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This book is dedicated to the African elephant, the
largest liping land mammal, which was placed on the
endangered species list in October 1959,
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Welcome!

You are about to enter & wonderfully exciting,
and sometimes unbelievable, world—the world of
living things. In the pages of this textbook you will
come to understand the nature of life as we know
it today. You wil! also gain an appreciation of the
scientific process that has resulted in the body of
knowiedge we know as biology.

Your journey through biology will be guided in
large part by your teacher and this textbook.

There is much to learn between these covers!
Great care has been taken to write and present the
concepts of biology in a way that makes your
learning easier.

But you have an important role to play in the
process—to learn to use your textbook effec-
tively. The following pages illustrate some of the
features that were designed with you, the student,
in mind.
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The World of Life

. Hrumon

Unit Openers and Heredity
Chapter Openers
provide a visual preview
of the material to come,
Enjoy these photographs
as you begin thinking
about the material you
will study in the unit and
as you begin making
connactions among the
chaplers in the unit,
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The Chapter Outline represents the major divisions found in the chapter.
Read the oulline in order to famillarize yoursslf with the organization and

content of the chapter,
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Skim the saction using the subsaction titles and the
visuals with their captions. Then as you read more s s e
carefully, focus on the Section Objectives and the —
boldfaced Key Idea. These features will enhance — !
your abilily to organize the material you read.
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As you read eavh seclion, complete the Chapter Outline by
filing in the details. The handwritten outline you see below is
an example of how Section 41-2 might be compleled.
CHAPTER OUTLINE
41-1 The Circulatory System
* Tha Heart
¢ How the Heart Works
® The Heartbeat
* Blood Vessels
7 * Pathways of Circutation
* Blood Pressure
* The Lymphatic System
41-2 Blood T B,
* Blod Plasma 4 Fm M
* Biood Caellz . 7p madranls.,
41-3 The Excretory System Mjm 3,
* The Kidneys s ¥ Tomparaliaz.,
* Control of Kidney Function g
3. Fastecla
¥ Reslucts. fras

Q.. atbumina
(o
[ 4
(. Red. Llood cetle
B e ——— 2. Wute Mool tetds.
Check your understanding of concepts by completing 2. Plalbels and. blod.
the Section Review questions. dﬂﬁ«g
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Although you will be siudying biology for
only one year, you will need to be

= scientifically literate all your life. Use
Problem Solving in Biology to further
develop thinking skills you will find
necessary in all areas of leaming.

IN BIOLOQY

....:” e - — Use Sd;neo, Technology, and
.’E:;:* e ; 23 1 Society to further apply the biology

B et you are learning and the thinking skills
— o you are developing to evaluate current

socoent b 0 - topics in your world.
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SLLERITEE \MRRTISGISET | Experience biology as a process as welias a
o et 8 b body of knowdedge. Think about the scientific
| approach not only as you conduct Laboratory
Investigations but as you read about the

scientific discoveries of others.
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Test your knowledge of the
facts presented in the
chapter by answering the
Content Review questions,
These facts form the basis
of fundamental concepts.

Evaluate your
understanding of the
concepts by answering the
Concept Mastery
questions.

Apply your factual
knowledge and your
concept understanding by
answering the Critical and
Creative Thinking
questions.

L AL B TR )
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———iﬁm The kay concepts in each section of a chapter
_— . are listed in Summarizing the Concepts to heip

you review the chapter content. Make sure you
understand each concept and its relalienship to
TR olher concepts and to the theme of the chapter,
Vocabulary terms are important to your
understanding of biology. The key terms listed in
Reviewing Key Terms are those you should be
especially familiar with. Review the lerms and
> e their meanings. Then use each term in a

- complete sentence, If you are not sure ol a
term's meaning, return o the appropriate section
and review its definition.
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Your enjoyment and understanding of Biology by Kenneth Miller and
Joseph Levine will be enhanced if you follow the suggestions presented
here. We hope you will keep our three R's of biology in mind as you
journey through the world of living things:

Relevance—to connect biology with your everyday life.
Respect—to develop a high regard for the environment.
Responsibility—to help you make informed decisions.
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TO

THE

STUDENT

Dear Reader:

We wrote this book so that you would have the opportunity to read
about the science of biology. We hope that you will come away well-
informed and enlightened about the living world around us. But we had a
second goal as well: to convey some of the wonder and excitement felt by
those who have been Jucky enough to be involved in scientific work.

Science is not a dehumanized process carried out in white-walled
laboratories. It is a human activity, subject to all the faults and frailties of
our species. But most of all, there is a secret that scientific institutions and
textbooks have often managed to conceal: Science is fun! Despite the
constant frustrations of delicate equipment, difficult observations, and
complicated experiments, scientists enjoy what they do.

The openness of science means that everything is subject to proof, and
many of today's widely held ideas may have to be abandoned in the future.
Scientific textbooks seem to be full of information—almost as if everything
interesting has already been observed, measured, and cataloged. Wrong!
Many people in the nineteenth century believed that science had pro-
gressed about as far as it could and that everything from then on would just
involve filling in the details. Yet nearly everything in this book is based on
discoveries in the twentieth century, and much of it from just the last ten
years. Has biology solved all of its important scientific problems? Of
course not!

We believe that our present knowledge represents only a fraction of
what the world holds for us to discover. Quite frankly, the interesting
work is just beginning—and nothing would reward us more than knowing
that a few of you who have used this book might decide to come along for
the ride.

KennNetd R, MiLLer
JoserH S. LEVINE




UNIT

The World of Life

A computer-generated image of the chemical substance chiorophyll fooks like

an elaborate scuipture of strands and points of colored kght. Chiorophyll is not
albve; nor 15 any of the vast mullitude of chemicals found in iving things.
However, when assembled correctly, these chemicals are capable of
undergoing the complex interrelated chemical processes that we know as iife
What exactly s ife? 1o answer s question we must gather, orgamze, and
interprat information about iving things. We must also examine concepts from
the realms of other sciences such as chemstry, mathematics, geology, and
physics. Through these endeavors we shall come closer to understanding and

aopreciating the complex nature of bife.
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HAPTER

T'he Nature
of Science

Storks flying south to their winter
home in Kenya

Ir)w:uu' the end of August, you may have laken a walk through
your neighborhood. That nesghborhood may be one of busdings and
pavement, lawns and trees, fields and pasiure, or even sand and

caclus. Such walks often inspire questions, Why do days gat shorter

,1F Ve hime ,:/‘,‘

ar? Wi hy

grass stop growing in the fa? Why
do some plants flower in spnng and others in autumn? How do
geese know when to fiy south for the winter? How do they even
know wiuch way /s south?

Like yourself, scientists ask themselves sikmWar questions about

vorld. Sometimeas they find answers—as you do. Sometines

the answer remnains to be discovered. And sometimes there is no
answer, The important point is not finding the answer but asking the
auesinon :“" g l','?.'_'r."..'?‘(." obsarvahons ar "',;' !'s"lr'l(; Que esShions IS al .'h(’

very heart of the process KNown as scence.



CHAPTER OUTLINE

1-1 What Is Science?

1-2 The Scientific Method
® Observing and Stating a Problem
® Forming a Hypothesis
® Testing the Hypothesis
® Recording and Analyzing Data

1-3 Science: “Facts” and "Truth"
¢ How to Study Science
& Science and Human Values

1-4 Safety in the Laboratory
1-5 The Spaceship Called Earth

Figure 1-1 To the Pitjendara,
these etchings on Ayer's Rock
represent the human brain.

i-1 What Is Science?

Section Objective
+ lIdentify the main goal of science,

Asking questions about the world around us is part of
human nature. How did life begin? Where did plants and ani-
mals come from? Why do animals behave as they do? Every
culture in the world has tried to answer these questions—often
through myths and legends.

The Pitjendara tribe of central Australia, for example, finds
answers to questions about nature on an enormous mound of
stone called Ayer's Rock. The rock, which towers more than
300 meters above the flat desert around it, has been carved by
centuries of exposure to wind and rain. Erosion has etched gul-
lies and caverns into the rock, and has produced striking for-
mations on its surface. See Figure 1-1.

According to the Pitjendara, the images etched on Ayer's
Rock tell stories that depict the adventures, the loves, and the
battles of ten enormous creatures. The rock contains the like-
nesses of two snakes, Liru and Kunia. The Pitjendara believe
that the two snakes fought an epic battle that created many fea-
tures on the southern face of Ayer's Rock. Elsewhere on the
rock, a sand-lizard man left his mark digging for water.
Through these and other stories, the Pitjendara explain the for-
mation of the world and the processes of birth, life, and death.

The stories of the rock also detail the connections between
the tribe and animals important in their everyday lives: snakes,




Figure 1-2 Ayer's Rock in central
Australia is the largesit individual
rock in the world. Why might people
who live their entire lives in this
area develop myths and legends

2

about Ayer’s Rock.

Figure 1-3 These stone statues
were created by people living on
Easter Island in the Pacific Ocean.
The staiues may well represent the
Easter [slanders’ belief that the first
humans hatched from eggs brought
to Earth by a bird-man

desert lizards, and kangaroos. The stories even explain the ori-
gins of dreams. We might say that the rock provides the Pitjen-
dara with answers that other societies seek through a process
known as science,

People like the Pitjendara live their entire lives in a single
culture. Thus, they often find it difficult to imagine that their
particular stories about the world might be in error. Today,
however, we can visit and read about many cultures. And when
we assemble stories from around the globe, it becomes obvious
that all these stories cannot be true.

Is there some other way to explain the world around us?
One way is to assume that all events in nature have natural
causes. We can then try to arrange a series of observations or
tests to learn what those causes are. Science is the word that
we apply to this process. The goal of science is to understand
the world around us. There are, however, many important
fields of human endeavor that study the world around us but
are not considered sciences. Such fields include language, his-
tory, art, music, and philosophy. The character that distin-
guishes science from nonscience is an approach known as the
scientific method.

i 4 SECTION
=l REVIEW

1. What is the goal of science?

2. Compare the study of science with the study of
literature. How do they differ? How are they similar?




1-2 The Scientific Method

The simplest definition of the scientific method was of-
fered by biologist Claude Villee. He called it “Organized com-
mon sense” That is exactly what science should be. In
practice, the scientific method consists of several steps:

* Observing and stating a problem
» Forming a hypothesis

* Testing the hypothesis

* Recording and analyzing data

* Forming a conclusion

* Replicating the work

To the true scientist, however, the scientific method is
more a frame of mind—a frame of mind that involves curiosity.
For without curiosity about nature, there would be no interest
in why the sun appears to rise and set, why the seasons
change, or why a snake sheds its skin. Another impoitant char-
acteristic of the scientific spirit is the refusal to accept an ex-
planation without evidence or proof. This “prove it!" attitude
encourages scientists to investigate phenomena and to develop
new explanations and ideas.

Observing and Stating a Problem

The process of science starts with an observation. For ex-
ample, we might notice that the ieaves of maple trees turn
bright red and yellow in autumn. As curious scientists, we
would then be interested in discovering why this color change
takes place.

Section Objectives

& Describe the steps in the scientific
method.

& Compare a control setup and an
experimental setup.

@ Identify the basic units of length,
mass, volume, and temperature in
the metric system.

Figure 1-4 The changing colors of
the leaves in Vermont is an event (o
which people travel from all over
the country to enjoy. What
hypothesis could you suggest (o
explain why the leaves of many trees
change color in autumn?
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Figure 1-5 Whenever possible, an
experiment should have both a
control setup and an experimental
setup. Which part of the experiment
contains the variable? What is the
variabie in this experiment?

Forming a Hypothesis

We proceed to gather information that helps us generate a
hypothesis. A hypothesis is a possible explanation, a prelimi-
nary conclusion, or even a guess about some event in nature.
For example, we can observe that maple leaves change color
when the air gets colder. We might then hypothesize that color
changes in maples are related to changes in temperature.

Testing the Hypothesis

Next we must test our hypothesis. Some hypotheses may
be tested simply through further observation. As you will dis-
cover in Chapter 13, Charles Darwin spent most of his life in
the field observing nature to test his hypotheses about evolu-
tion. Most hypotheses, however, must be tested by experi-
ments. The “autumn leaves™ hypothesis falls into this category.

Our observations indicate that leaves change color in the
autumn. And our hypothesis is that the color change is related
to changes in temperature. We must now perform a test to find
out if this is a correct explanation. One experiment we might do
is to take a small maple tree growing in a pot and place it in a
growth chamber during the month of July. We would lower the
temperature to typical autumn levels, about 14°C during the
daytime and 3°C at night. If our hypothesis is correct, we might
see the leaves begin to change color almost immediately.

Suppose we ran this experiment and the leaves did change
color. Would we know for certain that changes in temperature
alone were responsible for the color change? After all, there
are many differences between the tree in our experiment and a
tree in the woods. Did the leaves on our tree turn red because
the tree was planted in a small pot? Or because the light inside
the growth chamber was different from natural light?

These uncertainties point out the need for 2 more compli-
cated experiment using at least two trees. We should choose
two similar trees and pots of the same size, water the trees at
the same time, and place them in identical chambers. We
should then conduct an experiment in which one chamber is
kept at normal summer temperatures while the other chamber
is cooled to autumn temperatures.

Why must we go to the trouble of observing a second tree?
This two-part test represents what is called a controlled exper-
iment. Controlled experiments allow researchers to isolate and
test the effects of a single factor, or experimental variable. In
this case, the treatment of the first tree serves as our control
setup by testing the effects of the pot and growth chamber. The
treatment of the second tree, our experimental setup, is iden-
tical to the control setup in every respect except one-—the vari-
able of temperature. See Figure 1-5. Now if we observe a
difference between the experimental setup and the control
setup, we can bz more certain that it is due to the lower tem-
peratures in the experimental chamber.



Recording and Anzlyzing Dala

If we were actually to perform this experiment, we would
keep careful records of observations and information, or data.
In this case, such data might include the time it took for each
Jeaf to change color, the total number of leaves on each tree
that changed color or fell off, and so on. We might arrange our
data in the form of tables and graphs, such as those shown in
Figure 1-6. You can see why researchers use these visual repre-
sentations of experimental data to analyze their resuits,

e =1 VEAAN |
SETUP: Autumn Temperatures
- LI LA DS
Day 1]13|5 7[9 11{13!15.1?|19'!21
Number of
Green Leaves
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Forming a Conclusion

If we find that the leaves on our experimental tree change
color and those on the control tree do not, we may decide that
we have confirmed our original hypothesis: Cold temperatures
cause leaves to change color. If the leaves of neither tree
change color or if the leaves of both trees change color, we
might reject the hypothesis as wrong and start all over with a

Figure 1-6 Information gathered
from an experiment is usually
organized in data tables (top). Then
the data may be graphed in order to
provide a visual representation that
is easy to interpret (bottom). Using
the data tables and the graph, what
conclusions can you reach about the
autumn leaves hypothesis?
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new idea. This is often the case in science because many
guesses about the natural world prove incorrect. But this is
also the way science advances, for it points the way to further
experiments. If the leaves on neither tree change color, for ex-
ample, it is possible that temperature alone is not responsible.
Perhaps trees also respond to changes in the length of day, de-
creases in rainfall, or the action of strong winds. These new hy-
potheses suggest additional experiments that expand our
understanding.

Although such experiments are probably impossible for
you to perform yourself, scientists have been able to do them
and have arrived at an answer to our original hypothesis: Do
the colder temperatures of autumn cause a color change in the
leaves of maple trees? If you have examined the data in Figure
1-6, you know part of their conclusion: Colder temperatures
alone do not cause the color change. Scientists now know that
colder temperatures combined with a change in the length of
day both play a role in the color change in maple leaves. In ad-
dition, many scientists believe that a biological clock within
the maple tree also plays a role. But how does this biological
clock work? And what chemical triggers the clock? These are
questions that as yet remain unanswered. If you should choose
to pursue biology as a career, perhaps you will consider these
questions once again,

Replicating the Work

The best scientific experiments can be replicated, or repro-
duced. In other words, it must be possible for either the origi-
nal experimenter or other researchers to duplicate, or
reproduce, the experimental results. Reproducibility in science
takes many forms. We might want to replicate the experiment
ourselves several times. Or we might want to put several trees
in each growth chamber. Such actions would assure us that our
resuits were not due to chance.

Another form of reproducibility is the replication of work
by others. If interesting results come from an experiment, a re-
searcher will publish a report of the work in a scientific journal.
The report must contain enough detail so that other scientists
can copy the experiment precisely to see if the same results
continue to occur.

Hypotheses and Theories

When a hypothesis is tested and confirmed often enough
that it is unlikely to be disproved by future tests, it may be-
come worthy of being called a theory. In scientific usage, the
word theory means a great deal more than it does in common
speech. Scientific theories are not just hunches or hypotheses.
They are powerful, time-tested concepts that make useful and
dependable predictions about the natural world.



The Scientific Method—
An Everyday Experience

Because many experiments discussed in this book were
performed by people called scientists, you might think that
science is a special process used only by certain people and
useful only under special circumstances. That is not true at all,
We all use the scientific method every day!

Let’s suppose, for example, that a car will not start. A me-
chanic will form and test hypotheses about the problem. Per-
haps the battery is dead. One experiment would be to crank the
starter to see what happens. If the starter motor works but the
car still doesn’t turn over, it could be that the car is out of gas.
A glance at the fuel gauge would test that idea. Again and again,
the mechanic would apply the scientific method until the prob-
lem is solved. The same technique can find a fault in an electri-
cal circuit or balance a load of laundry in a washing machine.
Remember, science is just organized common sense.

A Universal Langunge e Melrice System

Science works best when scientists everywhere read each
other’s papers, check each other’s experiments, and argue
about what those experiments mean. Because most experi-
ments involve measurements, researchers need a universal
system of measurement in which to present their findings.
Scientists use the metric system of length, volume, mass,
and temperature when describing experiments and data.
The metric system is a decimal system based on certain stan-
dards and scaled on muitiples of 10. The metric system is also
known as the International System of Units, or SI.

Figure 1-7 The melric system is
easy to use because {t is based on

units of ten. How many centimeters

are there in 10f) meters?

COMMON METRIC UNITS

Length | Mass

1 meter (m) = 100 centimeters {cm) 1 kilogram (kg) = 1000 grams (g)
1 meter = 1000 millimeters (mm) 1 gram = 1000 milligrams (mg)

1 meter = 1,000,000 micrometers (um) 1000 kilograms = 1 metric ton(t)

1 meter = 1,000,000,000 nanometers (nm)
1 meter = 10,000,000,000 angstroms (A)
1000 metars = 1 kilometer (km) '

Volume | Temperaiure

1 liter (L) = 1000 millliters (mL} or 0°C = freezing point of waler
1000 cubic centimeters {cm3) 100°C = boiling point of water

kilo- = one thousand micro- = one millionth

centi- = one hundredth nano- = one billionth

mili- = one thousandth

11



Figure 1-8 Which unit of length
would you use to measure this tall
African girvaffe (left)? This
microscopic bacterium (right)?

Figure 1-9 Solids are usually
measured in cubic centimeters. One
cubic centimeter is the volume of a
cube measuring one centimeter on
each side. Keep in mind the
illustration is not drawn (o scale.

1cm

“ = ~3 apr

1 cm 1cm

Cubic Centimeter (cc or cm)
12

LENGTH The basic unit of length in the metric system is
the meter (m). One meter is roughly equivalent to 39.4 inches,
a little longer than a yard. To measure objects and distances
much larger or smaller than a meter, the metric system uses
units larger or smaller than a meter by multiples of 10. A centi-
meter (cm) is 1/100 of a meter—about the width of the nail on
your pinky. As you may have guessed, the prefix cenfi- means
one hundredth. A millimeter (mm) is 1/1000 of a meter. The
prefix muili- means one thousandth. Even smaller units of
length—such as those used to describe living cells, pieces of
cells, and molecules—are shown in Figure 1-7 on page 11. To
measure distances much greater than a meter, scientists use a
unit called the kilometer (km). One kilometer contains 1000
meters. What does the prefix kilo- mean?

VOLUME Volume is the amount of space an object occu-
pies. The basic metric units of volume are the liter (L) for lig-
uids and the cubic centimeter (cc, or cm?) for solids. A liter
contains slightly more liquid than a quart. To measure small
volumes of liquids, scientists use fractions of a liter called mil-
liliters (mL). There are 1000 milliliters in & single liter. A cubic
centimeter is the volume of a soltd that measures 1 cm by 1 ¢m
by 1 cm. Keep in mind that 1 milliliter is equal in volume to 1
cubic centimeter, or 1 mL = | cc.

MASS AND WEIGHT Mass is a measure of the amount of
matter in an object. Weight is a measure of the pull of gravity
on that mass. In outer space, the weight of an object may vary
with its position, but its mass always remains the same. On
Earth's surface, however, an object's mass and weight can



usually be considered constant and are often used interchange-
ably. The basic metric unit scientists use to describe mass is
the kilogram (kg). One kilogram is equal to approximately 2.2
pounds. The mass of small objects is measured in grams {g).
One gram is 1/1000 of a kilogram. How many milligrams (mg)
are there in a gram? In a kilogram?

TEMPERATURE The metric system measures tempera-
ture using the Celsius (SEHL-see-uhs) scale (°C). On this scale,
water freezes at 0°C and boils at 100°C. Each Celsius degree,
therelore, represents exactly 1/100 of the temperature range
between the freezing and boiling points of water. Normal
human body temperature is about 37°C, and comfortable room
temperature is about 21°C.

{1 9 SECTION
~« REVIEW

1. List each step in the scientific method,
2. Define hypothesis. Compare a hypothesis and a theory.

3. What is the only difference between a control setup and
an experimental setup?

4. Must the steps in the scientific method always be
followed in the same order? Explain your answer,

5. If an experiment does not confirm the hypothesis it was
designed to test, has that experiment “failed™?

Figure 1-10 The African elephant

is among the largest land creatures

ever to walk the Earth (left). The
harvest field mouse is one of the
smallest mammals on Earth (right)

What unit would you use 1o measure

the mass of the elephant? The
harvest mouse?

Figure 1-11 You can see by the
way this chameleon walks lightly

across the hot road that temperature

has an effect on almost all living
things. Scientists measure
temperature in degrees Celsius.
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: f:: IN BIOLOGY

A

DIMENSIONAL ANALYSIS

Many times in science you will need to
convert one unit of measurement 1o another,
For example, you might be given a problem in
kilometers but need the answer in centimeters.
The process of converting one unit to another
is called dimensional analysis.

Dimensional analysis involves determining
three important facts: in what unit your meas-
urement is given, in what unit it should be ex-
pressed, and what relationship between the
units will allow you to make the conversion.
The relationship between the units is called a
conversion factor. A conversion factor ex-
presses an exact relationship between the orig-
inal unit and the desired unit. It is a fraction
whose value is 1. For example,

or 1 liter
1000 milliliters

Although the numerator (top) of the fraction

60 minutes
1 hour

and the denominator (bottom) of the fraction
are different, their actual values are the same.
You see that 60 minutes equals 1 hour and 1
liter equals 1000 milliliters,

Any number can be multiplied by 1 without
changing its value. Multiplying a measurement
by a conversion factor, then, does not change
the value of the measurement. This means that
you can convert the given unit to the desired
unit by multiplying by an appropriate conver-
sion factor. You must, however, choose the cor-
rect form of the conversion factor. The unit to
be converted must cancel out and the desired
unit remain. Thus, the denominator of the con-
version factor must contain the same unit as
the one given to enable them to be canceled.
Similarly, the numerator must contain the unit
to be in the answer.

The following example shows how a typical
dimensional analysis problem is solved.

Sample Problem  Your iriend runs 2500 meters while you run 3 kilometers. Using kilometers,
which one of you has run a longer distance?
Step 1:  Determine the given unit and the given: meters
desired unit. desired: kilometers
Step 2:  Find the reiationship between the units 1000 meters = 1 kilometer
and consider the possible conversion  therefore:
factors. 1 kilometer _ 1000 meters _
1000 meters 1 kilometer
Step 3: Choose the conversion factor whose 1 kilometer _
denominator has the same units as 1000 meters
your given value.
Step 4:  Write the original value next to the 1 kiloneter
conversion factor with a multiplication 2500 M X 1000 mzﬁm
sign between them. Cancel like terms
(shown in red).
St - 5 i
ep 5 Multiply the resulting eguation 2500 X 1 kilometer _
1000
2500 kilometers
00 "~ 2.5 kilometers
Your friend has run 2.5 kilometers and you have run 3 kilometers.

You have run the longer distance!



Practice Problems 2. A recipe cails for 300 milliliters of water. You
add 0.25 liters. Have you put in too much,

Now try your hand at some dimensional anal- too little, or the right amount?
ysis problems. You may choose fo use a calculator 3, Determine which of the following measure-
or computer 1o do the arithmetic calculations. ments is largest: 1800 centimeters, 2.1

meters, 0.0017 kilometers.
1. In order to compare the results of several 4. You are told that you need a jar with a vol-

experiments, you need to have all your data ume of at least 150 cm?. The label on the jar
in the same unit. Convert the following you find says 0.16 liters. Can you use it?
measurements to the same unit. 5. Calculate the number of seconds in 1 year.
16 kilograms 0.002 kilograms Then calculate the number of seconds in a
888 grams - '~ 155 milligrams decade.

1-3 Science: ““Facts’ and “Truth”

Scientific knowledge is a constantly changing body of
observations. Many “sclentific facts” of the past are now
known to be false. For much of human history, for example,
people “knew” that the Earth was flat, that the sun revolved
around the Earth, and that rain lell through holes in heaven
from a huge water tank in the sky. Those were the “facts” of an
earlier time.

Now, of course, we “know" that the Earth is round (more or
less), that the Earth and other planets revolve around the sun,
and that rain falls from clouds made of water vapor. These are
the scientific “facts” of today—the best explanations of the
world around us that scientists have developed so far.

But new discoveries will be made. New theories will be
born. Without a doubt, some of what yvou learn this year will
have to be changed one day. Yet this does not mean that
science has failed. On the contrary, it means that science con-
tinues to succeed in advancing our understanding of the world,
Science is not a collection of eternal truths. Rather, it is a proc-
ess, a way of looking at and understanding the world. And
science will continue to change as long as humans wonder
about the universe.

Section Objectives

@ Relate the process of science and
change.

& Identify successiul study habits,

Figure 1-12 As knowledge grows,
facts can change. This print depicts a
Hindu legend that tells that the Earth
is supported by three elephanis
resting on the back of a giant
loricise

15



Figure 1-13 The giant panda (top,
left), the white rhinoceros (top,
right), and the mountain gorilla
(bottom) all iook very different. So
it might seem that the best way to
study these animals is to memorize
individual facts about each one.
However, if you organize them as a
group of mammails, then you will
find it easier to learn about them.
For all mammals share certain
characteristics, no matter how
different they may appear. These
three particular mammals have
another important thing in common
-~they are endangered species.
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We, as scientists, sincerely hope that you will find your
study of science to be both interesting and rewarding. For an
understanding of science is essential to all of us in today's
high-tech world. To make your learning easier and more enjoy-
able, we suggest you study science in a special way. First, do
not try to memorize the contents of this book as a list of sepa-
rate facts. Learning science this way will only make the process
more difficult than it needs to be. Isolated facts will show little
connection with each other in your mind. It will be as though
you wrote each fact on a separate index card and then shufifled
dozens of index cards together.

It makes much more sense to arrange facts you need to
know in groups according to subject. As you read this book,
work at understanding, rather than just memorizing, the topics
we talk about. When you study the parts of the cell, for exam-
ple, don’t just memorize their names. Think about what each



part does. Remember how each part works with other parts
within the cell as a whole. Learning this way is like organizing
the index cards of facts into groups that have meaning for you
Then when you need a particular fact, you can look for it under
its proper subject heading. That will make it much easier to re-
member what you need.

Second, remember that science is a process. In addition to
learning the scientific facts of today, try to appreciate the proc-
ess of discovery. Try 10 see the thinking behind the experi-
ments we describe. Try to understand the kinds of questions
scientists ask as they struggle to make sense out of the world.
Follow along as we describe the discovery of genes and the de
velopment of evolutionary theory. If you can learn to think the
way scientists think, you will get a lot more than facts from this
course. You will develop the ability to understand the process
of science and to be at home in a world that will change con-
stantly throughout your life,

Crtammns o on s
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An important goal in science is to be objective. But scien-
tists are no different from the rest of us when it comes to emo-
tions or personal opinions. Scientists, aifter all, are people
too—people with likes, dislikes, and occasional biases.

In today's world, scientists have important things to say
about questions that are raised regarding health, society, and
the environment. Shall we build a nuclear power plant? Dam a
river? Develop forest lands into homesteads? Should chemical
wastes be buried, burned, or dumped at sea? Are there ways to
use chemical wastes for our benefit? Should certain experi-
ments involving humans be forbidden? All of these questions
rely on science for at least part of their answers.

But scientific data can be misinterpreted or misapplied by
scientists who want to prove a particular point. And decisions
made by scientists with personal prejudices may or may not be
in the public interest. What this means to you is that under-
standing science is even more important today than ever be-
fore. If enough people understand the nature of science, the
dangers posed by misinterpreted or misleading information
will be reduced.

Figure 1-14 No doubt about it —
we live in a high-tech world
Computers are now used to show
the chemical siructure of molecules
such as this portion of a human
protein (left). Aduvances in physics,
such as superconductors (right), may
revolutionize the ways in which we
travel and transmit electricity. As a
citizen, you will have to make
important decistons about the role
of science in society. In order to do
this, you must be able to read,
understand, and evaluate scientific
information.




Section Objective

@ Klentify and apply proper rules
when working in the laboratory.

Figure 1-15 What important safety
precautions are these students
taking while working in the
faboratory?

Luckily, men and women of science are taking action. Bioi-
ogists, chemists, and physicists are speaking out about safety
problems involved with nuclear power. Biologists and chemists
are warning of the dangers posed by too many chemicals in
lood and water. And biologists are describing the serious
threat to our environment posed by acid rain, We will touch on
these and other matters in this book, and we hope that you will
keep track of such issues, both in your local community and in
the world at large.

{3 SECTION =
¥ REVIEW -

1. Science will not sit still and allow itself to be memorized.
You cannot “learn” biology, stick it away in some mental
closet, and pull it out years later. Why is this the case?

2. What is the best way to study science? Why?

3. Why is it important that everyone understand the
process of science and the nature of scientific facts?

1-4 Safety in the Laboratory

Biology does not happen in books or in scientists’ minds.
Biology is most alive and exciting where the experiments that
test hypotheses actually take place—in the laboratory and in
the field. That is why your course in biology will probably in-
clude several laboratory exercises. Only in the laboratory can
you perform experiments to learn about the process of science
at first hand. Only in the laboratory can you see, touch,
and manipulate living systems to understand them more
thoroughly.

In the laboratory—as in any place where there are chemi-
cals, flames or heating elements, hot liquids, and electricity—it
is important to follow certain basic safety precautions. These
precautions are not directed only at you as students. Scientists
with many years' experience know that laboratory safety is of
prime importance, The experiments you will carry out this year
have been tried and tested many times. When properly per-
formed, they are both interesting and educational. However, if
laboratory materials are handled carelessly, accidents can
happen.

The single most important rule for you in the laboratory
is simple: Always follow your teacher’s instructions and the
textbook directions exactly. If you are in doubt about what to
do, always ask first. Use Figure 1-16 to familiarize yourself with
safety symbols and the rules of laboratory safety. Read the
rules and make certain that you understand them. If you are
not sure that you understand a rule completely, ask your
teacher to explain it
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LABORATORY SAFETY: RULES AND SYMBOLS

Glﬂm" Satety r_x

. Whenever you see this symbol, you will know that you will
be working with glassware that can easily be broken.
Take particular care to handle such glassware safsly,
And never use broken glassware,

2. Never heat glassware that i not thoroughly dry, Never
pick Up any glassware uniess you are sure it is not hot. If
it is hot, use heat-resistani gioves.

3. Alwaysdiean glassware thoroughly before putting it away.

ms-my[:_

. Whenever you see this symbol, you will know thal you will
be working with lire, Never use any source of fire withoul
wearing safety goggles.

Never heat anything—particularly chemicals—unless
instructed to do so.

Never heat anything in a closed container,

Never reach across a flame.

Always use a clamp, tongs, or heal-rasistant gloves to
handie hot objects.

Always mainkain a clean work area, particularly when
using a flame.

o oae N

Heat Satety | =
Whenever you see this symbol, you will know that you
should pul on heat-rasistant gloves to avoid burming your
hands.

Chemical Safety E:i

1. Whenever you see this symbol, you wili know that you will
be working with chemicals that could be hazardous.

2. Never smell any chemical directly from its container.
Always use your hand to watt some of the odors from the
top of the container toward your nose—and only when
instructed to do so.

3. Never mix chemicals unless instrucied to do s0.

4. Never touch or taste any chamical unless instructed to do
50.

5. Keep all lids closed when chemicals are not in use.
Dispose of all chemicals as insiructed by your teacher.

6. Immediately rinse with waler any chemicals, particularly
acids, off your skin and clothes. Then notify your teacher.

Eye and Face Safety \',’\

1. \henever you see this symbol, you will know that you will
be performing an experiment in which you musl lake
precautions k0 protect your eyes and lace by wearing
safety goggles.

2. Always point a test lube or bottle that is being heated
away from you and others. Chermicals can splash or bod
out of the heated tes! fube.

——

Sharp Instrument Safety | 1

1. Whenever you see this symbol, you will know that you will
be working with a sharp instrument,

2. Always use single-edged razors; double-edged razors
are too dangerous,

3. Handle any sharp instrument with extreme carg. Never
cul any material toward you; always cut away from you.

4. Nolify your leacher immediately If you are cut in the lab.

Electrical Safety ' l l

1. Whenever you see this symbol, you will know that you will
be using electricity in the laboratory.

2. Never use long extension cords 1o plug In an electrical
devica. Do not plug too many different appliances into
one socked or you may overioad the sockel and cause a
fire.

3. Newer louch an electrical appliance or outlet with wet
hands.

AninnlSﬂlcly s

. Whenever you see this symbol, you will know that you will
be working with live animals.
2. Do not cause pain, discomfort, or injury to any animal.
3. Follow your teacher's diractions when handiing animals,
Wash your hands thoroughly after handling animals or

ther cages.

Figure 1-16 You will see these

1-4 REVIEW

safety symbols in the Laboratory

Investigations in this textbook and

1. What is the most important general rule to follow when in your Laboratory Manual. Make

working in the laboratory?

laboratory or classroom?

laboratory?

sure you undersiand the meaning of

. Where is the nearest fire extinguisher located in your each symbol If you are noi sure

what a symbol means, ask your
teacher.

. What sort of instruments might you be more likely to
find in a biology laboratory than in a chemistry

19



SCIENCE,
TECHNOLOGY.
AND SOCIETY_

The Odd Couple: A Messy Lab and a Keen Mind

Some of us professional scientists, despite
our efforts, aren’t very neat workers in the lab.
Oh, sure, we can keep things sterile when they
need io be. But as a rule, some of us are a
littlke messy and disorganized. Does
that fit in science? Does it match
our description of the scientific
method? It may not match, but the
messy scientist is in good com-
pany. One messy scientist was a
man named Alexander Fleming.

History records at least two of
Fleming's sloppy mistakes. The first
was in 1922. He was suffering from a
bad cold and accidentally allowed a few
drops from his runny nose to drip on a plate of
bacteria he was growing. Instead of discarding
the dish, Fleming watched it for days. What
happened? Lo and behold—the bacteria died!
Fleming had discovered lysozyme, a chemical

in tears and mucus that helps protect the body
against bacteria.
More important work followed. Six years
later, Fleming was growing more bacte-
ria. He saw that some of his plates
had been contaminated with a
greenish mold (Penicillium) that
grows on bread. Once again
Fleming’s sloppiness was to
blame. But his careful eye and
keen mind made something of
the event. He saw a clear spot on
the culture dish, indicating that
the bacteria near the mold had died.
The mold was making something that
was killing the bacteria. That something turned
out to be a chemical that has saved millions of
lives: penicillin. Science works that way. Itis a
very human enterprise—one that even has
room for us messy scientists!

1-5 The Spaceship Called Earth

Seen by astronauts from space, Earth is incredibly beauti-
ful. It shines blue, white, and purple against the black, airless
void. Since the beginning of human history, poets have written
about the beauty of Earth. Artists have created paintings of
Earth’s magnificent wilderness lands and wild animals. Today,
scientists from several fields are warning us that we must learn
to protect our planet and preserve its living treasures. Qur spe-
cies has rapidly developed the ability to change the Earth
much for the better and much for the worse. We have saved
many species from extinction. At the same time, we have de-
stroyed hundreds of other species. We have made gardens
bloom in deserts and can now feed more people than ever be-
fore. But we have also turned fertile land into dust bowls. We
have tremendously increased human life spans and can treat or
cure many diseases that were once fatal. Yet we have also man-
ufactured chemicals that once seemed useful but now threaten
our health and the health of other species.

Section Objective

@ Compare planet Earth to a
spaceship traveling through the
universe.



Earlier in human history, the Earth seemed to be without
end. There were always new wildernesses to settle, new re-
sources to use, and plenty of places to dump our garbage. Now
we know that there is limited land—and limited amounts of
clean alr, water, and other resources. There are also a limited
number of places we can use as trash heaps. The Earth is no
longer a planet without end. It is more like a giant spaceship
with a living cargo, carrying limited amounts of vital
supplies.

As you read this book, you will learn about the basis of life
and about the process by which life has evolved. You will take a
tour through the kingdoms of the different kinds of organisms
with whom we share our planet. You will learn just how closely
all forms of life on Earth are connected. We hope you will also
learn how important it is to preserve that life. More than ever
before in history, we must work to protect our environment
against destruction. Properly applied, science can provide us
with the knowledge and tools we need to meet this challenge.
We think you will agree that the joys of a ride on spaceship
Earth are more than worth the responsibilities we have as its
most powerful passengers.

T ——

1. How does our modern view of Earth's resources differ
from older impressions?

2. What are some of the great successes of human
endeavors on Earth? What are some of the failures?

Figure 1-17 Humans have changed
the Earth both for the better and for
the worse. Vaccines help to preven!
many diseases that were once fatal.
Maodern farming methods can now
feed more people than ever before.
At the same time, however, we have
seen numerous species of living
things destroyed by the actions of
humans. And we have allowed toxic
wastes to seep into our soil and
waterways.




INTERPRETING A CONTROLLED EXPERIMENT

PROBLEM
What effect does the amount of water given to seeds have on the rate of seed germination?

MATERIALS (per group)

200 mustard seeds

3 petri dishes with covers
2 50-mL beakers
graduated cylinder
glass-marking pencil

\
PROCEDURE =

Part A

I. In this investigation you will determine
whether the amount of water given to mustard
seeds has an effect on the number of seeds
that germinate, or sprout. Before you begin,
propose a hypothesis predicting the effect that
varying amounts of water might have on mus-
tard seed germination. The steps that follow
will help you test your hypothesis.

2. Place 50 mustard seeds in each of two petri
dishes.

3. Using the graduated cylinder, pour 5 mL of
water into one petri dish. Then pour 30 mL of
water into the other petri dish. Cover each
petri dish. Use the glass-marking pencil to in-
dicate the volume of water in each.

4. Set both petri dishes aside for 48 hours. After
48 hours, count the number of seeds in each
petri dish that have begun to germinate,
Record your observations in a data table simi-
lar to the one shown here.

Part B

1. Place 50 mustard seeds in each of the two
beakers.

2. Using the graduated cylinder, pour 5 mL of
water inio one beaker and 30 mL of water into
the other. Cover each beaker with the top or
bottom of the remaining petri dish. Then,
using the glass-marking pencil, indicate on the
cover the volume of water in each beaker.

3. Set the beakers aside for 48 hours. After 48
hours, count the number of seeds in each
beaker that have begun to germinate and
record your results in your data table.

OBSERVATIONS

i

; Type of __Volume of Water
e Container 5 mL 30 mL

i Petri dish

’ Beaker 1

1. Did the mustard seeds float in any of the con-
tainers? If so, were these seeds more likely to
germinate?

2. In which container did the germinated seeds
have the longest roots?

ANALYSIS AND CONCLUSIONS

1. How did the number of germinated seeds in
the petri dishes compare to the number of ger-
minated seeds in the beakers?

2. Did the amount of water in the petri dishes ap-
pear to affect the number of germinated seeds?
Did these results confirm your hypothesis?

3. Did the amount of water in the beakers appear
to affect the number of germinated seeds?
Did these results confirm your original
hypothesis?

4, Sometimes the results of different parts of an
experiment provide different interpretations.
When this occurs, scientists often look to see if
a hidden variable, which might affect the over-
all results of an investigation, was introduced.
What hidden variable might account for the
results you observed in the petri dishes and in
the beakers? (Hint: Other than water, what
substance may have played a role in your
experiment?)
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

1-1 What Is Sclence?

* Science is a process that uses observations
and tests to identify the causes of events in
nature.

1-2 The Scientific Method

* The main steps in the scientific method are
observing and stating a problem, forming a
hypothesis, testing the hypothesis through
observation or experimentation, recording
and analyzing data, forming a conclusion,
and replicating the work.

* A hypothesis is a possible explanation about
a particular event in nature.

* In order to ensure that the results of an ex-
periment were due to the variable being
tested, scientists must run both an experi-
mental setup and a contrel setup.

* When a hypothesis has been tested and con-
firmed many times, it may then be consid-
ered a theory that can imake dependable
predictions about nature,

REVIEWING KEY TERMS

.. —

* The metric system is the system of measure-
ment used by scientists all over the world.

» Although mass and weight are considered in-
terchangeable on the surface of the Earth,
mass is actually a measure of the amount of
matter in an object and weight is a measure
of the pull of gravity on that object.

1-3 Science: “Facts’ and “Truth”

¢ Successful science study habits involve re-
lating facts to each other and to the underly-
ing concepts being discussed rather than
simply memorizing a list of facts.

1-4 Safety in the Laboratory

* Always follow all written instructions or in-
structions from your teacher whenever
working in the science laboratory.

1-5 The Spaceship Called Earth

¢ Planet Earth can be compared to a giant
spaceship carrying a living cargo and limited
amounts of food, water, and other resources.

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meaning. Then use each term in a complete sentence. If you are not

sure of a term’s meaning, return to the appropriate section and review its definition,

1-1 What Is Science?
science

1-2 The Scientific Method

scientific method
hypothesis

variable
control setup

experimental setup

data
theory
metric system

meter Celsius scale
liter

cubic centimeter

mass

weight

kilogram



CONTENT REVIEW

Muitiple Choice
Choose the letter of the answer that best completes each statement.
i. A proposed solution or explanation of a 6. A cubic centimeter is equivalent to a
scientific event in nature is called a a. liter. c. milligram,
a. conclusion. c. control setup. b. gram. d. milliliter.
b. hypothesis. d. theory. 7. Which of the following relationships
2. The factor being tested in an experiment is between an object on Earth and that same
the object on the moon is true?
a. data. c. variable. a. mass changes; weight remains the same
b. hypothesis. d. theory. b. neither mass nor weight changes
3. The metric system is based or scaled on c. both mass and weight change
powers of d. weight changes; mass remains the same
a. 10. c. 1000. 8. If you see the symbol of a flask in a
b. 100. d. none of these. laboratory experiment, you are being
4. The basic unit of length in the metric cautioned to
system is the a. put on goggles.
a. meter. c. millimeter. b. take extra care with glassware,
b. kilometer. d. centimeter. ¢. make sure your measurements are very
5. The basic unit of mass in the metric system precise.
is the d. use heat-resistant gloves,
a. gram, c. liter,
b. kilogram. d. pound.
True or False

Determine whether each statement is true or false. If it is true, wnte “true.” If it
is false, change the underlined word or words to make the statement true.

1. Recorded observations are called data. 6. In science, facts pever change.

2. The control experiment is that part of the 7. The goal of science is to understand the
experiment without the variable. world around us.

3. A kilometer contains 1000 centimeters. 8. The kilogram is the unit of mass you would

4. A milliliter contains 1000 cubic centimeters. use to measure objects smaller than a

5. The prefix centi- means one hundred. gram.

Word Relationships

Replace the underlined definition with the correct vocabulary word.
1. The ability to reproduce resulls is an important part of any experiment.

2. After observing an event in nature, a scientist may develop a possible
explanation or a preliminary conclusion regarding the cause of that event.

3. The liter is a measure of the amount of space an object occupies.
4. Scientists often measure length in hundredths of a meter.

5. The amount of matter in an object can be measured in milligrams.




CONCEPT MASTERY

-

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. Why is it important to have only one
variable in an experiment?

2. Scientists throughout the world use a
standard system of measurement. Why is a
standard measurement system necessary?

3. Why must science textbooks be revised
every few years?

4. Compare planet Earth to a giant spaceship.

5. Describe the approach that separates the
process of science from other fields of
study.

6. Which metric unit would you use to

measure each of the following:
volume of a glass of milk

length of your textbook

mass of a mouse

temperature of the Gulf of Mexico
mass of a killer whale

volume of a marble

mpangp

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Designing an experiment How would you
use the scientific method to find the best
place in your class to grow African violets?

2. Making predictions Develop a time line
in which you predict some of the important
advances that may occur in science during
the next century.

3. Interpreting diagrams Examine the
illustration of a control setup and an
experimental setup. What is the variable in
this experiment? Why?

A A

. Recognizing fact and opinion Suppose

your [riends believe that astrology is a
science. How would you convince them that
they are wrong?

. Relating concepts The French biologist

Louis Pasteur once said, "Chance favors
only the mind that is prepared.” Explain
this statement by relating it to the process
of science.

Using the writing process You have been
elected to the Senate. The most important
issue that has to be resolved is whether
the United States will convert to the metric
system. Write a 3-minute speech detailing
your reasons for adopting or rejecting the
metric system.

Using the writing process The year is
2050. Write a help-wanted ad that will
encourage high school graduates to
volunteer for a 2-year mission to planet
Mars. The main task of the graduates will
be as technicians helping out in various
scientific experiments. All graduates will
be trained before the mission begins.
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Without any prior knowiedge about lrees,
it would be difficult for an observer
walking through a winter forest to know
whether these lreas were living or
nonliving.

How do you tell whether something is alive? With some bving
things, it's easy. You could check for breathing, or a puwse, or a
response 1o a pinch or a poke. But such tests wouwld not work for
afl iving things. Is moss growing on a rock ative? How about rust
spreading over a piece of metal? If you came upon a tree in the
middie of winter when its leaves were gone, how wowd you telf
whether the lree was living or dead?

What we are really asking in such questions is simpie. We would
ke to know what distinguishes Iife from nontife. The answer to such
questions, however, is not always that clear. So we shafl do the
next best thng (o providing the answer, In this chapter we shall list
the characteristics that fving things share.



CHAPTER OUTLINE

2-1 Characteristics of Living

Things

® Living Things Are Made Up of
Cells

® Lwing Things Reproduce

® Living Things Grow and Develop

® Living Things Obtain and Ussa
Energy

® Living Things Respond to Their
Environment

2-2 Biology: The Study of Life

¢ Branches of Bioloqy

® Tools of a Biologist

® Laboratory Technigues of a
Biclogist

Figure 2-1 This Lithops plant,
commonly called the living stone,
certainly does not appear to be
alive (left). Yet you would have
no trouble determining that it is a
living organism if you saw it
flowering (right).

| Characteristics of Living
Things

Section Objectives

5 List and describe the characteristics of
living things.

Define homeostasis.

Making up a list of the characteristics of living things is not
as easy as it might sound. In fact, scientists have argued for
centuries over the basic characteristics that separate life and
nonlife. Some of these arguments are still unresolved. For ex-
ample, in Chapter 17 you will discover that the line between life
and nonlife becomes blurred when we consider whether or not
viruses are living things.

Despite these arguments, there do seem to be some gener-
ally accepted characteristics common to all living things. We
can state with some confidence that all living things

* Are made up of one or more units called cells
¢ Reproduce

* Grow and develop

* Obtain and use energy

* Respond to their environment

It will help in our understanding of living things to consider
each of these characteristics in detail.

Living things are made up of small self-contained units
called cells. Each cell is a collection of living matter enciosed
by a barrier that separates the cell from its surroundings. Most
cells can perform all the functions we associate with life.

Cells are remarkably diverse. A single cell by itself can
form an entire living organism. Organisms consisting of only a




Figure 2-2 Biologists classily
organisms as unicellular or
multicellular. This unicelluiar
protozoan (left} is a single-celled
organism, whereas the multicellular
tree sloth (right) is made up of
triliions of cells.

Figare 2-3 Orangutans, like many
othier animals, reproduce sexually
In sexual reproduction, one cell from
each parent unites to form the first
cell of the new organism
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single cell are called unicellular. See Figure 2-2. (The Latin
prefix uni- means one, so unicellular means single-celled.)
Most of the organisms you are familiar with, such as dogs and
trees, are multicelluiar. (The Latin prefix multi- means many,
so multicellular means many-celled.) Multicellular organisms
contain hundreds, thousands, even trillions of cells or more
We will discuss cells in more detail in Chapter 5.

Cells are never formed by nonliving things. They are found
in nonliving matter only if that matier was once alive. Wood, for
example, is made up largely of the walls that separated individ-
ual celis in the living tree.

Living things can reproduce, or produce new organisms of
the same type. Because all individual organisms eventually die,
reproduction is necessary if a group of similar organisms {(what
we will later call a species) is 10 survive

There are two basic kinds of reproduction: sexual and
asexual. Sexual reproduction requires that two cells from dif-
ferent individuals unite to produce the first cell of a new organ-
ism. See Figure 2-3. You are reading this textbook because a
cell from your mother united with a cell from your father to
form that first cell that would grow and develop into you. Most
familiar organisms—from maple trees to birds and bees—re-
produce sexually. In asexual reproduction, a single organism
can reproduce without the aid of another, (The prefix a- means
without, so asexual means without sex.) Asexual reproduction
can be very simple: Some single-celled organisms merely di-
vide in two to form two organisms

. s # - y W b
f hings Grow and |

All living things, at one stage or another in their lives, are
capable of growth. An acorn, when it sprouts, produces roots,
stems, a trunk, and leaves that continue to grow for years. As it
grows, the plant takes in substances from the air and soil and
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transforms these substances into living tissue. And long after
the tree stops getting larger, it continues to add new material to
replace existing parts that wear cut.

A snowball, on the other hand, may seem to “grow” if you
roll it over fresh snow. But a snowball grows bigger only if
someone adds new snow onto its surface. A snowball won't
grow bigger by just sitting there. And it certainly cannot change
liquid water or solid ice into new snow from which it can grow
larger

During growth, most living things go through a cycle ol
change called development. The single cell that starts an or-
ganism’s life divides and changes again and again to form the
many and varied cells of an adult organism. You are probably
well aware of growth and development since you are now in the
midst of one of the most intense spurts of growth and develop-
ment that you will ever encounter in your life.

As development continues, organisms experience a proc-
ess called aging. During aging, an organism becomes less effi-
cient at the process of life. The ability to reproduce comes to
an end. For virtually all organisms, death is the inevitable end
of the life span of every individual. Death, too, is a process of
change that separates living and nonliving things.

Living Things Obtain and Use Energy

Living things obtain energy from their environment, or
their surroundings, and use that energy to grow, develop, and
reproduce. All organisms require energy to build the sub-
stances that make up their cells. Any process in a living thing
that involves putting together, or synthesizing, complex sub-
stances from simpler substances is called anabolism (uh-NAB-
uh-lihz-uhm).

Plants obtain their energy from sunlight in a process called
photosynthesis, which you will study in Chapter 6. (The prefix
photo- refers to light, and the suffix -synthesis means put to-
gether. Thus photosynthesis means put together with light.)

Figure 2-4 All living things grow
and develop. Usually growth simply
means gelting larger, not changing
form. But that is not always the case,
This caterpillar (left) will grow and
develop into an adult Cecropia moth
(right).

Figure 2-5 According to this chart,
what is the maximum life span of a
blue whale?

MAXIMUM LIFE SPANS

Organism | Life Span
Adult 4 1
mayfly };qésad_(_u day

g  ais 8
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g 100
: years

152
Tortoise years

years




Figure 2-6 This ki

wvdid obtains the
+ iy

i needs o hive rom the 10o0d

LJ / } ) [
eats. How does the i piant e

s munching on oblain it

Figure 2-7 Living things respond to

stimult from their environment
‘; bt ctizrnnls » the Bt ve

vl sl IS e O 1

fo/ what wit De the (ogicai

)

of the frog

Animals cannot perform photosynthesis. Animals take in en-
in the form of food. Food is broken down during a pro-
called digestion, which you will study in Chapter 39. The
hnal breakdown of complex substances into simpler ones, usu-
refease of energy, is called catabolism
(kuh-TAB-uh-lihz-uhm).

ercy

CESS
ally resulting in the

Living things must practice both anabolism and catabolism

at the same time, just as a business or a household must

lake some money in as mcome amnd pay some money out
as expenses. The total sum of all chemical reactions in the

4

body—the

metabolism,

balance of anabolism and catabolism—is called

Living things respond to their environment. Such re-
sponses can be rapid, usually through changes in behavior, or
slow, usually through changes in metabolic processes or
through growth. Anything in the environment that causes an
organism to react is called a stimulus. Organisms react to many
stimuli, including light, temperature, odor, sound, gravity, heat,
walter, and pressure. What stimuli are you responding to at this
very moment?

The ability of living things to react to stimuli is known as ir-
ritability. (No, that does not mean that living things are
grouchy. At least not all the time!) Both plants and animals ex-
hibit irritability and can react to a variety of stimuli. Plants,
however, usually respond to stimuli more slowly than animals.
Plant leaves and stems, for example, grow toward light and
away from the pull of gravity. Plant roots, on the other hand
respond to gravity by growing down into the soil.

In general, living things respond to stimuli in ways that im-
prove their chances for survival. The process by which organ-
isms respond to stimuli in ways that keep conditions in their
body suitable for life is called homeostasis. (The prefix




homeo- means similar or same. The suffix -stasis means stand-
ing or stopping.) Homeostasis (hoh-mee-ch-8TAY-sihs) refers
to an organism's ability to maintain constant or stable condi-
tions that are necessary for life, Just as a thermostat in your
home turns on the heat when it gets down to a certain tempera-
ture, your body has a thermostat that maintains a constant in-
ternal temperature. If you get too hot, you sweat and cool off.
And if you sweat for a long time, the resulting thirst persuades
you to replace the water your body has lost.

You might point out that nonliving things also respond to
the environment. However, the responses of nonliving things
are purely mechanical (like a spring that jumps when com-
pressed and released) and are not related to survival.

? ! SECTION
3 REVIEW

1. List and describe five characteristics that separate living
and nonliving things.

. Compare sexual reproduction and asexual reproduction.

3. Define metabolism, using the terms catabolism and
anabolism in your definition.

4. Try to think of a nonliving thing that satisfies each
characteristic of living things. Does any nonliving thing
have all the characteristics of life?

~N

2-2 Biology: The Study of Life

Quite literally, biology means the study of lile. (The prefix
bio- means life, and the suffix -logy means study of.) Biology,
then, is the science that seeks to understand, explain, and even
control the living world. Biology, like any other science, ad-
vances by observing the world, asking questions, and forming
hypotheses that can be tested by experiment. A biologist is
anyone who uses the scientific method to study living things.

Figure 2-8 This Australian reptile,
called the frilled dragon, is basking
on a rock in the sun. How does this
behavior of the reptile help it
achieve homeostasis? What might
the reptile do if its body overheats?

Section Objectives

Compare the different branches of
bioiogy.

Describe the different types of
microscopes and their limits of
resolution.

Discuss the advantages and
disadvantages of different types of
MICTOSCopPes.

i



Figure 2-9 Biology is filled with
terms that may seem unfamiliar to
you but are actually quite simple.
Many scientific terms are derived
from Latin or Greek words that may
be added in front of another word
as a prefix or after another word as
a suffix. Using this chart, determine
the meaning of the word cytology.

Branches of Biclogy

The broad field of biology contains many branches, or divi-
sions. Some divisions are quite general: zoologists study ani-
mals (the prefix zoo- means animal); botanists work with
plants (the Greek prefix botanikos- means green plants); and
microbiologists work with microscopic organisms (the prefix
micro- means small). Other subdivisions of biology are more
focused. Paleontologists, for example, work with extinct organ-
isms (the prefix palec- means ancient), and ethologists study
animal behavior (the prefix ethos- means custom).

in the course of this textbook we will examine many fields
of biology. Here, we can begin our investigation by considering
examples of the types of questions that are asked by different
kinds of biologists.

QUESTIONS AT THE MOLECULAR LEVEL Some biolo-
gists study life at the molecular level. Molecular biologists, for
example, may study the basic chemical units of life. Molecular
geneticists investigate the workings of DNA, the molecule that
controis heredity and directs all the activities of the cell. Other
researchers might study the effects of drugs on molecules in
cells in order to understand why entire organisms react 1o
those drugs as they do.

QUESTIONS AT THE CELLULAR LEVEL Some biologists
study questions that deal with organisms at the cellular level.
Cell biologists, for example, might study the way normal cells
become cancer cells when exposed to radiation or to the chem-
icals found in cigarette smoke. Or they might try to explain how
a single cell divides and changes to form all the cell types in an

Prefix | Meaning | Prefix | Meaning | Suffix | e
anti- | against herb- | pertaining to plants -cyst | pouch

arth- | joint, jointed hetero- | difierent ~derm | skin, layer

auto- | sell homeo- | same -gen | producing

‘blo- | related to lite macro- ! large -m- | inflammation
chl;;—- | green micro- | small ~logy | study

eyto- | cel multi- | consisting of many units | -meter | measurement
di- I__double osteo- | bone -osis | condition, disease
epi- ;':a'bove photo- | pertaining to light —phase | stage

exo- | outer, external plasm- | forming substance -phage | eater

gastro- | stomach proto- | first -pod | foot

hemo- | blood syn- | together -stasis | stationary condition
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adult organism. Other cell biologists might study how cells
communicate with nearby cells.

QUESTIONS AT THE MULTICELLULAR LEVEL Going
beyond individual cells, some biologists study multicellular or-
ganisms. Zoologists, for example, might be interested in the
changes within animals that tell them when to sleep or eat or
even when to mate. Paleontologists might try to explain how
certain animals changed over time, or evolved. Ethologists
might ask why the males of a particular kind of organism are
more brightly colored than the females.

QUESTIONS AT THE POPULATION LEVEL Some biolo-
gists even go beyond individual organisms in their studies.
These biologists are interested in groups of organisms that
make up populations and how such populations interact with
their environment. Some ecologists, for example, might want to
know how the construction of a new road or dam, or the cutting
down of forests, will affect nearby plant and animal life, Other
ecologists might be concerned with the eflfects of pesticides or
industrial wastes on organisms that live in our waterways.

QUESTIONS AT THE GLOBAL LEVEL Many biologists
take a more worldwide view of biology and are concerned with
organisms and their environment on a global scale. Global eco-
logists, for example, might try to estimate the effects on the
Earth's climate of burning coal and oil. Or they might try to ex-
plain why the fishing off New England is excellent one year and
poor the next.

Whether studying questions at the molecular level, the
global level, or any level in between, biologists are making im-
portant contributions. They are both studying and trying to
preserve the wonderful things that are alive on planet Earth—
not just for their own use, but for the use of those who will live
on this planet after us.

By now it may appear as if biology is a field strictly for sci-
entists with a long list of college degrees. It is true that most bi-
ologists do have a bachelor's degree and often go on to
graduate school. But it is just as true that anyone can be a biol-
ogist. The only real qualifications are hard work, energy, and
curiosity. A biologist must be curious about life and have the
energy to ask questions in a scientific way—and then try to an-
swer those questions. As you will read in this textbook, many of
the greatest names in the history of biology were amateurs,
meaning that they did not practice science as a “job.” Such
people include Charles Darwin, who established the theory of
evolution, and Gregor Mendel, who discovered the basic units
of heredity. Today other amateurs, including high school and
college students, continue to make important contributions to
scientific research and the science of biology. No license is
required!

-
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Figure 2-10 Many bird species
have elaborate courtship (mating)
behaviors. These albalross are
exhibiting a form of courtship
behavior called sky pointing. What
type of biologist might study
courtship behavior?

Figure 2-11 These Japanese
citizens are taking part in an
antipollution march in Tokyo. The
effects of air pollution on health are
among the global questions
biologists often try to assess




Figure 2-12 This diagram is of a
typical compound light microscope.
What is another word for the
eyepiece?

Compound Light Microscope
. Ocular lens (eyepiece)
Objective lens 3. Stag

. Glass dide 5. Cove

. Diaphragm (regulates light
intensity)

. Fine adjustment knob
. Coarse adjustment knob
. Stage clips

Arm
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Toois of a Biologist

To accomplish their diverse goals, biologists may choose to
use a wide variety of tools. In the laboratory, biologists may
use pipettes and graduated cylinders to measure and transfer
liquids. Solids, on the other hand, are usually measured on
mechanical or electronic balances. Many experiments are per-
formed inside enclosures, called hoods, that protect research-
ers from dangerous fumes or help to control contamination.

In almost all areas of biology, the computer has become an
invaluable tool that can be used to perform complex tasks and
analyze quantities ol data. Many tools, however, are more spe-
cific to the type ol biological work being undertaken. Global
ecologists, for example, may use orbiting satellites to provide
detailed maps of the temperature, moisture content, or vegeta-
tion of large areas. We shall discuss many more tools and the
ways in which they are used throughout this textbook.

When you think of biology, there is probably one tool that
comes to mind above all others. For almost all biologists need
to examine organisms or parts of organisms that are too small
1o be seen with the unaided eye. To study small organisms,
researchers have developed several kinds of microscopes.
Microscopes are instruments that produce larger-than-life
images, pictures, or even videotapes.

THE COMPOUND LIGHT MICROSCOPE The most famil-
lar microscope to high school students is the compound Llight
microscope. A typical compound light microscope is shown in
Figure 2-12,

Compound light microscopes are important to biologists
because they allow them to observe many kinds of cells and
single-celled organisms while they are still alive. That is, an or-
ganism does not have to be killed to be observed under a com-
pound light microscope.

