabetes and explain the inheritance pattern.

[ O

g}——D O

mBOO 000

life.msscience.com/interactive_tutor

*_ Key: - = Affected
male
_Q I:l = Unaffected

male
= Affected

female
E% Q = Unaffected

female
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allele p.126

dominant p.128

genetic engineering p. 141
genetics p. 126

genotype p. 130

heredity p.126
heterozygous p. 130
homozygous p. 130

hybrid p.128
incomplete

dominance p.134
phenotype p.130
polygenic inheritance p.136
Punnett square p. 130
recessive p.128
sex-linked gene p.139

Fill in the blanks with the correct word.

1. Alternate forms of a gene are called

2. The outward appearance of a trait

is a(n)

3. Human height, eye color, and skin color
are all traits controlled by

4. An allele that produces a trait in the het-
erozygous condition is

5. is the branch of biology that
deals with the study of heredity.

6. The actual combination of alleles of an

organism is its

7. is moving fragments of DNA
from one organism and inserting them
into another organism.

8. A(n)

is a helpful device for

predicting the proportions of possible

genotypes.

9. is the passing of traits from

parents to offspring.

10. Red-green color blindness and hemophilia
are two human genetic disorders that are

caused by a(n)
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Choose the word or phrase that best answers the
question.

11.

12.

13.

14.

15.

16.

Which of the following describes the allele
that causes color blindness?

A) dominant

B) carried on the Y chromosome

Q) carried on the X chromosome

D) present only in males

What is it called when the presence of two
different alleles results in an intermediate
phenotype?

A) incomplete dominance

B) polygenic inheritance

() multiple alleles

D) sex-linked genes

What separates during meiosis?
A) proteins Q) alleles
B) phenotypes D) pedigrees

What controls traits in organisms?
A) cell membrane C) genes
B) cell wall D) Punnett squares

What term describes the inheritance of
cystic fibrosis?

A) polygenic inheritance

B) multiple alleles

() incomplete dominance

D) recessive genes

What phenotype will the offspring repre-
sented in the Punnett square have?
A) all recessive

B) all dominant F f
Q) half recessive,

half dominant F FF Ff
D) Each will have

a different

phenotype. F FF Ff

life.msscience.com/vocabulary_puzzlemaker



17.

18.

Explain the relationship between DNA,
genes, alleles, and chromosomes.

Classify the inheritance pattern for each of

the following:

a. many different phenotypes produced by
one pair of alleles

b. many phenotypes produced by more
than one pair of alleles; two phenotypes
from two alleles; three phenotypes from
two alleles.

Use the illustration below to answer question 19.

19.

20.

21.

22.

23.

Tt Tt

Tt Tt

Interpret Scientific lllustrations What were the
genotypes of the parents that produced
the Punnett Square shown above?

Explain why two rabbits with the same
genes might not be colored the same if
one is raised in northern Maine and one is
raised in southern Texas.

Apply Why would a person who receives
genetic therapy for a disorder still be able
to pass the disorder to his or her children?

Predict Two organisms were found

to have different genotypes but the same
phenotype. Predict what these phenotypes
might be. Explain.

Compare and contrast Mendelian inheritance
with incomplete dominance.

life.msscience.com/chapter_review

24.

25.

26.

Newspaper Article Write a newspaper
article to announce a new, genetically
engineered plant. Include the method of
developing the plant, the characteristic
changed, and the terms that you would
expect to see. Read your article to

the class.

Predict In humans, the widow’s peak allele
is dominant, and the straight hairline
allele is recessive. Predict how both par-
ents with widow’s peaks could have a child
without a widow’s peak hairline.

Use a word processor or program to write pre-
dictions about how advances in genetics
might affect your life in the next ten years.

27. Human Genome If you wrote the genetic infor-

Use the table below to answer question 28.

mation for each gene in the human genome on
a separate sheet of 0.2-mm-thick paper and
stacked the sheets, how tall would the stack be?

Genome Sizes of Various Organisms

40

N
o

| B B

Human Mouse Fruitfly Fungus

o

E. coli
bacteria

Number of genes (thousands)

Organism

28. Genes Consult the graph above. How many

more genes are in the human genome than the
genome of the fruit fly?
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. Heredity includes all of the following except
A. traits. C. nutrients.
B. chromosomes. D. phenotype.

2. What is a mutation?
A. A change in a gene which is harmful,
beneficial, or has no effect at all.
B. A change in a gene which is only
beneficial.

C. A change in a gene which is only harmful.

D. No change in a gene.

3. Sex of the offspring is determined by

A. only the mother, because she has two
X chromosomes.

B. only the father, because he has one X
and one Y chromosome.

C. an X chromosome from the mother and
either an X or Y chromosome from the
father.

D. mutations.

Use the pedigree below to answer questions 4—6.

@ Affected female
(O Normal female
[] Normal male

B Affected male

O Mm@ L

Huntington disease has a dominant (DD or
Dd) inheritance pattern.

4. What is the genotype of the father?
A. DD C. dd
B. Dd D. D
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5. What is the genotype of the mother?
A. DD C. dd
B. Dd D. D

6. The genotype of the unaffected children is
A. DD. C. dd.
B. Dd. D. D.

7. Manipulating the arrangement of DNA that
makes up a gene is called
A. genetic engineering.
B. chromosomal migration.
C. viral reproduction.
D. cross breeding.

Use the Punnett square below to answer question 8.

A 0
A AA AO
B AB BO

8. How many phenotypes would result from
the following Punnett square?
A. 1 C3
B. 2 D. 4

9. Down’s Syndrome is an example of
A. incomplete dominance.
B. genetic engineering.
C. a chromosome disorder.
D. a sex linked disorder.

Complete Charts Write directly on complex charts such as a
Punnett square.

Question 10 Draw a Punnett square to answer all parts of the
question.



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

Use the table below to answer questions 10-11.

Some Traits Compared by Mendel

Traits Shape Shape Flower
of Seeds of Pods Color
Dominant
Trait
Round Full Purple
Recessive
Trait
Flat,
Wrinkled | constricted White
10. Create a Punnett square using the Shape of

11.

12.

13.

Pods trait crossing heterozygous parents.
What percentage of the offspring will be
heterozygous? What percentage of the off-
spring will be homozygous? What percent-
age of the offspring will have the same
phenotype as the parents?

Gregor Mendel studied traits in pea plants
that were controlled by single genes.
Explain what would have happened if the
alleles for flower color were an example of
incomplete dominance. What phenotypes
would he have observed?

Why are heterozygous individuals called
carriers for non-sex-linked and X-linked
recessive patterns of inheritance?

How many alleles does a body cell have for
each trait? What happens to the alleles
during meiosis?

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

14. Genetic counseling helps individuals deter-
mine the genetic risk or probability a disor-
der will be passed to offspring. Why would
a pedigree be a very important tool for the
counselors? Which patterns of inheritance
(dominant, recessive, x-linked) would be
the easiest to detect?

15. Explain the process of gene therapy. What
types of disorders would this therapy be
best suited? How has this therapy helped
patients with cystic fibrosis?

Refer to the figure below to answer question 16.

16. What is the disorder associated with the
karyotype shown above? How does this
condition occur? What are the characteris-
tics of someone with this disorder?

17. Explain why the parents of someone with
cystic fibrosis do not show any symptoms.
How are the alleles for cystic fibrosis
passed from parents to offspring?

18. What is recombinant DNA and how is it
used to help someone with Type I diabetes?

19. If each kernel on an ear of corn represents
a separate genetic cross, would corn be a
good plant to use to study genetics? Why
or why not? What process could be used
to control pollination?
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Adaptation? No problem.

Cockroaches have existed for millions of
years, yet they are still adapted to their envi-
ronment. Since they first appeared, many
species have disappeared, and other well-
adapted species have evolved.

Science Journal  Pick afavorite plant or animal and
list in your Science Journal all the ways it is well-suited to its
environment.
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FOLDABLES Principles of Natural Selection

M OTGRPENTTITE  Make the following Foldable
to help you understand the
process of natural selection.

m Fold a sheet of
paper in half

lengthwise.

M348 Fold paper down

2.5 cm from the
top. (Hint: From the
tip of your index
finger to your
middle knuckle is
about 2.5 cm.)

Open and draw m
lines along the yi\
2.5-cm fold and !
the center fold. !

|
|

Label as shown.

Summarize in a Table As you read, list the five
principles of natural selection in the left-hand
column. In the right-hand column, briefly write
an example for each principle.

Preview this chapter’s content
and activities at
life.msscience.com
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Ideas About Evolution

[

Describe Lamarck’s hypothesis
of acquired characteristics and
Darwin’s theory of natural
selection.

m Identify why variations in organ-
isms are important.

® Compare and contrast gradual-
ism and punctuated equilibrium.

The theory of evolution suggests
why there are so many different
living things.

Review Vocabulary
gene: a section of DNA that
contains instructions for making
specific proteins

New Vocabulary

® species

e evolution

e natural selection

@ variation

e adaptation

@ gradualism

e punctuated equilibrium

Figure 1 By studying fossils,
scientists have traced the
hypothesized evolution of the
camel.

Discuss the changes you observe
in camels over time.

Early Models of Evolution

Millions of species of plants, animals, and other organisms
live on Earth today. Do you suppose they are exactly the same as
they were when they first appeared—or have any of them
changed? A species is a group of organisms that share similar
characteristics and can reproduce among themselves to produce
fertile offspring. Many characteristics of a species are inherited
when they pass from parent to offspring. Change in these inher-
ited characteristics over time is evolution. Figure 1 shows how
the characteristics of the camel have changed over time.

Protylopus
56 mya

Poebrotherium
35 mya

Small hump —_

Procamelus
23 mya

Camelus
Present day
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Figure 2 This map shows the
route of Darwin’s voyage on the
HMS Beagle. Darwin noticed many
species on the Galdapagos Islands
that he had not seen along the
coast of South America, including
the marine iguana. This species is
the only lizard in the world known
to enter the ocean and feed on
seaweed.

Hypothesis of Acquired Characteristics In 1809, Jean
Baptiste de Lamarck proposed a hypothesis to explain how
species change over time. He suggested that characteristics, or
traits, developed during a parent organism’s lifetime are inher-
ited by its offspring. His hypothesis is called the inheritance of
acquired characteristics. Scientists collected data on traits that
are passed from parents to offspring. The data showed that traits
developed during a parent’s lifetime, such as large muscles built
by hard work or exercise, are not passed on to offspring. The evi-
dence did not support Lamarck’s hypothesis.

What was Lamarck’s explanation of evolution?

Darwin’s Model of Evolution

In December 1831, the HMS Beagle sailed from England on
a journey to explore the South American coast. On board was a
young naturalist named Charles Darwin. During the journey;,
Darwin recorded observations about the plants and animals he
saw. He was amazed by the variety of life on the Galapagos
Islands, which are about 1,000 km from the coast of Ecuador.
Darwin hypothesized that the plants and animals on the
Galdpagos Islands originally must have come from Central and
South America. But the islands were home to many species he
had not seen in South America, including giant cactus trees,
huge land tortoises, and the iguana shown in Figure 2.
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Figure 3 Darwin observed that the beak shape of each
species of Galapagos finch is related to its eating habits.

Finches that eat nuts and seeds
have short, strong beaks for
breaking hard shells.

Topic: Darwin’s Finches
Visit fide Wedbs dieksctodnformation
about the finches Darwin
observed.

Activity In your Science Journal,
describe the similarities and dif-
ferences of any two species of
Galdpagos finches.

Finches that feed on insects have Finches with medium-sized beaks
long, slender beaks for probing eat a variety of foods including
beneath tree bark. seeds and insects.

Darwin’s Observations Darwin observed 13 species of
finches on the Galdpagos Islands. He noticed that all 13 species
were similar, except for differences in body size, beak shape, and
eating habits, as shown in Figure 3. He also noticed that all the
Galapagos finch species were similar to one finch species he had
seen on the South American coast.

Darwin reasoned that the Galdpagos finches must have had
to compete for food. Finches with beak shapes that allowed
them to eat available food survived longer and produced more
offspring than finches without those beak shapes. After many
generations, these groups of finches became separate species.

How did Darwin explain the evolution of the dif-
ferent species of Galdpagos finches?

Natural Selection

After the voyage, Charles Darwin returned to England and
continued to think about his observations. He collected more
evidence on inherited traits by breeding racing pigeons. He also
studied breeds of dogs and varieties of flowers. In the mid 1800s,
Darwin developed a theory of evolution that is accepted by most
scientists today. He described his ideas in a book called On the
Origin of Species, which was published in 1859.
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Darwin’s Theory Darwin’s observations led many
other scientists to conduct experiments on inherited
characteristics. After many years, Darwin’s ideas became
known as the theory of evolution by natural selection.
Natural selection means that organisms with traits best
suited to their environment are more likely to survive
and reproduce. Their traits are passed to more offspring.
All living organisms produce more offspring than sur-
vive. Galdpagos finches lay several eggs every few months.
Darwin realized that in just a few years, several pairs of
finches could produce a large population. A population is
all of the individuals of a species living in the same area.
Members of a large population compete for living space,
food, and other resources. Those that are best able to sur-
vive are more likely to reproduce and pass on their traits
to the next generation.

The principles that describe how natural selection
works are listed in Table 1. Over time, as new data was
gathered and reported, changes were made to Darwin’s
original ideas about evolution by natural selection. His
theory remains one of the most important ideas in the
study of life science.

1. Organisms produce more offspring

than can survive.

2. Differences, or variations, occur
among individuals of a species.

3. Some variations are passed
to offspring.

4. Some variations are helpful.

Individuals with helpful variations
survive and reproduce better than

those without these variations.

5. Over time, the offspring of

individuals with helpful variations

make up more of a population and
eventually may become a separate

species.

