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PREFACE

Biology was born out of my desire for students to develop a
particular view of the world—a biological view. It seemed to
me that a thorough grounding in biological principles would
bring about an appreciation of the structure and function
of individual organisms, how they have evolved, and how
they interact in the biosphere. This led me to use the levels
of biological organization as my guide; thus, the book begins
with chemistry and ends with the biosphere.

Students need to be aware that our knowledge of biol-
ogy is built on scientific discovery. The first chapter explains
the process of science and thoroughly reviews examples of
how this process works. Throughout the text, biologists are
introduced and their experiments are explained. An appre-
ciation of the scientific process should include the percep-
tion that without it, the study of biology would not exist.

Evolution of Biology

The ninth edition of Biology is the result of a dramatic evo-
lutionary change. Previously, the text gradually improved
with each edition; in comparison, this edition represents a
giant leap forward. As soon as the eighth edition left the
presses, we started working on the next edition. Murray P.
“Pat” Pendarvis, a talented biology professor much beloved
by his students, assisted in updating the text and improving
the illustrations. Pat’s many additions to the text and choice

of photographs increased its beauty and, in particular, its
relevancy. I, too, worked diligently from cover to cover re-
fining all that went before and making additions to improve
content and pedagogy. My work was greatly assisted by the
talented staff of EPS (Electronic Publishing Services Inc.)
who laid out the pages and reworked every illustration to
produce the most detailed, refined, and pedagogically sound
figures ever developed for an introductory biology book.

Pedagogy

Pages xxi-xxiii of this preface review “The Learning System”
of Biology. As explained, each chapter opening page provides
an outline and lists the concepts that are discussed and rein-
forced within the chapter. Opening vignettes capture the in-
terest of students, and at the close of each chapter, “Connect-
ing the Concepts” discusses the relationships between various
biological principles. The end matter of the chapter gives stu-
dents an opportunity to test themselves on their progress.

It has been my privilege to develop a style and method-
ology that appeals to students because it meets them where
they are and brings them along to a thorough understanding
of the concept being presented. Concepts are only grasped if
a student comes away with “take-home messages.” The inter-
weaving of concepts allows the student to develop a biological
view of the world that is essential in the twenty-first century.

OVERVIEW OF CHANGES TO BIOLOGY, NINTH EDITON

-

VISUALS

A brilliant new visuals program com-
bined with innovative page layouts en-
hances the pedagogical value and visual

EVOLUTION AND
CLASSIFICATION

Micro- and macroevolution are better ex-

ANIMAL PHYSIOLOGY

New homeostasis art, contrast of ner-
vous system with hormone system, reor-

appeal.
GENETICS

Reproductiveand therapeutic cloning are
illustrated. There is an improved empha-
sis on regulation of gene activity, expan-
sion of genomics to include proteomics
and bioinformatics, and much more.

plained and illustrated. Fungal and ani-
mal classifications are reorganized based
on molecular data.

BOTANY

Discussion now centers on a generalized
flowering plant, and plant anatomy is
more expansive.

ganization of the development chapter,
and the importance of chronic inflam-
matory response to general health are
now included.

ECOLOGY

Population ecology is more comprehen-
sive and understandable.



Changes in Biology, Ninth Edition

Perhaps the first significant enhancement that readers will
notice in the ninth edition of Biology is the brilliant new visu-
als program. Virtually every illustration is either completely
new or significantly revised to convey basic concepts and
processes as effectively as possible. In addition to new art-
work, hundreds of new photos grace the pages of Biology.
Finally, we employed an innovative page layout process that
combines text, art, and photos in a seamless manner to en-
hance pedagogical value and visual appeal.

Other significant content updates of special interest

include:

Chapter 9, The Cell Cycle and Cellular Reproduction, was
reorganized and updated. The descriptions of stages
now applies to both plant and animal cells, with dif-
ferences still clearly designated. A new section, “The
Functions of Mitosis,” includes a Science Focus reading
on Reproductive and Therapeutic Cloning. The cancer
section has been completely rewritten to include the
origin of cancer and how it relates to the regulation
of the cell cycle. The action of oncogenes and tumor
repressor genes is stressed.