To use a compound light microscope, you sandwich the ob-
ject to be viewed between a transparent glass slide and a thin
cover slip. This sandwich is then placed on the stage of the mi-
croscope so that light passing through it travels through two
lenses. The lens at the bottom of the microscope tube, which is
closest to the specimen being observed, is called the objective
lens. The lens at the top of the microscope tube, through which
you look, is called the ocular lens. When you look through the
ocular lens in a compound light microscope, you may see an
image of the object magnified up to 1000 times.

LIMITS OF RESOLUTION There are limits to what we can
see with the compound light microscope. As we increase the
magnilying power of a light microscope, we see more and more
detail—up to a certain point. Beyond that point, called the
limit of resolution, objects get blurry and detail is lost. For
standard light microscopes, the limit of resolution is about 0.2
micrometers. (A typical cell is about 10 micrometers across.)



When the limit of resolution was first discovered, many
people thought that if microscopes were made better, this
problem would disappear. However, even a “perfect” micro-
scope will have a limit of resolution. The reason for this has to
do with the way light behaves. When light passes through a
tiny opening or a iens, it is diffracted, or scattered in a way that
makes it hard to form a clear image. When we look at some-
thing in the compound light microscope at 1000 times magnifi-
cation, we have enlarged it just enough to see the limit of
resolution of the best light microscopes we can make

USING A COMPOUND LIGHT MICROSCOPE There are
objects—such as dust, feathers, and pollen grains—that can be
seen in the light microscope without any special preparation.
But many cells and cell parts are so similar in appearance to
their surroundings that they cannot be easily seen through the
microscope. Researchers have developed several techniques to
make such objects visible,

Many specimens are stained before they are observed
under a microscope. Stains are used to color cells or parts of
cells to make them clearly visible. Some stains color everything
in a cell, whereas others color only a part of the cell. One such
special stain, known as Feulgen, turns DNA a beautiful pinkish
color. Some stains, which "stick™ only to certain compounds,
can be made to glow in the dark to highlight specific cell parts.

Because many stains kill living cells, special types of light
microscopes that do not require staining are used to observe
living specimens. Examples of these are the phase contrast mi-
croscope, the dark held microscope, and the Nomarski micro-
scope. Each uses a different property of light rays to improve
the contrast (clarity) of the image, See Figure 2-14.

ELECTRON MICROSCOPES Although light microscopes
are very useful, their limit ol resolution restricts their useful-
ness for studying very small objects such as viruses and indi-
vidual molecules. Is there a way 10 see¢ things smaller than light

Figure 2-13 Modern science has
provided biologists with many tools
unknown in centuries past. This
image of a patient’s brain was made
by a medical scanner called a
nuclear magnetic resonance scanner
(NMR ). What sort of tools do you
think biologists will be using a
century from now?

Figure 2-14 Notice the variations
in this image of an alga as seen
through a Nomarski microscope
(left), a dark field microscope
(center), and a phase contrast
microscope {right)




Figure 2-15 A transmission
electron microscope (TEM) sends a
beam of eiectrons through an object
to produce an image (top). This
image of viruses, which has had
color added by a computer, was
taken through a TEM (bottom).

Figure 2-16 A scanning electron
microscope {SEM) bounces efectrons
off the surface of an object to form
an image. This image of bactena,
which has been colored green
through the use of a computer, was
taken by using an SEM.

can reveal? Indeed, there is. In the 1920s, physicists in Ger-
many realized that electromagnets could bend streams of elec-
trons in much the same way that glass lenses bend beams of
light. They then learned to use electromagnets to build devices
called electron microscopes. These same physicists used elec-
tromagnets to bend electrons to produce another tool you are
probably familiar with: television.

The limit of resolution of electron microscopes is about
1000 times finer than the light microscope. There are several
different types of electron microscopes.

Transmission electron microscopes (TEMs) shine a beam
of electrons at a sample and then magnify the image of that
sample onto a fluorescent screen at the bottom of the micro-
scope. The electron beam can also be used to expose photo-
graphic film to produce a permanent image of the specimen.
See Figure 2-15,

Scanning electron microscopes (SEMs) get their name
from a pencillike beam of electrons that scans back and forth
across the surface of a specimen. Electrons that bounce off the
specimen are picked up by detectors that provide the informa-
tion to form an image on a television screen. Rather than show-
ing details inside living things, SEMs show realistic (and often
dramatic) three-dimensional pictures of their surfaces. See
Figure 2-16.

LIMITATIONS OF ELECTRON MICROSCOPES Electron
microscopes are extremely useful when studying very small or-
ganisms and parts of organisms. But they do present one seri-
ous drawback. Because of the nature of electrons, specimens
must be placed in a vacuum, or a chamber from which all the
air has been removed. Specimens for TEM work must also be
stained with special chemicals, treated with other chemicals,
and then cut into very thin slices. Specimens for SEM work do
not need to be sliced; but like specimens for TEMs, they must
be placed in a vacuum. As you can conclude, in either case the
living cells must be killed before they can be observed under
an electron microscope.
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WHICH MICROSCOPES ARE BETTER? All the micro-

scopes we have discussed do different things. The light micro-
scope allows us to observe living cells but it cannot make the
tiniest details visible. TEMs reveal innermost details of the cell
interior but only after the cell has been killed, sectioned, and
stained. SEMs allow us to study the surfaces of objects in three-
dimensional detail. All types of microscopes, therefore, pro-
vide us with different glimpses of what living cells are like. No
one microscope is better than the rest. Each is a tool to be
used, when appropriate, by a working biologist.

Labo

You have already read about the laboratory technique
called staining, in which parts of a cell are stained so that they
appear more visible under a microscope. Throughout this text-
book, we will discuss many other laboratory techniques used
by biologists. But it will be helpful now for you to learn about
some commeon laboratory techniques.

Figure 2-17 On this fruit ly (left),
notice the two large red structures,
which are the eyes. Then look at the
head of the fruit fly as seen through
a scanning electron microscope,
magnihed 60 times (right). The two
rounded structures on each side of
the head are the eyes. A high power
view in the scanning electron
microscope produced this detailed
three-dimensional image of the eye
of the fruit fly (botiom).
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Figure 2-18 Blood samples are
placed into a centrifuge in order 1o
separate the various components of
the blood

CENTRIFUGATION Suppose a scientist wants to study
one particular part of a cell or the same cell part from many
similar cells. How can parts of a cell be obtained? One method
is called centrifugation (sehn-trihf-yoo-GAY-shuhn). See Figure
2-18. One common centrifugation technique is to place the
cells under study in a biender to break them apart. Breaking
apart cells in a blender is called cell fractionation. The broken
bits of cells are then placed in a liquid in a tube. The tube is in-
serted into a centrifuge, which is a device that can spin the
tube up to 20,000 times per minute. While spinning, the cell
parts begin to separate—with the heaviest parts settling near
the bottom of the tube and the lightest parts rising toward the
top. A scientist can then remove the specific part of the cell to
be studied by selecting the appropriate layer.

MICRODISSECTION Another way to remove parts of a
cell, as well as to insert material into a living cell, is a technique
called microdissection. In this process, special tools that are so
small they can be used only by looking through a microscope
are used to dissect or remove specific parts of a cell. In the
same way, substances can be added to a living ceil.

CELL CULTURES Sometimes scientists want to study a
particular kind of celi but to do so they need large numbers of
that exact cell. To obtain many identical copies of that cell, the
scientist might prepare a cell culture. In this technique, a single
cell is placed in a dish that contains the nutrients the cell
needs. The cell is allowed to reproduce so that in time an entire
population is grown from that single original cell.

SECTION
REVIEW

1. List four branches of biology. What sorts of questions
might researchers in each branch study?

2. What type of research could be performed only by using
a compound light microscope?

3. Name an advantage and a disadvantage of each type of
microscope. ‘

4. Compare a TEM and an SEM. What type of information
does each provide?

5. How does the resolution of a microscope affect the
observations made by a microbiologist?

6. It has been said that many great discoveries lie in wait
for the tools needed to make them. What does this

statement mean to you? If possible, include an example
in your answer.
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TECHNOLOGY,

AND SOCIETY

Yellow Fever: The Scientific Method in Action

Near the turn of the century, American sol-
diers stationed in the vicinity of Havana, Cuba,
began to die in great numbers. They died not
from enemy bullets but from a disease
known as yellow fever. At one
point, more scldiers died from
the disease than from fighting
in the Spanish-American
War that had brought them
1o Cuba in the first place!
The situation became so
serious that the United
States sent a commission
headed by Dr. Walter Reed. 4

At first, people thought ‘ﬂ
the disease was spread by
contact with infected individ- \
uals or through infected materials
such as bedsheets and clothing. So they
boiled the clothes and sheets of sick
people before using them again and pre-
vented other soldiers from coming into
contact with the infected soldiers. But
none of these measures was of any help.

One Cuban doctor, Carlos Finlay,
believed that the disease was spread by mosqui-
toes, which were plentilul in Cuba. Reed did not
immediately agree, but he devised what turned
out to be a terrifying experiment to test Finlay's
hypothesis. Ideally, Reed would have used ani-
mals for his experiment. But because no ani-
mals that could contract vellow fever were
available, the lives of several extraordinarily
brave human beings were put at risk.

The commission assembled two groups of
volunteers. One group spent twenty difficult,
anxious days wearing the filthy clothing of yel-
low fever patients, sleeping in their soiled
sheets, and eating from plates they had used.
During this time, however, they were com-
pletely screened in and thereby protected
from mosquitoes. Not one of these soidiers con-
tracted yellow fever.

The second group of volunteers used only
fresh clothing and linens and remained totally
isolated from yellow fever patients. These vol-
unteers, however, allowed themselves to
be bitten by mosquitoes that had
previously bitten yellow fever

patients. Because members of

¢ the commission thought it
unfair to ask others to take
v a risk they would not take
themselves, three of them

- " participated in this group.

+ (Reed himself wanted to

\) ’ take part, but his associates

would not let him.) Many of

the volunteers in the sec-

ond group, including all three

doctors from the commission, de-

veloped yellow fever. One of them, Dr.
Jesse Lazear, died.

Reed's experiment had risked
human lives—and had cost one. But it
had tested an idea and had proved that
mosquitoes carried the infection. As a
result, war was declared against the
mosquito. In ninety days, Havana was com-
pletely free of yellow fever. This courageous ex-
ample of the scientific method in action saved
the lives of thousands of people who might have
died from the disease.

Walter Reed’s discovery of the way in which
yellow fever was spread saved countiess lives.
But most scientists would not necessarily agree
that humans should be used in such experi-
ments. Are there diseases so dangerous that
finding a cure or treatment is worth placing
humans at risk? Or is no discovery worth the
cost in human lives? What about only using
volunteers, as Reed did? What about only
using people with fatal diseases? These are diffi-
cult questions to consider. There may not be a
right or wrong answer, What is your opinion on
this issue?
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USING A COMPOUND MICROSCOPE

PROBLEM

What is the proper procedure for using a compound microscope?

MATERIALS (per group)

compound microscope  light thread

glass slide 8CISSOrs
coverslip medicine dropper
dark thread

PROCEDURE « ==

Study Figure 2-12 on page 34 and the Appen-

dix on the use of a microscope at the back of

this book until you know the names and func-

tions of each part of the microscope.

. The magnification of the eyepiece, or ocular
lens, is written on the eyepiece. In general,
the eyepiece magnifies 10 times.

. Now find the low-power objective lens and
the high-power objective lens. The magnifi-
cation of each objective lens is written on the
lens. In most microscopes, the low-power
lens magnifies 10 times and the high-power
lens magnifies 43 times. The total magnilying
power of the microscope is found by multi-
plying the magnification of the eyepiece by
the objective iens being used.

. Cut a piece of dark thread about 1 ¢m long.

Do the same with light thread. Flace the
threads on a clean glass slide so that the
threads cross each other at right angles,

. Use the medicine dropper to place a drop of
water on the threads. Then touch one edge of
a coverslip to the drop of water and lower the
coverslip over the threads.

. Place the slide on the stage, using the stage
clips to hold the slide in position.

. Position the low-power objective over the
slide so that the objective is just above the
top of the slide. CAUTION: Never allow the
objective to iouch the slide.

8. Look through the eyepiece. Adjust the mirror

and the diaphragm so0 that the field is bright.

9. If the threads are out of focus, use the coarse
adjustment knob to raise the objective lens
until the threads are clearly seen. Then use
the fine adjustment knob to sharpen the
focus.

10. Adjust the slide so that the place where the
threads cross is in the center of your field of
vision,

11. After you have viewed the slide under low
power, raise the body tube of the microscope
so that the objective is well clear of the lens.
Rotate the high-power objective into place
above the slide, making sure the objective
does not touch the slide. Lower the high-
power objective until it is just above the
slide.

12. Again, use the coarse adjustment knob to
raise the obiective until the threads are in
focus. Then use the fine adjustment knob to
sharpen the focus.

13. Move the slide to the left, to the right, for-
ward, and back. Note the direction the
threads appear t0 move each time you move
the slide.

OBSERVATIONS

1. What happens to the brightness when the
magnification is changed from low power to
high power?

2, When you use the fine adjustment knob, how
many threads are in focus at a time?

3. When you move the slide in any direction,
how do the threads appear to move?

ANALYSIS AND CONCLUSIONS

1. Why is it important to raise the body tube be-
fore rotating the high-power lens into place?

2. Would you be able to see the threads if they
were larger and thicker? Explain your
answer.
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

2-1 Characteristics of Living Things

* All living things are made up of one or more
cells.

* All living things reproduce, either sexually
or asexually.

* Living things grow and develop, using en-
ergy and raw materials they obtain from the
environment.

* Anabolism is any chemical process in a liv-
ing thing in which complex substances are
built up, or synthesized, from less complex
substances,

* Catabolism refers to chemical reactions in
living things in which complex substances
are broken down into simpler ones.

* The sum total of anabolism and catabolism is
called metabolism.

* Living things respond to stimuli from their
environment. Stimuli include heat, light,
water, sound, odor, and pressure.

* To survive, living things must keep condi-
tions in their bodies relatively stable. Home-

REVIEWING KEY TERMS

ostasis refers to an organism's ability to
maintain consiant conditions within its
body.

2-2 Biology: The Study of Life
* Different branches of biology deal with ques-

tions at the molecular level, cellular level,
multicellular level, population level, and
global level.

* Biologists use a wide variety of tools; in par-

ticular, various types of microscopes.

* The compound light microscope is used to

examine living things. It uses light passing
through an object to create a magnified
image of that object.

* At some point, called the limit of resolution,

the object being magnified loses clarity and
becomes blurred.

¢ Electron microscopes use electrons, rather

than light, to produce magnified images. To
prepare a specimen for viewing under the
electron microscope, the specimen must be
killed.

Vocabulary terms are important to your undersianding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not sure
of a term’s meaning, return to the appropriate section and review its definition.

2-1 Characteristics asexual reproduction

of Living Things anabolism
unicellular catabolism
multicellular metabolism
sexual reproduction homeostasis

2-2 Biology: The transmission electron
Study of Life microscope
compound light scanning electron
microscope microscope

limit of resolution
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CONTENT REVIEW

Muitiple Choice

Choose the letter of the answer that best completes each statement.

1. Single-celled organisms are alsc called
a. multicellular. ¢. unicellular,

b. bacteria. d. viruses.

2. Reproduction that involves the union of
cells from two parents is called
a. asexual reproduction.

b. irritability.
c. cell division.
d. sexual reproduction.

3. Chemical reactions in an organism that
build, or synthesize, complex molecules
from less complex molecules are called
a. metabolism. ¢. catabolism.

b. anabolism. d. digestion.

4. The ability of an organism to maintain
constant conditions within the body is
called
a. irritability. c. metabolism.
b. homeostasis. d. stimulus.

5. The branch of biology concerned with
animal behavior is

a. microbiology. ¢. botany.
b. zoology. d. ethology.
Yrue or False

6.

To observe the surface features of a
bacterium, you would use a

a. compound light microscope.

b. scanning electron microscope.

¢. magnifying lens.

d. transmission electron microscope.

. To observe living organisms in a drop of

water, you would use a

a. compound light microscope.

b. scanning electron microscope.

¢. magnifving lens.

d. transmission electron microscope.
To observe the internal features of a
bacterium, you would use a

a. compound light microscope.

b. scanning electron microscope.

c. magnifying lens.

d. transmission electron microscope.

Determine whether each statement is true or false. If it is true, write "true.”” If it
is false, change the underlined word or words to make the statement true.

1. Few cells can perform all the functions we

assoclate with life.

2. Plants obtain their energy from sunlight in

a process called metabolism.
3. Stimuli include heat, light, pressure, and

temperature.

4. Pipettes are used to transfer solids from
one container to another,

5. The lens at the top of a compound light
microscope is called the objective lens.

6. Compound light microscopes are used to

observe living organisms.,

7. In a transmission electron microscope, the

image is magnified onto a fluorescent
screen at the bottom of the microscope.

8. Surface features of very small organisms

are best viewed using a dark field
microscope.




Word Relationships

In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common to three of the terms and
then identify the term that does not belong.

L. unicellular, muiticellular, cell wall, single-celled

2. temperature, pressure, irritability, gravity

3. zoology, botany, chemistry, ecology

4. ocular lens, electron beam, objective lens, glass slide

5. SEM, compound light microscope, limit of resolution, TEM

————

Use your understanding of the concepts developed in the chapter to answer each
of the following in a brief paragraph.

1. List and describe the basic characteristics techniques in the study of living things.
of living things. 5. Describe the way a transmission electron
2. Compare sexual reproduction with asexual microscope produces an image.
reproduction. 6. No one microscope is better than another.
3. What is irritability? Give three examples of Each type has an important role to play in
a stimulus and a possible response in biological research. Do you agree or
humans. disagree with these statements? Explain
4. Discuss the importance of cell-staining your answer.

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Relating concepts Why is biology 6. Making comparisons Compare the growth
considered a science? of an icicle with the growth of a living thing.
2. Making generalizations List the attribules 7. Identifying relationships Which
you think scientists should possess in order characteristic of living things is important
to be successful in their work. to the survival of the species rather than to
3. Applying concepts How would you the organism itself? Explain your answer.
decide if an object were living or not? 8. Using the writing process You are a
4. Making inferences Why might biologists biologist and have the opportunity to travel
consider metabolism to be the single most back in time to study an extinct species of
important characteristic of life? your choice. You may take just one modern
5. Relating cause and effect An organism's tool for your study. Which tool would you
response to a stimulus can be a method of choose and why?
| protection. How do these 3 stimuli- 9. Using the writing process |f microscopes
response situations protect the organism? could talk, what stories would they tell?
a. Pulling a hand away from a hot iron Write a microscope story. ( Hint: First
b. Squinting in a bright light decide if you are a compound light

c. Producing tears if dirt gets in the eyes microscope or an electron microscope.)




44

CHAPTER

Introduction

Chemistry

An understanding of life—in alf its
glorious forms—depends upon an
understanding of the atomic nature
of matter.

For many years, biofogy was & science that respected a
fundarnental distinction between the ving and the nonfiving wovids.
Biotogists studied organisms; physicists and chemists studied
materials. In the twentieth century, howsever, this distinction has
begun to fade. Biologists have gradually reaized that a complete
description of life must begin at the atomic fevel and then work up
through the complex chermistry of the fiving cefl. indeed, one of
the great scientific stories of this centry (s the manner in which
the boundaries belween biofogy and the physical sclences have
become biurred. Biologists now appreciate that the starting point for
an understanding of the natwe of tife is an understanding of the
atom. in this chapter, you will do exaclly as biologists have done—
you will /eam about the atormic structure of bving and nonliving
matter.




CHAPTER OUTLINE

-

3-1 Nature of Matter

® Properties of Matter
® Phases of Matter

3-2 Composition of Matter
® The Atom
e Chemical Elements
® Chemical Compounds

3-3 Interactions of Matter
* lonic Bonds
o Covalent Bonds

3-4 Chemical Reactions

Figure 3-1 The physical
properties of matter are often all
you need to observe in order to
tell substances apart. Because of
their physical properties, the rose
and the cactus are easily
distinguishable.

3-1 Nature of Matter

Section Objectives

M [dentify several important properties of
matter,

® Compare physical and chemical
properlies.

What are living things made of? Are there special sub-
stances that are found in living things but not in nonliving ma-
terial? Is there a special “spirit” or “essence” that living things
possess? Does life have a physical and chemical basis that we
can hope to understand and describe in the same way we do
something that is not alive, like an automobile engine or a cal-
culator? To answer these questions, we must first examine the
world around us . . . a world made up of matter and energy.

- . R A&
Properties of Matter

Matter is all around us. Aimost everything we see, touch,
taste, or smell is matter. And all forms of matter have proper-
ties, or characteristics, by which they are identified.

Certain properties of matter are physical properties. Two
very important physical properties are used by scientists to
define matter: Matter is anything that has mass and voilume
Mass is the quantity of matter in an object. Volume is the
amount of space matter takes up.

Mass is related to another important property of matter:
weight. An object has weight because it has mass, but mass and
weight are not the same thing. Weight is a measure of the force
of gravity on an object. The greater the mass of an object, the
greater the force of gravity on it, and the greater its weight,
Thus we can say that the weight of an object is directly propor-
tional to its mass.




Figure 3-2 What physical
properties woutd you use {o
distinguish coal from sugar? Do
these hwo substances have any
physical properties in common?

Figure 3-8 Chemical properties
describe how a substance changes
into other new substances as a result
of a chemical change. What
chemical changes can you identify
in these photographs of a rusty nut
and bolt {left), a fireworks display
(center), and a delicious meal
grilling on the barbecue (right)?

Matter has other physical properties, These include color,
odor, shape, texture, taste, and hardness. You know from expe-
rience that a lump of coal has a certain color, texture, and
hardness. A lump of sugar has a different color, texture, and
hardness. It even has & special taste. Two other important
physical properties are melting point and boiling point. Physi-
cal properties of matter can be observed and measured with-
out permanently changing the identity of the matter.

Matter has chemical properties also. Chemical properties ,

describe a substance's ability to change into another new
substance as a result of a chemical change. A chemical
change is a process in which a substance is permanently
altered. When a chemical change is completed, it is difficult,
if not impossible, to reverse the process and get the starting
material back. When coal burns, it undergoes a chemical
change with oxygen to form other gases. Once a lump of coal
has burned, it is no longer coal. And the gases produced cannot
be converted back to coal. The chemical properties of a sub-
stance are determined by learning what sorts of chemical reac-
tions the substance can undergo.

- = W b
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Ice, liquid water, and water vapor may seem very different
to yvou. Certainly they have diflerent appearances and uses. But
actually they are all made of exactly the same substance in dif-
ferent states. These states are called phases. Phase is an im-
portant physical property of matter. Ice is the solid phase of
water. Liquid water is the liquid phase. And water vapor is the
gas phase.

The change from one phase of matter to another is a physi-
cal change because the substance is not altered. Water, regard-
less of its phase, is still water. Physical and chemical changes




are common in the world around us. And because living things,
including ourselves, are made of matter, an understanding of
these physical and chemical changes is important to biology.

3-1

1. Define the following terms: mass, weight, volume.

2. Compare a physical property and a chemical property.
A physical change and a chemical change.

3. Using a piece of paper as an example, distinguish
between the physical and chemical properties of matter.

L £ P D ¢ s 6 S ———————————— —

SECTION
REVIEW

3-2 Composition of Matter

Nearly 3000 vears ago, the Greek philosopher Democritus
challenged his students with & series of questions regarding
the nature of matter. He picked up a small piece of salt, divided
it into two fragments, and asked his students if each half was
still salt. They said it was, and Democritus agreed. Could each
half, he then asked, be divided into smaliler and smaller pieces
forever? Or was there a limit to the number of times a piece of
matter could be divided? Democritus surprised his students
with this novel idea by further arguing that there must be a tiny
elementary particle that one could no longer divide and still
call sait. He believed that all forms of matter were made up of
basic, indivisible particles. He called these elementary parti-
cles atoms. The word atom comes from the Greek word atomos,
meaning unable to be cut.

The approach of Democritus was philosophical rather than
experimental. In part, this means that he was content to think
about the problem but go no further. Scientists, however, must
go further. They will speculate much as Democritus did, but
then they will think of a way to test their ideas in an experi-
ment. In the last 200 years, scientists have carefully studied
Democritus’ concept of the atomic nature of matter and have
concluded that he was basically right. We now know that matter
is indeed made up of small particles—not because it makes
philosophical sense but because the evidence proves it. But we
also now know that the atom itself is divisible and that parti-
cles smaller than the atom do exist!

The Atom

The basic unit of matter is the atom. Atoms are very, very
small. Indeed, 100 million atoms placed side by side would
form a row only 1 centimeter long—about the width of your
pinky! Despite its extremely small size, the atom contains many

Figure 3-4 Phase is an important
physical property of matier. Here
you see water in its three phases:
solid, liquid, and gas.

Section Objectives

3 Describe the structure of an atom.

B Compare elements and compounds,

i3 Discuss the uses of radioactive
1sotopes,

Figure 3-5 This photograph of
uranium atoms was taken with a
scanning transmission electron
microscope (STEM). The small dots
are individual atoms. The larger
patches are clusters of 2 to 20
aloms.




Figure 3-6 This artist’s conception
of an atom shows the nucleus, with
its protons and neutrons, and the
series of energy levels, with their
electrons, that surround it (top). The
tustration shows an atom of the
element carbon (bottom ).

Figure 3-7 The nuclei of hydrogen,

helium, and lithium atoms all
contain protons. Those of helium
and lithium atoms also conlain
neutrons. Yet hydrvogen, helium, and
fithium are very different elements.
Why?
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smaller particles, known as subatomic particles. Scientists
know about the existence of at least 200 diflerent kinds of sub-
atomic particles. The three principal subatomic particles are
the proton, neutron, and electron.

ATOMIC STRUCTURE The center of the atom is called the
nucleus, Although the nucleus is about a hundred thousand
times smaller than the entire atom, it makes up 99.9 percent of
the mass of the atom. The nucleus contains two different kinds
of subatomic particles held together by special atomic forces.
One of these particles is the proton. The proton is a positively
charged particle. The other particle found in the nucleus is
the neutron. The neutron is an electrically neutral particle. It
has no charge at all. The proton and neutron are nearly equal
in mass (1 atomic mass unit, or amu).

In addition to protons and neutrons, the atom contains an-
other kind of subatomic particle called the electron. The elec-
tron is a negatively charged particle with a mass about 2000
times less than that of either the proton or neutron (1/1836
amu). Under normal circumstances, the number of negatively
charged electrons in an atom is equal to the number of posi-
tively charged protons. Therefore, the atom as a whole is neu-
tral; it is neither negatively nor positively charged.

Electrons are not found in the nucleus. They travel at high
speeds throughout the atom in a series of distinct energy
levels, or orbits, that surround the nucleus. The existence of
electrons in distinct energy levels is very important in deter-
mining the chemical properties of an atom, as you will learn
shortly.

ATOMIC NUMBER AND MASS NUMBER The number of
protons in the nucleus of an atom is called the atomic number.
The atomic number identifies an atom. Atoms of the same sub-
stance have the same atomic number. But atoms of different
substances have different atomic numbers. Thus the atomic
number of an atom of a substance is a unique quantity. An atom
of hydrogen, which has only 1 proton, has an atomic number of
1. All hydrogen atoms—but only hydrogen atoms—have an
atomic number of 1. Helium, with 2 protons in the nucleus of

Hom 9 8'. R

Atomic Number = 1 Atomic Number = 2 Atomic Number = 3
Mass Number = 1 Mass Number = 4 Mass Number = 7




every atom, has an atomic number of 2. Uranium has an atomic
number of 92. How many protons are in a uranium atom?

Although all subatomic particles contribute to the mass of
an atom, protons and neutrons are much more massive than
electrons. This explains why most of the mass of an atom is
concentrated in the nucleus. Scientists often refer to the total
number of protons and neutrons in the nucleus as the mass
number. Hydrogen has a mass number of 1 because the only
particle in the nucleus of a hydrogen atom is a proton. A he-
lium atom has 2 protons and 2 neutrons in the nucleus. So the
mass number of helium is 4.

Chemical Elements

As you read before, every substance in the world is made
up of atoms. Some substances, known as elements, consist
entirely of one type of atom. At present, scientists have identi-
fied 109 different elements. Of these 109 elements, 90 types are
found in nature. The remaining 19 have been artificially pro-
duced by physicists using very special laboratory equipment.
Each element can be represented by a chemical symbol. A
chemical symbol is a shorthand way of representing an ele-
ment. Each symbol consists of one or two letters, usually taken
from the element’s name. For example, the symbol for the ele-
ment iodine is I. The symbol for hydrogen is H; for carbon, C.
Scientists often use the Latin name of an element to create its
symbol. For example, the symbol for lead is Pb, from the Latin
word plumbus. You may recognize that word as the source for
the English word plumbing, reflecting the fact that water pipes
were once made of lead. Figure 3-8 lists some common ele-
ments and their symbols.

Most of the chemical elements are solids. Common exam-
ples include carbon, sulfur, phosphorus, sodium, calcium, and
potassium. Some elements—such as oxygen, nitrogen, and
chlorine—are gases. Only a lew elements are liquids. Mercury
and bromine are the most common examples.

ISOTOPES As you read, each element has an atomic
number that is determined by the number of protons in the nu-
cleus of its atoms. The atomic number of an element never
changes. This means that the number of protons in the nucleus
of every atom of the element is always the same. However, the
number of neutrons can vary from one atom of the element to
the next. For example, the most common form of hydrogen has
1 proton and no neutrons in its nucleus. Another form of hy-
drogen, sometimes known as deuterium, has 1 proton and 1
neutron in its nucleus. And a third form, tritium, has 1 proton
and 2 neutrons in its nucleus. Although they have different
mass numbers, each form of hydrogen has an atomic number of
1, a single proton in the nucleus, and a single electron. Each
form is hydrogen. Atoms of the same element that have the

ELEMENT ’
THE HUMAN

Element | Symboi | Mass (%)
Oxygen | o | es0
Carbon | ¢© | 1858
Hydrogen | H |} 95
Nitogen | N | 33
Phosphous | P | 10
Sutfur | s | o3
Sodium | Na | 02
Magnesium | Mg | 0.1
Silicon | s | trace
Fuoine | F | trace

Figure 3-8 This chart shows some
of the elements in the human body,
their symbol, and their percentage
by mass. Which element makes up
the greatest percentage? Which
elements are found in only trace

quantities?



Figure 3-8 The three isotopes of
hydrogen are protium, deuterium,
and tntium. Which isotope conlains
2 neutrons? What is the atomic
number of each isotope?

Figure 3-10 Radioactive isolopes
cant be used as tracer efements to
produce images such as this axial
section through a normal brain (top)
and this image of the heart

(boitom)
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Protium Deuterium Tritium
Nucleus Nucieus Nucieus
H ’H H

same number of protons but different numbers of neutrons are
known as isotopes of that element.

Isotopes of an element are represented by adding the
number that indicates the mass number of that isotope to the
atomic symbol. Thus, ordinary hydrogen is 'H, deuterium is *H,
and tritium is *H.

RADIOACTIVE ISOTOPES The nuclei of some atoms are
unstable and will from time to time break down, releasing mat-
ter and/or energy that we call radiation. Atoms that emit radia-
tion are said to be radioactive. Many elements have at least one
radicactive isotope. All the isotopes of elements with atomic
numbers greater than 83 are radioactive,

Radioactive isotopes have many practical uses. They are
used to study living organigms, to-diagnose and treat diseases,
to sterilize foods, and to-measuré The-ages of certain rocks.,

Radioactive isotopes are frequently used as tracers. A
tracer is a radioactive element whose pathway through the
steps of a chemical reaction can be followed. An example of a
tracer is phosphorus-32.

The nonradioactive element phosphorus is used in small
amounts by both plants and animals. If phosphorus-32 is given
to an organism, the organism will use the radioactive phospho-
rus just as it does the nonradioactive phosphorus. However,
the path of the radioactive element can be traced, allowing sci-
entists to learn how plants and animals use phosphorus.

Tracers are extremely valuable in diagnosing diseases. Ra-
dioactive iodine, iodine-131, can be used to study the function
of the thyroid gland, which absorbs lodine. Sodium-24 can be
used to detect diseases of the circulatory system. Iron-59 can
be used to study blood circulation.

Radioactive isotopes are also used to treat certain diseases.
When administered carefully and in the proper amounts, radia-
tion can kill cancer cells with minimal damage to healthy tis-
sue. Cobalt-60 is used extensively in cancer radiation treat-
ments. Carbon-14 has been used to treat brain tumors.

Radioactive isotopes can also be used to kill bacteria that
cause food to spoil. Radiation is used to preserve the food that
astronauts eat while on the moon and in orbit.



Water Carbon Dioxide Ammonia
H.O CO, NH,

Another use of radioactive isotopes is in measuring the
ages of certain rocks and the fossils they may contain. This use
has increased our understanding of the evolution of life on
Earth.

One of the difficulties in using radioactive materials is that
these substances must be handled with great care. Radiation
can damage or kill living things. So it is important that proper
safety precautions be taken whenever radioactive isoiopes are
used. And it is also important that you be aware of and con-
cerned about radioactive materials in the environment,

Chemical Comgpounds

When elements combine to form substances consisting
of two or more different atoms, chemical compounds are
produced. A chemical compound involves the combination of
two or more different atoms in definite proportions. Most mate-
rials in the living world are compounds.

Just as elements are represented by chemical symbols, so
too are compounds represented by a kind of shorthand. A
chemical compound is represented by a chemical formula. A
chemical formula consists of the chemical symbols for the ele-
ments that make up the compound. Water, which contains 2
atoms of hydrogen and 1 atom of oxygen, has the chemical for-
mula H,0. Table salt, made of sodium and chlorine, has the for-
mula NaCl. What elements are present in the compound
sulfuric acid, whose chemical formula is H,S0,?

3 SECTION
& REVIEW

1. Describe the structure of an atom. What is meant by
atomic number? Mass number?

2. What is an element? How are elements represented?

3. What is an isotope? What are some uses of radioactive
isotopes?

4. How is a compound different from an element?

Figure 3-11 As vou can see from
this diagram, compounds are mode
of two or move different aloms
combined in definile proportions.
The chemical formula for each
compound indicates the elements
that make up the compound and the
number of atoms of each elemenit.
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Section Objectives
B Explain how electron arrangement
determines an atom’s reactivity.

 Describe the two types of chemical
bonds.

Figure 3-12 Each energy level in
an atom can hold only a certain
number of elecirons. When the
outermost energy ievel is holding its
maximum number of electrons, it is
complete, and the atom s stable.

3-3 Interactions of Matter

Chemical compounds are formed by the interactions of in-
dividual atoms. These interactions involve the combining of
atoms of elements in a process known as chemical bonding.
Chemical bonds are formed in very definite ways. The atoms
combine according to certain rules. Such rules are determined
by the number of electrons that surround the atomic nucleus—
more specifically, the electrons found in the outermost energy
level.

Each energy level in an atom can hold only a certain
number of electrons. The first, or innermost, energy level can
hold only 2 electrons. The second energy level can hold 8 elec-
trons, as can the third when it is an outermost energy level.
Figure 3-12 illustrates the arrangement of electrons in the first
three energy levels,

When the outermost energy level of an atom contains the
maximum number of electrons, the level is full, or complete.
Atoms that have filled outermost energy levels are very stable,
or unreactive, Such atoms usually do not combine with other
atoms to form compounds. They do not form chemical bonds.

In order to achieve stability, an atom will either gain,
lose, or share electrons, In other words, an atom will bond
with another atom if the bonding gives both atoms complete
outermost energy levels.

Third energy
level
Second energy
level

- First energy = -
level

Electrons



Ionic Bonds

One way a complete outermost energy level can be
achieved is by the transfer of electrons from one atom to an-
other. A bond that involves a transfer of electrons is called an
ionic bond. An ionic bond, or electron-transfer bond, gets its
name from the word ion, which means charged particle. cns
are formed when an ionic bond occurs.

A sodium atom has only 1 electron in its outermost energy
level, so it can lose that electron very easily. The loss of an
electron from a sodium atom produces a sodium ion (Na*),
which has a positive charge. Similarly, chlorine needs only 1
electron to fill its outermost energy level, so it grabs an extra
electron easily—possibly from a nearby sodium atom. The ad-
dition of an electron to a chlorine atom produces a negatively
charged chloride ion (Cl). These two ions, now oppositely
charged, have a strong attraction for each other—much like
opposite poles of a magnet. The strong attraction between op-
positely charged ions that have been formed by the transfer of
electrons holds the ions together in an ionic bond.

Covalent Bonds

A chemical bond formed by the sharing of electrons is
known as a covalent bond. By sharing electrons, each atom

Figure 3-13 The formation of a
positive sodium ion invclves the loss
of an electron by a sodium atom.
The formation of a negative chloride
ion involves the gain of an electron
by a chlorine atom. The transfer of
an electron produces oppositely
charged ions that are strongly
attracted and held together in an
ionic bond. Because only the
electrons in the outermost energy
level are involved in bonding, only
this level has been shoun in the

& @

11 + Protons 11 + Protons 17 + Protons 17 + Protons
11 - Electrons 10 — Electrons 17 — Electrons 18 - Elecirons
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ic) = el -we KB &
Na} & <+ \C! e — a

Transfer of electron

bottom diagram.
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Figure 35-14 The bonding in
motecuies can be represented by
electron-dot formuias and by
structural formulas. An electron-dot
formula shows the electron pairs
involved in the bonding. A single
bond involves one pair of electrons;
a double bond involves two. In a
structural formula, a dash (-) is
used to represent a pair of shared
electrons, or a single bond. How is a
double bond represented?

Figure 3-15 A covalent bond
involves the sharing of electrons.
How many double bonds are there
in @ molecule of carbon dioxide?

@ 2. @

Carbon Dioxide Molecule

fills up its outermost energy level. So the shared electrons are
in the outermost energy level of both atoms at the same time,
This produces a strong bond that is characteristic of most of
the chemicals found in living organisms.

Covalent bonds can be single, double, or triple, depending
on the number of electrons that are shared in the bond. The
covalent bond between hydrogen and oxygen in water (H,0) is
a single bond. A single pair of electrons is shared between the
oxygen atom and each of the 2 hydrogen atoms. In the com-
pound carbon dioxide (CO,), the carbon atom shares two pairs
of electrons, or a total of 4 electrons, with each of the oxygen
atoms in the compound. The carbon-oxygen bond in carbon
dioxide is a double bond.

0 o 0,
H H H H
Single Bond in Water Molecule

:6: N o4 :6: of QwuCem()
Double Bond in Carbon Dioxide Molecule

In a covalent bond, a relatively small number of atoms are
involved in the sharing of electrons. The combination of atoms
that results forms a separate unit called a molecule. A molecule
is the smallest particle of a covalently bonded compound. In
addition to water and carbon dioxide, some other common c¢o-
valent compounds are sugar (C,H,;0,) and ammonia (NH,).

Regardiess of the type of bond formed, atoms change their
physical and chemical properties when they form a compound.
For example, sodium is a silvery metal that reacts explosively
with water. Chlorine is a poisonous greenish gas, which was re-
sponsible for the deaths of many soldiers in World War |. Nei-
ther element in its pure form can be used by your body. Yet
they combine to form sodium chloride (NaCl), or table salt, a
solid that dissolves easily in water, is not poisonous, and is es-
sential to most living things. It also tastes great on a pretzel!

B

1. Describe the arrangement of electrons in the first three
energy levels.

2. Compare an ionic bond to a covalent bond.

3. An oxygen atom has 6 electrons In its outermost energy
level. A hydrogen atom has 1. Describe how the
covalent bonds in the water molecule enable each atom
to achieve a complete outermost energy level and,
therefore, stability.

3~3 ReView.




SCIENCE,
TECHNOLOGY,
AND SOCIETY

A Do-It-Yourself Poison

Each year they cause more than $5 billion
in damage to crops and livestock. They are a
threat to human health because they can
transmit certain diseases. And in order to
eliminate them, poisonous substances that
may endanger our health as well as the health
of our environment must be used, What are
these pests who have created economic, envi-
ronmental, and salety problems? Insects!

Farmers and gardeners use insecticides to
protect their plants and animals against in-
sects. Insecticides are compounds that kill in-
sects in a variety of ways. Some kill insects
that eat the chemical compounds. Others kill
insects upon contact. Certain insecticides pro-
duce lethal vapors and gases. Still others kil
by infecting insects with deadly diseases.

Although many insecticides are effective
in the battles against insect infestation, they
often have profound efiects on the environ-
ment and other living things. Until recently,
people had to balance the benefits of insecti-
cide use against possible damage to planet
Earth. Now a new class of insecticides that af-

3-4 Chemical Reactions

You have learned that two types of bonds can exist between

fect only their target and pose little danger to
us has been developed.

Scientists working at the State University
of New York at Stony Brook combined poly-
sterols—special compounds manufactured by
plants—with the element fluorine to produce a
new group of compounds called 29-fluorophy-
tosterols. These compounds are harmless 1o
most organisms—ourseives included! But in-
side an insect’s body, special chemicals called
enzymes can act on the fluorophytosterols and
break them down to produce fluoroacetate, a
deadly poison. For insects unfortunate enough
to have the special enzymes, this new class of
insecticide spells doom!

In and of themselves, 29-fluorophyto-
sterols are harmless, presenting little danger
to most living things. But the chemical compo-
sition and bodily processes of insects render
these compounds deadly! By applying a knowl-
edge of basic chemistry to the workings of liv-
ing systems, scientists were able to develop
exactly the compound they sought: a safe and
effective insecticide.

Section Objectives

B Identify the substances involved In

a chemical reaction.

atoms and that compounds with different chemical and physi-
cal properties can be formed by the transfer or sharing of elec-
trons. Whenever a chemical bond is formed, a chemical change
takes place. Any process in which a chemical change occurs is
known as a chemical reaction.

Chemical reactions occur all the time and are very much a
part of your daily life. Some chemical reactions occur slowly,
such as the combination of iron and oxygen to form rust.
Others occur quickly. When hydrogen gas is ignited in the
presence of oxygen, the reaction is rapid and explosive,

In any chemical reaction there are always two kinds of sub-
stances: the substances that are present before the change and
the substances that are formed by the change. The elements or

M Describe the role of energy in
chemical reactions.



Figure 3-16 Chemical reactions
are many and varied. Here you see
two examples: the heating of
ammonium dichromate (top) and
the decaying of apples (bottom). A
chemical reaction always involves a
change in the properties and in the
energy of the substances involved.

56

compounds that enter into a chemical reaction are known as
reactants, The elements or compounds produced by a chemical
reaction are known as products.

A chemical reaction can be described by using a shorthand
method known as a chemical equation. In a chemical equation,
symbols and formulas are used to represent reactants and
products. And an arrow, which is read “yields,” shows the di-
rection of the reaction. Let us use the chemical reaction involv-
ing the combination of hydrogen and oxygen to form water to
illustrate a chemical equation.

0O, + 2H, — 2H,0
oxygen hydrogen water

Chemical reactions are reversible. In principle, any chemi-
cal reaction can run in either direction. For example, it is possi-
ble for the reaction we have just described to run in reverse.

2H,0 — 0, + 2H,
water oxygen hydrogen

This generally does not occur however. Why? Because
there is an important difference between the two chemical re-
actions. When oxygen gas and hydrogen gas burn to form water
vapor, an enormous amount of energy is released in the form of
heat, light, and sound. But water, on the other hand, does not
spontaneously decompose to form hydrogen gas and oxygen
gas. In fact, the only convenient way to drive the reaction in
this direction is to run an electric current through the water to
decompose it. Thus, in one direction the reaction produces
energy; in the other direction, it requires energy.

Chemists have learned that the most important factor in
determining whether a reaction will occur is the flow of
energy. Chemical reactions that release energy will occur
spontaneously. Chemical reactions that require energy will not
occur without a source of energy.

What significance does this have for you and the other liv-
ing things that share your world? All living things carry on both
kinds of reactions in order to stay alive. The energy needed to
grow tall, to read, to think, and even to dream comes from
chemical reactions that occur in your body when you digest the
food you eat. In the following chapters, you will explore these
reactions and the flow of energy necessary for life.

SECTION
3"”4 REVIEW

What is a chemical reaction? A chemical equation?
What is a reactant? A product?
Describe the role of energy in chemical reactions.

Why is it important that energy-absorbing and energy-
releasing reactions take place in living things?

S W N -



Molecules are too small to be seen, vet we
draw their pictures anyway. The reascn for
doing this is simple: In living things, a great
many important things happen at the molecu-
lar level, and we need a way of representing
these events. How shall we draw these pictures
of molecules? And once drawn, what do they
mean? Let's begin by considering glucose, a
simple sugar.

One way to represent glucose is to write its
molecular formula:

CGH l)08

This formula telis us how many atoms of
each element are in a molecule of glucose. But
it does not indicate how the atoms are ar-
ranged. To do that, we need to draw a structural
formula for the glucose molecule:

T
H—C—OH
H / ﬁ: \. H
L/ H |
B A
\_ OH
OH \] ' /" OH
1
H OH

Chemists often try to simplify structural
formulas. One way of doing this is to leave
nearly all of the carbons out of the picture.
However, everybody knows they're still there!
Now the molecule looks like this:

(IZH-,.OH
H H
B
OH b
HO OH
H OH

STRUCTURAL FORMULAS

IN BIOLOGY

SO — et . A S S—— ¥}

Sometimes chemists draw the same mole-
cule in an even simpler fashion, like this:

CH,OH

Each drawing is useful because it provides
important information. For example, we can see
that the glucose molecule is folded to form a
ring and that the -OH groups (hydroxyl
groups) project from one side or the other of
that ring into space. None of the structural for-
mulas, however, actually looks like a real mole-
cule of glucose:

-
i

The key idea to remember about chemical
formulas and structural formulas is that they
are representations. Representations are useful
and informative. They help us to visualize
things that are hard to explain.

‘\

Now try your hand at drawing structural
formulas for the following compounds:
CH, methane; CCIL,F, Freon; C,H,(OH), ethylene
glycol or antifreeze; C;H, ethane.
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PROBLEM

How do the densities of different elements compare?

MATERIALS (per group)

aluminum metal

zinc metal

unknown metal sample
graduated cylinder
balance

PROCEDURE

Density is mass per unit volume. In this labo-
ratory investigation, you will measure the den-
sity of two elements, zinc and aluminum. Copy
the data table shown below onto a separate
sheet of paper to record your observations.
Using a balance, measure the mass of a small
sample of aluminum metal (about 40 g).
Record the mass in the data table.

. Measure the volume of the aluminum metal

using the following procedure: Fill a 100-mL
graduated cylinder halfway with water and
record the initial volume in your data table.
Put the aluminum metal into the graduated
cylinder, This will cause the water level to
rise. Record the final volume of water. Find the
volume of the aluminum by subtracting the ini-

Element Mass (g)

Initial

Aluminum
2inc

Unknown

Volume (mL)

tial volume of the water from the final volume
of the water. Record the result.

4. Calculate the density of the aluminum by di-
viding the aluminum’s mass by its volume:

D = M/V. Record the result.

5. Find the density of a small sample of zinc
metal by measuring its mass and volume ac-
cording to the same procedure you used for
aluminum,

6. Measure the density of an unknown sample of
metal. Use your results to determine whether
the unknown metal is aluminum or zinc.

OBSERVATIONS

1. How do the densities of aluminum and zinc
compare?

2. What are some observable properties of alumi-
num and zinc?

ANALYSIS AND CONCLUSIONS

1. Is the unknown metal aluminum or zinc? How
do you know?

2. Is density a physical or a chemical property?
How can you tell?

3. Can density be used to help identify elements?
Explain your answer.

Density (g/mL)
Metal | |

.

Final

3
> —
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed befow to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapier.

3-1 Nature of Matter

* Two important properties—mass and vol-
ume—are used to define matter.

* Physical properties of matter can be ob-
served and measured without permanently
changing the identity of the matter, Chemical
properties describe a substance’s ability to
change into another new substance as a re-
sult of a chemical change.

3-2 Composition of Matter

* The basic unit of matter is the atom. The nu-
cleus of the atom contains positively charged
protons and electrically neutral neutrons,
Energy levels outside the nucleus contain
negatively charged electrons.

¢ The number of protons in the nucleus of an
atom is called the atomic number.

* Substances that consist entirely of one type
of atom are called elements. Atoms of the

REVIEWING KEY TERMS

same element that have the same number of
protons but different numbers of neutrons
are called isotopes.

* A chemical compound consists of two or
more different atoms chemically combined
in definite proportions.

3-3 Interactions of Matter

¢ The combining of atoms of elements is
known as chemical bonding. An icnic bond
involves a transfer of electrons between
atoms. A covalent bond involves the sharing
of electrons.

3-4 Chemical Reactions

* [n any chemical reaction, reactants combine
to yield products.

¢ Although chemical reactions are reversible
in principle, they occur spontaneously only
in the direction that produces energy.

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not

sure of a term’s meaning, return to the appropriate section and review the definition.

3-1 Nature of Matter nucleus
physical property proton
chemical property . ..on
phase

electron

20 o sition energy-level
O:M."'"ue'u atomic number
atom mass number

element ion
isotope covalent bond
compound molecule

3-3 Interactions
of Matter 3-4 Chemical
chemical bonding Reactions
jonic bond chemical reaction



CONTENT REVIEW

Multiple Choice

Choose the letter of the answer that best completes each statement.

1. Substances that enter into a chemical 5. An atom with an atomic number of § has
reaction are known as a. 8 protons.
a. reactants. ¢. products, b. 4 protons plus 4 neutrons.
b. catalysts. d. isotopes. c. 4 protons plus 4 electrons.
2. Two important physical properties used to d. 4 neutrons plus 4 electrons.
define matter are 6. Which is true of carbon-12 and carbon-14?
a. taste and smell. a. They have the same number of neutrons,
b. mass and volume. b. They have the same number of protons.
¢. weight and boiling point. ¢. They have the same mass number.
d. mass and freezing point. d. They are isotopes of different elements.
3. The nucleus of an atom contains 7. A shorthand way of representing an
a. electrons and protons. element is a chemical
b. electrons and neutrons. a. formula,
c. protons, electrons, and neutrons. b. reaction.
d. protons and neutrons. C. property.
4. A substance consisting of two or more d. symbol.
different elements chemically combined is 8. Radioactive isotopes are used
a(an) a. as tracers.
a. molecule, b. to diagnose disease.
b. crystal. c. to treat disease.
¢. compound, d. to do all of these.
d. isotope.
True or False

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to make the statement true.

1. Chemical properties describe a substance's 5. Chemical reactions that absorb energy will

ability to undergo a chemical change. occur spontaneously.

2. The zharing of electrons is characteristic of 6. The amount of space an object takes up is
ionic bonds. known as weight.

3. Any process in which a chemical change 7. Atoms that have complete outermost
occurs is known as a chemical formula, energy levels are said to be very stable.

4. The number of protons in the nucleus of an 8. The positively charged subatomic particle
atom is called the mass number. is the electron.




Word Relationships

In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common o three of the terms and
then identify the term that does not belong.

1. energy level, proton, nucleus, neutron

2. oxygen, sodium, carbon dioxide, mercury

3. solid, mass, liquid, gas

4. 2, second energy level, 8§, third energy level

5. molecule, electron transfer, covalent bond, water

6. color, phase, ability to burn, texture

7. products, physical change, reactants, yields

8. Democritus, atom, divisible particle, Greek philosopher

CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each
of the following in a brief paragraph.

1. Describe two important differences between
physical and chemical properties.

2. Identify each of the following changes as
either a physical change or a chemical change:
a. melting butter - e, exploding TNT
b. boiling water - f. dissolving sugar
c. digesting food g. burning fuel oil
d. baking brownies

3. Describe the subatomic particles found in

the atom. Be sure to include their charge,
mass, and location in your description.

4. What is the atomic number of an element?
What is its significance?

5. Nitrogen-14 and nitrogen-15 are isotopes of
the element nitrogen. Describe how atoms
of these isotopes differ from each other.

6. What is a radioactive isotope? Describe
three uses of radioactive isotopes.

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Relating facts Explain why the use of 5. Applying concepts A basic principle of

radioactive isotopes has both advantages
and disadvantages.

2. Developing a model Draw a diagram of
the electron arrangement for the following
elements based on their atomic number:
lithium (3), carbon (6), fluorine (9),

magnesium (12), phosphorus (15), argon (18).

3. Identifying patterns Explain why the
element neon, with an atomic number of
10, is unreactive.

4, Synthesizing concepts Explain the role of
energy in chemical reactions.

electricity is “like charges repel and
opposite charges attract.” How does the
organization of particles in an atom
illustrate this principle? How does it
refute it?

. Using the writing process The time is

3000 years ago. The Greek philosopher
Democritus has proposed that all matter is
made up of atoms. Write a brief speech
supporting or refuting the concept of
indivisible atoms.
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A variety of important chemical substances are
combined in specific ways to produce protein
motecules, which are among the basic compounds
) |

of fife.
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CHAPTER OUTLINE

4-1 Water

o Muodtures
¢ Solutions
® Suspensions

4-2 Chemical Compounds in Living
Things
& Inorganic Compounds
e Organic Compounds
¢ Po s

4-3 Compounds of Life

® Carbohydrates
® Lipids

¢ Proteins

® Enzymes

e Nucieic Acids

Figure 4-1 The importance of
water to all living things cannot
be denied—whether it's as a vital
body fluid or as home to
penguins in Antarctica. The Earth
and its inhabitants cannot survive
without water. Every attempt
must be made to preserve this
resource necessary to life.

4-1 Water

Section Objectives

= List some important properties of water.

55 Describej: the nature of mixtures, solutions, and
SUSpensions.

# Define acids, bases, neutralization, and pH scale.

Someone once said that if there is magic on this planet,
then it is to be found in water. Water? To most of us, water is so
ordinary that it is of little interest and certainly does not seem
magical. Yet how wrong we are!

Water is one of the few naturally occurring compounds that
is liquid at the temperatures found on much of the Earth’s sur-
face. Unlike most other materials, water expands slightly as it
makes the phase change from liquid to solid. This explains why
ice floats at the surfaces of lakes and rivers rather than sinking
to the bottom—a situation that might be disastrous for fish and
plant life, to say nothing of the sport of skating!

Water is a most unusual molecule, with physical and chemi-
cal properties found in no other material. Water covers more
than 75 percent of the Earth’s surface and is the most abundant
compound in nearly all living organisms.

The most important property of the water molecule is
that due to an uneven distribution of electrons, it is slightly
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Negatively Charged End
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\ Positively Charged End
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Figure 4-2 The polarity of a water
modecule expiains why water is able
to dissolve thousands of substances
—whether they be ionically or
covalently bonded. Which end of a
water moiecule s positive?
Negative?

charged on each end. See Figure 4-2. [n this way, each water
molecule is like a little magnet, with one pole near the nucleus
of the oxygen atom and the other pole near the nuclei of the
two hydrogen atoms. Thig polarity produces a strong attraction
between individual water molecules and between water mole-
cules and other charged molecules,

The slight charges of water molecules make them espe-
clally good at forming mixtures. A mixture i$ a substance com-
posed of two or more elements or compounds that are mixed
together but not chemically combined. Sait and pepper stirred
together constitute a mixture, So do sugar and sand. Unlike
chemical compounds, the substances that make up mixtures
can be added in varying amounts and are not linked by chemi-
cal bonds.

Earth's atmosphere is a mixture of gases; soil is a mixture
of individual solid particles; and living things are in part com-

Figure 4-3 By combining powdered iron (top) with
powdered sulfur (center), an iron-sulfur mixture is formed.
But because the substances making up this mixture are not
linked by chemical bonds, they can be separated easily by a
magnet (bottom). The gold miner can separate heauvy
pieces of gold from rock, sand, and dirt by shaking the
mixiure in a pan of water and letiing the gold seltle to the
bottorn (right).



posed of mixtures involving water. The mixtures that are made
with water can be of two important types: solutions and
suspensions.

Solutions

If a cube of sugar is placed in a glass of warm water, the
movement of the water molecules gradually breaks off single
molecules from the sugar cube, These sugar molecules then be-
come dispersed in the water and the sugar dissolves. See
Figure 4-4. Before long, the sugar cube has completely
disappeared and the sugar molecules are uniformly spread
throughout the water, forming a solution. The sweet taste of
the solution tells us that the sugar Is still there. The sugar has
undergone a physical but not a chemical change in forming a
solution with water,

You have probably made solutions of water and many other
materials, such as sugar, salt, tea, and cocoa. In these solutions,
water is the solvent, or substance that does the dissolving. The
substance that is dissolved—salt or tea, for exampie—is the
solute. All solutions consist of a solvent and a solute. Without
exaggeration, waier is the greatest solvent in the world. This
distinction is due largely to the charges at either end of the
water molecule, which attract water molecules to other mole-
cules whether they are positively or negatively charged.

ACIDS When ionically bonded compounds dissolve in
water, they often dissociate, or break apart, into individual
ions. Common table salt (sodium chloride) is a good example.

NaCl - Na* + Cl-
sodium chloride sodiuom ion chloride ion

The dissociation of sodium chloride produces the positive
sodium ion (Na*) and the negative chloride ion (CI”). Many
other compounds follow this general pattern when they dis-
solve in water. One group of compounds, however, deserves
special attention. Consider the following dissociation reaction:

HCl -t H* + CI-
hydrochloric acld hydrogen ion chloride ion

At first glance this compound dissociates in the same way
that salt does. Just like salt, it produces a chloride ion (CI7).
But the hydrogen ion (H") that is produced is very different
from the sodium ion (Na*). The H* is the most chemically reac-
tive ion known. It is a single proton, lacking any electrons. This
absence of electrons enables the hydrogen ion to attack the
chemical bonds in a wide variety of molecules.

Compounds that release hydrogen ions into solution are
known as acids, and we know HCl as hydrochloric acid. Can
you name some other examples of acids?

1 Water solvent |

Water

Sugar .molecules~, |

i molecule
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Figure 4-4 The solution process
first involves the separation of solute
particles from the surface of the
solid solute. Then the solule
molecules enter the solution. Finally,
the solute molecules are attracted 1o
the solvent molecules.

Figure 4-5 Hydrochloric acid, HCI,
is a strong acid present in the
stomach that aids in the process of
digestion. Here you see a fiber oplic
endoscopic image of the stomach
lining.




Figure 4-6 On the pH scale, 7 is
neuiral, acids are between 0 and 7,
and bases are between 7 and 14. A
difference of I between consecutive
numbers on the scale is actually a
difference of 10 times the relative
strengths of the acids or bases. What
cleaner is more basic? What body

fAluid is most acidic?

Increasingly basic

Increasingly acidic

T

14 ]_ye
i

13 . Household bieach
| Oven cleaner

12

1 -8 Household

ammonia
10 Soap

9 4+ Baking soda

8 -~ Sea water

— Human blood

= Taars
7= Waler

[~ Saliva
6L Unne

Normal rainwater

S-TT Shampoo
4 Tomatoss
3 Vinegar

4 Cola

2-§ Lemon pice

1 Stornach agid

BASES Bases are compounds that release hydroxide ions
(OH™) into solution. Sodium hydroxide is an example of a base.

NaOH —  Na* + OH~
sodium hydroxide - sodium ion hydroxide ion

Strong acids and bases are highly reactive chemical com-
pounds. They can attack and break a variety of chemical bonds,
thus making them potentially dangerous to living tissue.

NEUTRALIZATION AND pH Mixing a strong acid and a
strong base results in a reaction in which hydrogen ions and
hydroxide ions react to form water. This type of reaction is
called a neutralization reaction. Can you guess the reason for
this name?

H* + OH"~
hydrogen ion hydroxide ion

— H0
water

If the quantities of acid and base being mixed are in perfect
balance, the neutralized solution that results is neither acid nor
base. The concentrations of hydrogen ions and hydroxide ions
are equal. The relative concentrations of hydrogen ions and
hydroxide ions in a solution is an important indicator of the
properties of the solution. A measurement system known as the
pH scale indicates the relative concentrations of these two
ions. See Figure 4-6.

The pH scale ranges from 0 to 14. Pure water, in which the
concentrations of H* and OH"™ ions are equal, has a pH value of
7.0. Acids have pH values of less than 7. Strong acids, such as
those that help digest food in the stomach, have pH values of 1
to 3. Bases have pH values greater than 7. Strong bases, like
ammonia or lye, have high pH values, ranging from 11 to 13.
The pH values within most cells range from 6.5 to 7.5. These
near-neutral values are maintained by dissolved compounds
that help prevent sharp, sudden swings of pH, which might
cause damaging chemical changes within living tissues.

Suspensions

Some materials do not break into individual molecules
when placed in water but still form pieces so small that they
will not settle to the bottom of a container, The movement of
water molecules keeps these small particles suspended. Such
mixtures of water and nondissolved material are known as
suspensions.

In living things, both solutions and suspensions are very
important. A perfect example is the blood that circulates
through your body. Blood, as you might have guessed, is
mostly water. In that water are many dissolved compounds, in-
cluding salt. So blood is a solution. But blood is also a suspen-



sion. It contains tiny structures that aid in clotting, as well as
living cells and other suspended particles. See Figure 4-7,
These components do not dissolve in blood. Instead, they form
a suspension that circulates through the body—an extremely
vital suspension made possible by the most important mole-
cule found in living things: water.

1. What are some important properties of water? What
property accounts for its being the best solvent?

2. What is a mixture? What are two important types of
mixtures? How do these two types differ?

3. What is a solution? A solvent? A solute?

4. Describe two important difierences between acids and
bases.

5. What is a neutralization reaction? Give an example,

6. Hydrogen fluoride (HF) is dissolved in pure water.
Predict whether the pH of the solution will be greater
than or less than 7.0.

Figure 4-7 Mixtures of water and
nondissolved matenial are called
suspensions. Oit and water (left) is
a common suspension. Ferhaps fess
familiar to you is the suspension
circulating through your body—
blood! Blood contains cloting
structures, living cells, and other
particles, all suspended in a solution
of water and other dissolved
compounds (right).
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Section Objectives

& Identify the four most abundant
elements in living things.