Does natural selection take place in a fish tank?
lejandro raises tropical fish as a hobby. Fish Tank Observations
Could the observations that he makes :
) L. Date Observation
over several weeks illustrate the principles
o el gdlee et June 6 6 fish are placed in aquarium tank.
. July 22 16 new young appear.
Identifying the Problem o
. . . . July 24 3 young have short or missing tail fins.
Ale]apdro keeps a deta.ﬂed ]oulTnal gf his 13 young have normal ta ins.
observations, some of which are given in the ) L .
. July 28 Young with short or missing tail fins die.
table to the right. . .
August 1 2 normal fish die—from overcrowding?
So""ng the Problem August 12 30 new young appear.
Refer to Table 1 and match each of o
. y . . . .. August15  5young have short or missing tail fins.
Ale]anfiro s journal entries v:nth the princi- 25 young have normal tall fins.
ple(s) it demonstrates. Here’s a hint: Some i L :

. .. August 18 | Young with short or missing tail fins die.
entries may not match any of the principles of : : -
vatural selection. Sonie entries may D August20 | Tankis (?vercrowded. Fish are divided

.. equally into two tanks.
more than one principle.
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Evolution of English

If someone from
Shakespeare's time were
to speak to you today,
you probably would

not understand her.
Languages, like species,
change over time. In your
Science Journal, discuss
some words or phrases
that you use that your
parents or teachers do
not use correctly.

Figure 4 Variations that
provide an advantage tend to
increase in a population over
time. Variations that result in
a disadvantage tend to
decrease in a population

over time.

into their environments.

fish a survival advantage.

Camouflage allows organisms to blend

Infer how its coloration gives this scorpion

Variation and Adaptation

Darwin’s theory of evolution by natural selection empha-
sizes the differences among individuals of a species. These dif-
ferences are called variations. A variation is an inherited trait
that makes an individual different from other members of its
species. Variations result from permanent changes, or muta-
tions, in an organism’s genes. Some gene changes produce small
variations, such as differences in the shape of human hairlines.
Other gene changes produce large variations, such as an albino
squirrel in a population of gray squirrels or fruit without seeds.
Over time, more and more individuals of the species might
inherit these variations. If individuals with these variations con-
tinue to survive and reproduce over many generations, a new
species can evolve. It might take hundreds, thousands, or mil-
lions of generations for a new species to evolve.

Some variations are more helpful than others. An adaptation
is any variation that makes an organism better suited to its envi-
ronment. The variations that result in an adaptation can involve
an organism’s color, shape, behavior, or chemical makeup.
Camouflage (KA muh flahj) is an adaptation. A camouflaged
organism, like the one shown in Figure 4, blends into its envi-
ronment and is more likely to survive and reproduce.

Albinism can prevent an organism
from blending into its environment.
Infer what might happen to an albino
lemur in its natural environment.
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Figure 5 About 600 years ago, European rab-
bits were introduced to the Canary Islands from
a visiting Portuguese ship. The Canary Islands
are in the Atlantic Ocean off the northwest coast
of Africa. Over time, the Canary Island rabbits
became a separate species.

European rabbits, like the one above, feed
during the day and are fairly large.

Canary Island rabbits feed during the night.
Explain why large eyes might be considered a
helpful adaptation in Canary Island rabbits.

Changes in the Sources of Genes Over time, the genetic
makeup of a species might change its appearance. For example,
as the genetic makeup of a species of seed-eating Galdpagos
finch changed, so did the size and shape of its beak. Many kinds
of environmental factors help bring about changes. When indi-
viduals of the same species move into or out of an area, they
might bring in or remove genes and variations. Suppose a fam-
ily from another country moves to your neighborhood. They
might bring different foods, customs, and ways of speaking with
them. In a similar way, when new individuals enter an existing
population, they can bring in different genes and variations.

Geographic Isolation Sometimes mountains, lakes, or
other geologic features isolate a small number of individuals
from the rest of a population. Over several generations, varia-
tions that do not exist in the larger population might begin to be
more common in the isolated population. Also, gene mutations
can occur that add variations to populations. Over time, the two
populations can become so different that they no longer can
breed with each other. The two populations of rabbits shown in
Figure 5 have been geographically isolated from each other for
thousands of generations.

Relating Evolution to
Species

Procedure

1. On a piece of paper, print
the word train.

2. Add, subtract, or change
one letter to make a new
word.

3. Repeat step 2 with the
new word.

4. Repeat steps 2 and 3 two
more times.

5. Make a “family tree” that
shows how your first word
changed over time.

Analysis

1. Compare your tree to those
of other people. Did you
produce the same words?

2. How is this process similar
to evolution by natural
selection?
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Red
Raccoon panda

Giant Spectacled Sloth Sun Black Polar Brown
panda bear bear bear bear bear bear

about 40 million
years ago

Common ancestor

Figure 6 The hypothesized evo-
lution of bears illustrates the punc-
tuated equilibrium model of
evolution.

Discuss how the six species on the
far right are explained better by
punctuated equlibrium.

15-20 million 2 million
years ago years ago

The Speed of Evolution

Scientists do not agree on how quickly evolution occurs.
Many scientists hypothesize that evolution occurs slowly, per-
haps over tens or hundreds of millions of years. Other scientists
hypothesize that evolution can occur quickly. Most scientists
agree that evidence supports both of these models.

Gradualism Darwin hypothesized that evolution takes place
slowly. The model that describes evolution as a slow, ongoing
process by which one species changes to a new species is known
as gradualism. According to the gradualism model, a continu-
ing series of mutations and variations over time will result in a
new species. Look back at Figure 1, which shows the evolution
of the camel over tens of millions of years. Fossil evidence shows
a series of intermediate forms that indicate a gradual change
from the earliest camel species to today’s species.

Punctuated Equilibrium Gradualism doesn’t explain the
evolution of all species. For some species, the fossil record shows
few intermediate forms—one species suddenly changes to
another. According to the punctuated equilibrium model, rapid
evolution comes about when the mutation of a few genes results
in the appearance of a new species over a relatively short period
of time. The fossil record gives examples of this type of evolu-
tion, as you can see in Figure 6.
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Punctuated Equilibrium Today Evolution by the punctu-
ated equilibrium model can occur over a few thousand or mil-
lion years, and sometimes even faster. For example, many
bacteria have changed in a few decades. The antibiotic penicillin
originally came from the fungus shown in Figure 7. But many
bacteria species that were once easily killed by penicillin no

Figure 7 The fungus growing in
this petri dish is Penicillium, the
original source of penicillin. It pro-
duces an antibiotic substance that
prevents the growth of certain
bacteria.

longer are harmed by it. These bacteria have developed
resistance to the drug. Penicillin has been in use since
1943. Just four years later, in 1947, a species of bacteria
that causes pneumonia and other infections already had
developed resistance to the drug. By the 1990s, several dis-
ease-producing bacteria had become resistant to peni-

cillin and many other antibiotics.

How did penicillin-resistant bacteria evolve so
quickly? As in any population, some organisms have vari-
ations that allow them to survive unfavorable living con-
ditions when other organisms cannot. When penicillin
was used to kill bacteria, those with the penicillin-resist-
ant variation survived, reproduced, and passed this trait to
their offspring. Over a period of time, this bacteria popu-

lation became penicillin-resistant.

Summary
Early Models of Evolution 1
® Evolution is change in the characteristics of a
species over time. 2
® Lamarck proposed the hypothesis of inherited
acquired characteristics. 3

Natural Selection

® Darwin proposed evolution by natural selec-
tion, a process by which organisms best
suited to their environments are most likely to
survive and reproduce.

® QOrganisms have more offspring than can sur-
vive, individuals of a species vary, and many
of these variations are passed to offspring.

Variation and Adaptation

® Adaptations are variations that help an organ-

Self Check

. Compare Lamarck’s and Darwin’s ideas about how evo-

lution takes place.

. Explain why variations are important to understanding

change in a population over time.

. Discuss how the gradualism model of evolution differs

from the punctuated equilibrium model of evolution.

. Describe how geographic isolation contributes to

evolution.

. Think Critically What adaptations would be helpful for

an animal species that was moved to the Arctic?

. Concept Map Use information given in Figure 6 to

make a map that shows how raccoons, red pandas,
giant pandas, polar bears, and black bears are related
to a common ancestor.

ism survive or reproduce in its environment.
® Mutations are the source of new variations.
The Speed of Evolution

® Evolution may be a slow or fast process
depending on the species under study.

. Use Percentages The evolution of the camel can be

traced back at least 56 million years. Use Figure 1 to
estimate the percent of this time that the modern
camel has existed.

life.msscience.com/self _check_quiz
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Hidden Frig.gs
=~ —

Through natural selection, animals become
adapted for survival in their environment.
Adaptations include shapes, colors, and even
textures that help an animal blend into its sur-
roundings. These adaptations are called camou-
flage. The red-eyed tree frog’s mint green body
blends in with tropical forest vegetation as
shown in the photo on the right. Could you
design camouflage for a desert frog? A temper-
ate forest frog?

Real-World Question

What type of camouflage would best suit a frog
living in a particular habitat?

Goals

B Create a frog model camouflaged to blend
in with its surroundings.

Materials (for each group)

cardboard form of a frog glue
colored markers beads
crayons sequins

colored pencils modeling clay

Safety Precautions

= e

Procedure

1. Choose one of the following habitats for
your frog model: muddy shore of a pond,
orchid flowers in a tropical rain forest, mul-
ticolored clay in a desert, or the leaves and
branches of trees in a temperate forest.

2. List the features of your chosen habitat that
will determine the camouflage your frog
model will need.
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3.

Brainstorm with your group
the body shape, coloring, and
skin texture that would

make the best camou-

flage for your model.

Record your ideas in

your Science Journal.

Draw in your Science Journal samples of
colors, patterns, texture, and other features
your frog model might have.

. Show your design ideas to your teacher and

ask for further input.

. Construct your frog model.

Conclude and Apply

. Explain how the characteristics of the

habitat helped you decide on the specific
frog features you chose.

. Infer how the color patterns and other

physical features of real frogs develop in
nature.

. Explain why it might be harmful to release

a frog into a habitat for which it is not
adapted.

Create a poster or other visual display that
represents the habitat you chose for this
activity. Use your display to show
classmates how your design helps
camouflage your frog model. For more
help, refer to the Science Skill Handbook.



Clues About Evolution

Clues from Fossils

Imagine going on a fossil hunt in Wyoming. Your compan-
ions are paleontologists—scientists who study the past by col-
lecting and examining fossils. As you climb a low hill, you notice
a curved piece of stone jutting out of the sandy soil. One of the
paleontologists carefully brushes the soil away and congratulates
you on your find. You've discovered part of the fossilized shell of
a turtle like the one shown in Figure 8.

The Green River Formation covers parts of Wyoming, Utah,
and Colorado. On your fossil hunt, you learn that about 50 mil-
lion years ago, during the Eocene Epoch, this region was covered
by lakes. The water was home to fish, crocodiles, lizards, and tur-
tles. Palms, fig trees, willows, and cattails grew on the lakeshores.
Insects and birds flew through the air. How do scientists know
all this? After many of the plants and animals of that time died,
they were covered with silt and mud. Over millions of years,
they became the fossils that have made the Green River
Formation one of the richest fossil deposits in the world.

The turtle
Cistemum

undatum is
from the x
same fossil

formation.

Wt You'll Learn

m |dentify the importance of fossils
as evidence of evolution.

m Explain how relative and radio-
metric dating are used to esti-
mate the age of fossils.

| List examples of five types of
evidence for evolution.

70@ It’s Important

The scientific evidence for evolution
helps you understand why this
theory is so important to the study
of biology.

% Review Vocabulary
epoch: next-smaller division of
geological time after a period; is
characterized by differences in
life-forms that may vary regionally

New Vocabulary
e sedimentary rock

o radioactive element
e embryology

e homologous

@ vestigial structure

The most abundant

fossils are of a fresh-
i water herring, Knightia

oecaena, which is
Wyoming’s state fossil.

Figure 8 The desert of the Green River Formation is home to prong-
horn antelope, elks, coyotes, and eagles. Fossil evidence shows that
about 50 million years ago the environment was much warmer and
wetter than it is today.
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Figure 9 Examples of several different
types of fossils are shown here.

Mineralized fossils
Minerals can replace wood or

in a layer of sedimentary rock. rified wood as shown to the
left or a mineralized bone
Imprint fossils fossil.

A leaf, feather,
bones, or even
the entire body
of an organism
can leave an
imprint on sedi-
ment that later
hardens to
become rock.

Frozen fossils The
remains of organisms like
this mammoth can be
trapped in ice that remains
frozen for thousands of years.

Cast fossils Minerals
can fill in the hollows
of animal tracks, as
shown to the right, a
mollusk shell, or other
parts of an organism
to create a cast.

Fossils in amber When
the sticky resin of certain
cone-bearing plants hardens
over time, amber forms. It
can contain the remains of
trapped insects.

Types of Fossils

Most of the evidence for evolution comes

from fossils. A fossil is the remains, an
imprint, or a trace of a prehistoric organism. Several types of fos-
sils are shown in Figure 9. Most fossils are found in sedimentary
rock. Sedimentary rock is formed when layers of sand, silt, clay,
or mud are compacted and cemented together, or when minerals
are deposited from a solution. Limestone, sandstone, and shale
are all examples of sedimentary rock. Fossils are found more
often in limestone than in any other kind of sedimentary rock.
The fossil record provides evidence that living things have
evolved.
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Determining a Fossil’s Age

Paleontologists use detective skills to determine the age of
dinosaur fossils or the remains of other ancient organisms. They
can use clues provided by unique rock layers and the fossils they
contain. The clues provide information about the geology,
weather, and life-forms that must have been present during each
geologic time period. Two basic methods—relative dating and
radiometric dating—can be used, alone or together, to estimate
the ages of rocks and fossils.

Relative Dating One way to find the approximate age of fos-
sils found within a rock layer is relative dating. Relative dating is
based on the idea that in undisturbed areas, younger rock layers
are deposited on top of older rock layers, as shown in
Figure 10. Relative dating provides only an estimate of a fossil’s
age. The estimate is made by comparing the ages of rock layers
found above and below the fossil layer. For example, suppose
a 50-million-year-old rock layer lies below a fossil, and a
35-million-year-old layer lies above it. According to relative dating,
the fossil is between 35 million and 50 million years old.