Chapter 15, Regulation of Gene Activity and Gene Muta-
tions, has taken on new significance because we now
know that humans have far fewer genes than was es-
timated before the sequencing of the human genome.
This chapter was revised to reflect the importance of
chromatin organization, transcription factors, and ac-
tivators to the control of gene activity within the nu-
cleus. Translational control within the cytoplasm, in-
cluding the possible role of RNA to expand each gene’s
functions, is discussed, as is the importance of gene
mutations to the development of cancer.

Chapter 16, Biotechnology and Genomics. This chap-
ter was updated and the topic of genomics was ex-
panded to include a discussion of a genomic profile,
proteomics, and bioinformatics. The importance of all
these advances for improved health care is explored.
Chapter 18, Process of Evolution, was reorganized to in-
clude a section on microevolution and macroevolution.
Under macroevolution a more thorough discussion of
speciation due to reproductive isolating mechanisms
precedes real-life examples of allopatric speciation.
Chapter 20, Classification of Living Things, was rewrit-
ten and now includes a better explanation of the phy-
logenetic tree and its connection to the classification
and evolutionary relationships between organisms.
The utilization of molecular data to guide classifi-
cation from domain to species is stressed. A new
Science Focus reading describes the proposal to use
DNA differences as a basis to develop bar codes for
all living species.

Chapter 23, The Fungi, was reorganized to reflect the
classification of fungi based on DNA sequencing. Fungi

previously classified as imperfect fungi have been in-
corporated into the ascomycetes, and this chapter now
has an expanded discussion of the sac fungi and their
relationship to human beings.

Chapter 25, Structure and Organization of Plants. A gen-
eralized flowering plant has been developed to present
the basics of plant anatomy. New additional structural
information permeates this chapter, which seeks to
have students understand the overall functioning of a
flowering plant. The discussion of primary versus sec-
ondary growth has been expanded to provide a better
explanation for plant growth.

Part VI, Animal Evolution. This part has been reorga-
nized to be consistent with molecular data regard-
ing the relationship of groups of animals. Traditional
classification is the backbone of this part, but new hy-
potheses regarding the classification of animals are
introduced. To accommodate the new hypotheses,
Chapter 30 now includes molluscs, annelids, arthro-
pods and echinoderms. Chapter 31 is devoted exclu-
sively to the vertebrates.

Chapter 33, Animal Organization and Homeostasis, has
been reorganized to lead students to a better under-
standing of tissues, organs, and organ systems. Pro-
fessors will particularly appreciate the improved ho-

" meostasis diagrams that explain negative feedback

mechanisms. A new Health Focus regarding nerve re-
generation stresses advances in this field and touches
on the possible use of stem cells to cure paralysis.

Chapter 35, Lymph Transport and Immunity, has been re-
vised to include updated explanations of nonspecific
and specific defenses. New data regarding the role of
chronic inflammatory response to human illnesses is
included. This chapter also has a new Health Focus
reading regarding Opportunistic Infections and HIV.

Chapter 42, Hormones and Endocrine Systems, now be-
gins with an overview of the endocrine system, which
includes a contrast between hormone and nervous sig-
naling. An in-depth look at hormone signaling follows.
The review of endocrine glands and their hormones
includes an updated discussion of diabetes mellitus.

Chapter 44, Animal Development, has been reorganized
to present a more logical progression of animal devel-
opmental stages before developmental processes are
explained. The discussion of developmental processes
places an emphasis on experimental data to explain
the orderliness of development. As before, the chapter
ends with a look at the stages of human development.