@ Compare inorganic compounds and
organic compounds,

E Describe the properties that make
carbon unigue.

® Expiain the importance of
polymerization.

Figure 4-8 A carbon atom contains
6 protons, 6 neutrons, and 6
electrons. What is the arrangement
of these 6 electrons?

First — -
ENergy
leved —~

i.) {
Second — 3
energy
level Carbon Atom

4-2 Chemical Compounds
in Living Things

Although the Earth's crust contains 90 naturally occurring
chemical elements, only 11 of these elements are common in
living organisms. Another 20 are found in trace amounts. Just
four elements—carbon, nitrogen, oxygen, and hydrogen—
make up 96.3 percent of the total weight of the human body.
In varying combinations, the elements carbon, hydrogen,
oxygen, and nitrogen make up practically all the chemical
compounds in living things. To make the study of these and
all other chemical compounds easier, scientists have divided
them into two groups: organic compounds, which contain car-
bon, and inorganic compounds, which do not.

inorganic Compounds

Inorganic compounds are primarily those compounds that
do not contain_carbon. One exception to this definition is car-
bon dioxide, which although it does contain carbon is an inor-
ganic compound. The natural world is dominated by such
compounds. Water is inorganic, as are the minerals that make
up most of the sand, soil, and stone of the Earth’s landmasses.

Living things contain a great many inorganic compounds,
ranging from water to carbon dioxide to calcium phosphate, a
mineral from which bones are formed. The group of com-
pounds known as salts that help to balance the pH of the blood
are largely inorganic.

Organic Compounds

Organic compounds are carbon-containing compounds. A
special branch of chemistry called organic chemistry deals
with the chemistry of carbon and its more than 2 million com-
pounds. Why is carbon so special?

Carbon is a unique element because of its remarkable
ability to form covalent bonds that are strong and stable. You
will recall that covalent bonds involve the sharing of electrons.
Carbon has 6 electrons, 2 in the first energy level and 4 in the
second. So only 4 of the 8 positions in its outermost energy
level are filled. This means that carbon can form four single co-
valent bonds. The simplest compound that can be formed from
carbon is methane, CH,. Carbon can also form covalent bonds
with oxygen, nitrogen, phosphorus, and sulfur atoms. The abil-
ity to bond easily and form compounds with these common el-
ements would be enough to make carbon an interesting
element. But there’s more!

Carbon can form chains of almost unlimited length by
bonding to other carbon atoms. The bonds between carbon
atoms in these straight chains can be single, double, or triple



covalent bonds—or combinations of these bonds. No other ele-
ment can equal carbon in this respect. These chains can be
closed on themselves to form rings. The ring structures may in-
clude single or double bonds, or a mixture of both. This gives
even more variety to the kinds of molecules that carbon can

Figure 4-9 Because of its
remarkable ability to form a vaniety
of covalent bonds, carbon is an
unparalleled element. Here you see

form. See Figure 4-9. some of the different types and
arrangemenis of carbon bonds.
L
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H
Methane Iso-Octane Butadiene Acetylene Benzene
Polymerization

Many carbon-based compounds are formed by a chemical
process known as polymerization, in which large compounds
are constructed by joining together smaller compounds. The
smaller compounds, or monomers, are joined together by
chemical bonds to form polymers. Many polymers are so large
that they are called macromolecules. As used here, the prefix
macro- means giant.

Polymerization provides a way to form complex molecules
by joining monomers together. The chemical diversity that po-
lymerization allows living things is similar to the diversity that
our alphabet allows us. Although there are only 26 letters in the
alphabet, our ability to join them together (polymerize them)
to form words gives us an almost infinite variety of possible
words (molecules).

SECTION
REVIEW

-

1. What is an inorganic compound? An organic compound?

2. Is the chemical composition of the human body similar
to the composition of the Earth's crust? Explain your
answer,

3. What special properties of carbon make it such an
important compound in living things?

4. Describe the process of polymerization.

Figure 4-10 A polymer is made up
of a series of monomers.

1

Monomer
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Section Objectives

® ldentify the four groupe of organic
compounds found in living things.

& Describe the siructure and function
of each group of compounds of life.

® Explain how enzymes work and why
they are important to living things.

Figure 4-11 Glucose, fructose, and
galactose are single sugars, or
monosaccharides. Sugars form a
group of organic compounds known
as carbohydrates. The formuia for
aff three of these single sugars is
C.H,;0, What makes them different
from one another?

70

4-3 Compounds of Life

The number of possible organic compounds is almost limit-
less. Fortunately, however, it is possible to classify many im-
portant organic compounds found in living things into four
groups. The four groups of organic compounds found in liv-
ing things are carbohydrates, lipids, proteins, and nucleic
acids. By knowing the characteristics of just these groups, you
will know a great deal about the chemistry of living things.

Carbohydrates

Although you may not realize it, you are probably quite
familiar with the group of organic compounds known as
carbohydrates. Carbohydrates, you see, are the molecules that
we often call sugars. Carbohydrates contain carbon, hydrogen,
and oxygen atoms in an approximate ratio of 1:2:1 (C:H:0). The
simplest carbohydrates are called monosaccharides, meaning
single sugars. Examples of monosaccharides include glucose,
galactose, and fructose. Glucose is the sugar green plants pro-
duce during the food-making process. Galactose is found in
milk. And fructose, the sweetest of these simple sugars, is
found in fruits. The formula for all three of these simple sugars
is CgH,,0,. What makes them different from one another is the
arrangement of the individual atoms. See Figure 4-11.

Glucose Fructose Galactose
N W
p=0] - H—C—OH | ! @
H—C—OH : H—G—OH
HO— HO~C—H ! HO—C—H
—OH ! [Hf-c—on | HO—?—E
H—C—OH | H—C—OH H—C—OH
H—?—OH H—(I:—OH ; H_?_OH
B - H

Sugars are important to living things because they contain
a great deal of energy. This energy is stored in the chemical
bonds that make up the carbohydrate molecules. When the
chemical bonds are broken, the energy is released. Nearly all
organisms use glucose as one of their basic energy sources. In
Chapter 6, you will learn how the energy from sugar molecules
is used by living things.

DEHYDRATION SYNTHESIS Complex carbohydrates are
made by a process of polymerization in which two or more



DEHYDRATION SYNTHESIS

Glucose .
C.H..0,

Fructose
CsH,:04

——————

. & oo
s < ;

Sucrose + Water
Ci:Hy04 H,0

e

Figure 4-12 The dehydration synthesis of a molecule of
glucose and a molecule of fructose produces a molecule of
sucrose and a molecule of water. What type of sugar is
sucrose?

monosaccharides are combined to form larger molecules. The
chemical bond that links two simple sugars is formed between
the -OH groups present in each molecule. As you can see from
Figure 4-12, one OH from one molecule combines with the H of
the OH from the other molecule. When the bond is complete, a
molecule of water is removed from the two monosaccharides.
Because of the loss of water, the joining of two sugars is known
as dehydration synthesis. Dehydration means loss of water,
and synthesis means putting together.

The compound formed from the joining of two single
sugars in dehydration synthesis is called a disaccharide, or
double sugar. Ordinary table sugar, or sucrose (C,;H,,0,),1s a
disaccharide. Other disaccharides include maltose (malt
sugar) and lactose (milk sugar).

POLYSACCHARIDES Very large molecules can be formed
by joining together many monosaccharide units. Such com-
pounds are known as polysaccharides. Polysaccharides are
the form in which living things store excess sugar. One impor-
tant polysaccharide is starch. Plants store excess sugar in the
form of starch, which is present in potatoes and bread. Starch
is a very large molecule formed by joining together hundreds of
glucose molecules. Animals store their excess sugar in the form
of glycogen in the liver and muscles. Glycogen is an even larger
molecule consisting of hundreds or even thousands of glucose
molecules. Glycogen is sometimes called animal starch. Do you
see why? Because they are polymers of single sugars, both
starch and glycogen help store energy in living things. Another
polysaccharide is cellulose, which is found only in plants, Cel-
lulose helps to support a plant by giving it strength and rigid-
ity. Cellulose is the major component of wood. As such, it is
often used as a building material or 2 printing material. The
page upon which these words are printed is made principally
of cellulose,

Figure 4-13 Cellulcse fibers (top)
are exiremely strong and thus abie
to support the enormous mass of

these giant sequoia trees (boltom).

S~



HYDROLYSIS

Sucrose -

C:H:.0,,

Water =———) GlOcose + Fructose
H,0 C4H .0, CiH,.0,

Figure 4-14 The hydrolysis of a
molecule of sucrose produces a
molecule of glucose and a molecule
of fructose.

Figure 4-15 Lipids are organic
compounds that are most familiar
as fats, oils, and waxes (right). Many
lipids are formed from fatty acids
and glycerol. All fanty acids contain
long chains of carbon and hydrogen
atoms to which a carboxyl group is
attached. A carboxy! group consists
of 1 carbon atoin, 1 hydrogen atom,
and 2 oxygen atoms (left),
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HYDROLYSIS When polysaccharides are split apart to
again form monosaccharides, the dehydration synthesis reac-
tion is reversed. This reverse reaction is known as hydrolysis.
Hydrolysis, which means water splitting, is an appropriate
name because a molecule of water is consumed by the chemi-
cal reaction that splits the bond between adjacent monosac-
charides. Figure 4-14 illustrates the hydrolysis reaction.

¥ 8ond A
LAPIES

Lipids are organic compounds that are waxy or oily. Lipids
have three major roles in living organisms. Like carbohydrates,
lipids can be used to store energy. Lipids are used to form bio-
logical membranes. And certain lipids are used as chemical
messengers. The common names by which we know lipids are
fats, oils, and waxes. Generally, fats and waxes are solid at
room temperature, whereas oils are liquid.

Many important lipids are formed from combinations of
fatty acids and glycerol. Fatty acids are long chains of hydrogen
and carbon atoms that have a carboxyl group attached at one

Carboxyl Group -COOH




FORMATION OF A LIPID
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end. A carboxyl group Is a chemical group consisting of one
carbon atom, one hydrogen atom, and two oxygen atoms
(-COOH). See Figure 4-15. Glycerol, which is an organic alcohol,
contains three carbon atoms, each of which is attached to a hy-
droxyl (-OH) group. Many lipids are formed by the attachment
of two or three fatty acids to glycerol. Figure 4-16 shows how
fatty acids combine with glycerol to form a lipid. Can you rec-
ognize the chemical reaction that is responsible for the forma-
tion of the lipid?

SATURATED AND UNSATURATED LIPIDS If every carbon
atom in a fatty acid chain is joined to another carbon atom by a
single bond, the fatty acid is said to be saturated because it
contains the maximum number of hydrogen atoms. If a pair of
carbon atoms is joined by a double bond, the fatty acid is said
to be unsaturated. Because of the doubie bond, it does not con-
tain the maximum number of hydrogen atoms. If a fatty acid
contains several double bonds, it is said to be polyunsaturated.
Figure 4-18 on page 74 shows an example of each of these
types of fatty acids.

Lipids made from saturated fatty acids are called saturated
fats. Such fats are commonly found in meats and most dairy
products. Lipids made from polyunsaturated fatty acids are
called polyunsaturated fats. If that term seems familiar, it
should. Polyunsaturated fats tend to be liquid at room tempera-
ture and are used in many cooking oils, such as sesame, pea-
nut, and corn oil. Including polyunsaturated fats in the diet
may help to prevent heart disease, a connection we will ex-
plore more completely in Chapter 41.

Both plants and animals use lipids as a means of storing
energy. Because lipids contain far fewer oxygen atoms than
carbohydrates do, they have less mass per unit of chemical
energy than carbohydrates. In other words, when lipids are

Figure 4-16 The formation of a
lipid involves the combination of
three fatty-acid molecules with one
glycerol motecule. What type of
chemical reaction is taking place
here?

Figure 4-17 Animals use lipids as
a means of storing energy. When
black bears retreat to their dens in
late autumn, they lie doum and often
cease (o move, eat, drink, and
eliminate wastes for about 5 months
Burning up nearly 4000 calories per
day, a bear’s metabolism operates
at 50 to 80 percent its normal rate
The energy the bear needs comes
primarily from its stored lipids.
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Figure 4-18 Falmitic acid is a
saturated faity acid. Why do we say
that oleic acid is unsaturated? Why
is finodeic acid polyunsaturated?

Figure 4-19 All eminc acids have
an aminc group {-NH,) on one end
and G carboxyl group (-COOH) on
the other. They differ in a region of
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broken down, they produce more energy gram for gram than
carbohydrates do.

STEROLS AND PHOSPHOLIPIDS Two other kinds of
lipids are particularly important in living organisms. They are
sterols and phospholipids. One of the most common sterols is
a molecule calied cholesterol. Cholesterol is an important part
of many cells, but excessive cholesterol in the diet is a risk fac-
tor in heart disease. Sterol lipids play a number of important
roles in building cells and carrying messages from one part of
the body to another. We will learn more about sterols later in
this textbook.

Phospholipids are molecules consisting of parts that dis-
solve well in water and parts that do not dissolve well in water.
The portions of a phospholipid molecule that do not dissolve
in water are oily. What happens to a molecule made of two very
different parts? When phospholipid molecules are mixed with
water, they may form small balloonlike structures known as
liposomes. Each liposome is formed from a double layer, or
bilayer, of lipid molecules. A liposome forms spontaneously, or
without any outside help. It forms merely by the attraction of
the oily parts of the lipid molecules for each other and by the
attraction of the other parts of the lipid molecules for the
surrounding water. The ability to form bilayers spontaneously
is an important property of lipids that enabies them tc play a
key role in forming cell membranes.

Proteins

Proteins are organic compounds that contain nitrogen in
addition to carbon, hydrogen, and oxygen. Proteins are poly-
mers of amino acids. An amino acid has an amino group
(-NH,) on one end and a carboxyl group {-COOH) on the
other. These groups can form covalent bonds with each other.
As a result of these bonds, very long chains of amino acids can
be put together. All amino acids have a similar chemical
structure, but they differ in a region of the molecule known as
an R group. See Figure 4-19. There are more than 20 different
amino acids. each of which contains a different R group.

PEPTIDES The covalent bond that joing two amino acids
is known as a peptide bond. A molecule of water is lost when a
peptide bond is formed between two amino acids. This reaction
is another example of dehydration synthesis. A dipeptide is
two amino acids joined by a peptide bond. A tripeptide con-
tains three amino acids. And, as you might expect, a polypep-
tide is a long chain of aminc acids.

PROTEIN STRUCTURE A complete protein contains one
or more polypeptide chains and may contain a few other chem-
ical groups that are important to its proper function. Proteins
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have numerous roles: They help to carry out chemical reac-
tions; they pump small molecules in and out of cells; and they
are even responsible for the ability of cells to move. The func-
tions of proteins are at the very center of life itself.

T -

Enzyvmes

Chemical reactions make life possible, Hundreds of chemi-
cal reactions are involved in a process as simple as digesting a
chocolate bar. If these chemical reactions proceeded (oo
slowly, not only would the chocolate bar remain in the stomach
for a long time, but the ordinary activities of life would come to
a halt as well. Since this is not the case, some substances in the
body must be responsible for speeding up the process.

A substance that speeds up the rate of a chemical reaction
is called a catalyst. Catalysts are not changed by the reactions

Peptide bond ‘
HIQ HiH g
\ [ ‘ ,
C N t 1 4,01
R A OH )
!
Y 5
T — — {
Dipeplide + Water
Figure 4-20 Peptide bonds—which

result in the formation of dipeptides
tripeptides, and polypeptides—form
during the dehydration synthesis of
amino acids

Figure 4-21 Proteins are found in
a variety of substances. These
photographs show some of the more
common proteins: collagen used in
tennis racket strings (top, left),
keratin in a peacock feather {(top,
right), silk from a spider’s web
(bottom, left), and human hair
(bottom, right).




T Enzyme
ready to repeat
its catalytic action

Figure 4-22 In the lock-and-key
fiypothesis of enzyme action, an
enzyme and its substrate bind at a
region known as the active site in a
manner similar to the way in which
two pieces of a jigsaw puzzle fit
together. What is the role of an
enzyme?

Figure 4-23 Nucleic acids are
polymers of nuclectides, which are
molecules built up from three basic
paris: a special 5-carbon sugar, a
phosphate group, and a nitrogenous
base.

— o
Nucleotide
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they promote, and therefore they are not used up during the re-
action. Catalysts work by lowering the “start-up” energy of a
reaction. Chemists often seek catalysts that will speed up reac-
tions important to industry. Living organisms have gone the in-
dustrial chemist one better—they contain their own special
catalysts, which are known as enzymes.

With a few exceptions, enzymes are proteins. Understand-
ing their function is an important part of the study of proteins.
Simple cells may have as many as 2000 different enzymes, each
one catalyzing a different reaction. An enzyme may accelerate a
reaction by a factor of 10"—that is, making it happen
10,000,000,000 times faster! Thus a reaction that might take as
long as 1500 years without an enzyme can be completed in just
S seconds!

Enzymes speed up a reaction by binding to the reactants,
which, as you may recall, are the substances that enter into a
chemical reaction. The reactants that are affected by an en-
zyme are known as substrates. Substrates bind to enzymes at a
region known as the active site,

The way in which a chemical reaction is catalyzed varies
from one enzyme to another. An enzyme can catalyze a reac-
tion by holding two substrates in positions in which they can
react with each other. Or an enzyme can catalyze a reaction by
twisting a substrate molecule slightly so that a chemical bond
is weakened and broken.

Enzymes are very specific. A particular enzyme can cata-
lyze only one particular chemical reaction involving specific
substrates. Scientists theorize that this has something to do
with the shape of the enzyme's active site. In fact, the fit be-
tween an enzyme's active site and its substrate is often com-
pared to that of a lock and key.

Enzymes are important in regulating chemical pathways,
synthesizing materials needed by cells, releasing energy, and
transferring information. You will discover that enzymes are in-
volved in digestion, respiration, reproduction, vision, move-
ment, thought, and even in the making of other enzymes.

Nucleic Acids

Nucleic acids are large complex organic molecules com-
posed of carbon, oxygen, hydrogen, nitrogen, and phosphorus
atoms. Nucleic acids are polymers of individual monomers
known as nucleotides. Nucleotides are molecules built up from
three basic parts: a special 5-carbon sugar, a phosphate group,
and a molecule generally known as a nitrogenous base. See Fig-
ure 4-23. Individual nucleotides can be linked together by co-
valent bonds to form a polynucleotide. There are two basic
kinds of nucleic acids: ribonucleic acid (RNA), which contains
the sugar ribose, and deoxyribonucleic acid (DNA), which
contains the sugar deoxyribose. Despite their name, nucleic
acids are not strongly acidic.



Nucleic acids store and transmit the genetic information
that is responsible for life itself. How they do this, and how that
information is decoded and transferred, is a fascinating story
that we will leave for Chapter 7.

4_3 SECTION

REVIEW S
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living things? Give an example of each.
and polysaccharides.

things?

. Describe the structure of a protein.
. What is an enzyme? What is its function in living things?
. Describe the structure and function of nucleic acids.

What are two important nucleic acids?

SCIENCE,

TECHNOLOGY,

AND SOCIETY

The Structure of Proteins

Although proteins are among the largest of
all macromolecules, it is sometimes possible
to determine their detailed structure, includ-
ing the position of every atom. This is done
with the aid of a technique called X-ray
crystallography.

The first, and often the trickiest, step in
the procedure is to grow small crystals of a
protein—often no larger than a grain of salt
(0.1 mm). These protein crystals are then
placed in a finely tuned beam of X-rays. As the
X-rays pass through the crystal, they are scat-
tered in a pattern that is recorded on film and
then analyzed by computers. These X-ray scat-
tering patterns contain enough information to
allow scientists to build a complete model of
the protein. The accompanying photograph,
showing the arrangement of proteins on the
surface of a common cold virus, was obtained

What are the four groups of organic compounds found in
Distinguish between monosaccharides, disaccharides,

What are lipids? How are they important to living

by this technique. X-ray crystallography is a
powerful scientific tool that enables us to visu-
alize protein structure and understand the bio-
logical activities of complex molecules.
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TESTING ENZYME ACTIVITY

PROBLEM
How does pH influence the activity of the enzyme catalase?

MATERIALS (per group)

5 125-mL Masks
graduated cylinder

0.1 M hydrochloric
acid

petri dish 3% hydrogen peroxide

3 medicine droppers liver puree (catalase)

stirring rod small piece of raw

hydrion (pH) papers  beef liver

0.1 M sodium glass-marking pencil
hydroxide safety goggles

PROCEDURE 4 »» (4 =

1. Prepare an appropriate data table on a sepa-
rate sheet of paper.

2, Put on safety goggles. Put a small piece of raw
liver in an open petri dish. Using a medicine
dropper, put a drop of hydrogen peroxide on
the liver. CAUTION: Hydrogen peroxide can be
irritating to skin and eyes. If you spill any on
yourself or your clothes, wash it off immediately.
Observe what happens. Liver contains the en-
zyme catalase, which breaks down hydrogen
peroxide formed in cells. When hydrogen per-
oxide is broken down by catalase, bubbles of
oxygen gas are released.

3. Using the glass-marking pencil, number the
flasks from 1 through 5. With a clean medicine
dropper, put 10 drops of water in flask 1. Using
a graduated cylinder, measure out 5 mL of hy-
drochloric acid and add it to the water in the
flask. CAUTION: When diluting an acid, always
pour the acid into the water. Rinse the dropper
and the cylinder.

4. Prepare the following solutions for the
remaining flasks. Use procedures similar to
those used in step 3. Flask 2: 10 drops of
hydrochloric acid added to 5 mL of water,
Flask 3: 5.5 mL of water only. Flask 4: 10 drops
of sodium hydroxide added to 5 mL of water.
Flask 5: 5 mL of sodium hydroxide added to 10
drops of water,

5. Using the stirring rod, put a drop of the
solution from flask 1 on a piece of hydrion
paper to measure the solution’s pH. Record
the results in the data table. Repeat the pro-
cedure for the solutions in flasks 2, 3, 4, and 5.

6. Using the clean graduated cylinder, add 5 mL
of hydrogen peroxide to each flask. Look for
bubbles. Identify the amount of activity in
each flask by assigning it a number from 0 to 3,
when 0 means no bubbles, 1 means few
bubbles, and 3 means many bubbles.

7. Rinse out the five flasks thoroughly. Repeat
steps 3 through 5.

8. Using a clean medicine dropper, add 5 drops
of liver puree to each solution and mix well by
swirling the flask.

9. Using the clean graduated cylinder, add 5 mL
of hydrogen peroxide to each flask. Identify
the amount of activity in each flask from 0 to 3,
as you did in step 6.

OBSERVATIONS

1. What happened when hydrogen peroxide was
added to each flask without liver puree?

2. What happened when hydrogen peroxide was
added to each flask with liver puree?

3. In which flask(s) was the bubble activity great-
est? What was the pH of the solution(s)?

ANALYSIS AND CONCLUSIONS

1. What is the purpose of the flasks without liver
puree?

2. At what pH does catalase function best? How
do you know?

3. If a strong acid has a pH of 1, a strong base, 14,
and water, 7, does catalase work best in an
acid, base, or neutral environment? Explain.

4. What conclusions can you draw about the pH
in body cells?

5. Predict ways in which pH affects the chemical
reactions in living cells.
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to help you
review the chapier content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

4-1 Water

* Water is the most abundant compound in the
majority of living organisms.

* A mixture is a substance composed of two or

more compounds mixed together but not
chemically combined.

* A solution consists of a solvent and solute.

¢ Compounds that release hydrogen ions (H*)
in solution are acids. Those that release hy-
droxide ions (OH™) are bases.

4-2 Chemical Compounds in Living Things

¢ The four most abundant elements in living
things are carbon, hydrogen, oxygen, and
nitrogen,

¢ Inorganic compounds are primarily those
that do not contain carbon. Organic com-
pounds contain carbon.

REVIEWING KEY TERMS

¢ Polymerization is the process in which poly-
mers are made by joining monomers.

4-3 Compounds of Life

* The four groups of organic compounds found
in living things are carbohydrates, lipids,
proteins, and nucleic acids.

* The polymerization of two monosaccharides
to form a disaccharide occurs as a resuit of
dehydration synthesis. Hydrolysis is the re-
verse reaction.

* Lipids are important sources of energy and
compounds of biological membranes.

* Proteins are polymers of amino acids.

* Enzymes are, with a few exceptions, pro-
teins. Enzymes are catalysts.

* Nucleic acids are polymers of nucleotides,

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you shouid be especially famifiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not
sure of a term's meaning, return to the appropriate section and review its definition.

4-1 Water 4-2 Chemical
mixture Compounds
solution in Living Things
solvent organic compound
solute inorganic
acid compound
base polymerization
neutralization monomer

reaction polymer
pH scale macromolecule
suspension

4-3 Compounds amino acid
of Life peptide bond
carbohydrate catalyst
monosaccharide enzyme
dehydration substrate

synthesis active site

disaccharide nucleic acid
polysaccharide nucleotide
hydrolysis ribonucleic acid
lipid (RNA)
cholesterol deoxyribonucleic
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Multipie Choice

Choose the letter of the answer that best completes each statement.

1. The most abundant compound in most 5. The region on an enzyme to which a
living things is substrate binds is called the
a. carbon dioxide. ¢. sodium chloride. a. catalyst. C. active site.
b. water. d. hydrochloric acid. b. activated complex. d. carboxyl group.

2. A strong acid has a pH of 6. The function of nucleic acids is related to
a. 14. c 5. a. energy release.
b. 7. d 2. b. enzyme formation.

3. Which group of elements combine to form ¢. transmission of genetic information.
practically all the chemical compounds in d. catalyzing chemical reactions.
living things? 7. When phospholipid molecules are mixed
a. carbon, hydrogen, oxygen, nitrogen with water, they form small balloonlike
b. carbon, hydrogen, phosphorus, nitrogen structures called
¢. carbon, sodium, chiorine, oxygen a. liposomes. c. lysosomes.
d. sulfur, phosphorus, carbon, oxygen b. vacuoles. d. dipeptides.

4. Proteins are polymers of 8. The polysaccharide found only in plants is
a. fatty acids. c. sterols. a. glucose. ¢. cholesterol.
b. amino acids. d. nucleic acids. b. glycogen. d. cellulose.

True or False

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to make the statement true.

1. A mixture of oil and vinegar is an example related to heart disease is cholesterol.
of a solution. 6. Individual monomers of nucleic acids are
2. Compounds that release hydrogen ions into known as nucleotides.
solution are known as bases. 7. Including saturated fats in the diet may
3. Compounds that contain carbon are called help to prevent heart disease.
organic compounds. 8. Polysaccharides are split apart to form
4, The simplest carbohydrates are called monosaccharides in a reaction called
disaccharides. hydrolysis.

5. A common sterol whose excessive intake is

Word Relationships

In each of the following sets of terms, three of the terms are related. One term
does not helong. Determine the characteristic common to three of the terms and
then identify the term that does not belong.

1, solution, suspension, solute, solvent

2. monosaccharide, starch, glycogen, cellulose
3. fats, oils, waxes, proteins

4, substrate, enzyme, active site, nucleic acid




ONCEPT MASTERY

——————

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. Explain how the polarity of water molecules
makes water the best solvent.

2. Compare solutions and suspensions.

3. Describe the properties of carbon that
make carbon compounds so numerous.

4, Explain why the formation of a lipid
molecule is a dehydration synthesis
reaction. Use a diagram to help explain
your answer,

5. Distinguish between a saturated,
unsaturated, and polyunsaturated fatty
acid.

6. Explain the importance of enzymes to living
things. Be sure 1o include the following
terms in your answer: catalyst, substrate,
active site, “start-up energy,” lock and key,

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Applying concepts One of the digestive
juices in the human stomach is
hydrochloric acid (HCI). Sometimes an
excess of the acid causes stomach
discomfort. In such a case, a person might
take an antacid such as magnesium
hydroxide (Mg{OH),). Explain why this
substance works to relieve the discomfort,
What reaction is taking place?

2. ldentifying patterns Explain why the
name carbohydrate is an indication of the
chemical composition of any sugar.

3. Relating facts Give two reasons why
dehydration synthesis and hydrolysis are
opposite chemical reactions.

4, Applying concepts Relate the structure of
a phospholipid to the property that makes
it so important in forming cell membranes.

5. Developing a model Materials generally
dissolve more quickly in a solvent if its
temperature is increased. Why do you think
this is so?

6. ldentifying relationships Describe the

role that polymerization plays in the
formation of carbohydrates, proteins, and
nucleic acids.

7. Applying concepts The chemical process
by which a saturated fat is converted to an
unsaturated fat is called dehydrogenation.
Explain why this is an appropriate name.

8. Relating concepts Despite their name,
many amino acids actually raise the pH of
a solution in which they are dissolved. How
could this be true?

9. Using the writing process At the yearly
convention of chemical compounds, a great
debate is raging. The organic compounds,
represented by the carbohydrates, claim
they are the most important compounds in
living things. The inorganic compounds,
championed by water molecules, claim that
life could not exist without them. Write a
5-minute speech in which you take the side
of the organic or the inorganic compounds.
Or, as an alternative, you may file a
minority report in which you argue both
sides are incorrect.

10. Using the writing process Write a short
story entitled, “The Day Ice Stopped
Floating.”




UN!T] CAREERS IN BIOLOGY

Textbook lllustrator Textbook illustrators create the artwork that accompanies the
information in a textbook, Their illustrations serve to express
ideas and clarify explanations contained in the text.

To become a textbook illustrator, a person needs only gen-
eral art classes and artistic ability, but many artists obtain
preparation beyond high school at specialized art schools. Fur-
thermore, some illustrators choose areas such as medical or
scientific art that require training in biology or the physical
sciences.

1o receive additional information write to the Association of

Medical lllustrators, 2692 Huguenot Springs Rd., Midlothian, VA

23113,

Biology teachers help students explore the complex world of
living things. By presenting topics through lectures, demon-
strations, laboratory work, and field trips, they help students
learn the importance of the scientific method and the value of
research. Biology teachers also monitor the progress of indi-
vidual students by evaluating assignments and exams.

To become a biology teacher, a Bachelor’s degree with
courses in biology and education is required. In addition, expe-
rience as a student teacher is necessary to obtain a state teach-
ing license.

For more information write to the National Association of Biology

Teachers, 11250 Roger Bacon Dr., Reston, VA 22090.

Biochemists study chemical processes within living things.
They use highly complex equipment to better understand life
processes such as growth, reproduction, and metabolism.
Some biochemists study the effects of different chemicals on
the human body, whereas others develop methods to help doc-
tors diagnose and treat disease.

Biochemists must have a Bachelor's degree in chemistry or
biochemistry and an advanced degree in a particular area of
biochemistry.

For information about this career write to the American Society of

Biotogical Chemists, 9650 Rockville Pike, Bethesda, MD 20014,

School and community kbraries are a good source of information
2 __H_O_W _TO about different types of jobs and careers. There you wil find a
FIND QuT 7umber of sources that not onfy define specific job Weswasvde-
—_— . scnbe the nature of the work, educational and training requirements,
ABOUT CAREERS the employment outiook for that field, working conditions, and other
e ngcassary information. Two such publications are the Occupational
Outiook Handbook, published by the United States govemment, and

The Encyclopedia of Careers and Vocational Guidance.,
in adadition, many corporations provide career information to inter-
ested students. Your school counseling office may have information

about some of these Companies.
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Both of us agree that the first two chapters in this unit were among the hardest to write
Why? Because they have a big job to do. They must teach you not about a specific series of
facts, but about an entire way of looking at the world. For biology is much more alive. much
more challenging, and much more important than a list of facts could ever be.

Both of us are young as scientists go, but we have seen many changes in biology from
the time we studied it in high school. As far as we're concerned, that's just as well. Anything
that stays the same long enough can become boring. But btology is always changing fast
enough that we never get a chance to get bored—or even to catch our breath. Every year or
two, we have to throw out our lecture notes and many of our old ideas. New discoveries reg-
ularly force us to completely change the way we think about part of our field. It's a lot of
work but also a lot of fun. Because by studying biology, we learn not only about the living
world around us, but about the workings of one of the most fascinating parts of that world—

the human mind.
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UNIT

Cells: The Basic Unz_’t of Life

Don't be focled by the inactivity of these polar bears. Even at rest, their bodies

are afive with action. Mifions of tiny internal factones are bustly faking in raw
materials, distributing them o specialized departments, shipping the products
where they are needed, and disposing of wastes. What are these wondrous
htte factories? They are the fundamental units of afl iving organisms—cefs.

Every cell is a highly organized structure that is responsible for the form
and function of an organism. Sorne organisms consist of only one cefl. Others
consist of trittons of cells organized into complex organ systems. Bul regardiess
of size or shape, alf organisms begin as just a single cel.,

Only by understanding the complexity of iife at the celfidar leve! can we
begin to understand the marvels of living things: why organisms behave as

they o, how they develop and reproducs, . 4w

and how thay are affected
-
by environmental factors. \
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Cell
Structure
and
Function

The microscope enabled scientists to discover that all
living things are made up of cells. The spherical
objects in the large photograph are single-celied
yeasts, the branched object in the smatll photograph
Is a human nerve cell.

MC‘-"!Z’ than 100,000,000,000,000 celis are found in an adult
4 ” human! We have about 155,000 cells in every square centimeter of

o our skin, about 30 bitfon cefis in our brain, and about 20 trition red

biood celfs in owr blood. Many microscopsic organisms, nciuding
bacteria, consist of just a single cell. Despite our complexiy, we
begin o fives as single cells

ells are the "atorns'" of biclogy, the fundamental units of fiving

organsms. Just as the atom is the smallest unit of an element, the

cefl is the smallest unit of an organism that can reasonably be

thought of as alive. Questions concerning kife—from ecology to

o

behavior, from evolution o reproduction—must be partly answered

LA
at the fevel of the cell. The cell is the key to biology because f#t is at
this fevel that a collection of water, salts, macromolecules, and

membranes truly springs to ife. In this chapter we shall begin our

study of cells by looking into the vanous parts of the cef



CHAPTER OUTLINE

5-1 The Cell Theory

5-2 Cell Structure

e Cell Membrane
e Cell Wall

e Nucleus

® Cytoplasm

5-3 Cytoplasmic Organelies

® Mitochondria and Chioroplasts
Power Stations

® Ribosomes: Protein Factorles

e Endoplasmic Reticulum and Golgi
Apparatus: Manufacturars and
Shippers

® Lysosomes: Cleanup Crews

¢ Vacudles and Plastids: Storage
Tanks

o Cytoskeleton: Framework

5-4 Movement of Materials
Through the Cell Membrane
e Diffusion
¢ Osmosis
® Faciitated Diffusion
e Active Transport
5-5 Cell Specialization
® Factory in Miniature
e A Light-Sensitive Cell
¢ The Street Sweepers

5-6 Levels of Organization

® Tissues
¢ Organs

® Organ Systems

Figure 5-1 The invention of the
telescope enabled astronomers to
study distant obyects such as this
spiral galaxy. The microscope, on
the other hand, opened up the
world of the very small to
biologists. Before the invention of
the microscope, a microscopic
alga, such as this diatom, could
not have been observed.

) S

Section Objectives

List the contributions of van Leeuwenhoek, Hooke
Schlewden, Schwann, and Virchow to the
development of the cell theory.

State the cell theory

tach of us, at one time or another, has tried to look closel
at something. You may have picked up a coin and tried io read
the initials of its designer, cut closely into the coin’s surface
You may have tried to read the details on the face of a stamp, or
stared at a blade of grass until the tiniest detail was clear

Such curiosity led early investigators to examine living
things under lenses and microscopes in the hope of getting a
better glimpse of their structure. Littie by little, their findings
led to the most fundamental of all discoveries about the nature
of living things: All living things are made of cells. Cells are the
basic units of structure and function in living things.

The first lenses were used in Europe hundreds of years age
by merchants who needed to determine the quality of cloth
They used their magnifying lenses to examine the quality of the
thread and the precision ol the weave in a bolt of cloth. From
these simple giass lenses, combinations of lenses were put to
gether. In Holland in the early 1600s, two useful instrument:
were constructed. One was the telescope, which enabled peo
ple to see objects at a distance, The telescope made the distant
stars in the sky visible. The other instrument, the microscops
made the very small objects in nature visible

The person who is given credit for developing the first mi-
croscope was Anton van Leeuwenhoek (LAY-vuhn-hook), a
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Figure 5-2 Van Leeuwenhoek’s
simple microscope (top) could
magnify objects a few hundred
times. Robert Hooke made this
drawing of cork cells (bottom) using
a microscope that he built. Hooke,
however, was not looking at living
cells; what he saw were the cell walls
that surround living cork cells.

Dutch biologist. His invention enabled him to see things that
no one had ever seen before. He could see tiny living organ-
isms whose world consisted of a drop of water. Van Leeuwen-
hoek carefully observed the tiny living things in pond water
and made detailed drawings of each kind of organism.

Van Leeuwenhoek's work interested other people in build-
ing microscopes. Before long, pioneers in several countries
were experimenting with these new instruments. One such per-
son was the Englishman Robert Hooke, who used one of his mi-
croscopes to look at thin slices of plant stems, wood, and
pieces of cork. Looking at the cork, Hooke saw that it was com-
posed of thousands of tiny chambers. He called these
chambers cells because they reminded him of the small rooms
called cells in a monastery.

Unfortunately, Hooke was not looking at living cells. He
was looking at the nonliving outer walls of what had once been
living plant cells. Nonetheless, Hooke’s discovery was signifi-
cant because it opened up the study of cells. :

Gradually over the next 200 years, other scientists began to
discover that cells were not only found in plants but in other
living things too. In 1833, Robert Brown, a Scottish scientist,
observed that many cells seemed to have a dark structure near
the center of the cell. We now call this structure the nucleus.
Five years later, German botanist Matthias Schleiden stated
that all plants are made of cells. The next year, Theodor
Schwann discovered that all animals are made of cells too. In
1855, Rudolf Virchow, a German physician, added one more el-
ement to the developing theory of cells. Based on research, he
stated that all cells arise from the division of preexisting cells.

Today, the observations and conclusions of these scientists
are summarized into the cell theory. The cell theory forms the
basic framework in which biologists have tried to understand
living things ever since. The cell theory states:

* All living things are composed of cells.

* Cells are the basic units of structure and function in living
things.

* All cells come from preexisting cells.

%4 SECTION
a“i REVIEW

. When Hooke first used the term cell, did he intend it to
apply to living material? Explain your answer.

. What contributions did van Leeuwenhoek, Hooke,
Schleiden, Schwann, and Virchow make to the
development of the cell theory?

3. What role did the invention of the microscope play in

the development of the cell theory?

—
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5-2 Cell Structure

There is enormous variety in the size and shape of different
cells. The smallest cells, belonging to a group of organisms
known as Mycoplasma {migh-koh-PLAZ-muh), are only about 0.2
micrometers in diameter. A micrometer is equal to one mil-
lionth of a meter. Mycoplasma are so small that they often are
beyond the resolving power of light microscopes, Larger cells
include the giant ameba Chaos chaos, which is about 1000 mi-
crometers in diameter. Larger still are the yolks of bird eggs,
which are actually single cells containing stored food for the
developing bird. For the most part, cells are between 5 and 50
micrometers in diameter, Physical limits on the flow of infor-
mation through the cell and on the flow of materials into and
out of the cell prevent most cells from being much larger than
this.

Despite differences in size and shape, there are certain
structures that are common to most cells. The cells of animals,
plants, and related organisms have three basic structures:
the cell membrane, or outer boundary of the cell; the
nucleus, or control center; and the cytoplasm, or material
between the cell membrane and the nucleus, Let's examine a
typical plant cell and an animal cell to learn about some of
these basic structures.

Section Objectives

& ldentify and give the function ol the
three basic structures of most cells.

@ Compare the structure of the cell
membrane and the cell wall.

E Distinguish between prokaryoles
and eukaryotes.

Figure 5-3 This diagram shows a
typical animal cell. Note that the
structures shown are not to scale.
(This is true of almost all cell
diagrams.) Most structures have
been enlarged so that they can be
clearly seen. In addition, some
siructures are more extensive or
more numerous in an actual cell
than they are in this diagram.

Nucleolus

Rough endoplasmic reticulum

Ribosomes (attached)

. Ribosomes (free)
—
.-3\

R3S

\

i
.

</ = Y Nuclear envelope
Cell membrane 3 - \
‘\ ., 1
L] . "" .l
L a——Smooth endoplasmic
Golgi apparatus \ ~ 3 i reticuium
Cytoplasm
HINl A 1 7
//'7'_ - ,’ !
: gLdy
TYPICAL ANIMAL CELL ¥3eE0ma Centrioles 7.
\ B9

\[\\




- Fough endoplasmic reticulum
- \  Nucleolus
‘ Nuclear envelope
Mitochondrion. )— LV, -
f e 1 =

Nucleus
—~— -

S _Smooth endoplasmic reticulum

Ribcsomss {altached)- -L-__‘c,_:,-w* '
: -/

{5
|

l"n

'

Ribosomes (7as) ‘:(&T .

Cell wall
A
Cytoplasm
apparaius
i
Chioroplast
Vacucle
TYPICAL PLANT CELL
Figure 5-4 A iypical plant cell is
shown in this diagram. What is the
outer boundary of a plant cell Cell Membrane
called? All cells are separated from their surroundings by a cell

membrane. The cell membrane regulates what enters and
leaves the cell and also aids in the protection and support of
the cell.

In a way, the cell membrane is similar to the walls that sur-
round a house. As these walls help to protect the house from
what is outside, 50 the cell membrane seals off the cell from its
outside environment. But if you lived inside the house, you
would still want to receive messages, fuel, and power from out-
side. So telephone, gas, and electric lines would have to be able
to pass through the walls of the house. You would also want to
bring in food and take out the trash. Thus doors would be
needed. The needs of a cell are similar. It must communicate
with other cells, take in food and water, and eliminate wastes.
All of these processes take place through the cell membrane.

The cell membrane is composed of several kinds of mole-
cules. The most important of these are the lipids. A double
layer of lipid molecules, known as a bilayer, forms the basic
unit from which cell membranes are constructed. You can see
the structure of the cell membrane in Figure 5-5.

Proteins and carbohydrates are also associated with the
cell membrane. Some proteins stick to the surface of the lipid
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bilayer, whereas others are free to move around within the
layer. Some of the free-moving proteins act as channels
through which molecules can pass. Others act like small
pumps, actively pushing molecules from one side of the mem-
brane to the other. The carbohydrates are attached to proteins
or lipids at the membrane surface. Many of these carbohy-
drates act like chemical identification cards, allowing cells to
recognize and interact with each other.

Cell Wali

In organisms such as plants, algae, and some bacteria, the
cell membrane is surrounded by a cell wall. In other words,
the cell wall lies outside the cell membrane. The cell wall helps
to protect and support the cell. Because the cell wall is very
porous, water, oxygen, carbon dioxide, and other substances
can pass through easily.

If we looked at an electron micrograph of a plant cell, we
would discover that the cell wall is made up of two or more
layers. These layers form in a series of steps. The first layer to
form develops where two plant cells meet, See Figure 5-6. This
layer contains a gluey substance, called pectin, that helps hold
the celis together. Each of the cells then forms a primary cell

Figare 5-5 According to a widely
accepted model of membrane.
structure called the Auid-mosaic
model, cell membranes are formed
from double layers of lipids
{bilayers) in which proteins are
embedded. Some of the proteins
form channels that allow certain
molecules to pass into and out of
the ceil. Gthers resemble small
pumps that push molecules from one
side of the membrane to the other.

Figure 5-6 The primary cell wall
forms the outer boundary of plants,
aigae, and some bacteria. The
secondary cell wall, however,
generally forms only in woody stems.

Pnmary
cell wall
(cellulose)

Secondary
cell wall
{cellulose
and hgnin)

——Cell
membrane

Giuey pectin
layer
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Figure 5-7 One way of classifying
living things is by the presence or
absence of a nucleus. Prokaryotes,
such as bacteria, do not have a
nucleus (top). Eukaryotes, such as
a blepharisma, contain a nucleus
surrounded by a nuclear envelope
{bottom).

wall on its side of this gluey layer. The primary cell wall is
made up of cellulose, a fibrous material. Cellulose fibers make
the cell wall elastic, so that it can stretch as the cell grows.

In plants that have woody stems, another layer, called the
secondary cell wall, develops, This wall is composed of cellu-
lose and lignin (LIHG-nihn). Lignin makes cellulose more rigid.
Wood consists mainly of secondary cell walls.

Nucleus

In many cells we can see a large dark structure, called the
nucleus, which was first described by Robert Brown. Not all
cells have nuclei. Small unicellular organisms known as bacte-
ria, as well as several other kinds of organisms, do not have
nuclei. The presence of a nucleus has been used by scientists
to divide cells into two general categories: eukaryotic (yoo-
kahr-ee-AHT-ihk) cells, those that have a nucleus, and prokar-
yotic (proh-kahr-ee-AHT-ihk) cells, those that do not have a
nucleus. h

Organisms made up of” eukaryotic cells are commonly
known as eukaryotes (yoo-KAHR-ee-ohts). The animals and
plants that we see around us are eukaryotes. Those organisms,
such as bacteria, that are made up of prokaryotic cells are
known as prokaryotes (pro-KAHR-ee-ohts). The distinction be-
tween prokaryotes and eukaryotes is a basic one, and we will
return to it many times as we consider the diversity of living
things. In fact, scientists consider this distinction far more im-
portant than the distinction between plant and animal cells!

Many of the scientists who first examined cells under a mi-
croscope suspected that the nucleus was doing something im-
portant. What could it be? The nucleus has been found to be
the information center of the cell and contains DNA (deoxyri-
bonucleic acid). The instructions for making thousands of dii-
ferent molecules are found in the nucleus. These instructions
are decoded and executed by a process that we will discuss in
Chapter 7. The nucieus also directs all the activities that occur
in a living cell.

NUCLEAR ENVELOPE The nucleus of a eukaryotic cell is
generally 2 to 5 micrometers in diameter. Surrounding the nu-
cleus are two membranes that form the nuclear envelope.
These two membranes form the boundary around the nucleus.
In the nuclear envelope are dozens of nuclear pores, or small
openings. The molecules that move in and out of the nucleus
pass through the nuclear pores.

NUCLEOLUS Most nuclei contain a small region called
the nucleolus (noo-KLEE-uh-luhs) that is made up of RNA
(ribonucleic acid) and proteins. The nucleolus is the structure
in which ribosomes are made. Ribosomes, as you will soon
learn, aid in the production of proteins within the cell,
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Figure 5-8 The nucleus directs all the activities of a cell.
Notice the various structures that make up the nucleus and the
appearance of the nucleus viewed through a transmission
electron microscope.

CHROMOSOMES The DNA in the nucleus of eukaryotic
cells is attached to special proteins and forms large structures
called chromosomes. Chromosomes contain the genetic infor-
mation that must be passed to each new generation of cells,

Cytoplasm

Because the nucleus sits in the center of many eukaryotic
cells, we can divide the space within a cell into two compart-
ments: the nucleus and the cytoplasm. The cytoplasm is the
area between the nucleus and the cell membrane. The cyto-
plasm contains many important structures that we shall dis-
cuss in the next section.

-2 Review

1. What are the three basic structures found in most cells?
2. What is the function of the cell membrane?

3. Distinguish between a prokaryote and a eukaryote. Why
is this distinction important to scientists?




Section Objectives
@ Define organelle.

& Describe the functions of the
cytaplasmic organelles.

# Compare 2 plant c2ll and an animal
ceil.

Figure 5-9 Mitochondria are the
powerhouses of the cell. They
provide the cell with the energy it
needs to survive. Note the structure
of a mitochondrion in the diagram
and in the electron micrograph.

3-3 Cytoplasmic Organelles

Even in the low-power images that we can produce with the
light microscope, it is clear that there are structures inside the
cytoplasm of the cell. The structures in the cytoplasm are gen-
erally called organelles (or-guh-NEHLZ). An organelle is a tiny
structure that performs a specialized function in the cell.
Each organelle (little organ) has a special job that helps main-
tain the cell's life. Let's look at some of the organelles that are
found in plant and animal cells.

Mitochondria and Chloroplasts:
Power Stations

All living things require a reliable source of energy. On the
Earth that source is usually the sun or food substances. The
mitochondrion (might-oh-KAHN-dree-uhn; plural: mitochon-
dria) and the chloroplast are key organelles that change en-
ergy from one form to another. Mitochondria change the
chemical energy stored in food into compounds that are more
convenient for the cell to use. Chloroplasts trap the energy of
sunlight and convert it into chemical energy. The reactions that
take place in both of these organelles are closely related, and
we will examine them in more detail in Chapter 6.

The mitochondrion contains two special membranes. The
outer membrane surrounds the organelle, and the inner mem-
brane has many folds that increase the surface area of the
mitochondrion.

Quter i
memt_:rane

—— MITOCHONDRION




The structure of the chloroplast is similar. It is surrounded
by two envelopelike membranes and contains a third kind ol
membrane, where the radiant energy of the sun is actuaily
changed into chemical energy. Chloroplasts are found only in
plant cells and algae. As we will see later, both mitochondria
and chloroplasts have a degree of independence from the rest
of the cell. This has led to some discussion that they may be
descended from independent organisms.

Ribosomes: Protein Factoriez

Ribosomes are the structures in which proteins are made.
Cells that are active in protein synthesis are often crowded
with ribosomes. Ribosomes are composed of RNA and protein.
Some ribosomes are attached to membranes; some are found
free in the cytoplasm. Ribosomes are among the smallest of or-
ganelles. They are no larger than 25 nanometers in diameter. A
nanometer is equal to one billionth of a meter.

Endeoplasmic Reticulum and Golgi
Apparatus: Manufacturers and Shippers
Many cells are filled with a complex network of channels
known as the endoplasmic reticulum (ehn-doh-PLAZ-mihk
rih-TiHK-yuh-luhm), or ER. The endoplasmic reticulum trans-
ports materials through the inside of the cell. There are two

types of endoplasmic reticulum. In the smooth endoplasmic
reticulum (smooth ER), the walls of the channels look smooth

CHLOROPLAST

Figure 5-10 Chloroplasts are
organelles that use the radiant
energy of sunlight to produce the
chemical energy organisms need to
survive. Notice the envelopelike
membranes within the chloroplasts.




Figure 5-11 The endoplasmic
reticulum is actually a series of
channels that transport materials
throughout the cell. Which type
of endoplasmic reticulum has
ribosomes attached to its surface?

Figure 5-12 The Golgi apparatus
modifies proteins by attaching
carbohydrates or lipids to the
proteins, The modified proteins
can then be transported from one
part of the cell to another.

ROUGH
ENDOPLASMIC
RETICULUM

and are not studded with particles or granules. In some cells,
special enzymes and chemicals are stored in the smooth endo-
plasmic reticulum.

The other form of endoplasmic reticulum is involved in the
synthesis of proteins. This form is called the rough endoplas-
mic reticulum (rough ER) because the ribosomes that are stuck
to its surface give it a rough appearance. Newly made proteins
are inserted into the rough ER, where they may be chemically
modified. Many proteins that are released, or exported, from
the cell are synthesized on the rough ER.

Like automobiles to which enthusiasts attach chrome
panels and hood ornaments, proteins often are modified by
special enzymes that attach carbohydrates and lipids to them,
In most cases, the proteins are first moved into special com-
partments known as the Golgi apparatus, because they were
discovered by the Italian scientist Camillo Golgi. The Golgi ap-
paratus looks like a flattened stack of membranes piled one
upon the other, not unlike a stack of pancakes. After modifica-
tion in the Golgl apparatus, the proteins may then be released
from the cell or take up positions in other parts of the cell. Put
another way, the Golgi apparatus modifies, collects, packages,
and distributes molecules made at one location of the cell and
used at another.



Lysosomes: Cleanup Crews

Some white blood cells in your blood are capable of swal-
lowing whole bacteria. Other cells, such as the single-celled
ameba, are capable of engulfing clumps of yeast, sugar, and
even tiny pieces of bread. Many cells will seem to engulf micro-
scopic particles of food, foreign material, or even other cells.
This process is called endocytosis (ehn-doh-sigh-TOH-sihs).
Endocytosis is a way in which materials that are too large to
pass through the cell membrane get into the cell.

When a cell encircles a particle, the cell membrane forms
a pocket around the foreign material. The foreign material
must now be digested, or broken down. That is the job of the
lysosomes (LIGH-suh-sohmz). Lysosomes are small membrane-
bordered structures that contain chemicals and enzymes nec-
essary for digesting certain materials in the cell. Lysosomes are
formed by the Golgi apparatus. Plant cells do not have
lysosomes.

Lysosomes are also involved in breaking down organelles
that have outlived their usefulness. In a way, lysosomes can be
thought of as the cell's cleanup crews. As such, lysosomes per-
form vital functions. Why do you think human diseases that
cause the lysosomes to work improperly, such as Tay-Sachs
disease and possibly cystic fibrosis, can be serious and even
fatal?

Vacuoles and Plastids: Storage Tanks

Many cells contain saclike structures, called vacuoles
(VAK-yoo-ohlz), that store materials such as water, salts, pro-
teins, and carbohydrates. In many plant cells there is a single
large central vacuole filled with liquid. The pressure of the lig-
uid-filled vacuole in these cells makes it possible for plants to
grow quickly and to support heavy structures such as leaves
and flowers. Why do you think a plant that has lost a large
amount of water will begin to wilt?

Plastids are plant organelles that may take many forms,
one of which is the chloroplast, an organelle we have already
mentioned. Many plastids are involved in the storage of food
and pigments. Some examples of plastids are leukoplasts (LOO-
koh-plasts), which store starch granules, and chromoplasts
(KrROH-muh-plasts), which store pigment molecules. The red
color in the skin of a ripe tomato comes from pigments pro-
duced in chromoplasts.

Cytoskeletomn: Framework

Cells are found in a bewildering variety of shapes: some
round, some cubical, some long and slender. In addition, most
cells are capable of some type of movement. Even stationary
cells can move the organelles around inside of them. How do
they accomplish such motion? And what allows cells to keep
their unusual shapes?

Figure 5-13 These spherical
organelles are lysosomes that have
been magnified approximately
95,000 times. Lysosomes contain
enzymes that can digest other
organelles that have outlived their
usefulness. For this reason,
lysosomes are thought of as the
cell’s cleanup crews.

Figure 5-14 The large saclike
struciure in this leaf cell is a vacuole,
which has been magnified
approximatety 16,000 times.
Vacuoles act as cellular storage
tanks and may hold water, salts,
proteins, and carbohydrates,




Figure 5-15 This diagram shows
the cyioskeleton of the cell Notice
that the endoplasmic reticulum,
mitechondria, and ribosomes are all
held in place by the microfilaments
and microtubules that form the
cytoskeleion. The photograph shows
the actual microtubules that make
up the cytoskeleton.

Endoplasmic
reticuium

Microtubule

Microfilament

Ribosome

‘ ol - Mitochondnion

Not too many years ago, scientists were content to suggest
that the cvtoplasm was filled with a material, called proto-
plasm, that gave the cell many unique properties. As we have
learned more about the composition of the cell, the idea of
“protoplasm™ has lost acceptance. In its place, biologists have
uncovered a framework known as the cytoskeleton. The cyto-
skeleton is composed of a variety of filaments and fibers that
support cell structure and drive cell movement.

One of the main components of the cytoskeleton are micro-,
tubules, hollow tubules made out of proteins. Microtubules
provide support for cell shape, help move organelles through
the cell, and play a special role in cell division by forming cen-
trioles (SEHN-tree-ohlz). Centrioles are found in animal cells
and many other eukaryotic cells but not in plant cells.

In some cells, the microtubules support hairlike projec-
tions from the cell surface known as cilia (SIHL-ee-uh; singular:
cilium) and flagella (fluh-JEHL-uh; singular: flagellum). Cilia are
short threadlike structures that help unicellular organisms
move. They also aid in the movement of substances along the
cell's surface. Flagella are longer whiplike structures that help
unicellular organisms move about. Cilia and flagella contain
nine pairs of microtubules arranged around a pair in the
center, These microtubules are linked to each other, and the
bridges that connect them generate the force to produce
motion.

Another principal component of the cytoskeleton are mi-
crofilaments—long, thin fibers that function in the movement
and support of the cell. They also permit movement of the cy-
toplasm within the cell. This is called cytoplasmic streaming.
The proteins that make up microfilaments are also found in
muscle cells, which are specialized for contraction.
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1. What are organelles? Give two examples of organelles.
2. How do lysosomes function to digest particles?

3. How are mitochondria and chloroplasts similar? How
are they different?

4. What components make up the cytoskeleton?

5-4 Movement of Materials
Through the Cell Membrane

Each individual cell exists in a liquid environment. Even
the cells of multicellular organisms such as a maple tree or a
human are bathed in liquid. The cells of our bodies are bathed
in a liquid that was once part of blood. The presence of a liquid
environment makes it easier for materials such as food, oxy-
gen, and water to move into and out of the cell. There are sev-
eral ways in which materials enter and leave the cell.

™ O 2 =
Diffusion

Although the cell membrane is a barrler, it must not be too
effective. Materials must pass into and out of the cell. How is
this movement accomplished?

. We know that molecules move constantly, colliding with
one another and tending to spread out randomly through
space. This random motion results in the tendency of mole-
cules to move from a region where they are more numerous to
a region where they are less numerous. In other words, mole-
cules move from an area of higher concentration o ai area of
lower concentration.

The driving force behind the movement of many sub-
stances across the cell membrane is called diffusion (dih-
FY0O-zhuhn). Diffusion is the process by which molecules of
a substance move from areas of higher concentration of that
substance to areas of lower concentration.

—-I6 The microtubules of

Figure 5
the cytoskeleton support hairfike
projections ca !7"4_'! cilia and Ragelia.

Cilfa, such as those on this single
celled organism (left}), are shori
threadlike structures that f‘e‘p the
cell moue about by beating back and
forth. Flagelia, such as the one on
the single-celled Euglena .{'(';;‘.!-
heip the cell move by beating in
whiplike fashion.

Section Objectives

Explain the processes of diffusion
and osmosis.

Compare active and passive
transport.

Describe endocytosis, phagocytosis,
pinocytosis, and execytosis
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Figure 5-17 Diffusion is the
movement of the molecules of a
substance from areas where they are
more concentrated to areas where
they are less concentrated. What
point has been reached when the
concentration of a substance is equal
on both sides of a cell membrane?
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What factors determine whether diffusion occurs across a
membrane? [f two substances are present in unequal amounts
on either side of a membrane, each substance will tend to
toward the area of lower concen n until equili is
reached. See Figure 5-17. Equilibrium | when the com
trations of the substances on both sides of the membrane
the same. At this point, we may say that an equilibrium point
for each substance has been reached. Individual molecules
continue to move rapidly between-the two sides at equilibrium,
but because roughly equal numbers of molecules move in each
direction, there is no further change in concentration,

Another important factor that determines whether diffu-
sion occurs across a membrane is permeability (per-mee-uh-
BIHL-uh-tee). If a particular substance is able to diffuse across a
membrane, then we say that the membrane is permeable to
that substance. A membrane is said to be impermeable to those
things that cannot pass across it. As you might expect, biologi-
cal membranes are permeable to some things and impermeable
to others. Therefore, we can describe most biological mem-

branes as selectively permeable.

Osmosgisg

Although compounds that are able to dissolve in the lipid
bilayer of the cell membrane pass through the membrane eas-
ily, most other molecules do not. There is, however, one im-
portant exception to that rule: water. Water molecules pass
through most cell membranes very rapidly. The fact that water
molecules can pass through membranes so easily has impor-
tant consequences for the cell,

The diffusion of water molecules through a selectively per-
meable membrane is called osmosis (ahs-MOH-sihs). If a mem-
brane separates two solutions, in which direction will the water
molecules move? To answer this question, let us suppose that
we place a concentrated sugar solution on one side of a selec-
tively permeable membrane and a dilute sugar solution on the
other. As you have just learned, water will pass through the
membrane by diffusion from the area of high water concentra-
tion to the area of low water concentration. In which direction
is that?

Look at Figure 5-18. On the side of the membrane with the
concentrated sugar solution, fewer water molecules will strike
the membrane because they will be crowded out by the sugar
molecules. Thus, this side is the area of low water concentra-
tion. Ou the side of the membrane with the dilute sugar solu-
tion, niore water molecules will strike the membrane. This side
is the area of high water concentration. As a result, more water
moves through the membrane from the side that has the low
sugar concentration to the side that has the high sugar concen-
tration than moves through in the opposite direction. This re-
sults in a net movement of water from the side with the dilute
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sugar solution to the side with the concentrated sugar solution.

The force exerted by osmosis, or osmotic pressure, tends
to move water across membranes from a more dilute solution
into a more concentrated solution. If, however, two selutions
contain exactly the same amount of dissolved material, there is
no osmotic pressure across a membrane separating them be-
cause the concentrations of dissolved materials are in
equilibrium.

Osmotic pressure can cause serious problems for a cell.
Because the cytoplasm is filled with salts, sugars, proteins, and
other molecules, it will almost always have a much lower con-
centration of water than is found in fresh water. Therefore,
there should be a net movement of water into a typical cell if it
is surrounded by fresh water. [f water moves in freely, the vol-
ume of a cell will increase until the cell becomes swollen and
bursts like an overinflated balloon.

Figure 5-18 Osmos:s is the
diffusion of water molecules through
a selectively permeabile membrane
from an area of greater
conceniration of water to an area of
lesser concentration of water. In this
diagram, there areé more waler
molecules on the side containing the
dilute sugar solution. As a result, the
water molecules move to the side
conlaining the concentrated sugar
solution. Osmosis continues until
equilibrium is reached.

Figure 5-19 Normai red blood cells
(left) wiil shrink if too much water
leaves the cells due to osmosis
(center). If too much water eniters
the cells during osmosis, the red
blood cells will swell (right).
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Figure 5-20 Most molecules that
do not dissolve in the lipid bilayer
of the cell membrane cannot pass
through by diffusion. One way of
getting such molecules into the cell
is by facilitated diffusion This
process, which does not require any
energy. uses a carrier molecule to
transport a substance into the cell
through the celli membrane.
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The structure of the lipid bilayer makes cell membranes
freely permeable to water. Cells deal with the problem of os-
motic pressure in a variety of ways.

