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PREFACE

The Changing Face of Biology—And Life

To say that the field of biology is changing rapidly is certainly an un-
derstatement. Only 50 years ago, James Watson and Francis Crick
deciphered the three-dimensional structure of DNA. Now, with just
a small DNA sample, biologists can decipher entire genomes—from
the simplest bacterium whose genes hold clues to what it is to be
alive, to species that seemingly straddle evolutionary leaps, to the
most complex plant or animal. On a more practical level, DNA tech-
nology and the new life science of genomics have confirmed certain
historical references, unraveled the tangled ancestries of wine
grapes, and even helped prove the innocence of death row inmates.

Biologists continue to use the molecules of life to reveal new
glimpses of the evolutionary relationships that bind all organ-
isms, even species that once thrived in a long-ago, vastly different
world. As a result, the way in which biologists classify life is fun-
damentally different from what it was just a generation ago.
Everywhere we look, it’s easy to find evidence that these are excit-
ing times for biologists. To reflect these profound shifts in the
field, Life also has changed.

New Author Team

The fourth edition of Life brings together four outstanding biolo-
gists. Our team begins with Ricki Lewis. She is well known for her
ability to weave together solid biology content with interesting sto-
ries, real-life case studies, and applications to student life. With ex-
pertise in genetics and science communication, she has published
countless articles in magazines, journals, newspapers, and encyclo-
pedias. Her role as contributing editor to The Scientist gives her a
heads up on much ongoing research, which finds its way into the
pages of Life. She is also the author of a human genetics textbook
and a collection of essays on discovery in the life sciences, and
coauthor of human anatomy and physiology textbooks. Ricki has
taught a variety of courses at the University at Albany, Empire State
College, and Miami University and is a genetic counselor.

Joining forces with Ricki Lewis for the fourth edition of Life are
three new coauthors, and we are proud to introduce ourselves: Dou-
glas Gaffin and Mariélle Hoefnagels of the University of Oklahoma,
and Bruce Parker of Utah Valley State College. We are all active in-
structors who use multimedia approaches to teach undergraduate
biology to hundreds of majors and nonmajors each semester.

Devotion to, and passion about, teaching unite our team. We
thoroughly enjoy telling those interesting stories that are so easy to
find at all levels of biology, from molecules to ecology—the stories
that, when told correctly, mesmerize even the most reluctant stu-
dents, causing them to perk up and think “Wow, I never knew that!
So that’s why . .. I” We all love to watch students get excited about
learning a subject they once viewed as too hard or too intimidating.
Our enthusiasm for teaching and respect for students have earned
us all recognition on our campuses as outstanding teachers.

Our areas of scientific expertise—animal physiology, plant-
microorganism interactions, and molecular biology and

biochemistry—provide an excellent complement to Ricki’s exten-
sive knowledge of genetics. As a result, the fourth edition of Life
has comprehensive, up-to-date content in all subject areas. But we
were careful not to sacrifice Ricki’s wonderful way with words.

Life has always had a unique style, reflecting a mix of scien-
tific expertise and journalistic experience. The writing style is nei-
ther an authoritative voice talking down to the reader, nor an
attempt to water down complicated science—nor a hodgepodge
of the two. Life’s voice is uniquely clear and exciting. The result is
a textbook with substantial content that is accessible to students
by mixing in interesting stories and practical applications that
make biology relevant to student life.

Our complementary areas of interest and dedication to shar-
ing the wonder of biology with students led the four of us to a
united vision for Life. We wanted to produce the excellent text-
book we were waiting for ourselves—one that is readable, accu-
rate, up-to-date, interesting, and presented in an attractive
format that appeals to students. We believe the fourth edition of
Life meets our goals. Consider the other changes to this edition.

New Content

To keep up with the shifts reverberating throughout biology, and to
bring the book more in line with the order in which many instruc-
tors teach biology, we overhauled Life’s Table of Contents. The first
five units have been reorganized and rolled into three (Cell Biology,
Genetics and Biotechnology, and Evolution). These new units em-
phasize the concepts that are common to all life. In the next three
units, the book introduces the diversity of life and explores the
structures and processes unique to plant and animal life. The final
unit considers ecology, concluding with a chapter that addresses
environmental challenges today’s students may well have to solve.

Life’s revamped Table of Contents also introduces several new
and reorganized chapters. New chapter 16 is devoted to speciation
and extinction, with many fascinating examples of evolution in ac-
tion. Another new chapter, on viruses and other infectious agents
(chapter 19) explores the significance of viruses as emerging
pathogens, as useful tools in biotechnology, and also as windows on
evolutionary change. To expand coverage of plant life, we added a
chapter on transport systems in plants (chapter 27). We moved cov-
erage of animal reproduction and development (chapter 40) to
close the unit on animal organ systems, in response to many re-
quests. In addition, animal diversity is now covered in two chapters
(24 and 25). Finally, numbered sections throughout reveal at a
glance the major themes of each chapter.

Perhaps the greatest change and challenge in Life is also the
greatest change in the science of life—how to categorize organisms.
We completely rewrote Unit 4, The Diversity of Life, to reflect new
classification schemes that combine traditional and molecular ap-
proaches to taxonomy. Yet we were careful to explain along the way
that the molecular data currently providing such a wealth of new in-
formation have also thrown the classification of life into upheaval—
and acknowledge that the classification schemes we present in this



book are provisional. It is important for students to realize that bio-
logical facts and concepts are not written in stone. Although we
know that the next edition may see even more changes in this unit,
we would rather present the current state of taxonomic thought
than perpetuate out-of-date classification schemes.

In revising Unit 4, we evaluated and reevaluated the tradi-
tional order in which textbooks typically present life’s diversity—
prokaryotic organisms (bacteria and archaea), followed by
protista, fungi, plants, and animals. However, much new scientific
evidence suggests that fungi are actually more closely related to
animals than to plants. In response to the current state of the sci-
ence, we placed the chapter on fungi (chapter 23) after plants and
before animals, better reflecting how evolution probably unfolded.
It is a seemingly minor change, but an important one because it
reflects a philosophical shift in how biologists classify life.