Chapter 46, Ecology of Populations, was reorganized and
rewritten to better present the modern principles of
population ecology. The sections now include demo-
graphics of populations, population growth models,
and regulation of population size before life history pat-
terns and human population growth are considered.

xi
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TEACHING SUPPLEMENTS
FOR THE INSTRUCTOR

McGraw-Hill offers a variety of tools and technology prod-
ucts to support the ninth edition of Biology. Instructors can
obtain teaching aids by calling the Customer Service Depart-
ment at (800) 338-3987 or by contacting their local McGraw-
Hill sales representative.

Biology Laboratory Manual

The Biology Laboratory Man-
ual, Ninth Edition, is written
by Dr. Sylvia Mader. With
few exceptions, each chap-
ter in the text has an accom-
panying laboratory exercise
in the manual. Every labo-
ratory has been written to
help students learn the fun-
damental concepts of biol-
ogy and the specific content
of the chapter to which the
, lab relates, as well as gain a
2N ENGER  better understanding of the
TSI, cientific method.
ISBN-13: 978-0-07-298955-7 (ISBN-10: 0-07-298955-6)

Digital Content Manager

This collection of multimedia resources provides tools for
rich visual support of your lectures. You can utilize art-
work from the text in multiple formats to create custom-
ized classroom presentations, g s
visually based tests and quizzes,
dynamic course website content,
or attractive printed support
materials. The following digital
assets are available either on a
cross-platform CD-ROM or on a
DVD and are grouped by chapters:
Art Libraries. Full-color digital
files of all illustrations in the
book, plus the same art saved
in unlabeled and grayscale
version, can be readily incor-
porated into lecture presenta-
tions, exams, or custom-made classroom materials,

TextEdit Art Library. Every illustration is available in a
PowerPoint‘\'\i‘—compatib]e art file that allows the user
to revise, move, or delete labels and leader lines as de-

sired for creation of customized presentations and/or
for testing purposes.

Active Art Library. Illustrations depicting key processes
have been converted to a format that allows the art-
work to be edited inside of PowerPoint® Each piece can
be broken down to its core elements, grouped or un-
grouped, and edited to create customized illustrations.

Animations Library. The next generation of biology ani-
mations is now available! These new animations bring
key processes to life and offer total flexibility. Designed
to be used in lectures, you can pause, rewind, fast-for-
ward, and turn the audio on or off to create dynamic
lecture presentations. Many of the animations are also
available with Spanish narration and audio.

Tables Library. Every table that appears in the text is pro-
vided in electronic format.

Photos Library. All photos from the text are available in
digital format.

Additional Photos Library. Over 700 photos not found in
Biology are available for use in creating lecture presen-
tations.

PowerPoint® Lecture Outlines. A ready-made presentation
that combines lecture notes and illustrations is written
for each chapter. They can be used as they are, or the
instructor can customize them to preferred lecture top-
ics and organization.

PowerPoint® Art Slides. Art, photos, and tables from each
chapter have been pre-inserted into blank PowerPoint®
slides to which you can add your own notes.
CD-ROM ISBN-13: 978-0-07-295427-2
(ISBN-10: 0-07-295427-2)

DVD ISBN-13: 978-0-07-326197-3
(ISBN-10: 0-07-326197-1

Instructor’s Testing
and Resource CD-ROM

This cross-platform CD-ROM provides these resources for
the instructor:

Instructor’s Manual contains learning objectives, ex-
tended lecture outlines, lecture enrichment and student
activities suggestions, and critical thinking questions. In
addition, there is an explanation of text changes and reorga-
nization as well as information on new and revised illustra-
tions and tables.
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Test Bank offers questions that can be used for home-
work assignments or the preparation of exams.