In some instances, the cells of many organisms do not
come in contact with fresh water. Instead, the cells are bathed
in fluids, such as blood, that have concentrations of dissolved
materials roughly equal to the cells themselves.

Other cells, such as plant cells and bacteria, deal with os-
motic pressure in another way. They are surrounded by cell
walls that prevent the cells from expanding, even under tre-
mendous osmotic pressure. However, the increased osmotic
pressure makes the cells extremely vulnerabie to injuries to the
cell wall.

Still other cells employ a mechanism to pump out the water
that is forced in by osmosis. For example, some unicellular or-
ganisms have a structure called a contractile (kuhn-TRAK-tihl)
vacuole. By contracting rhythmically, the contractile vacuole
pumps water out of the cell

Facilitated Diffusion

Osmosis and diffusion are forms of passive transport
across the cell membrane because energy is not needed for
these processes. Some materials, including alcohols and small
lipids, can pass directly through the membrane because they
can dissolve in the lipid bilayer. But many molecules are trans-
ported across a membrane in the direction of lowest concen-
tration by a carrier protein, This process is called facilitated
diffusion. In red blood cells, for example, a carrier protein in
the cell membrane transports glucose from one side of the
membrane to the other. The glucose-transporter protein facili-
tates, or helps in, the diffusion of glucose.

Although facilitated diffusion is fast, specific, and does not
require energy, it is still driven by diffusion. Therefore, a net
movement of material across a cell membrane by facilitated
diffusion can occur only if a concentration difference exists
across that membrane.

Active Transport

Active transport is an energy-requiring process that en-
ables material to move across a cell membrane against a con-
centration difference. There are two types of active transport.

In one type, individual molecules are carried through mem-
brane-associated pumps. Special transport macromolecules
that exist in the cell membrane move molecules across the
membrane. Among the molecules that are transported are cal-
cium, potassium, and sodium ions. Normally they are not able
to diffuse across the membrane. The molecular pumps that
carry out this transport require chemical energy, thus making
this process a form of active transport. All cells that have been
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studied seem to transport at least a few molecules in this way.
The use of energy in these systems eénables cells to concentrate
molecules, even when the normal forces of diffusion might tend
to move those molecules in the opposite direction.

In the second type of active transport, large amounts of ma-
terial are transported through movements of the celi mem-
brane. One of these movements is called endocytosis. As you
may remember, endocytosis is the process of taking material
into the cell by means of infoldings, or pockets, of the cell
membrane. The pocket that results breaks loose from the outer
portion of the cell membrane and forms a vacuole within the
cytoplasm. Large molecules, clumps of food, and even whole
cells can be taken up in this way.

When large particles are taken into the cell by endocytosis,
the process is called phagocytosis (fayg-oh-sigh-TOH-sihs). In
phagocytosis, extensions of cytoplasm surround and engull
large particles. Amebas use this method of taking in food.

In a process similar to endocytosis, many cells take up lig-
uid from the surrounding environment in a similar way. Tiny
pockets form along the cell membrane, fill with liquid, and
pinch off to form vacuoles within the cell. This process is
known as pinocytosis (pighn-oh-sigh-TOH-sihs).

Figure 5-21 Very ofieri a substance
must pass through the cell
membrane even if the concentration
of that substance is greater inside
the cell than it is outside the cell. in
such cases, the cell must expend
energy in a process called active
transport. In one form of aclive
transport, energy is used to change
the shape of the cell membrane and
to actively pull the substance
through the membrane into the cell.

Figure 5-22 Another form of active
transport is called phagocytosis.
During phagocytosis, a large particle
is surrounded by pockets of the cell
membrane (right). Once the particle
is surrounded, the pocket breaks
away from the cell membrane and
forms a vacuole within the cell.
Amebas are one type of organism
that takes in food and other

materials through phagocytosis
(left).
Phagocytosis |
1
2
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Figure 5-23 Like phagocytosis,
pinocytosis is a form of active
transport. In pinocytosis, however,
cells take in liquids rather than solid
particles.

Section Objective

¥ Relate cell specialization to cell
structure,
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As you might expect, cells are also capable of sending ma-
terial out of the cell. The removal of water by means of a con-
tractile vacuole is one example of this kind of active transport.
When other large molecules are removed from the cell, the
process is generally known as exocytosis (ehk-soh-sigh-TOH-
sihs). As exocytosis occurs, the membrane surrounding the
material fuses with the cell membrane, forcing the contents out
of the cell.

5 SECTION

- == |
REVIEW —
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1. What is diffusion?
2. Why is osmosis a form of diffusion?

3. Molecules that are soluble in lipids tend to move across
cell membranes more quickly than those that are not.
Based on this information, what could you conclude
about the structure of the cell membrane?

4. The red blood cell contains a higher concentration of K*
ions than does the liquid that surrounds it. Are K* ions
most likely to be moved across the membrane by
facilitated diffusion or active transport? Explain.

5-5 Cell Specialization

Cell specialization is one of the key characteristics of cells
in a multicellular organism. By cell specialization, we mean
that cells are often uniquely suited to perform a particular
function within the organism, For example, some cells are
specialized to move. Some cells are specialized to react to their
environment—the world around them. Some cells are special-
ized 1o make certain products. We will now look briefly at three
cells, each specialized for a different function.

Factory in Miniature

Located just below the stomach is a small structure called
the pancreas. Portions of the pancreas contain cells that are
specialized to produce digestive enzymes. Although these cells
have most of the organelles found in other celis, they contain
enormous amounts of the organelles involved in protein syn-
thesis. In fact, one cell may contain 100 times the amount of
rough endoplasmic reticulum found in other cell types. Each
cell is filled with ribosomes as well as rough ER. These cells
also contain large Golgi apparatus filled with vacuoles that are
loaded with soon-to-be-released protein. Cells of the pancreas
are dominated by organelles needed for protein synthesis.



Do Your Cells Belong to You?

In 1976, John Moore was diagnosed as
having hairy cell leukemia. With this rare form
of cancer, a person has too many B lympho-
cytes that develop tiny whiskerlike projec-
tions. B lymphocytes are white blood cells
responsible for making antibodies, which are
substances that help the body fight off certain
diseases.

At the recommendation of his doctor,
Moore had his enlarged spleen removed by
physicians at the University of California at Los
Angeles (UCLA) Medi-
cal Center. Normally,
the spleen, an organ
located near the stom-
ach, filters out worn
out or damaged blood
cells. But in a person
suffering from hairy
cell leukemia, the
spleen becomes flled
with cancerous cells
and can no longer per-
form its function. In
addition, the heaithy
spleen cells are de-
stroyed. Removal of
the spleen is not a
cure, but it helps re-
turn the number of
blood cells 1o normal.

What Moore did not know until later, how-
ever, was that a portion of his spleen was saved
and used by researchers to isolate and grow
cells in culture-—cells that produce a substance
that may prove useful against cancer or AlIDS.
in 1984, UCLA obtained a patent for the cells
and their products. One of these products was
mass produced by a biotechnology company.
The genetically engineered drug was then sold
by a pharmaceutical firm. The development
and sale of this new drug was proceeding well

TECHNOLOGY, |
AND SOCIETY 3§

Whiskerlike projections on white blcod cells
are characteristic of a person who has hairy
cell leukemia

SCIENCE,

. . . that is, until Moore sued UCLA, his doctor,
and others for patenting and profiting from
parts of his body!

In response to the suit, UCLA and the doc-
tor have claimed that Moore signed two con-
sent forms. One form gave UCLA permission to
remove Moore’s spleen, a procedure that ob-
viously saved his life. The other gave UCLA all
rights to Moore's cells and any future product
that might be developed from them. The doc-
tor further stated that Moore gave up claims to
his spleen tissue—tis-
sue that was worthless,
even dangerous, to
him. It was through the
application of scientific
knowledge that this
poisoned {fissue was
turned into something
of value,

In 1988, Moore's
case went to trial in
California. The court
ruled that a person has
all legal rights to cells
and tissues removed
during surgery and
later used in scientific
research. For now, the
ruling stands.

But this is a very
complicated issue whose impact may be far
reaching. Many researchers believe that this
ruling will interfere with new research and
ralse the cost of its progress. They are also
convinced that it will discourage people from
donating tissues and organs because of fear
that researchers may profit from them. At the
heart of the issue is this question: Do people
have the right to control the use of their cells
even though it might delay or prevent a medi-
cal breakthrough?
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Figure 5-24 Which organ system
breaks doun food?

Section Objective

0 Describe the four levels of
organization in a multiceliular
organisrm.
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A Light-Sensitive Cell

You are able to see because your eyes are sensitive to light.
But only a few cell types in the eye are actually sensitive to
light. These light-sensitive cells are composed of two very dif-
ferent parts. The lower part of the cell is packed with mito-
chondria, perhaps four or five times as many as in a typical
cell. This is an indication that the cell uses a lot of energy. The ¢
upper part contains small flattened membranes piled upon
each other like a large stack of pancakes.

The membranes, which are known as disks, contain a pig- ,
ment called rhodopsin (roh-DAHP-sihn). Rhodopsin absorbs
light and signals the rest of the cell that light has struck the
disk. This action causes messages to be sent to other cells.
These changes result in the sensation we call vision. The pres-
ence of many membranes ensures that even the smallest unit of
light can be detected by this light-sensitive cell.

The Street Sweepers

The air we breathe is filled with dust, smoke, and even
small bacteria. Why doesn’t all this material collect in the lungs
and clog its passageways? Lining these passageways are spe-*
cial cells that release a mixture of water, carbohydrates, and
salts, called mucus. The particles of dust and dirt that are in-
haled are trapped in this sticky mucus. Underneath this layer -
of mucus is another group of specialized cells that have cilia.
As the cilia move, they create a sweeping action. This action
keeps the most vital passageways in the body clean and open
for business.

G SECTION 3
i'~% REVIEW <

1. What is cell specialization?

2. What cell structures might the enzyme-producing cells
in the pancreas contain? The cells in a muscle?

5-6 Levels of Organization

In order to describe a multicellular organism such as the
human, biologists have developed levels of organization. These
levels make it easier to classify and describe the cells within an
organism. The levels of organization in a multicellular organ-
ism include cells, tissues, organs, and organ systems that
make up the organism.

Tissues

In multicellular organisms, cells—the first level of organi-
zation—are organized in specialized groups called tissues. A



tissue is a group of similar cells that perform similar functions. -
Because they are organizations of cells, tissues are the second
level of organization. The cells that produce digestive enzymes
in the pancreas are one kind of tissue. So are the cells in the
eye that respond to light and the cells that line your air pas-

sages. Most animals, which are multicellular organisms, have Cell
four main types of tissuve., They include muscle, epithelial, 1
nerve, and connective tissue.

e

Organs r‘
Although hundreds or even thousands of cells may be in- 1
volved in forming a tissue, many tasks within the body are too
complicated to be carried out by just one type of tissue. In
these cases, an organ, or a group of tissues that work together
to perform a specific function, is needed. Organs make up the I I
third level of organization. Many types of tissue may be used to |
form a particular organ. For example, each muscle in your body !
is an individual organ. However, within a muscle there is a lot
more than muscle tissue. There is nerve tissue and connective t
tissue, a special tissue that connects different parts of the body.
Each tissue performs an essential task to help the organ func-
tion successfully, Organ

Tissue

Organ Systems

In many cases, even a complex organ is not sufficient to
complete a series of specialized tasks. As a result, an organ
system, or a group of organs, works together to perform a cer-
tain function. Organ systems are the fourth level of organiza-
tion. There are many organ systems in the body. including the -7
muscular system, the skeletal system, the circulatory system, .
and the nervous system. ‘

The organization of the cells of the body into tissues, : 4
organs, and organ systems makes possible a division of labor '
among those cells that makes multicellular life possible, Spe- )
cialized cells such as nerve and muscle cells are able 1o exist I
precisely because other cells are specialized to obtain the food .
and oxygen that those cells need. This overall specialization —
and interdependence is one of the remarkable attributes of liv-
ing things. Appreciating this is an important step in under-
standing the nature of living things.

5 ESEC ION

REVIEW v
1. Describe the four levels of organization within most
animals. Organ System

2. How do an organ and a tissue differ?

3. Why is human blood classified as connective tissue? Figure 5-25 This diagram shows

four levels of organization in the

human body.
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OBSERVING OSMOSIS

PROBLEM

How can the process of osmosis be observed?

MATERIALS {per group)

glass-marking pencil forceps

2 100-mL beakers medicine

50 mL water dropper

50 mL saturated sodium 2 glass slides
nitrate solution teasing needle

scalpel Lugol solution

small onion 2 coverslips

small potato microscope

PROCEDURE

1. Using the glass-marking pencil, label one
beaker “water” and the other “sodium ni-
trate.” Add the water and sodium nitrate to
the appropriately labeled beaker.

2. Using a scalpel, carefully cut the onion into
quarters. CAUTION: Be very careful when
using a scalpel Each quarter will separate
neatly into layers. Cut one layer into two
pieces of equal size.

3. Again using the scalpel, carefully cut two
slices from the potato. The slices should be
about 2 to 3 mm in thickness. To determine
the flexibility of the pieces of onion and po-
tato, bend them back and forth a few times,
Note their flexibility.

4. Place one piece of onion and one slice of po-
iato in each beaker. Allow them to remain
undisturbed in the beakers for 30 minutes.

5. After 30 minutes, remove the onion pieces
and poiato slices from the beakers with for-
ceps. Note the degree of flexibility of each.

6. Return each onion piece and potato slice to
its respective beaker.

7. Using a medicine dropper, place a drop of
water in the center of a clean glass slide.

8. With the forceps, remove the onion piece
from the beaker marked “sodium nitrate.”
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Remove the thin membrane from the inner
surface of the onion by bending the onion in-
ward and lifting the membrane with the for-
ceps. Then place the thin onion membrane in
the drop of water on the glass slide.

9. Using the teasing needle, try to flatten the
onion membrane as much as you can. Add a
drop of Lugol solution to the onion mem-
brane and water. Cover with a coverslip.

10. Observe the onion membrane under the low
power of the microscope. Then observe the
membrane under high power. Note the ap-
pearance of cytoplasm. Draw a labeled dia-
gram of a few onion cells.

11. Repeat steps 7 through 10 using the piece of
onion from the beaker marked “water.”

OBSERVATIONS

1. What was the degree of flexibility of the onion
and potato before they were placed in water
and in the sodium nitrate solution?

2. What was the degree of flexibility of the onion
and potato after 30 minutes in water? After 30
minutes in the sodium nitrate solution?

3. Describe the differences between the cells of
the onion membrane that were placed in water
and the cells that were placed in the sodium
nitrate solution.

ANALYSIS AND CONCLUSIONS

1. What is the purpose of the Lugol solution?

2. Which beaker contained the higher concentra-
tion of water?

3. Relate the degrees of flexibility of the potato
and the onion dry, in water, and in the sodium
nitrate solution to the process of osmosis.

4. Relate the differences in degrees of flexibility
of the onion to the appearance of the celis ob-
served under the microscope.
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are fisted below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

5-1 The Cell Theory

* The cell theory states: All living things are
composed of cells; cells are the basic units of
structure and function in living things; all
cells come from preexisting cells.

5-2 Cell Structure

* Most cells have a cell membrane, nucleus,
and cytoplasm.

* Scientists divide cells into eukaryotic cells
and prokaryotic cells.

5-3 Cytoplasmic Organclles

* Within the cytoplasm are organelles, or tiny
structures that perform specialized func-
tions. They include mitochondria, chioro-
plasts, ribosomes, endoplasmic reticulum,
Golgi apparatus, lysosomes, vacuoles, plas-
tids, and cytoskeleton.

REVIEWING KEY TERMS

5-4 Movement of Materials Through the Cell
Membrane

* Diffusion is the process by which molecules
move from areas of higher concentration to
areas of lower concentration.

* Active transport is an energy-requiring proc-
ess that enables material to move across a
cell membrane against a concentration
difference.

5-5 Cell Specialization

* Cell specialization is the process by which
cells are uniquely suited to perform a partic-
ular function within the organism.

5-6 Levels of Organization

e In multicellular organisms, such as most ani-
mals, cells are organized into tissues, organs,
and organ systems.

Vocabulary terms are imporlant i your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not
sure of a term'’s meaning, return to the appropriate section and review ifs definition.

5-1 The Cell Theory chromosome
cell cytoplasm
cell theory 5-3 Cytoplasmic

5-2 Cell Structure Organelles
cell membrane organelle .
cell wall mitochondrion
nucleus chloroplast
eukaryote ribosome
prokaryote endoplasmic
nuclear envelope reticulum
nucleolus Golgl apparatus

5-4 Movement of

lysosome facilitated
vacuole diffusion
plastid active transport
cytoskeleton

5-5 Cell Specialization
cell specialization

Materials Through

the Cell Membrane 5-6 Levels

diffusion of Organization

selectively tissue
permeable organ

0smosis organ system
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CONTENT REVIEW

Multiple Choice

Choose the letier of the answer that best completes each statement.

1. The basic unit of structure and function in 6. The process by which molecules of a
iving things is the substance move from areas of higher
a. cell. C. organ. concentration of that substance to areas of
b. tissue. d. organ system. lower concentration is

2. What is the outer boundary of an animal a. active transport. ¢, diffusion,
cell called? b. endocyltosis. d. cell specialization.
a. cell wall c. cell membrane 7. Which is an example of active transport?
b. nuclear envelope d. cytoplasm a. diffusion c. endocytosis

3. The control center of the cell is the b. osmosis d. facilitated diffusion
a. lysosome. ¢. mitochondrion. 8. A group of similar cells that perform a
b. ribosome. d. nucleus. similar function is called a (an)

4. Organisms whose cells do not have a a. tissue, C. organ system.
nucleus are called b. organ. d. organism.
a. prokaryotes. c. organelles,
b. eukaryotes. d. plants.

5. What structure is the site of protein
synthesis?
a. nucleus ¢. mitochondrion
b. lysosome d. ribosome

True or False

Determine whether each statement is true or faise. If it is true, write “true.” If it
is false, change the underfined word or words to make the statement true.

1. Van Leeuwenhoek is given credit for 6. Facilitated diffusion is a form of active
developing the first microscope. transport.

2. All cells have a cell wall. 7. Cell specialization is the process by which

3. Eukaryotes are organisms whose cells do cells are suited to perform a particular
not have a nucleus. function.

4. Microtubules are the main components of 8. A group of tissues that work together is
the cytoskeleton. called an organ system.

5, Osmosis is the diffusion of water.

Word Relationships

In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common to three of the terms and
then identify the term that does not belong.

1. cyteplasm, cell membrane, cell wall, nuclear envelope

2. diffusion, osmosis, endocytosis, facilitated diffusion

3. tissue, ribosome, organ, organ system

4. mitochondrion, cytoplasm, ribosome, vacuole



CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each
of the following in a brief paragraph.

1. What were the contributions of van 6. What are the functions of vacuoles? How
Leeuwenhoek, Hooke, Schleiden, do they differ in plant and animal celis?
Schwann, and Virchow to the 7. How do plant and animal cells differ?
development of the cell theory? 8. What is the diflerence between diffusion

2. Why is it important for the cell membrane and osmosis?
to be selectively permeable? 9. What is osmotic pressure? Why is it

3. Describe the makeup of the nucleus. important?

4. How do materials enter and leave the 10. Explain the relationship between cells,
nucleus? lissues, organs, and organ systems.

5. Describe the structure of a
mitochondrion. What is its function?

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Applying concepts The beaker in the enable you to determine the effects of
diagram has a selectively permeable temperature on the rate of diffusion. Be
membrane separating two solutions. sure to state your hypothesis and to
Assume that the salt molecules are small include a control.
enough to pass through the membrane 3. Applying concepts An animal cell
but the starch molecules are too large to contains about 10 to 20 Golgi apparatus,
pass through. Will the water level on whereas a plant cell contains several
either side of the membrane change? hundred. Why do you think there is such
Explain your answer. a difierence in the number of these

de A Side B organelles in each cell type? . -
? R Selectively 4. Using the writing process Write a science
" permeable fiction story entitled: “The Day Diffusion
membrane Stood Still.”

5. Using the writing process One day,

Concentrated -— | unicellular organisms got tired of being
:g:{;tion — Dilute salt called simple organisms by the
! g&ﬁlgg'm multicellular organisms. The unicellular
! .
i 3 organisms felt that they were rather
complex individuals and should be
2. Designing an experiment You are given recognized as such. In order to gain this
vegetable coloring and three beakers. The recognition, they challenged the
first beaker is filled with water at room multicellular organisms to a debate.
temperature, the second beaker is filled Pretend that you are a unicellular
] with ice water, and the third with hot organism. What arguments would you use
water. Design an experiment that will to defend your position?
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CHAPTER

it may seem that little is happening in this peaceful
sunny field. However, the trees, fowers, and grasses
are actively invoived in capturing energy from sunlight
and transforming it into energy that can be used by aV
types of Hiving things.

n contrast to the roar and fury of hurricanes and floods, a gentle
sunnse over forest and field seems uneventful. But the movement
of sunlight across a landscape is onfy the first event in the daily
struggle of living things to obtain energy. The starting point for that
struggle is the energy of sunfight and its conversion to chemical
6NeEIgy.:

What kinds of organisms can trap the energy in sunlight? How
is that energy changed into a form other organisms can utilize? in
this chapter we shafl examine these questions and, in so doing,
discover one of the most important secrets of Kife: how organisms
captwe, store, and transform energy!
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6-1 Photosynthesis: Capluring and
Converting Energy
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Figure 6-1 The very culture of a
human society may revolve around
the way energy is used to hea!
homes, cook food, light buildings
and streets, and provide for other
human needs. In nature, as in
human societies, some of the most
important activities concemn the
processes in which energy Is
produced and distributed

s » » .
rlrotosyntniesis: Laptu

ing

ey

and Converting Energy

Section Objectives
Pescribe the experiments that contributed to the
understanding ol photosynthesis.

Discuss the requirements for photosynthesis.

Energy is the ability to do work, and there is always work
to be done, even at the level of the cell. In this chapter we will
explore some of the ways in which living things capture, con-
vert, store, and use energy. We will concentrate our attention
on the way in which energy is used within the individual ceil.

The study of energy and living things begins with photo
synthesis. In the process of photosynthesis, plants convert
the energy of sunlight into the energy in the chemical bonds
of carbohydrates—sugars and starches, Pul another way,
plants use the energy of sunlight to produce carbohydrates in a
process called photosynthesis.

An understanding of photosynthesis was first developed
from studies of plant growth. For years gardeners had asked a
perpiexing question about plant growth: When a seedling with
a mass of only a few grams grows into a tall tree with a mass of
several tons, where does the tree's increase in mass come
from? From the s0il? From the water? From the air? In the
seventeenth century, the Dutch physician Jan van Helmont de
vised an experiment to find out
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Figure 6-2 As a tiny seedling grows
inito a large tree, it uses water and
air to make the chemicals needed
for growih

Figure 6-3 A burning candle soon
uses up the oxygen in a glass jar
and goes oul. In the presence of
light, a plant placed inside the jar
releases oxygen. This allows the
candle to be relighted. The candle
continues to burn as long as enough
oxygen is available.

|
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Van Helmont carefully found the mass of a pot of dry soil
and a small seedling. Then he planted the seedling in the pot of
soll. He took care of it and watered it regularly for five years. At
the end of five years, the seedling, which by then was a small
tree, had gained about 75 kilograms. However, the mass of the
soll was almost unchanged. Van Helmont concluded that most
of the mass must have come from water because that was the
only thing that he had added to the pot.

Van Helmont's experiment accounts for the hydrate, or
water, portion of the carbohydrate produced by photosynthe-
sis. But where does the carbon of the carbo portion come from?
Although Van Helmont did not realize it, carbon dioxide in the
air made a major contribution to the mass of his tree. And it is
the carbon in carbon dioxide that is used to make carbohy-
drates in photosynthesis. Even though Van Helmont had only
part of the story, he had made a major contribution to science.

Almost a hundred years after Van Helmont’s experiment,
Joseph Priestley performed an experiment that would give an-
other insight into the process of photosynthesis. Priestley took
a candle, placed a glass jar over it, and watched as the flame
gradually died out. Something in the air, Priestley reasoned,
was necessary to keep a candle flame burning. When that sub-
stance was used up, the candle went out. Today we call this
substance oxygen.

Priestley then found that if he placed a sprig of mint under
the jar and allowed a few days to pass, the candle could be re-
lighted and would remain lighted for a while. The mint plant
had produced the substance required for burning. In other
words, it released oxygen. Later, the Dutch scientist Jan Ingen-
housz showed that the effect observed by Priestley occurred
only when the plant was exposed to light. This means that light
is necessary for plants to produce oxygen.



Reguirements

The experiments performed by Van Helmont, Priestiey,
Ingenhousz, and other scientists reveal that in the presence of
light, plants transform carbon dioxide and water into carbohy-
drates and release oxygen. This gives us the basic outline of
the process ol photosynthesis:

CO, + H,0 light (CH.0), + O,
carbon dioxide + water light carbohydrate + oxygen

Because photosynthesis usually produces a particular car-
bohydrate—the sugar glucose (C,H,,O.)—we can rewrite and
balance the equation for photosynthesis as follows:

6 CO, + 6 H,0 light CH,,0,+6 O,
carbon dioxide + water Ught glucose + oxygen

Do not be fooled by how simple this equation looks. In pho-
tosynthesis, a great deal happens between the beginning and
the end of the equation. You do not get glucose and oxygen just
by putting water and carbon dioxide together. Let us, then, ex-
amine some of the other requirements of photosynthesis.

SUNLIGHT Nearly all organisms on Earth depend on the
sun for energy. Some organisms, such as green plants, can use
the sun's energy directly. As a result, green plants are called
autotrophs (Aw-toh-trohfs). Autotrophs are organisms that are
able to use a source of energy, such as sunlight, to produce
food directly from simple inorganic moleculés in the environ-
ment, Other organisms, such as animals, cannot use the sun's
energy directly. These organisms, known as heterotrophs,
(HEHT-er-oh-trohfs) obtain energy from the foods they eat. He-
terotrophs may eat autotrophs, other heterotrophs, or both.

The sun bathes the Earth in a steady stream of light. What
our eyes perceive as colorless “white" light is actually a mix-
ture of different wavelengths of light. Many of these wave-
lengths are visible to our eves and make up what is known as
the visible spectrum. Qur eyes perceive the diflerent wave-
lengths of the visible spectrum as different colors.

Figure 6-4 Plant pigmenis absorb
some wavelengths of light and
reflect others. Our eyes perceive the
reflected wavelengths as different
colors (left). Chlorophyll—the
principal photosynthetic pigment of
green plants—gives the chicroplasts
in these plant cells their
charactenstic color (right)
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Figure 6-5 Chlorophyll absorbs red
and blue light quite well. Different
forms of chiorophyll have their peak
absorption at different wavelengths
of light

Figure 6-8 Adenosine triphosphate,
or ATF, is the most important
energy-storing compound in living
things.
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PIGMENTS The process of photosynthesis begins when
light is absorbed by pigments in the plant cell. Pigments are
colored substances that absorb or reflect light. The principal
pigment of green plants is known as chlorophyll. As you can
see from the graph in Figure 6-5, chlorophyll absorbs red and
blue light but does not absorb light in the middie region of the
spectrum very well. Instead, it reflects these wavelengths.

ENERGY-STORING COMPOUNDS Because energy is in-
volved in the formation of chemical bonds, the production of
certain compounds can be used to store energy in chemical
form. The most important energy-storing compound—one used
by every living cell—is ademnosine triphosphate, or ATP. As
you can see in Figure 6-6, an ATP molecule consists of a nu-
cleotide called adenine, a 5-carbon sugar called ribose, and
three phosphate groups. Energy can be stored when a phos-
phate group, abbreviated as P, is bonded to adenosine mono-
phosphate (AMP) to produce adenosine diphosphate (ADP),
And still more energy can be stored when a third phosphate
group is added to ADP to produce ATP. The bonds between the
phosphate groups are the key to ATP's energy-storing qualities.
Each of these two bonds is capable of storing chemical energy—
energy that is released when the bonds are broken.

Some of this stored energy is released when the third
phosphate group is split from ATP to produce ADP. Energy is
also released when ADP is broken down to AMP.

ATP — ADP + P + energy
ADP — AMP + P + energy

Enzymes control the synthesis and breakdown of ATP
within the cell. These enzymes enable ATP to be produced from

| ¢~ Adenosine triphosphate (ATP).

N

l¢————Adenosine diphosphate (ADP)—
'(——Adenosine monophosphate {(AMP)e——>
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energy-releasing reactions and allow ATP to be used as a
source of energy for reactions that require energy. ATP pro-
vides energy for a large number of cellular activities, including
muscle contraction, protein synthesis, and active transport
across cell membranes. During photosynthesis, the ATP pro-
duced by the first part of the process is used to provide energy

for the second part.
SECTION

8" REVIEW

1. Define photosynthesis.

2. What did Van Helmont's experiment prove about the
source of materiai for plant growth? What did it not

prove?
3. What is ATP?

4. Why is chlorophyli's efficiency in absorbing light energy

important for photosynthesis?

IN BIOLOGY

THE COLORS OF AUTUMN

In many parts of the country, the beautiful
colors of autumn leaves provide inspiration to
artists and poets as the countryside turns into a
lovely blaze of red, orange, and yellow. What is
the source of these colors? Do plants produce
them in response to the changing of the
seasons?

The pigments in plant cells, including chlo-
rophyll, can be separated from one another by
a technique known as paper chromatography.
Study the results of the paper chromotography
experiment shown on this page. The green
chlorophyll spots, red-orange carotene spots,
and yellow xanthophyll spots are labeled on
samples taken from the leaves of a single maple
tree in August, September, and October.

Using these three chromatographs as evi-
dence, can you explain what seems to happen
as the leaves change color as summer ends and
autumn begins?

August September

—

'

S T

Paper chromatography is based on the fact that
different substances (such as plant pigments) in
a solvent will move through a piece of paper at
different rates.



Section Objectives

Discuss the light reactions of
photosynthesis,

® Relate the dark reactions of

photosynthes!s to the light
reactions.

Figure 6-7 The chloroplast is the
site of photosynthesis. The light
reactions take place in the saclike
phctosynthetic membranes. The dark
reactions take place in the areas

surrounding the photosynthetic
membranes.
pl
» ‘ '
| 4 |
Chioroplast
‘ envelope
Photosynthetic
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6-2 Photosynthesis: The Light
and Dark Reactions

The process of photosynthesis is divided into two parts:
the light reactions and the dark reactions. As their name im-
plies, the light reactions require light. In the light reactions,
the energy of sunlight is captured and used to make energy-
storing compounds. The dark reactions do not require light
and thus are also called nonlight or light-independent reac-
tions. However, the dark reactions can—and do—occur in the
light. The dark reactions use the energy stored by the light re-
actions to make glucose.

Photosynthesis takes place in an organelle known as the
chloroplast. Within the chloroplast are saclike photosynthetic
membranes that contain chlorophyll. As you can see in Figure
6-8, the light reactions occur in the photosynthetic mem-
branes, whereas the dark reactions occur ouiside the photo-
synthetic membranes.

The Light Reactions

The light reactions absorb the energy of sunlight and con-
vert it to the energy that is stored in chemical bonds. This
process occurs very rapidly. However, the light reactions can
be divided into four basic processes: light absorption, electron
transport, oxygen production, and ATP formation. These pro-
cesses are closely linked and are dependent on one another, As
you examine the light reactions in more detail, keep in mind
that these processes occur nonstop in green plants as long as
the sun shines.

LIGHT ABSORPTION The photosynthetic membrane
contains clusters of pigment molecules, or photosystems, that
are able to capture the energy of sunlight. There are two photo-
systems in green plants: photosystem | and photosystem Il. See
Figure 6-8.

Each photosystem contains several hundred chlorophyll
molecules, as well as a number of accessory pigments. These
accessory pigments absorb light in the regions of the spectrum
where chlorophyll does not and thus allow more of the avail-
able light energy to be used. The absorption of light causes
electrons in a pigment molecule to be raised to a higher level,
an “excited" state. This excitation energy is then passed from
one pigment molecule to another until it reaches a special pair
of chiorophyll molecules. Although all the photosystem pig-
ments can absorb light, only the special pair of chlorophyll
molecules can process the light energy. The special pair of
chlorophyll molecules are surrounded by an apparatus that en-
ables the excitation energy to be captured in chemical form.
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ELECTRON TRANSPORT The high-energy electrons pro-
duced by light travel from the special pair of chlorophyll mole-
cules to an adjacent molecule called an electron carrier. This
begins a process known as electron transport.

The high-energy electrons are transferred along a series of
electron-carrier molecules in the photosynthetic membrane

Eleciron carriers

[ :
R Special pair of H
chlorophyll molecules - Electron
H pair
o o sl )
— Light energy transferred to NADPH .
a special ggir of chlorophyll molecules NADP
*sees Path of electrons
&Wciectron transport chain

Figure 6-8 Clusters of pigmeni
molecules known as photosysiems
are embedded in the photosynthetic
membrane. Photosystems capture
the energy of sunlight, which is used
to make energy-storing compounds.
The energy in these compounds, in
turn, is used to make biologically
important compounds such as
glucose.

Figure 6-9 The high-energy
electrons produced by light are
transferred from chlorophyll to the
electron transport chain. The
electrons are passed from one
carrier in the chain to the next. At
the end of the chain, they are used
to make the energy-storing
compound NADPH.
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Special pair of
chiorophyll molecules
S

Figure 6-10 The breakdown of
water produces electrons that replace
ihe electrons lost by the special pair
of chiorophyll molecules. This
process also resulis in the formation

of hiydrogen ions and oxygen gas.

Figure 6-11 The buildup of
hydrogen ions (produced in the
breakdown of water) inside the
photosynthetic membrane produces
a difference in charges across the
membrane. This powers the
formation of the energy-storing
compound ATF,
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known as the electron transport chain. Electrons are passed
from one carrier to another almost as pails of water are passed
from one person to the next in a bucket brigade.

At the end of the chain is an enzyme that passes the high-
energy electrons to an electron carrier called NADP*, convert-
ing it to NADPH. Adding a pair of electrons to this electron
carrier requires energy. This is the first way in which part of
the energy of sunlight is trapped in chemical bonds. The elec-
trons and energy stored in the bonds of NADPH will be used
later on.

OXYGEN PRODUCTION As the light continues to shine,
what happens to chlorophyll? Does it run out of electrons? No.
The photosynthetic membrane contains a system that provides
new electrons to chlorophyll to replace the ones that wound up
in NADPH. These electrons are taken from water. Four elec-
trons are removed from 2 water molecules (H,;0), leaving 4 hy-
drogen ions (H*) and 2 oxygen atoms (O). The 2 oxygen atoms
form a single molecule of oxygen gas (0O,) that leaves the chlo-
roplast and is eventually released into the air,

ATP FORMATION The hydrogen ions left behind when
water is “split” are released inside the photosynthetic mem-
brane. In addition, as electrons are passed irom chlorophyll to
NADP*, more hydrogen ions are pumped across the mem-
brane. After a while, the inside of the membrane fills up with
positively charged hydrogen ions. This makes the outside of
the photosynthetic membrane negatively charged and the in-
side positively charged.

The difierence in charges across the membrane s a source
of energy. An enzyme in the photosynthetic membrane makes
use of this energy to attach a phosphate molecule to ADP, form-
ing ATP. This is the second way in which the energy of sunlight
is trapped in chemical form.




A SUMMARY OF THE LIGHT REACTIONS As we have
seen, the light reactions use water, ADP, and NADP*; they pro-
duce O, (which is of no help in photosynthesis but is of great
use to us!) and the energy-storing molecules ATP and NADPH.
The next stage of photosynthesis, the dark reactions, will con-
vert these energy-storing molecules to a more convenient form.

The Dark Reactions

Do not be confused by the term dark reactions. The dark
reactions generally take place in sunlight. However, light does
not play a role in the dark reactions. If ATP and NADPH are
supplied, the dark reactions can be carried out in a test tube,
even in total darkness and without ever being exposed to light!

[NADPH|
2[ATP] 2 NADP*
e, c‘"' 2¢,

PGAL
Co,j C,

3 Intermedia\®

Compounds
Chloroplast :
envelope .
4

Glucose and other compounds

The series of chemical changes that make up the dark reac-
tions is particularly critical to living things. In this part of pho-
tosynthesis, the simple inorganic molecule carbon dioxide is
used to make a complex organic molecule. This molecule can
be thought of as a building block that can be used to make
other biologically important molecules, including glucose. The
dark reactions form a cycie, or circular series of reactions. Be-
cause the chemistry of this remarkable cycle was worked out
by the American scientist Melvin Calvin, the dark reactions are
also known as the Calvin cycle.

Throughout this description of the Calvin cycle, you will
find it helpful to refer to Figure 6-12. In the first reaction of the
Calvin cycle, a 5-carbon sugar (C;) combines with CO, to form
two 3-carbon compounds (C,). The first reaction of the Calvin

Figure 6-12 The dark reactions use
carbon dioxide and the energy-
storing compounds produced in the
light reactions to form PGAL. PGAL
is a chemical “building block” that
can be used to make other organic
compounds, such as the sugar
glucose.

ira



cycle tends to be relatively slow. In order to compensate for
this, the chloroplast is loaded with an enzyme that catalyzes
this reaction. This enzyme is known as rubisco. There is far
more rubtsco in an active plant cell than any other protein mol-
ecule. Because there are many more plant cells than animal
cells on Earth, we can make a remarkable statement about ru-
bisco: It is the most abundant protein in the world!

In the next two reactions of the Calvin cycle, using the
chemical energy available in ATP-and NADPH, these 3-carbon
compounds are converted to PGAL (phosphoglyceraldehyde).
Most PGAL molecules are recycled for the dark reactions, but 1

SCIENCE,.

TECHNOLOGY,

AND SOCIETY

“If at First You Don’t Succeed ...”

In the dark reactions of photosynthesis,
gsimple inorganic molecules are used to form
organic molecuies—food—that can be used by
living things. The process of putting carbon
into a form that can be used by living things is
known as carbon fixation. Although
carbon fixation in photosynthesis is
crucial to living things, this process
remained a mystery until the late
1940s.

It was obvious that the key to
understanding the chemical steps of
the dark reactions—and carbon fix-

el |
[ —

ever, when radioactive CO, was added to
growing plants, within a few minutes nearly
every type of carbon-containing molecule in
the plant was radioactive. So it was back to the
drawing board for the scientists.

Melvin Calvin and his associate
John Bassham decided that if car-
bon was fixed quickly, they would
have 1o act quickly. They put a sus-
pension of green algae into a special
flask, injected radioactive CO, into
it, lashed a bright light at it, and
opened a valve at the bottom of the

ation—was to find the very first Melvin Calvin worked flask. The algae cells dropped sud-
molecule into which CO, was fixed, out the chemistry denly into a beaker of boiling alco-
or used to make an organic mole- ©f the dark reactions  hol, which killed the cells and
cule. But how do you trace the path Of photosynthesis. stopped photosynthesis instantly.

of a molecule in a chemical reac-

tion? And how can you tell that a particular
molecule is really the one you want io
observe?

Working at the University of California at
Berkeley in 1946, Melvin Calvin and his asso-
ciates decided to use newly discovered car-
bon-14, a radioactive isotope of carbon, in
their experiments on carbon fixation. They
reasonad that the molecule that fixed carbon
dioxide would become radioactive when it
joined with radicactive carbon dioxide, or car-
bon dioxide that contained carbon-14. How-
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The molecules associated with car-
bon fixation, however, were preserved. This
approach allowed Calvin and his associates to
identify phosphoglyceric acid, a 3-carbon
compound, as the product of the first reaction
in carbon fixation.

The determination of these scientists to
perform a difficult experiment produced the
first (and most important) clue in working out
the process of carbon fixation. Calvin and his
associates continued their work, described the
dark reactions, and made a major contribution
to our understanding of photosynthesis.



out of every 6 is used to make glucose or other end products.
How many times must the Calvin cycle go around to produce 1
molecule of glucose? (Hint: The formula for glucose is C;H,,0,)

Although we have emphasized the production of glucose in
the Calvin cycle, the intermediate compounds of the cycle are
also important because they can be used by the chioroplast in
many ways. Some of the intermediates may be used to form
sugars other than glucose; some of them may be used to make
amino acids; and some can be converted to lipids. The dark re-
actions of photosynthesis provide the raw materials to produce
almost everything the cell needs.

‘_2 SECTION
REVIEW
1. What are the products of the light reactions?

2. Where in the cell do the light reactions take place? The
dark reactions?

3. Describe the Calvin cycle. Why are the light reactions
important to the Calvin cycle?

6-3 Glycolysis and Respiration

The ability of autotrophs to produce glucose and other
food molecules reflects the fact that photosynthesis is able to
trap some of the energy of sunlight in chemical bonds. In a
way, the energy stored by photosynthesis is like money depos-
ited in a savings account: It is available for future needs. But or-
ganisms—autotrophs and heterotrophs alike—must be capable
of making “withdrawals™ from that savings account; that is,
they must be able to release energy by breaking down food
molecules. In this section we will examine two processes used
to release energy from glucose.

Giycolysis—Breaking Down Glucose
Glucose (CgH,,0,) is a simple 6-carbon sugar. If glucose is

broken down completely in the presence of oxygen, carbon
dioxide and water are produced:

CH,;0, + 60, — 6CO, 4+ 6H,0
glucose + oxygen — carbon dioxide + water

This reaction gives off 3811 calories per gram of glucose. A cal-
orie is the amount of heat energy required to raise the tempera-
ture of 1 gram of water 1 degree Celsius. As you can see,
glucose obviously contains a lot of energy. (Those of you who
waltch your calories should not be alarmed. The Calorie asso-
ciated with food and diet books is actually a kilocalorie, which
is equal to 1000 calories.)

Section Objectives

Discuss the process of glycolysis.

Describe respiration.

@ Explain how breathing is related to

respiration.
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Figure 6-13 In the process of
glycolysis, gluccse is broken down
and transformed into other
molecules. In addition, energy is
released in the form of 2 molecules
of ATFP
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A cell takes apart glucose slowly and captures the energy a
little at a time. Remember, the energy stored in chemical bonds
can be used when the bonds are broken. The first stage in this
process is known as glycolysis (gligh-KAHL-ih-sihs), which
means glucose-breaking. Glycolysis takes place in the cyto-
plasm of a cell. In glycolysis, a series of enzymes catalyzes
chemical reactions that change glucose, one step at a time,
into different molecules.

In the first step, a glucose molecule undergoes several
chemical reactions that ultimately split the 6-carbon sugar into
two 3-carbon PGAL molecules. See Figure 6-13. Two molecules
of ATP are used up in the process. This means that the cell
must use up a bit of its stored chemical energy to begin the
breakdown of glucose.

Several more chemical steps then occur that transform the
2 PGAL molecules into 2 molecules of pyruvic acid, a 3-carbon
compound. The energy from the 2 PGAL molecules is used to
make 4 molecules of ADP and 2 molecules of NADH. NADH is
an energy-storing compound similar to the NADPH that is
formed in the light reactions of photosynthesis.

In the process of glycolysis, 4 molecules of ATP are synthe-
sized from 4 molecules of ADP. Because 2 ATP molecules are
used to start the process, we can do a little arithmetic and con-
clude that there is a net gain of 2 molecules of ATP during
glycolysis.

The 2 ATP molecules produced in glycolysis represent no
more than 2 percent of the total chemical energy in glucose.
What happens to the rest? The answer depends on the pres-

ence of oxygen.

Respiration

If oxygen is available, a process known as respiration can
take place. Because it requires oxygen, respiration is called an
aerobic process. The word aerobic means with air—specifi-
cally, the part of the air called oxygen. Respiration is the proc-
ess that involves oxygen and breaks down food molecules to
release energy. Respiration uses the pyruvic acid formed in
glycolysis. In breaking down pyruvic acid, respiration captures
much of the remaining energy from glucose in the form of 34
additional molecules of ATP.

The term respiration may have a familiar ring. It is often
used as a synonym for breathing. Because of this, some biolo-
gists use the term cellular respiration instead of respiration to
refer to energy-releasing pathways within the cell. The double
meaning of respiration points out a crucial connection between
cell and organism: The energy-releasing respiratory pathways
within the cells require oxygen, which animals take in by
breathing—another type of respiration. Although piants do not
breathe in the usual sense, they also need to take in oxygen for
cellular respiration.
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Respiration, like photosynthesis, is associated with a cell
organelle. The chemical reactions of respiration take place in a
cell's mitochondria. Recall from Chapter 5 that a mitochon-
drion consists of two membranes, an outer membrane and a
folded inner membrane. The first set of reactions in respiration
takes place in the area enclosed by the inner membrane. The
second set of reactions takes place within the inner membrane
itsell. See Figure 6-14.

THE KREBS CYCLE The first set of reactions in respira-
tion is the Krebs cycle, which is named for its discoverer, Hans
Krebs. Unlike glycolysis, the Krebs cycle does not produce a
final end product. Instead, it is a continuing series of reactions.

The pyruvic acid produced during glycolysis travels from
the cytoplasm to the mitochondrion. In the first reaction of res-
piration, pyruvic acid is broken down into carbon dioxide and
a 2-carbon compound called acetic acid. Acetic acid, bound to a
carrier molecule called coenzyme A (CoA), enters the Krebs
cycle by reacting with a 4-carbon compound to produce citric
acid, a 6-carbon compound. Because citric acid is the first com-
pound formed in this series of reactions, the Krebs cycle is
known as the citric acid cycle.

There are nine reacticns and nine intermediates in the
Krebs cycle. At two places in the cycle, CO, is released. At four
places in the cycle, a pair of high-energy electrons are

§]

Figure 6-14 Respiration, an
aerobic process, takes place in the
mitochondrion, The Krebs cycle
takes place in the area enclosed by
the inner mitochondrial membrane.
Electron transport and ATP
formation involve complex
molecules embedded in the inner
membrane. = -
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Figure 6-15 The Krebs cycle, a
continuing series of nine reactions
involving nine intermediate
compounds, produces carbon
dioxide and energy-storing
compounds.
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accepted by electron carriers, changing NAD* to NADH and
FAD to FADH,. See Figure 6-15. At one place in the cycle, a mol-
ecule of GDP (similar to ADP) is converted to GTP (similar to
ATP). The GTP may then used to make ATP from ADP. We can
summarize the events in the Krebs cycle as follows:

* 2 carbon atoms added (from the breakdown of pyruvic
acid)

¢ 2 carbon atoms removed (in 2 molecules of CO,)

* 3 molecules of NAD* converted to NADH

* 1 molecule of FAD converted to FADH,

* 1 molecule of GDP converted to GTP

Step by step, the carbon atoms in glucose wind up as car-
bon dioxide. The carbon dioxide produced by the Krebs cycle
is a waste product that is released from the cell. But what does
the cell do with the other products of the Krebs cycle: NADH
and FADH,? And where does oxygen fit into the process?

ELECTRON TRANSPORT IN THE MITOCHONDRION
The high-energy electrons from NADH and FADH, are passed to
a series of electron transport enzymes in the inner membrane
of the mitochondrion. These enzymes form an electron trans-
port chain along which electrons are passed. At the end of this
chain is an enzyme that combines electrons from the electron



transport chain, hydrogen ions (H*) from the fluid inside the
cell, and oxygen (O;) to form water (H;0). This is where oxy-
gen comes in. Oxygen is the final electron acceptor in the proc-
ess of respiration. Thus, oxygen is essential for obtaining
energy from both NADH and FADH,.

ATP FORMATION Recall that the photosynthetic electron
transport chain was associated with the movement of hydrogen
ions (H*) across the photosynthetic membrane in the chloro-
plast. Electron transport in the mitochondrion causes a similar
movement of hydrogen ions. As they accept electrons, some of
the enzymes in the electron transport chain pump a hydrogen
ion from the inside of the inner membrane to the outside. As in
photosynthesis, the movement of hydrogen ions powers the
formation of ATP. On average, the movement of a pair of elec-
trons down the electron transport chain produces enough en-
ergy to form 3 ATP molecuies from ADP.

Electron transport produces a difference in electric charge
across the membrane. There are more hydrogen ions outside
the inner membrane of the mitochondrion than inside it. Thus,
the outside of the membrane is more positively charged than
the inside. The difference in charge created by the imbalance
of hydrogen ions supplies the energy to make ATP from ADP.

Like the photosynthetic membrane, the inner mitochon-
drial membrane has two special properties that make this proc-
ess work: The electron transport chains in the membrane are
arranged so that hydrogen ions are pumped in one direction
across the membrane; and the membrane does not allow jons
to “leak™ back across (otherwise there would not be enough of
a charge difference to provide energy for ATP synthesis).

o} | FADH.| |NADH|

HO

Electron
cariers

«++++ Path of electrons
Electron transport chain

Figure 6-16 The high-energy
electrons in the energy-storing
compounds NADH and FADH, are
transferred to the molecules of the
eleciron transport chain, which is
located in the inner mitochondrial
membrane. At the end of the chain,
the electrons react with hydrogen
ions and oxygen to form water.

127



Figure 6-17 The compleie
breakdown of glucose through
glycolysis and respiration resulis in
the production of chemicol energy in
the form of 36 molecules of ATP.
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THE TOTALS How much chemical energy is produced by
the complete breakdown of glucose? Remember, glycolysis
produces a net gain of 2 ATP molecules and passes high-energy
electrons to 4 NADH molecules. The energy in these NADH
molecules can be used to form 10 ATP molecules. In respira-
tion, 6 more NADH, 2 GTP, and 2 FADH, molecules are pro-
duced in the Krebs cycle. The energy in the 2 GTP molecules
can be used to form 2 ATP molecules. The electron transport
chain uses the electrons in NADH and FADH, to produce 22 ATP
molecules. See Figure 6-17. When the results of each of these
biochemical pathways are considered, we find that a total of 36
molecules of ATP are produced from each glucose molecule.
The energy in these 36 ATP molecules is about 37 percent of
the total chemical energy available in glucose. That might not
sound very impressive. However, the process of respiration is
more efficient than the average automobile engine when it
comes to converting fuel to usable energy.

Obtaining Energy from Food

Obviously very few of us eat a diet composed exclusively of
glucose, But how is energy produced from foods other than
glucose?



Complex carbohydrates are broken down into simple
sugars that are then converted into glucose. At that point, the
pathways we have discussed in this chapter can be used to
produce energy. Most lipids and many proteins can be broken
down into molecules that can enter giycolysis or the Krebs
cycle at one of several places. Like a furnace that can bumn
wood, coal, or oil, the cell can generate chemical energy in the
form of ATP from just about any source.

Breathing and Respiration

Alter all of this chemical detail, it is reasonable to point out
why we have used the term respiration to refer to energy-
releasing pathways. Remember that the final acceptor for all
electrons produced in respiration is oxygen. Without oxygen,
electron transport cannot operate, the Krebs cycle stops, and
the synthesis of ATP in the mitochondrion stops. If we are
starved for oxygen, our cells will attempt to make the ATP they
require by glycolysis alone. But for most cells this is not
sufficient.

With each breath we take, air flows into our lungs. Since
ancient times, humans have rezlized that a constant supply of
air into the lungs is necessary. But only in this century have we
been able to understand why that air is necessary—oxygen has
a critical role to play in the mitochondria of every cell!

Energy in Balance

Photosynthesis and respiration can be thought of as op-
posite processes. Earlier, we compared the chemical energy in
glucose to money in a savings account. Photosynthesis is the
process that “deposits” energy. Respiration “withdraws™ en-
ergy. The equations for photosynthesis and for the complete
breakdown of glucose (through glycolysis and respiration) are
the reverse of each other. The products of photosynthesis are
the reactants of glucose breakdown, and the products of glu-
cose breakdown are the reactanis of photosynthesis.

B-3 REVIEW

1. What is glycolysis?

2. List the products of the Krebs cycle. What happens to
each of these products?

3. Why is breathing necessary for cellular respiration in
animals?

4. None of the steps of the Krebs cycle involves oxygen.
However, the Krebs cycle is considered to be an aerobic
process. Explain why.

Figure 6-18 As this figure shater
breathes, she takes in oxygen, The
oxygen is used in the process of
respiration, which provides energy
in the form of ATP—energy that
enables the skater to perform her
feats on ice!
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Section Objectives
@ Relate lermentation to glycolysis.

@ Compare lactic acid farmentation
and alccholic fermentation.

Figure 6-19 The process of
glycolvsis produces energy and
converis NAD* to NADH.
Fermentation is an anaerobic
process that converts NADH back to
NAD?®, thus enabling cells to
produce energy under anaerobic
conditions.

Figure 6-20 When the body cannot
supply enough oxygen to muscies
during vigorous exercise, muscle
cells begin lo produce energy by
tactic acid fermentation. Even the
best athletes are subject to the aches
and pains that result from the
buildup of lactic acid in the muscles.

6-4 Fermentation

If oxygen is present, a cell can use the process of respira-
tion to extract a great amount of energy from glucose. But what
happens when no oxygen Is available? Does this mean that we
can no longer get energy from glucose?

As you may remember, glycolysis produces 2 ATP mole-
cules per molecule of glucose and does not require oxygen.
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This enables cells to produce a limited amount of chemical en-
ergy in the form of ATP. Glycolysis aiso produces high-energy
electrons that convert NAD* to NADH. In order for glycolysis to
continue, NADH must be converted back to NAD*,

This is where the process of fermentation comes in. Fer-
mentation is anaerobic, which means that it does not require
oxygen. In fermentation, NADH is converted to NAD* by adding
the extra electrons in NADH to an organic molecule that acts as
an electron acceptor. Thus, fermentation enables cells to
carry out energy production in the absence of oxygen. The
combination of glycolysis and fermentation produces 2 ATP
molecules from a molecule of glucose.

In bacteria, many different organic molecules can serve as
the final electron acceptor in fermentation. However, most eu-
karyotic cells use one of two fermentation pathways to change
NADH to NAD". The two pathways are lactic acid fermentation
and alcoholic fermentation.

Lactic Acid Fermentation

[n many cells, the pyruvic acid that accumulates as a result
of glycolysis can be converted to lactic acid. Because this type
of fermentation produces lactic acid, it is known as lactic acid
fermentation. This process regenerates NAD* so that glycoly-
sis can continue:

pyruvic acid + NADH — lactic acid + NAD*

Lactic acid is produced in muscles during rapid exercise
when the body cannot supply enough oxygen to the tissues to




produce all of the ATP that is required. The buildup of lactic
acid causes a burning, painful sensation that every athlete is fa-
miliar with. When you exercise vigorously by running, swim
ming, or riding a bicycle as fast as you can, the large muscles of
your arms and legs quickly run out of oxygen. Your muscle cells
rapidly begin to produce ATP by fermentation. During this
process, lactic acid is produced. This is why muscles may feel
sore after only a few seconds of very rapid activity.

Alcoholic Fermentation

Another type of fermentation occurs in yeasts and a few
other microorganisms. In this process, pyruvic acid (which is a
3-carbon compound) is broken down to produce a 2-carbon al-
cohol and carbon dioxide (CO,). Because this type of fermenta-
tion produces alcohol, it is known as alcoholic fermentation.
As in lactic acid fermentation, the process that alters pyruvic
acid also changes NADH back into NAD*:

pyruvic acid + NADH — alcohol + CO, + NAD"

Alcoholic fermentation is of particular importance to
bakers and brewers. The carbon dioxide produced by yeast
during fermentation causes dough to rise and forms the air
spaces you see in a slice of bread. The CO, released by fermen-
tation is the source of bubbles in beer and sparkling wines. To
brewers, alcohol is a welcome byproduct of fermentation. How-
ever, it is not desirable from a yeast cell's point of view. Alco-
hol is toxic. When the level of alcohol reaches about 12
percent, yeast cells die. Thus alcoholic beverages must be
processed if higher concentrations of alcohol are desired.

g SECTION
B &% REVIEW

. What is fermentation? What are two types of
fermentation?

2. How are respiration and fermentation similar? How are
they different?

3. When oxygen is present, yeast celis undergo respiration.
Explain why brewers must take special care to prevent
air from entering fermentation tanks.

Figure 6-21 When yeast cells (left)
undergo alcoholic fermentation, they
produce alcohol and carbon dioxide
The carbon dioxide produces the air
spaces in bread and the bubbles in
champagne
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OBSERVING THE RELATIONSHIP BETWEEN

PHOTOSYNTHESIS AND RESPIRATION

PROBLEM

What is the relationship between the processes of photosynthesis and .

respiration?
MATERIALS (per group)

2 125-mL flasks

2 #5 rubber stoppers
100-mL graduated cylinder
bromthymol blue solution
2 Elodea

light source

drinking straw

PROCEDURE

1. Using a graduated cylinder, measure out 100
mL of bromthymol blue solution for each of
the two flasks.

CAUTION: Bromthymol blue is a dye and can
stain your hands and clothing.

2. Insert one end of a drinking straw into the
bromthymol blue in one of the flasks. Gently

blow through the straw. Keep blowing until
there is a change in the appearance of the
bromthymol blue solution. Repeat this proce-
dure with the other flask.

3. Place a sprig of Elodea into each flask. Stopper
the flasks.

4, Place one flask in the dark for 24 hours. Place
the other flask on a sunny windowsill for the
same amount of time. Artificial light may be
used to supplement the sunlight.

5. After 24 hours, examine each flask. Note any
change in the appearance of the bromthymol
blue solution.

OBSERVATIONS

1. What was the color of the bromthymol blue
solution before you exhaled into it? After you
exhaled into it?

2. What was the color of the bromthymol blue
solution in the flask that was placed in the
dark for 24 hours? In the flask that was placed
in the light for 24 hours?

ANALYSIS AND CONCLUSIONS

1. What substance was released into the brom-
thymol blue solution when you exhaled into it?
How is this substance produced?

2. Explain why the color of the bromthymol blue
solution changed after you exhaled into it.

3. Why was Elodea placed in both flasks?

4, Which flask is the control? Describe additional
controls that you might use for this
experiment.

5. Why are the results for the two flasks
different?

6. How are photosynthesis and respiration
related?
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

6-1 Photosynthesis: Capturing and
Converting Energy
* In the process of photosynthesis, green
plants capture the energy in sunlight and
convert it into chemical energy. The bal-
anced overall equation for photosynthesis is
6 CO, + 6 H,0 light C.H .0, + 6 O,.

6-2 Photosynthesis: The Light and Dark
Reactions

* The light reactions can be broken down into
four parts: light absorption, electron trans-
port, oxygen production, and ATP synthesis.

* The dark reactions occur outside the photo-
synthetic membrane in the chloroplast. In
the Calvin cycle, CO, is used to make PGAL,
which can then be used to form glucose and
other important molecules.

REVIEWING KEY TERMS

6-3 Glycolysis and Respiration

* Glycolysis is a series of chemical reactions
that ultimately produces 2 molecules of ATP
and 2 molecules of pyruvic acid.

* Respiration is an aerobic process that breaks
down food molecules to release energy. This
energy is stored in the form of ATP.

6-4 Fermentation

« Fermentation is an anaerobic process that
regenerates NAD* for use in glycolysis. In
fermentation, organic molecules take elec-
trons from NADH, changing it back to NAD*

* Photosynthesis stores energy; respiration
releases energy. Products of photosynthesis
are used in respiration. Products of respira-
tion are raw materials for photosynthesis.

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not

sure of a term’s meaning, return to the appropriate section and review its definition.

6-1 Photosynthesis:

Capturing and The Light and
Converting Energy Dark Reactions
photosynthesis light reactions
glucose dark reactions
autotroph photosynthetic
heterotroph membrane
pigment photosystem
chlorophyll _ electron transport
adenosine Calvin cycle

triphosphate (ATP)

6-2 Photosynthesis: 6-3 Glycolysis and 6-4 Fermentation

Respiration fermentation
. calorie anaerobic
glycolysis lactic acid
respiration fermentation
aerobic alcoholic
Krebs cycle fermentation



CONTENT REVIEW

Mukiple Choice
Choose the leiter of the answer that best completes each statement.
1. Which process is anaerobic? 3. In respiration, the final electron acceptor is
a. Krebs cycle a. lactic acid. C. oxygen.
b. mitochondrial electron transport b. alcohol. d. NAD*,
c. glycolysis 6. Which of these is produced by the dark
d. respiration reactions?
2. An experiment that showed that part of a a. PGAL c. water
growing plant's mass comes from water was b. oxygen d. ATP
performed by 7. A type of pigment found in green plants is
a. Priestley. ¢. Ingenhousz. a. NAD", c. ATP.
b. Van Helmont. d. Calvin. b. NADPH. d. chlorophyll.
3. Autotrophs include 8. Which of these is not produced in the light
a. ferns. C. yeasts. reactions?
b. camels. d. birds. a. NADPH c. ATP
4. Photosynthesis produces b. glucose d. oxygen
a. carbon dioxide. c. water.
b. alcohol. d. glucose,
True or False

Determine whether each statement is true or false. If it is true, write “true.”" If it
is false, change the underlined word or words to make the statement true.

1. In the dark reactions of photosynthesis, the 5. ATP is formed when enzymes move

energy in sunlight is captured and used to hydrogen ions across a membrane to an
make ATP and NADPH. area of greater concentration.

2, Because they cannot make their own food, 6. Glycolysis is an aerobic process that breaks
autotrophs rely on the food-making ability down food molecules to produce energy.
of green plants. 7. When there is no oxygen present, yeast

3. Photosystems are clusters of pigment cells break down glucose to form lactic acid
molecules that are able to capture the and carbon dioxide.
energy of sunlight. 8. Approximately 36 molecules of ATP are

4. The light reactions occur outside the formed during glycolysis.
photosynthetic membrane.

Word Relationships

A, In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common (o three of the terms and
then identify the term that does not belong.

1. Caivin cycle, light absorption, electron transport, oxygen production
2. fermentation, respiration, glycolysis, photosynthesis
3. glucose, axygen, water, energy




B. An analogy is a relationship between two pairs of words or phrases generally
written in the following manner: a:b::c:d. The symbol : is read “is to,” and the
symbol :: is read “as.” For example, cat:animal:rose:plant is read “cat is to
animal as rose is to plant.”