New Art and Photo Program

As we examined every word of text in the book, we also scruti-
nized every piece of art with a critical look at how it works with
the text. We added many figures to support the new textual mate-
rial, and modified many others—then professional biological il-
lustrators rendered each piece anew. The new art is not only
visually spectacular, but also pedagogically sound, and it gives
Life a consistent look from cover to cover. Repeating themes pro-
vide continuity, from biochemical reactions to life cycles to feed-
back loops in animal physiology to evolutionary tree diagrams.
Use of color, arrows, and symbols is standardized throughout the
text, easing learning. So, for example, DNA, membranes, and
other cell structures have a consistent look and color throughout.
We have also selected unusual and interesting photos to show stu-
dents glimpses of the natural world that they may never have seen
before. The new art and photos are combined in page layouts that
are attractive and interesting—and above all, help students learn.

Highlights on Health, Biotechnology,
and Scientific Inquiry

We believe that understanding science and scientific thought is
one of the most important things that students should gain from
their college experience. Life has always emphasized the practical
side of biology, and the fourth edition continues that tradition.
Each chapter begins with a compelling essay describing a real-life
scientific issue, ranging from the worldwide decline of amphibian
populations to the evolutionary impact of the varied shapes of
male genitalia (in beetles). The content in each chapter supports
and expands upon the ideas presented in the opening essays.
Each chapter features one or more boxes highlighting the rel-
evance of the content to health, biotechnology, or scientific in-
quiry. “Health” boxes provide a human touch. Health 19.1, for
example, explores how birds brought influenza and West Nile
virus infection to human populations. “Biotechnology” boxes
showcase how science segues into practical applications, with
looks at such diverse tools as PCR, gene therapy, in vitro evo-
lution, artificial photosynthesis, and molecular taxonomy. A
new technique explored in Biotechnology 27.1, for example, is
rhizosecretion, a method to coax plants growing in hydro-
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ponic culture to secrete useful proteins—some encoded by
genes from other species—through their roots. “Investigating
Life” features help remove some of the mystique of science,
leading the reader through the ways that scientists think when
carrying out real investigations and experiments. Investigating
Life 14.1, for example, presents compelling evidence of evolu-
tion among animals inhabiting a polluted river, taking the
reader through the critical experiments and the logic that in-
spired them step by step. Along different lines, Investigating
Life 28.1 invites students to predict the structures of mutant
flowers, given a few simple rules governing the interaction be-
tween three flower development genes.

New Innovative and Integrative Media Support

The fourth edition of Life includes an innovative, comprehensive
support package. As we wrote Life, we talked a lot about which sup-
plements we would use as instructors. At the top of our list were
computer files of textbook art, presented in a format that we could
really USE in our multimedia lectures. Most textbooks offer bit-
mapped files of text art, but small text size and image contrast that is
not optimized for large lecture halls often limit the utility of these
computer files in the classroom. As instructors, we wanted more
flexibility—files we could manipulate ourselves so we could tell our
own stories in our own way. As a result, Life now offers PowerPoint-
compatible, vectorized art files that the instructor can manipulate as
he or she sees fit. Life is among the first textbooks to offer this feature.
The vectorized art is just one component of an innovative and
integrated new program of media support for faculty and stu-
dents. Instructor presentations will come alive with CD-ROMs
that include not only the vectorized art, but also Life’s photos and
animations. The online Essential Study Partner, which links to
Life’s Online Learning Center, enhances learning, and the new Bio-
Course.com site rounds out Life’s integrated ancillaries.

A Word of Thanks

No single person, no matter how educated, “knows” all of biol-
ogy. Even an author team whose collective expertise covers most
of the field must rely on an almost unimaginable amount of feed-
back. We greatly appreciate the help of the many reviewers, con-
sultants, and focus group members—committed teachers who
went the extra mile to help make this book what it is. We could
not have done it without them. We are indebted to Randy Moore
and Fred Spiegel for their contributions to the plant life unit. And
we are grateful to the students in Dr. Gaffin’s Spring 2000 Zool-
ogy Capstone Course for their valuable insights as they critiqued
portions of the manuscript.

We thank the team at McGraw-Hill who guided us in this
new view of Life—Michael Lange, Publisher; Patrick Reidy, Spon-
soring Editor; Margaret Horn and Suzanne Guinn, Developmen-
tal Editors; and Joyce Berendes, Project Manager. We also thank
the talented artists and media wizards at Precision Graphics who
so beautifully translated our vision. Finally, we hope that both
faculty and students will enjoy using our text as much as we loved
creating it.We encourage readers to contact us with questions,
comments, and suggestions. For at the pace at which biology is
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progressing, the next edition is just around
the corner!

We offer special thanks to the reviewers
who spent hours poring over chapter drafts
in meticulous detail, spotting errors and in-
consistencies, confirming what works and
gently critiquing what doesn’t, and pointing
out sections that we could clarify.

|. Edward Alcamo, State University of New York—Farmingdale
Sylvester Allred, Northern Arizona University

Harvey ]. Babich, Stern College of Women

Joseph Bastian, University of Oklahoma

Bob Bennett, Arkansas State University

Ari Berkowitz, University of Oklahoma

Linda Brandt, Henry Ford Community College

Jennifer Carr Burtwistle, Northeast Community College
lain M. Campbell, University of Pittsburgh—Pittsburgh Campus
Tom Campbell, Los Angeles Pierce College

Jeffrey Carmichael, University of North Dakota
Margaret Carroll, Framingham State College

Ajoy Chakrabarti, South Carolina State University
William Chrouser, Warner Southern College

Robert Cordero, Holy Family College

Frank E. Cox, Santa Barbara City College

Penni Croot, State University of New York—~Morrisville
Charles Denny, University of South Carolina—Sumter
Nicholas Despo, Thiel College

Randy DiDomenico, University of Colorado

Thomas Emmel, University of Florida

Lynn Fancher, College of DuPage

Deborah Fahey, Wheaton College

James Fitch, Jones County Junior College

Donald P. French, Oklahoma State University

Michael Gleason, Central Washington University
Elmer Godeny, Louisiana State University

Glenn Gorelick, Citrus College

Frederick Gottlieb, University of Pittsburgh

Lawrence Gray, Utah Valley State College

Patricia Grove, College of Mount St.Vincent

Richard Harrington, Rivier College

Janet Haynes, Long Island University

Julia Hilliard, Georgia State University

Jane Johnson, University of Wisconsin Stevens Point
Florence Juillerat, Indiana University—Purdue University
Judith Kandel, California State University—Fullerton
Rebecca Kapley, Cuyahoga Community College
Suzanne Kempke, Armstrong Atlantic State University
Kerry Kilburn, Old Dominion University

Rosemary Knapp, University of Oklahoma

Timothy F. Kowalik, University of Massachusetts
Medical School

Charles Kugler, Radford University
Roger Lane, Kent State University
Sandra Latourelle, SUNY—Plattsburgh