Computerized Test Bank utilizes testing software to
quickly create customized exams. This user-friendly pro-
gram allows instructors to sort questions by format or level
of difficulty; edit existing questions or add new ones; and
scramble questions and answer keys for multiple versions
of the same test.
ISBN-13: 978-0-07-296753-1 (ISBN-10: 0-07-296753-6)

elnstruction Classroom
Performance System (CPS)

Wireless technology brings interactivity into the classroom
or lecture hall. Instructors and students receive immediate
feedback through wireless response pads that are easy to use
and engage students. elnstruction can be used by instructors
to:

¢ Take attendance
e Administer quizzes and tests
e Create a lecture with intermittent questions

e Manage lectures and student comprehension through
use of the CPS grade book

e Integrate interactivity into their PowerPoint™ presentations

Transparencies

This set of overhead transparencies includes every piece
of line art in the textbook plus every table. The images are
printed with better visibility and contrast than ever before,
and labels are large and bold for clear projection.

ISBN-13: 978-0-07-296752-4 (ISBN-10: 0-07-296752-8)

ARIS

McGraw-Hill’s ARIS—Assessment, Review, and Instruction
System—for Biology Ninth Edition is a complete online tuto-
rial, electronic homework, and course management system
designed for greater ease of use than any other system avail-
able. Instructors can create and share course materials and
assignments with colleagues with a few clicks of the mouse.
All PowerPoint” lectures, assignments, quizzes, tutorials,
and interactives are directly tied to text-specific materials in
Biology, but instructors can also edit questions, import their
own content, and create announcements and due dates for
assignments. ARIS has automatic grading and reporting of
easy-to-assign homework, quizzing, and testing. All stu-
dent activity within McGraw-Hill’s ARIS is automatically
recorded and available to the instructor through a fully inte-
grated grade book that can be downloaded to Excel.

The Biology Ninth Edition ARIS site at www.mhhe.
com/maderbiology9 offers access to a vast array of pre-
mium online content to fortify the learning and teaching ex-
perience for students and instructors.

Instructor Edition. In addition to all of the resources for
students, the Instructor Edition of ARIS has these assets:
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e elnstruction Classroom Performance System (CPS) Ques-
tion Bank A set of questions for use with the CPS is
provided for every textbook chapter to assist instruc-
tors in quickly assessing student comprehension of the
concepts.

e Animations The next generation of biology animations
is available with the ninth edition of Biology. Key biologi-
cal processes in full color have been brought to life via
animation. These animations offer flexibility for instruc-
tors. Designed to be used in lectures, you can pause, re-
wind, fast-forward, and turn the audio on or off. Many of
the animations are also available with Spanish narration
and audio.

e Laboratory Resource Guide A preparation guide that
provides set-up instructions, sources for materials and
supplies, time estimates, special requirements, and sug-
gested answers to all questions in the Biology Laboratory
Manual, Ninth Edition.

o PageOut McGraw-Hill’s exclusive tool for creating your
own website for your general biology course. It requires no
knowledge of coding and is hosted by McGraw-Hill.

e Active Art Demo Teaches you how to use the Active Art
that is on the Digital Content Manager CD-ROM.

e Case Studies Offers suggestions on how to use Case
Studies in your classroom.

McGraw-Hill: Biology Digitized Video Clips
= McGraw-Hill is pleased to of-
fer adopting instructors a new
presentation tool—digitized
biology video clips on DVD!
Licensed from some of the
highest-quality science video
producers in the world, these
brief segments range from
about five seconds to just un-
der three minutes in length
and cover all areas of general
biology from cells to ecosys-
tems. Engaging and informa-
tive, McGraw-Hill’s Biology
Digitized Video Clips will help
capture students’ interest while illustrating key biological
concepts and processes such as mitosis, how cilia and flagella
work, and how some plants have evolved into carnivores.
ISBN-13: 978-0-07-312155-0 (ISBN-10: 0-07-312155-X)

Mader Micrograph Slides

This set contains one hundred 35mm slides of many of the
photomicrographs and electron micrographs in the text.
ISBN-13: 978-0-07-239977-6 (ISBN-10: 0-07-239977-5)




LEARNING SUPPLEMENTS
FOR THE STUDENT

Student Study Guide

Dr. Sylvia Mader has written the Student Study Guide that
accompanies Biology, thereby ensuring close coordination
with the text. Each text chapter has a corresponding study
guide chapter that includes a chapter review, learning ob-
jectives and study questions for each section of the chapter,
and a chapter test. Answers to all questions are provided to
give students immediate feedback. Students who make use
of the Student Study Guide should find that performance
increases dramatically.