Why can relative dating be used only
to estimate the age of a fossil?

Radiometric Dating Scientists can obtain a more accurate
estimate of the age of a rock layer by using radioactive elements.
A radioactive element gives off a steady amount of radi-

ation as it slowly changes to a nonradioactive element.

Each radioactive element gives off radiation at a different

rate. Scientists can estimate the age of the rock by com-
paring the amount of radioactive element with the
amount of nonradioactive element in the rock. This
method of dating does not always produce exact results,
because the original amount of radioactive element in

the rock can never be determined for certain.

Topic: Fossil Finds

Visit life.msscience.com for Web
links to information about recent
fossil discoveries.

Activity Prepare a newspaper
article describing how one of these
discoveries was made, what it
reveals about past life on Earth,
and how it has impacted our
understanding of what the past
environments of Earth were like.

SECTION 2 Clues About Evolution

Figure 10 In Bryce Canyon, ero-
sion by water and wind has cut
through the sedimentary rock,
exposing the layers.

Infer the relative age of rocks in the
lowest layers compared to the top
layer.
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Figure 11

arth is roughly 4.5 billion years old. As Bacteria
shown here, the vast period of time from
Earth’s beginning to the present day has Trilobites

been organized into the geologic time scale. The
scale is divided into eras and periods. Dates on

this scale are given as millions of years ago (mya).
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Fossils and Evolution

Fossils provide a record of organisms that lived in the past.
However, the fossil record is incomplete, or has gaps, much like
a book with missing pages. The gaps exist because most organ-
isms do not become fossils. By looking at fossils, scientists con-
clude that many simpler forms of life existed earlier in Earth’s
history, and more complex forms of life appeared later, as shown
in Figure 11. Fossils provide indirect evidence that evolution has
occurred on Earth.

Almost every week, fossil discoveries are made somewhere in
the world. When fossils are found, they are used to help scien-
tists understand the past. Scientists can use fossils to make mod-
els that show what the organisms might have looked like. From
fossils, scientists can sometimes determine whether the organ-
isms lived in family groups or alone, what types of food they ate,
what kind of environment they lived in, and many other things
about them. Most fossils represent extinct organisms. From a
study of the fossil record, scientists have concluded that more
than 99 percent of all organisms that have ever existed on Earth
are now extinct.

More Clues About Evolution

Besides fossils, what other clues do humans have about evo-
lution? Sometimes, evolution can be observed directly. Plant
breeders observe evolution when they use cross-breeding to
produce genetic changes in plants. The development of antibi-
otic resistance in bacteria is another direct observation of evolu-
tion. Entomologists have noted similar rapid evolution of
pesticide-resistant insect species. These observations provide
direct evidence that evolution occurs. Also, many examples of
indirect evidence for evolution exist. They include similarities in
embryo structures, the chemical makeup of organisms includ-
ing DNA, and the way organisms develop into adults. Indirect
evidence does not provide proof of evolution, but it does sup-
port the idea that evolution takes place over time.

Embryology The study of embryos and their development is
called embryology (em bree AH luh jee). An embryo is the ear-
liest growth stage of an organism. A tail and pharyngeal pouches
are found at some point in the embryos of fish, reptiles, birds,
and mammals, as Figure 12 shows. Fish develop gills, but the
other organisms develop other structures as their development
continues. Fish, birds, and reptiles keep their tails, but many
mammals lose theirs. These similarities suggest an evolutionary
relationship among all vertebrate species.

Evolution in Fossils Many
organisms have a history
that has been preserved in
sedimentary rock. Fossils
show that the bones of ani-
mals such as horses and
whales have become
reduced in size or number
over geologic time, as the
species has evolved. In
your Science Journal,
explain what information
can be gathered from
changes in structures that
occur over time.

Figure 12 Similarities in the
embryos of fish, chickens, and rab-
bits show evidence of evolution.
Evaluate these embryos as evi-
dence for evolution.

—__Pharyngeal
pouches

Fish

Pharyngeal
pouches

— Tail —
Chicken Rabbit
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Porpoise
flipper

Figure 13 A porpoise flipper,
frog forelimb, human arm, and bat
wing are homologous. These struc-
tures show different arrangements
and shapes of the bones of the
forelimb. They have the same
number of bones, muscles, and
blood vessels, and they developed
from similar tissues.

Figure 14 Humans have three small

Frog forelimb Human Bat
arm wing

Homologous Structures What do the structures shown in
Figure 13 have in common? Although they have different func-
tions, each of these structures is made up of the same kind of
bones. Body parts that are similar in origin and structure are
called homologous (hoh MAH luh gus). Homologous struc-
tures also can be similar in function. They often indicate that
two or more species share common ancestors.

What do homologous structures indicate?

Vestigial Structures The bodies of some organisms
include vestigial (veh STIH jee ul) structures—structures that
don’t seem to have a function. Vestigial structures also provide
evidence for evolution. For example, manatees, snakes, and
whales no longer have back legs, but, like all animals with legs,
they still have pelvic bones. The human appendix is a vestigial
structure. The appendix appears to be a small version of the
cecum, which is an important part of the digestive tract of many
mammals. Scientists hypothesize that vestigial structures, like
those shown in Figure 14, are body parts that once functioned
in an ancestor.

muscles around each ear that are vestigial.

In some mammals, such as horses, these
muscles are large. They allow a horse to

turn its ears toward the source of a sound.

Humans cannot rotate their ears, but

some people can wiggle their ears.
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DNA If you enjoy science fiction, you prob-

ably have read books or seen movies in which

scientists re-create dinosaurs and other

extinct organisms from DNA taken from fos-

sils. DNA is the molecule that controls hered-

ity and directs the development of every

organism. In a cell with a nucleus, DNA is

found in genes that make up the chromo-

somes. Scientists compare DNA from living organisms to iden-

tify similarities among species. Examinations of ancient DNA

often provide additional evidence of how some species evolved

from their extinct ancestors. By looking at DNA, scientists also

can determine how closely related organisms are. For example,

DNA studies indicate that dogs are the closest relatives of bears.
Similar DNA also can suggest common ancestry. Apes such

as the gorillas shown in Figure 15, chimpanzees, and orangutans

have 24 pairs of chromosomes. Humans have 23 pairs. When

two of an ape’s chromosomes are laid end to end, a match for

human chromosome number 2 is formed. Also, similar proteins

such as hemoglobin—the oxygen-carrying protein in red blood

cells—are found in many primates. This can be further evidence

Figure 15 Gorillas have DNA
and proteins that are similar to
humans and other primates.

that primates have a common ancestor.

Summary
Clues from Fossils 1.
® Scientists learn about past life by studying
fossils. 2,

Determining a Fossil’s Age

Self Check

Compare and contrast relative dating and radiometric
dating.

Discuss the importance of fossils as evidence of evolu-
tion and describe five different kinds of fossils.

. Explain how DNA can provide some evidence of

evolution.

. List three examples of direct evidence for

evolution.

. Interpret Scientific lllustrations According to data in

Figure 11, what was the longest geologic era? What was
the shortest era? In what period did mammals appear?

. Think Critically Compare and contrast the five types of

evidence that support the theory of evolution.

® The relative date of a fossil can be estimated 3
from the ages of rocks in nearby layers.
® Radiometric dating using radioactive ele- 4
ments gives more accurate dates for fossils. 5
Fossils and Evolution
® The fossil record has gaps which may yet be
filled with later discoveries. 6
More Clues About Evolution
® Homologous structures, similar embryos, or
vestigial structures can show evolutionary 7

relationships.

® Evolutionary relationships among organisms
can be inferred from DNA comparisons.

. Use Percentages The Cenozoic Era represents about

65 million years. Approximately what percent of
Earth’s 4.5-billion-year history does this era represent?

life.msscience.com/self check_quiz
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The Evolution
of Primates

W You'll Learn

m Describe the differences among
living primates.

m [dentify the adaptations of
primates.

B Discuss the evolutionary history
of modern primates.

Wéy It’s Important

Studying primate evolution will
help you appreciate the differences
among primates.

% Review Vocabulary
opposable: can be placed against
another digit of a hand or foot

New Vocabulary
® primate ® Homo sapiens
e hominid

Primates

Humans, monkeys, and apes belong to the group of mam-
mals known as the primates. All primates have opposable
thumbs, binocular vision, and flexible shoulders that allow the
arms to rotate. These shared characteristics indicate that all pri-
mates may have evolved from a common ancestor.

Having an opposable thumb allows you to cross your thumb
over your palm and touch your fingers. This means that you can
grasp and hold things with your hands. An opposable thumb
allows tree-dwelling primates to hold on to branches.

Binocular vision permits you to judge depth or distance with
your eyes. In a similar way, it allows tree-dwelling primates to
judge the distances as they move between branches. Flexible
shoulders and rotating forelimbs also help tree-dwelling pri-
mates move from branch to branch. They also allow humans to
do the backstroke, as shown in Figure 16.

Primates are divided into two major groups. The first group,
the strepsirhines (STREP suh rines), includes lemurs and tar-
siers like those shown in Figure 17. The second group, hap-
lorhines (HAP luh rines), includes monkeys, apes, and humans.

Figure 16 The ability to rotate the shoulder
in a complete circle allows humans to swim
through water and tree-dwelling primates to

travel through treetops.

()Mark E. Gibson, (r)Gerard Lacz/Animals Animals



Lemur
Tarsier

Hominids About 4 million to 6 million years ago, humanlike
primates appeared that were different from the other primates.
These ancestors, called hominids, ate both meat and plants and
walked upright on two legs. Hominids shared some characteris-
tics with gorillas, orangutans, and chimpanzees, but a larger
brain separated them from the apes.

African Origins In the early 1920s, a fossil skull was discov-
ered in a quarry in South Africa. The skull had a small space for
the brain, but it had a humanlike jaw and teeth. The fossil,
named Australopithecus, was one of the oldest hominids discov-
ered. An almost-complete skeleton of Australopithecus was
found in northern Africa in 1974. This hominid fossil, shown in
Figure 18, was called Lucy and had a small brain but is thought
to have walked upright. This fossil indicates that modern
hominids might have evolved from similar ancestors.

Figure 18 The fossil remains of Lucy are esti-
mated to be 2.9 million to 3.4 million years old.

Figure 17 Tarsiers and lemurs are
active at night. Tarsiers are commonly
found in the rain forests of Southeast
Asia. Lemurs live on Madagascar and
other nearby islands.

List the traits that distinguish these
animals as primates.

Living Without Thumbs

Procedure

1. Using tape, fasten down
each of your thumbs next
to the palm of each hand.

2. Leave your thumbs taped
down for at least 1 h.
During this time, do the
following activities: eat
a meal, change clothes,
and brush your teeth. Be
careful not to try anything
that could be dangerous.

3. Untape your thumbs,
then write about your
experiences in your
Science Journal.

Analysis

1. Did not having use of your
thumbs significantly affect
the way you did anything?
Explain.

2. Infer how having opposable
thumbs could have influ-

enced primate
evolution. 1
é Ty a
pome '
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Early Humans In the 1960s in the region of
Africa shown in Figure 19, a hominid fossil,
which was more like present-day humans than
Australopithecus, was discovered. The hominid
was named Homo habilis, meaning “handy man,”
because simple stone tools were found near him.
Homo habilis is estimated to be 1.5 million to 2
million years old. Based upon many fossil com-
parisons, scientists have suggested that Homo
habilis gave rise to another species, Homo erectus,
about 1.6 million years ago. This hominid had a
larger brain than Homo habilis. Homo erectus
traveled from Africa to Southeast Asia, China,
and possibly Europe. Homo habilis and Homo
erectus are thought to be ancestors of humans
because they had larger brains and more human-
like features than Australopithecus.

Figure 19 Many of the oldest
humanlike skeletons have been
found in this area of east Africa.

Figure 20 Compare the
skull of a Neanderthal with
the skull of a Cro-Magnon.
Describe what differences you
can see between these two
skulls.

Why was Homo habilis given
that name?

Humans

The fossil record indicates that Homo sapiens evolved about
400,000 years ago. By about 125,000 years ago, two early human
groups, Neanderthals (nee AN dur tawlz) and Cro-Magnon
humans, as shown in Figure 20, probably lived at the same time
in parts of Africa and Europe.

Neanderthals Short, heavy bodies with thick bones, small
chins, and heavy browridges were physical characteristics of
Neanderthals. Family groups lived in caves and used well-made
stone tools to hunt large animals. Neanderthals disappeared
from the fossil record about 30,000 years ago. They probably are
not direct ancestors of modern humans, but represent a side
branch of human evolution.

Skull of a Skull of a
Neanderthal Cro-Magnon
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Cro-Magnon Humans Cro-Magnon fossils have been found
in Europe, Asia, and Australia and date from 10,000 to about
40,000 years in age. Standing about 1.6 m to 1.7 m tall, the phys-
ical appearance of Cro-Magnon people was almost the same as
that of modern humans. They lived in caves, made stone carv-
ings, and buried their dead. As shown in Figure 21, the oldest
recorded art has been found on the walls of caves in France,
where Cro-Magnon humans first painted bison, horses, and
people carrying spears. Cro-Magnon humans are thought to be
direct ancestors of early humans, Homo sapiens, which means
“wise human.” Evidence indicates that modern humans, Homo
sapiens sapiens, evolved from Homo sapiens.

Figure 21 Paintings on cave
walls have led scientists to hypoth-
esize that Cro-Magnon humans
had a well-developed culture.

Summary Self Check

Primates 1. Describe three kinds of evidence suggesting that all pri-
® Primates are an order of mammals character- mates might have shared a common ancestor.

ized by opposable thumbs, binocular vision, 2. Discuss the importance of Australopithecus.

and flexible shoulder joints. 3. Compare and contrast Neanderthals, Cro-Magnon
® Primates are divided into strepsirrhines and humans, and early humans.

haplorhines. 4. ldentify three groups most scientists consider to be
® Hominids are human ancestors that first direct ancestors of modern humans.

appeared in Africa 4—6 million years ago. 5. Think Critically Propose a hypothesis to explain why
@ Hominids in the genus Homo first used tools teeth are the most abundant fossil of hominids.

and had larger brains than previous primates.