In the analogies that follow. a word or phrase is missing. Complete each
analogy by providing the missing word or phrase.

4. food and oxygen:respiration::
5. oak tree:autotroph::human:

6. PGAL:Calvin cycle:pyruvic acid:
7. photosynthesis:chlorcplast::respiration:

:photosynthesis

CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. List the requirements for photosynthesis.
Briefly describe how each is involved in
the light reactions or the dark reactions,

2. Describe the process of ATP formation.

- 3. Name ten living things that you see every

day. Identify each of these as an autotroph
or a heterotroph.

4. What is the relationship between breathing
and respiration?

5. How are photosynthesis and respiration
related to each other?

6. Compare the reactants and products of two
types of fermentation.

-

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Making comparisons Compare the the atmosphere a long time. Explain how

chemical steps of the light and dark this would have resulted in the dinosaurs
reactions of photosynthesis with those of dying off.
glycolysis, the Krebs cycle, and the 5. Assessing concepts Which is better:
respiratory electron transport chain. respiration or fermentation? Explain your
2. Making an outline Outline the process of answer.
photosynthesis. 6. Using the writing process You are a
3. Applying concepts Some desert animals carbon atom. You have just returned to the
such as the kangaroo rat never have to air as carbon dioxide after being involved

drink water. Explain how kangaroo rats can
obtain the water they need to survive from
the dry seeds they eat.

4. Making inferences Some scientists think
that the dinosaurs may have become
extinct because an asteroid struck the Earth
and sent large amounts of dust into the
upper atmosphere, The dust remained in

in the processes of photosynthesis and
respiration. Describe what happened to you
on your chemical journey. Where did you
go? What other atoms (carbon and
otherwise) did you find yourself bonded
to? What molecules did you meet along the
way, and what were they like?

e e T R
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The double-helical structure of DNA is shown in these
compuler-gensrated images. The larger image shows
a dark-biue structure and a purpie structure colling
around each othar. These structures represent the two
tinked strands of nucleotides in DNA. The smailler
Image shows DNA's double helix as it appears from
above.
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CHAPTER OUTL.IN‘E > 7-1 DNA
Section Objectives
M@ List the contributions of various scientists to
the idea that DNA carries the genetic code.
@ Describe the structure and function of DNA
7-2 RNA . @ Summarize the process of DNA
® The Structure of RNA replication.

® Transcription: RNA Synthesis
. By now it should be clear that living cells are able to do
7-3 Protein Synthesis some remarkable things. We might go so far as to say that cells
® The Nature of the Genetic Code “know" a great deal about the business of life: how to produce
® Transiation ATP, how to build cilia and centrioles, how to produce enzymes
and membranes. It is as though cells are preinstructed by a
code, or programmed, about what to do and how 1o do it
A program, or code, in living cells must be able to duplicate
itself quickly and accurately and must also have a means of
being decoded and put into effect. In this chapter we will begin
to learn about the nature of the cellular program-—what biolo-
gists know and don't know about the ways in which the pro-
gram is constructed, duplicated, and carried out.

7-1 DNA

® The Genetic Code
¢ The Structure of DNA
® The Replication of DNA
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Biologists call the program of the cell the genetic code.
The word genetic refers to anything that relates to heredity.
The genetic code, therefore, is the way in which cells store the
program that they seem to pass from one generation of an or-
ganism to the next generation.

Figure 7-1 The genetic code
stores the program for making
proteins, such as those that make
up the strands of hair, and passes
it on from generation to
generation.




Figare 7-2 The results of Griffith's
experiments showed that
“something” had been transferred
from the heat-killed disease-causing
bacteria to the live harmless
bactena, transforming them into live
disease-causing bacteria. This
something was later isolated and
identified as DNA.

Is there a molecule that carries the genetic code? As often
happens in science, an opportunity to answer this question
presented itself to someone who was actually interested in
something else.

In 1928, the British scientist Frederick Griffith was studying
the way in which certain types of bacteria cause the disease
pneumonia. Griffith had in his laboratory two slightly different
strains, or types, of pneumonia bacteria. Both strains grew very
well in culture plates in his lab,-but only one strain actually
caused the disease. The disease-causing sirain of bacteria grew
into smooth colonies on culture plates, whereas the harmless
strain produced colonies with rough edges. The differences in
appearance made the two strains easy to distinguish.

When Griffith injected mice with the disease-causing strain
of bacteria, the mice got pneumonia and died. When mice were
injected with the harmless strain, they did not get pneumonia
and they did not die. And when mice were injected with the
disease-causing strain that had been killed by heat, these mice
too survived. By performing this third experiment, Griffith
proved to himself that the cause of pneumonia was not a chem-
ical poison released by the disease-causing bacteria,

TRANSFORMATION Next Grifith did an experiment that
produced an astonishing result. He injected mice with a mix-
ture of live cells from the harmless strain and heat-killed cells
from the disease-causing strain. To Griffith's surprise, the mice
developed pneumonia'
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Somehow Griffith’'s heat-killed strain had passed on its dis-
ease-causing ability to the live harmless strain. [t was almost as
if a farmer had scattered ground beef in a henhouse and then
returned the next morning to discover that some of the eggs
had begun to hatch into calves instead of baby chicks!

To confuse matters even more, Griffith recovered bacteria
from the animals that had developed pneumonia. When these
bacteria were grown on culture plates, they formed smooth col-
onies characteristic of the disease-causing strain. For all practi-
cal purposes, one strain of bacteria had been transformed into
another. Griffith called this process transformation.

THE TRANSFORMING FACTOR Criffith theorized that
when the live harmless bacteria and the heat-killed bacteria
were mixed together, a factor was transferred from the heat-
killed cells into the live cells. In 1944, a group of scientists at
the Rockefeller Institute in New York City led by Oswald Avery,
Maclyn McCarty, and Colin MacLeod decided to repeat Grif-
fith’s work and see if they could discover which molecules
were Griffith’s transforming factor, that is, which mclecules
were responsible for transformation.

Avery and his colleagues made an extract, or juice, from the
heat-killed bacteria. When they treated the extract with en-
zymes that destroy lipids, proteins, and carbohydrates, they
discovered that transformation still occurred. Obviously these
molecules were not responsible for the transformation. If they
were, transformation would not have occurred because the
molecules would have been destroyed by the enzymes.

Avery and the other scientists repeated the experiment,
this time using enzymes that would break down RNA (ribonu-
cleic acid). The scientists found that again transformation took
place. But when they performed the experiment again, now
using enzymes that would break down DNA (deoxyribonucleic
acid), transformation did not occur. DNA was the transforming
factor! DNA is the nucleic acid that stores and transmits the
genetic information from one generation of an organism to
the next. In other words, DNA carries the genetic code,

BACTERIOPHAGES The work of Avery and his colleagues
clearly demonstrated the role of DNA in the transfer of genetic
information. Scientists, however, are notorious for being a
skeptical group, and it sometimes takes many successful exper-
iments to convince everyone,

One of the most important of these experiments was per-
formed in 1952 by two American scientists, Alfred Hershey and
Martha Chase. Hershey and Chase were interested in the kinds
of viruses that infect bacteria. Such viruses are known as bac-
teriophages (bak-TIHR-ee-uh-fayj-uhz), which means bacteria
eaters. Bacteriophages are composed of a DNA core and a pro-
tein coat. They attach themselves to the surface of a bacterium
and then inject a material into the bacterium.

Figure 7-3 This electron
micrograph shows some T-2
bacteriophages atiached to the
bactertum E. coli. Once inside, the
bacteriophages take over the
bacterium’s DNA and instruct it to
make many copies of themselves
(black ovals in the bacterium).




Figure 7-4 As a result of their
expeniments, Hershey and Chase
discovered that the DNA of a
bacteriophage is injected inlo a
bacterium, whereas the
bacteriophage’s protein coal remains
outside the bacterium. New
bacteriophages are produced inside
the bacterium, indicating that DNA,
not the proiein, is the hereditary
material of the bacteriophage.

Once inside the bacterium, the injected material begins to
reproduce, making many copies of the bacteriophage. Soon the
bacterium bursts, and several hundred bacteriophages are re-
leased 1o infect other cells. Because the material injected into
the bacterium produces new bacteriophages, it must contain
the genetic code.

In their experiments, Hershey and Chase set out to learn
whether the protein coat, the DNA, or both of these parts of the
infecting virus was the material -that entered the bacterium.
First they prepared two batches of the virus. They added radio-
active sulfur-35 to one batch and radioactive phosphorus-32 to
the other batch. Sulfur-35 and phosphorus-32 are radioactive
isotopes. You will recall from Chapter 3 that radioactive iso-
topes can be used as tracers to follow the pathway of certain
malterials.

By adding the radioactive isotopes to the viruses, Hershey
and Chase were "labeling" the viruses’ protein and DNA. The
protein was labeled with sulfur-35, and the DNA was labeled
with phosphorous-32. This was an excellent strategy because
proteins contain little or no phosphorous, whereas DNA does
not contain sulfur. If sulfur-35 was found in the bacteria, it
would mean that the viruses' protein was injected into the bac-
teria. If phosphorous-32 was found in the bacteria, then it was
the DNA that had been injected.

Baclerium releases
new bacleriophages

X

— Protein coat
' DNA core

= Bactenum

Bacteriophage attaches
o bactenum’s cell wall

e - — -

Protein coals and
DNA are assembled
into new bacteriophages

New bacteriophage
protein coats and
DNA are produced
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The two scientists mixed the radicactively iabeled viruses
with the bactena. They wailed a few minutes for the viruses to
attach and inject the genetic material. Then they separated the
viruses from the bacteria by placing the mixture in a mechani-
cal blender and then centrifuging the mixture.

Hershey and Chase discovered that nearly all the radioac-
tive sullur remained within the viruses. By contrast, nearly ali
the radicactive phosphorous had entered the bacterial

From these results, il was clear that the viruses’ DNA
enters the bacteria, and the protein coats remain outside the
bacteria. This was convincing evidence that DNA contains the
genetic information. When considered along with the eariier
experiments on the transiormation of pneumonia bacteria, the
Hershey-Chase experiments showed conclusively that DNA
was the molecule that carried the genetic code.

The Structure of DNA

Even if DNA was shown to be the crucial molecuile for the
passing on of genetic information, a question of overwhelming
importance remained. How ¢ould a molecule such as DNA per-
form two significant tasks: store information and duplicate it-
selfl easily? Let's take a look at the structure of DNA to see if
that explains how it accomplishes these tasks.

As you will recall irom Chapter 4 f NA i3 a polymer formed
from units called nucieotides, Each nucieotide is a molecule
made up of three basic parts: a >-carbon sugar called deoxyri-
bose (dee-ahks-ee-RiGH-bohz), a phosphate group, and a nitro-
genous, or nitrogen-containing, base.

DNA contains four nitrogenous bases. Two of the nitro-
genous bases, adenine (AD-uh-neen} and guanine (GWAH-
neen), belong to a group of compounds known as purines
(PYOOR-eenz). The remaining two, cytosine (SIGHT-Oh-seen)
and thymine (THIGH-meen), are known as pyrimidines
(pih-RIHM-uh-deenz).

Individual nucleotides are joined together to form a long
chain. Notice in Figure 7-7 on page 142 that the sugars and
phosphate groups form the backbone of the chain, and the ni-
trogenous bases stick out from the chain.

X-RAY EVIDENCE In the early 1950s, the British scientist
Rosalind Franklin turned her attention to the DNA molecule.
She purified a large amount of DNA and then sireiched the
DNA fibers in a thin glass tube so that most of the strands were
parallel. Then she aimed a narrow X-ray beam on them and re-
corded the pattern on film. When X-rays pass through matter,
they are scattered, or diffracted. This X-ray scattering produces
a pattern that provides important clues to the structure of
many molecules.

Franklin worked hard to prepare better and better samples
until the X-ray patterns became clear. The result of her work is

Figure 7-5 Radioactive isotopes
are used riot only to follow the
pathway of certain materiais, but
also to detect the presence of some

types of cancer. This photograph
shows how a radicaclive isotope
becomes miore concentrated in a
cancerous part of the body, in this
case in bone, than in a heaithy pari
of the body. The cancerous part
appears in red

Figure 7-6 DNA is a polymer
formed from units called nucleotides.
A nucleotide is composed of three
basic parts: a phosphate group, a
S-carbon sugar, and a nitrogenous
base. What is DNA's 5-carbon sugar

called?
Phosphate Nitrogenous
group oase
5t

O i\\ /’\..\

S-carbon sugar (decxynhbose)
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Figure 7-7 Individual nucleotides
Join together to form a DNA chain, . )
Note that each nucleotide conlains the X-ray pattern shown in Figure 7-8. This pattern does not
one nitrogenous base. prove anything immediately, but it does provide some very im-

portant clues about the structure of DNA. One important clue is
that the fibers that make up DNA are twisted, like the strands of
a rope. This is shown by the small X near the center of the pat-
tern. The other important clue is that large groups of molecules

Figure 7-8 This X-ray diffraction in the fiber are spaced out at regular intervals along the length
photogmph of D_N.t} was laken by of the fiber.
Rosalind Franklin in the early 1950s. Taken alone, neither of these facts was enough to deter-

The X-shaped pattern in the center — ine the structure of DNA. The X-ray pattern was like a finger-
gg{‘fgfes that the structure of DNAis iy or a scrap of cloth at the scene of a crime. Crucial

' evidence, perhaps, but it would only make sense when put into
a larger picture by a clever detective—or an inventive scientist!

BUILDING A MODEL OF DNA At the same time that
Franklin and her colleague, Maurice Wilkins, were doing their
research, two young scientists working in Cambridge, England,
were also trying to determine the structure of DNA. One of the
scientists was Francis Crick, a British physicist. The other was
James Watson, a 25-year-old American biochemist.

Watson and Crick had been trying to solve the mystery of
DNA structure by building three-dimensional models of the
atomic groups in DNA. They twisted and stretched the models
in various ways to see if any of the structures that formed made
any sense. Watson and Crick had some interesting ideas, but
nothing to test them against.

fraet!
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Then, during a visit to London, Watson was able to observe
Franklin’s remarkable X-ray pattern of DNA. At once Watson
and Crick realized that there was something important in that
pattern. They immediately set out to use the clues that Franklin
had provided. Within weeks, Watson and Crick had figured out
the structure of DNA.

THE DOUBLE HELIX Working with these clues, Watson
and Crick began, quite literally, to play with their models of the
DNA fber. What they needed to do was to twist their model
into a shape that would account for Franklin's X-ray pattern.
Before long, they developed a shape that seemed to make
sense. They called this shape a helix because it was similar to a
spiral, or the way in which the threads are arranged in a screw.
Using Franklin's idea that there were probably two strands of
DNA, Watson and Crick imagined that the strands were twisted
around each other, forming a double helix.

Watson and Crick's model explained one more characteris-
tic about DNA’'s structure. The nitrogenous bases on each of
the strands of DNA are positioned exactly opposite each other.
This positioning allows weak hydrogen bonds to form between
the nitrogenous bases adenine (A) and thymine (T), and be-
tween cytosine (C) and guanine (G).

Another interesting piece of information that helped Wat-
son and Crick in working out their model of DNA's structure
was provided by Erwin Chargafi, an American biochemist.
Chargaff observed that in any sample of DNA, the number of
adenine molecules was equal to the number of thymine mole-
cules. The same was true for the number of cytosine and gua-
nine molecules. Chargaff's observation enabled Watson and
Crick to determine that adenine only bonds to thymine and cy-
tosine only bonds to guanine. The two scientists further rea-
soned that the attraction of these bases for each other is very
specific. The attraction between such bases is known as base
pairing. Base pairing is the force that holds the two strands of
the DNA double helix together. As you can see, Watson and
Crick set out to solve one puzzle and found the answer to an-
other puzzle too!

In 1953, after making careful drawings of their model of
DNA, Watson and Crick submitted their findings to a scientific
journal. Their model, although speculative in some areas, was
almost immediately accepted by scientists the world over.
Why? Because, as we will see, it contained a feature that ex-
plained a great mystery: how DNA could copy itself!

The importance of this work on DNA was acknowledged in
1962 by the awarding of the Nobel prize for medicine or physi-
ology—the highest prize the international community can give
for a scientific discovery—to its discoverers. Because Rosalind
Franklin had died in 1958 and Nobel prizes are given only to liv-
ing scientists, the prize was shared by Watson, Crick, and
Franklin's associate, Maurice Wilkins.

Figure 7-9 This photograph of
Watson and Crick with one of their
first models of DNA was taken in
1953.

Figure 7-10 This three-dimensional
image of DNA magnified one
million times was made through a
scanning tunneling microscope
(STM). This recently invented
microscope can distinguish
individual atoms.
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The Replication of DNA

Because each of the two strands of the DNA double helix
has all the information, by the mechanism of base pairing, to
reconstruct the other hal, the strands are said to be comple-
mentary. To illustrate this concept, we can use the analogy of a
dollar bill that has been torn in half. Each half of the dollar bill
tells us just what the other half must look like, even though the
two halves are not identical.

Although there are four nitrogénous bases in DNA, the situ-
ation is really quite similar to that of the dollar bill. As you can
see from Figure 7-11, even in a long and complicated DNA mol-
ecule, each half can specifically direct the sequence of the
other haif by complementary base pairing. This allows us to
imagine a very simple scheme for copying the double helix, as
shown in Figure 7-12. In effect, each strand of the double helix
of DNA serves as a template, or pattern, against which a new
strand is made.

Before a cell divides, it must duplicate its DNA. This en-
sures that each resulting cell will have a complete set of DNA
molecules. This copying process is known as replication. DNA

Figure 7-11 The structure of the replication, or DNA synthesis, is carried out by a series of en-

- zymes. These enzymes separate, or “unzip,” the two strands of
fggezo me&mﬂfmm the double helix, insert the appropriate bases, and produce co-
backbones form the sides of the valent sugar-phosphate links to extend the growing DNA
ladder and the nitrogenous bases chains. The enzymes even “proofread” the bases that have
form the rungs of the ladder. What been inserted to ensure that they are paired correctly.
holds the nitrogenous bases As proposed by Watson and Crick, DNA replication begins
together?

I—-—Sugar {decxyribose)
{ Phosphate group
| Sugar-phosphate
1 backbone
~ N a \ \
\ i : .E ) '\ : g ,L /
Weak —° . X S a . ;
hydrogen S '
bonds wal »
Key '
L 7] Thymine

5 Adenine Nucieotide
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Nitrogenous

bases
sirand
Original Unzipping of New
DNA molecule original DNA molecule strand

Two new
DNA molecules

when a molecule of DNA “unzips.” The unzipping occurs when
the hydrogen bonds between the base pairs are broken and the
two strands of the molecule unwind. Each of the separated
strands serves as a template for the attachment of complemen-
tary bases. For example, a strand that has the bases T-A-C-G-
T-T produces a strand with the complementary bases
A-T-G-C-A-A. In this way, two DNA molecules identical to
each other and to the original molecule are made.

7 SECTION
% REVIEW

1. Why was Griffith’s work on transformation important in
identifying DNA as the genetic material?

2. How did Hershey and Chase show that DNA was the
molecule that carried the genetic code?

What is the function of DNA?

What are the parts of a DNA nucleotide?
Describe the shape of a DNA molecule.
Why is DNA replication necessary to life?

S o os W

Figure 7-12 When DNA undergoes
replication, each of the original
strands unzips down the middle as
the buse pairs separate af the
hydrogen bonds. Each of the original
strands serves as the template along
which a new complementary strand
of DNA forms.
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Section Objeclives
State the function of RNA.

® Compare the structures of RNA
and DNA.

& Describe the process of
transcription.

Figure 7-13 Like DNA, RNA
consists of units called nucleotides.
The nucleotides in RNA, however,
contain the 5-carbon sugar nbose
instead of deoxyribose and the
nitrogenous base uracil instead of
thvmine.

Phosphate
group
N

%

Nitrogenous

S-carbon sugar (riboss)
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7-2 RNA

The double helix structure explains how DNA can be repli-
cated, or copied. However, it does not explain how Information
is contained in the molecule or how that information is put to
good use. As we will see, DNA contains a set of instructions
that are coded in the sequence, or order, of nucleotides. The
first step in decoding that message is to copy part of the se-
quence into RNA (ribonucleic acid). RNA is the nucleic acid
that acts as a messenger between DNA and the ribosomes
and carries out the process by which proteins are made from
amino acids. As vou will recall from Chapter 5, ribosomes are
the organelles in which proteins are made.

The Structure of RNA

RNA, like DNA, consists of a long chain of macromolecules
made up of nucleotides. Each nucleotide is made up of a 5-
carbon sugar, a phosphate group, and a nitrogenous base. The
alternating sugars and phosphate groups form the backbone
of the RNA chain.

There are three major differences between RNA and DNA.
The sugar in RNA is ribose, whereas the sugar in DNA is deoxy-
ribose, Another difference between RNA and DNA is that RNA
consists of a single strand of nucleotides, although it can form
double-stranded sections by folding back on itself in loops.
DNA, as you will recall, is double-stranded. Lastly, the nitro-
genous bases found in DNA are adenine, thymine, cytosine,
and guanine. RNA also contains adenine, cytosine, and gua-
nine, but wracil (YOOR-uh-sihl) is present instead of thymine,
Like DNA, RNA follows the base-pairing rules. Adenine bonds
to vracil, and cytosine bonds to guanine.

Although a cell contains many different forms of RNA,
there are three main types that are involved in expressing the
genetic code. Each of the three main types of RNA will be dis-
cussed later in this section.

In its own way, an RNA molecule is a disposable copy of a
segment of DNA. The ability to copy a DNA base sequence into
RNA makes it possible for a specific place on the DNA molecule
to produce hundreds or even thousands of RNA molecules with
the same information as DNA.

Transcription: RNA Synthesis

As you will recall, DNA replication is also known as DNA
synthesis because the molecule being synthesized turns out to
be the same as the molecule being copied. In RNA synthesis,
the molecule being copied is just one of the two strands of a
DNA molecule. Thus the molecule being synthesized is differ-
ent from the molecule being copied. The term transcription is
used to describe this process. Transcription is the process by
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Figure 7-14 During transcription,
the enzyme RNA polymerase
which a molecule of DNA is copied into a complementary  griaches to an area on the DNA

strand of RNA. In other words, transcription is the process of  molecule, causing it to open up. As
transferring information from DNA to Rﬁf. = the RNA polymerase moves along
Why is it necessary for DNA to transfer its genetic informa-  the DNA molecule, the two strands
tion to RNA? Recall from Chapter 5 that DNA is found in the  ©f DNA separate. Then RNA
nucleus and ribosomes are located in the cytoplasm. Because  ucteolides link to the
DNA does not leave the nucleus, a messenger, or carrier, must. ﬁ,’,’:’gfg}?ﬁgzsbﬁ“ ‘;"'l (31 f’;ases
bring the genetic information from the DNA.in the nucleus out 2 % "0 = RS TIAL
to the ribosomes in the cytoplasm. The molecule that performs '
this function is messenger RNA (mRNA), one of the three main
types of RNA.
In order to more fully understand how transcription takes
place, we must discuss the role that an enzyme known as RNA
polymerase (PAHL-ih-mer-ayz) plays in this process. In Chapter
4 you learned that an enzyme is specific, that is, it works on
only one substance. For this reason, part of its name is usually
derived from the substance on which it works. Then the suffix
-ase s added. Thus RNA polymerase works on the polymers
RNA and DNA.
During transcription, RNA polymerase attaches to special
places on the DNA molecule, separates the two strands of the
double helix, and synthesizes a messenger RNA strand. The
messenger RNA strand is complementary to one of the DNA
strands. The base-pairing mechanism ensures that the messen-
ger RNA will be a complementary copy of the DNA strand that
serves as its template.,
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Section Objectives

E List some of the functions of
proteins in cells,

@ Describe the process of translation.
B Explain the term codon.

identify the three main types of RNA.

Figure 7-15 If a single nucleotide
coded for one amino acid, only four

amino acids could be specified (top).

If two nucleotides specified for one
amino acid, there could be 16 amino
acids (bottorn)—still not enough to
code for all 20 amino acids
contained in proteins.

Special sequences in DNA serve as “start signals” and are
recognized by RNA polymerase and other proteins associated
with transcription. Other areas on the DNA molecule are recog-
nized as termination sites where RNA polymerase releases the
newly synthesized messenger RNA molecules.

7 SECTION "

"% REVIEW . —"!."..1
i.“

. What is the function of RNA?

. What are three differences between RNA and DNA?

. What is transcription? l
. Using the base-pairing rules, identify the bases
messenger RNA strand that are transcribed from the

following DNA strands: A-C-C-G-T-C-A-C;
T-C-G-C-A-C-G-T.

- W N e

7-3 Protein Synthesis

The information that DNA transfers to messenger RNA is in
the form of a code. This code is determined by the way in
which the four nitrogenous bases are arranged in DNA. To un-
derstand how the code works, we must answer two questions:
What kind cf information is contained in DNA, and how is that
information decoded?

The nitrogenous bases in DNA contain information that di-
rwm Why proteins and not other molecules?
you might ask. The answer can be found in the diversity of
things that proteins are capable of doing. Because most en-
zymes are proteins, proteins control biochemical pathways
within the cell. Not only do proteins direct the synthesis of
lipids, carbohydrates—and nucleotides, but they are also re-

sponsible for cell structure and cell movement. Like the man-
ager of a factory, DNA does not work on the assembly line but

can control what the cell factory makes by issuing orders to the
organelles (workers). Together, DNA and its assistant, RNA,
are directly responsible for making proteins. As you can see,
DNA and RNA are like nucleic-acid executives who run the en-
tire cell factory.

The Nature of the Genetic Code

As vou will recall from Chapter 4, proteins are made by
stringing amino acids together to form long chains called poly-
peptides. Each polypeptide contains a combination of any or
all of the 20 different amino acids. How, then, can a particular
order of nitrogenous bases in DNA and RNA be translated into
a particular order of amino acids in a polypeptide?



As you know, DNA and RNA each contain difierent nitro-
genous bases (DNA contains A, T, C, G; RNA contains A, U, C,
G): hence, different nucleotides. For this reason, the genetic
code must have a four-letter “alphabet.” In order to code for
the 20 different amino acids, more than one nucleotide must
make up the code word for each amino acid. If code words
were two nucleotides long, there would be 4%, or 16, difierent
code words. This is not enough for 20 amino acids. The four
nucleotides arranged in triplets, or threes, however, produce
4%, or 64, different code words. This is more than enough to
produce a different code word for each amino acid. Therefore,
the smallest size for a code word in DNA is three nucleotides.

The code words of the DNA nucleotides are copied onto a
strand of messenger RNA. Each combination of three nucleo-
tides on the messenger RNA is called a codon (KOH-dahn), or
three-letter code word. Each codon specifies a particular
amino acid that is to be placed in the polypeptide chain. See
Figure 7-17. It is interesting to note that there is more than one
codon for each amino acid. For example, the amino acid leu-
cine (LOO-seen) has six different codons. There is also one
codon, AUG, that can either specify the amino acid methionine
(muh-THIGH-uh-neen) or serve as a starter for the synthesis of
a protein. For this reason, AUG is called an “initiator” codon.
Notice also that there are three “stop” codons. They do not
code for an amino acid. Instead, these codons act like the pe-
riod at the end of a sentence: They signify the end of a

polypeptide.

Figure 7-16 Each combination of
three nucleotides on messenger RNA
is called a codon, or three-letter
code word.

Figure 7-17 The genetic code
consists of 64 codons along with
their corresponding amino acids.
These codons are found on
messenger RNA. Of the 64 codons,
61 specify a particular amino acid.
The other three are stop codons,
which signify the end of a
polypeptide chain. What are the
three-letter code words for each of
the stop codons?
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Translation

How does a messenger RNA molecule actually produce a
polypeptide? The decoding of a messenger RNA message into a
polypeptide chain {protein) is known as translation. Transla-
tion is an appropriate word for this process because it empha-
sizes that the message is being translated from Ulel&@?g_ﬂ-
nucleic acids into a polypeptide. The messenger RNA molecule
does not produce a polypeptide by itself. Instead, there is an
elaborate mechanism that involves the two other main types of
RNA—transfer RNA (tRNA) and ribosomal RNA (rRNA)—and
the cytoplasmic organelle known as the ribosome.

Transfer RNA carries amino acids to the ribosomes, where
the amino acids are joined together to form polypeptides.
Transfer RNA is a single strand of RNA that loops back on it-
self. See Figure 7-18. There are different transfer RNA mole-
cules for each of the 20 amino acids, Ribosomal RNA makes up -
the maijor part of the ribosomes.

THE ROLE OF TRANSFER RNA In order to translate the
information from a single codon of messenger RNA, such as
AUG, we would have to find out which amino acid is coded for
by AUG. Look at Figure 7-17 on page 149. As you just read, the
L.__'_J codon AUG codes for the amino acid methionine. Methionine is
Anticodon then brought to the polypeptide chain by transfer RNA.

Look at Figure 7-18. You will notice that there are three ex-
posed bases on each transfer RNA molecule. These nucleotides
will base pair with a codon on messenger RNA. Because the
three nucleotides on transfer RNA are complementary to the
three nucleotides on messenger RNA, the three transfer RNA
nucleotides are calted the anticodon.

Attached to each transfer RNA molecule is the amino acid
specified by the codon to which it base pairs. By matching the
transfer RNA anticodon to the messenger RNA codon, the cor-
rect amino acid is put into place. Each transfer RNA acts like a
tiny beacon for its specific amino acid.

THE ROLE OF THE RIBOSOME Messenger RNA mole-
cules do not automatically line up transfer RNA molecules and
link their amino acids together any more than model airplane
parts glue themselves together automatically. Instead, this

o process of protein synthesis takes place in organelles known as
Anncodon " 3 F )
o7
& Ohs
Bl &
’ Figure 7-18 Transfer RNA is a single strand of RNA that loops

back on itself. Each transfer RNA molecule has two important
sites of attachment. One site, cailed the anticodon, binds to the
codon on the messenger RNA molecule. The other site attaches
to a particular amino acid. During protein synthesis, the
anticodon of a transfer RNA molecule base pairs with the
appropriate messenger RNA codon.




SCIENCE,
TECHNOLOGY,
AND SOCIETY

Seeing DNA in Action

In this chapter we have been talking about
the roles of DNA and RNA in primarily eukar-
yotic cells, or cells that have a nucleus. How-
ever, there exist major groups of living
organisms that do not have a nucleus. These
organisms are called prokaryotes. Bacteria are
examples of prokaryotes.

Because the DNA of a prokaryote is not
tucked away in a separate compartment, there
is nothing to stop protein synthesis from be-
ginning as soon as the free end of a messenger
RNA is available. This means that translation
can begin at one end of a messenger RNA mol-
ecule before transcription is even completed.

- 2

It is as if builders started to build one side of a
house before the drawings for the other end
were even completed!

Oscar Miller, a scientist at the University
of Virginia, has pioneered a number of special
techniques designed to allow DNA and RNA to
be seen in the electron microscope in the act
of translation and transcription. Miller's elec-
tron micrographs show how simultaneous
transcription and translation actually take

This electron micrograph of E. coli
genes shows transcription and
translation occurring simultaneously.

place. A strand of DNA is being made into mes-
senger RNA at several places at once. Even be-
fore the RNA molecules have been completed,
several ribosomes have attached themselves
to the free ends of the RNA molecule and have
begun to make polypeptides. The living cell,
obviously, is in a big hurry!

ribosomes. Ribosomes are made up of two subunits, a large one
and a smaller one. Each subunit consists of ribosomal RNA and
proteins (about 70 different types).

The first part of protein synthesis occurs when the two
subunits of the ribosome bind to a molecule of messenger RNA.
Then the initiator codon AUG binds to the first anticodon of
transfer RNA, signaling the beginning of a polypeptide chain.
Soon the anticodon of another transfer RNA binds to the next
messenger RNA codon. This second transfer RNA carries the
second amino acid that will be placed into the chain of the
polypeptide.

As each anticodon and codon bind together, a peptide
bond forms between the two amino acids. You will recall from
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Figure 7-19 During translation, the
language of the nucleic acids (DNA
and RNA) is transferred to the
language of the amino acids. In
which celfular organelle does this

process take place?
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Chapter 4 that a peptide bond is the covalent bond that joins
two amino acids together. The polypeptide chain continues to
grow until the ribosome reaches a stop codon on the messen-
ger RNA. A stop codon is a codon for which no transfer RNA
molecules exist. When the stop codon reaches the ribosome,
the ribosome releases the newly formed polypeptide and mes-
senger RNA, completing the process of transiation.

As you can now see, the ribosome, in its own way, i$ at the
center of the whole business of making the genetic code work.
In the nucleus, DNA directs the formation of three different
kinds of RNA: transfer RNA, ribosomal RNA, and messenger
RNA. They all leave the nucleus and then seem to go their sep-
arate ways. Despite these different paths, however, they all
meet again in the ribosome where protein synthesis takes
place. So the ribosome can be considered the place where a
kind of “class reunion” of RNA molecules occurs. Here each
type of RNA molecule plays a role in carrying out the instruc-
tions specified in the genetic code. And the genetic code stores
the program for protein synthesis and passes it on from gener-
ation to generation.
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“¥ REVIEW

. What is translation? Transcription?

UAG is a stop codon. What might happen if the uracil in
this codon was changed to cytosine?

What is a codon? An anticodon?

Name and give the function of the three main types of
RNA molecules.

Why is a ribosome essential for protein synthesis?

. What is the role of transfer RNA in translation?

If a code on a DNA molecule is CTA for a specific amino

acid, what is the messenger RNA codon? The transfer
RNA anticodon?

. A certain protein is made up of 100 amino acids. What is
the smallest number of bases in the messenger RNA
molecule that is needed to carry the code for the
synthesis of this protein?
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. CONSTRUCTING A MODEL

; ' OF DNA REPLICATION

PROBLEM
How does DNA replicate?

MATERIALS (per group)

colored construction paper:

white light blue
red dark green
dark blue light green
metric ruler
SCiSsOrs

transparent tape

PROCEDURE =~

1. With the scissors, cut out the pieces of colored
construction paper as indicated in the chart.
CAUTION: Be careful when using scissors. Write
the name of each part of your DNA model on
the appropriate piece of construction paper,

2, To construct a model of a DNA nucieotide, tape
a phosphate group, a sugar, and a guanine (G)
together in the same manner as shown in Fig-
ure 7-6 on page 141. Then assemble eight ad-
ditional nucleotide models with the following
nitrogenous bases: T, T, A,C, A, A, T, C.

Part of DNA Model! Color Size  Number

| (cm x cm)

‘ Sugar While 2x2 54
Phosphate group Red 1x2 54
Adenine (A) Dark blue | 1x2 18
Thymine (T) Light blue 1x2 18
Guanine (G) Dark green| 1x2 9
Cytosine () Lightgreen| 1x2 | 8

154

3. Attach the nine nucleotide models together in
the sequence given instep 2 (G, T, T, A, C, A, A,
T, C) by taping the sugar on one nucleotide to
the phosphate group on the next nucleotide.
This will form the single strand of your DNA
model.

4. Using the rules for base pairing, construct a
second strand of the DNA model that is com-
plementary to the first strand. Tape the nu-
cleotides together as you did in step 3. Do not
tape the two strands of DNA together.

5. Separate the two strands and use each to con-
struct a new complementary strand.

6. Reassemble the original double strand of DNA.
Tape this model of DNA together at its ni-
trogenous bases.

7. Again using the base-pairing rules, construct a
complementary strand for each of the single
strands of DNA you made in step 5. Tape these
two new DNA models together at their ni-
trogenous bases. Compare the new double-
stranded DNA models with your original DNA
model,

OBSERVATIONS

1. What is the sequence of nitrogenous bases in
the complementary strand of your original
DNA model?

2. How many models of DNA did you construct
from your original model of DNA? What is the
base sequence for each of these new models?

ANALYSIS AND CONCLUSIONS

1. Why do you think complementary base pairing
is necessary for replication?

2. Compare the base sequences of the original
DNA model with the replicated models. Com-
pare the base sequences of the replicated
models.

3. If each triplet of nitrogenous bases on DNA
codes for a specific amino acid, how many
amino acids will your original DNA model
code for?
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SUMMARIZING THE CONCEPTS

The key concepis in each section of this chapter are listed below to help you
review the chapter content, Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

7-1 DNA

¢ DNA is the nucleic acid that stores and trans-

mits the genetic information from one gener-
ation of an organism to the next.

DNA is a polymer that is made up of units
called nucleotides. Each nucleotide is a mol-
ecule made up of three parts: a 5-carbon
sugar called deoxyribose, a phosphate
group, and a nitrogenous base.

DNA has four nitrogenous bases: adenine,
thymine, ¢ytosine, and guanine. Adenine and
guanine belong to a group of compounds
called purines. Thymine and cytosine belong
to a group of compounds called pyrimidines.

During replication, the DNA molecule unzips,
or separates, into two strands. Each of the
separated strands serves as a template, or
pattern, for the attachment of complemen-
tary nucleotides.

DNA and RNA: RNA contains the sugar ri-
bose instead of deoxyribose; RNA is usually
single-stranded instead of double-stranded;
and RNA contains the nitrogenous base ura-
cil instead of thymine.

¢ During transcription, the DNA code is trans-

ferred to messenger RNA, which carries the
code out of the nucleus into the cytoplasm,

7-3 Protein Synthesis
* During translation, messenger RNA binds to

the ribosomes on which ribosomal RNA is
found. Amino acids in the cytoplasm are
picked up by transfer RNA and are carried to
messenger RNA. The anticodons in transfer
RNA attach to the proper codons in messen-
ger RNA. Thus the messenger RNA acts as

the pattern for protein synthesis. In this way,
amino acids are brought together in the cor-
rect sequence to form a protein molecule.

7-2 RNA
* There are three major diflerences between

REVIEWING KEY TERMS

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you shouid be especiaily familiar with. Review these terms
and their meaning. Then use each term in a complete sentence. If you are not

sure of a term's meaning, return to the appropriate section and review its definition.

7-1 DNA 7-2 RNA 7-3 Protein Synthesis
genetic code guanine RNA codon
transformation cytosine uracil translation
DNA thymine transcription transfer RNA
nucleotide base pairing messenger ribosomal RNA
adenine replication RNA anticodon
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CONTENT REVIEW

Muttiple Choice

Choose the letier of the answer that best compietes each statement.

1. The process of changing one strain of
bacteria into another is called
a. transformation. c. replication.
b. translation. d. transcription.

2. DNA s a
a. carbohydrate. ¢. nucleic acid.
b. lipid. d. sterol.

3. A nucleotide of DNA would contain
a. uracil, deoxyribose, and phosphate.

b. phosphate, deoxyribose, and thymine.

¢. nitrogenous base, phosphate, and
glucose.
d. adenine, ribose, and phosphate.
4, Watson and Crick described the DNA
molecule as a
a. branching chain. c¢. single strand.
b. straight chain. d. double helix.

True or False

5. Between which types of compounds in a
double-stranded DNA molecule must the
bonds break before replication takes place?
a. phosphate-base ¢s adenine-thymine
b. sugar-phosphate d. sugar-base

6. To which organelles does messenger RNA attach

a. chloroplasts ¢. mitochondria

b. ribosomes d. lysosomes
7. The coded information in a DNA molecule
directly determines the formation of
a. polysaccharides. c¢. monosaccharides.
b. lipids. A. polypeptides.
If the code for an amino acid is ATG on the
DNA molecule, this code on the transfer
RNA molecule may be written as
a. ATG. ¢. AUG.
b. CTG. d. CTA.

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to make the stalement true.

1. A molecular group consisting of a sugar
molecule, a phosphate group, and a
nitrogenous base is a nucleic acid.

2. In a DNA molecule, a base pair would be

composed of adenine and guanine. ¢
3. Cytosine and adenine are purines. 3

4. During the replication of DNA, bonds are
broken between the phosphate groups.

Word Relationships

5. RNA contains the nitrogenous base uracil. -
6. There are 20 different amino acids in a cell.
7. The coded message carried by messenger

RNA is translated into polypeptides at
organelles called chloroplasts.~

8. The decoding of a messenger RNA message

into a polypeptide chain is known as
translation.

A. In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common to three of the terms and

then idenitify the term that does not belong.
1. deoxyribose, phosphate, DNA, uracil

2. amino acid, polypeptide, protein, translation

3. ribose, RNA, thyming, adenine
4 A—T (-G, A—U,C—T



B. Replace the underlined definition with the correct vocabulary word.
5. The attraction between nitrogenous bases is the force that holds the two

strands of DNA together.

6. Each combination of three nucleotides on messenger RNA specifies a
specific amino acid that is to be placed in the polypeptide chain.

7. The RNA that carries amino acids to the ribosomes is a single strand of
RNA that loops back on itself.

8. As a ribosome moves along a strand of messenger RNA, each codon is
paired with its three nucleotides on transfer RNA that are complementary

to the three nucleotides on messenger RNA.

CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each
of the following in a brief paragraph.

1. Describe Griffith's experiments involving '5. Describe the contribution of Watson and

bacterial transformation. Crick.
2. How did the study of bacteriophages lead 6. Describe DNA replication. What is its
scientists to support the idea that DNA importance?
carries hereditary material? 7. List three difierences between DNA and RNA.
3. What was the contribution made by 8. How is messenger RNA formed during
Hershey and Chase to understanding the transcription?
genetic code? 9. What is the function of the ribosomes?
4. How did Franklin’s work contribute to the 10. What is the relationship between an amino
discovery of the structure of DNA? acid and a codon?

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph,

. ldentifying patterms Oxytocin is a 3. Applying concepts Write out the

). ormone that helps to regulate blood messenger RNA sequence that would be
pressure and stimulates the uterus to transcribed from the following strand of
contract during childbirth. Following is a DNA: T-A-C-A-A-G-T-A-C-T-T-G-T-T-T-
DNA sequence that could code for a part of C-T-T. Then using Figure 7-17 on page
a molecule of oxytocin: ACA ATA TAG CTT 149, write the amino acid sequence that
TTG ACG GGG AAC CCC ATT. Write the would be translated when the messenger
sequence of messenger RNA codons that RNA combines with a ribosome.
would result from the transcription of this 4. Using the writing process Write a short
portion of DNA. story that follows a protein molecule from

2. Relating facts How many guanines are in its point of origin in a corn kernel, through
a DNA molecule 1000 base pairs long if 20% its use as cattle food, to a position of
of the molecule consists of thymines? importance as = protein in your body.
]
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Cell Growth
and
Division

As a cell undergoes cell division the two daughter

- ‘ ‘ hd cefls pull apart. Before the cefl divides, the nucleus
must go through a series of stages that ensure that
A}

the daughter cells are exact coples of the parent cell
p ' {inset)

<
:
ne of the major characlenistics of a iving thing fs the abiity to

o a , 5 .y . Ads AN
grow. Growth is obvious when it involves an increase in size. We al

e the growth of grass and flowers in the sprng and summer or

of a newborn animal into an adutt. The growth of an

P 2’ organism resuits from an increase in the number and the size of the
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g ;'" this chaoter we will examine how cels grow in size and increase in
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158



CHAPTER OUTLINE

8-1 Cell Growth

o Limits of Cef Growth

o Rates of Cell Growth

e Confrols on Cell Growth
® Uncontrolied Cell Growth

8-2 Cell Division: Mitosis and
Cytokinesis

® Chromosomes

® The Cell Cycle

¢ |nterphase

® Prophase

® Mataphase

® Anaphase

® Teiophase

¢ Cytokinesis

Figure 8-1 As living things grow
they produce more cells. Although
this adult white bengal tiger is
larger than its cub, the sizes of its
cells are the same as those of the
cub’s.

8=1 Cell Growth

Section Objectives

@ Describe cell growth,

& Define cell division.

M Relate cell growth to cell division.

As you already know, living things are made up of cells.
And living things grow, or increase in size. Does a living thing
grow because its cells get larger and larger or does it grow be-
cause it produces more and more cells? In most cases, a living
thing grows because it produces more and more cells. The
cells of a human adult are no larger than the cells of a human
baby, but there are certainly more of them.

Does growth have to occur in this way? Or could an organ-
ism grow simply by allowing its cells to get larger and larger?
Let's consider what would happen if this could occur,

18 s ear
§5 2 EFSANS A

You will recall from Chapter 5 that it is through the cell
membrane that food, oxygen, and water enter the cell and
waste products leave the cell. How quickly this exchange takes
place depends on the surface area of the cell, or the total area
of the cell membrane. How quickly food and oxygen are used
up and waste products are produced depends on the cell vol-
ume, or the amount of space within the cell,

If we were to take a typical cell and double its diameter,
what would happen to the amount of membrane (surface area)
compared to the amount of material inside the cell (cell vol
ume)? Look at Figure 8-2 on page 160. Notice that as the cell
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Surface-to-Volume Ratio in Cells
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Figure 8-2 If the length of each
side of a cube-shaped cell doubies
from I to 2 to 4, the volume
increases move rapidly than does
the surface area. As a resull, the
ratio of surface area to volume
decreases and the cell with the
largest volume has a more difficult
time getting materials in and waste
producis out.,

increases in size, its volume increases at a faster rate than its
surface area. For example, if the diameter of the cell increases
10 times, its surface area increases 100 times. Its volume, how-
ever, increases 1000 times! _

The fact that surface area and volume do not increase at
the same rate creates problems for the cell. The larger cell will
have a more difficult time getting oxygen and nutrients in and
waste products out.

To help you understand why the larger cell has a more dif-
ficult time than the smaller cell, let's compare the cells to a
small and a large office building. Suppose the small office
building that is serviced by a two-lane highway is replaced by a
large office building. Now more people work in the office build-
ing. But the highway leading to the large building has not in-
creased in size. It is the same two-lane highway that serviced
the small office building. As a result, the people in the large
building will have difficulty with traffic getting to the office in
the morning and leaving the office in the evening.

A larger cell will experience similar problems—materials
will have trouble entering and leaving the cell. This is one rea-
son why cells do not grow much larger even if the organism of
which they are a part does. There is another reason too.

As you will recall from Chapter 7, information for the cell's
function and survival is stored in the sequence of nitrogenous
bases in DNA. In eukaryotic cells, the DNA is stored in the nu-
cleus of the cell. When the cell is small, copies of DNA that are
stored in the nucleus are able to produce enough messenger
RNA to make all the proteins the cell needs. But even though
the cell increases in size, it does not make extra copies of DNA.



(There are a few exceptions that we will iearn about later.) If a
cell were to grow without limit, an “information crisis” would
occur. Like a town that has tripled in size but has not added a
single book to its library, the cell must now make greater de-
mands on its available genetic library.

In many cases, the amount of messenger RNA that is pro-
duced in the cell increases—but within limits. After a time, the
cell's DNA may no longer be able to make enough RNA to sup-
ply the increasing needs of the growing cell. The cell must slow
down its growth, thus becoming less efficient. The ¢ell under-
goes a process called cell division to solve these problems.
Cell division is the process whereby the cell divides into two
daughter cells. We will discuss cell division in more detail later
in the chapter.

o 8 ~E Call
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Cells can grow at astonishing rates. For example, the bac-
terium Escherichia coli (ehsh-uh-RJHK-ee-uh KOH-ligh), or E
coli, 1s a single-celled organism that can easily doubie its vol-
ume in about 30 minutes. It can then divide to form two new
cells. If conditions are ideal, each of these cells can grow to
form two new cells in the next 30 minutes.

Ideal conditions for this kind of growth can never be main-
tained for very long, however. A quick look at the conse-
quences of rapid growth will explain why. In just one day, a
single cell would grow into a 14-kilogram mass of bacteria. In
three days, the mass of the cells would equal the mass of the
Earth! Real conditions, or the circumstances that cells normally
face, are very different.

Figure 8-3 Single-celled
prokaryotic organisms reproduce
by ceil division. In this scanning
electron micrograph of bactéria
(E. coli), you can see two bacteria

undergoing cell division
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Figure 8-4 The scientist in this
photograph is growing pine tree cells
o culture plates. As the cells divide
they will form a continuous layer,
one cell thick, across the surface of
each culture plate. But when the
cells come in contect with adjacent
cells, they will stop growing and
dividing

Figare 8-5 Unlike normal cells,
cancer cells de not stop growing and
dividing even if they come in
contact with other cells. Actually,
cancer cells, such as those shown in
this scanning efectron micrograph,
have lost their ability to control their
ownt rate of growth.
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Controls on Cell Growth

One of the most striking aspects oi cell behavior in a multi-
cellular organism is how carefully cell growth and cell division
are controlled. Cells in certain places in the body, such as the
heart and the nervous system, rarely divide—if they divide at
all. In contrast, the celis of the skin and digestive tract grow
and divide rapidly throughout lile, providing new cells to re-
place those that are worn out or broken down due to daily wear
and tear. '

We can observe the effects of controlled cell growth in the
laboratory by placing some cells in a petri dish containing nu-
trient broth. The nutrient broth provides food for the cells.
Most cells will grow until they form a thin layer covering the
bottom of the dish. Then the celis will stop growing. Why do
they stop growing? When cells come into contact with other
celis, they respond by not growing. At present, scientists are
trying to understand how this process works.

Controls on cell growth and cell division can be turned on
and off. When an injury—such as a cut in the skin or a break in
a bone—occurs, cells at the edges of the injury are stimulated
to divide rapidly. This action produces new cells, starting the
process of healing. When the healing process nears comple-
tion, the rate of cell division slows down, controls on growth
seem to be reimposed, and everything returns to normal.

Uncontrolled Cell Growth

The consequences of uncontrolled cell growth in a multi-
cellular organism are severe, Cancer, a disorder in which some
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How many cells would you suspect there
are in the human body? There are approxi-
mately 100,000,000,000,000 celis. And all these
cells arise from a human egg cell that is only
0.0001 meter in diameter!

As you can see, there are numbers asso-
ciated with biology that are so large that they
are also difficult to write and understand. For
this reason, scientific notation is used. Scien-
tific notation is also known as exponential no-
tation because it uses the exponential form of a
number.

The exponential form of a number is made
up of two parts: M x 10°
The first part, M, is a number between 1 and 10.
The second part, n, is an exponent, or power, to
which the base 10 is ralsed. An exponent indi-
cates how many times the base is t¢ be multi-
plied by itseif.

Because the base is 10, what the exponent
actually does is locate the decimal point in the
number being represented. It does this by indi-
cating how many places the decimal point in M
must be moved. The decimal point is moved to
the right if the exponent is positive and to the
left if the exponent is negative. A negative ex-
ponent is a negative power of 10. It is short-
hand for 1 divided by a power of 10,

To convert a large number 10 scientific no-
tation, follow these steps.

1. Determine M by moving the decimal point in
the number (100,000,000,000,000) to the left
or the right so that only one digit is to the
left of it.

100,000,000,000,000.
100,000,000,000,000

2. Determine n by counting the number of
places the decimal point has been moved. If
moved to the left, n Is positive; if moved to
the right, n is negative. 14 pl
1.0.0,0_00,033_,.909909 to the left
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SCIENTIFIC NOTATION

3. Then write the number 1 multiplied by the
base 10 with its exponent.

1 x 10" = 100,000,000,000,000

To convert a small number to scientific no-
tation, follow these steps.

1. Determine M by moving the decimal point in
the number (0.0001) to the left or the right
s0 that only one digit is to the left of it.

00001
00001

2. Determine n by counting the number of
places the decimal point has been moved. If
moved to the left, n is positive; if moved to
the right, n is negative.

4 places

00001, to the right

.

3. Then write the number 1 multiplied by the
base 10 with its exponent.

1 x 10% = 0.0001

Complete the following exercises. Check your
answers by using a calculator or computer, if
one is available.

A. Expressing Numbers in Scientific
Notation

1. The average length of a mitochondrion
is 0.00000001 cm.

2. A rat contains approximately
10,000,000,000 cells.

B. Converting Scientific Notation into
Numbers

1. The average diameter of a bacterium is
2x 10* cm.

2. The resolving power of an electron
microscope is 1 x 10° times greater
than that of the human eye.
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Section Objectives
B Define mitosis and cytokinesis.
@ Describe the cell cycle and the

changes that take place during
interphase.

@ Discuss the events and the
significance of mitosis.

Figure 8-6 When a cell is not
dividing, the chromatin forms
condensed and dispersed regions.

164

cells have lost the ability to control their own rate of growth, is
one such example. When cancer cells are placed in a culture of
living tissue, they do not stop growing even though they come
into contact with other cells. Cancer cells will continue to grow
and divide until the supply of nutrients is exhausted.

Cancer is a serlous disorder that claims many lives and af-
fects all of us, directly or indirectly. To cell biologists, cancer
provides valuable information concerning the importance of
controls on cellular growth.

SECTION
E"E REVIEW !

1. What is growth? What controls cell growth?
2. What is cell division?

3. A newly discovered strain of bacteria divides once
every 60 minutes under ideal conditions. After 24 hours,
a single bacterium produces cells that have a mass of 1
kilogram. From this information, calculate the average
mass of a single bacterium.

8-2 Cell Division: Mitosis
and Cytokinesis

In this section we will discuss how eukaryotic cells divide
and form two cells. The division of eukaryotic cells occurs in
two main stages. The first stage of cell division is called mitosis
(migh-TOH-sihs ). Mitosis is the process by which the nucleus
of the cell is divided into two nuclei, each with the same
number and kinds of chromosomes as the parent cell.

The second stage of cell division Is known as cytokinesis
(sight-oh-kih-NEE-sihs). Cytokinesis is the process by which
the cytoplasm divides, thus forming two distinct cells.

Because the structure of a eukaryotic cell is complex, the
process of cell division in this type of cell is complex too. The
reason for this complexity may be found in the need to sepa-
rate large amounts of DNA accurately and efficiently. With as
many as 100 chromosomes to take care of, a mechanism must
exist in the eukaryotic cell to make certain that each new cell
gets one (and only one) copy of each chromosome. A mistake
in the process could make it impossible for one or both daugh-
ter cells to remain alive.

Chromosomes

You will recall from Chapter 5 that chromosomes are struc-
tures in the cell that contain the genetic information that is
passed on from one generation of cells to the next. The word



chromosome, meaning colored body, was derived from the fact
that when a dye was added to the cell, the chromosomes
picked up the color of the dye and were easily seen through the
light microscope during cell division. Unfortunately, chromo-
somes are not visible in most cells except during mitosis.

Chromosomes contain the genetic information in the form
of DNA‘In prokaryotic cells, the chromosomes are made up of
long circular molecules of DNA. In eukaryotic cells, the chro-
mosomes are made up of distinct lengths of DNAJ The cells of
every organism contain a specific number of chromosomes.
Human cells, for example, contain 46 chromosomes; goldfish
cells contain 94 chromosomes. See Figure 8-7.

COMPOSITION OF CHROMATIN Chromosomes are made
up of a material called chromatin (KROH-muh-tihn). During the
period of time between cell divisions, chromatin forms con-
densed and dispersed regions, See Figure 8-6. During the early
stages of mitosis, the chromatin condenses and the chromo-
somes become visible,

|Chromatin is composed of DNA and protein] Much of this
protein is involved in the folding of DNA so that it can fit within
the nucleus. This is an important job because the DNA double
helix that makes up a chromosome is much longer than the
chromosome itsell. In fact, the total length of DNA in a typical
human chromosome is about 10,000 times the length of the
chromosome! How does all that DNA fit into the chromosome?

In 1973, the American scientists Don Olins, Ada Olins, and
Christopher Woodcock discovered that the chromosomes’ DNA
was coiled around special proteins called histones. Together,
the DNA and histone molecules formed beadlike structures

—

Ameba 50
Carrot 18
Cat 32
Chimpanzee 48
Dog 78
Earthworm 36
Goidfish 94
Human = = 46
Lettuce 18

Figure 8-7 Which organism’s
chromosome number is closest to
that of an ameba?

Figure 8-8 Chromosomes contain
highly coiled and supercoiled strands
of DNA. Notice that a small part of
the supercoil is made up of
nucleosomes (inset).
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Centromere

Figure 8-9 The diagram of a
chromosome shows that it consists
of two chromatids attached by
means of a centromere. A human
chromosome is shown as it appears
through an efectron microscope.
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called nuclecsomes (NOG-klee-oh-sohmz). The nucleosomes
interact with one another to form a thick fiber, which is short-
ened by a system of loops and coils. The resuit is the tightly
packed chromosomes that are seen through a light microscope
in dividing cells. The tight packing of nucleosomes may be nec-
essary in order to form a compact structure that can be sepa-
rated during mitosis.

CHROMOSOME STRUCTURE After DNA replication, the
chromosomes become visible by condensing. This is the be-
ginning of mitosis. The chromosome contains two chromatids
(XROH-muh-tihdz), or identical parts, which are often called
sister chromatids. Each pair of chromatids is attached at an
area called the centromere (SEHN-troh-mihr). Centromeres are
usually located near the middie of the chromatids, although
some centromeres lie near the ends of the chromatids. A
human cell entering mitosis contains 46 chromosomes, each of
which consists of two chromatids.

The Cell Cycle

At one time biologists described the life of a cell as one mi-
tosis after another separated by an “in-between” period of
growth called interphase. We now know more and can repre-
sent some of the events in the life of a cell by using a concept
known as the cell cycle. The cell cycle is the period from the
beginning of one mitosis to the beginning of the next. During a
cell cycle, a cell grows, prepares for division, and divides to
form two daughter cells, each of which begins the cycle anew.

The cell cycle includes mitosis, a period of active division,
and interphase, a period of nondivision during which other
processes take place, It also includes a process in which cyto-
plasm and its contents divide forming the two daughter cells.
You will learn about this process, called cytokinesis, later in
this section. Mitosis is represented as the M phase. During mi-
tosis, the nucleus divides into two nuclei, Interphase is usually
divided into three phases: G, (gap 1), S (DNA synthesis), and
G, (gap 2). G, and G, were once thought to be gaps but are now
known as periods of growth and activity.

The time required to complete a single turn of the cycle is
the time required for a cell to reproduce itself. Not all cells
move through the cell cycle at the same rate. In the human
body, most muscle cells and nerve cells do not divide at all
once they have developed. In contrast, the cells that line the
organs of the digestive system grow and divide rapidly. In fact,
these cells may pass through a compiete cycle every six hours.

Interphase
Within the normal cell cycle, interphase, or the period be-
tween cell divisions, can be quite long, whereas the actual divi-



Figure 8-~10 The cell cycle includes
mitosis, cytokinesis, and the three
phases of interphase. What are the
names of the three phases of
interphase?

Cell Cycle

Chromosome-
divission and
separation

Figure 8-11 Interphase is the part
of the cell cycle that occurs before

mitosis can take place. Notice that

. . the chromatin in the nucleus appears
sion of the cell takes place quickly. As you read, interphase is . .~ indisrinc: mass of threadlike

divided into three phases: G, S, and G,. Each of these phases is ¢ 1ures
characterized by specific events.
The G,, or gap 1, phase is a period of activity in which cel-

Ce!l membrane

lular growth and development take place. G, is followed by the Nuclear
S, or DNA synthesis, phase. During this phase, DNA replication | envelope
takes place. Several proteins, including those associated with the \ Nucl'eolus Chromatin
chromosomes, are synthesized during the S phase. ‘ Lo E
Finally, when the S phase is completed, the cell enters the
G,, or gap 2, phase. This phase is usually the shortest of the \ \ 1
three phases of interphase. The G, phase involves the synthe- & » N 3
sis of organelies and materials required for cell division. The i J \

During interphase, the nucleus is active in synthesizing - r \
messenger RNA in order to direct celiular activities. Although e
the cell seems to be “quiet” during interphase, it is actually a / -
period of intense activity. Proteins are made; DNA is copied; R
ATP is made and utilized. In multicellular organisms, cells that
are specialized for jobs such as secretion, movement, and sig-
naling do most of their work during interphase.

\

Cytoplasm o Centricles

Prophase

Recall that mitosis, or the M phase of the cell cycle, is the
process by which the cell's nucleus divides into two nuclei. Mi-
tosis may last anywhere from a few minutes to several days,
depending on the type of cell. Mitosis is divided into four
phases: prophase, metaphase, anaphase, and telophase.

The first phase of mitosis, prophase, is the longest phase,
frequently taking 50 to 60 percent of the total time required to




Chromosomes Spindie
(paired chromatids) forming |
\ - - ’

Figare 8-12 During prophase, the
first stage of mitosis, the chromatin
condenses into distinct chromosomes
and the nucleolus disappears. The
photomicrographs show prophase in
a plant cell (left) and an animal cell
(right).

Figure 8-13 Notice the ringlike
shape of a centriole in this electron
raicrograph. Centrioles are celluiar
structures that are found near the
nuclear envelope of an animal celi
and play a part in mitosis.

complete mitosis. The first clue that prophase is beginning is
the appearance of chromosomes. Chromosomes become visi-
ble as a result of the condensing and coiling of the yarnlike
chromatin. Under a light microscope, each chromosome is
seen as two identical chromatids lying side by side. Recall that
the area where two chromatids are attached to each other is
called the centromere.

During prophase, the centrioles, two tiny structures lo-
cated in the cytoplasm near the nuclear envelope, separate
from each other and take up positions on the opposite sides of
the nucleus. Centrioles are structures that contain tubulin, a
microtubule protein.

During prophase, the condensed chromosomes become at-
tached to fibers in the spindle at a point near the centromere
of each chromatid. The spindle, a meshlike structure that helps
move the chromosomes apart, develops from the centrioles.
Recall from Chapter 5 that plant cells do not contain centrioles.
However, plant cells form a spindle that is almost identical in
structure to that of animal cells. Like the centrioles, the fibers
of the spindle are composed of microtubules.

Near the end of prophase, the colling of the chromosomes
becomes tighter. In addition, the nucieolus disappears and the
nuclear envelope breaks down.

Metaphase

As prophase ends, metaphase, or the second phase of mi-
tosis, begins. Metaphase is the shortest phase of mitosis. It
often lasts only a few minutes.