ISBN-13: 978-0-07-297671-7 (ISBN-10: 0-07-297671-3)

ARIS

McGraw-Hill’'s ARIS—Assessment, Review, and Instruction
System—for Biology, Ninth Edition at www.mhhe.com/ma-
derbiology9 offers access to a vast array of premium online
content to fortify the learning experience.

Student Edition. The Student Edition of ARIS features a
wide variety of tools to help students learn biological con-
cepts and to reinforce their knowledge:

e Interactive Activities These online study aids, orga-
nized by chapter, include practice quizzes, animations,
labeling exercises, flashcards, and much more.

e Online Tutoring The tutorial service is moderated by
qualified instructors. Help with difficult concepts is only
an email away!

‘A Microsoft Internet Explorer

Sylvia S. Mader

ISBN: 0072464631
Copyright year. 2007

The Biology 9th edition ARIS website features a wide variety of tools to
help students learn biological concepts and to reinforce their knowledge.
Practice quizzes, interactive activities, animations, labeling exercises,
flashcards. and much more will complement the learning and
understanding of biology. In addition, an Online Tutor is available
through the website.

(ARIS

| First Time Users
| Student Edition

Instructor Edition To obtain an instructor login to the Biology ARIS website, ask your
instructor thinking about adopting this textbook,

. If you are an

for review,

D2004 McGraw-Hill Higher Education
Any use is subject to the Terms of Use and Privacy Policy
MeGraw-Hill Higher Education is one of the many fine businesses of The McGraw-Hill Companies.

e Essential Study Partner This collection of interactive
study modules contains hundreds of animations, learning
activities, and quizzes designed to help students grasp
complex concepts.

The McGraw-Hill Companies

General & Human Biology Essential Study Partner Version 2

EVOLUTION

e Animations

Full-color presentations of key biological
processes have been brought to life via animation. You
can pause, rewind, fast-forward, and turn the audio on or
off. Many of the animations are also available with Span-
ish narration and audio.

e Animation Quizzes Quizzes based on the new animations
will help you assess your understanding of the concepts.

Student Interactive CD-ROM

This interactive CD-ROM is an indispensable resource for
studying topics covered in the text. It includes chapter out-
lines, chapter-based quizzes, animations of complex pro-
cesses, flashcards, PowerPoint® lecture outlines, and Power-
Point"slides of all art and photos found in the textbook. All
of the material is organized chapter-by-chapter. Direct links
to the text’s ARIS website and to the Essential Study Partner
are also provided.

ISBN-13: 978-0-07-326525-4 (ISBN-10: 0-07-326525-X)
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BIOLOGY, Ninth Edition

Guided Tour

A brilliant new visuals program brings Biology to life!

Color Consistency
Color consistency organizes
information and clarifies
concepts for visual learners.
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nuclear
envelope

nucleolus

nuclear
pore

Nuclear envelope:
inner membrane

outer membrane chromatin
nucleoplasm

nuclear pore

Multi-Level Perspective
Ilustrations depicting complex
structures connect macroscopic
and microscopic views to help
students connect the two levels.

phospholipid

Small intestine
Section of intestinal wall i

- villus microvilli
capillaries

goblet

vessel

arteriole

| Combination Art
Drawings of structures are often paired with micrographs to enhance visualization.