Jacqueline Lee, Nassau Community College

Daniel Lim, University of South Florida

Yue Lin, St. John’s University

John Logue, University of South Carolina

Cyrus McQueen, Johnson State College

Michael Meighan, University of California—Berkeley
Thomas Milton, Richard Bland College

Jonathan Morris, Middlesex Community Technical College
Edward Nelson, Southeastern Louisiana University
Janine Nelson, Tulsa Community College—Northeast Campus
Mary Theresa Ortiz, Kingsborough Community College
Philip Ortiz, Skidmore College

Rhoda Perozzi, Virginia Commonwealth University
Maria Menna Perper, St. Francis College

Lansing Prescott, Augustana College (emeritus)
Darrell Ray, University of Tennessee at Martin
Timothy Ruhnke, West Virginia State College

Stacia Schneider, Marquette University

Elisabeth Schussler, Louisiana State University
O.Tacheeni Scott, California State University—Northridge
Erik Scully, Towson University

Prem P.Sehgal, East Carolina University

Michael W. Shaw, Centers for Disease Control and Prevention
John Shiber, Prestonburg Community College

Jerry Skinner, Keystone College

Fred Spiegel, University of Arkansas

Carol St.Angelo, Hofstra College

Gilbert D. Starks, Central Michigan University

Anthea Stavrovlakis, Kingsborough Community College
Gregory Stewart, State University of West Georgia
Martha Sugermeyer, Tidewater Community College
Janice Swab, Meredith College

Kevin Swier, Chicago State University

Jamey Thompson, Maysville Community College

Bruce Voyles, Grinnell College

Charlene Waggoner, Bowling Green State University
Susan Weinstein, Marshall University

Brian Wells, Northeast Texas Community College

Mary White, Southeastern Louisiana University

Peter Wilkin, Purdue University North Central
Courtenay N.Willis, Youngstown State University
Anthony Udeogalanya, Medgar Evers College

Calvin Young, Fullerton College

Art and Design Reviewers

Sylvester Allred, Northern Arizona University
Michael Meighan, University of California—Berkeley
Bruce Parker, Utah Valley State College

Prem P. Sehgal, East Carolina University

Calvin Young, Fullerton College

In November 1998, at the NABT
convention in Reno, NV, a talented
group of instructors helped us map
out a plan for the revision.

Sylvester Allred, Northern Arizona University

Randy DiDomenico, University of Colorado

Donald P. French, Oklahoma State University
Suzanne Kempke, Armstrong Atlantic State University
Manuel Molles, University of New Mexico

Barry Palevitz, University of Georgia

Bruce Parker, Utah Valley State College

Connie Russell, Oklahoma State University

D. Courtney Smith, Ohio State University

Fred Spiegel, University of Arkansas

Linda Tichenor, University of Arkansas

Charlene Waggoner, Bowling Green State University
Courtenay N.Willis, Youngstown State University
Calvin Young, Fullerton College

At a focus group in April 1999 in Chicago,
we had the opportunity to develop a
plan for an extensive new supplements
package due to some tremendous advice
from a talented and wise group of
experienced educators.

Lynn Fancher, College of DuPage

Merrill Gassman, University of lllinois at Chicago

Sandra Latourelle, SUNY—Plattsburgh

Darrel L. Murray, University of lllinois at Chicago

Bruce Parker, Utah Valley State College

Linda Tichenor, University of Arkansas

The following individuals contributed to
both the quality of our new supplements
and the wide range of outstanding new
options for students and faculty.

Jennifer Carr Burtwistle, Northeast Community College
Art Animations

Edward Cawley, Loras College
Course Integration Guide

Lynn Fancher, College of DuPage
Essential Study Partner

Donald P. French, Oklahoma State University
ArtAnimations

Douglas Gaffin, University of Oklahoma
Vectorized Art

Sandra Latourelle, SUNY—Plattsburgh
Student Study Guide

John Merrill, Michigan State University
Online Learning Center

Bruce Parker, Utah Valley State University
Instructor’s Manual and Test Item File

Nancy Pencoe, State University of West Georgia
Instructor PowerPoint Displays

Calvin Young, Fullerton College
Art Animations



Ricki Lewis has built a multifaceted career around communicat-
ing the excitement of life science, especially genetics and
biotechnology. She earned her Ph.D. in genetics in 1980 from
Indiana University, working with homeotic mutations in
Drosophila melanogaster. She is an adjunct professor at Miami
University and the University at Albany, and has also taught at
Empire State College and several community colleges. Ricki has
published more than 3,000 articles in publications such as The
Scientist, Genetic Engineering News, BioScience, and Discover. She
is a frequent invited speaker, and is a member of the National
Association of Biology Teachers, the National Society of Genetic
Counselors, and the National Association of Science Writers.

Douglas Gaffin holds a bachelor of science degree from the Uni-
versity of California at Berkeley, and he earned his Ph.D. in zool-
ogy from Oregon State University in Corvallis in 1994. His
research interests are in sensory neurobiology, where his special
focus is on the behavior and sensory physiology of sand scorpi-
ons. He has extensive biology teaching experience and has taught
students in courses ranging from junior high school to graduate
school levels. Doug is currently associate professor and director
of undergraduate studies for the Department of Zoology at the
University of Oklahoma, and he has the privilege of teaching in-
troductory zoology to thousands of undergraduates each year.
His innovative teaching style and ability to inspire students have
been recognized with awards both regionally and nationally.
Among other organizations, he is a member of the Society for
Neuroscience, the International Society for Neuroethology, the
American Arachnological Society, and the National Association

Mariélle Hoefnagels was raised near San Francisco, and received
her B.S. in environmental science (1987) from the University of
California at Riverside. After working in a soil analysis lab in Ore-
gon for two years, she earned her master’s degree in soil science
from North Carolina State University (1991). Her research, on in-
teractions between beneficial fungi and salt marsh plants, led her
to return to Oregon to complete her Ph.D. in plant pathology
(Oregon State University, 1997). Mariélle’s dissertation work fo-
cused on the use of bacterial biological control agents to reduce the
spread of fungal pathogens on seeds. She is now assistant professor
at the University of Oklahoma, where she teaches nonmajors
courses in biology and microbiology, and a course on fungi for
advanced botany and microbiology majors. Her current research
is on the interactions between plants and beneficial microorgan-
isms in prairie soils, and she particularly enjoys involving under-