During metaphase, the chromosomes line up across the
center, or equator, of the cell. Microtubules connect the cen-
tromere of each chromosome to the poles of the spindle. Be-
cause of their starlike arrangement around the poles of the
spindle, these microtubules are called asters, which is the
Greek word for star. See Figure 8-14.
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Anaphase

Anaphase, the third phase of mitosis, begins when the
centromeres that join the sister chromatids split. This action
causes the sister chromatids to separate, becoming individual
chromosomes. As the two groups of chromosomes separate,
the spindle itself grows longer. The chromosomes continue to
move until they have separated into two groups near the poles
of the spindle. See Figure 8-15. Anaphase ends when the move-
ment of chromosomes stops.

For years, cell biologists have wondered what provides the
force that separates the chromosomes during anaphase. Sur-
prisingly, the answer is still not known. There is evidence that
some proteins form bridges between the microtubules extend-
ing from opposite poles and use energy from ATP to push each
microtubule toward its own pole. However, there is also a sug-
gestion that the rapid assembly and breakdown of microtu-
bules may cause chromosome movement. For the time being,
this remains one of the cell's most intriguing riddies.

Figure 8-14 Notice how the
chromatid pairs line up across

the center of the plant cell (left)
and the animal cell (right). This
arrangement of chromahids marks
metaphase, or the second phase of
mitosis.

Figure 8-15 Anaphase, the third
phase of mitosis, begins when the
centromeres that link the sister
chromatids split, allowing each
chromatid to become an individual
chromosome, Notice that centrioles
are present in the animal cell (right)
but not in the plant cell (left).

Sister

X V., chromatids

K / separale
i, (individual
L chromosomes)




Figure 8-16 In the final phase

of mitosis, called telophase, (wo
new daughter cells begin to form.
Notice the two distinct groups of
chromosomes in the plant cell (left)
and in the animal cell (right).

Figure 8-17 Cytokinesis is the
division of the cytoplasm and its
contents into two individual
daughter cells. In plant cells, the
cytoplasm is divided by a cell plate.
The large dark structures in the
electron micrograph are the
chromosornes.

Cell plate ‘)'

Cell wall
| o
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R relorming
Telophase

Telophase is the final phase of mitosis. The chromosomes,
which have been distinct and condensed all during mitosis,
now begin to uncoil into a tangle of chromatin. This occurs in
the two regions where the nuclei of the daughter cells will
form. The nuclear envelope reforms around the chromatin, the
spindle begins to break apart, and a nucleolus becomes visible
in each dauvghter nucleus. Mitosis is now complete. However,
the process of cell division is not.

Cytokinesis

As a result of mitosis, two nuclei—each with a duplicate set
of chromosomes—are formed. Now it remains for the cyto-
plasm of the cell to divide. This is accomplished as cytokinesis
quickly follows mitosis. Cytokinesis, you will recall, is the divi-
sion of the cytoplasm into two individual cells.

i
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A Useful Poison

The meadow safiron, Colchicum autum- to the microtubuies in the spindle and causes
nale, is a flowering plant that grows wild in them to disintegrate. As a result, the spindle is

the meadowlands of
England, Ireland, and
middle and southern Eu-
rope. Its lovely flowers,
which range in color
from lavender to white,
bloom in the fall. But
the meadow safiron's
flowers are deceiving.
Though beautiful, the
colorful meadow sal-
fron contains a poison
known as colchicine
(KAHL-chih-seen).

In the laboratory,
however, colchicine is a
very useful drug. Colchi-

destroyed and mitosis
is stopped at meta-
phase. When the cells
are examined under a
light microscope, each
chromosome is visible
as a pair of chromatids
that are joined at the
centromere.
Laboratory techni-
cians routinely use col-
chicine  because it
enables them to count
and measure chromo-
somes. Cell biologists
use the drug as a
method of studying the

cine stops cell division, making it important in assembly and disassembly of microtubules.
the study of chromosomes. When c¢olchicine is Scientists were able to find an important use
added to a culture of growing cells, it attaches for a very poisonous drug.

Cytokinesis can take place in a number of ways. In most
animal cells, the cell membrane moves inward until the cyto-
plasm is pinched into two nearly equal parts, each part con-
taining its own nucleus and cytoplasmic organelles. In plants,
a structure known as the cell plate forms midway between
the divided nuclei. The cell plate gradually develops into a sepa-
rating membrane, A cell wall begins to appear in the cell plate.

g a3 SECTION"—.-.:_' =
& REVIEW

1. What is mitosis? Cytokinesis?
2. Describe the structure of a chromosome.

3. Name the three main stages of the cell cycle.
4

5

. Briefly describe the three phases of interphase.
. What are the four phases of mitosis?

17



OBSERVING ONION ROOT TIPS

PROBLEM
What are the stages of the cell cycle in a plant cell?

MATERIALS (per group)

onion root tips timer or clock with

safety goggles second hand
metric ruler 2 glass slides
scalpel 2.medicine droppers
ethanol-acetic acid toluidine blue
fixative probe
3 50-mL beakers papér towels
glass-marking coverslip
pencil pencil with eraser
hydrochloric acid  microscope
forceps
PROCEDURE & »» =+ ' =0

1. Label the three 50-mL beakers with the glass-
marking pencil as follows: fixative, hydro-
chloric acid, water. Put on your safety
goggles and add 10 mL of each liquid to the
appropriately labeled beaker, CAUTION: Be-
cause acids can burn the skin, handle them with
care. Place the beaker containing the water
aside for now.

2. Using the forceps, place the onion root tips
in the hydrochloric acid for 4 minutes.

3. After 4 minutes, use the forceps to remove
the root tips from the hydrochloric acid.
Place them in the fixative for 4 minutes.

4. After 4 minutes, use the forceps to remove
the root tips from the fixative and place them
on a clean glass slide. Holding the root tips
with the forceps, use the scalpel to cut off
about 1 mm from each root tip. CAUTION: Be
careful when using a scalpel Discard the rest
of the root tips.

5. Using the forceps, place one root tip on a
clean glass slide and then place the glass
slide on a paper towel.

6. With a medicine dropper, place a few drops
of toluidine blue on the root tip. Allow the
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toluidine blue to remain on the root tip for 2
minutes. After 2 minutes, use a paper towel to
absorb the excess liquid.

7. Using a clean medicine dropper, place two
drops of water on the root tip. Cover it with a
coverslip. Use the probe to lower the cover-
slip over the slide.

8. Place a paper towel over the slide and with
the eraser end of the pencil gently press
down on the area covered by the coverslip.
This will squash the root tip. CAUTION: Do
not press so hard as to break the coverslip or
the glass slide.

9. With the microscope, examine the onion root
tip under low power to find cells in various
stages of the cell cycle. (Note: If you cannot
clearly distinguish the stages of the cell
cycle, repeat steps 5 through 9 using another
root tip.)

10. After you have located the various stages of
the cell cycle under low power, switch to
high power. Draw and label a cell from each
stage of the cell cycle. Be sure to identify

each stage.

OBSERVATIONS

1. Describe what is happening in each stage of
the cell cycle.

2. What stage occurs most frequently?

3. How is interphase different from the other
stages?

4. What is the color of the chromosomes? Of
other cell structures?

ANALYSIS AND CONCLUSIONS

1. What is the purpose of the toluidine blue?

2. In which area of the onion root tip do most of
the cells appear to be undergoing mitosis?

3. How can you tell that mitosis is a continuous
process?

4. Do some stages of the cell cycle occur more
frequently than others? Identify the stage(s)
and explain why.
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The_ key concepls in each section of this chapter are listed below to help you
review the chapter conteni. Make sure you understand each concept and its
refationship to other concepis and to the theme of this chapter.

8-1 Cell Growth

* Living things grow because they produce
more and more cells,

* As a cell increases in size, its volume in-
creases at a faster rate than its surface area.

* The amount of material entering and leaving
a cell and the amount of DNA in the nucleus
help to limit the size to which a cell can
grow,

* Cell division is the process whereby the cell
divides into two daughter cells.

¢ Cancer is a disorder in which some cells

have lost the ability to control their rate of
growth,

8-2 Cell Division: Mitosis and Cytokinesis

* Cell division in eukaryotic cells occurs in two
main stages: mitosis and cytokinesis.

* Mitosis is the process by which the nucleus
of the cell is divided into two nuclei, each
with the same number and kinds of chromo-
somes as the parent cell.

¢ Cytokinesis is the process by which the cyto-
plasm divides, forming two distinct cells.

REVIEWING KEY TERMS

* Chromosomes are cellular structures that
contain the genetic information that is
passed on from one generation to the next.
These structures are made up of chromatin,
which is composed of DNA and protein.

* The two identical parts of a chromosome,
called chromatids, . are attached to each
other at a centromere.

* During the cell cycle, a cell grows, prepares
for division, and divides to form two daugh-
ter cells, which repeat the cycle.

* The cell cycle consists of three main stages:
mitosis, interphase, and cytokinesis.

* Interphase, the period between cell divi-
sions, is divided into three phases: G,, S,
and G,.

* Mitosis has four phases: prophase, meta-
phase, anaphase, and telophase.

* Cytokinesis ends the process of cell division.
In animal cells, the cell membrane moves in-
ward until the cytoplasm is pinched in two,
each half containing its own nucleus and cy-
toplasmic organelles. In plant cells, a cell
plate forms midway between the divided nu-
clei, then a cell wall appears in the cell plate.

Vocabulary terms are important to your understanding of biology. The key terms

listed below are those you should be especially familior with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not
sure of a term’s meaning, return to the appropriate section and review its definition.

8-1 Cell Growth 8-2 Cell Division: Mitosis and Cytokinesis
cell division mitosis chromatid prophase anaphase
cytokinesis centromere centriole telophase
chromosome cell cycle spindle
chromatin interphase metaphase
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CONTENT REVIEW

Multiple Choice

Choose the letter of the answer that best completes each statermnent.

k. Uncontrolled cell division is known as
A, cancer. c. cytokinesis.
b. mitosis. d. growth.
2, Chromatids are held together by a (an)
a. centriole. c. spindle.
A. centromere. d. aster.
3. Each chromosome strand is called a (an)
a. centriole. £ chromatid.
b. centromere. d. aster.
4. A cell has 12 chromosomes. How many
chromosomes will each daughter cell have?
a 24 £ 12
b. 6 d 4
5. The phase of mitosis that is characterized
by the lining up of chromosomes along the
center of the cell is known as
a. prophase. ¢. anaphase.
b, metaphase. d. telophase.

True or False

6. During normal mitosis, which occurs first?
a. spindle formation
b. growth and development of daughter

cells
¢« chromosome duplication
d. cytoplasmic division of the cell

7. A cell that is undergoing mitosis is
examined with a light microscope. The cell
is most likely an animal cell if the
a. chromosome pairs separate from each

other.
b. chromosomes twist about each other.
¢. nucleoli disappear.
d. centrioles migrate,

8. A structure found during plant cell division
that is not found during animal cell
division is a
a. centromere,
b. cell plate.

¢. cell membrane,
d. spindle.

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to miake the statement true.

1. As a cell increases in size, its volume
increases at a [aster rate than its surface
area.

2. As a result of mitosis, a cell having 10
chromosomes gives rise to two cells, each
of which contains 20 chromosomes.

3. DNA replication occurs during prophase. -

4. Animal cells contain centrioles,

Word Relationships

5. Interphase is usually divided into three
phases: G,, S, and G,.

6. Anaphase is the first phase of mitosis,

7. During prophase, the centrioles separate
from each other and take up positions on
the opposite sides of the nucleus.

8. In animal cells, a cell plate forms midway
between the divided nuclei.

A. In evach of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common to three of the terms and

then identify the term that does not belong.

1. anaphase, interphase, metaphase, telophase
2. chromatid, centromere, chromosome, centriole

3. spindie, aster, microtubule, chromosome
4. cell division, cytokinesis, mitosis, aster
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B. Replace the underlined definition with the correct vocabulary word.

5. The structures in the cell that contain the genetic information are not

visible in most cells except during mitosis.

6. The first phase of mitosis begins when the chromsomes become visible.
7. The meshlike structure that helps move the chromosomes apart develops

from the centrioles.

8. In the final phase of mitgsis, the chromosomes are found at opposite poles

of the cell.

CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. How do living things grow? What are some
factors that limit the growth of a cejl?

2. 'Why do cells divide?

3. [Distinguish between chromatin,
chromosomes, chromatids, and
centromeres.

4. List and describe the phases of the cell

cycle.

5. What occurs during interphase? How are
interphase and the cell cycle related?

6. Identify and describe the phases of mitosis.

7. Distinguish between cell division in an
animal cell and cell division in a plant cell.

8. Why is cell division so complicated in
eukaryotic organisms?

9. Compare spindles and asters.

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Relating facts The diagram below shows
a phase of mitosis. Identify the phase of
mitosis and indicate whether the celi is
from a rose or a tiger. Give a reason for
your answer.

7, '
— 3
y

-y /"'

2. Making calculations A cell is 4um long,
3um wide, and 3um high. Find the ratio of
volume to surface area.

3. Applying concepts Is mitosis occurring in
your body right now? If so, where? Explain
your answer,

4, Relating concepts After muscle and nerve
cells form in the body, they seldom
undergo mitosis. Explain how this aflects
the human body.

5. Relating cause and effect What structure
within the cell is most likely to play a major
role in the development of generations of
cancer cells? Explain your answer,

6. Using the writing process Suppose you
were small enough to hitch a ride on a
chromosome located in a cell that divides
by mitosis. Describe what you would see
happening during this process.
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Electron Microscopist

Forensic Laboratory
Technician

Cell Biologist

TECHNICAL SCHOOL
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CAREERS IN BIOLOGY

Electron microscopes use beams of electrons to magnify ob-
jects. People who operate electron microscopes to view tiny
cell structures are called electron microscopists. They produce
photographs called micrographs that allow researchers to
learn more about the normal activities of cells.

To become an electron microscopist, the requirements are
a high school education and extensive training in the use of an
electron microscope.

For information write to the National Society for Histotechnofogy,

PO. Box 36, Larnham, MD 20706,

Forensic laboratory technicians use scientific principles and
instruments to analyze evidence found at the scene of a crime.
They find clues by examining a variety of biological materials
that includes hair, blood, fingernails, bones, and tissues. They
also study fingerprints, firearms, and bullets. Forensic techni-
cians might be called upon to help reconstruct the scene of a
crime or to testify in court.

Most forensic laboratory technicians have a Bachelor's de-
gree with a good background in biology and chemistry.

10 recelve career information write to the American Academy of

forensic Sciences, 225 §. Academy Blvd., Colorado Springs, CO

80910

Cell biologists examine the structure of cells in plants and ani-
mals. They study individual parts of different cells to learn how
each part functions and how it is affected by chemical and
physical factors. Using microscopes, stains, and other instru-
ments, cell biologists can observe the growth and division of
various cells,

Cell biologists usually have medical or Ph.D. degrees. They
work in hospitals, universities, and research laboratories.

For information contact the American Society for Cell Biology, 9650
Rockuille Pike, Bethesda, MD 20814.

Technicians are workers who are trained beyond high school in a spe-
ciafized fietd of technofogy. A technical education mixes theory with
practice and usually takes one to three years, depending on the field.
Technicians receive either a certificate or an associale degree.

When choosing a technical school, seek rekable evaluations from
past graduates and job placement statistics. Although many schools
advertise, only the better schools aré accredited by the government.

For information write to the National Association of Trade and
Technical Schoots, 2251 Wisconsin Ave., NW, Washington, DC 20007
and ask for a copy of the Handbook of Trade and Technical Careers
and Training
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The first time | heard the term DNA mentioned was when 1 was in junior high. Although
our textbook barely mentioned DNA. my science teacher had made a point of keeping up to
date. He put up newspaper clippings about the double helix model; told us about the Nobel
prize that was shared by Watson, Crick. and Wilkins; and even built a crude model of the
molecule. He did his best to let us know that biology didn’t stop when our texthook was
written.

Way back then (when John E Kennedy was in his last year in the White House) it was
already clear that DNA was the future, The question was not whether DNA was important—it
was clear that it was—but how the information in DNA was coded, expressed, and con-
trolled. Three decades later. we know enough to answer many of the questions that seemed
so puzzling to me in junior high. | could do better in Mr. Zong's mid-term exam today. but |
think it's too late to improve my grade. One thing [ can’t improve on, however, is the sense
he gave me of the future—the feeling that science was changing tomorrow.

Even as they change, things stay the same. It's tempting to think that we've solved all of
the big questions, but it would be just as wrong to hold that attitude as it was in 1963, So look
around, and pay attention to those newspaper clippings and science magazines in your

classroom. No book contains the last word about biology. Tomorrow is up there on the wall
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Continuity of Life

The spirating molecule calted DNA is a common thread that binds alf
organisms on Earth together. Bacleria and other tiny single-celled
organisms contain ONA, as do mushrooms, apple trees, snals, birds, and
humnans. In fact, aff fiving things requve DINA o grow, develop, and carry
out the functions of fife.

DINA is also necessary for fife to continue from one generation to the
next, Encoded in the pattern of chemicals within the mofecule are al the
instructions needed o transform a single fertitizod egg cefl into a compiex,
many-celled organism. Some of the most fascinating aspects of biology
mvolve ife lransmittal of DNA from parents {o offspring and the ways m

which DINA conirols the developrment of living things
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CHAPTER

Introduction
to Genetics

/ .l “
R AL

There are few things as graceful and magnificent as a
ruming horse. A good combination of many inherited
traits—fine-boned legs, swiftness, and stamina, for
exampie—helps thoroughbred race horses compete
at Churchit Downs in the Kentucky Derby.

Im‘.f'w:‘.mc&’ is something that we are all farmWiar with, each of us has
a biological nhentance. As a ohid you may have been told that you
“mhented”” your eyes from your grandfather, your hav from your
grandmother, your intefigence from your mother, and your artistic
talents from your father. Everyday experience shows us that
offspnng resembie thelr parenls

But why do we take after our parents and grandparents? Why
do people expect great ‘f':/,':q;s from a newborn foa! if s father won
the Kenlucky Derby? Why do the kittens born of a yeffow tabby and
a black caf have fur colored sornewhere between yellow and black? ?
in this chapler you wi! discover the answers o these questions as

you expiore the nature of brofogical inhentance
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CHAPTER OUTLINE

9-1 The Work of Gregor Mendel
® Early kieas About Heredity
® Gregor Mendel
¢ Genes and Dominance
® Segragation
¢ Independent Assortment
e A Summary of Mendel’s Work

9-2 Applying Mendel's Principles

® Genetics and Probabiity

® Using the Punnett Square
9-3 Meiosis

e Chromosome Number

® The Phases of Meiosis

¢ Mewosis and Genetics

e Gamete Formation
e Comparing Mitosis and Meiosis

Figare 9-1 Why don't the two
baby guinea pigs look like each
other? Why are they different
from their mother? The science of
genetics helps us answer
questions such as these.

e

The Work of Gregor Mendel

Section Objectives
i Discuss Mendel's experiments,

& Describe dominance, segregation, and independent
assortment.

Biological inheritance, or heredity, is the key to differ-
ences between species. Cats give birth to kittens, dogs produce
puppies, and oak trees produce acorns from which, as the say-
ing goes, mighty oaks may grow. Heredity, however, is much
more than the way in which a few superficial characteristics
are passed from one generation to another. Heredity is at the
very center of what makes each species unique, as well as whal
makes us human. The branch of biology that studies heredity is
called genetics.

e — 1 Ay Al s n BT et e
RACNY 1dess ADOonl Hered

Until the nineteenth century, the most common explana-
tion for the resemblances between parent and offspring was
the theory of blending inheritance. People reasoned that be-
cause both a male and a female were involved in producing off-
spring, each parent contributed factors that determined
inheritance—factors that were blended in their offspring. The
nature of these [actors was unknown.

At first, the theory of blending inheritance seemed a rea-
sonable explanation. It is common to see a little bit of both par-
ents in a child. So it seemed fair to say that the characteristics
of the mother and father have blended in making the new life,
But in the last century biologists began t¢ look at the details of
heredity. When they did, they began to develop a very different

181



Figure 9-2 Mendel used the garden
pea in his experiments on heredity.
Garden peas usually reproduce by
sell-pollination because the male
and female reproductive parts are
tightly enclosed within the flower's
petals (feft) One method Mendel
used to cross-poliinate his pea
planis was to cut off the male paris
of a Aower (thus preventing self-
poliination) and then dust the pollen
from another plant onto that flower

(right).

view. The work of the Austrian monk Gregor Mendel was partic-
ularly important in changing people’s views about how charac-
teristics are passed from one generation to the next.

P e Mo 1
Cregor Mendel

Gregor Mendel was born in 1822 to peasant parents in what
is now Czechoslovakia. He did very well in school and entered
a monastery in the town of Brno-at the age of 21. Four years
later he was ordained a priest. The monastery was a center of
scientific learning. In 1851, Mendel was sent to the University
of Vienna to study science and mathematics. He returned two
years later and spent the next fourteen years working in the
monastery and teaching at the high school in Brno.

In addition to his teaching duties, Mendel had charge of
the monastery garden. It was in this ordinary garden that he
was to do the work that revolutionized biological science.

From his studies in biology, Mendel had gained an under-
standing of the sexual mechanisms of the pea plant. Pea flowers
have both male and female parts. Normally, pollen from the
male part of the pea flower fertilizes the female egg cells of the
very same flower. Because the pollen produced by the plant
fertilizes the egg cells of that very same plant, peas are said to
produce seeds by self-pollination. Seeds produced by self-pol-
lination inherit all of their characteristics from the single plant
that bore them.

Mendel learned that seli-pollination could be prevented.
He carefully cut the male parts off all the flowers of one plant
and the female parts off all the flowers of another plant. He
then pollinated the two plants by dusting the pollen from one
plant onto the flowers of the other plant. The fertilization of a
plant’s egg cells by the pollen of another plant is known as
cross-pollination. Cross-pollination produces seeds that are
the offspring of two different plants. With this technique, Men-
del was able to cross plants with different characteristics.

|
s Male parts

&

: VEamale parts
Ovules”
(female raproductive cells)

Structure of a Pea Flower

7\

i P

\
\

Pollen
{male reproductiva calis)

Cross-pollination
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THE PEA TRAITS STUDIED BY MENDEL

Seed Seed Seed Coat Pod Pod Flower Plant
Shape Color Color Shape Color Position Height
| 1
‘. TN
y 2=
| 0 s e
E '.‘ { “‘ f&v'~'~‘ ’.é
| « BHE i
i | et
Round Yellow Gray Smooth |  Green Axial Talk
| | e i
| I !
Wrinkled Green ’ White Constricted Yelow Terminal | Short

One of the gifts that Mendel received when he took charge
of the monastery garden was a stock of peas developed by ear-
lier gardeners. These peas were purebred. This means that if
they were allowed to self-pollinate, the purebred peas would
produce offspring that were identical to themselves. One line of
plants would produce only tall plants, another only short
plants. One line would produce only green seeds, another only
yellow seeds. These purebred plants were the basis of Men-
del's experiments.

In many respects, the most important decision Mendel
made was to study just a few isolated traits, or characteristics,
that could easily be observed. In the case of the peas, one trait
was the size of the plant, another the shape of the pod, another
the color of the seed. Figure 9-3 shows the seven traits that
Mendel studied. By deciding to restrict his observations to just
a few such traits, Mendel made his job of measuring the effects
of heredity much easier.

Genes and Dominance

What would you do if you were interested in heredity, had
several kinds of purebred peas, and also knew how to cause
cross-pollination? No, pea soup is not a good answer.

Mendel decided to see what would happen if he crossed
pea plants with different characters for the same trait. A char-
acter is a form of a trait. For example, the flower-position trait
has two characters: axial and terminal. Mendel crossed the tall

Figure 9-3 The seven pea traits

studied by Mendel are seed shape,

seed color, seed coat color, pod
shape, pod color, flower position,
and plant height. As you can see,

each of these traits has two

contrasting characlers, or forms.
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THE RESULTS OF MENDEL'S PARENTAL CROSSES

Seed I Seed
Shape | Color
! | Round i Yetow Gray ! Smooth > Green '
| !
b
ipl x X X | X A X
| &
| Wrinkled | Green White | Constricted Yellow |
L I
‘ ¢ ]
F,
| |
| Round Yellow Gray | Smooth Green

Figure 9-4 When Mendel crossed
plants with contrasting characters
for the same trait, the resulling
offspring had only one of the
characters. From the results of these
experimenis, Mendel concluded that
factors that do not blend control the
inheritance of traits and that some
of these factors are dominant,
whereas others are recessive.
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plants with the short ones; the plants with yellow seeds with
those with green seeds; and so on. From the crosses in his pea
plants, Mendel obtained seeds that he then grew into plants.
These plants were hybrids, or organisms produced by crossing
parents with differing characters.

What were those hybrid plants like? Did the characters of
the parent plants blend in the offspring? To Mendel’s surprise,
the plants were not half tall, nor were the seeds they produced
half yellow. Instead, all of the offspring had the character of
only one of the parents. The plants resulting from his crosses
were all tall or produced only yellow seeds. The other charac-
ter had apparently disappeared.

From this set of experiments, Mendel was able to draw two
conclusions. The first is that individual factors, which do not
blend with one another, control each trait of a living thing.
Mendel used the word Merkmal to refer to these factors. Merk-
mal means character in German. Today the factors that control
traits are called gemes. Each of the traits Mendel studied was
controlled by one gene that occurred in two contrasting forms.
These contrasting forms produced the difierent characters of
each trait. For example, the gene for plant height occurs in a
tall form and a short form. The different forms of a gene are
now called alleles (uh-LEELZ).

The second of Mendel's conclusions is often called the
principle of dominance: Some factors (alleles) are dominant,
whereas others are recessive. The effects of a dominant allele
are seen even il it is present with a contrasting recessive allele.
The effects of a recessive allele are not observed when the
dominant allele is present. In Mendel’s experiments, the tall



and yellow alleles were dominant, whereas the short and green
alleles were recessive. Although dominance is seen in the in-
heritance of many traits, it does not apply to all genes.

Segregation

Mendel was not content to stop his experimentation at this
point. He wanted the answer to another question: What hap-
pened to the recessive characters? To answer this question, he
allowed all seven kinds of hybrid plants to reproduce by
self-pollination.

To keep the difierent groups of seeds and plants clear in his
mind, Mendel gave them different names. He referred to the
purebred parental plants as the P generation (P for parental).
To the first generation of plants produced by cross-pollination,
he gave the name F,, which stood for first filial generation
(from the Latin word filius, which means son). If the F, plants
were crossed among themselves, he called the offspring F,, for
second filial generation, and so forth.

THE F, CROSS The resuits of the F, cross were remark-
able. The recessive characters had not disappeared! Some of
the F, plants produced by each of the F, crosses showed the re-
cessive trait. This proved to Mendel that the alleles responsi-
ble for the recessive characters had not disappeared. But why
did the recessive alleles disappear in the F, generation and
reappear in the F,? To answer this question, let’s take a closer
look at one of Mendel's crosses. Keep in mind that the concepts
that apply to the crosses involving the trait of plant height also
apply to the crosses for the other six traits.

EXPLAINING THE F, CROSS To begin with, Mendel as-
sumed that the presence of the dominant tall allele had masked

F,
Hybrid tall plant
i #
2 o
F,

Figure 9-5 When the F, hybrid
plants were allowed to reproduce
by self-pollination, some of the
resulting F, offspring had the
recessive character.
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Figure 9-6 Segregation of alleles
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alleles are paired up again when
gametes fuse during the process of
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Figure 9-7 This Punnetlt square
shows a cross between two hybrid

tall (Tt) pea plants.
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the recessive short allele in the F, generation. But the fact that
the recessive allele was not masked in some of the F, plants in-
dicated that the short allele had managed to get away from the
tall allele. But how did this separation, or segregation, of al-
leles occur? Mendel suggested that during the formation of the
reproductive cells (pollen and eggs), the tall and short alleles
in the F, plants were segregated, or separated, from each other.
Did that suggestion make sense?

Perhaps Mendel thought as follows: Let's assume that the
F, plants have one tall factor from one parent and one short
factor from the other parent. (Remember that Mendel did not
know about genes and alleles.} Suppose such a plant forms
flowers and the two factors are segregated from each other
when reproductive cells are made. Each ¥, plant will produce
two types of reproductive cells: one that has the tall factor and
one that has the short factor. What should be the result when
two F, plants are crossed?

If segregation occurs the way Mendel thought it did, then
the possible gene combinations in the offspring that result
from a cross can be determined by drawing a diagram known
as a Punnett square. Biologists represent a particular gene by
using a symbol. The dominant allele is represented by a capital
letter. The recessive allele is represented by the corresponding
lowercase letter. In this case, T represents the dominant tall al-
lele and ¢ represents the recessive short allele.

The Punnett square in Figure 9-7 shows the types of repro-
ductive cells, or gametes {GAM-eets), produced by each F, par-
ent along the top and left-hand side of the square. It also shows
each possible gene combination for the F; offspring in the four
boxes that make up the square.

You can see the probable resuits of the cross of two F,
plants from the Punnett square: 1/4 of the F, plants have two
tall alleles (77); 2/4, or 1/2, of the F, plants have one tall allele
and one short allele (7), and 1/4 of the F, plants have two
short alleles (). Because tall is dominant over short, 3/4 of the
F, plants should be tall and 1/4 of the F; plants should be short.
These numbers are often expressed as ratios. For example,
there are 3 tall plants for every 1 short plant in the F, genera-
tion. Thus the ratio of tall plants to short plants is 3:1. If, of
course, Mendel's model of segregation is correct.

Did the data from Mendel’s experiments fit his model? Yes.
The predicted ratio—3 dominant to 1 recessive—showed up
consistently, indicating that Mendel’s assumptions about seg-
regation had been correct. For each of his seven crosses, about
3/4 of the plants showed the dominant trait and about 1/4
showed the recessive trait. Segregation did indeed occur ac-
cording to Mendel's model.

Look again at the Punnett square. You will see that three of
the possible combinations result in tall plants. Because all
these plants appear tall, we can say that they have the same
phenotype, or physical characteristics. They do not, however,



have the same genotype, or genetic makeup. The genotype of
1/3 of the tall plants is 77, whereas the genotype of 2/3 of the
tall plants is Tt

Organisms that have two identical alleles for a particular
trait (77 or # in our example) are said to be homozygous
(hoh-moh-ZIGH-guhs} (homo- means same; -zygous refers to al-
leles). Organisms that have two diflerent alleles for the same
trait are heterozygous (heht-er-oh-2iGH-guhs){ hetero- means
different). In other words, homozygous organisms are pure-
bred for a particular trait and heterozygous organisms are hy-
brid for a particular trait.

independent Assortment

After establishing that genes segregate during the forma-
tion of gametes (reproductive cells}, Mendel began to explore
the question of whether they do so Independently. In other
words, does the gene that controle one trait have anything to
do with the gene that controls a different trait? For example,
does the gene that determines whether a seed is round or
wrinkled in shape have anvthing to do with the gene for seed
color? Must a round seed also be yellow? To answer these ques-
tions, Mendel first crossed purebred plants that produced
round yellow seeds with purebred plants that produced wrin-
kled green seeds.

THE TWO-FACTOR CROSS: F, In this cross, the two kinds
of plants would be symbolized like this:

Round yellow seeds  RRYY
Wrinkled green seeds rryy

Because two traits are involved in this experiment, it is called a
two-factor cross. As you examine this cross, keep in mind that
you are looking at the kind of seeds the plant produces. (These
seeds are not necessarily the same as the seeds from which the
plants grew!)

The plant that bears round yellow seeds produces gametes
that contain the alleles £ and ¥, or RY gametes, The plant that
bears wrinkled green seeds produces ry gametes. An RY gam-
ete and an ry gamete combine to form a fertilized egg with the
genotype RrYy. Thus only one kind of plant will show up in the
F, generation—plants that are heterozygous, or hybrid, for
both traits. What is the phenotype of the F, plants? That is,
what will the seeds produced by the F, plants look like? Be-
cause we know that round and yellow are dominant traits, we
can conclude that the F, plants will produce seeds that are
round and yellow. Remember that the concept ol dominance
tells us that the dominant traits will show up in a hybrid,
whereas the recessive traits will seem to disappear.

This cross does not indicate whether genes assort, or seg-
regate, independently. However, it provides the hybrid plants

TT

Tt
Homozygous Heterozygous

Figure 9-8 Although these plants
have different genoiypes (TT and
Tt), they have the same phenotype
{tall).

Figure 9-9 When an individual that
is homozygous dominant for two
traits is crossed with an individual
that is recessive for the same (wo
traits, all of the offspring are
heterozygous dominant for those
two traits.

fryy
_/__7 \.?.-._‘:
ALAARE

|
Refy | ity | eyl Revy
|

RiYy| Rety ReYy Revy
|

RY]
NNRY Ry | Riry Rery | Rety
RY

Ry | Rivy | Revy | Revy

187




. Rrxy ~
\rv RrYy ryy

Figure 9-10 If the genes for wo
trails are connecled in some way,
only two combinations of the traits
are possible in the offspring.

Figure 9-11 If the genes for two
traiis are not linked, then they will
undergo independent assortment.
This results in new combinations of
the traits. The phenotypic ratio of
the offspring that results from
crossing individuals that are hybrid
for two traits is 9:3:3:1.
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needed for the next cross—the cross of F; plants to produce
the F, generation. The seeds from the F, plants will show
whether the genes lor seed shape and seed color have anything
to do with one another. Now for the real experiment.

THE TWO-FACTOR CROSS: F, What will happen when F,
plants are crossed with each other? If the genes for seed shape
and color are connected in some way, then the dominant R and
Y alleles {(which came from one parent) and the recessive rand
yalleles (which came from the other parent) will be segregated
as matched sets into the gametes. Thus, the gametes could only
contain one of two possible gene combinations: RY or ry. As
you can see in Figure 9-10, all round seeds will be yellow and
all wrinkled seeds will be green.

If the genes are not connected, then they should segregate
independently, or undergo independent assortment. This pro-
duces four possible types of gametes: RY, Ry, rY, and ry. In ad-
dition, if the genes assort independently, some of the seeds
produced by the F, plants will have new combinations of traits
—they may be wrinkled and yellow, or round and green.

This two-factor cross is examined in the Punnett square in
Figure 9-11. Now that we have four possible gamete types (and
sixteen possible offspring) the square is especially useful. If the
genes for seed shape and seed color are inherited indepen-
dently, then the seeds produced by the ofispring should be ex-
actly as predicted by the Punnett square:

9/16 yellow round seeds (315)
3/16 yellow wrinkled seeds (101)
3/16 green round seeds (108)
1/16 green wrinkled seeds  (32)

"™ £ Y " 7]
@ @ W @
RY| RRYY | RAYy | RrvY | Revy
3 %
. - ' O O —F. Generation
-/ Ry| RRYy | RRyy | RiYy | Rryy
_ | | W@
R w| Reyy | Ry | Yy | vy
AR AR
ry| Rity | Rryy | ¥y | myy § |




Mendel actually carried out this exact experiment, and his
results, shown in parentheses, were very close to the 9:3:3:1
ratio that the Punnett square predicts. From these results,
Mendel concluded that genes could segregate independently
during the formation of gametes. In other words, genes could
undergo independent assortment. As we shall see later, there is
an important exception to independent assortment. Genes lo-
cated on the same chromosome are linked and may not un-
dergo independent assortment,

A Summary of Mendel's Work

Mendel's work on the genetics of peas can be summarized

in four basic statements:

* The factors that control heredity are individual units
known as genes. In organisms that reproduce sexually,
genes are inherited from each parent.

* In cases in which an organism possesses two forms of the
gene for a single trait, some forms of the gene may be dom-
inant and others may be recessive.

* The two forms of each gene are segregated during the for-
mation of reproductive cells.

* The genes for different traits may assort independently of
one other.

g-1 SECTION ____
=1 REVIEW —

1. What is dominance? Segregation?
2. What is independent assortment?

3. Define the terms genotype and phenotype. To which
term does heterozygous refer?

4. Why were purebred peas important for Mendel’s
experiments?

Figare 9-12 This young chameleon
has obtained half of its genes—and
a piggyback ride—from its parent
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Section Objeciives
@ Relate probability to genetics.

# Solve genetics preblems using a
Punnelt square,

Figure 9-13 The mathematical
concept of probability allows us (¢
calculate the likelthood that a
particutar event will occur. What is
the probability that the next child in
this family will be another girl?

9-2 Applying Mendel’s
Principles

Mendel's careful record keeping and his knowledge of
mathematics enabled him to see the patterns of heredity. His
paper describing his experiments and conclusions was pub-
lished in 1866 in the Proceedings of the Brno Society of Natural
Science. Unlortunately, Mendel's ideas about heredity and his
applications of mathematics and statistics to biology were far
ahead of their time. Mendel's fellow scientists failed to under-
stand and recognize the importance of his work. In fact, a
prominent botanist encouraged Mendel to start working with a
different kind of plant and to give up on the hybrid peas. Men-
del’s pioneering work in genetics remained unappreciated dur-
ing his lifetime.

In the early 1900s, several scientists working indepen-
dently rediscovered Mendel's paper. They realized that it cor-
rectly described the basic principles of genetics. More than
twenty years alter his death, Mendel's experiments and conclu-
sions were recognized as important breakthroughs in biology.

Genetics and Probability

One of the most innovative things Mendel did was to apply
the mathematical concept of probability to biology. Probabil-
ity is the likelihood that a particular event will occur. Proba-
bility is determined by the following formula.

Probability = The number of times a particular event occurs
The number of opportunities for the event to
occur (the number of trials)

Consider, for example, the flipping of a coin. When a coin is
flipped, one of two possible events can occur: The coin can
land heads up or it can land tails up. The probability of the coin
coming up heads is 1/2, or 1:1. In other words, you will proba-
bly get heads (the particular event) one time out of every two
times you flip the coin (the trials). And you will probably get
tails one time out of every two times you flip the coin. There-
fore, if you were to flip the coin 10 times, the most likely out-
come would be 5 heads and 5 tails. However, there is a chance
that you would wind up with a different outcome—perhaps 4
heads and 6 tails, or 10 heads and 0 tails.

These different outcomes reveal an important rule of prob-
ability: You only get the expected ratio for large numbers of
trials. The larger the number of trials, the closer you get to the
expected ratios. If you were to flip the coin hundreds of times,
your final results would be much closer to 1:1. If you were to
flip the coin thousands of times, your final resuits would be
even closer to 1:1. With this in mind, why do you think Mendel
worked with thousands of pea plants?



Suppose you flipped a coin and it came up heads ten times
in a row. What are the chances of getting heads again on your
next flip? Because of all the times the coin came up heads, you
might think it is more likely that the coin will now come up
tails rather than heads. But this is not the case. There is an-
other important rule of probability: Previous events do not af-
fect future outcomes. Each flip of the coin is a separate,
independent event. For each flip of the coin, the probability of
getting heads is always 1/2, or 1:1. It does not matter what hap-
pened on previous flips of the coin.

The rules of probability apply to genetics as well as to flip-
ping a coin. Expected genetic ratios may not show up when
only a few pea plants (or other organisms) are considered. The
larger the number of organisms examined, the closer the
numbers will get to the expected values. In addition, genetic
ratios do not indicate what the outcome of a single event will
be. Because previous events do not affect future outcomes, it
cannot be assumed that a particular event will occur because it
seems overdue. Despite such limitations, genetic ratios are still
very uselul because they make it possible to predict the most
likely outcome for a large number ol events.

Using the Punnett Sguare

The Punnett square is a handy device for analyzing the re-
sults of an experimental cross, and it's a good idea to become
familiar with its use. Practice vusing the Punnett square in the
one-factor and two-factor genetics problems that follow.

ONE-FACTOR CROSS In pea plants, tall (7) is dominant
over short (f). You have a tall plant. Design a cross to see if this
plant is homozygous (TT) or heterozygous (T7).

Solution:

Cross your tall plant with a short plant. The cross of an or-
ganism of unknown genotype and a homozygous recessive indi-
vidual is called a test cross. Figure 9-14 shows how a test cross
works.

As you can see in the Punnett squares, il any of the off-
spring resulting from a test cross shows the recessive pheno-
type, then the unknown parent must be heterozygous.

TWO-FACTOR CROSS In pea plants, green pods (G) are
dominant over yellow pods (g), and smooth pods (V) are dom-
inant over constricted pods (n). A plant heterozygous for both
traits (GgNn) is crossed with a plant that has yellow con-
stricted pods (ggnn). What are the probable genotypic and
phenotypic ratios for this cross?

Solution:

Genotypic ratio = 4GgNm4Ggned ggNmdggnn = 4:4:4:4 = 1:1:1:1

Phenotypic ratio = 4 green smooth:4 green constricted:4 yel-
low smooth:4 yellow constricted = 4:4:4:4 = ]1:1:1:]

T X 1
T T
t | m Tt
i
t' | m
| |
Tt X
T t |
t| ™ 1t
t] i
T =tall t= short

Figure 9-14 A test cross is used

to determine the genolype of an
individual showing a dominant trail.
If any of the offspring resuliting from
a test cross has the recessive
phenotype, then the unknown parent
is heterozygous.

Figure 9-15 This Punneft square
illustrates a cross between a pea
plant that has the genotype GgNn
and one that has the genotype ggnn.

GgNn X ggnn
GN | Gn gN- gn
gn | GgNn 9pﬂ_ggNn agnn
gn GgNn: Ggnn | ggNn | ggnn
QgNn "ggnn ‘
Ggnn | ggNn 1 agnn

G = green g = yellow
N = smooth 'n = constncted

gnt GgNn ' Ggnn

gn| GgNn

191



SCIENCE. &
TECHNOLOGY,
AND SOCIETY §

P

R R R R RRRRRARRNNroNSRRERANRA= =S~

P T ——.

Creating a New Breed of Cat

Slamese and Persian cats are two of the
most popular kinds of purebred cats. They are
also two of the most ancient breeds, with his-
tories thai go back several centuries. Siamese
cats are slender, with light-colored bodies and
dark markings on the face, legs, and tail. Per-
slan cats are stocky and have long luxurious
fur. A third breed of cat, the Himalayan, has
the distinctive markings of the Siamese and
the stocky build and long fur of the Persian.
Unlike Siamese and Persian cats, Himalayans
have been around for a relatively short time—
less than 60 years. And unlike most breeds of
cats, the Himalayan is an artificial breed.

The first Himalayan was born in 1935, the
product of five years of genetics experiments
at Harvard Medical School. The researchers
were trying to determine how certain cat
traits, such as long fur and Siamese markings,
are inherited.

The scientists first crossed Siamese cats
with gray, black, or striped Persian cats. The
offspring of these crosses all had short hair
and were gray, black, or striped in color. When
two of the short-haired cats were mated, one
of the female offspring had long black fur. This
female, when mated to her male parent, pro-
duced a long-haired kitten with Siamese mark-
ings—the first Himalayan cat.

From their crosses, the scientists deter-
mined that short hair was dominant over long
hair and that solid or striped colors were dom-
inant over Siamese markings. Although the sci-
entists had created a new type of cat, their role
in the new Himalayan breed was over. After
all, they had discovered what they had set out
to find. Cat breeders in the United States and
Britain took over where the scientists had left
off. These breeders focused their altention,
however, on the effects of other genes, such as
those for general body type. By the early
1960s, more than 25 years after the birth of the
first Himalayan, the breed was officially recog-
nized by all of the major cat associations in the
United States and Britain.

The Himalayan is an artificial breed
of cat. It was created during the
course of genetics experiments.

§-7
» & REVIEW

SECTION

0N -

What is probability?

What is a test cross?

What kind of cross produces a 9:3:3:1 ratio of offspring?
A cross of F, plants heterozygous for height should

produce a ratio of tall to short plants of 3:1. Three seeds
from such a cross have been grown and they have
produced three tall plants. What are the chances that a
fourth seed will produce a short plant?
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9-3 Meiosis

The principles of genetics described by Mendel require
that organisms inherit a single copy of each gene from each of
their parents. These two copies are then segregated from each
other during the formation of gametes. An obvious way to test
Mendel’s ideas would be to see if something similar to segrega-
tion takes place during the formation of gametes.

But how are gametes formed? In Chapter 8 you learned
about mitosis, a process that involves the separation of chro-
mosomes and the formation of new cells. Could gametes be
formed by mitosis?

The answer to this question is no. If gametes were formed
by mitosis in the common fruit fly, Drosophila mefanogaster,
each gamete would contain 8 chromosomes—as do the other
cells of the fly. When sperm and egg fused in the process of fer-
tilization, the first cell of the offspring would contain 16 (or 8 +
8) chromosomes. This is twice the number of chromosomes in
the cells of the parents. If the number of chromosomes doubled
in each generation, before long the cells would contain an un-
wieldy number of chromosomes,

Chromosome Number

The 8 chromosomes in a Drosophila cell can he divided
into two sets: One set contains 4 chromosomes from the male
parent and the other set contains 4 chromosomes from the fe-
male parent. Each chromosome in the male set has a corre-
sponding chromosome in the female set. These corresponding
chromosomes are said to be homologous. {The chromosomes
themselves are called homologs.) A cell that contains both sets
of homologous chromosomes (one set from each parent) is
said to be diploid.

The diploid number is sometimes represented by the sym-
bol 2N. Thus for Drosophila 2N=8, A diploid cell contains two
complete sets of chromosomes and two complete sets of genes.

Female Male

Section Objectives
Describe the process of meiosis.
@ Compare meiosis and mitosis,

Figure 9-16 Each body cell in a
fruit fly contains 8 chromosomes—
4 from the male parent and 4 from
the female parent (left). This
photograph shows the 4 pairs of
giant chromosomes of the fruit fly
Drosophila (right). These giant
chromosomes consist of many
chromatids attached in paraliel.
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Figure 9-17 In the process

of meiosis, the number of
chromosomes per cell is cut in holf
and homoiogous chromaesomes are
separated. Meiosis produces four
haploid gamete cells that are
genetically different from one
another and from the original
diploid pareat cell

MEIOSIS
Meiosis |
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~
Prophase | d
: P, 2 |
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Mstaphase | 1
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Anaphase | ‘

Ve hﬁ
Talophase | \/

This agrees with Mendel's idea that all of an organism’s cells
(except the gametes) contain two alleles for a given trait. Men-
del's model of segregation implies that gametes, unlike other
cells, should contain only a single set of genes because alleles
are separated during the process of gamete formation. This is
exactly the case. The gametes of organisms that reproduce sex-
ually contain a singie set of chromosomes (and genes). Cells
that contain a single set of chromosomes are said to be haploid
and are represented by the symbol N. For Drosophila, N=4. In
order for gametes to be produced, there must be a process that
divides the diploid number of chromosomes in half.

The Phases of Meiosis

Haploid gametes are produced from diploid cells by the
process of melosis (migh-0OH-sihs), Meiosis is a process of re-
duction division in which the number of chromosomes per cell
is cut in half and the homologous chromosomes that exist in a
diploid cell are separated.

In most organisms, meiosis takes place in two stages,
known as the first and second meiotic divisions. Do not be con-
fused because the phases of meiosis have the same names as
the phases of mitosis. The phases of mejosis are actually very
different from the phases of mitosis. We will examine meiosis in
an organism with a diploid number of 8 (2N=8). Refer to Figure
9-17 as the process of mejosis is described.

MEIOSIS I In the first stage of meiosis, meiosis |, special
cells in the reproductive organs undergo a round of DNA repli-
cation. The cells then enter a process of cell division that looks
deceptively like mitosis. But it's not.

Recall that in mitosis the 8 chromosomes line up in the
center of the cell. At this time, each chromosome contains 2
chromatids, which separate from each other as anaphase
begins. But in prophase | of meiosis, each chromosome seeks
out its corresponding homologous chromosome to form a spe-
cial structure called a tetrad. The word tetrad comes from the
Greek word tetra, which means four. And as you can see in
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Figure 9-17, there are 4 chromatids in a tetrad. Tetrads, rather
than individual chromosomes, line up in the center of the cell
during metaphase | of mejosis.

As the homologous chromosomes pair up and form tetrads
in meiosis I, they may exchange portions of their chromatids in
a process called crossing-over. Crossing-over results in the ex-
change of genes between homologous chromosomes and pro-
duces new combinations of genes.

What happens next? The homologous chromosomes sepa-
rate and two new ceils are formed. Aithough each cell now has
8 chromatids (just as it would alter normal mitosis) something
is different. Look at Figure 9-17 closely. The two cells no longer
have two complete sets of the 4 chromosomes. Instead, the ma-
ternal and paternal chromosomes have been shuffled like a
deck of cards. The two cells produced by meiosis | have sets of
chromosomes (and genes) that are difierent from each other.
These sets are atso diflerent from the set in the cell that began
the division.

MEIOSIS Il The two cells produced by meiosis | now
enter meiosis . Unlike a cell undergoing a second mitotic divi-
sion, neither cell goes through a round of DNA replication be- 1
fore entering the second meiotic division. Thus each of the
cells' chromosomes contains 2 chromatids. During metaphase
Il of meiosis, 4 chromosomes line up in the center of each cell.
In anaphase Il, the paired chromatids separate. Each of the four
daughter cells produced in meiosis Il receives 4 chromatids.
The four daughter cells contain the haploid number (N)—4
chromosomes each. The amount of genetic material has been
reduced. In addition, the combinations of chromosomes in 3
each gamete have been made at random, |

Figare 9-18 Duri ase | of
Meiosis and Genetics mgiosis, homlogo’:fsmosomes

As they pass through meiosis, the chromosomes do all may exchange portions of their
the things that Mendel's ideas predicted structures that Ccfvomatids in a process called
carry genes would do. Meiosis | results in segregation and in- ~ €T0SS{g-over.

dependent assortment. During anaphase I of meiosis, the ho-
mologous chromosomeés separate and are segregated to
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Figure 9-19 In males, meiosis
results in four gametes that are

the same size as one ancther. In
females, the four cells produced in
meiosis are different sizes—three
are small and one is large. The large
cell is usually the only one of the
four female cells thatl participates in
reproduction.
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different cells. This also segregates the homologous forms of a
gene, or alleles, that are located on these chromosomes. This
agrees with Mendel's principles. The chromosomes themselves
assort independently during meiosis I. The separation of chro-
mosomes during the first meiotic division is completely ran-
dom. Which cell receives the maternal copy of a chromosome
and which cell receives the paternal copy is strictly a matter of
chance.

Gamete Formation

In male animals, the haploid gametes produced by meiosis
are called sperm. In higher plants, pollen grains contain hap-
loid sperm cells. In female animals, generally only one of the
cells produced by mejosis is used for reproduction. This female
gamete is called an egg (animals) or ovule (higher plants). In
female animals, the cell divisions at the end of meiosis | and
melosis 1] are uneven, so that the egg or ovule receives most of
the cytoplasm. The other three cells produced in the female
during meiosis are known as polar bodies and usually do not
participate in reproduction.

Comparing Mitosis and Meiosis

In a way, it's too bad that the words mitosis and meiosis
sound so similar and have the same names for their phases be-
cause the two processes are very different. Mitosis results in
the production of two genetically identical cells. A diploid cell
that divides by mitosis gives rise to two diploid daughter cells.
The daughter cells have sets of chromosomes (and genes)
identical to each other and to the original parent cell.

Meiosis, on the other hand, begins with a diploid cell but
produces four haploid cells. These cells are genetically differ-
ent from the diploid cell and from one another. This is because
homologous chromosomes are separated during the first mei-
otic division and because crossing-over results in the produc-

tion of new gene combinations on the chromosomes.
SECTION

ng REVIEW

i

1. What is meiosis?
2. Define diploid and haploid.
3. In which meiotic division does segregation occur?

4. What are the principal differences between mito:
meiosis?

5. In human cells, 2N=46. How many c

you expect to find in a sperm cell? In an egg celi?
white blood cell? Explain your answers.




- r— - — e -

One-Factor Crosses: Sample Problem

OLVING GENETICS PROBLEMS
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IN BIOLOGY

is allowed to self-pollinate. What are the prob-

In pea plants, red flowers are dominant  able genotypic and phenotypic ratios in the
over white flowers. A heterozygous red flower  ofispring of this plant?

SOLUTION

R = red
r = white

Rr x Rr

R t
34
¥
R r
RR al'
R {
‘Rr e
r+— E

Step 1

Step 2

Step 3

Step 5

Choose a letter to represent the genes in the cross.

Use a letter whose capital form does not look too similar to its
lowercase form. This will make it easier for you to read your
finished Punnett square. Except for that requirement, it is not
important which letter you select. In this case, let's use R for
the dominant red allele and r for the recessive white allele.

Write the genotypes of the parents.

This step is often written as an abbreviation of the cross being
studied. The X between the parents’ genotypes is read “is
crossed with.” In this case, Rr X Rris read "Rris crossed with
Rr" Although only one parent is involved in this problem, you
must still write it as a cross in which you account for a male
parent and a female parent.

Determine the possible gametes (reproductive cells) that the
parents can produce,

Remember that alleles are segregated during the formation of
gametes. Each gamete has 1/2 the number of alleles in the
parent.

Enter the possible gametes at the top and side of the Punnett
square.

Complete the Punnett square by writing the alleles from the
gametes in the appropriate boxes.

This step represents the process of fertilization. The allele from
the gamete above the box and the allele from the gamete to the
side of the box are combined inside each of the four boxes. If
there is a combination of capital letter and lowercase letter in a
box, write the capital letter first. The letters inside the boxes
represent the probable genotypes of the offspring resulting
from the cross. In this example, 1/4 of the offspring are geno-
type RR, 1/2 are Rr, and 1/4 are m.
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Step 7

Genotypic ratio = 1.2:1
Phenotypic rato = 3:1

Determine the phenotypes of the offspring.

Remember that phenotype refers to the physical appearance of
an organism. The principle of dominance makes it possible to
determine the phenotype that corresponds to each genotype
inside the Punnett square. In this example, 3/4 of the offspring
have red flowers and 1/4 of the offspring have white flowers,

Using the results of Steps 5 and 6, answer the problem.
Usually you will be asked to summarize the results of the cross
by providing genotypic and phenotypic ratios. When writing
such ratios, the numbers for the dominant genotype(s) or phe-
notype(s) come first. In this example, 1/4 of the offspring are
genotype RR, 1/2 (or 2/4) are Rr, and 1/4 are rr. The genotypic
ratio is therefore 1/4:2/4:1/4, or 1:2:1. Three fourths of the off-
spring have red flowers and 1/4 have white flowers. The pheno-
typic ratio is therefore 3/4:1/4, or 3:1.

Two-Factor Crosses: Sample Problem that is heterozygous for both eye color and

In the fruit fly Drosophilea melanogaster, presence of wings. What are the genotypic
wings (A) are dominant over a lack of wings and phenotypic ratios for this cross? What
(@) and red eyes (£) are dominant over sepia  fraction of the offspring from this cross will be
(brownish) eyes (€). A wingless fly that is het-  wingless and have sepia eyes? What fraction
erozygous for eye color is crossed with a fly  will have the genotype Aafe?

SOLUTION
A = wings Step 1
a = wingless
E = red
e = sepia
aafEe x AaFe Step 2
aaEs AaEe  Step3

-~

aE as akE as AE Ae aE ae

Step 4

e

,aE!ae at | ae

AE

Ag

aE |
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Choose letters to represent the genes in the cross,

In this particular problem, the letters to use are given to you. In
the event that they are not, follow the same suggestions for
choosing letters stated in Step 1 of the One-Factor Cross.,

Write the genotypes of the parents.

Determine the possible gametes that the parents can
produce,

Enter the possible gametes at the top and side of the Punnett
square,




ae | at aeg

AaEe| AaEE |AaEe)

Aace|AaEe |Aaee!

aaEe | aaEF | aafe

aaee | agEe aaee

AaEE

>

AaEe

Aa€e| ASEE| AaFe

aaEE

aéEe aafEE|aake

aaEe

1IE AL AR

aaee | aaEe|aaee

Step 5

Step 6

One-Factor Crosses:
Practice Problems

Two-Factor Crosses:
Practice Problems

Complete the Punnett square by writing the alleles from the
gametes in the appropriaie boxes.

The alleles from the gamete above the box and the alleles from
the gamete to the side of the box are combined inside each of
the boxes. Write the capital letter first for each pair of alleles,
The letters inside each box represent the probable genotypes
of the offspring resulting from the cross. In this example, 2/16

. of the offspring are AaEE, 4/16 are AaFe, 2/16 are Aaee, 2/16

are qakE, 4/16 are aake, 2/16 are aaee.

Determine the phenotypes of the offspring.

In this example, 6/16 are winged and red-eyed, 2/16 are winged
and sepia-eyed, 6/16 are wingless and red-eyed, 2/16 are wing-
less and sepia-eyed.

Using the results of Steps 5 and 6, answer the problem,
Note that in this example, as in many of the genetics problems
you will encounter, you are asked for more than just the ratios
resulting from the cross. This is one reason why it is important
to read genetics problems carefully. In this example, the geno-
typic ratio is 2/16:4/16:2/16:2/16:4/16:2/16 = 2:4:2:2:4:2 =
1:2:1:1:2:1. The phenotypic ratio is 6/16:2/16:6/16:2/16 = 6:2:6:2
= 3:1:3:1. And 4/16, or 1/4, of the offspring have the genotype
Aate.

1. Pollen from a pea plant with white flowers is used to
fertilize the ovules (female gametes) of a heterozygous
plant. What are the possible phenotypes in the ofispring
from this cross?

2. You have a pea plant with red flowers. Design a cross to
determine if this plant is homozygous or heterozygous. Use
a Punnett square to show all possible crosses.

1. A purebred wingless red-eyed fruit fly is crossed with a
purebred winged sepia-eyed fruit fly to produce F, flies.
The F, flies are crossed to produce F, flies. What is the
phenotypic ratio of the F, flies?

2. You have a winged red-eyed fruit fly. Design a cross to
determine whether the fly is heterozygous for either or
both traits. Use a Punnett square to show all possible
Crosses.
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SIMULATING A ONE-FACTOR CROSS

PROBLEM
How is probability applied to genetics?

MATERIALS (per student)

2 labeled game markers
paper cup

PROCEDURE

1. On a separate sheet of paper, prepare a com-
pleted data table similar to the one below.

2. In pea plants, yellow seeds (A) are dominant
over green seeds (a@). Using a Punnett square,
determine the probable color of the seeds pro-
duced by pea plants whose parents are hetero-
zygous (Aa) for the seed-color trait. Record
the expected genotypic and phenotypic ratios
in the appropriate places in your data table.

3. Each labeled marker represents the alleles in
the heterozygous plant. Tossing the labeled
markers together represents the crossing of
heterozygous plants,

4. Put the 2 labeled markers into the cup. Hold-

ing one hand over the mouth of the cup, shake

the cup to toss the markers. Empty the cup
onto your desk or laboratory table, Record the
results of each of 10 tosses by making a tally
mark in the appropriate box in your data table.

Toss the markers 100 times and record the re-

sults in your data table.

6. One student in the class will compile the data
for 100 tosses by 10 students and report the
results. Record this information,

5

-

7. Count the tally marks for each genotype in
each series of tosses (10, 100, 1000). Record
these totals in the appropriate box.

8. Determine the total number of seeds with the
yellow phenotype for each series of tosses.

9. Using the data, calculate the genotypic and
phenotypic ratios for each series of tosses.
This is done by dividing each number in the
ratio by the ratio's smallest number and
rounding off to the nearest tenth's place. For
example, suppose you obtained 23 AA, 51 Aq
and 26 aa for a series of 100 tosses. This gives
you the ratio 1:2.2:1.1 (23/23 = 1, 51/23 = 2.2,
26/23 = 1.1)

OBSERVATIONS

1. Which genotype was obtained most often?

2. What were your expected genotypic and phe-
notypic ratios?

3. What were your genotypic and phenotypic
ratios for a series of 10 tosses? 100 tosses?
1000 tosses?

ANALYSIS AND CONCLUSIONS

1. How do the experimental ratios compare with
the expected ratios?

2. Which series of tosses produced the experi-
mental ratios that were closest 1o the expected
ratios? Explain your results.

3. How does probability apply to the results of
your experiment? How does probability apply
to the study of genetics?

rte — e | SIS
- of typic typic Geno- Pheno-
= ST el
Tally Total Tally Total Tally WW+M)
10 Tosses
100 Tosses

1000 Tosses
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SUMMARIZING THE CONCEPT

The key concepts in each section of this chapter are listed below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

8-1 The Work of Gregor Mendel

e Mendel's genetic experiments involved the
mathematical analysis of the offspring result-
ing from crosses between pea plants.

* Genes are individual factors that control
heredity.
* The difierent forms of a gene are called al-

leles. Some alleles are dominant; others are
recessive.

* Because of dominance, the efiects of the re-
cessive gene are not observed when the
dominant gene is present,

* Alleles for the same trait are separated dur-
ing the process ol segregation.

* The genes for different traits may undergo
independent assortment.

* An organism's physical characteristics,
which reflect its genetic makeup, are its phe-
notype. An organism’s genetic makeup is its
genotype.

* Organisms that have two identical alieles for

REVIEWING KEY TERMS

a particular trait are said to be homozygous,
or purebred, for that trait. Organisms that
have two different alleles for the same trait
are said to be heterozygous, or hybrid, for
that trait.

9-2 Applying Mendel’s Principles

» Probability is the likelihood that a particular
event will occur. The rules of probability
apply to genetics.

* Genetics problems can be solved by using a
Punnett square.

9-3 Meiosis

» A cell that contains both sets of homologous
chromosomes is said to be diploid (2N). A
cell that contains a single set of chromo-
somes is said to be haploid (N).

* Meiosis is a form of cell division that results
in the formation of haploid gametes. The
cells formed in meiosis have different sets of
chromosomes from one another and from
the diploid mother cell.

Vocabulary terms are important to your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not
sure of a term's meaning, return to the appropriate section and review its definition.

9-1 The Work of hybrid gamete 9-2 Applying 9-3 Meiosis
Gregor Mendel gene phenotype Mendei's homologous
heredity allele genotype Principles diploid
genetics dominance homozygous probability haploid
self-pollination dominant heterozygous test cross meiosis
cross-pollination  recessive independent crossing-over
purebred segregation assortment
trait Punnett square
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CONTENT REVIEW

Multipie Choice

Choase the lelter of the answer that best completes each statement,

1. Alleles for the same trait are separated
from each other during the process of
a. mitosis.
b. meiosis Il d. segregation.