Pseudostratified,

ciliated columnar

- lining of trachea

- sweeps impurities
toward throat

Simple columnar

« lining of small
intestine, oviducts

- absorbs nutrients

Simple cuboidal

« lining of kidney
tubules, various
glands

- absorbs molecules

squamous
« lining of lungs,
blood vessels
protects

.

goblet cell
secretes
mucus

goblet cell
secretes
mucus

basement

basement
membrane

membrane

basement membrane basement membrane

Stratified squamous

« lining of nose,
mouth, esophagus,
anal canal, vagina

- protects

basement membrane




envelope

spike

capsid

nuclear
pore

\ 3. Reverse transcription |

viral RNA
reverse transcriptase

e _ capsid
*L_ protein

7. Release

Icons

Icons help orient the
student.

Process Figures

These figures break down processes into a series of smaller
steps and organize them in an easy-to-follow format.

4. The sporophyte:

developing

3. The zygote: sporophyte

The mature sporophyte has a foot buried in female
gametophyte tissue, a stalk, and an upper capsule (the
sporangium), where meiosis occurs and spores are produced

The zygote and
developing
sporophyte are
retained within
the archegonium.

o
e

fzeuniEs
e

aes

diploid (2n)
haploid (n)

2. Fertilization:
Flagellated sperm
produced in
antheridia swim in

external water to

archegonia, each
bearing a single egg.

foot (n)

1. The mature
gametophytes:
In mosses, the leafy
gametophyte shoots
bear either antheridia
or archegonia, where
gametes are

produced by mitosis.

Gametophytes

reactions/

thylakoid
membrane

0, CH,O

capsule

Sporangium

5. The spore:

When the calyptra
and lid (operculum) of
a capsule fall off, the
spores are mature
One or two rings of
teeth project inward
from the margin of
the capsule. The
teeth close the

opening, except when
the weather is dry.

Protonema

e e s

| 6. Spore dispersal:
Spores are released
when they are most
likely to be dispersed
by air currents.

7. The immature

gametophyte:

A spore germinates
into a male or female
protonema, the first
stage of the male
and the female
gametophytes.




Proven Pedagogical Features
That Will Facilitate Your
Understanding of Biology

7.0 PHOTOSYNTHETIC ORGANISMS

= Plants, algac, and cvanobacteria are
photosynthetic organisms that produce
maost of the carbohydrate used as an energy

Chapter Concepts

The chapter begins with an integrated outline
that numbers the major topics of the chapter
and lists the concepts for each topic.

CHAPTER 8 Cripunar Respiratio

PHOTOSYNTHESIS

I he fate of life on Earth literally hinges on a star 93 million miles ateay because this star

Only 42% of the solar energy directed

provides photosynthesizers with solar encrgy.

towards Earth reaches the planet; the remamder is absorbed by or reflected mto the atnto-

sphere and beconies heat. Of this, only 1-2% is captured by photosynthesizers and, only a
portion of this s mcorporated ito plant materials

Yet all living things are dependent on the amount of solar energy that photosynthe:
sizers transform mto chemtical energy. Exceptions do exist. In rare bydrothermal environ-

mients, some prokaryotes acquire energy by oxidizing inorganic molecules and are the

producers of food for others. In the majority of ecosystems, photosynthesizers are the

producers that take in inorganic molecules and produce food by using solar enérgy.

When photosynthesis occurs, carbon dioxide is absorbed and oxvgen 1s released. Oxygen
is required by organisms when they carry on cellular respiration. The collective action of algae
and plants is responsible for placing copious amounts of vxygen into the atmosphere. It rises high
into the atmosphere and forms an ozene laver that makes terrestrial lfe possible, Accordingly, this

layer that protects us agamst damagmg ultraviolet ravs of the sun 1s called the ozone shield.