Humans

® Homo sapiens first appeared about 400,000
years ago.

isted in many places until Neanderthals disap-
peared about 30,000 years ago.

and are believed to be our direct ancestors. -

6. Concept Map Make a concept map to show in what
sequence hominids appeared. Use the following: Homo
sapiens sapiens, Neanderthal, Homo habilis, Australo-

® Cro-Magnon humans and Neanderthals coex- pithecus, Homo sapiens, and Cro-Magnon human.

7. Write a story in your Science Journal about what life

might have been like when both Neanderthals and
® Homo sapiens looked like modern humans Cro-Magnon humans were alive.

\
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Goals

B Design an experiment
that will allow you to
collect data about vari-
ation in a population.

B Observe, measure,

and analyze varia-
tions in a population.

Possible Materials

fruit and seeds from one
plant species

metric ruler

magnifying lens

graph paper

Safety Precautions
® fe~]-5 ]
WARNING: Do not put any

fruit or seeds in your mouth.

Dasign four Owi)

Recognizing Variation in

a Populati®n

Real-World Question

When you first observe a flock of pigeons, you might think all the
birds look alike. However, if you look closer, you will notice minor
differences, or variations, among the individuals. Different pigeons
might have different color markings, or some might be smaller or
larger than others. Individuals of the same species—whether they’re
birds, plants, or worms—might look alike at first, but some variations
undoubtedly exist. According to the principles of natural selection,
evolution could not occur without variations. What kinds of variations
have you noticed among species of plants or animals? How can you
measure variation in a plant or animal population?

Form a Hypothesis

Make a hypothesis about the amount of variation in the fruit and
seeds of one species of plant.
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Test Your Hypothesis

Make a Plan

1.
2.

4,

5.
6.

7.

As a group, agree upon and write out the prediction.

List the steps you need to take to test your prediction. Be specific.
Describe exactly what you will do at each step. List your materials.

. Decide what characteristic of fruit and seeds you will study. For

example, you could measure the length of fruit and seeds or count
the number of seeds per fruit.

Design a data table in your Science Journal to collect data about two
variations. Use the table to record the data your group collects.

Identify any constants, variables, and controls of the experiment.

How many fruit and seeds will you examine? Will your data be more accurate if
you examine larger numbers?

Summarize your data in a graph or chart.

Follow Your Plan

1.
2.
3.

Make sure your teacher approves your plan before you start.
Carry out the experiment as planned.

While the experiment is going on, write down any observations you make and
complete the data table in your Science Journal.

Analyze Your Data

. Calculate the mean and range of variation in your experiment. The range is the

difference between the largest and the smallest measurements. The mean is
the sum of all the data divided by the sample size.

. Graph your group’s results by making a line graph for the variations you meas-

ured. Place the range of variation on the x-axis and the number of organisms
that had that measurement on the y-axis.

Conclude and Apply

Explain your results in terms of natural
selection.

Discuss the factors you used to determine the

amount of variation present. Create a poster or other exhibit that
Infer why one or more of the variations you illustrates the variations you and your

observed in this activity might be helpful to the classmates observed.
survival of the individual.
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Fighting HIV

The first cases of AIDS, or acquired
immune deficiency syndrome, in humans
were reported in the early 1980s. AIDS is
caused by the human immunodeficiency virus,
or HIV.

A major problem in AIDS research is the
rapid evolution of HIV. When HIV multiplies
inside a host cell, new versions of the virus are
produced as well as identical copies of the virus
that invaded the cell. New versions of the virus
soon can outnumber the original version. A
treatment that works against today’s HIV might
not work against tomorrow’s version.

These rapid changes in HIV also mean that
different strains of the virus exist in different
places around the world. Treatments developed
in the United States work only for people who
contracted the virus in the United States. This
leaves people in some parts of the world without
effective treatments. So, researchers such as
geneticist Flossie Wong-Staal at the University of
California in San Diego, must look for new ways
to fight the evolving virus.

Working Backwards

Flossie Wong-Staal is taking a new approach.
First, her team identifies the parts of a human cell
that HIV depends on and the parts of the human
cell that HIV needs but the human cell doesn’t
need. Then the team looks for a way to remove—
or inactivate—those unneeded parts. This tech-
nique limits the virus’s ability to multiply.

Wong-Staal’s research combines three
important aspects of science—a deep under-
standing of how cells and genes
operate, great skill in the
techniques of genet-
ics, and great ideas.

Understanding,
skill, and great
ideas are the
best weapons
so far in the
fight to con-
quer HIV.

Wong-Staal was on one of the
two teams that first identified
HIV as the virus that causes AIDS.

Research Use the link to the right and other sources to

nline

For more information, visit
life.msscience.com/time

determine which nations have the highest rates of HIV infection.
Which nation has the highest rate? Where does the U.S. rank? Next,
find data from ten years ago. Have the rankings changed?

(t)Oliver Meckes/E.O.S/Gelderblom/Photo Researchers, (b)Lara Jo Regan/Saba




Ideas About Evolution

. Evolution is one of the central ideas of
biology. It explains how living things have
changed in the past and is a basis for
predicting how they might change in

the future.

. Charles Darwin developed the theory of
evolution by natural selection to explain
how evolutionary changes account for the
diversity of organisms on Earth.

. Natural selection includes concepts of varia-
tion, overproduction, and competition.

. According to natural selection, organisms
with traits best suited to their environment
are more likely to survive and reproduce.

Clues About Evolution

. Fossils provide evidence for evolution.

. Relative dating and radiometric dating

can be used to estimate the age of fossils.

. The evolution of antibiotic-resistant bac-

teria, pesticide-resistant insects, and rapid
genetic changes in plant species provides
direct evidence that evolution occurs.

. Homologous structures, vestigial structures,

comparative embryology, and similarities
in DNA provide indirect evidence of
evolution.

The Evolution of Primates

. Primates include monkeys, apes, and

humans. Hominids are humanlike primates.

. The earliest known hominid fossil is

Australopithecus.

. Homo sapiens are thought to have evolved

from Cro-Magnon humans about 400,000
years ago.

Copy and complete the following spider map on evolution.

principles
of natural
selection ..
Competition
Evolution
Airect
evidence indirect

Genetic changes in plants

. Vestigial structures
~ evidence
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9
adaptation p.158 primate p.170
embryology p.167 punctuated equilibrium
evolution p.154 p. 160
gradualism p. 160 radioactive element p.165
hominid p.171 sedimentary rock p.164
Homo sapiens p.172 species p.154 10
homologous p.168 variation p.158
natural selection p.157 vestigial structure p. 168

Fill in the blanks with the correct vocabulary
word or words.

1. contains many different kinds
of fossils.

2. The muscles that move the human ear
appear to be

12.

3. Forelimbs of bats, humans, and seals are

4. Opposable thumbs are a characteristic of

5. The study of can provide evi-
dence of evolution.

6. The principles of include varia-
tion and competition.

7. likely evolved directly from
Cro-Magnons.

13.

Choose the word or phrase that best answers the
question.

8. What is an example of adaptation?

A) a fossil 14.

B) gradualism
() camouflage
D) embryo

178 CHAPTER REVIEW

11.

. What method provides the most accurate

estimate of a fossil’s age?
A) natural selection

B) radiometric dating

Q) relative dating

D) camouflage

. What do homologous structures, vestigial

structures, and fossils provide evidence of?
A) gradualism () populations
B) food choice D) evolution

Which model of evolution shows change
over a relatively short period of time?

A) embryology

B) adaptation

() gradualism

D) punctuated equilibrium

What might a series of helpful variations
in a species result in?

A) adaptation () embryology

B) fossils D) climate change

Use the following chart to answer question 13.

Homo habilis

!

Homo erectus

i

?
Homo sapiens
Which of the following correctly fills the gap
in the line of descent from Homo habilis?
A) Neanderthal
B) Australopithecus

() Cro-Magnon human
D) chimpanzee

What is the study of an organism’s early
development called?

A) adaptation () natural selection
B) relative dating D) embryology

life.msscience.com/vocabulary_puzzlemaker



24. Evaluate the possibility for each of the five
types of fossils in Figure 9 to yield a DNA

15. Predict what type of bird sample. Remember that only biological
the foot pictured at tissue will contain DNA.
right would belong to.

Explain your reasoning.

16. Discuss how Lamar.ck and Darwin 25. Collection With permission, collect fossils
would have explained the large eyes of from your area and identify them. Show
an owl. your collection to your class.

17. Explain, using an example, how a new 26. Brochure Assume that you are head of an
species of organism could evolve. advertising company. Develop a brochure

to explain Darwin’s theory of evolution by

18. Identify how the color-changing ability of .
natural selection.

chameleons is an adaptation.

19. Form a hypothesis as to why ponds are
not overpopulated by frogs in summer.
Use the concept of natural selection to

help you.

27. Relative Age The rate of radioactive decay is
measured in half-lives—the amount of time it
takes for one half of a radioactive element to
decay. Determine the relative age of a fossil
given the following information:

20. Sequence Make an events-chain concept map
of the events that led Charles Darwin to his

theory of evolution by natural selection.

* Rock layers are undisturbed.
* The layer below the fossil has potassium-40

Use the table below to answer question 21. with a half-life of 1 million years and only
one half of the original potassium is left.
Chemicals Present in Bacteria
_ = The layer above the fossil has carbon-14 with

Species 1 AGTCLESH a half-life of 5,730 years and one-sixteenth of
Species 2 A GT,CLD,H the carbon isotope remains.
Species 3 AGTCLD,PUSRIY Use the graph below to answer question 28.
Species 4 A GTCLD,H Many-celled

life

N
27. Interpret Data Each letter above represents a Z:Tyor

chemical found in a species of bacteria. one-celled
Which species are most closely related? life

22. Discuss the evidence you would use to
determine whether the evolution of a
group were best explained by gradualism. 4.5 Billion Years
How would this differ frorp agroup that 28. First Appearances If Earth is 4.5 billion years
followed a punctuated equilibrium model? old, how long ago did the first many-celled

. D ife- ?
23. Describe the processes a scientist would use life-forms appear’

to figure out the age of a fossil.
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. A species is a group of organisms

A. that lives together with similar
characteristics.

B. that shares similar characteristics and
can reproduce among themselves to pro-
duce fertile offspring.

C. across a wide area that cannot reproduce.

D. that chooses mates from among
themselves.

2. Which of the following is considered an
important factor in natural selection?
A. limited reproduction
B. competition for resources
C. no variations within a population
D. plentiful food and other resources

3. The marine iguana of the Galapagos Islands
enters the ocean and feeds on seaweed.
What is this an example of?

A. adaptation

B. gradualism

C. survival of the fittest
D. acquired characteristic

Use the illustration below to answer question 4.

Protylopus
56 mya

Poebrotherium

35mya
Small hump —__

Procamelus
23 mya

Camelus
Present day

180 STANDARDIZED TEST PRACTICE

Gregory G. Dimijian, M.D./Photo Researchers

4. According to Lamarck’s hypothesis of
acquired characteristics, which statement best
explains the changes in the camel over time?
A. All characteristics developed during an

individual’s lifetime are passed on to
offspring.
B. Characteristics that do not help the ani-
mal survive are passed to offspring.
C. Variation of the species leads to adaptation.
D. Individuals moving from one area
to another carry with them new
characteristics.

Use the illustrations below to answer question 5.

Tool-using
finch

Plant-eating
finch

Seed-eating
finch
Cactus-eating
finch

Insect-eating
finch

5. What, besides competition for food, con-
tributed to the evolution of the species of
Darwin’s finches?

A. predation

B. natural disaster

C. DNA

D. variation in beak shapes

6. Some harmless species imitate or mimic a
poisonous species as a means for increased
survival. What is this an example of?

A. acquired characteristics
B. adaptation

C. variation

D. geographic isolation



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

7. How does camouflage benefit a species?

Use the photo below to answer question 8.

8. Describe an environment where the albino
lemur would not be at a disadvantage.

9. Variation between members of a species
plays an important role in Darwin’s theory
of evolution. What happens to variation in
endangered species where the number of
individuals is very low?

10. Describe what happens to an endangered
species if a variation provides an advan-
tage for the species. What would happen if
the variation resulted in a disadvantage?

11. Using the theory of natural selection,
hypothesize why the Cro-Magnon humans
survived and the Neanderthals disappeared.

Never Leave Any Answer Blank Answer each question as best
you can. You can receive partial credit for partially correct answers.

Question 16 If you cannot remember all primate characteristics,
list as many as you can.

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

12. What are the two groups of early humans
that lived about 125,000 years ago in
Africa and Europe? Describe their general
appearance and characteristics. Compare
these characteristics to modern humans.

13. Explain how bacterial resistance to
antibiotics is an example of punctuated
equilibrium.

14. Why are radioactive elements useful in
dating fossils? Does this method improve
accuracy over relative dating?

Use the illustrations below to answer question 15.

—__Pharyngeal
pouches

Fish  Tail

Pharyngeal
pouches

/\

— Tail —

Chicken Rabbit

15. Why would scientists study embryos?
What features of these three embryos sup-
port evolution?

16. How does DNA evidence provide support

that primates have a common ancestor?
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Visit life.msscience.com/unit_project to find project ideas and resources.

Projects include:

« History Design a slide show to present information on medicines derived
from plants and where these plants grow.

* Technology Make your own giant jigsaw puzzle illustrating the five systems
of a seed plant, including labels and functions of each plant part.

* Model Construct a review game demonstrating knowledge of nitrogen and
oxygen cycles. The game and instructions should be assembled in an eco-
friendly box.

@ D.iscov?r Phytochemicals qnd a Healthy Diet. Compare your

diet with the suggested diet that helps prevent cancer and

heart disease. (background)Richard Hamilton Smith/CORBIS,
(t)Courtesy Broan-NuTone, (cr)CORBIS
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The Microcosmos of Yogurt

Have you ever eaten yogurt? Yogurt has been
a food source for about 4,000 years. Bacteria
provide yogurt’s tangy flavor and creamy
texture. Bacteria also are required for making
sauerkraut, cheese, buttermilk, and vinegar.