Ricki is also a genetic counselor for a large private medical prac-
tice, where she helps people make decisions concerning new
technologies stemming from genetic research. She lives in up-
state New York with chemist husband Larry, three daughters,
four cats, two guinea pigs, and a rat, tortoise, and hedgehog.

rickilewis@nasw.org

of Biology Teachers. In his spare time he enjoys traveling, riding
his bike, playing volleyball, and picking the banjo. One of his fa-
vorite activities is going to the desert each summer to observe and
conduct field research on sand scorpions in their native habitat.

ddgaffin@ou.edu

graduates in her research during the summer. She is a member of
the National Association of Biology Teachers, and the American
Phytopathological Society. Her hobbies include reading, travel-
ing, photography, and playing volleyball. hoefnagels@ou.edu
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Bruce Parker received his Ph.D. in molecular biology/
biochemistry from Utah State University in 1988. His areas of ex-
pertise include virology, molecular cell biology and biochemistry,
and he spent two years in London working on research into
viruses that cause cancer, followed by another two years on the
same project at St. Jude Children’s Research Hospital in Mem-
phis. He has taught general biology for nonmajors and majors at
Utah Valley State College since 1992 and has been nominated for
Faculty of the Year for six of those years. Bruce currently serves as
department chairperson at Utah Valley State College and is in-
cluded in Who’s Who Among America’s Teachers for 1998. His

ILLUSTRATION TEAM

Precision Graphics of Champaign, Illinois, is a specialized com-
position house. Their own staff of illustrators developed the art
program for the fourth edition of Life. Each person on the team
brought her own skills and strengths to the subject matter.
Connie Balek, the lead developer at Precision Graphics, not only
has a degree in biology, but she also holds a master of fine arts
degree in medical and biological illustration from the University
of Michigan. Joanne Bales has been a medical illustrator at Pre-
cision Graphics since 1992 and utilizes her extensive health-care
and nursing background in developing illustrations. And Jan
Troutt, the natural science art director, brings many years of un-

hobbies include computer programming and amateur radio,
when he is not fishing somewhere. parkerbr@uvsc.edu

paralleled experience in rendering art for many of today’s lead-
ing biology titles. This team collaborated on each piece of art to
build an accurate and solid program that will help students learn
about life.



THE LEARNING SYSTEM

These pages are a brief guide to tools
that Life uses to facilitate students’
study of biology.

CHAPTER 5§

"""" The Energy
of Life

What s Energy!

* Where Doss Energy Come From!
« Energy I Pocenist or Kinetic

How Do the Laws of
Tharmodynamics Describa
Energy Transter!

« What s the Firs Law of
Thermodymamics!

+ Wit s the Second Law of
Thermodymamica!

Requiring Energy
to Get Energy

Swallowing and digesung  meal aimose 35 big 35 one-
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Chapter OpeningVignettes

Each chapter begins with a compelling
vignette describing a real-life scientific
issue related to the chapter topic.

New Art Program

The accurate and artistically compelling illus-
trations greatly enhance the student’s under-
standing of difficult processes and concepts.

FIGURE 4.1
Cellular Architecture.

A white blood cell’s inner skeleton and surface features
enable it to move in the body and to recognize “foreign”
cell surfaces—such as those of transplanted tissue. This T
lymphocyte rejects foreign tissue.

FIGURE 3.12
The Nucleus.
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FIGURE 32.10
TheVisual Pathway.
(A) Photons pass through the outer layers of the eye and hit the
rods and cones, which transmit information to bipolar cells, which
pass the message to the action potential-generating ganglion cells
that form the optic nerve. (B) Rhodopsin consists of retinal linked
to one helix of an opsin. Light energy alters the conformation of
the retinal, which may ultimately alter the pattern of

action potentials in the optic nerve.

Light energy

Light energy

Ganglion Bipolar Horizontal
cells cells cell
Amacrine
cell

Cone cell

Rod cell

Conformation change
Signal transduction

Changes in membrane
ion permeability

Altered pattern of action
potentials in optic nerve

Nuclear
envelope

Nuclear
pore

Nucleolus

Nuclear
membrane

Inside
nucleus

(A) The largest structure within a eukaryotic cell, the nucleus is surrounded by two membrane layers which make up the nuclear envelope (B). Pores through
the envelope allow specific molecules to move in and out of the nucleus. The darkly staining nucleolus (C) is the site of ribosome manufacture and assembly.

C Nucleus




Addiction!

Drug abuse and addicdon are ancien as well
2 contemporary problems. A 3,500-year-old
Egyptian document decries thar soclety’s re-
llance on apium. In the 16003, a smokable
form of apium enslaved many Chinese, and
the Japanese and Europeans discovered the
addictive natre of nicotine (see the opaner
o chapter 4). During the American Civil War,
morphine was a widely used painkiler
cocaine was introduced a short time ater to
relieve veterans addicted to morphine. Todsy.
we continue to abuse drugs Intended for
medical use. LSD was originally used in
psychotherapy but was abused n the 1960 as
a hallucinogen. PCP was an anesthetic before
being used n the 1980s. Why do peaple be-
come addicted o certain drugs? Answers lie
in the complex Interactions of neurons, drugs,
and individual behaviors.

The Role of Receptors
Eating hot fudge sundaes i highly enjoyable,
but we usually don' feel driven to consume
chem repeacedly. Why do certain drugs com-
pela person to repeatedly use them in
steadlly increasing amounts—the definition of
addictlan? The biology of neurotransmission
heips to explain how we, and other animals,
become addicted to certain drugs.
Understanding how neurotransriccers fit
receptors can explain the actions of certain
drugs. When a drug alters che activiry of a

Health

neurotransmitter on a postsynaptic neuron, it

eicher halts or enhances syn;

mission. A drug that binds to 3 recepror,

blocking a neuratransmitcer
there, i called an antagonis

repeatedly by healthy individuals, opiate drugs
are addictive. When taken to relieve intense.

aptic trans-
‘opiates are usually rot addictive.