The products of photosynthesis are critical to bumankind o a nmber of ways. They

provide owr food, to be sure, but they also are a souree of bulding matenals, fabrics, paper, fucl,

and pharmaceuticals. Even plants that existed bundreds of millions of vears ago are important

as a source of fossil fuels. And while we are thanking green plants for their many services, let's

not forget the simple beauty of @ magnolia blossom or the majesty of the Farth’s forests

Photosynthesizers use solar energy o produce organic nutrients for

themselves and all uther vrga

source by the living world. 116

® I flowering plants, photosynthesis
takes place within membrane-bounded
chloroplasts, organelles that contain
membranous thylakoids surrounded
by a fluid called stroma.  116-117

7.2 PLANTS AS SOLAR ENERGY
CONVERTERS

® Plants use solar energy in the visible
light range when they carry on
photosynthesss. 118

®  Photosynthesis has twao sets of
reactions: Solar energy is captured by
the pigments in thylakoids, and ca

dioxide is reduced by enzymes in the
stroma. 119
7.3 LIGHT REACTIONS

" Solar energy energizes clectrons and
permits a buildup of ATP and NADPH
molecules,  120-21

7.4 CALVIN CYCLE REACTIONS

® Carbon dioxide reducnion requires ATP and
NADPH from the light reactions.  124-25

7.5 OTHER TYPES OF
PHOTOSYNTHESIS

® Plants use C; or Cy or CAM photosynehesis,
which are distinguishable by the manner in
which CO, s fixed. 126-27

Phases of Cellular Respiration

The oxidation of glucose by removal of hydrogen atoms in-
volves four phases (Fig. 8.2). Glycolysis takes place outside
the mitochondria and does not require the presence of oxy-
gen. Therefore, glycolysis is anaerobic. The other phases
of cellular respiration take place inside the mitochondria,

where oxygen is the final acceptor of clectrons

« During glycolysis [Gk. glycos, sugar, and lysis
splitting], glucose is broken down in the cytoplasm to
two molecules of pyruvate. Oxidation by removal of
hydrogen atoms results in NADH and provides enough
energy for the net yield of two molecules of ATP.

.

During the preparatory (prep) reaction, pyruvate
enters a mitochondrion and is oxidized to a 2-carbon
acetyl group carried by CoA; NADH is formed; and
the waste product CO; is removed. Since glycolysis
ends with two molecules of pyruvate, the prep
reaction occurs twice per glucose molecule

o The citric acid cycle is a cyclical series of oxidation
reactions in the matrix of a mitochondrion that result
in NADH and FADH,. CO; is given off and one ATP
is produced. The citric acid cycle turns twice because
two acetyl CoA molecules enter the cycle per glucose
molecule. Altogether, the citric acid cycle accounts for
two immediate ATP molecules per glucose molecule.

FIGURE 8.2 The four phases of complete glucose breakdown.

Cytoplasm

NADH

Glycolysis

ATP
2 ADP

4 ADP

4 ATP total

The complete breakdown of glucose consists of four phases. Glycolysis in the cytoplasm produces pyruvate, which enters mitachondria f oxygen is available.
The preparatory reaction and the citric acid cycle that follow occur inside the mitochondria. Also, inside mitochondria, the electron transport chain receives
the electrons that were removed from glucose breakdown products. The result of glucose breakdown is 36 or 38 ATR depending on the particular cell

NADH

2ADP 2 % g‘gé}‘l}r' @

® The electron transport chain is a series of carriers
in the inner mitochondrial membrane that accept
the electrons removed from glucose and pass them
along from one carrier to the next until they are
finally received by Oy, which then combines with
hydrogen ions and becomes water. As the electrons
pass from a higher-energy to a lower-energy state,
energy is released and later used for AT synthesis by

chemiosmosis. The electrons from one glucose result

in 32 or 34 ATP, depending on certain conditions

Pyruvate is a pivotal metabolite in cellular respiration.
If oxygen is not available to the cell, fermentation occurs in
the cytoplasm (see Fig. 8.10). During fermentation, glucose is
incompletely metabolized to lactate or to carbon dioxide and
alcohol, depending on the organism. As we shall see on page
142, fermentation results in a net gain of only two ATP per glu-
cose molecule,

Cellular respiration involves the oxidation of glucose to
carbon dioxide and water. As glucose breaks down, energy
is made available for ATP synthesis. A total of 36 or 38 ATP
molecules are produced per glucose molecule in cellular
respiration (2 from glycolysis, 2 from the citric acid cycle,

\ -
and 32 or 34 from the electron transport chain).