Science Journal  List ways that bacteria can be
harmful and ways bacteria can be beneficial. Which list is
longer? Why do think that is?
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FOLDABLES Archaebacteria and

MOTRVTENTTd  Eubacteria Make the following
Foldable to compare and contrast
the characteristics of bacteria.

m Fold one sheet of paper lengthwise.

/

M3 N Fold into thirds.

m Unfold and draw overlapping ovals.
Cut the top sheet along the folds.

IO

MY Label the ovals as shown.

bacteria
J

Construct a Venn Diagram As you read the
chapter, list the characteristics unique to archae-
bacteria under the left tab, those unique to
eubacteria under the right tab, and those charac-
teristics common to both under the middle tab.

Preview this chapter’s content
and activities at
life.msscience.com



What are bacteria?

KWt You'll Learn

B |dentify the characteristics of
bacterial cells.

® Compare and contrast aerobic
and anaerobic organisms.

Wéy It’s Important

Bacteria are found almost every-
where and affect all living things.

% Review Vocabulary
prokaryotic: cells without
membrane-bound organelles

New Vocabulary
o flagella @ aerobe
o fission ® anaerobe

Figure 1 Bacteria can be found
in almost any environment.

List common terms that could be
used to describe these cell shapes.

Coccus

Color-enhanced SEM Magnification: 10000 X
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Characteristics of Bacteria

For thousands of years people did not understand what
caused disease. They did not understand the process of decompo-
sition or what happened when food spoiled. It wasn’t until the lat-
ter half of the seventeenth century that Antonie van Leeuwenhoek,
a Dutch merchant, discovered the world of bacteria. Leeuwenhoek
observed scrapings from his teeth using his simple microscope.
Although he didn’t know it at that time, some of the tiny swim-
ming organisms he observed were bacteria. After Leeuwenhoek’s
discovery, it was another hundred years before bacteria were
proven to be living cells that carry on all of the processes of life.

Where do bacteria live? Bacteria are almost everywhere—
in the air, in foods that you eat and drink, and on the surfaces of
things you touch. They are even found thousands of meters
underground and at great ocean depths. A shovelful of soil con-
tains billions of them. Your skin has about 100,000 bacteria per
square centimeter, and millions of other bacteria live in your
body. Some types of bacteria live in extreme environments
where few other organisms can survive. Some heat-loving bac-
teria live in hot springs or hydrothermal vents—places where
water temperature exceeds 100°C. Others can live in cold water
or soil at 0°C. Some bacteria live in very salty water, like that of
the Dead Sea. One type of bacteria lives in water that drains
from coal mines, which is extremely acidic at a pH of 1.

Spirillum

Bacillus

Color-enhanced SEM Magnification: 4400 X

Color-enhanced SEM Magnification: 3525 %

()Oliver Meckes/Photo Researchers, (c,r)CNRI/Science Photo Library/Photo Researchers



Ribosome Figure 2 Bacterial cells are much

bacteria are about the size of some

organelles found inside eukaryotic cells.

Chromosome

Flagellum

Cell membrane

Gelatinlike Cell wall
capsule

Structure of Bacterial Cells Bacteria normally have three
basic shapes—spheres, rods, and spirals, as shown in Figure 1.
Sphere-shaped bacteria are called cocci (KAHK si) (singular,
coccus), rod-shaped bacteria are called bacilli (buh SIH li)
(singular, bacillus), and spiral-shaped bacteria are called spirilla
(spi RIH luh) (singular, spirillum). Bacteria are smaller than
plant or animal cells. They are one-celled organisms that occur
alone or in chains or groups.

A typical bacterial cell contains cytoplasm surrounded by a
cell membrane and a cell wall, as shown in Figure 2. Bacterial
cells are classified as prokaryotic because they do not contain a
membrane-bound nucleus or other membrane-bound internal
structures called organelles. Most of the genetic material of a
bacterial cell is in its one circular chromosome found in the
cytoplasm. Many bacteria also have a smaller circular piece of
DNA called a plasmid. Ribosomes also are found in a bacterial
cell’s cytoplasm.

Special Features Some bacteria, like the type that causes
pneumonia, have a thick, gelatinlike capsule around the cell wall.
A capsule can help protect the bacterium from other cells that try
to destroy it. The capsule, along with hairlike projections found
on the surface of many bacteria, also can help them stick to sur-
faces. Some bacteria also have an outer coating called a slime layer.
Like a capsule, a slime layer enables a bacterium to stick to sur-
faces and reduces water loss. Many bacteria that live in moist con-
ditions also have whiplike tails called flagella to help them move.

How do bacteria use flagella?

Cytoplasm \ smaller than eukaryotic cells. Most

Modeling
Bacteria Size

Procedure e
. One human hair is about
0.1 mm wide. Use a meter-
stick to measure a piece of
yarn or string thatis 10 m
long. This yarn represents
the width of your hair.

2. One type of bacteria is
2 micrometers long
(1 micrometer =
0.000001 m). Measure
another piece of yarn or
string that is 20 cm long.
This piece represents the
length of the bacterium.

3. Find a large area where you
can lay the two pieces of
yarn or string next to each
other and compare them.

Analysis

1. Calculate how much
smaller the bacterium is
than the width of your hair.

2. In your Science Journal,
describe why a model
is helpful to understand
how small

bacteria are.
Tryat
ey

SECTION 1 What are bacteria? 187



Reproduction Bacteria usually reproduce by fission.
Fission is a process that produces two new cells with
genetic material identical to each other and that of the orig-
inal cell. It is the simplest form of asexual reproduction.
Some bacteria exchange genetic material through
a process similar to sexual reproduction, as shown in
Figure 3. Two bacteria line up beside each other and
exchange DNA through a fine tube. This results in cells
with different combinations of genetic material than they
had before the exchange. As a result, the bacteria may
acquire variations that give them an advantage for survival.

Color enhanced TEM Magnification: 5000

Figure 3 Before dividing, these

bacteria are exchanging DNA

through the tubes that join them.
This process is called conjugation.

Figure 4 Observing
where bacteria can grow in
tubes of a nutrient mixture
shows you how oxygen
affects different types of
bacteria.

188 CHAPTER 7 Bacteria

Dr. L. Caro/Science Photo Library/Photo Researchers

How Bacteria Obtain Food and Energy Bacteria obtain
food in a variety of ways. Some make their food and others get
it from the environment. Bacteria that contain chlorophyll or
other pigments make their own food using energy from the Sun.
Other bacteria use energy from chemical reactions to make
food. Bacteria and other organisms that can make their own
food are called producers.

Most bacteria are consumers. They do not make their own
food. Some break down dead organisms to obtain energy.
Others live as parasites of living organisms and absorb nutrients
from their host.

Most organisms use oxygen when they break down food and
obtain energy through a process called respiration. An organism
that uses oxygen for respiration is called an aerobe (AY rohb).
You are an aerobic organism and so are most bacteria. In con-
trast, an organism that is adapted to live without oxygen is called
an anaerobe (AN uh rohb). Several kinds of anaerobic bacteria
live in the intestinal tract of humans. Some bacteria cannot sur-
vive in areas with oxygen.

Aerobic

bacteria can

grow only at

the top of the x

tube where

oxygen is Other

present. Some anaerobic
anaerobic bacteria can
bacteria will grow in areas
grow only at with or with-
the bottom out oxygen.
of the tube
where there is
no oxygen. l: N




Figure 5 Many different bacteria
can live in the intestines of humans
and other animals. They often are
identified based on the foods they
use and the wastes they produce.

Can they use
lactose as a food?

(Can they use
citricacid as their only
carbon source?

No Yes No

Color-enhanced SEM
Magnification: 3500 X

=
o
wv
-]
<
S
=
o]
=
c
<
L
S
S
]

Color-enhanced SEM

Magnification: 4000 <
Magnification: 2400 X

Shigella Salmonella Escherichia

Stained LM
Magpnification: 500 X

Eubacteria

Bacteria are classified into two kingdoms—eubacte-
ria (yew bak TIHR ee uh) and archaebacteria (ar kee bak
TIHR ee uh). Eubacteria is the larger of the two king-
doms. Scientists must study many characteristics in
order to classify eubacteria into smaller groups. Most eubacteria
are grouped according to their cell shape and structure, the way
they obtain food, the type of food they consume, and the wastes
they produce, as shown in Figure 5. Other characteristics used
to group eubacteria include the method used for cell movement
and whether the organism is an aerobe or anaerobe. New infor-
mation about their genetic material is changing how scientists

classify this kingdom.

Producer Eubacteria One important group of producer
eubacteria is the cyanobacteria (si an oh bak TIHR ee uh). They
make their own food using carbon dioxide, water, and energy
from sunlight. They also produce oxygen as a waste. Cyano-
bacteria contain chlorophyll and another pigment that is blue.
This pigment combination gives cyanobacteria their common
name—blue-green bacteria. However, some cyanobacteria are
yellow, black, or red. The Red Sea gets its name from red
cyanobacteria.

Why are cyanobacteria classified as producers?

citric acid as their only

(Can they use

carbon source?

Yes

Do they produce
acetoin as a waste?

=
]
A
=]
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S
c
<
=
c
<
L
L
S
]

Magnification: 6400 X

Citrobacter Enterobacter

Topic: Producer Eubacteria
Visit life.msscience.com for Web
links to information about the ways
that producer bacteria make food.

Activity Construct a food web
that illustrates a community that
relies on producer bacteria as a
source of energy.
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LM Magnification: 100X

Figure 6 These colonies of the
cyanobacteria Oscillatoria can
move by twisting like a screw.

Ocean Vents Geysers

on the floor of the ocean
are called ocean vents.
Research to find out how
ocean vents form and what
conditions are like at an
ocean vent. In your Science
Journal, describe organisms
that have been found living
around ocean vents.

Figure 7 When stained with
certain chemicals, bacteria with
thin cell walls appear pink when

viewed under a microscope. Those

with thicker walls appear purple.

190 CHAPTER 7 Bacteria

()T.E. Adams/Visuals Unlimited, (b)Frederick Skavara/Visuals Unlimited

Importance of Cyanobacteria Some cyanobacteria live
together in long chains or filaments, as shown in Figure 6. Many
are covered with a gelatinlike substance. This adaptation enables
cyanobacteria to live in groups called colonies. They are an
important source of food for some organisms in lakes, ponds,
and oceans. The oxygen produced by cyanobacteria is used by
other aquatic organisms.

Cyanobacteria also can cause problems for aquatic life. Have
you ever seen a pond covered with smelly, green, bubbly slime?
When large amounts of nutrients enter a pond, cyanobacteria
increase in number. Eventually the population grows so large
that a bloom is produced. A bloom looks like a mat of bubbly
green slime on the surface of the water. Available resources in
the water are used up quickly and the cyanobacteria die. Other
bacteria that are aerobic consumers feed on dead cyanobacteria
and use up the oxygen in the water. As a result of the reduced
oxygen in the water, fish and other organisms die.

Consumer Eubacteria Most consumer eubacteria are
grouped into one of two categories based on the results of the
Gram’s stain. These results can be seen under a microscope after
the bacteria are treated with certain chemicals that are called
stains. As shown in Figure 7, gram-positive cells stain purple
because they have thicker cell walls. Gram-negative cells stain
pink because they have thinner cell walls.

The composition of the cell wall also can affect how a bac-
terium is affected by medicines given to treat an infection. Some
antibiotics (an ti bi AH tihks) will be more effective against
gram-negative bacteria than they will be against gram-positive
bacteria.

One group of eubacteria is unique because they do not pro-
duce cell walls. This allows them to change their shape. They are
not described as coccus, bacillus, or spirillum. One type of bac-
teria in this group, Mycoplasma pneumoniae, causes a type of

pneumonia in humans.
Stained LM Magnification:315X



Archaebacteria

Kingdom Archaebacteria contains certain kinds of bacteria
that often are found in extreme conditions, such as hot springs.
The conditions in which some archaebacteria live today are sim-
ilar to conditions found on Earth during its early history.
Archaebacteria are divided into groups based on where they live
or how they get energy.

Salt-, Heat-, and Acid-Lovers One group of archaebacte-
ria lives in salty environments such as the Great Salt Lake in
Utah and the Dead Sea. Some of them require a habitat ten
times saltier than seawater to grow.

Other groups of archaebacteria include those that live in
acidic or hot environments. Some of these bacteria live near
deep ocean vents or in hot springs where the temperature of the
water is above 100°C.

Methane Producers Bacteria in this group of archaebacteria
are anaerobic. They live in muddy swamps, the intestines of cat-
tle, and even in you. Methane producers, as shown in Figure 8,
use carbon dioxide for energy and release methane gas as a waste.
Sometimes methane produced by these bacteria bubbles up out
of swamps and marshes. These archaebacteria also are used in
the process of sewage treatment. In an oxygen-free tank, the bac-
teria are used to break down the waste material that has been fil-
tered from sewage water.

Color-enhanced SEM Magnification: 6000 X

Figure 8 Some methane-
producing bacteria live in the
digestive tracts of cattle. They
help digest the plants that
cattle eat.

Summary
Characteristics of Bacteria

® Bacteria live almost everywhere and usually 2.
are one of three basic shapes.

@ A bacterium lacks a nucleus, most bacteria 3.
reproduce asexually, and they can be aerobes
or anaerobes.

Self Check

1. List three shapes of bacteria cells.

Compare and contrast aerobic organisms and anaero-
bic organisms.

Explain how most bacteria reproduce.

4. ldentify who is given credit for first discovering bacteria.
. Think Critically A pond is surrounded by recently fertil-

ized farm fields. What effect would rainwater runoff
from the fields have on the organisms in the pond?

Eubacteria ’
® Fubacteria are grouped by cell shape and

structure, how they obtain food, and whether

they are gram-positive or gram-negative.
Archaebacteria 6

® Archaebacteria can be found in extreme
environments.

® Some break down sewage and produce
methane.