Boxed Readings
These readings highlight the relevance of chapter contents to health, biotechnology, and sci-

entific inquiry.

human body produces its own opi-

from binding bl
ates, called endorphins (for "endogenous

Adrug thatacti-

vates the receptor. triggerin]

i, or that helps a neurotrd
is called The effe
depends upon whether i i
an agonisc and on the parci
affected neurstransmitter n

Neural pathways that uf
‘mitter noradrenaline contrd
ing. and mood. Ampheai
noradrenaline aceivicy heigh
and mood, Amphetamines
flar 0 that of noradrenaline
noradrenaline receptors and
changes in the postsynaptic

Coaalne has a compled
tion, both blocking reuptake
and binding to molecules
dopamine to postsynaptic o
rapid and shert-fived "high'|
stay In the brain—its uptake
minutes, and within 20 min
Half s acivity

Opiates in the Human
Opiate drugs, such as morp|
codeine, and opium, are pof
rived from the poppy plant.
pain perception, making pai
ate.and they aiso elevate m

Blotechnology 39.1

Immunotherapy

The Immune syscem s remarkably effeccive at
keeping potentially Infectious bacterta,
viruses, and tumer cells from taking over our
bodies. Can we improve on naure! The idea
of immunotherapy—amplifying or redirecting
the immune response—was born late in the
18905, when New York surgeon Willam Co-
ley gave cancer pavents kiled bacterla. He.
had noticed that some cancer paients spon-
taneously recovered following a bacterial in-
fection. Sometimes it worked—apparently

eral nervous system, which transmits inf

or Simple Brains

Crid

nervous tissue centralized of concentrated in certain areas of the
bady, where large mimbers of nerve cells maintain highly intricate

T es the number ! pos
sible responses. Animals became increasingly cephalized, with uceu
‘mulation of nervous tissue into a brain and the development of
sensory structures to form a head, Thus. neryous tissue concentrates

in the end of the animal that takes in the most sensory information
from the environment. Other nervous tissue s part of the periph
wtion to the CNS from
receptors and from the CNS 1o effectors such as muscles and glands

Invertebrates Have Nerve Nets, Ladders,

The simplestnervous systems are found in the phylum
. which possess diffuse networks of neurons, called

the immune response againsc the bacteriaalio  FIGURE
killed the cancer cells. Monoclon:
Today, many immunotheraples are in cin.  Monocloral
lcal rials A few are already par of standard  preparavon
medical practice. trpe that red
gen They a
Boosting Humoral Immunity— and treat ds
Monoclonal Antibody Technology specfcty

‘When a single B cell recognizes a single
foreign antigen, it manufactures a single. or
monoclonal, type of antibody, A large amount
ofa single antlbody type would make a pow-
erful drug because of its great specificiy. It
could be used to targeca particular pathogen
or cancer.

In 1975, British researchars Cesar
Milstein and Georges Kehler devised mono-
clonal antbody (MAB) technology, which am-
plifies the specificity of a single 8 cell. First,

hybridoma, had a valuable pair of calents.

Xxiv

Like the B cell, it produced farge amounts of &
single antibody type. Like the cancer cell it di- 3
vided continuously. A hybridoma s a specific
anubody-making machine.

Today, MAbs are used in basic research,
veterinary and human health care, agriculaure,
forestry, food technology, and forensics, Re-

they Injsceed a mouse witha sheep's Fed A
blood cells (fig 39 B), They then lsolated 3

single B cell from the mouse’s spleen and

fused it with a cancerous white blood cell

from a mouse. The fused cell called a

Antigens Injected
into mouse

Experiments
Reveal the
Telomere Clock

Chromosome tps, or telomeres. have long
fascinated biologists. Since the 1930s, geneti-
cists have noticed that chromosomes missing
thelr tips behave strangely—they stick
together, forming clumps and bridges, and
may vanish alcogecher as a cell divides. With.
out something that would function much like
the plastic end of a shoelace. a chromosome
would lose maerialfrom its ends whenever
the DNA replicated. That something i a telo-
mere, a short piece of DNA, repeated many
times. that caps chromosomes. An enzyme.
telomerase, includes an RNA template that

Health readings discuss health issues of interest to the student.

~«———— Biotechnology boxes reveal at a glance how science segues into

Investigating Life 8.1

them because their DNA s circular) In 1989,
human telomeres were found to consist of
hearly the same DNA sequence found in
Tetrahymena, and a year later, researchers
linked telomere shrinkage in human somatic
(non-sex) cells to increasing numbers of cell
divisions. In the mid-1980s Elizabeth
Blackburn, then at the University of Calfor-
nia at Berkeley, and her graduate student
Carol Greider, Identified telomerase. In the
years since. many investigators have

practical applications.

Acabout the same time, researchers ata
biotechnology company and the Texas South-
western Medical Center added telomerase to
normal human somatic cells growing In
culture, The cells were relevant t health—
pigmented cells from the retina that break
down in macular degeneratian (3 common
cause of aging-rolated visual loss); ibroblascs
that, when aged, lose collagen and cantribute
o skin wrinkles; and cells that line blood ves-
sels (vascular endothelium, discussed in the

described por
the 6-base RNA, 2 “reverse transcriptase™
enzyme that makes DNA using the RNA as
the template, and an associated protein.
Medical information came too. Apparently
celomerase s wrned offIn most somatic
cells, but Is expressed in cancer calls. And
conversely, the chromosomes in cells from

Imporant in heart
disease). The telomerase-boosted cells
received 2 new lease on lfe, dividing beyond
their normal fimits

Interestingly. mouse cellslacking tefor-
erase could stil become cancerous, and
human cells with extra telomerase did ot
become cancerous—precisely the apposite of

tacks the telomere seqy
mosomes of highly prolerative cells. When
telomerase isn't manufactured, the chromo-
some tps are whitled away with each cell di

people suffering f ag
orders whittle down teo quickly.
Inall this work was evi-

predicted. These findings indi
cate that cancer is not a simple matcer of

¢
dence that ticking-down telomeres really func-

on. Its clear that we stil have a lot to learn

vision to 3 point el the coll
0 cease dividin

Telomeres began yielding their secrets
thanks to 2 pond-dwellng cilate (a type of
protistan) called Tetrahymena thermophia. In
the (9705, Elizabeth Biackburn and Joseph
Gall, at Yale University, took advantage of a
pecularity of Tetrahymena to sample large
amounes of telomeric DNA. This organism
has two nuclel, one small and one arge.
When the larger ane divides, its
ehromosomes shatter ino up o 10.000
pleces—each of which ends in two telomeres,
One such cell, then, would have 20,000
telomeres! Compare that to the 92 telomeres
102 human cell (g, 8.A). Blackburn and Gall
were able to collect enough material to
decermine that each telomere consists of the
same DNA building block sequence, repeated
50 t0 70 times,

Over the next several years, similar
telomeres were found in yeast. the simplest

7 exp
came in 1998, when re-
searchers samined
what happens to cells
robbed of talomerase,
and to cells given extra

FIGURE BA

erase.