2. Organisms that have two identical genes
for a particular trait are said to be
a. haploid. ¢. heterozygous.
b. homozygous. d. diploid.

3. Pea plants usually produce seeds through
a. self-pollination. C. mitosis,
b cross-pollination. d. meiosis.

4. Because body cells contain two sets of
chromosomes, they are
a. homozygous. ¢. haploid.
b. heterozygous. d. diploid.

True or False

¢. cross-pollination.

5. An organism’s physical appearance is its

c. heredity.
d. homolog.

a. genotype.
b. phenotype.

6. What is the exchange of genes between

homologous chromosomes called?
a. tetrad <. independent assortment
b. segregation d. crossing-over

7. The phenotypic ratie in the offspring

resulting from the cross Tt X Tris
a. 1:2:1. c. I:1L
b. 3:1. d. 9:3:3:1.

. Some F,individuals show the recessive

character because of
a. dominance.
b. segregation.

€. crossing-over.
d. independent assortment

Determine whether each statement is true or false. If it is true. write “true.” If it
is faise, change the underlined word or words to make the statement true.

1. The fertilization of a plant’s ovules (egg
cells) by the pollen of another plant is

called self-pollination.

2. If allowed to self-pollinate, hybrid peas will

produce ofspring exactly like themselves.
3. Meiosis results in haploid cells.

4. The eflects of a recessive allele are seen in

a heterozygous organism.

Word Relationships

5. The ofispring produced by crossing F,

plants are known as the P generation.

6. Reproductive cells are also called gametes.
7. Homologous chromosomes pair up during

the first stage of mitosis.

8. Expected genetic ratios show up only when
small numbers of oflspring are considered.

An analogy is a relationship between two pairs of words or phrases generally
written in the following manner: a:b::c:d The symbol : is read “is to,” and the
symbaol :: is read “as.” For example, cat:animal:vose:plant is read “cat is to 1

armaf as rose is to plant.”

in the analogies that follow, a word or phrase is missing. Complete each

analogy by providing the missing word or phrase.

1. mitosis:2N::meiosis:
2. allele:gene:green seeds:

3. purebred:hybrid:-homozygous:

4. white fur:f:phenotype-______
5. eggovulezsperm: .
6. A:dominant:@—




CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. Why is Gregor Mendel sometimes called
the “father of genetics™?

2. Describe the process of meiosis.

3. List the four basic principles of genetics
that Mendel discovered in his experiments.
Briefly describe each of these principles.

4. What is probability? How does probability

relate to genetics?

5. How do the cellular events in meiosis

account for Mendel's observations?

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Applying concepts In dogs, short hair is
dominant over long hair. Two short-haired
dogs are the parents of a litter of eight
puppies. Six puppies have short hair and
two have long hair. What are the genotypes
of the parents?

2. Applying concepts Purebred tall plants
with round seeds are crossed with
purebred short plants with wrinkled seeds.
Some of the offspring are then crossed with
an unknown plant. The offspring from this
second cross are 1/2 tall round and 1/2 tall
wrinkled. What are the genotype and
phenotype of the unknown plant?

3. Making inferences Explain why horse
breeders will pay a lot of money to breed
one of their horses to a horse that has won
the Kentucky Derby.

4. Making calculations The probability of
two independent events occurring
simultaneously is the product of each of
their probabilities. For example, if you flip
two coins, the chance that both will come
up heads is 1/4 (= 1/2 x 1/2). Suppose that
you have ten Ping-Pong balls in a jar, each
marked with a numeral from 0 to 9. If you
mix them thoroughly and take out one, the
chances are 1 in 10 (1/10) that you will get
a particular numeral. Now suppose you
have six such jars. What is your chance of
drawing the number 5319637

5. Making generalizations In guinea pigs, a

rough coat (R) is dominant over a smooth
coat (r). A heterozygous guinea pig (Rr)
and a homozygous recessive guinea pig ()
have a total of nine ofispring. Each has a
smooth coat. Explain these resuits.

R ] r
L ‘ ¥ ‘-t""
}' Rr I 14
1
.
r Rr |

6. Designing an experiment In sheep, white

wool (A) is dominant over black wool (a).
How would you determine the genotype of
a white ram, or male sheep?

. Using the writing process In the 1950s, a

television series presented an imaginary
voyage back in time. Each week a famous
person in history was visited. The show
was designed to provide insight into the
work of the person being interviewed and
the time in which he or she lived. You are
in charge of producing such a program for
today's television viewers. The first person
you will visit is Gregor Mendel. Write a
script {or this program.
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and

White tigers have inherited an alteved gene for coat
color. Because their cells cannot make orange
pigment, white tigers are white where normal tigers
are orange. Studies of the fruit fiy Drosophila {inset)
have given geneticists insight into how normal genes
and altered genes regulate the Iinheritance of traits.

|n the preceding chaplers we set the stage for a defaifed discussion
of genes and their activities. We have seen that DNA is the genetic
matenal. We know how the genetic cods 1s wntten into DNA and
how that coge is ransiated into protein. We understand many of the
things that proteins can do, and we appreciale thelr importance. We
have recently tearned how the science of genelics was developed,
how the location of genes can be determined, how the chromosome
is put together, and the rules that govem the passage of genelic
information from one generation (o the next. With aff of these things
behind us, we are ke pi'ots with all of our ground training and
study completed. Now we wif begin fo fly. We wall see how the gene

actually works!
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10-1 The Chromosome Theory
of Heredity
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Figure 10-1 These chromosomes
are from a mouse cell.
Chromosomes, which are located
it the nucleus of a cell, are
precisely separated during cell
division—an indication that they
contain something extremely
critical to the cell.

Hi-1 The Chromosome i heory
of Heredity

Section Objectives

2 Relate genes to chromosomes,
Explain how gene linkage and crossing-over
affect heredity.

Describe the patterns of inheritance for sex-linked
traits.

History records Gregor Mendel as the founder of the
science of genetics. Yet Mendel's work was incomplete because
he never asked an important question that was the logical out-
come of his work: Where in the cell are the factors that control
heredity? In other words, where are the genes?

We can hardly blame Mendel for this shortcoming. Even if
he had been inclined to ask, he would not have been able to
search for genes among the bewildering variety of structures
and componentg within cells. Shortly after compteting his ge-
netic experiments, Mendel was promoted to abbot, or head of
the monastery. His administrative duties kept him too busy to
continue his experiments. Fortunately, other scientists who
had the time had begun to study cell structures and the pro-
cesses of cell division. Their observations would prove to have
enormous impact on the study of heredity.

Lenes and Cargmaosomes

By the time Mendel's work was rediscovered in 1900, cell
biologists had discovered most of the major structures within
cells. They had also recorded the sequences of events that
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Gametes

Figure 10-2 According to
Mendel'’s hypothesis, the two
faciors for each trait are segregated
during gamete formation. Thus
gametes have only one factor for
each trait. This hypothesis is
supported by the observations that
homologous chromosomes are
separated during metosis and that
gametes contain only one of the
chromosomes of each homologous

pair.

occur during mitosis and meiosis. With this information, it
seemed logical that the nucleus was the place for genes to be
located. In addition to its large size and central location (which
make it look important), the nucieus contains chromosomes—
structures that behave in complex and interesting ways during
cell divisions. The careful and precise mechanism by which
chromosomes are separated during mitosis clearly suggests
that they are structures vital to the cell. Could this be because
they carry the cell's genes?

Further evidence that genes are located on chromosomes
is the behavior of chromosomes during meiosis, the process by
which reproductive cells are formed. In meiosis, diploid cells,
which have 2 copies of each chromosome, divide to form hap-
loid cells, which have 1 copy of each chromosome. This fits in
with Mendel's hypothesis that an organism has 2 factors for
each trait and that reproductive cells have only 1 factor for
each trait. During the first part of meiosis, homologous chro-
mosomes are separated from each other. This fits in with Men-
del's hypothesis that the 2 factors for each trait are segregated,
or separated, during the formation of gametes,

Walter Sutton, a young graduate student at Columbia Uni-
versity, arrived at the answer to the question of gene location
in 1502. The factors (genes) described by Mendel are located
on chromosomes. The tools with which Sutton made this dis-
covery were a microscope—which he used to observe chromo-
somes during sperm formation in grasshoppers—and his own
imagination, in which he compared the chromosomes to Men-
del's factors. When the numbers and movements of chromo-
somes were analyzed, it was clear to Sutton that chromosomes
behaved exactly as one would expect of the carriers of genetic
information.

Sutton's chromosome theory of heredity states that genes
are located on the chromosomes and each gene occupies a spe-
cific place on a chromosome. A gene may exist in several
forms, or alleles, and each chromosome contains one allele for
each gene,

Gene Linkage

The fact that genes are located on chromosomes is impor-
tant. Genes on a chromosome are linked together. This means
that they are inherited together. In other words, linked genes
do not undergo independent assortment. Recall Mendel's ex-
periment in which the genes for seed color and seed shape
were shown to assort independently. Unlike linked genes,
genes that are located on separate chromosomes do, in fact,
assort independently during meiosis.

One of the earliest examples of linked genes was discov-
ered in the first part of this century by the American geneticist
Thomas Hunt Morgan. Morgan studied the tiny fruit fly, Droso-
phita metanogaster, which can produce a new generation every



four weeks. This short generation time makes Drosophila an
ideal organism to study because traits in succeeding genera-
tions can be observed relatively quickly.

THE EFFECTS OF GENE LINKAGE Morgan crossed pure-
bred flies that had gray bodies and normal wings with pure-
bred flies that had black bodies and small wings. Because gray
(G) is dominant over black (g), and normal wings (W) are
dominant over small wings {w), all of the F, flies should have
been gray with normal wings (genotype GgWuw). That is exactly
what Morgan observed,

However, when the F, flies (GgWw) were crossed with
black small-winged flies (gguww), Morgan did not observe the
expected results. If the principle of independent assortment
were true for the GgWw X gguww cross, Morgan would have ob-
served 25 percent (1/4) gray normal-winged, 25 percent (1/4)
black small-winged, 25 percent (1/4) gray small-winged, and 25
percent (1/4) black normal-winged. Instead, Morgan obtained
very different results for the cross.

As you can see in Figure 10-4, Morgan's actual resuvits dif-
fered significantly from those predicted. Most gray-bodied flies
had normal wings, and most black-bodied flies had small
wings. These results indicated that the gene for body color and
the gene for wing size were somehow connected, or linked.
Morgan concluded that the two genes were linked by a physical
bond in such a way that they could not assort independently.
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Expected results: Actual results;

25% (14) gray normal 415% gray normal
2500 black small 415% black small
25% black normal 85% black normal
25% gray small 85% gray smal
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Chromosomes

Figure 10-3 According to Sutton's
chromosome theory of heredity,
genes are located on the
chromosomes. Homologous
chromosomes have alleles for the
same traits. These alleles may be
the same on both homologous
chromosomes or they may be
different.

Figure 10-4 If the principle of
independent assortment were true
for the genes for body color and
wing size in the fruit fly
Drosophila, the offspring of the
cross GgWw X ggww would have a
1:1:1:1 phenotypic ratio. Because
the actual results did not resembie
the expected resuits, Morgan
concluded that the genes for body
color and wing size were linked.
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Figure 10-5 A cobra has 38
chromosomes. How many linkage
groups would this make?

Figure 10-6 During prophase | of
meiosis, homologous chromosomes
may exchange sections of their
chromatids in a process called
crossing-over

LINKAGE GROUPS As Morgan and his associates studied
more and more genes, they found that the genes fell into dis-
tinct linkage groups, or “packages” of genes that always
tended to be inherited together. The linkage groups themselves
assorted independently, but all the genes on one group were
inherited together. The linkage groups, of course, were chro-
mosomes. Because homologous chromosomes contain the
same genes, there is one linkage group for every homologous
pair of chromosomes. Drosophila has four linkage groups. It
also has four pairs of chromosomes. Corn has ten linkage
groups and ten pairs of chromosomes.,
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Although the 1dea of linkage groups explains some of the
results of the fruit fly crosses, it does not provide a complete
explanation. Look at the results of the test cross between the
GgWw and ggww flies again. Although 83 percent (41.5% +
41.5% = 83%) of the flies have gene combinations like their par-
ents, 17 percent have new combinations. The 17 percent are, in
the language of geneticists, recombinants—individuals with
new combinations of genes.

If the genes for body color and wing size are linked, why
aren’t they linked all the time? Morgan and his associate,
Allred Sturtevant, proposed that the linkages could be broken
some of the time. If two homologous chromosomes were posi-
tioned side by side, sections of the two chromosomes might
cross, break, and reattach. As you can see in Figure 10-6, this
process would rearrange the genes on the chromosome and
produce new linkage groups. Morgan and Sturtevant called this
hypothetical process crossing-over and suggested that it might
be the reason for the recombinants in the offspring of the Dro-
sophila test cross.

Crossing-over does indeed take place. It occurs during the
first meiotic division, when homologous chromosomes are
paired. Crossing-over produces new combinations of alleles on
each chromosome and thus increases genetic variety.

. -~ o~ Y P o
Gene Ma ng
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Sturtevant further reasoned that crossing-over occurs at
random along the linkage groups, and the distance between
two genes determines how often crossing-over occurs between
them. If two genes are close together, then crossing-over be-
tween them is rare, However, if two genes are far apart, then
crossing-over between them is more common. Knowing the
frequency with which crossing-over between two genes occurs
makes it possible to map the positions of genes on a chromo-
some. This is precisely what Sturtevant tried to do with the
genes in Drosophila’s linkage groups. And by 1915, just two
years after he had begun, Sturtevant had mapped 85 genes in
Drosophiia.
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Morgan and Sturtevant were correct in their ideas about
linkage groups, crossing-over, and the formation of gene maps.
Today we have detailed maps of Drosophila that pinpoint the
locations of more than 1500 different genes.

Sex Linkage

There is an exception to the rule that every chromosome
has a corresponding homologous chromosome, This exception
was discovered in 1905 by American biclogist Nettie Stevens.
She noticed that the cells of the female mealworm contain “20
large chromosomes, while those of the male contain 19 large
ones and 1 small one.” One of the pairs of chromosomes in the
male mealworm is not, in the strictest sense of the term, ho-
mologous. The 2 chromosomes in the pair have very different
shapes. Stevens found the same situation in Drosophifa. The
cells of the female Drosophita contain 8 chromosomes that can
be arranged in 4 pairs of 2. The cells of the male, however, con-
tain 3 sets of chromosomes that pair up nicely and 2 remaining
chromosomes that do not match. One chromosome looks like a
member of a pair of chromosomes found in the female, but the
other looks completely different. It is small, shaped like a hook,
and in no way similar to any of the other 7 chromosomes,

These seemingly mismatched chromosomes are the sex
chromosomes. The other chromosomes, which are the same in
both males and females, are called autosomes. The female Dro-
sophila has two matching sex chromosomes—X chromosomes.
The male has two dissimilar sex chromosomes—one X

Figure 10-7 Knowing the
frequency with which crossing-over
occurs between genes makes it
possible to map the positions of
genes on chromosomes.

Figure 10-8 A female fruit fly has
2 matching sex chromosomes-—X
chromosomes. A male fruit fly has
sex chromosomes that do not
match—1 X chromosome and 1 Y
chromosome.

Female Fruit Fly
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Figure 10-9 In animals such as
fruit flies and humans, the sex
chromosomes in the male’s gametes
usually determine the sex of the
offspring.

Figure 10-10 Morgan discovered
the first sex-linked gene in
experiments with the fruit fly
Drosophila. The recessive allele,
symbolized as X', causes white
eyes in males—genotype XY,

chromosome and one Y chromosome. It is the Y chromosome
that is small and hook-shaped. If we consider just sex chromo-
somes, we can refer to the male as XY and the female as XX.

SEX DETERMINATION When female gametes are pro-
duced, meiosis separates one of the X chromosomes into each
egg cell. In the male, meiosis separates the X and Y chromo-
somes so that 50 percent of the sperm cells carry a Y chromo-
some and 50 percent carry an X chromosome. When a Y sperm
fertilizes an egg, a male fly (XY) is produced. When an X sperm
fertilizes an egg, a female fly (XX) is produced. In a sense, the
male is responsible for the sex of its offspring.

Many animals, including humans, follow the same system.
We have 22 pairs of autosomes and 1 pair of sex chromosomes:
XX in females and XY in males. Because about 50 percent of
male sperm have the X chromosome and about 50 percent have
the Y, the ratio of males to females is about 50:50, or 1:1.

GENES ON SEX CHROMOSOMES In addition to deter-
mining the sex of an individual, the sex chromosomes carry
genes that affect other traits. A gene located on one of the sex
chromosomes s said to be sex-linked. Morgan discovered the
first sex-linked gene in his work with Drosophila.

Morgan crossed a group of white-eyed male flies with a
group of red-eyed female flies. The allele for red eyes (R) is
dominant over the allele for white eyes (). Just as you might
have expected, the hybrid flies of the F, generation all had red
eyes. See Figure 10-10. Morgan allowed the F, flies to inter-
breed and produce a new generation of flies (the F; genera-
tion). Mendelian genetics predicts a 3 to 1 ratio of red-eyed
flies to white-eyed flies, and that was exactly the ratio Morgan
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obtained. But Morgan noticed something strange about the F,
flies. All of the white-eyed flies were male! There was not a sin-
gle white-eyed female in the bunch,

Why should half of the males but none of the females have
white eyes? Could it be that the gene for eye color was on one
of the sex chromosomes?

Morgan realized that he could account for his results if the
gene for eye color was on the X chromosome. Refer to the Pun-
nett square in Figure 10-10 as you take a closer look at how the
F, generation is formed,

The female flies produce two kinds of egg cells. One kind of
egg cell has the R allele on its X chromosome (we can call
those egg cells X*); the other kind of egg cell has the rallele on
its X chromosome (X"). The male flies make two kinds of sperm
cells: One kind of sperm cell has the X chromosome and the
other kind of sperm cell has the Y chromosome. The X chro-
mosome has the R allele (X®) on it. The Y chromosome, how-
ever, has neither the r nor the £ allele on |t.

As you can see from the Punnett square, only one combina-
tion of chromosomes will produce a white-eyed fly—X’Y. And
every fly with that combination of chromosomes is male.

Morgan tested his hypothesis that the gene for eye color
was sex-linked in a famous experiment. He crossed the F,
white-eyed males (X'Y) with F, (X*X") females. The Punnett
square in Figure 10-11 shows the probable results of the cross
if, and only if, the gene for eye color is indeed on the X chro-
mosome. According to the Punnett square, 1/2 of the offspring
should have red eyes and 1/2 should have white eyes. In addi-
tion, the male ofispring should be 1/2 red-eyed and 1/2 white-
eyed. And the female offspring should also be 1/2 red-eyed and
1/2 white-eyed. Such results were exactly what Morgan ob-
tained. He had confirmed his idea that the gene for eye color
was sex-linked.

Sex-linked genes are not only found in Drosophila. They are
important in humans as well. As you will see in Chapter 11, sev-
eral important human genes are located on the X chromosome.
Such genes include the genes for color vision and blood clot-
ting, As with the eye color gene in Drosophila, the effects of re-
cessive alleles tend to show up more frequently in males than
in females.

REVIEW

1. How are genes related to chromosomes?
2. How does crossing-over make genetic mapping possible?
3. What are sex chromosomes? Autosomes?

4. Why are the effects of recessive sex-linked alleles seen
more often in males than in females?
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Figure 10-11 The sex-linked X'
allele causes white eyes in females
that have a "double dose” of the
aliele—genotype X'X'. White-eyed
females inherit one X" allele from
their male parent (who must be
XY ) and one from their female
parent (who must be either X*X* or
XX").
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Section Objectives
® Describe diflerent kinds of
mutations.

® Explain how mutations can affect
heredity.

Figure 10-12 Mutations in genes
that reguiate development resulted
in extra hind legs on this frog.

10-2 Mutations

As you will recall from Chapter 7, the processes involved in
duplicating genetic information and transmitting it to the next
generation are complex and precise. Although mistakes are
rare, they do occur. These mistakes are called mutations, from
a Latin word that means change. Not all mutations are harmful.
Many mutations either have no effect or cause slight, harmless
changes. And once in a while a mutation may be beneficial to
an organism.

Mutations may occur in any cell. Mutations that affect the
reproductive cells, or germ cells, are called germ mutations.
The variant characters studied in genetics (such as white eyes
in Drosophila or wrinkled seeds in pea plants) are the result of
germ mutations. Mutations that afiect the other cells of the
body are called somatic (from the Greek word soma, which
means body) mutations. Because they do not affect the repro-
ductive cells, somatic mutations are not inheritable. Many
cancers are caused by somatic mutations. Both somatic and
germ mutations can occur at two levels—the level of chromo-

-somes and the level of genes. Chromosomal mutations in-
volve segments of chromosomes, whole chromosomes, and
even entire sets of chromosomes. Gene mutations involve in-
dividual genes.

Chromosomal Mutations

Whenever a chromosomal mutation occurs, there is a
change in the number or structure of chromosomes. There are
four types of chromosomal mutations that involve a change in
the structure of a chromosome: deletions, duplications, inver-
sions, and translocations. A deletion involves the loss of part of
a chromosome,

Gk ¢ (o e — Goc Tove

The opposite of a deletion is a duplication, in which a segment
of a chromosome is repeated.
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When part of a chromosome becomes oriented in the reverse
of its usual direction, the result is an inversion,
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A translocation occurs when part of one chromosome breaks
off and attaches to another, nonhomologous chromosome. In
most cases, nonhomologous chromosomes exchange seg-
ments, so that two translocations occur at the same time.
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Chromosomal mutations that involve whole chromosomes
or complete sets of chromosomes result from a process known
as nondisjunction. Nondisjunction is the failure of homologous
chromosomes to separate normally during meiosis. Nondis-
junction literally means not coming apart.

When one chromosome is involved, nondisjunction resuits
in an extra copy of a chromosome in one cell and a loss of that
chromosome from the other. A number of human disorders
that result from nondisjunction will be described in Chapter 11.

Nondisjunction can involve more than one chromosome.
When all the homologous chromosomes fail to separate, the re-
sult may be a dramatic increase in chromosome number, pro-
ducing triploid (3N) or tetraploid (4N) organisms. The
condition in which an organism has extra sets of chromosomes
is called polyploidy. Polyploidy is almost always fatal in ani-
mals. However, polyploid plants are often larger and hardier
than normal plants.

Mutations in Genesg

Mutations can occur in individual genes and can seriously
affect gene function. Any chemical change that affects the DNA
molecule has the potential to produce gene mutations. Some
gene mutations result from a change involving many nucleo-
tides within a gene; some involve only one nucleotide. The
smallest changes, known as point mutations, affect no more
than a single nucleotide,

Remembering how a DNA base sequence determines the
amino acid sequence of a polypeptide, can you predict the pos-
sible effects of a point mutation in which one base is substi-
tuted for another? Because base substitutions usually affect
only a single codon, only one amino acid is afiected. In some
cases, the sequence of amino acids that the gene codes for may
not be changed at all, since different codons may code for the
same amino acid. When the point mutation involves the inser-
tion or deletion of a nucleotide, however, the situation may be
much more serious. Remember that mRNA is read in groups of
three bases. If a single base is inserted or deleted, the group-
ings are shifted for every codon following the point mutation.

Such frameshift mutations can completely change the poly-.

peptide product produced by a gene,

Figure 10-13 A frameshift
mutation, such as that caused by
the addition of a single nucleotide,
can greatly change the polypeptide
product of a gene (top). This can
make it as useless and nonsensical
as a sentence in which the deletion
of a letter and a frameshift has

occurred (bottom).
DNA: TACGCATGGAATACC
mANA:  AUG CGU ACC UUA UGG
A0 met- arg ~ thr - leu - try
DNA: TAICGCATGGAATAC
mRNA: AUA GCG UAC CUU AUG
:g;g's? i50 ~ ala - tyr - leu -met
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Manipulating Chromosome Numbers

From Mendel's work we have come 1o ex-
pect that organisms will be diploid (2N). In
other words, they will have two sets of chromo-
somes—one set inherited from each
parent. However, plants with the
“wrong” number of sets of chromo-
somes do exist. And, interestingly
enough, these plants are extremely
useful in agricultural research.

For example, a plant with only
one set of chromosomes shows the
effects of all its genes, including po-
tentially desirable recessive genes.
A piant with only one set of chromo-
somes is obtained by taking cells
formed in meiosis and growing
them under special conditions.
However, plants with only one set of
chromosomes cannot reproduce
sexually because meiosis cannot
occur normally in their cells, If these plants
show a desirable characteristic, they can be
made into diploid plants by treating them with
the drug colchicine. Colchicine prevents spindle
formation during mitosis and thus causes the
number of chromosomes in a cell to double. The
diploid plants produced by treatment with col-
chicine are purebred for the desired traits and
can reproduce normally.

By manipulating
chromosome numbers
with colchicine, it was
possible to produce
high-protein Triticale.

Colchicine can also be used to change
the number of sets of chromosomes in a nat-
urally occurring plant. For example, colchi-
cine has been used to create
strawberry and blueberry plants
that are polyploid, or have more
than two sets of chromosomes.
Polyploid plants produce larger
fruit than plants with the normal
number of sets of chromosomes.
The ability to change the number
of sets of chromosomes makes it
possible to cross plants that
have different diploid numbers.
The high-protein grain Triticale
was created by crossing wheat
(2N=42) and rye (2N=14). The
plants grown from the hybrid
seeds were sterile; they could
not produce offspring. However,
when the hybrid plants were treated with
colchicine, the chromosome number was
doubled and meiosis could occur normally.
Thus the second-generation plants were
fertile.

Manipulating chromosome numbers is
useful in studying plant genetics. It is also a
technique that allows researchers to create
new and potentially better crops.

10-
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SECTION

REVIEW

1. What is a somatic mutation? How does it differ from a
germ mutation?

2. Compare a chromosomal mutation and a gene mutation.

3. How does nondisjunction result in chromosomal
mutations?
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10-3 Regulation of Gene
Expression

Like the individual cells ¢of a large organism, individual
genes do not function in isolation. The expression and activi-
ties of genes, like those of cells, are regulated and controlled,
thereby enabling a complex genetic system to function
smoothly. As biologists have intensified their studies of gene
activity, it has become clear that interactions between dif-
ferent genes and between genes and their environment are
critically important,

This section focuses on some of the ways in which genes
are regulated by conditions within cells. However, genes are
also influenced by environmental conditions such as tempera-
ture and light.

Gene interactions

Dominance is the simplest example of how genes interact
with each other. In Chapter 9, yvou learned that the effects of
the dominant allele are seen even when the recessive allele is
present. But what causes dominance?

Remember that a gene is a section of DNA, and DNA codes
for a polypeptide, or string of amino acids. In many cases, the
dominant allele codes for a polypeptide that works, whereas
the recessive allele codes for a polypeptide that does not work.
For example, suppose that the allele B codes for an enzyme that
makes a black pigment in a mouse’s fur and allele b codes for a
defective enzyme that cannot make the pigment. A mouse that
has the genotype bb will have white fur because it lacks the en-
zyme that makes the black pigment. But a mouse that has the
genotype BB or Bb will have black fur because it possesses the
enzyme that makes the black pigment. Although each cell in
the Bb animal has just one copy of the functioning allele, that
single copy can code for thousands of mRNA molecules. And
each mRNA molecule can code for thousands of enzymes. This
is the reason the B allele is dominant over the b allele,

INCOMPLETE DOMINANCE In 1760 the German scientist
Josef Kolreuter reported on experiments in which he crossed
white carnations () with red carnations (RK). Kolreuter found
that all of the offspring from his crosses had pink flowers (Rr).
In other words, the hybrids had a phenotype that was interme-
diate between those of the parents. At first glance, it might ap-
pear as if the parents’ genes had blended together. But when
Kolreuter crossed his pink F, hybrids with each other to form
an F, generation, the parents’ phenotypes reappeared. In the F,
generation, 1/4 of the plants had red flowers, 1/2 had pink
flowers, and 1/4 had white flowers. (This 1:2:1 ratio should be
familiar to you from Mendel’s crosses.)

Section Objectives
Discuss gene interactions that
influence gene expression,
Explain how an operon is turned on
and off.

@ Describe introns and exons

Figure 10-14 For some
organisms, such as these
caterpillars, gene expression is
regutaled by chemicals in the food
they eat. Each caterpillar of this
species has the genetic ability to
develop either the twiglike or the
flowerlike form. However,
caterpillars that eat gray-green oak
twigs look like twigs (top). And
caterpillars that eat fuzzy gold oak
flowers look like flowers (boltom).
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Figure 10-15 Flower color in
carnaiions is an example of
incomplete dominance. The
heterozygous phenotype, pink, is
somewhere in between the
homozygous phenotypes, red and
white.
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In carnations, the R allele, which codes for an enzyme that
makes red pigment, s incompletely dominant over the rallele,
which codes for a delective enzyme that cannot make pigment.
In incomplete dominance the active allele does not compen-
sate for the inactive allele, and the heterozygous phenotype is
somewhere in between the homozygous phenotypes.

CODOMINANCE Many genes display codominance, a
condition in which both alleles af a gene are expressed. In
other words, both alleles are active. {Remember that in incom-
plete dominance only one of the alleles is active.) Codominant
alleles are written as capital letters with subscripts (for exam-
ple, B, and B;) or superscripts (for example, R and R").

Codominance is seen in many organisms. For example, red
hair (H*) is codominant with white hair (H") in cattle. Cattle
that have the genotype H*H™ are roan, or pinkish brown, in
color because their coats are a mixture of red and white hairs.
Much the same thing happens in certain varieties of chickens.
Black feathers (F®) are codominant with white feathers (F¥).
Erminette chickens (F?F") are speckled black and white.

POLYGENIC INHERITANCE [t would be a great mistake
to assume that all traits are produced by single genes. Many
traits are produced by the interaction of many genes. Traits
controlled by two or more genes are said to be polygenic (poly-
means many). For example, at least three enzymes—each of
which is produced by a different gene—are involved in making
the reddish-brown pigment in the eyes of fruit flies. Different
combinations of enzymes (which may be present in the normal
form or altered or absent due to a mutation) produce different
eye colors. More complicated traits, such as the shape of your
nose or the color and markings on an animal’s coat, are the re-
sult of interactions between large numbers of genes.

Gene Expression in Prokaryotes

In Chapter 7 you learmned that individual genes on a chro-
mosome serve as a template, or pattern, for the production of
mRNA. In turn, mRNA serves as the instructions for the pro-
duction of a protein (polypeptide). The genes of a single organ-
ism cannot all be activated at the same time. A cell that
activated all of its genes at once would make a great many mol-
ecules that it did not need and would waste energy and raw ma-
terials in doing so. However, when the cell does need the
product of a gene, it must be able to produce that product
qQuickly and in adequate amounts.

When the product of a gene (a specific protein) is being ac-
tively produced by a cell, we say that the gene is being ex-
pressed. Within a single organism, some genes are rarely
expressed, some are constantly expressed, and some are ex-
pressed for a time and then turned off. But how does a cell



“know" when to make a protein and when not to make it? In
other words, how does a cell “know” which genes to turn on
and which to turn off?

THE OPERON The mechanisms by which genes are
turned on and off are quite complex. In this section we will ex-
amine one way genes are regulated in prokaryotes (organisms
without a nucleus). This particular mechanism was discovered
by the French scientists Francois Jacob and Jacques Monod in
1961. They noticed that genes that work together are often
clustered together on a small area of a prokaryote's chromo-
some. Jacob and Monod also determined that there are regions
on a chromosome that lie near these gene clusters but that do
not code for the production of proteins. These regions are,
however, involved in the regulation and expression of nearby
gene clusters. These regions and the gene cluster they regulate
are called an operon because they operate together.

An operon consists of the following parts: a cluster of genes
that work together; a region of the chromosome near the clus-
ter of genes called the operator; and a region of the chromo-
some next to the operator called the promoter. As you can see
in Figure 10-17, the operator and promoter regions overlap
slightly.

Operon
i Operalor i
i —L— !
__f-“__.:/"ﬁ_::-‘-'ml 1
Promoter Genes

The gene cluster in the operon that Jacob and Monod stud-
ied produces enzymes that break down lactose, a sugar that
bacteria can use as a food source. Bacteria do not produce
these lactose-breaking enzymes in large amounts unless lac-
tose is present. In other words, the very presence of lactose in-
duces the production of the enzymes necessary to break down
lactose for use as food. In this operon system, lactose is called
the inducer because it induces the production of enzymes.

In order to make the enzymes, RNA polymerase must move
along the genes on the chromosome, producing mRNA in the
process. Before the RNA polymerase can get to the desired
genes, it must frst attach to the promoter region near the
genes. We might think of the promoter as a “Start Here!" in-
struction to RNA polymerase. Once the RNA polymerase atta-
ches to the promoter, it can move along the chromosome, past

Figure 10-18 In certain varieties
of chickens, black and white
feather colors are caused by
codominant alleles. Thus the
heterozygous phenotype, speckled
black and white, is a result of the
expression of both alleles.

Figure 10-17 Some genes in
prokaryoles are regulated by an
operon. An operon consists of
several sections of DNA that are
operated together. The operon
studied by Jacob and Monod, which
breaks down the sugar lactose,
consists of a promoter, an operator,
and a cluster of genes that code for
lactose-metabolizing enzymes.
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Figure 10-18 The genes in this
operon are turned off when a
protein called the repressor binds
to the operator and thus prevents
the transcription of mRNA.

ihe operator region, to the genes. When the RNA polymerase
reaches the genes, it can produce mRNA, which “instructs” the
ribosomes to make the enzymes. When this process is taking
place, we say the genes are activated, or being expressed. The
enzymes coded for by the genes can then perform their task in
the cell—in this case, breaking down the inducer lactose.

Remember that Jacob and Monod observed that the en-
zymes coded [or by the genes in the operon were not produced
in the absence of the inducer (lactose). Does this mean that the
cell has a way to turn the operon off? Indeed it does,

THE REPRESSOR The cell produces a special protein
called a repressor. When the repressor nears the operator re-
gion of an operon, it attaches itself to the operator so that it sits
between the promoter and the genes. The repressor’s position
blocks the access of RNA polymerase to the genes. Like the
guard outside a locked factory, the repressor prevents the
workers (RNA polymerase) from getting to their jobs (making
mRNA}. In other words, the repressor turns the genes of the
operon off.

Regulator gene

Repressor

You might wonder how the repressor “knows™ which
operon to attach to and thereby turn off. The actual mechanism
is quite elegant and specific. Each repressor is shaped to fit a
specific region of DNA on the chromosome. It can attach only
to the specific operator on the operon it regulates. Thus each
repressor turns off a specific operon.

GENE ACTIVATION You now know that a gene cluster is
part of an operon that includes an operator and a promoter.
And you also know that the genes are turned oft when the re-
pressor binds to the operator. But there is more to the story.
How is the operon turned back on when it is needed?

When the inducer enters the cell, it binds to the repressor.
And something quite remarkable happens: The repressor
changes shape and can no longer bind to the operator. The re-
pressor actually falls off the operator.
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When the repressor falls off the operator, the RNA poly-
merase can bind to the promoter, move across to the genes,
and produce messenger RNA. The mRNA codes for the en-
zymes that are used to break down the inducer. When tne cell
runs out of the inducer, the repressor can bind to the operator
again, and the operon is turned off. The complete system is au-
tomatic and self-regulating. The presence of the Inducer causes
the cell to make the enzymes needed to use it. And when the
inducer disappears, the enzymes are no longer made.

The repressor-operon system provides us with one model
of how a group of genes can be regulated so that they are ex-
pressed only when they are needed. A number of other gene-
regulation systems in prokaryotes have been identified. Some
of these gene systems use repressors in a manner similar to
that just described. Others use proteins that enhance the rate
of transcription. In other systems, regulation occurs at the level
of protein synthesis. Regardless of the actual system involved,
the result is the same: Cells are able to turn their genes on and
off, using the genes only when needed.

Gene Expression in Evkaryotes

The cells of eukaryotes contain a nucleus and membrane-
enclosed organelles. Gene regulation in eukaryotes is more
complex than in prokaryotes, Increased understanding of con-
trol systems in eukaryotes indicates that there are several sys-
tems of gene regulation. One system involves a substance
called an inducer. Like the inducer in the operon system, in-
ducers in eukaryotes induce, or cause, the activation of genes.
In eukaryotes, inducers bind directly to DNA and either start or
increase transcription of particular genes.

In 1976 Philip Sharp and Susan Berget discovered that
mRNA produced during transcription may be altered before it
is used to make protein (polypeptide) during translation. You
may recall that during transcription, the base sequence in a

Figure 10-19 The genes in this
operon are turned on when lactose
(the inducer) binds to the repressor
and causes it to fall off the operalor.
This allows RNA polymerase to bind
o the promoter, move across the
operator, and transcribe mRNA from
the cluster of genes. The operon
system ensures that genes are
activated only when their products
are needed. In this case, the lactose-
metabolizing enzymes are produced
only when factose is present.
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Figure 10-20 The sequence of
bases on the mRNA for this egg-
white protein does not exactly
match that of its corresponding
gene. The DNA sequences that are
not compiementary to the mRNA
appear Gs loops called introns.
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Single strand of DNA

Figure 10-21 RNA polymerase
transcribes an entire gene, introns
and exons alike. Before the
transcribed RNA, or pre-mRNA,
can leave the nucleus and code for
protein, the introns must be
removed and a chemical “cap” and
“tail"’ must be attached.

gene is transcribed into the complementary base sequence on
mRNA. Most scientists assumed that a sequence of bases on
mRNA was exactly complementary to a DNA sequence for a
gene,

Sharp and Berget carefully compared the mRNA of a pro-
tein with a piece of DNA containing the gene for that protein.
They expected to find an exact pairing between the bases on
the gene and the bases on the mRNA that helps produce the
protein. Instead, they discovered that the DNA fragment con-
tained large sequences that were not complementary to the
base sequence on the mRNA. What was going on?

Sharp and Berget quickly realized that the presence of DNA
sequences that are not complementary to mRNA sequences im-
plies that the gene is in “pieces.” In other words, DNA se-
quences that code for protein (the gene pieces) are separated
by DNA sequences that do not code for protein. Today we know
that many eukaryotic genes contain sequences that are comple-
mentary to mRNA and sequences that are not. The sequences
that are complementary code for protein. These “expressed”
sequences are called exons. The segments that are not com-
plementary do not code for protein. These “intervening” se-
quences are called introns.

When RNA polymerase moves along a gene, it transcribes
the entire gene. This means that the RNA produced by tran-
scription, or pre-mRNA, contains introns. Before the cell can
produce protein, the pre-mRNA must be processed into func-
tional mRNA. During this processing, the introns on the pre-
mRNA are removed and the exons are spliced back together. In
addition, a chemical “cap" and "tail" are attached to the RNA.
At this point, the pre-mRNA can be called mRNA,

The conversion of pre-mRNA into mRNA has further signif-
icance because of the fact that the processing takes place en-
tirely within the nucleus. This means that mRNA must
complete its processing before it is allowed to leave the nu-
cleus. There may be some kind of a molecular watchman at the
gate of the nucleus that allows only processed molecules to
Jeave. Such a system would regulate gene expression by pre-
venting the protein products of a gene from being produced.

Exon

Intron
——"

pre-mRNA

mANA

Tail

Cap
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Jumping Genes
In the 1940s a
young scientist
named Barbara

McClintock began
to study certain
genes in corn. She
was  particularly
interested in why
certain kernels of
corn developed a
spotty, or speck-
led, appearance,

color of each seed

was genetically determined and that all of the

cells in the coating of the seed had the same
genetic makeup (genotype). Yet the speckled
colors indicated that genes were being sud-
denly and unpredictably switched on and off
in one cell or another. She could find only one
reasonable explanation for this observation:
There are special conirolling elements that
can be transposed or move from one place to
another around the chromosome. These trans-
posable elements, which are sometimes
called jumping genes, can Insert themselves
into different parts of the chromosome and

She knew that the

turn the genes near them on or off.
McClintock’s theory of transposable ele-
ments was far ahead of its time, and found

little support. But McClintock patiently
continued her studies, providing experimental
proof and documentation that she was right
about these moving genes. Finally, in 1975, the
techniques of molecular biology had advanced
to the point where scientists could actually
look for jumping genes. And scientists found
jumping genes in bacteria, insects, mammals
(including humans), and corn.

Jumping genes may play a role in gene reg-
ulation in some organisms, such as corn. They
also are involved in the formation of certain
proteins that show a great number of varia-
tions, such as antibodies—proteins that de-
fend the body against disease-causing
organisms. More jumping genes are discov-
ered every day, and it will be a long time be-
fore scientists are able to explain all of their
different functions.

McClintock has lived to see the impor-
tance of her discovery appreciated and is now
the recipient of many honors, including the
highest prize that can be awarded to a scien-
tist, the Nobel prize (in 1983).

SECTION

10-3

REVIEW

2. What is a polygenic trait?

What effect would this have on the operon?

statement.
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. Compare incomplete dominance and codominance.

. Suppose the gene that codes for a repressor was deleted.

. “Mutations in introns are less likely to affect phenotype
than mutations in exons.” Defend or refute this
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PROBLEM
How can rates of crossing-over be used to map chromosomes?

MATERIALS (per group) 7. Toss the stick and tally the results until
crossing-over has occurred 100 times.

8. Count up the number of tally marks for each
of the five genes. In the appropriate place in

your data table, record the number of times

wooden stick from a frozen-dessert bar
metric ruler pen
sheet of unlined paper

each gene was separated from gene A.

9. Calculate the frequency of crossing-over by
dividing the number of times each gene was
separated from gene A by 100. Record the re-

PROCEDURE sults of your calculations.

1. Using a pen and a ruler, draw a vertical line  10. Calculate the location of each gene by multi-
15 c¢m long in the center of a clean sheet of plying the frequency of its crossing-over by
unlined paper. Make a small horizontal mark 15 and rounding off to the nearest integer.
at the bottom of the line. Measuring from the Record the calculated gene locations.
bottom of the line, add horizontal marks at 1
cm, 3 ¢m, 6 cm, 10 ¢m, and 15 cm. OBSERVATIONS

2. Label each horizontal mark alphabetically (A
through F), starting from the bottom. Sepmaed  TMesSeperstedfrom  Frequency of  Gene Locations

3. The vertical line on the paper represents a  Gemea Taity Wumber V% Calculated  Actua
chromosome that has six genes on it—A, B, 5 1
C, D, E, and FE This chromosome’s homolo- 5 T
gous chromosome is represented by the col- .
ored edge of the wooden stick. 0 ¢

4, Adjust the sheet of paper so that its bottom £ 10
edge is about 15 cm from the edge of your lab - i
table or desk. Move your chair back so that
the front edge of your seat is about 30 cm
from the edge of your lab table or desk. ) .

5. Toss the wooden stick, underhand, toward 1. Did every toss result in crossing-over?
the vertical line until the stick lands across 2 Which genes became separated from gene A
the line. The landing of the stick across the most frequently? Most infrequently?
line represents crossing-over,

6. When crossing-over occurs, look at the col- ANALYSIS AND CONCLUSIONS
ored edge of the stick to determine which 1. What is the relationship between the fre-

genes have been separated, Make a tally
mark in the appropriate place in the data
table for each gene that has become sepa-
rated from gene A, For example, if the col-
ored edge of the stick lands between D and E,
make tally marks for genes E and F because
they have been separated from gene A as a
result of crossing-over.

quency of gene separation due to crossing-
over and the distance between genes?

. Are your calculated gene locations exactly the

same as the actual gene locations? If so, dis-
cuss why the experiment went as expected. If
not, discuss possible sources of error.

. How can the frequencies of crossing-over be

used to map chromosomes?
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SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to heip you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

10-1 The Chromosome Theory of Heredity
* Genes are located on the chromosomes.
* Genes that are located on the same chromo-

mosomal mutations involve segments of
chromosomes, whole chromosomes, or en-
tire sets of chromosomes. Gene mulations

involve individual genes.

10-3 Reguiation of Gene Expression

* Interactions between genes affect gene
expression.

* Genes can be turned on when they are
needed and turned off when they are not.

* Many genes contain sequences that are not
expressed. These sequences are removed

when the RNA transcribed from DNA is
made into mRNA.

some tend to be inherited together.

* Gene linkages may be broken by crossing-
over. The farther apart genes are located on
a chromosome, the more likely that they will
be separated by a cross-over event.

* Sex-linked genes are located on the sex
chromosomes,

10-2 Mutations

* Mutations are changes in the genetic mate-
rial. There are two kinds of mutations. Chro-

REVIEWING KEY TERMS

Vocabulary terms are important 1o your understanding of biology. The key terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a complete sentence. If you are not
sure of a term's meaning, return to the appropriate section and review its definition.

10-1 The Chromosome 10-2 Mutations 10-3 Regulation of Gene

Theory of Heredity mutation Expression

chromosome theory chromosomal incomplete dominance
of heredity mutation codominance

linked genes nondisjunction polygenic

linkage group polyploidy operon

recombinant gene mutation operator

sex chromosome point mutation promoter

autosome frameshift mutation inducer

X chromosome repressor

Y chromosome exon

sex-linked intron
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CONTENT REVIEW

Muitiple Choice
Choose the leiter of the answer that best completes each statement.
1. An organism has an extra copy of a 5. Traits that are caused by the interaction of
chromosome in all its cells. This is an many genes are said to be
example of a. polyploid. c. polygenic.
a. polyploidy. b. linked. d. autosomal,
b. a chromosomal mutation. 6. The gene product is not produced when
c. a gene mutation. the repressor binds to
d. a somatic mutation. a. the operator.
2. Both alleles are expressed in b. RNA polymerase.
a. codominance. ¢. polyploidy, ¢. lactose.
b. nondisjunction. d. dominance. d. the enzyme gene.
3. The expressed allele does not make up for 7. A point mutation can best be classified as a
the inactive allele in a. chromosomal mutation.
a. polyploidy. b. germ mutation.
b. translocation, c. deletion mutation.
¢. codominance. d. gene mutation.
d. incomplete dominance. 8. Gene linkages may be broken by
4. Which kind of mutation would result if an a. nondisjunction.
extra nucleotide were inserted into a gene? b. duplication.
a. germ ¢. chromosomal C. crossing-over.
b. frameshift d. deletion d. polyploidy.
True or False

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to make the statement true.

1. Crossing-over is more likely to occur 5. Segments of nonhomologous chromosomes
between genes that are close together. are exchanged in crossing-over.

2. A somatic mutation affects sperm cells or 6. Sex-linked genes are located on the
egg cells and can be inherited. autosomes.

3. The eflects of recessive sex-linked alleles 7. Polyploidy is the condition of having extra
are seen more often in males. sets of chromosomes.

4. Changes in DNA are called mutations. 8. A point mutation affects a single nucleotide.

Word Relationships

A. In vach of the following sets of terms, three of the terms are related. One term
Jues nat belong. Determine the characteristic common to three of the terms and
then identify the term that does not belong.

1, inversion, translocation, duplication, nondisjunction

2, operator, promoter, repressor, inducer

3. deminance, codominance, incomplete dominance, polygenic inheritance

4. ygene naotation. point mutation. frameshift mutation, chromosomal mutation



B. Give the vocabulary word whose meaning is opposite that of the following

words.
5. sex chromosome 7. somatic mutation
6. crossing-over 8. intron

CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each
of the following in a brief paragraph.

1. List and describe the four types of 3. Describe two ways genes are regulated in
chromosomal mutations that result in a eukaryotes.
change in the structure of a chromosome. 4. What is a linkage group? What kind of

2. Explain why the operon is turned on when evidence suggests that linkage groups are
the inducer is present and turned off in the the same as chromosomes?

absence of the inducer.

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.
1. Making predictions Would a mutation in 4. Applying concepts Two of the genes that

an intron affect gene expression? Explain. Mendel studied are located on the same
2. Relating concepts How are crossing-over chromosome. Despite this, they show
and linkage related to gene mapping? independent assortment in test crosses.
3. Problem solving Examine the data for the What can you conclude about their relative
crosses in cats shown below. How are the positions on the chromosome?
black and yellow coat colors inherited? 5. Using the writing process Pretend you
(Hint: Male cats are XY and female cats are are the sex-linked gene for colorblindness.
XX.) Using a Punnett square, predict the Describe the effects you have on each
results of a cross involving a black male generation as you are passed down through
and a tortoise-shell female, two generations.
Parents | Offspring
black male X yellow femnale V2 yellow males
2 tortosse-shell (black and yellow) females
yellow male X black female 2 black males
Y2 torloise-shell females
yellow male X V4 black males
tortoise-shell female Ya yellow males
Va yellow females
Va tortoise-shell females




Human
Heredity

In humans, as in all living things, traits such as sex
and skin color are inherited.

Olab‘meorgan.srmmmeworld there is one that we find
particutarly fascinating. This organism is not, however, an ideal one
for the study of genetics. Why? The reasons are marny. it is
composed of approximately 10" (100 miion mitlion) celts. its
generation time (about 20 years) is much too fong. It cannot be kept
in the taboratory for study. It produces too few offspring for good
statistics. It cannot be used in test crosses. And its genetic system
contains nearly 100,000 genes. Despite these disadvantages,
biofogists have studied the genetics of this single organism, Homo
sapiens, for more than 80 years. The reason for so much scientific
interest is clear: Of alf the organisms on Earth, it is ourselves we

’ fong to know the best. In this chapter, you will discover how some

9 human traits are inherited and how some inhented disorders can be
cured or prevented.
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11-1 "It Runs in the Family™
¢ The Human Organism
® Human Traits

11-2 The Inhemtance of Human
Traits
® Human Blood Groups
® Huntington Disease
® Sickle Call Anemia
® Polygenic Traits

11-3 Sex-Linked Inheritance
® Sax Determination

¢ Sex-Linked Genetic Disorders
® Sex-Infiuenced Trans

11-4 Diagnosis of Genetic
Disorders
e A Chromosomal Abnarmality—
Down Syndkome
® Prenatal Diagnosis
¢ Ethical Considerations

Figure 11-1 Each human
chromosome conlains a specific
set of genetic instructions that is
passed on from parent to child
The human chromosome in this
electron micrograph has been
magnified approximately 20,(0)
times
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Section Objectives
0 Explain how human traits are inherited

Distinguish between sex chromosomes and
autosomes

i Discuss the influence of the environment on gene
expression,

How many times have you overheard two people discuss
ing whether a newborn baby looks more like its mother or its
father? People have always discussed such things. But when
those of us who study biology engage in such discussions, we
make an important assumption: Human chitdren inherit char
acteristics from their parents as a result of gene interactions

The principles of genetics that we have already discussed
apply to humans. Many human traits are inherited by the ac
tion of dominant and recessive genes, although other traits
are determined through more complicated gene interactions.
Although the study of human genetics is difficult, it is one of
the most important fields in biology. For we are interested in
finding out as much as possible about ourselves, including the
role that heredity plays in determining who and what we are
and how some of the disorders and conditions that we inherit
can be cured or prevented.

The study of ourselves logically begins with a discussion of
human chromosomes. Recall that a diploid cell has two sets of
homologous chromosomes. A human diploid cell contains 46

chromosomes arranged in 23 pairs. These 46 chromosoms




Figure 11-2 In humans, the egg
(top) and the sperm {(bottom)
contain 23 chromosomes each.
During fertilization, these gametes
unite (o produce a zygole that
contains 46 chromosomes

Figure 11-3 Notice the difference
in the heights of these leenagers
Although the genes for height are
infierited, the trait is strongly

influenced by environmental lactors,

such as diet.
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contain 6 billion nucieotide pairs of DNA-—6 billion individual
characters of the genetic code. To get an idea of how long a
complete human DNA sequence actually is, consider the fol-
lowing: In this textbook, there are approximately 3000 letters
on each page. If a complete human DNA sequence were to be
written in the same-size type as this textbook, it would com-
prise a book more than 1 million pages long'

As you wili recall from Chapter 9, the principles of genetics
described by Mendel require that organisms inherit a single
copy of each gene from each parent. In humans, the gametes,
or reproductive cells, contain a single copy of each gene. Gam-
etes (sperm and eggs) are formed in the reproductive organs
by the process of meiosis. Each egg cell and each sperm cell
contain 23 chromosomes, or the haploid number of chromo-
somes. During fertilization, sperm and egg unite and a zygote
{ZicH-goht), or fertilized egg, is produced. The zygote contains
46 chromosomes (23 pairs), or the diploid number of chromo-
somes characteristic of the organism.

Of the 46 chromosomes found in a human diploid cell, two
are the sex chromosomes, X and Y. The remaining 44 chromo-
somes are the autosomes. The inheritance of dominant and re-
cessive human genes carried on any of the 44 autosomes
follows Mendel’s principles. Human genes carried on the sex
chromosomes are sex-linked.

The simplest patterns of inheritance occur in traits that are
influenced by a single gene. Fortunately, many such genes have
now been described. Human genetics is advancing so rapidly
that scarcely a week goes by without a new human gene being
reported and mapped.

l pae e TRREEEE o
[ AW g A HEILS

You will recall from Chapter 10 that the phenotype of an or-
ganism is only partly determined by its genotype. There are
some traits that are strongly influenced by environmental, or
nongenetic, factors. Environmental factors include nutrition
and exercise. For example, recent studies show that improve-
ments in infant and childhood nutrition in the twentieth cen-
tury in the United States and Europe have greatly increased
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How Do We Map Human Genes?

Preparing a human genetic map presents
special challenges. As we saw in Chapter 10,
crossing-over is the key to gene mapping in
most organisms: Crossovers rarely occur be-
tween nearby genes but are common between
distant genes. It is possible to map human
genes in this way, but the need to gather
crossover data from several generations has
made human gene mapping slow and tedious.
In the last few years, however, several break-
throughs have made it possible to map human
genes much more rapidly.

One of the most exciting new techniques
was developed by Jeanne Lawrence and Rob-
ert Singer at the University of Massachusetts
Medical School. Their technique attaches a flu-
orescent label to pieces of DNA complemen-
tary to a particular gene. Once the labeled
DNA fragments are mixed with a chromosome

Two tiny yellow spots mark the location of the
genes of the Epstein-Barr virus.

preparation, they attach to the DNA of the
gene in question by a chemical bond known as
a hvdrogen bond. This action produces an in-
tense fluorescent label at the place on the
chromosome where the gene is located. The
Lawrence-Singer technique is just one more
tool in an increasingly powerful workshop for
exploring the human genetic system.

the average height of these populations over the nineteenth-
century averages. Famine-stricken countries, however, were
found to produce a generation with stunted growth.

Although it is important to consider the influence of the
environment on the expression of some genes, it must be
understood that environmental effects on gene expression
are not inherited; genes are. Genes that are denied a proper
environment in whici: t) reach full expression in one genera-
tion can, in a proper e vironment, achieve full potential in a
later generation,

——— P ———

SECTION
REVIEW

11-1

1. How are human traits inherited?
2. What is a gamete? A zygote?

3. How many chromosomes are in a human diploid cell? A
human haploid cell?

4. Distinguish between sex chromosomes and autosomes.
5. How does the environment influence gene expression?

- e man -
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Section Objectives

@ ldentify two human traits that are
determined by multiple alleies.

@ Explain hew Huntington disease

and sickie cell anemia are inherited.

Distinguish between traits
delermined by multiple alleles and
polygenic traits.

Figure 11-4 This photomicrograph
shows the agglutination, or
clumping, of human red blood cells
that can occur when blood of two
different types is mixed.

11-2 The Inheritance
of Human Traits

At the writing of this textbook, more than 1000 human
genes have been described and studied. Listing all of these
genes would serve no purpose, but it is useful and interesting
to examine a few cases in which particular genes affect us in
very significant, and often dramatic, ways.

Human Bigod Groups

Multiple alleles are three or more alleles of the same
gene that code for a single trait. ABO and Rh blood groups
are determined by multiple alleles. A number of other human
traits are determined by multiple alleles.

ABO BLOOD GROUPS In 1900, the Austrian physician
Karl Landsteiner discovered that human blood could be classi-
fied into four general groups, or types, known today as the
Landsteiner blood groups. These four blood types are deter-
mined by the presence or absence of specific chemical sub-
stances in the blood.

Landsteiner observed that when he mixed together the red
blood cells from difierent people, the red blood cells aggluti-
nated, or clumped together. After doing extensive research,
Landsteiner determined that the red blood cells contained two
antigens, A and B. Antigens are molecules that can be recog-
nized by the immune system.

The presence or absence of these antigens (A and B) pro-
duces four possible blood types: A, B, AB, and O. A person with
type A blood has red blood cells that contain antigen A but not
antigen B. A person with type B biood has red blood cells that
contain antigen B but not antigen A. A person with type AB
blood has both antigen A and antigen B. And a person with
type O blood has neither antigen A nor antigen B.

The ABO blood groups are of particular importance in
blood transfusions. A transfusion of the wrong blood type can
cause a violent, often fatal, reaction in the body as the immune
system responds to the presence of an antigen not found on its
own cells. For example, if type B blood is given to a person with
type A or type O blood, a reaction will occur against the red
blood cells containing the B antigen. Because people with type
AB blood have both antigens on their red blood cells, they can
receive blood from any of the four types.

The Landsteiner, or ABO, blood groups are determined by
a single gene with three possible alleles: 1*, 1*, or i. Figure 11-5
illustrates the relationship of these alleles to the biood group
phenotype. Because the I* and I* alleles are both expressed
when they occur together, they are said to be codominant.



Rh BLOOD GROUPS In addition to the ABO antigens,
there is another antigen on the red blood cells that determines
the success or failure of transfusions. It is the Rh antigen
(named after the rhesus monkey in which the antigen was first
discovered by Landsteiner and Alexander Wiener). People who
have the Rh antigen on their red blood cells are said to be Rh
positive (Rh™). Peopie who do not have the Rh antigen on their
red blood cells are said to be Rh negative (Rh™). it is interest-
ing to note that although the Rh blood groups are commonly
referred to as either positive or negative, there are actually
more than two alleles that determine these blood groups. In
fact, there are eight common alleles and many that are rarer.

In blood banks, the ABO and Rh blood groups are often ex-
pressed together in symbols such as AB™ or O*. The gene for
the Rh antigen, however, displays simple dominance. Genotype
Rh* Rh* and Rh™ Rh™ produces the Rh positive phenotype.
Only the double recessive genotype Rh™ Rh™ produces Rh
negative blood.

Huntington Disease

Many of the tens of thousands of human genes are so es-
sential to the normal functioning of cells and tissues that we do
not notice them unless something goes wrong and a genetic
disease results. Huntington disease, which is produced by a
single dominant allele (H), is an example of a genetic dis-
ease. People who have this disease show no symptoms until
they are in their thirties or forties, when the gradual damage to
their nervous system begins. As you will recall from Chapter
10, the effects of a dominant allele are expressed even when
the recessive allele is present. So people who have the domi-
nant allele for Huntington disease have the disease and suffer
painful progressive loss of muscle control and mental function
until death occurs.

Until very recently, the only way people knew if they car-
ried the gene for Huntington disease was the appearance of the
disease later in their lives. Thus many Huntington disease sul-
ferers had children who inherited the gene for this disease.

Sickle Cell Anemia

In 1904, Doctor James Herrick noticed an unusual ailment
afflicting one of his young patients. His patient, a 20-year-old
black college student, had been complaining ol weakness and
dizzy spells and had open sores on his legs. The Chicago phy-
sician examined the student’s blood cells under a microscope
and discovered that many of the red biood cells were bent and
twisted into shapes that resembled sickles (farm tools used to
cut grain). The normal shape of a red blood cell is that of a
round, flattened disk. Doctor Herrick guessed correctly that
these unusually shaped cells were the cause of his patient’s

Genotypes Phenotypes
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Figure 11-5 This chart illustrates
the relationship between genotype
and phenotype for each of the ABO
biood groups. What are the
possible genotypes of a person with
phenotype B blood?

Figure 11-6 This photograph
shows a rhesus monkey, the type
of monkey after which the Rh
blood group was named.




Figure 11-7 These scanning
electron micrographs show human
red blood celis thatl contain normal
hemoglobin (left) and a red blood
cell that contains the abnormal
hemoglobin characteristic of sickle
cell anemia (right). The red blood
cells have been magnified
approximately 10,000 times.

Figure 11-8 Capillaries, which
are the narrowest blood vessels,
are s¢ small that they permit only
one red blood cell at a time 10 pass
through. What happens ito sickle-
shaped red blood cells as they
move through the capillaries?
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problems, and he gave the disease the name by which we know
it today—sickle cell anemia.

THE CAUSE OF SICKLE CELL ANEMIA Sickle cell ane-
mia is caused by a change in one of the polypeptides found in
hemoglobin. Hemoglobin is the protein that carries oxygen in
red biood cells,

When a person who has sickle cell anemia is deprived of
oxygen (from heavy exercise, holding one's breath, or even
nervousness or anxiety), the hemoglobin molecules join to-
gether and form fibers, These fibers cause the red blood cells
to undergo the dramatic changes in shape that Doctor Herrick
observed. The sickle-shaped red blood cells are more rigid and
tend to become stuck in the capillaries, the narrowest blood
vessels in the body. See Figure 11-8. As a result, the movement
of blood through these vessels is stopped and damage to cells
and tissues occurs. Serious injury or death may result.

THE GENETICS OF SICKLE CELL ANEMIA The gene for
normal hemoglobin (A) is codominant with the sickle cell
gene (S). People who are heterozygous (AS) are said to be
sickle cell carriers. Because roughly half of the hemoglobin
molecules in the blood of carriers is normal, these people suf-
fer few ill effects of the disorder. People who are homozygous
(SS) are said to be sickie cell sufferers. Because all of their he-
moglobin molecules are affected by the sickle cell gene, these
people are more severely afflicted by the disease.

THE MOLECULAR BASIS OF SICKLE CELL ANEMIA The
gene for sickle cell hemoglobin difiers from the gene for nor-
mal hemoglobin by a single nucieotide. Why does this seem-
ingly small difference cause so much trouble? .