. Solve One-Step Equations Some bacteria reproduce

every 20 min. Suppose that you have one bacterium.
How long would it take for the number of bacteria to
increase to more than 1 million?

life.msscience.com/self check_quiz
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Dhserving Cyan-cshactepia

You can obtain many species of cyanobacteria
from ponds. When you look at these organ-
isms under a microscope, you will find that
they have similarities and differences. In

this lab, compare and contrast species of
cyanobacteria.

Real-World Question

What do cyanobacteria look like?

Goals

B Observe several species of cyanobacteria.

B Describe the structure and function of
cyanobacteria.

Materials

micrograph photos of Oscillatoria and Nostoc

*prepared slides of Oscillatoria and Nostoc

prepared slides of Gloeocapsa and Anabaena

*micrograph photos of Anabaena and
Gloeocapsa

microscope

*Alternate materials

Safety Precautions

o B e B

Procedure

1. Copy the data table in your Science Journal.
As you observe each cyanobacterium, record
the presence or absence of each characteris-
tic in the data table.

2. Observe prepared slides of Gloeocapsa and
Anabaena under low and high power of the
microscope. Notice the difference in the
arrangement of the cells. In your Science
Journal, draw and label a few cells of each.

3. Observe photos of Nostoc and Oscillatoria.
In your Science Journal, draw and label a
few cells of each.

Conclude and Apply
1. Infer what the color of each cyanobac-
terium means.

2. Explain how you can tell by observing that
a cyanobacterium is a eubacterium.

Compare your data table with those of
other students in your class. For more help,
refer to the Science Skill Handbook.

Structure Anabaena Gloeocapsa

Filament
or colony

Nucleus
Chlorophyll

Gel-like
layer

192 CHAPTER 7 Bacteria
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Bacteria in Your Life

Beneficial Bacteria

When you hear the word bacteria, you probably associate it
with sore throats or other illnesses. However, few bacteria cause
illness. Most are important for other reasons. The benefits of
most bacteria far outweigh the harmful effects of a few.

Bacteria That Help You Without bacteria, you would not
be healthy for long. Bacteria, like those in Figure 9, are found
inside your digestive system. These bacteria are found in partic-
ularly high numbers in your large intestine. Most are harmless
to you, and they help you stay healthy. For example, some bac-
teria in your intestines are responsible for producing vitamin K,
which is necessary for normal blood clot formation.

Some bacteria produce chemicals called antibiotics that
limit the growth of other bacteria. For example, one type of bac-
teria that is commonly found living in soil produces the anti-
biotic streptomycin. Another kind of bacteria, Bacillus, produces
the antibiotic found in many nonprescription antiseptic oint-

Wt You'll Learn

m |dentify some ways bacteria are
helpful.

B Determine the importance of
nitrogen-fixing bacteria.

®m Explain how some bacteria can
cause human disease.

Wéy It’s Important

Discovering the ways bacteria affect
your life can help you understand
biological processes.

% Review Vocabulary
disease: a condition with symp-
toms that interferes with normal
body functions

ments. Many bacterial diseases in humans and animals can be New Vocabulary
treated with antibiotics. ® antibiotic ® pathogen
@ saprophyte e toxin
Lactobacillus LM Magnification:250x  Klebsiella Mggm%:arl?::cffoggg e nitrogen-fixing e endospore
bacteria ® vaccine
Figure 9 Many types of
bacteria live naturally in
your large intestine. They
) . help you digest food and
E. coli vonitetonazone T usobacterium Nagheation: 3000 produce essential vitamins.
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Figure 10 Airis bubbled
through the sewage in this aera-

tion tank so that bacteria can break
down much of the sewage wastes.

Determine whether the bacteria
that live in this tank are aerobes or
anaerobes.

Observing Bacterial
Growth

Procedure

o~ 2 ® |1

1.

2.

Obtain two or three dried
beans.

Carefully break them into
halves and place the halves
into 10 mL of distilled
water in a glass beaker.

. Observe how many days it

takes for the water to
become cloudy and
develop an unpleasant
odor.

Analysis

1.

How long did it take for
the water to become
cloudy?

. What do you think the bac-

teria were using as a food
source?
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Bacteria and the Environment Without bacteria, there
would be layers of dead material all over Earth deeper than you
are tall. Consumer bacteria called saprophytes (SAP ruh fites)
help maintain nature’s balance. A saprophyte is any organism
that uses dead organisms as food and energy sources. Saprophytic
bacteria help recycle nutrients. These nutrients become available
for use by other organisms. As shown in Figure 10, most sewage-
treatment plants use saprophytic aerobic bacteria to break down
wastes into carbon dioxide and water.

What is a saprophyte?

Plants and animals must take in nitrogen to make needed pro-
teins and nucleic acids. Animals can eat plants or other animals
that contain nitrogen, but plants need to take nitrogen from the
soil or air. Although air is about 78 percent nitrogen, neither ani-
mals nor plants can use it directly. Nitrogen-fixing bacteria
change nitrogen from the air into forms that plants and animals
can use. The roots of some plants such as peanuts and peas develop
structures called nodules that contain nitrogen-fixing bacteria, as
shown in Figure 11. It is estimated that nitrogen-fixing bacteria
save U.S. farmers millions of dollars in fertilizer costs every year.
Many of the cyanobacteria also can fix nitrogen and are important
in providing nitrogen in usable forms to aquatic organisms.

Bioremediation Using organisms to help clean up or remove
environmental pollutants is called bioremediation. One type of
bioremediation uses bacteria to break down wastes and pollutants
into simpler harmless compounds. Other bacteria use certain pol-
lutants as a food source. Every year about five percent to ten per-
cent of all wastes produced by industry, agriculture, and cities are
treated by bioremediation. Sometimes bioremediation is used at
the site where chemicals, such as oil, have been spilled. Research
continues on ways to make bioremediation a faster process.



NATIONAL
GEOGRAPHIC VISUALIZING NITROGEN-FIXING BACTERIA

Figure 11

Ithough 78 percent of Earth’s atmosphere is nitrogen Infection thread
gas (N,), most living things are unable to use nitrogen in
this form. Some bacteria, however, convert N, into the

ammonium ion (NH 4+) that organisms can use. This process is

called nitrogen fixation. Nitrogen-fixing bacteria in soil can

enter the roots of plants, such as beans, peanuts, alfalfa, and

peas, as shown in the background photo. The bacteria and

the plant form a relationship that benefits both of them.

Root hair

Bacterium
< Nitrogen-fixing
bacteria typically enter A Once inside the root hair, the
a plant through root bacteria enlarge and cause the
hairs—thin-walled plant to produce a sort of tube
cells on aroot’s called an infection thread. The
outer surface. bacteria move through the

thread to reach cells deeper
inside the root.

Root cells
containing
nitrogen-

Beadlike fixing bacteria

nodules full

of bacteria

cover the

roots of a

pea plant.

A The bacteria rapidy divide in the

root cells, which in turn divide repeatedly
to form tumorlike nodules on the roots.
Once established, the bacteria (purple)
fix nitrogen for use by the host plant. In
return, the plant supplies the bacteria
with sugars and other vital nutrients.

SECTION 2 Bacteria in Your Life 195

(bkgd., tl)Jeremy Burgess/Science Photo Library/Photo Researchers, (tr)Ann M. Hirsch/UCLA, (bl)John D. Cunningham/Visuals Unlimited, (br)Astrid & Hanns-Frieder Michler/Science Photo Library/Photo Researchers




Bioreactor Landfills As
Earth’s population grows
and produces more waste,
traditional landfills, which
take 30 to 100 years to
decompose waste, no
longer fulfill the need for
solid-waste disposal.
Bioreactor landfills, which
take b to 10 years to
decompose waste, are
beginning to be used
instead. Bioreactor landfills
can use aerobic or anaero-
bic bacteria, or a combina-
tion of the two, for rapid
degradation of wastes.

Figure 12 When bacteria such
as Streptococcus lactis are added to
milk, it causes the milk to separate
into curds (solids) and whey
(liquids). Other bacteria are added
to the curds, which ripen into
cheese. The type of cheese made
depends on the bacterial species
added to the curds.

Curds and whey
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Bacteria and Food Have you had any bacteria for lunch
lately? Even before people understood that bacteria were
involved, they were used in the production of foods. One of the
first uses of bacteria was for making yogurt, a milk-based food
that has been made in Europe and Asia for hundreds of years.
Bacteria break down substances in milk to make many dairy
products. Cheeses and buttermilk also can be produced with the
aid of bacteria. Cheese making is shown in Figure 12.

Other foods you might have eaten also are made using bac-
teria. Sauerkraut, for example, is made with cabbage and a bac-
terial culture. Vinegar, pickles, olives, and soy sauce also are
produced with the help of bacteria.

Bacteria in Industry Many industries rely on bacteria to
make many products. Bacteria are grown in large containers
called bioreactors. Conditions inside bioreactors are carefully
controlled and monitored to allow for the growth of the bacte-
ria. Medicines, enzymes, cleansers, and adhesives are some of
the products that are made using bacteria.

Methane gas that is released as a waste by certain bacteria can
be used as a fuel for heating, cooking, and industry. In landfills,
methane-producing bacteria break down plant and animal
material. The quantity of methane gas released by these bacteria
is so large that some cities collect and burn it, as shown in Figure 13.
Using bacteria to digest wastes and then produce methane gas
could supply large amounts of fuel worldwide.

What waste gas produced by some bacteria
can be used as a fuel?

Curds



Harmful Bacteria

Not all bacteria are beneficial. Some bacteria are known as
pathogens. A pathogen is any organism that causes disease. If
you have ever had strep throat, you have had firsthand experi-
ence with a bacterial pathogen. Other pathogenic bacteria cause
diphtheria, tetanus, and whooping cough in humans, as well as
anthrax in humans and livestock.

How Pathogens Make You Sick Bacterial pathogens can
cause illness and disease by several different methods. They can
enter your body through a cut in the skin, you can inhale them,
or they can enter in other ways. Once inside your body, they can
multiply, damage normal cells, and cause illness and disease.

Some bacterial pathogens produce poisonous substances
known as toxins. Botulism—a type of food poisoning that can
result in paralysis and death—is caused by a toxin-producing
bacterium. Botulism-causing bacteria are able to grow and
produce toxins inside sealed cans of food. However, when grow-
ing conditions are unfavorable for their survival, some bacteria,
like those that cause botulism, can produce thick-walled struc-
tures called endospores. Endospores, shown in Figure 14, can
exist for hundreds of years before they resume growth. If the
endospores of the botulism-causing bacteria are in canned food,
they can grow and develop into regular bacterial cells and pro-
duce toxins again. Commercially canned foods undergo a
process that uses steam under high pressure, which kills bacteria
and most endospores.

Figure 13 Methane gas pro-
duced by bacteria in this landfill is
burning at the top of these collec-
tion tubes.

Topic: Pathogens

Visit life.msscience.com for

Web links to information about
pathogenic bacteria and antibiotics.

Activity Compile a list of com-
mon antibiotics and the bacterial
pathogens they are used to treat.
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Figure 14 Bacterial endospores
can survive harsh winters, dry
conditions, and heat.

Describe possible ways endospores

can be destroyed.
LM Magnification: 600X
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Figure 15 Pasteurization low-
ers the amount of bacteria in
foods. Products, such as juice,

ice cream, and yogurt, are
pasteurized.

Pasteurization Unless it has been sterilized, all food contains
bacteria. But heating food to sterilizing temperatures can change
its taste. Pasteurization is a process of heating food to a temper-
ature that kills most harmful bacteria but causes little change to
the taste of the food. You are probably most familiar with pas-
teurized milk, but some fruit juices and other foods, as shown in
Figure 15, also are pasteurized.

Controlling Bacterial Growth

Bacteria can be controlled by slowing
or preventing their growth, or killing
them. When trying to control bacteria
that affect humans, it is often desirable
just to slow their growth because sub-
stances that kill bacteria or prevent them
from growing can harm humans. For
example, bleach often is used to kill bacte-
ria in bathrooms or on kitchen surfaces,
but it is poisonous if swallowed. Antiseptic
is the word used to describe substances
that slow the growth of bacteria.

Solving the Problem

1. Describe an experiment that you
could do that would test which of
three mouthwash products is the

Identifying the Problem most effective antiseptic.
Advertisers often claim that a sub- 2. Identify the control in your

stance kills bacteria, when in fact the experiment.

substance only slows its growth. Many 3. Read the ingredients labels on bot-

mouthwash advertisements make this tles of mouthwash. List the ingredi-

claim. How could you test three mouth- ents in the mouthwash. What

washes to see which one is the best ingredient do you think is the anti-

antiseptic? septic? Explain.
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Figure 16 Each of these paper disks contains
a different antibiotic. Clear areas where no bac-
teria are growing can be seen around four of
the disks.

Infer which one of these disks contains an
antibiotic that is most effective against the bac-
teria growing on the plate.

Treating Bacterial Diseases Bacterial

diseases in humans and animals usually are
treated effectively with antibiotics. Penicillin, a well-known
antibiotic, works by preventing bacteria from making cell walls.
Without cell walls, certain bacteria cannot survive. Figure 16
shows antibiotics at work.

Vaccines can prevent some bacterial diseases. A vaccine can
be made from damaged particles taken from bacterial cell walls
or from killed bacteria. Once the vaccine is injected, white blood
cells in the blood recognize that type of bacteria. If the same
type of bacteria enters the body at a later time, the white blood
cells immediately attack them. Vaccines have been produced
that are effective against many bacterial diseases.

Summary Self Check
Beneficial Bacteria 1. Explain why saprophytic bacteria are helpful.
® Many types of bacteria help you stay healthy. 2. Summarize how nitrogen-fixing bacteria benefit plants
® Antibiotics are produced by some bacteria. and animals.
e Bacteria decompose dead material. 3. List three uses of bacteria in food production and other
® (ertain bacteria change nitrogen in the air to industry.
forms that other organisms can use. 4. Describe how some bacteria cause disease.

?
® Bacteria help to produce some foods. canned foods and not fresh foods?