Carol Greider:
then at Cold Spring
Harbor Laboratory on
Long lsland, bred mice
chat fack the R
template of
telomerase. and
looked at the animals’
probferative tissues,
which normally divide
many times. As the re-
searchers predicted,
the mice were infertle
and had shrunken re-
productive organs and
spleens and ds

eukaryore,
caps are ancient. (Bacteria and archaea lack

ing bone marrow.

Fluorescent tags Indicate the telomeres on these sained human
chromos:

Chemistry Explains Biology

These brief readings, unique to the
chemistry chapter, facilitate under-
standing of the chapter’s material.

Chemistry Explains Biolog;

- Spider Silk

Chemistry Explains Biology

Excess Cholesterol

Investigating Life features help remove some of the mystique

of science, leading the reader
through ways that scientists think
when carrying out real experi-
ments and investigations.

« |

Lipoproteins carry cholesterol in the bloodstream. As their
name suggests, lipoproteins consist of lipid and protein. Low-
density lipoprotein (LDL) particles carry cholesterol to the ar-

teries. Excess LDL cholesterol that does not enter cells

accumulates on the inner linings of blood vessels, eventually im-
peding blood flow. High-density lipoproteins (HDL), in contrast,
carry cholesterol to the liver, where it is removed from the
bloodstream. High levels of LDL cholesterol increase risk of
heart disease, whereas high levels of HDL cholesterol promote
heart health. 3£

Spider silk is the strongest natural fiber known. Spiders use silk to
build webs to capture prey, to store prey, and to protect their eggs.

Silks are proteins, manufactured in sets of glands. A spider
usually has several sets of glands, each of which produces a dif-
ferent type of silk. In addition to producing webs, a spider con-
tinually secretes a strand of silk called a dragline. Should danger
arise, the spider can temporarily escape the web on its dragline.

Dragline silk is best studied in the golden orb weaver
spider, Nephila clavipes. This especially strong and elastic silk
consists of two types of proteins that are dry and practically in-
destructible once outside the animal’s body. Dragline silk
proteins include a few types of amino acids that repeat in short
sequences. This imparts a conformation of coiled sheets, like
the steps of a spiral staircase. Spider silk elegantly illustrates

how a protein’s shape determines its functions. §




bases on the DNA template strand (fig. 13.6). RNA polymerase
adds the RNA nucleotides in the sequence the DNA specifies,
moving along the DNA strand in a ¥’ to §' direction, synthesizing
the RNA molecule in a 5" ta 3" direction. A terminator sequence in
the DNA indicates where the gene's RNA-encoding region ends.
For a particular gene, RNA is transcribed using only one
strand of the DNA double helix as the template. The other DNA
strand that isn't transcribed is called the coding strand because its
sequence i identical to that of the RNA, except with thymine (T)

FIGURE 13.7
Transcription of RNA from DNA.

(M) Transcription occurs in three staes: initiation, elongation, and ter-
mination. Initiation is the control point that determiines which genes
are ranscribed and when RNA nucleotides are added during
elongation and a terminator sequence in the gene signals the end of
transcription. (B) Many identical coples of RNA are simultaneously
transcribed, with one RNA polymerase saarting after another
INTIATION FANA poiymerase
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in place of uracil (U). Several RNAs may be transcribed from the
same DNA template strand simultaneously (fig. 13.7). Since RNA
s relatively short-lived, & cell must constantly transcribe certain
genes 1o maintain supplies of essential protein.

To determine the sequence of RNA bases transcribed from a
gene, write the RNA bases that are complementary to the tem-
plate DNA strand, using uracil opposite adenine. For example, if
2 DNA template strand has the sequence

CCTAGCTAC

then it is transcribed into RNA with the sequence
GGAUCGAUG

The coding DNA sequence is:

GGATCGATG r

1. How do DNA replication, RNA transcription, and
translation maintain and use genetic information?

2. How does lactose metabolism in E colf llustrate
control of gene expression?

3. How do transcription factors control gene expression
in eukaryotes!

4. What are the steps of transcription?

— Mastering Concepts

A short list of questions follows each major
text section, to help the student review and
understand what was just covered.

XEEN RNA Orchestrates
Protein Synthesis

R e s lormasion e crisiom it nier. €——1— SUMMary Statements

it t0 be translated into a protein's amino acid sequence. Messen-
ger RNA carries 3 gene's sequence information; ribosomal RNA s
part of ribosomes, which support and bring together amino acids
a3 proteins form; transfer RNA matches specific amino acids to
specific mANA triplecs. enabling ribosomes to assemble proeins.

As RNA is synthesized along DNA, it curls into three-

shapes, or 4 by comple-
mentary base pairing within the same RNA molecule. These
conformations determine how RNA functions. Several types of
RNA inferact to synthesize proteins (table 13,2).

Types of RNA

Messenger RNA (mRNA) carries the information that speci-
fies a particular protein. Each three mRNA bases in a row forms 2
genctic code word, or codon, that corresponds o a particular
amino acid. Because genes vary in length, so do mRNA mole-
cules. Most mRNAs are 500 to 3,000 bases long, Biotechnology
13.1 describes antisense technology, which silences particular
genes at the mRNA level.

Ribosomal RNA (rRNA) molecules range from 100 to
nearly 3,000 nucleotides long. This type of RNA associates with
certain proteins to form a ribosome. Recall from chapter 3 that a
ribosome is a structural support for protein synthesis. A ribo-
some has two subunits that are separate in the cytoplasm but

Each major section of the chapter begins with
a brief synopsis of the section’s material.

Online Learning Center

These icons direct the reader to the Life Online Learning
Center, which provides self-quizzing, interactive activities,
and many other learning tools for students, including the
Essential Study Partner 2.0. Instructors will find numerous
teaching tools, including the Visual Resource Library, In-
structor’s Manual, and access to PageOut™.

Chapter Summary

The list format of the end of chapter summary makes it easy for students

to identify and review key concepts.
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Chapter Summary

14, In signal transduction, receptors n the el membrane receive input

| transmit the es th aseries of

™

1. The cell surface is  selective interface between the cell and the outside
environment, 1 receives and transmits incoming messages, controls
which substances enter and leave the cell, and mediates attachments
10 and interactions with other cells and extracellular material

The features of 4 cell's surface identify it 2s belanging 10 4 particular
species, individual, and tissue. The surface consists of molecules
embedded in and extending from the cell membrane.