The substitution of one nucleotide in the gene results in
the substitution of a difierent amino acid in the sickle cell



hemoglobin protein. This change makes hemoglobin less solu-
ble in water. Most of the time the condition does not present a
problem. But when the body is under even minor stress, the
hemoglobin in a large proportion of red blood cells will come
out of solution as crystals. This crystallization of hemoglobin
causes the sickle-shaped cells to appear, accompanied by their
medical consequences.

THE DISTRIBUTION OF SICKLE CELL ANEMIA In the
United States, people of African ancestry are the most common
carriers of the sickle cell trait. In the rest of the world, sickle
cell anemia is found in the tropical regions of Africa and Asia.
Approximately 10 percent of Americans of African ancestry and
as many as 40 percent of the population in some parts of Africa
carry the trait, Why is sickle cell anemia so common in some
regions and virtually unknown in others (such as Northern Eu-
rope and Asia)?

The answer to this question provides us with a surprising
lesson in evolution. People who are heterozygous for sickle cell
anemia (AS) are partially resistant to malaria, a serious disease
that affects the red blood cells. The sickle cell hemoglobin
offers this resistance because the malaria parasite, which lives
within the red blood cell, can be killed when hemoglobin mole-
cules crystallize out of solution. People who are homozygous
for normal hemoglobin {AA), on the other hand, have no resis-
tance to malaria.

The incidence of sickle cell anemia parallels the incidence
of malaria throughout the tropical areas of the world. The
sickle cell trait probably developed in many people throughout
the world as a single mutation, or change in genetic material.
That mutation conferred an advantage wherever malaria was
common, and thus it was favored by natural selection. Sickle
cell anemia has persisted wherever it has helped its carriers
survive malaria.

ﬂf"" 2

Al AA | As

LA AA AS
A = gene for normal hemogiobin
S = gene for sickie cell hemoglobin

Figure 11-8 This Punnett square
shows the cross between a person
whao is heterozygous for sickle cell
anemia and a person who is
homozygous for normal
hemoglobin. What are the possible
genotypes of their offspring?

Figure 11-10 Two of the red
blood cells in this scanning electron
micrograph have been invaded by
the parasite that causes maiaria.
People who are heterozygous for
sickle cell anemia are partially
resistant to matar:a,
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Human traits that are controlled by a number of genes are
illed polygenic (pahl-uh-JEHN-1hK) traits, Examples of poly-
genic human traits include height, body weight, and skin color.
Unlike the simple skin pigmentation system of many ani-
mals, which allows a single gene to determine color, the human
skin pigmentation system is rather complex. In humans, at
least four different genes control skin color, and several ol
these genes may have multiple alleles. This means that the in-
heritance of skin color in our species can be somewhat unpre-
dictable. And because skin color is a polygenic trait, children of
the same mother and father may have quite different patterns
of skin color—each pattern determined by which combination
of genes they have inherited from their parents.

The color of human skin ranges from very dark to very
light, depending upon the amount of melanin, a dark-colored
pigment, present in skin cells. Very dark-skinned people have
alleles that code for the production of melanin at all their gene
positions for skin color. Light-skinned people, on the other
hand, have alleles that code for the production of melanin at
fewer gene positions for skin color. The range of human skin
color, spread across the globe with no clear dividing line, is an
illustration of what a wonderlully diverse species we are.
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1. List several human traits determined by muitiple alleles.

2. How is Huntington disease inherited?

3. What is sickle cell anemia?

4. What are polygenic traits? Give two examples of
polygenic traits.

5. If a man with type O blood marries a woman with type

AB blood, what are the possible genotypes of their
offspring?



11-3 Sex-Linked Inheritance

As you will recall from Chapter 10, genes that are located
on the sex chromosomes of an organism are inherited in a sex-
linked pattern. As in many organisms, the sex in humans is de-
termined by the X and Y chromosomes. In females, melosis
produces egg cells that contain one X chromosome and 22 au-
tosomes. In males, meiosis produces sperm cells of which half
contain one Y chromosome and 22 autosomes and the other
half contain one X chromosome and 22 autosomes.

The sex of a person is determined by whether an egg cell is
fertilized by an X-carrying sperm or a Y-carrying sperm. Males
are normally 46XY, meaning that they have a total of 46 chro-
mosomes, including an X chromosome and a Y chromosome.
Females are normally 46XX.

Sex Determination

How do the X and Y chromosomes determine whether the
sex of the zygote will be male or female? In Drosophila (fruit
flies), which also have an XY system of sex determination, ge-
neticists have found that sex is determined by the number of X
chromosomes. A fruit fly that has a single X chromosome is
male, regardless of whether it has a Y chromosome. A fruit fly
that has two X chromosomes is female, regardless of whether a
Y chromosome is present. This is not so in humans.

THE HUMAN XY SYSTEM Although meiosis is a precise
mechanism that separates the two sex chromesomes of a dip-
loid cell into single chromosomes of haploid gamete cells,
errors sometimes do take place. The most common of these
errors is nondisjunction. Nondisjunction is the failure of chro-
mosomes to separate properly during one of the stages of
meiosis. See Figure 11-12.

Nondisjunction can produce gametes that contain either
two sex chromosomes or no sex chromosomes—a direct con-
trast to the normal condition of one sex chromosome. When
one of these gametes joins with a normal gamete during fertil-
ization, the result is a person with an abnormal number of sex
chromosomes.

NONDISJUNCTION DISORDERS Roughly 1 birth in 1000
Is affected by an abnormality involving nondisjunction of the
sex chromosomes. The most common abnormalities are Turner
syndrome and Klinefelter syndrome.

People who have Turner syndrome are female in appear-
ance but their female sex organs do not develop at puberty and
they are sterile, or unable to have children. Turner syndrome is
abbreviated 45X or 45X0, where O denotes the absence of a
second sex chromosome. People with Klinefelter syndrome are

Section Objectives

B Describe how sex Is determined in
humans.

# List two conditions of
nondisjunction of sex
chromosomes.

@ Identify some human sex-linked
traits,

@ Compare sex-linked and sex-
influenced traits.

Figure 11-12 When homologous
chromosomes fail lo separate
during metosis, nondisjunction
results.
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Zeroing in on the Maleness Gene

Disorders such as Turner syndrome and
Klinelelter syndrome make it clear that male-
ness is determined by a gene on the Y chro-
mosome. But how would one go about finding
that gene? The crucial first steps have now
been taken by David Page, a young researcher
at the Massachusetts
Institute of Technology
(MIT). As he studied
human sex determina-
tion, Page learned that
doctors had been
treating a number of
male patients whose
genolypes were 46XX.
In every case, these
people were found to
have portions of the Y
chromosome attached
to one of their X chro-
mosomes. Page rea-
soned that these
portions must contain
the gene for male
determination.

Each human has traits that result from the
expression of inherited genes. Today, scientists
are studying the genetic makeup of X and Y
chromosomes to learn how maleness and
femaleness are determined.

i
l

By analyzing the Y-chromosome portions,
Page and his associates found that a single
identical piece of the Y chromosome, about
100,000 DNA bases in length, was present in
every one of the XX males. Investigators in
many laboratories are now concentrating on

the structure of this

100,000-base  region.
Surprisingly, a section
of this region is almost
identical to a normal
fragment found on the
X chromosome. No
one is certain why the
X and Y chromosomes
should have a nearly
identical fragment, but
every new piece of in-
formation brings us
that much closer to
understanding one of
the most fundamental
of all human differ-
ences—maleness and
femaleness.

male in appearance, and they, too, are sterile. The abbreviation
for Klinefelter syndrome is 47XXY.

It is interesting to note that there have been no reported
instances of babies being born without an X chromosome, Em-
bryos without an X chromosome do not seem to develop prop-
erly because, as we will soon discover, the X chromosome
contains a number of genes that are vital for normal
development.

What can we learn from these abnormalities of the sex
chromosomes? First, an X chromosome is absolutely essential
for survival. Second, sex seems to be determined by the pres-
ence or absence of a Y chromosome and not by the number of
X chromosomes. For example, there have been reported cases
of people who have genotypes 48XXXY and 49XXXXY and are
male in appearance.
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Alter years of uncertainty, the reason for the genetic im-
portance of the Y chromosome is finally becoming clear: The Y
chromosome contains a gene that switches on the male pattern
of growth during embryological development. If this gene is ab-
sent, the embryo follows a lemale pattern of growth.

Sex-Linked Genetic Disorders

Genes that are carried on either the X or the Y chromo-
some are said to be sex-linked. In humans, the small Y chro-
mosome carries very few genes. The much larger X
chromosome contains a number of genes that are vital to
proper growth and development. And as you just read, it seems
to be impossible for humans to develop without the genes of
the X chromosome.

It is particularly easy to spot recessive delects in genes lo-
cated on the X chromosome because the genes are expressed
more commonly in males than in females. What is the reason
for this? Recall that males have one X chromosome. Thus all X-
linked genes are expressed in males, even il they are recessive.
In order for a recessive gene t0 be expressed in females, there
must be two copies of it, one on each of the two X chromo-
somes. If one of the X chromosomes contains a dominant gene,
it will mask the expression of the recessive gene.

COLORBLINDNESS Colorblindness is a recessive dis-
order in which a person cannot distinguish between certain
colors. Most types of colorblindness are caused by sex-linked
genes located on the X chromosome. The genes for col-
orblindness render people unable to make some of the pig-
ments in the eye necessary for color vision.

The most common type of colorblindness is red-green col-
orblindness. People afflicted with this trait have difficulty dis-
tinguishing the lighter shades of red and green. The Irequency
of this type of colorblindness varies among different popula-
tions. In most Caucasian populations, about 8 percent of the
males are affected but only about 1 percent of the females are.

In humans, color vision depends on the varying sensitivity
of three groups of specialized nerve cells (cones) in the retina
of the eye. One group is sensitive to blue light, one to red light,
and one to green light. Colors of any given shade excite a spe-
cific level of activity from each of the three groups of nerve
cells. We will learn more about color vision in Chapter 37.

Because the gene for color vision is carried on the X chro-
mosome, the dominant allele for normal color vision is rep-
resented as X° and the recessive allele for red-green
colorblindness is represented as X*. Homozygous (X°X) and
heterozygous (X°X©) females have normal color vision. A fe-
male who is heterozygous for colorblindness is said to be a car-
rier because she carries the recessive allele but does not
express it. Although she is not colorblind, she is capable of

Figure 11-13 Colorblindness is an
example of a sex-linked trait. In
this cross, a female with normal
color viston marries a colorblind
male (F, generation). What are the

phenotypes of the offspring in the
F, generation?
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X" = gene for normal clotting blood
X" = gene for hemophilia

Figure 11-14 Hemophilia is an
exampie of a sex-linked trait that
results in the bicod not clotting
normally. In this cross, a female
with normal-cloiting blood marries
o male with hemophilia. What are
thie genotypes of their offspring?

Figure 11-15 Male pattern

boldness is g sex-influenced frait.

The expression of this trait is
thought to be enhanced by the
presence of male sex hormones.
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passing on the gene for colorblindness to her ofispring. Only
homozygous recessive females (X°X) are colorblind. Because
males have only one X chromosome, they are either colorblind
(X°Y) or have normal color vision (X°Y).

HEMOPHILIA Another recessive gene on the X chromo-
some produces a disorder called hemophilia (hee-moki-FIHL-
ee-uh), or “bleeder's disease.” Hemophilia is a disorder in
which the protein antihemophilic factor (AHF) necessary for
normal blood clotting is missing. Not only is hemophilia a rarer
disorder than colorblindness, affecting only about 1 male in
10,000 and only about 1 female in 100,000,000, it is also a more
serious disorder.

People who have hemophilia can bleed to death from even
the smallest cut. Internal bleeding (hemorrhaging) can occur
from the slightest bump or bruise. In recent years, people who
have hemophilia have been successfully treated by removing
the AHF from donated blood and injecting it into their blood.
Although this procedure is inconvenient and dangerous, since
it makes people who have hemophilia susceptible to certain
diseases carried in the blood, the use of AHF relieves the most
serious effects of the disease.

MUSCULAR DYSTROPHY Muscular dystrophy (DIHS-
truh-fee) is an inherited disease that results in the progressive
wasting away of skeletal muscle, People who have this disease
as young children seldom survive past early adulthood. The
most common form of this disease, Duchenne muscular dys-
trophy, is caused by a gene carried on the X chromosome.

Sex-influenced Traits

Many traits that may seem to be sex-linked, such as male
pattern baldness, are actually caused by genes located on auto-
somes, not on sex chromosomes. Why then is baldness so
much more common in men than it is in women? Male pattern




baldness is a sex-influenced trait. A sex-influenced trait is a
trait that is caused by a gene whose expression differs in
males and females.

Many genetic studies indicate that baldness is controlled
by a single gene with two alleles, one for normal hair (B) and
one for baldness (b). Men and women who have the genotype
BB have normal hair, whereas those relatively rare people who
have the genotype bb (iwo baldness alleles) tend to be bald,
whether they are male or female. The difference between the
sexes occurs in the heterozygous condition, Bb. Males who are
heterozygous tend to be bald, whereas females do not. We are
not certain how the sex of a person influences the expression
of these genes, although it is possible that the male sex hor-
mones may provide an answer.

SECTION
“- REVIEW

1. How is sex determined in humans?

2. Describe two conditions that are caused by
nondisjunction of the sex chromosomes.

3. What are some examples of sex-linked traits?
4. Distinguish between sex-linked and sex-influenced traits.

11-4 Diagnosis of Genetic
Disorders

Humans have been aware of geneltic disorders throughout
history. For centuries, religious and ethnic laws and customs
have reflected a clear understanding on the part of people of
the genetic nature of certain disorders. For years, physicians
have longed for a way to detect and treat genetic disorders.
Today, for some disorders detection is as simple as an exami-
nation of a person’s chromosomes,

A Chromosomal Abnormality—
Down Syndrome

You have just learned about several examples of chromoso-
mal abnormalities. Failures ol meiosis, including nondisjunc-
tion, cause abnormal combinations of chromosomes to be pro-
duced, including those responsible for Turner syndrome and
Klinefelter syndrome. Nondisjunction affects autosomes, too.

An example of nondisjunction of autosomes is a condition
known as Down syndrome (trisomy 21). In Down syndrome,
there is an extra copy of chromosome 21. The presence of this

Section Objectives

@ Describe how Down syndrome is
inherited.

Identify two methods of detecting
genetic disorders during pregnancy.
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Figure 11-16 Down syndrome
results from the nondisjunction of
chromosome 21. Although people
with Down syndrome are physically
challenged, they can live normal,
active lives.
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extra chromosome can be detected in a careful examination of
cells under the light microscope.

Down syndrome results in mental retardation that ranges
from mild to severe. It is also characterized by an increased
susceptibility to many diseases. In the United States, 1 baby in
800 is born with Down syndrome.

It is not clear why an extra copy of one chromosome
should cause so much trouble, but scientists have recently dis-
covered rare cases of Down syndrome in which only 46 chro-
mosomes are present. In each of these cases, a small portion of
chromosome 21 is attached to another chromosome. Scientists
assume that this small portion must contain the genes that
cause Down syndrome. A number of other genetic disorders
are also produced by chromosomal abnormalities. Like Down
syndrome, they too can be diagnosed by microscopic examina-
tion of chromosomes.

Prenatal Diagnosis

Down syndrome and other genetic disorders can now be
diagnosed before birth by analyzing cells from the developing
embryo. One technique, which is known as amniocentesis



(am-nee-oh-sehn-TEE-sihs), requires the removal of a small
amount of fluid from the sac surrounding the embryo. Celis
from the fluid are carefully grown in the laboratory lor a few
days, treated with a chemical that prevents cell division, and
then carefully broken and examined. A karyotype (KAR-ee-uh-
tighp), which is a display of all the chromosomes in a cell nu-
cleus, is then prepared to make certain that the chromosomes
of the developing embryo are normal.

Chorionic villus biopsy (kor-ee-AHN-ihk VIHL-uhs BIGH-
ahp-see), a new alternative to amniocentesis, is a method in
which a sample of embryonic cells is removed directly from
the membrane surrounding the embryo. Resulis are obtained
more rapidly from this technique than from amniocentesis.

Both amniocentesis and chorionic villus biopsy make it
possible to detect Down syndrome and other chromosomal ab-
normalities. Both techniques are also considered safe for the
mother and the developing baby. Scientists are now developing
procedures that can detect other genetic disorders. Some of
these procedures test for biochemical abnormalities in the em-
bryonic cells, whereas others test for the presence of certain
DNA sequences that are characteristic of particular defective
genes. The rapid advance of these techniques has made it pos-
sible 10 detect more than 100 genetic disorders from embry-
onic cells.

Ethical Consgiderations

Although it is impossible to doubt the effectiveness of pre-
natal (taking place before birth} diagnosis of genetic disorders,
the rapid development of genetic screening techniques is forc-
ing a new set of moral and ethical questions on society. As a so-
ciety, how should we react to the news that a particular infant
will be born with a serious or fatal genetic disorder? Do we
favor a society in which such infants are not allowed to de-
velop, or one in which every possible effort is made to preserve
all human lives?

Biology has given us great gifts of knowledge and under-
standing, but it cannot tell us what is proper in such difficult
cases. Answers to ethical questions do not come from the labo-
ratory but from the great resources of the human spirit.

TION
11-4 ReView

1. What is Down syndrome?
2. What is amniocentesis? Chorionic villus biopsy?

3. How is a karyotype useful in determining genetic
disorders?
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: 1A OBSERVING HUMAN TRAITS
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PROBLEM
What zre some patterns of human heredity?

MATERIALS (per student)

sheet of paper pencil mirror

PROCEDURE &

1. Copy the data table onto the sheet of paper.
2. In the column labeled Trait, circle your pheno-
type for each trait listed. A description of the
dominant allele for each trait follows.
Tongue rolling (R) is the ability to roll the
tongue up at the edges.
Widow's peak (W) is a hairline that forms a V
in the center of the forehead.
Free earlobes (F) are those that hang below
the point of attachment to the head.
Dimples (D) are indentations on the cheeks.
Freckles (F) are brownish spots on the skin.
3. Transfer the data from your data table onto the
chalkboard, where your teacher has con-
structed a chart to collect class data.
4. After vour classmates have recorded their data
on the chalkboard, record the information in

Number
of Students
Trait Demonstrating
Dominant
Dominant Recessive Phenotype
Tongue Nonroller
rollgr (R) (n
Widow's Straight
peak (W)  hairline (w)
Free Atiached
eariobes (E) marlobes  (e)
Dwmpies No
(D) dimples  (d)
Freckles No

(F) freckles [j]

Number Percentage Percentage
of Students Domonstrwng Demonstrating
| Demonstrating | Dominant | Recessive
Recessive Phenotype Phenotype
Phenotype

the appropriate place in vour data table.

5. To determine the percentage of students dem-
onstrating each trait, divide the number of stu-
dents who have the trait by the total number
of students in the class and then multiply this
number by 100. Record the data in the appro-
priate place in your data table.

OBSERVATIONS

1. For each trait, which occurs more frequently:
the dominant or recessive allele?

2. Which trait is the most common in your class?
The least common?

3. What is the ratio of the percentages for each of
the traits?

ANALYSIS AND CONCLUSIONS

1. Do dominant traits occur more often than re-
cessive traits? Explain your answer.

2. What would happen to your results if you were
to perform this investigation with five other
classes and recorded their data?
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STLOENT
STUDY
GUIDE

SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapter are listed below to help you
review the chapter content. Make sure you understand each concept and its
relationship to other concepts and to the theme of this chapter.

11-1 “It Runs in the Family”

* Many human traits are inherited by the ac-
tion of dominant and recessive genes, al-
though other traits are determined through
more complicated gene interactions.

* Each gamete (sperm cell or egg cell) con-
tains 23 chromosomes.

¢ During fertilization, sperm and egg unite and
a zygote is produced that contains 46
chromosomes.

¢ Of the 46 chromosomes found in the human
diploid cell, 2 are the sex chromosomes (X

and Y) and the remaining 44 are called
autosomes.

11-2 The Inheritance of Human Traits

¢ Multiple alleles are three or more alleles of
the same gene that code for a single trait.
ABO and Rh blood groups are determined by
multiple alleles.

* Sickle cell anemia is a disorder that causes
the normally disk-shaped red blood cells to
become sickle-shaped. The gene for normal

REVIEWING KEY TERMS

hemoglobin is codominant with the sickle
cell gene.

¢ Polygenic traits are traits that are controlled
by a number of genes.

11-3 Sex-Linked Inheritance

¢ Nondisjunction is the failure of chromo-
somes to separate during one of the stages of
meiosis.

* Genes that are carried on either the X or the
Y chromosome are said to be sex-linked.

* A sex-influenced trait is a trait that is caused
by a gene whose expression differs in males
and females.

11-4 Diagnosis of Genetic Disorders

¢ Down syndrome is an example of a condition
caused by the nondisjunction of autosomes.

* Many genetic disorders can now be diag-
nosed before birth because of such genetic
screening techniques as amniocentesis and
chorionic villus biopsy.

Yocabulary terms are important to your understanding of biology. The key terms
listed below are those you should be especially familier with. Review these lerms
and their meanings. Then use each term in a complete sentence. If you are noi
sure of a term’s meaning, return to the appropriate section and review its definition.

11-1 “R Runs 11-2 The Inheritance 11-3 Sex-Linked 11-4 Diagnosis
in the Family” of Human Traits Inheritance of Genetic Disorders
gamete multiple allele sex-linked amniocentesis
zygote polygenic trait sex-influenced chorionic villus

biopsy
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CONTENT REVIEW

Multiple Choice
Choose the fetter of the answer that best completes each statement.

1. An example of a trait that is determined by b. colorblind mother and normal vision
multiple alleles is father
a. Huntington disease. ¢. heterozygous normal vision mother and
b. ABO blood groups. normal vision father
c. Down syndrome. d. heterozygous normal vision mother and
d. hemophilia. colorblind father
2. Three brothers have blood types A, B, and 6. Which is an example of a sex-influenced
O. What are the chances that the parents of trait?
these three will produce a fourth child a. Down syndrome
whose blood type is AB? b. colorblindness
a. 0 percent ¢. 50 percent c. male pattern baldness
b. 25 percent d. 100 percent d. skin color
3. A disorder that results from a change in an 7. What is the total number of chromosomes
amino acid in the hemoglobin molecule is in a diploid cell of a person with Down
a. sickle cell anemia. syndrome?
b. hemophilia. a. 22 c. 44
¢. Down syndrome, b. 23 d. 47
d. Turner syndrome, 8. Which of the following techniques is
4, Which is an example of a polygenic trait? directly associated with the diagnoses of
a. skin color certain genetic disorders by the
b. hemophilia examination of chromosomes?
c. ABO blood groups a. blood typing
d. Huntington disease b. karyotyping
5. Which parental pair could produce a ¢. chemical screening
colorblind female? d. microsurgery

a. homozygous normal vision mother and .
colorblind father

True or False

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underlined word or words to make the statement true.

1. During fertilization, sperm and egg unite has one gene for this trait on the sex
and produce a gamete, chromosomes in each of his diploid cells.
2. A person with type A blood has red blood 6. The dominant allele for normal color vision
cells that contain antigen B. is represented as X“.
3. A genotype Rh*Rh™ will produce the Rh 7. In Down syndrome, there is an extra copy
negative phenotype. of chromosome 16,
4, People who are heterozygous for sickle cell 8. Chorionic villus biopsy is a genetic
anemia are partially resistant to malaria. screening technique in which a small
5. Based on the pattern of inheritance of sex- amount of fluid is removed from the sac

linked traits, if a male has hemophilia, he surrounding the developing embryo.




CONCEPT MASTERY

Use your understanding of the concepts developed in the chapter to answer each

of the following in a brief paragraph.

1. Why are humans not considered good
organisms for genetic studies?

2. Explain why type O blood is sometimes
referred to as the universal donor. Is this
true in the case of O* blood?

3. What is the cause of sickle cell anemia?

4. Why is it easy to believe that the sickle
cell trait may have arisen independently
in several places throughout the world?

5. What is the evolutionary connection
between the incidences of sickle cell
anemia and the incidences of malaria?

. Why are there more colorblind males than

there are ¢olorblind females?

. What evidence suggests that an X

chromosome is essential for normal
development? s the same true of the Y
chromosome?

. The genes for red-green colorblindness and

hemophilia are located on the X
chromosome. How might you determine
whether these genes are closely linked?

. How would you determine whether a

human gene was sex-linked?

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Applying concepts Cystic fibrosis (CF) is
caused by an autosomal recessive gene and
is a fatal disorder that affects people of
European ancestry. CF 1s characterized by
a production of thick mucus that clogs the
lungs and parts of the digestive system,
making it difficult to breathe or eat.
Suppose two people without a history of CF
in their immediate families have a child
with CE They would like to have another
child, but they are concerned about
whether the second child will have CF. Can
you help them predict the chances of
having a second child with CF?

2. Making diagrams Polydactyly is a human
characteristic in which a person has extra
digits (fingers or toes) on his or her hands
or feet. The trait for polydactyly is
dominant over the trait for five digits on
the hands and/or feet. Suppose a man who
is heterozygous for this trait marries a
woman with the normal number of digits.
What are the possible genotypes and
phenotypes of their offspring? Draw a

Punnett square showing the possible resuits
of this cross.

. Relating concepts Nine of ten children in

a family are right-handed. Right-

handedness is a dominant trait. Assume

that this trait is controlled by a pair of genes.

a. What is the genotype of a left-handed child?

b. What are the possible genotypes of the
right-handed children?

¢. What are the possible genotypes of the
parents?

d. Could these parents have produced only
right-handed children? Explain.

e. If these parents had produced only one
child, would this child have been left- or
right-handed? Explain your answer.

. Making inferences Discuss the impact of

genetic screening techniques on society.

. Using the writing process Your career

ambition is to be a science reporter. You
are sent by your school newspaper to
interview a physician who works with
human genetic disorders. Prepare a script
of the questions you would like answered.
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*/ in mythology, the chimera is & fire-
~¢  breathing monster that is part lion, part
- goal, and part serpent. In genetics, the word
- chimera refers to a piece of DNA {or even an

entire organism) that is made up of DNA from different sowrces.

In Greek mythofogy, the chimera was a frightening beast with the
head of a fion, the body of a goat, and the ta¥ of a serpent. The
idea of combining the characteristics of many arwmnals info one,
however, did not originate with the Greeks. The Sphinx of Egypt and
the winged bons of Assyria are just two examples of composite
monsters that predate the Greek myths. Although we do not take
these stories serfously today, it Is yonic 10 note that biology has
progressed to the point where these old myths have been dusted
off. Today the word chimera has a different meaning: It refers to
fragments of DINA from two organisms that have been joined (o
rmake a single DNA mofecule. Although these DNA chimeras have
not yet merged the serpent, the goat, and the kion, they have carried
human genes info mice, produced plants that glow in the dark, and
made it possibie to design new organisms o suit human needs.
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Figure 12-1 The small horse is
a full-grown miniature horse,
Miniature horses, which are 86
centimeters high at the shoulder
(or less), are the product of
selective breeding. First produced
in the mid-1700s, they were
originally intended to pull ore
carts in the low, narrow passages
of mines. However, they were
soon adopted as exotic pets by
wealthy families.
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Section Objectives
Describe breeding strategies that have been used
to modify living things.
I Explain how mutations in organisms can be useful
to humans.

We humans are rarely, if ever, satisfied with the world
around us. We are always trying to improve it. Humans are not
content with merely altering the course of a river, building
cities, or sailing the seas. For thousands of years we've been
trying to do something equally remarkable: to make “better"
living things

tarmers and ranchers throughout the world have long tried
to improve the organisms with which they work. By selecting
the most productive plants or animals to produce the next
generation, people have found that the productivity of a do-
mesticated species can gradually be increased. Such an in-
crease in productivity results from using breeding strategies
such as selective breeding and two special forms of selective
breeding: inbreeding and hybridization.

SELECTIVE BREEDING The oldest and most obvious way
of improving a species is by selective breeding, or selecting a
few individuals to serve as parents for the next generation. By
crossing only those individual plants or animals that have a
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Figure 12-2 Selective breeding
has produced domestic animals
such as pigs (top) that are very
different from their wiltd ancestors
(botiom),
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desired characteristic, the breeder can improve the yield of a
crop plant, increase the milk production of cattle, or develop
flowers of a particular color. Most present-day crop plants were
first developed by selective breeding.

Luther Burbank of California (1849-1926) was perhaps the
world's foremost selective breeder. Burbank produced more
than 250 new varieties of fruit by selective breeding, but his
work also extended to other plants, including the daisy and the
famous Burbank Potato.

INBREEDING Once a breeder has successfully produced
an organism with a useful set of characteristics, the next con-
cern is to maintain a stock of similar organisms. The most di-
rect method is inbreeding, or crossing individuals with similar
characteristics so that those characteristics will appear in their
offspring. Often the individuals crossed in inbreeding are
closely related. The many varieties of purebred dogs—includ-
ing German shepherds, toy poodles, and Great Danes—are
maintained by inbreeding. Puppies are considered purebreds
only if both their parents are registered members of the same
breed.

Although inbreeding is useful in retaining a certain set of
characteristics, it does have its risks. Because most of the
members of an inbred line are genetically similar, the chances
that recessive genetic defects will show up after repeated in-
breeding become much greater. Problems in many dog breeds,
including deformities in the joints and progressive blindness in
German shepherds and golden retrievers, have resulted from
repeated inbreeding.

HYBRIDIZATION One of the most useful of the breeder's
techniques is hybridization, a cross between dissimilar indi-
viduals, Hybridization often involves crossing members of dif-
ferent (but related) species. Hybrids, the individuals produced
by such crosses, are often hardier than either of the parents.
This phenomenon is known as hybrid vigor. All breeds of com
that are grown commercially are hybrids, and every yvear corn
breeders produce new hybrids that combine such basic char-
acteristics as disease resistance, yield per acre, and nutritional
value. Modern hybrid corn produces as much as ten times the
crop per acre of older varieties of corn.

Mutations: Producing New Kinds
of Organisms

As uselul as selective breeding is, it is confined to charac- -
teristics that already exist in the population. But as you may re-
call from earlier chapters, mutations, which are inheritable
changes in DNA, can sometimes produce organisms with new
characteristics. If the new characteristics are desirable, breed-
ers can use selective breeding to produce an entire population
possessing these characteristics.



Figure 12-3 Inbrecduig has
resulted in an increased
susceptibility to diseases and
deformities in cheetahs (bottom),
dogs, and other organisms.
Fortunately for this golden retriever
puppy (top), which was bred by
Ken Miller, its ancestors have been
certified to be free of certain
inherited defects. The puppy can
be expected to lead a happy—and
healthy—life.

Figare 12-4 Seedless oranges and
hairless mice are the result of
mutations.

Of course, a breeder may not want to wait for a beneficial
mutation to appear naturally. In such a case, a breeder may de-
cide to artificially increase the chances of mutations occurring
in a group of organisms. This can be done with agents or sub-
stances known as mutagens. Mutagens, which include radia-
tion and chemicals, cause mutations. Many mutations are
harmful; but with luck and perseverance, a few mutants (indi-
viduals with mutations) with desirable characteristics not
found in the original population may be produced,

Mutagenesis, or using mutagens to increase the mutation
rate, is particularly useful with bacteria. Their small size en-
ables millions of organisms to undergo mutagenesis at the
same time, thereby increasing the chances of producing a use-
ful mutant. Using this technique, scientists have been able to
develop hundreds of useful bacterial strains. It has even been
possible to produce bacteria that can digest oil and are thus
useful in cleaning up oil spills,
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Uniformity or Diversity?

Why would any sensible person want to
raise a breed of cows that produces less milk
than other breeds? Or a breed of sheep that has
coarser wool than other
breeds?

At one time, the goals
of livestock breeders were
plain: to produce animals
that yielded high-quality
products, were highly pro-
ductive, and complietely
predictable. Uniformity was
particularly important. It is
easier and less expensive
to raise large numbers of
animals if all the individ-
uals have the same needs
and growing times.

However there is a
problem associated with
the improvements that result from uniformity in
domestic animals. Modern breeds are homoge-
neous; that is, the genes of individuals are al-
most identical. Although genetic similarity is
good in terms of raising livestock and producing
animal products of uniformly high quality, it is
potentially disastrous in the long run. Similar
animals are similarly vulnerable to changes in
their environment. For example, a single dis-
ease could wipe out an entire herd or flock of

Although belted Galloway cattle are
not as productive as modern breeds,
they contain a wealth of potentially
useful genes, such as those for the
ability to thrive on poor-quality food.

genetically similar animals. (In a group of ge-
netically diverse animals, the same disease
might kill only susceptible individuals. The re-
sistant individuals could go
on to produce resistant
offspring.)

This is where the old-
fashioned breeds come in.
Although the productivity
of old-fashioned breeds is
lower than that of modern
breeds, they have greater
genetic diversity. They are
vital to modern agriculture
because they serve as
banks of genes that may be
useful in livestock at a fu-
ture date.

S0 here’s the dilemma
for breeders: The breeding
strategies for preserving genetic diversity are
opposite those for producing commercially fea-
sible livestock. To preserve genetic diversity,
breeders must ensure that as many individuals
as possible breed and pass on their genes to the
next generation. Selective breeding--allowing
only the best individuals to produce the next
generation—automatically breeds out many
genes, And these may be precisely the genes
that are needed in the future.

SECT
REV

N

10
IEW

i) DS

What is selective breeding? Inbreeding? Hybridization?
What are some advantages of breeding strategies?

Why might breeders want to cause mutations in plants?
Many human societies have laws preventing close blood

relatives from marrying. How are these restrictions
related to the practice of inbreeding?
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12-2 Genetic Engineering:
Technology and Heredity

Ultimately, the selection techniques that humans use to
generate new breeds of plants and animals affect DNA, the
molecule that carries genetic information. Hybridization, in-
breeding, and mutagenesis are, after all, indirect techniques
designed to alter the DNA of a particular organism.

In the last two decades molecular biologists have devel-
oped a powerful new set of techniques that affect DNA di-
rectly. For the first time biologists can engineer a set of
genetic changes directly into an organism's DNA. Appropri-
ately enough, this new form of manipulation is called genetic
engineering.

The Technigues ol Lenelic Englueering

Genetic engineering could not have come about without the
development of a technology to support the process. The
Wright Brothers could not have built an airplane without the
existence of a small gasoline engine and lightweight metal tub-
ing. Such equipment was actually developed for the automobile
and the bicycle; but once available, it was adapted to the needs
of a flying machine. The story of genetic engineering is much
the same.

Imagine for a moment the tools you would need to take a
gene from one organism and place it into another. First, you
would need a way to carefully cut the DNA containing the gene
away from the genes surrounding it. Second, you would have to
find a way to combine that gene with a piece of DNA from the
recipient organism; that is, the organism that will receive the
DNA. Third, you would have to insert the combined DNA into
the new organism. Finally, it would be useful to have a way to
read the sequences of nucleotide bases in the gene in order to
analyze the genes that you are manipulating. Each of these
tools is now available, making it possible to insert a gene from
one organism into another.

RESTRICTION ENZYMES Genes can be cut at specific
DNA sequences by proteins known as restriction enzymes,
More than 75 different kinds of restriction enzymes are known,
and each one “recognizes” and cuts DNA at a particular se-
quence. The cutting sites of three typical restriction enzymes
are shown in Figure 12-6 on page 252. Each one of the restric-
tion enzymes shown “recognizes” a site of four to six nucleo-
tide pairs and then makes a cut across both strands of DNA.

The accuracy of these enzymes is breathtaking. They will
not cut any sequence other than the one they recognize, even if
five out of six bases are identical to their recognition site. Re-
striction enzymes make it possible to cut DNA into fragments
that can be isolated, separated, and analyzed.

Section Objectives

@ Describe how DNA is isolated, cut,
spliced, and handled.

® Explain how DNA is used to
transform cells and organisms,

Figure 12-5 These strands of
artificial DNA were synthesized
from DNA extracted from animal
cells. The technigues of genetic
engineering allow scientists to
manipulate and change DNA
directly.




Figure 12-6 Different restriction
enzymes “‘recognize” different
sequences of bases on DNA
molecules. Each resiriction enzyme
culs DNA at the sites at which its
recognition SequUence occurs.

Figure 12-7 Plasmids are small
circular pieces of bacterial DNA.

DNA RECOMBINATION DNA fragments cannot function
all by themselves. They must become part of the genetic mate-
rial of living cells before the gene they contain can be acti-
vated. In the second step of genetic engineering, DNA
fragments are made into part of the recipient cell's genetic ma-
terial. This is done by combining DNA fragments with DNA
from the recipient cell.

For example, DNA fragments may be combined with bacte-
rial DNA so that they can later be inserted into a bacterial cell.
Bacteria often contain small circular DNA molecules known as
plasmids in addition to their chromosomes. These plasmids
can be removed from bacterial cells and cut with the same re-
striction enzyme used to produce the DNA fragments. The cuts
made by the restriction enzyme produce matching “sticky
ends” on the DNA fragments and the cut plasmids. These
sticky ends are the sites at which a DNA fragment and a plas-
mid can be joined end to end, thereby forming a new plasmid
that contains a piece of foreign DNA. See Figure 12-7.

Like the mythical chimera (kigh-MIHR-ah), which you read
about in the chapter opener, the combined DNA formed by fus-
ing a DNA fragment and a plasmid consists of parts from differ-
ent kinds of organisms. In genetic engineering, molecules of
combined DNA are known as chimeras because they are pro-
duced by combining DNA from different species. Combined
DNA is also known as recombinant DNA, since DNA from two
sources has been recombined to produce it



DNA INSERTION In the first two steps of genetic engi-
neering, DNA fragments containing the desired gene are ob-
tained and then inserted into DNA that has been removed from
the recipient cell, thereby producing recombinant DNA. But
how 1s this DNA put back into living cells?

It is easiest to insert DNA into bacterial cells. The recombi-
nant DNA is mixed in with millions of bacteria suspended in a
dense salt solution. After a few minutes, several bacteria will
take up the DNA. These bacteria can then be isolated and
grown into large colonies that contain the recombinant DNA.
The technical term fer a large number of cells grown from a
single cell is clone, and so this technique is sometimes known
as DNA cloning.

Using different techniques, recombinant DNA can be in-
serted into cells other than bacteria—for example, cells from
yeasts, animals, and plants. These techniques include microin-
jection with a glass needle, fusion with plasmid-like DNA, and a
new procedure in which DNA is attached 1o fine wirelike pel-
lets that are then shot into cells with a microscopic gun.

DNA SEQUENCING Sequencing a piece of DNA, or read-
ing the sequence of DNA bases along its length, can now be ac-
complished. Only one of the two strands of the DNA double
helix is used in the process of DNA sequencing. However, many
copies of this one strand are needed. These multiple copies can
be produced through the process of DNA cloning.

Figure 12-8 In genetic
engineering, foreign genes are
inserted into plasmids. The altered
plasmids are then used to carry the
foreign genes into a bacterial cell.



DNA Sequencing

1. A radioactive kabel ig siached to the “front” end of each 3. The DNA pieces are carefully Injecied into a gel. A
pho'esis

sirand of DNA. Pmoesscﬂede&ewo is used to ssparste thase
2.The sirands of DNA are divided among four test tubes. ragments, In electrophoresis, an electnic field is used to
Each test lube undergoes a diflerent chemical treatment. separate substances by moving them through a gel. In this
Thesa treaiments saieCiively break the chemical bonds case, the pieces ara se according to their length
between ans of tha ONA bases and the part of the DNA because smaller pieces of DNA move faster than larger
strand that foliows that base. For example, the chemical pieces. After a‘'while, the DNA fragments appear as
added o 1est fubs 1 breaks the DNA strand wheraver radou:ﬁvebendsinlhagu.memnem the bands
adenine (A) ccours Bedause only some of the bonds reveals the order of the bases in onginal strand of
between adarine and the rest of the DNA strand are DNA. The DNA gequence can literally be read off the gel!
broken, the DNA is into piecee of different lengths,
some of which the radicactive label.
DNA
doubie
heix
@ " - L
Radto/actwe
label
B _—
G ‘ - Srand Strand Strand Strand
T .| broken broken broken broken
I after after after  after
— Nl 4t 6 C
—
E— § — ’
— '
- — In DNA sequencing, a radioactive label (in the form of a ra-
SN o i|  dioactive phosphorus atom) is added to single-stranded DNA.
—— . The DNA is divided into four groups that undergo different
— — H chemical treatments. The chemical treatments break the DNA
P— into pieces that when separated reveal the positions of the
- : bases on the original strand. The DNA pieces are separated by
— 4 an electrical field in a process called electrophoresis (ee-lehk-
— o | troh-fuh-REE-sihs). Refer to Figure 12-9 for a more detailed ex-
- A planation of DNA sequencing.
e .
- 1| Engineering New Organisms
N e A Recombinant DNA technology has advanced rapidly in the
- o : past few years. Techniques now exist for cutting and splicing

Figure 12-8 In DNA sequencing,
DNA is treated to produce pieces
that are then separated by
electrophoresis. The bands on the
gel that result from this process
reveal the seguence of the bases in
DNA (inset).
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DNA molecules, for ensuring that the foreign gene becomes
part of the chromosome of the recipient cell, and for control-
ling the gene once it has been inserted. Organisms that contain
such foreign genes are said to be transgenic,

GENETIC ENGINEERING IN BACTERIA When a gene
coding for a human protein is properly inserted into bacteria,
the recombinant cells can be used to produce large amounts of



the protein quickly and inexpensively. As recently as ten years
ago, human growth hormone, a protein needed for normal
growth and development, was rare and extremely costly. (It
could only be obtained in small amounts from cadavers, or
dead bodies used for scientific purposes.) Thus people who do
not produce normal amounts of this hormone themselves
could not always be guaranteed a supply. Genetically engi-
neered bacteria that contain the human growth hormone gene
now produce large quantities of this protein, making it plentiful
enough to treat everyone who needs it. Other genetically engi-
neered bacteria produce human insulin (another hormone)
and interferon, a protein that blocks the growth of viruses and
may be useful in cancer treatment

Figure 12-10 The hepatitis B

GENETIC ENGINEERING IN PLANTS DNA can be in. vdccine being tested here for purtt)
jected into plant cells directly or attached to plasmids of cer- %% ”"”‘f""":"f "7;" e
tain species of bacteria that infect plant cells. Plant cell Crig i’ feteria
biologists have developed techniques that enable a complete
transgenic plant to be grown from the cells containing recom:-
binant DNA. The goals of genetic engineering in plants include
the production of plants that manufacture natural insecticides
and the production of plants that contain genes that enable
them to produce their own nitrogen nutrients, thus eliminating
the need for fertilizers. Australian researchers have success-
fully transferred into alfalfa the gene for an enzyme that aids in
the synthesis of amino acids and thereby increases the protein
content of the plants. These engineered plants will be a new
source of protein-rich feed for Australian sheep.

Can genes from animals be made to work in plants? Steven
Howell and his associates at the University of California at San Figure 12-11 Transgenic bacteria
Diego provided the answer to that question in 1986. They iso-  @7€ used to make imporient
lated the gene for luciferase, the enzyme that makes fireflies (4)_“""'”:".1/\ SRS dlman gt

N = ) (feft). This transgenic tobacco plant

glow, and inserted it into tobacco cells. When whole plants onfains firefly genes (richt). When
were grown from the recombinant cells and the gene was acti- Coniatng TIVEwy Eeo 5"~ i

the firefly genes are activated, the
rale » ‘ 3 v B s 1 .
ated, the plants glowed in the dark plant glows!




Figure 12-12 This giant mouse,
shown next to a normal mouse, is
one of the first types of transgenic
mammals. The giant mouse
developed from a mouse egg that
was injected with recombinant
DNA containing the gene for rat
growth hormone.

Section Objectives

Describe some possibie applications
of analyzing and sequencing human
DNA.

& Discuss ethical issues involving new
genetic techniques.

GENETIC ENGINEERING IN ANIMALS Genetic engineer-
ing has successfully produced a variety of transgenic Insects,
roundworms, and vertebrates. In one experiment, a group of
researchers introduced the growth hormone gene from rain-
bow trout into carp and produced a bigger, faster-growing fish.
The genes of the AIDS virus have been introduced into mice to
help develop a strain of mice that can be used for research on
the AIDS disease. A number of research groups are now experi-
menting with transgenic farm animals in hopes of producing
meat and milk more quickly.

3 SECTION
]2 REVIEW =

. What are restriction enzymes? How are they used in
genetic engineering?

2. Define recombinant DNA, plasmid, and clone. How do
these terms apply to genetic engineering?

3. What is a transgenic plant? How does it differ from a
hybrid?

4. What are some of the advantages of genetically
engineered proteins such as human growth hormone?

12-3 The New Human Genetics

The rapid development of molecular biology has produced
a number of other developments. For the first time it has be-
come possible to think about curing genetic diseases. We have
also begun to wonder about the practicality of decoding the en-
tire human genome, which is all of the genes possessed by
humans. And we have started to apply molecular biology to
personal identification and the diagnosis of disease.

Analyzing Human DNA

As we saw in Chapter 11, researchers have already devel-
oped tests for genetic disorders, which compare human DNA to
DNA sequences known to produce the disorders—Huntington
disease and sickle cell anemia, for example. In the near future,
DNA obtained from prenatal sampling may be tested for the
presence of a great many other disorders, enabling physicians
to treat some disorders before birth and to be prepared to treat
others shortly after birth.

Researchers have also begun to look for genes that might
predispose individuals to other medical problems, such as



heart disease, diabetes, and cancer. If tests that identify indi-
viduals at risk can be developed, early medical attention would
be able to prolong many lives.

DNA Fingerprinting

The great complexity of the human genome ensures that no
individual is exactly like any other. In the last three years, med-
ical researchers have used this biological fact to add a powerful
new tool to criminal investigations. The tool is known as DNA
fingerprinting. DNA fingerprinting takes advantage of the fact
that large portions of the human genome are made up of re-
peated sequences of varying lengths that do not code for pro-
teins. It has turned out that individuals may have completely
different numbers of these repeated units between actual work-
ing genes. You may have 15 repeats between two genes; the
person sitting next to you in class might have 6 repeats be-
tween the same two genes; and someone else may have 33.

Here's how DNA fingerprinting works: A small sample of
human DNA is cut with a resiriction enzyme. The resulting
fragments are separated by size through the process of electro-
phoresis. Fragments that contain the repeats are then labeled

Figure 12-13 DNA fingerprinting
can be used to match up a suspect
with blood, sperm, or other bits of
DNA-containing matertal left at the
scene of a crime.
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with DNA “probe,” which binds to the DNA sequence of the re-
peats. This produces a series of bands that by their position
show the lengths of the fragments containing the repeats. If
enough combinations af restriction enzymes and DNA probes
are used, a pattern of bands is produced that can be distin-
guished from the pattern of any other individual in the world.

DNA samples can be obtained from blood, sperm, and even
hair strands with small pieces of tissue at the base. It is clear
that DNA fingerprinting will be useful in solving crimes. Several
rape suspects have already been convicted in the United States
and Great Britain because DNA fingerprinting showed that
their DNA patterns matched blood or sperm samples recov-
ered from their victims. And in at least one case, a wrongly ac-
cused person has been set free,

Sequencing the Human Genome

Because molecular techniques can help us read the DNA
sequence, several prominent scientists have suggested that a
large project to sequence the entire human genome should be
undertaken. This would be no small task. Working with today’s
technology, a very productive scientist might be able to se-
quence about 1000 bases in a week—50,000 bases in a year (al-
lowing for two weeks’ vacation)! At that rate, it would take a
single scientist more than 100,000 years to sequence the com-
plete genome. However, many scientists are optimistic that au-
tomated sequencing methods can be developed so the process
could be speeded up dramatically.

A crash program to sequence the human genome would be
a vast project. The amount of information gathered would be so
enormous that only complex computer systems would be able
to manipulate all the data. Nonetheless, there is little doubt
that sooner or later, crash program or not, the complete DNA
sequence of the human genome will be determined. When that
day comes, we will be closer than ever to achieving the poet
Alexander Pope's directive: “Know then thyself ... the glory,
jest, and riddle of the world.”

Genetic Engineering of Humans

Because humans are animals, t0o, there is no technical bar-
rier to the insertion of foreign genes into human cells. Many
transgenic mammals have been produced by injecting DNA
into fertilized ova (eggs) and then transplanting the ova back
into a female reproductive tract. This strategy could work with
humans as well.

A review of a few of the genetic diseases found in our own
species indicates that there is plenty of room for genetic engi-
neering of human cells. Cystic fibrosis, Tay-Sachs disease, and
a host of other genetic disorders might be treated by replacing
defective genes. The genes for a polypeptide in human hemo-



globin have already been inserted into bone marrow cells of

mice, suggesting that it might be possible to treat human dis-
eases like sickle cell anemia in the same way.

Ethical Issues

Despite these possibilities, there are problems, risks, and
doubts that have persuaded many scientists that the time is not
yet right to carry out these procedures on human beings. Of
course it would be marvelous to be able to cure hemophilia or
other genetic diseases. But could we be sure that experimenta-
tion on humans would involve only diseases? If human cells
can be manipulated in this way, should we try to engineer taller
people or change their eye color, hair texture, sex, blood type,
ear shape? What will happen to the human species and to our
conception of ourselves if we gain the opportunity to design
our bodies? What will be the consequences if we develop the
ability to "clone™ ourselves by making identical genetic copies
of our own cells? These are questions that science will rapidly
force us to come to grips with.

If we acquire the ability to alter ourselves, we shall also ac-
quire awesome responsibilities. How shall we decide which
genes should be transplanted, altered, or redesigned? Who
shall determine whether experiments with genetic engineering
should be done? Scientists? A government agency? The local
community?

As we said in Chapter 1, the purpose of science is to gain a
better understanding of the nature of life. The more we under-
stand life, the more we shall be able to manipulate it. As our
power over nature increases, our society shall have to learn to
use wisely the tools that science has given us. And we shall
have to develop a thoughtiul and ethical consensus of what
should and should not be done with the human genome. Scien-
tists alone should not be expected to assume all of the respon-
sibility for these decisions. Society in its entirety should have
to deal with these questions. To do anything less would be to
lose control of our most precious gifts: our intellect and our
humanity.

‘z 3 SECTION
~¥ REVIEW
. What are some potential benefits of genetic analysis?

What is DNA fingerprinting? How does it work?

What are some of the principal ethical issues involved in
human genetic engineering?

If human bone marrow cells were removed, altered
genetically, and reilmplanted, would the change be
passed on to a patient’s children?
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Figure 12-14 Gene therapy may
someday make it possible to
“correct” cells that contain
defective genes and thus cure
genetic diseases,



‘g R¥ SIMULATING DNA FINGERPRINTS

STIGATION

PROBLEM

How can DNA be used for the identification of criminals?

MATERIALS (per student)

scissors graph paper

PROCEDURE

1. The accompanying table describes the pattern
of genes and repeats of a particular segment of
DNA for five individuals. This information will
be used to construct models of the DNA seg-
ment for each of the five individuals.

Individual DNA Sequence
1 G1 G2 10R G2 4R G4 G5 7R G6 6R G7
2 VGTG? 1863'i5RGJGS 3R G6 2R G7
3 .616211363 8R G4 G5 SR G6 3R G7
4 G G2 6R G2 2R G4 G5

SR G6 TR G7
5 G? G2 4R G2 B5R G4 G5 12R G6 4R G7

Key: G=gene R =repeals

2. Cut a lengthwise strip of graph paper two
boxes wide. Starting at the top, label the first
box G/ and the second box G2.

3. For each repeat, label a box R. For example,
for individual 1, the ten boxes following G2
would be labeled R.

4, Continue labeling the boxes through to G7,
remembering to put the proper number of RS
(repeats) in the correct locations. Write the
number of the individual on the back of the
strip.

5. Fold a clean sheet of graph paper into sixths
lengthwise. Unfold the paper and number the
boxes up the left-hand edge, starting at the
botton:, from 1 through 25. This sheet will be
used to record the DNA fingerprints of indi-
viduals 1 through 5 and of an unknown crimi-
nal. Label the first of the six columns 7 for
individual 1; the second, 2 for individual 2;
and so on. Label the sixth column CRIMINAL.

6. Select one of the five individuals to be a crim-
inal. Note: Do not tell your classmates which in-
dividual you have selected. Make a duplicate
strip of DNA for that individual following the
procedure outlined in steps 3 through 5.

7. Cut the strip representing the criminal’s DNA
between genes 4 and 5. This represents the
cutting of DNA by restriction enzymes.

8. Arrange the two pieces of the DNA strip in
order of size, with the largest first. This rep-
resents the separation of DNA pieces through
electrophoresis,

9. Count the number of boxes in the longest
piece of DNA. Color in a box in the column of
your data table marked CRIMINAL directly
across from this number. Repeat this proce-
dure using the shorter fragment. You should
have two marks in the column. These repre-
sent the marks that DNA tagged with a radio-
active probe would leave on a photographic
plate—a DNA fingerprint.

10. Exchange the DNA fingerprint of your crimi-
nal with one of your classmates.

11. Prepare DNA fingerprints for individuals 1
through 5.

OBSERVATIONS

1. Did any of the five individuals have the same
DNA fingerprints?
2. Which individual was the criminal?

ANALYSIS AND CONCLUSIONS

1. If the possible number of repeats between two
genes varies between 1 and 20, what is the
probability of having exactly 3 repeats?

2. Why is it unlikely that two individuals would
have the same DNA fingerprint?

3. If blood or hair samples are recovered at the
scene of a crime, how could they be used to
make a positive identification of a criminal?




SUMMARIZING THE CONCEPTS

The key concepts in each section of this chapler are listed below to help you
review the chapter conteni. Make sure you understand each concept and its
relationship to other concepis and to the theme of this chapter.

12-1 Modifying the Living World

* By using carefully selected individuals as
parents for the next generation, people can
improve and change domesticated plants
and animals.

* Inbreeding involves crosses between similar
individuals.

* Hybridization involves cressing dissimilar
individuals.

» Random mutations, which can be caused ar-
tificially, can produce useful variations in
organisms.

12-2 Genetic Engineering:
Technology and Heredity

* Genetic engineering changes DNA through
direct manipulation,

¢ Restriction enzymes are used to cut DNA,
The cut DNA can be combined with other

REVIEWING KEY TERMS

DNA molecules and inserted into organisms
in various ways.

* There are techniques for reading the se-
quence of bases in DNA.

* Genetic engineering uses DNA 1o transform
cells and organisms.

12-3 The New Human Genetics

* Human DNA can be analyzed tc detect ge-
netic diseases.

* DNA fingerprinting can be used to solve
crimes and identify people.

* The technology exists to determine the se-
quence of the entire human genome.

* There are many ethical considerations that
must be taken into account before new ge-
netic techniques are applied to humans.

Vocabulary terms are important to your understanding of biology. The Rey terms
listed below are those you should be especially familiar with. Review these terms
and their meanings. Then use each term in a compleie sentence. If you are not

sure of a term's meaning, return to the appropriate section and review its definition.

12-1 Modifying the

12-2 Genetic Engineering:

12-3 The New Human Genetics

Living World Technology and genome
selective breeding Heredity DNA fingerprinting
inbreeding genetic engineering
hybridization restriction enzyme
mutagen plasmid
recombinant DNA
clone
transgenic
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CONTENT REVIEW

Muitipie Choice
Choose the letter of the answer that best completes each statement.
I. Crossing individuals that have similar 6. What is the name of the process of
characteristics and are often closely related engineering changes directly into an
is called organism’s DNA?
a. hybridization. C. mutagenesis. a. mutagenesis c. selective breeding
b. inbreeding. d. genetic engineering. b. hybridizing d. genetic engineering
2. A piece of DNA that is produced by 7. Which technique takes advantage of
combining DNA [ragments from different repeated DNA sequences that do not code
sources is called for protein?
a. hybrid DNA. c. plasmid DNA. a. DNA fingerprinting
b. cloned DNA, d. recombinant DNA. b. DNA sequencing
3. A large number of cells grown from a single ¢. genetic engineering
cell is called a d. cloning
a. clone. ¢. chimera. 8. The process that uses electricity 1o
b. hybrid. d. plasmid. separate DNA fragments according to their
4. A cross between dissimilar individuals is length is
a. cloning. ¢. hybridization. a. electrophoresis.
b. mutagenesis. d. genetic engineering. b. DNA sequencing.
5. Organisms that contain foreign genes are ¢. genetic engineering.
a, mutagenized, ¢. hybridized. d. mutagenesis.
b. transgenic. d. inbred.

True or False

Determine whether each statement is true or false. If it is true, write “true.” If it
is false, change the underiined word or words to make the stalement true.

1. Ofispring resulting from a cross between 5. Transgenic organisms contain foreign
similar individuals olten show hybrid vigor. genes.

2. A plasmid is a cell or organism whose DNA 6. A chimera is a large number of cells grown
comes from different species. from a single cell.

3. Crossing similar individuals is called 7. A circular piece of bacterial DNA is called a
selective breeding. clone.

4. Increasing the mutation rate is called 8. DNA fingerprinting produces a pattern of
genetic engineering. bands that is unique for each person.

Word Relationships

In each of the following sets of terms, three of the terms are related. One term
does not belong. Determine the characteristic common to three of the terms and
thea identify the term that does not belong.

1. hybridization, genetic engineering, selective breeding, inbreeding
2. restriction enzymes, recombinant DNA, DNA cloning, mutagenesis
3. clone, chimera, transgenic, recombinant DNA




CONCEPT MASTERY

Use your understanding of the concepis developed in the chapter to answer each

of the following in a brief paragraph.

1. Explain why inbreeding and hybridization
are sometimes considered to be forms of
selective breeding.

2. Describe the processes involved in creating
bacteria that produce human proteins.

3. How is mutagenesis useiul 10 humans?

4. The nuclei from certain cells in an adult

frog can be placed into frog eggs from
which the nuclei have been removed, This
produces genetically identical frog
embrygs. Explain why these embryos are
consi d to be a clone.

CRITICAL AND CREATIVE THINKING

Discuss each of the following in a brief paragraph.

1. Applying concepts Suppoze a plant
breeder has thornless rose bushes that

have pink flowers, thorny rose bushes
that have sweet-smelling yellow flowers,
and thorny rose bushes that have purple
flowers, How might the plant breeder
develop a purebred variety of thornless
sweet-smelling purple roses?

2. Problem solving The following
fragments are obtained when a gene that
consists of 10 codons is cut by restriction
enzymes. What is the sequence of bases
in the gene? (Hint: Look for overlapping
sequences on the fragments.)

. Making comparisons Compare the

advantages and disadvantages of breeding
techniques and genetic engineering.

. Applying technology Describe the

processes involved in isolating, cloning,
and sequencing a gene.

. Expressing an opinion Should genetic

engineering ever be done on humans? If
so0, under what circumstances? Explain
your answer.

. Using the writing process [ you could

create the “ideal organism’™ by combining
the traits of two organisms, what two
organisms would you select and why?
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UNIT "~ CAREERS IN BIOLOGY

Holographic Technician Holographic technicians work with laser beams to create
three-dimensional images called holograms. The technicians
operate the equipment, care for the mirrors and lenses, and de-
velop the resulting film.

Holograms are used today in a variety of fields. They are
particularly helpful in science and medicine, where computer-
generated images allow researchers and doctors to view the
structures of parts of living organisms,

A holographic technician must complete a high school edu-
cation and have some additional training at a technical or jun-
ior college.

For information on this career write to the Museum of Holography,

17 Mercer St., New York, NY 10013.

Plant Breeder Plant breeders use a knowledge of genetics and biology to de-
velop desirable traits in many kinds of plants. Traits that would
be considered desirable include the ability to resist disease, to
thrive in different soils and climates, and to produce large
numbers of offspring. Plant breeders work in experimental nur-
series, where they cross-breed various plants to observe and
record the characteristics of the offspring.

A position as a plant breeder requires at least a Bachelor's
degree in agronomy or horticulture.

For more information write to the American Soclely of Agronomy,

677 South Segoe Rd., Madison, Wi 53711

Molecular geneticists study patterns of heredity in various
forms of life. They are concerned with how biological traits
originate and are passed down from one generation to another.
Some molecular geneticists specialize in studying diseases that
are linked to genes and chromosomes.

To become a molecular geneticist, a person must earn a
Bachelor's degree in chemistry or biology and a Ph.D. in

genetics.
For more informatiaon write to the American Genetic Association,
818 18th St., NW, Washington, DC 20006,

When choosing a coflege, first consider what type of career or aca-
HOW TO  jamic program interests you. Also decide what geographical location
FIND THE and student-body size would make you most comfortable, Other
- things to consider are financial constraints, avaiability of housing, and

RIGHT COLLEGE ease with which you can travei back and forth to school. Once you
e — have a fist of potential cofleges, compare the courses they offer, their
Jjob placement records, and their extracurmciNar achvities.
in additon to taking with counselors, you might want to read
some college guides to leam about specific institutions. Two popultar
examples are Peterson's Guide to Four-Year Colleges and Barron's
Profies of American Colleges.
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“You can choose your friends but not your relatives.”

The first time that phrase made sense to me was when my baby cousin ruined a perfectly
good trip (o a restaurant by deciding that his meal would look better on the floor. Over the
years my cousin turned out just fine, of course, and he even developed table manners. But
for a few minutes | would rather have been related to a family of worms.

We don’t choose our relatives, and we can’t choose our genes. Each one of us has a bio-
logical inheritance that includes our blood type, our eye color, our appearance, and even our
height. It's easy to feel trapped by that inheritance, limited by the biological traits that seem
s0 important and so far beyond our abilities to change them. But don’t make the mistake of
being overwhelmed by your own genetics, especially in your studies. None of us reaches
more than a fraction of the intellectual potential that we inherit. The limits on what we
achieve in life stem less from our genes than from ourselves.

The biological capacities that we all inherit, regardless of our individual differences, are
more than enough to give each of us the tools to achieve great things in whatever we set out
to do. When you think about the men and women who have pioneered scientific research,
dreamed up inventions, written great literature or music, what do you see? Great genes or
great efforts? The answer, without a doubt, is the latter. What we inherit is the beginning of

what we can be. It is not the end of il. }Mz/\