Harmful Bacteria
6. Measure in SI Air can have more than 3,500 bacteria

) per cubic meter. How many bacteria might be in your
® Some bacteria have endospores that enable classroom?

them to adapt to harsh environments.

® Some bacteria cause disease.

life.msscience.com/self_check_quiz SECTION 2 Bacteria in Your Life 199
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Goals

B Predict which of sev-
eral items will decom-
pose in a compost pile
and which will not.

B Demonstrate the
decomposition, or lack
thereof, of several
items.

B Compare and con-
trast the speed at
which various items
break down.

Possible Materials

widemouthed, clear-glass
jars (at least 4)

soil

water

watering can

banana peel

apple core

scrap of newspaper

leaf

plastic candy wrapper

scrap of aluminum foil

Safety Precautions
~1-5 el
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Comnosting

Real-World Question

Over time, landfills fill up and new places
to dump trash become more difficult to
find. One way to reduce the amount of
trash that must be dumped in a landfill is
to recycle. Composting is a form of recy-
cling that changes plant wastes into
reusable, nutrient-rich compost. How do
plant wastes become compost? What
types of organisms can assist in the
process? What types of items can be com-
posted and what types cannot?

Form a Hypothesis

Based on readings or prior knowledge, form a hypothesis about what
types of items will decompose in a compost pile and which will not.



Test Your Hypothesis

Make a Plan

1.

4.
5.

Decide what items you are going to test. Choose some
items that you think will decompose and some that you
think will not.

. Predict which of the items you chose will or will not

decompose. Of the items that will, which do you think will
decompose fastest? Slowest?

. Decide how you will test whether or not the items decom-

pose. How will you see the items? You may need to research
composting in books, magazines, or on the Internet.

Prepare a data table in your Science Journal to record your observations.
Identify all constants, variables, and controls of the experiment.

Follow Your Plan

1.
2.
3.

Make sure your teacher approves of your plan and your data table before you start.
Observe Set up your experiment and collect data as planned.

Record Data While doing the experiment, record your observations and com-
plete your data tables in your Science Journal.

Analyze Your Data

. Describe your results. Did all of the items decompose? If not, which did and

which did not?

. Were your predictions correct? Explain.
. Compare how fast each item decomposed. Which items decomposed fastest

and which took longer?

Conclude and Apply

. What general statement(s) can you make about

which items can be composted and which
cannot? What about the speed of decomposition?

2. Determine whether your results support your
hypotlje5|s. . Point of View Write a letter to the editor
pile if antibiotics were added to it. have learned about composting and

4. Describe what you think happens in a landfill encouraging more community composting.

to items similar to those that you tested.

LAB 201
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Magnification: 4000 X

Unusual Bacteria
Did you know...

...The hardiest bacteria, Deinococcus

radiodurans (DE no KO kus-RA de oh DOOR anz),

hags a nasty odor, which has been described as similar

to rotten cabbage. It might have an odor, but it can survive
3,000 times more radiation than humans because it quickly

repairs damage to its DNA molecule. These bacteria were discovered

in canned meat when they survived sterilization by radiation.

D. radiodurans

...The smallest bacteria, nanobes

(NA nobes), are Earth’s smallest living

things. They have been found 5 km beneath
the ocean floor near Australia. These tiny
cells are 20 to 150 nanometers long. That
means, depending on their size, it would

take about 6,500,000 to 50,000,000

nanobes lined up to equal 1 m!

What is the difference in
size between the largest nanobe and the smallest nanobe?

Nanobes

...EBarth’s oldest living bacteria
are thought to be 250 million years old.
These ancient bacteria were revived from
a crystal of rock salt buried 579 m below
the desert floor in New Mexico.

Find Out About It

Do research about halophiles, the bacteria that can live in highly salty environments.
What is the maximum salt concentration in which extreme halophiles can survive? How does
this compare to the maximum salt concentration at which nonhalophilic bacteria can survive?
Visit life.msscience.com/science_stats to learn more.
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What are bacteria?

. Bacteria can be found almost everywhere.
They have one of three basic shapes—
coccus, bacillus, or spirillum.

. Bacteria are prokaryotic cells that usually
reproduce by fission. All bacteria contain
DNA, ribosomes, and cytoplasm but lack a
membrane-bound nucleus.

. Most bacteria are consumers, but some

can make their own food. Anaeroic bacteria
live without oxygen, but aerobic bacteria
need oxygen to survive.

. Cell shape and structure, how they get
food, if they use oxygen, and their waste
products can be used to classify eubacteria.

. Cyanobacteria are producer eubacteria.
They are an important source of food and
oxygen for some aquatic organisms.

Nitrogen
in air to form used

by plants

convert

live in nodules
of plant roots

Saprophytes o

dead organisms

help to

life.msscience.com/interactive_tutor

Bacteria in the
Environment

. Archaebacteria are bacteria that often exist

in extreme conditions, such as near ocean
vents or in hot springs.

Bacteria in Your Life

. Most bacteria are helpful. They aid in

recycling nutrients, fixing nitrogen, or
helping in food production. They
even can be used to break down
pollutants.

. Some bacteria that live in your body help

you stay healthy and survive.

. Other bacteria are harmful because they

can cause disease in organisms.

. Pasteurization can prevent the growth of

harmful bacteria in food.

Copy and complete the following concept map on how bacteria affect the environment.

the use of
used by

industry for
Bioremediation
caused by /Q
cyanobacteria

can lead to
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aerobe p.188
anaerobe p.188
antibiotic p. 193
endospore p.197
fission p.188
flagella p.187

Fill in the blanks with the correct word or words.

nitrogen-fixing
bacteria p.194
pathogen p.197
saprophyte p.194
toxin p.197
vaccine p.199

1. A(n) uses dead organisms as a
food source.

2. A(n) can prevent some bacter-
ial diseases.

3. A(n) causes disease.

4. A bacterium that needs oxygen to carry

. A(n)

out respiration is a(n)

. Bacteria reproduce using

are bacteria that convert nitro-
gen in the air to a form used by plants.

can live without oxygen.

Choose the word or phrase that best answers
the question.

8.

10.

What is a way of cleaning up an ecosystem
using bacteria to break down harmful
compounds?

A) landfill

B) waste storage

() toxic waste dumps
D) bioremediation

. What pigment do cyanobacteria need to

make food?
A) chlorophyll

B) chromosomes

Q) plasmids
D) ribosomes

Which of the following terms describes
most bacteria?
A) anaerobic
B) pathogens

() many-celled
D) beneficial
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11.

12.

13.

14.

15.

What is the name for rod-shaped bacteria?

A) bacilli Q) spirilla
B) cocci D) colonies
What structure allows bacteria to stick to

surfaces?

A) capsule () chromosome
B) flagella D) cell wall
What organisms can grow as blooms in

ponds?
A) archaebacteria
B) cyanobacteria

C) cocci
D) viruses

Which of these organisms are recyclers in
the environment?
A) producers

B) flagella

() saprophytes
D) pathogens

Which of the following is caused by a
pathogenic bacterium?

A) an antibiotic () nitrogen fixation
B) cheese D) strep throat

Use the photo below to answer questions 16 and 17.

16.

17.

What shape are the gram-positive bacteria
in the above photograph?

A) coccus Q) spirillum

B) bacillus D) ovoid

What shape are the gram-negative bacteria
in the above photograph?

A) coccus Q) spirillum

B) bacillus D) ovoid

life.msscience.com/vocabulary_puzzlemaker



18.

19.

20.

21.

22,

23.

Infer what would happen if nitrogen-fixing
bacteria could no longer live on the roots
of some plants.

Explain why bacteria are capable of surviv-
ing in almost all environments of the
world.

Draw a conclusion as to why farmers often
rotate crops such as beans, peas, and
peanuts with other crops such as corn,
wheat, and cotton.

Describe One organism that causes bacter-
ial pneumonia is called pneumococcus.
What is its shape?

List the precautions that can be taken to
prevent food poisoning.

Concept Map Copy and complete the follow-
ing events-chain concept map about the
events surrounding a cyanobacteria
bloom.

Nutrients, such as
farm runoff or fertilizer,
are added to a pond.

life.msscience.com/chapter_review

24.

25.

26.

27.

28.

Design an experiment to decide if a kind of
bacteria could grow anaerobically.

Describe the nitrogen-fixing process in your
own words, using numbered steps. You
will probably have more than four steps.

Infer the shape of pneumococcus bacteria.

Poster Create a poster that illustrates the
effects of bacteria. Use photos from maga-
zines and your own drawings.

Poem Write a poem that demonstrates
your knowledge of the importance of
bacteria to human health.

29

Use the table below to answer questions 29 and 30.

Bacterial Reproduction Rates

30.

Temperature (°C) Doubling Rate Per Hour
20.5 2.0
30.5 3.0
36.0 25
39.2 1.2
. Doubling Rate Graph the data from the table

above. Using the graph, determine where the
doubling rate would be at 20°C. Where would
the doubling rate be at 40°C?

Bacterial Reproduction Bacteria can reproduce
rapidly. At 30.5°C, some species of bacteria can
double their numbers in 3.0 hours. A biologist
places a single bacterium on growth medium
at 6:00 A.M. and incubates the bacteria until
4:00 p.M. the same afternoon. How many
bacterium will there be?
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. Most pathogenic bacteria are consumer
eubacteria and are grouped according to
what characteristic?
A. chlorophyll
B. ribosomes

C. cell wall
D. plasmids

2. Which of the following cannot be found in
a bacterial cell?
A. ribosomes
B. nucleus

C. chromosome
D. cytoplasm

Use the photo below to answer questions 3 and 4.

3. What shape are the bacterial cells shown
above?
A. bacillus
B. coccus

C. spirillum
D. tubular

4. These bacteria are methane producers.
Which of the following statements is true
of these bacteria?

A. They are aerobic.

B. They are in Kingdom Eubacteria.

C. They are used in sewage treatment.
D. They live only near deep ocean vents.
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5. Which of the following foods is not
processed with the help of bacteria?
A. beef C. yogurt
B. cheese D. pickles

Use the photo below to answer questions 6 and 7.

6. What process is occurring in the above

photograph?
A. mitosis C. fusion
B. fission D. conjugation

7. The above is an example of what kind of

reproduction?
A. sexual C. meitotic
B. asexual D. symbiotic

8. What characteristic probably was used in

naming cyanobacteria?
A. pigments C. cell shape
B. slime layer D. cell wall

9. Each bacterium has

C. ribosomes.
D. a capsule.

A. a nucleus.
B. mitochondria.

Listen and Read Listen carefully to the instructions from the
teacher and read the directions and each question carefully.



Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

10. What characteristics can be used in nam-
ing eubacteria?

11. What does an antiseptic do? Why would
an antiseptic be dangerous to humans if it
killed all bacteria?

Use the photo below to answer questions 12 and 13.

12. The figure above shows plant roots that
have nodules, which contain nitrogen-fixing
bacteria. How does this benefit the plant?

13. This symbiotic relationship is mutualistic.
Explain how bacteria benefit from this
relationship.

14. What happens to dead plant material that
is plowed into the soil following a crop
harvest? Why is this plowing beneficial to
the quality of the soil?

15. What is bioremediation? Give an example
of how it is used.

16. Most of the dairy products that you buy
are pasteurized. What is pasteurization?
How is it different from sterilization?

life.msscience.com/standardized_test

Record your answers on a sheet of paper.

17.

An antibiotic is prescribed to a patient to
take for 10 days. After two days the patient
feels better and stops taking the antibiotic.
Several days later, the infection returns,
but this time a greater amount of anti-
biotic was needed to cure the infection.
Why? How could the patient have avoided
the recurrence of the infection?

Use the photo below to answer questions 18 and 19.

18.

19.

20.

Describe how aerobic bacteria in the
wastewater treatment tank shown above
clean the water. Where does the energy
that was in the waste go?

Aerobic bacteria removed from the tanks,
along with some solid waste, form sludge.
After the sludge is dried, detoxified, and
sterilized, it is either burned or applied to
soil. What would be the benefit of apply-
ing it to soil? Why is it important to
detoxify and sterilize the sludge first?

What causes a bloom of cyanobacteria?
Explain how it can cause fish and other
organisms in a pond to die.
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Fungi—Terrestrial lcebergs

A mushroom is like the tip of an iceberg; a
small, visible portion of an extensive fungal
network that grows under the soil. Many
fungi and plant roots interact. These fungi
help provide water and nutrients to these
plants in exchange for carbohydrates that
plants produce.

Science Journal = What other ways might fungi
benefit other organisms and the environment?



FOLDABLES Compare Protists and Fungi

MOTGRVPENTITE  Make the following Foldable to
help you see how protists and
fungi are similar and different.

m Fold the top of a vertical piece of

paper down and the bottom up to
divide the paper into thirds.

Y138 Unfold and label the three sections
as shown.

= 0 S

Protists

Read for Main Ideas As you read the chapter,
write information about each type of organism
in the appropriate section, and information that
they share in the middle section.

Preview this chapter’s content

and activities at
life.msscience.com
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Protists

KWt You'll Learn

B Describe the characteristics
shared by all protists.

B Compare and contrast the three

groups of protists.

B List examples of each of the
three protist groups.

m Explain why protists are so
difficult to classify.

Wéy It’s Important

Many protists are important food
sources for other organisms.

® Review Vocabulary
asexual reproduction: requires
only one parent to produce a new
genetically identical individual

New Vocabulary

® protist @ protozoan
e algae e cilia

o flagellum e pseudopod

Slime mold Amoeba
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What is a protist?

Look at the organisms in Figure 1. As different as they appear,
all of these organisms belong to one kingdom—the protist king-
dom. A protist is a one- or many-celled organism that lives in
moist or wet surroundings. All protists have eukaryotic cells—
cells that have a nucleus and other internal, membrane-bound
structures. Some protists are plantlike. They contain chlorophyll
and make their own food. Other protists are animal-like. They do
not have chlorophyll and can move. Some protists have a solid or
a shell-like structure on the outside of their bodies.