A biological membrane consists of a phospholipid bilayer embed
ded with movable proteins, glycaproteins, and glycolipids. The per
centage and distribution of membrane proteins varies in different
cell types. Membrane proteins carry out a variety of functions.
Substances cross cell membranes i several ways. in diffusion, 4
molecule passes through openings in & membrane following its
concentration gradieat. Osmasi

-

is is the simple diffusion of water
membrane. Terms. it

B

liso-
tonic, hypotonic, hypertonic) predict whether cells will swell or
shrink when the surroundings change. Cells are adapied to main
tain shape when solute concentration changes

Ac
actively (with encrgy). In cotransport, a protein carries one sub-
stance down
In exocytosis, vesicles inside the cell carry substances to the cell
membrane, where they fuse with the membrane and release the
cargo outside. In endocytasis, molecles are brought into the cell by
4 vesicle in the cell membranc. Endosomes arc vesicles that shuttle 2
substances within cells. Receptor-medisted endocytosis is more

transports. h energy) or L

gradient, as well

during cell division. Some microtubules have a charactersstic 9 + 2

specific. Within cells, proteins guide vesicles to particular organelies. 3.
b Als, entering by endocy exocy
t0sis, in transcytosis.
4.2 How Does the Cytoskeleton Support a Cell *
7. The cytoskeleton is 4 network of rods and tubules that provides
cells with form, support, and the ability to mave
8. Microtubules sclf-sssemble from hollow tubulin subunits to form 5

cilia, fagella, and the spindic fibers that separate chromosomes

slide. which

wes the oweral structure.
9. Microfilaments arc solid and smaller than microtubules. They are
composed of the protein actin and provide contractile motion
when they interact with myosin.
Intermediate filaments arc intcrmediate
crotubules and microfilaments, They consist of entwined dimers of
various proteins. They strengthen the cytoskeleton.

4.3 How Do Cells Interact and Respond to Signals?
. Junctions connecting animal cells include tight junctios

diameter between mi.

ns, desmo-
1

Tight b

jacent cells. Desmosomes anchor cells in place. Gap junctions allow
adjacent cells 10 exchange cytoplasmic material

Mast organisms other than animals have cell walls, which provide
shape and mediate signals. Phint cell walls consist of cellulose fibrils
connected by hemicellulose, plus pectin and various protcins. Plas-
modesmata are continuations of cell membranes between cells
through thinned parts of the cell wall,

Cellular adhesion molecules enable cells to contact cach other in
precise steps that carry out 2 particular fanction

Thinking Sci:

membrane proteins. Eventually this signaling activates 4 second
‘messenger, which stimulates the cell 1o carry out a specific funcion.

Testing Your
Knowledge

Testing Your Ki ge -t

Why are some substances able to cross a cell membrane easily, and
some not?

What types of chemicals comprise cell membranes?

Explain the facilitated diffusion, act
transport, and endocytosis,

List five functions of the cytoskeleton.

List two functions of

& microtubules

b. microfilaments

c intermediate filaments

This feature at the end of the
chapter tests the student’s re-
call of chapter material. The
answers are found on the On-
line Learning Center.

ally -

How does each of the following processes illustrate the Interaction

of cell components?

. maintaining the integrity of the red blood cell membrane

b. the ability of muscle cells to withstand the force of contraction

< signal transduction

d. cell adhesion in leukocyte trafficking
how dy are vital for:

certam cells, even though they are not very abundant.

Liver cells are packed with glucose. What mechanism could be used

to transpart more ghucose into & liver cell? Why would only this

‘mode of transport work?

A drop of a 5% salt (NaCl) solution is added to a leaf of the aquatic

plant Elodea. When the leaf is viewed under a microscope, colorless

regions appear at the edges of each cell as the cell membranes

shrink from the cell walls. What is happening to these cells?

Would a substance that destroys the integrity of the blood-brain

barrier be dangerous? Why or why not?
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The LIFE Online Learning Center
provides additional resources and tools
for studying this chapter.
www.mbhe.comlife

Thinking Scientifically

These critical thinking ques-
tions challenge the student to
use concepts of the chapter to
solve problems.

References

These suggested resources can
be used for further study of
topics covered in the chapter.




TECHNOLOGY
SUPPLEMENTS

Life Online Learning Center

This text-specific website provides extensive resources and learn-
ing tools for students, including self-quizzing opportunities, in-
teractive activities, bioethics case studies, critical thinking
activities, and web links. In addition, the Essential Study Partner
2.01is now hosted on this site. Instructors can access the Instruc-
tor’s Manual, PowerPoint lecture presentations, the Visual Re-
source Library, PageOut™, a Course Integration Guide, and
many other resources. Log on at www.mhhe.com/life

e-Text CD-ROM

The complete Life textbook (including art and photos)
and study guide PDF files are interlinked and com-
bined with other features for this e-text on CD-ROM.

ISBN 0-07-241257-7

Computerized Test Bank (Microtest)

This computerized test generator contains the com-
plete test item file on a CD in a hybrid format that is
compatible with either windows or Macintosh.

ISBN 0-07-027222-0

BioCourse.com

McGraw-Hill’s new online life sciences resource for students and
instructors includes course success materials, current news and
readings, lab information, simulations, animations, and journal
search options. Log on at www.biocourse.com
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Baok Forwiard Stop Refresh Home Favorites History
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E BioCourse.com
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PageOut™

Put together your own customized website using Page-
Out™, a program designed specifically for instructors
wanting to put course information on the web.

m Visual Resource Library

@ | Available both on CD-ROM and on the Instructor Cen-

ter of the Online Learning Center, this resource contains
all of the illustrations and photos from the Life fourth edition text-
book. ISBN 0-07-027221-4

Vectorized (Manipulatable) Art

Selected Life text illustrations are available as PowerPoint com-
patible, vectorized art files that the instructor can manipulate.
ISBN 0-07-246448-8

Life Science Animations
CD-ROM 2.0

This CD-ROM contains more than 125 animations of

important biological concepts and processes.
ISBN 0-07-234296-X

Life Science Animations
3D Videotape

Forty-two key biological processes are narrated and
animated with dynamic three-dimensional graph-
ics in full color. ISBN 0-07-290652-9

Life Science
Animations 3D

Life Science AnimationsVideotape Series

Key physiological processes that are difficult to understand on the
static page come to life in this series of five videotapes.

Microbes in Motion
CD-ROM,Version 2.0

B This interactive CD-ROM allows students to
actively explore microbial structure and func-
tion. ISBN 0-07-038423—1

WCROBES
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The Dynamic Human CD-ROM,
Version 2.0

This guide to anatomy and physiology inter-
actively illustrates the complex relationships
between anatomical structures and their
functions in the human body. Realistic, three-
dimensional visuals are the premier feature of
this exciting learning tool.

ISBN 0-07-235476-3

HealthQuest CD-ROM

This interactive CD-ROM allows users to assess their
current health and wellness status, determine their
health risks and relative life expectancy, explore options, and
make decisions to improve the behaviors that impact their health.
ISBN 0-697-29723-3 (Windows)

ISBN 0-07-039335-4 (Macintosh)

m Life Science Living Lexicon CD-ROM
® )
™ A Rules of word construction and derivation are carefully

explained, in addition to complete definitions of all im-
portant terms. ISBN 0-697—37993-0
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an McGraw-Hill Course Solutions

coursesolutions Designed specifically to help you with
your individual course needs, Course Solutions will assist you in
integrating your syllabus with Life, fourth edition, and state-of-
the-art new media tools.

At the heart of the Course Solutionsyou’ll find integrated mul-
timedia, a full-scale Online Learning Center, and an enhanced
Integration Guide. These unparalleled services are also available as
a part of Course Solutions: e-Books; Web CT linkage; online ani-
mations; McGraw-Hill Course Consultation Service; Visual
Resource Library Image Licensing; McGraw-Hill Student Tutorial
Service, McGraw-Hill Instructor Syllabus Service; PageOut Lite;
PageOut: The Course Website Development Center; and other
delivery options.



New from McGraw-Hill Higher Education

e_

e-Text is an exciting student resource
that combines McGraw-Hill print,
media, study, and web-based materi-
als into one easy-to-use CD-ROM.
This invaluable resource

provides cutting-edge technology
that accommodates all learning
styles, and complements the printed
text. The CD provides a truly non-
linear experience by using video and
art, as well as web-based and other
course materials to help students
organize their studies.

Lewis - Gaffin - Hoefnagels - Parker

The following features illustrate, in depth,
the benefits of e-Text.

Full textbook and study guide PDF files are in- *  Bookmarks—appearing on the left side of the
terlinked. This includes all narrative, art and screen—list all of the links available on that page.

ptvees, FLUS expently erafied amimations: ®  Thumbnails of the other pages within the chapter are

Targeted web links encourage focused web re- shown for quick navigation.
search. . .
®  Main menu links are at the bottom of every screen as
A Search feature enables students to improve well as in the bookmark section.
studying by locating targeted content quickly

: An explanation of features is provided on the
and easily.

Help Page.
This hybrid CD is compatible with both Mac-

. 2t . B Boldface terms are linked to definitions in the
intosh and Windows platforms.

glossary.
Required programs Acrobat Reader and
QuickTime are supplied on the CD-ROM.

Contact your McGraw-Hill sales
representative for more information
or visit www.mhhe.com.




The Online Learning Center with
Essential Study Partner 2.0

www. mhhe.com/life

A multitude of teaching and learning tools awaits you on Life’s Online Learning Center.

Students, you’ll appreciate extensive self-
quizzing opportunities; interactive activities;
case studies; and related web links in Online Learning Center
addition to the new Essential Study Partner
2.0—a web-based review of major

introductory biology topics —hosted on this site.
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| (delllLl= Learning Center

Instructors, you’ll want to take
advantage of our electronic
illustrations from the text;

classroom activities; lecture outlines;
a message board; and access to the
PageOut: Course Website
Development Center—All available
anytime you want them.

Life
Fourtn Edition

Rickl Lewis
Douglas Gaffin
Mariéile Hoefnagels
Bruce Parker

EEa

Life’s Essential Study Partner 2.0

Membrane Structure

The activity icon
represents an interactive

The page icon learning activity.

represents a page of

information text.

Contact your McGraw-Hill sales
representative for more information
or visit www.mhhe.com.




PageOut™

Proven. Reliable. Class-tested.

More than 16,000 professors have chosen PageOut™ to create
course websites. And for good reason: PageOut™ offers powerful
features, yet is incredibly easy to use.

Now you can be the first to use an even better version of PageOut™.
Through class-testing and customer feedback, we have made key
improvements to the grade book, as well as the quizzing and discus-
sion areas. Best of all, PageOut™ is still free with every McGraw-Hill
textbook. And students needn’t bother with any special tokens or
fees to access your PageOut™ website.

_Customize the site to
coincide with your lectures.

Complete the PageOut™ Your Colleg

templates with your course 8 ‘/.3
information and you will - = ¥
have an interactive syllabus
online. This feature lets
you post content to
coincide with your lectures.
When students visit your
PageOut™ website, your
syllabus will direct them to
components of McGraw-
Hill web content germane
to your text, or specific ma-
terial of your own.

New Features based on

customer feedback: Short on time? Let us do the work.
¢ Specific question selection for quizzes Send your course materials to our McGraw-
Hill service team. They will call you for a 30-
* Ability to copy your course and share it minute consultation. A team member will
with col]eagues or use as a foundation for then create your PageOutTM website and
anew semester provide training to get you up and running.
Contact your McGraw-Hill Representative for
¢ Enhanced grade book with details.

reporting features

Ability to use the PageOut™ discussion
area, or add your own third-party

discussion tool Contact your McGraw-Hill sales

representative for more information
or visit www.mhhe.com.

Password protected courses




Visual Resource
Library CD-ROMs

These CD-ROMs are electronic libraries of educational presentation resources that instructors

can use to enhance their lectures. View, sort, search, and print catalog images, play chapter-

specific slideshows using PowerPoint, or create customized presentations when you:

Visual Resource
Library CD-ROM

This helpful CD-ROM contains ALL 1,500
photographs and illustrations from Life. You'll be
able to create interesting multimedia
presentations with the use of these images, and
students will have the ability to easily access the
same images in their texts to later review the con-

tent covered in class.

Find and sort thumbnail image records by name,

type, location, and user-defined keywords

Search using keywords or terms

View images at the same time with the Small Gallery View
Select and view images at full size

Display all the important file information for easy

file identification

Drag and place or copy and paste into virtually any graphics,

desktop publishing, presentation, or multimedia application

Life Science Animations
Visual Resource Library CD-ROM

This instructor’s tool, containing more than 125 an-
imations of important biological concepts and
processes—found in the Essential Study Partner and
Dynamic Human CD-ROMs—is perfect to support
your lecture. The animations contained in this
library are not limited to subjects covered in the
text, but include an expansion of general life
science topics.

Contact your McGraw-Hill sales
representative for more information
or visit www.mhhe.com.