Protist Reproduction Protists usually reproduce asexually
by cell division. During cell division, the hereditary material in
the nucleus is duplicated, the nucleus divides, and then the cyto-
plasm usually divides. The result is two new cells that are geneti-
cally identical. Asexual reproduction of many-celled protists
occurs by regeneration. Parts of the organism can break off and
grow into entirely new organisms that are genetically identical.

Most protists also can reproduce sexually. During sexual
reproduction, the process of meiosis produces sex cells. Two sex
cells join to form a new organism that is genetically different
from the two organisms that were the sources of the sex cells.
How and when sexual reproduction occurs depends on the spe-
cific type of protist.

Figure 1 The protist kingdom is made up of a variety of organisms.
Describe the characteristics that the organisms below have in common.

Euglena Dinoflagellate Paramecium Diatom Macroalga
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Classification of Protists
Not all scientists agree about

how to classify the organisms in

this group. Protists usually are Plantlike Animal-Like Funguslike

divided into three groups—plant- Contain chlorophyll Cannot make their Cannot make their

l}ke, animal-like, and fungus- and make their own food; capture own food; absorb

like—based on whether they own food using other organisms food from their

share certain  characteristics photosynthesis for food surroundings

with plants, animals, or fungi.

Table 1 shows some of these Have cell walls Do not have Some organisms have

characteristics. As you read this cell walls cell walls; others

section, you will understand do not

some of the problems of group-

ing protists in this way. No specialized Have specialized Have specialized
ways to move from ways to move from ways to move from

Evolution of Protists Although place to place place to place place to place

protists that produce a hard outer

covering have left many fossils,

other protists lack hard parts, so few fossils of these organisms
have been found. But, by studying the genetic material and struc-
ture of modern protists, scientists are beginning to understand
how they are related to each other and to other organisms.
Scientists hypothesize that the common ancestor of most protists
was a one-celled organism with a nucleus and other cellular
structures. However, evidence suggests that protists with the abil-
ity to make their own food could have had a different ancestor
than protists that cannot make their own food.

Plantlike Protists

Protists in this group are called plantlike because, like plants,
they contain the pigment chlorophyll in chloroplasts and can
make their own food. Many of them have cell walls like plants,
and some have structures that hold them in place just as the roots
of a plant do, but these
protists do not have roots.

Plantlike protists are

known as algae (AL jee)
(singular, alga). As shown
in Figure 2, some are one
cell and others have many
cells. Even though all algae
have chlorophyll, not all of
them look green. Many
have other pigments that
cover up their chlorophyll.

Color-enhanced SEM
Magnification: 3100 X

Figure 2 Algae exist in many
shapes and sizes. Microscopic algae
(left photo) are found in fresh-
water and salt water. You can see
some types of green algae growing
on rocks, washed up on the beach,
or floating in the water.



Figure 3 The cell walls
of diatoms contain silica,
the main element in
glass. The body of a
diatom is like a small box
with a lid. The pattern of
dots, pits, and lines on
the cell wall’s surface is
different for each species
of diatom.

Color-enhanced SEM Magnification: 3000<

Figure 4 Most dinoflagellates
live in the sea. Some are free living
and others are parasites. Still oth-
ers, like the Spiniferites cyst (right
photo), can produce toxins that
make other organisms sick.
Determine how euglenoids are
similar to plants and animals.

Color-enhanced SEM Magpnification: 300X
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Color-enhanced SEM Magnification: 2866 X

Diatoms Extremely large populations of diatoms exist.
Diatoms, shown in Figure 3, are found in freshwater and salt
water. They have a golden-brown pigment that covers up the
green chlorophyll. Diatoms secrete glasslike boxes around them-
selves. When the organisms die, these boxes sink. Over thou-
sands of years, they can collect and form deep layers.

Dinoflagellates Another group of algae is called the dinofla-
gellates, which means “spinning flagellates.” Dinoflagellates, as
shown in Figure 4, have two flagella. A flagellum (plural, flagella)
is a long, thin, whiplike structure used for movement. One flagel-
lum circles the cell like a belt, and another is attached to one end
like a tail. As the two flagella move, they cause the cell to spin.
Because many of the species in this group produce a chemical
that causes them to glow at night, they are known as fire algae.
Almost all dinoflagellates live in salt water. While most contain
chlorophyll, some do not and must feed on other organisms.

Euglenoids Protists that have characteristics of both plants and
animals are known as the euglenoids (yoo GLEE noydz). Many of
these one-celled algae have chloroplasts, but some do not. Those
with chloroplasts, like Euglena shown in
Figure 4, can produce their own food.
However, when light is not present,
Euglena can feed on bacteria and other
protists. Although Euglena has no cell
wall, it does have a strong, flexible layer
inside the cell membrane that helps it
move and change shape. Many eugle-
noids move by whipping their flagella.
An eyespot, an adaptation that is sensi-
tive to light, helps photosynthetic eugle-

Color-enhanced SEM Magpnification: 3000 X nOidS move toward hght
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Red Algae Most red algae are many-celled and,
along with the many-celled brown and green algae,
sometimes are called seaweeds. Red algae contain
chlorophyll, but they also produce large amounts of
a red pigment. Some species of red algae can live up
to 200 m deep in the ocean. They can absorb the
limited amount of light at those depths to carry out
the process of photosynthesis. Figure 5 shows the 50 —
depths at which different types of algae can live.

Green Algae There are more than 7,000 species 150
of green algae in this diverse group of organisms.
These algae, like the one shown in Figure 6, contain
large amounts of chlorophyll. Green algae can be
one-celled or many-celled. They are the most plant-
like of all the algae. Because plants and green algae
are similar in their structure, chlorophyll, and how
they undergo photosynthesis, some scientists
hypothesize that plants evolved from ancient, many-
celled green algae. Although most green algae live in
water, you can observe types that live in other moist —
environments, including on damp tree trunks and

wet sidewalks.

200 —

Brown Algae As you might expect from their name, brown
algae contain a brown pigment in addition to chlorophyll. They
usually are found growing in cool, saltwater environments.
Brown algae are many-celled and vary greatly in size. An impor-
tant food source for many fish and invertebrates is a brown alga
called kelp. Kelp, shown in Figure 6, forms a dense mat of stalks
and leaflike blades where small fish and other animals live. Giant
kelp is the largest organism in the protist kingdom and can grow
to be 100 m in length.

What is kelp?

Figure 6 Green algae (left
photo) often can be seen on the
surface of ponds in the summer.
Giant kelp, a brown alga, can form
forests like this one located off the
coast of California. Extracts from
kelp add to the smoothness and
spreadability of products such as
cheese spreads and mayonnaise.

Figure 5 Green algae are found
closer to the surface. Brown algae
can grow from a depth of about
35 m. Red algae are found in the
deepest water at 175 m to 200 m.

«

SECTION 11 Protists 27



Topic: Red Tides

Visit life.msscience.com for Web
links to information about red
tides and dinoflagellate blooms.

Activity Determine where red
tides occur more frequently.
Construct a map of the world and
indicate where red tides have
occurred in the last five years.

Figure 7 Carrageenan, a sub-
stance extracted from Irish moss, is
used for thickening dairy products
such as chocolate milk.
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Importance of Algae

Have you thought about how important grasses are as a food
source for animals that live on land? Cattle, deer, zebras, and
many other animals depend on grasses as their main source of
food. Algae sometimes are called the grasses of the oceans. Most
animals that live in the oceans eat either algae for food or other
animals that eat algae. You might think many-celled, large algae
like kelp are the most important food source, but the one-celled
diatoms and dinoflagellates are a more important food source
for many organisms. Algae, such as Euglena, also are an impor-
tant source of food for organisms that live in freshwater.

Algae and the Environment Algae are important in the
environment because they produce oxygen as a result of photo-
synthesis. The oxygen produced by green algae is important for
most organisms on Earth, including you.

Under certain conditions, algae can reproduce rapidly and
develop into what is known as an algal bloom. Because of the
large number of organisms in a bloom, the color of the water
appears to change. Red tides that appear along the east and Gulf
coasts of the United States are the result of dinoflagellate
blooms. Toxins produced by the dinoflagellates can cause other
organisms to die and can cause health problems in humans.

Algae and You People in many parts of the world eat some
species of red and brown algae. You probably have eaten foods
or used products made with algae. Carrageenan (kar uh JEE
nuhn), a substance found in the cell walls of red algae, has
gelatinlike properties that make it useful to the cosmetic and
food industries. It is usually processed from the red alga Irish
moss, shown in Figure 7. Carrageenan gives toothpastes, pud-
dings, and salad dressings their smooth, creamy textures.
Another substance, algin (AL juhn), found in the cell walls of
brown algae, also has gelatinlike properties.
It is used to thicken foods such as ice cream
and marshmallows. Algin also is used in
making rubber tires and hand lotion.
Ancient deposits of diatoms are mined
and used in insulation, filters, and road
paint. The cell walls of diatoms produce
the sparkle that makes some road lines
visible at night and the crunch you might
feel in toothpaste.

What are some uses by
humans of algae?

Walter H. Hodge/Peter Arnold, Inc.
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Animal-Like Protists

One-celled, animal-like protists are known as protozoans.
Usually protozoans are classified by how they move. These com-
plex organisms live in or on other living or dead organisms that
are found in water or soil. Many protozoans have specialized
vacuoles for digesting food and getting rid of excess water.

Ciliates As their name suggests, these protists have cilia
(SIH lee uh)—short, threadlike structures that extend from the
cell membrane. Ciliates can be covered with cilia or have cilia
grouped in specific areas on the surface of the cell. The cilia beat
in a coordinated way similar to rowboat oars. As a result, the
organism moves swiftly in any direction. Organisms in this
group include some of the most complex, one-celled protists
and some of the largest, one-celled protists.

A typical ciliate is Paramecium, shown in Figure 8.
Paramecium has two nuclei—a macronucleus and a micronu-
cleus—another characteristic of the ciliates. The micronucleus
is involved in reproduction. The macronucleus controls feeding,
the exchange of oxygen and carbon dioxide, the amount of
water and salts entering and leaving Paramecium, and other
functions of Paramecium.

Ciliates usually feed on bacteria that are swept into the oral
groove by the cilia. Once the food is inside the cell, a vacuole
forms around it and the food is digested. Wastes are removed
through the anal pore. Freshwater ciliates, like Paramecium, also
have a structure called the contractile vacuole that helps get rid
of excess water. When the contractile vacuole contracts, excess
water is ejected from the cell.

LM Magnification: 107 X

Figure 8 Parameciumis a
typical ciliate found in many
freshwater environments. These
rapidly swimming protists
consume bacteria.

Infer Locate the vacuoles in the
photo. What is their function?
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Figure 9 Proterospongiais a
rare, freshwater protist. Some sci-
entists hypothesize that this flagel-
late might share an ancestor with
ancient animals.

Figure 10 In many areas of the
world, a disease-causing species
of amoeba lives in the water. If

it enters a human body, it can
cause dysentery—a condition
that can lead to a severe form

of diarrhea.

Infer why an amoeba is classified
as a protozoan.

LM Magnification: 85X
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Flagellates Protozoans called flagellates move

through their watery environment by whipping their

long flagella. Many species of flagellates live in fresh-

water, though some are parasites that harm their hosts.

Proterospongia, shown in Figure 9, is a member of

one group of flagellates that might share an ancestor

with ancient animals. These flagellates often grow in

colonies of many cells that are similar in structure to

cells found in animals called sponges. Like sponge cells,

when Proterospongia cells are in colonies, they perform

different functions. Moving the colony through the

water or dividing, which increases the colony’s size, are two
examples of jobs that the cells of Proterospongia carry out.

Movement with Pseudopods Some protozoans move
through their environments and feed using temporary exten-
sions of their cytoplasm called pseudopods (SEW duh pahdz).
The word pseudopod means “false foot.” These organisms seem
to flow along as they extend their pseudopods. They are found
in freshwater and saltwater environments, and certain types are
parasites in animals.

The amoeba shown in Figure 10 is a typical member of this
group. To obtain food, an amoeba extends the cytoplasm of a
pseudopod on either side of a food particle such as a bacterium.
Then the two parts of the pseudopod flow together and the par-
ticle is trapped. A vacuole forms around the trapped food.
Digestion takes place inside the vacuole.

Although some protozoans of this group, like the amoeba,
have no outer covering, others secrete hard shells around them-
selves. The white cliffs of Dover, England are composed mostly
of the remains of some of these shelled protozoans. Some
shelled protozoa have holes in their shells through which the
pseudopods extend.

Food vacuole

Cytoplasm
Pseudopod

Nucleus Cell membrane

(t)Kerry B. Clark, (b)Astrid & Hanns-Frieder Michler/Science Photo Library/Photo Researchers



Figure 11 Asexual reproduction of the
malaria parasite takes place inside a human
host. Sexual reproduction takes place in the
intestine of a mosquito.

Magnification:
11X

Liver /

Uninfected female mosquitoes can
become infected if they bite someone
who has malaria.

/

Plasmodium lives in the salivary glands of
certain female mosquitoes. The parasite
can be transferred to a human'’s blood if
an infected mosquito bites them.

After it is in the body, the parasite travels to the liver
and then to the red blood cells where it reproduces
and releases more parasites into the blood.

Other Protozoans One group of protozoans has no way of
moving on their own. All of the organisms in this group are par-
asites of humans and other animals. These protozoans have
complex life cycles that involve sexual and asexual reproduction.
They often live part of their lives in one animal and part in
another. The parasite that causes malaria is an example of a pro-
tozoan in this group. Figure 11 shows the life cycle of the
malaria parasite.

Importance of Protozoans

Like the algae, some protozoans are an important source of
food for larger organisms. When some of the shelled protozoans
die, they sink to the bottom of bodies of water and become part
of the sediment. Sediment is a buildup of plant and animal
remains and rock and mineral particles. The presence of these
protists in sediments is used sometimes by field geologists as an
indicator species. This tells them where petroleum reserves
might be found beneath the surface of Earth.

Why are shelled protozoans important?

One type of flagellated protozoan lives with bacteria in the diges-
tive tract of termites. Termites feed