- NADH and
FADH

Citric acid |
cycle

g

Internal Summary Statements

A summary statement appears at the end of
each major section of the chapter to help stu-
dents focus on the key concepts.
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e Science Focus readings describe how experimentation
and observations have contributed to our knowledge
about the living world.

* Ecology Focus readings show how the concepts of
the chapter can be applied to ecological concerns.
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¢ Health Focus readings review procedures
and technology that can contribute to our
well-being.

Connecting the Concepts
These appear at the close of the text portion of the
chapter, and they stimulate critical thinking by showing
how the concepts of the chapter are related to other
concepts in the text.

Chapter Summary

The summary is organized according to the major
sections in the chapter and helps students review the

xxii

important topics and concepts.

The plasma membrane is quite appropriatefy
| called the gatekeeper of the cell because it
| maintains the integrity of the cell and stands
guard over what enters and leaves, But we
have seen that the plasma membrane also
doas much more than this. Its glycoproteins

and glycolipids mark the cell as belonging to

the organism

communication between cefls and enable tis.
sues to function as a whole. Now it appears
thar the extracellular material secrered by

Summary

5.1 MEMBRANE MODELS
The fiid-mosaic modet of memb;

Davson sandwich model

5.2 PLASMA MEMBRANE STRUCTURE AND FUNCTION
Two components of the plasrma membrane are lipids and proteins

In the fipid bitayer, phospholipids are arranged with their hydrophilic
(polar) heads at the surfaces and their hydrophobic (nonpolar) tails in

the interior. The lipid bilayer has the c

belonging to a particular individual and tissue

The hydrophobic portion of an integral proten lies in the lipid
bilayer of the plasma membrane, and the hydrophilic portion lies at the
surfaces. Proteins act as receplors, Carry on enzymatic reactions, jon
cells together, form channels, or act as carriers to move substances

across the membrane

5.3 PERMEABILITY OF THE PLASMA MEMBRANE

Some molecules (lipid soluble compounds, water, and gases) simply
diffuse across the membrane from the area of higher concentration to
the area of lower concentration. No metabolic energy is required for

diffusion to occur.

The diffusion of water across a
differentially permeable membrane is
called osmosis. Water moves across
the membrane into the area of higher
solute (less water) content per volume.
When cells are in an isotonic solution,
they neither gain nor lose water. When

TING THE C()N}Il,l' s

Its numerous proteins allow

ne structure developed by Singer and
Nicolson was preceded by several other mode's. Electron micrographs
of freeze-fractured membranes support the fluid-mosaic model, rather
than Robertson's unit roembrane madel based on the Danvelii and

sistency of ofl but acts as a
barrier to the entrance and exit of most biological molecules. Membrane
glycolipids and glycoproteins are invelved in marking the cell as

18 PART T T

cells assists the plasma membrane in its nu
merous functions.

or cystic fibrosis or in someone who has a high
cholesterol count is a first step toward curing
these conditions. Even cancer is sometimes
due to receptor proteins that signal the cell to
dwvide even when no growth factor is present

Our ability to understand the functioning
of the plasma membrane is dependent on a
thorough understanding of the molecles and
lons that make up the cell. Today, it is impos-
sible to deny the premise that biology and
medicine have a biochemical basis

The progression in our knowledge about
the plasma membrane (llustrates how science
works. The concepts and techniques of sci
ence evolve and change, and the knowledge
we have today will be amended and expanded
by new investigative work. Basic science has
applications that promote the health of human
beings. To know that the plasma membrane is

maffunctioning in 3 person who has diabetes

protein assists the movement of a malecule down its concentration
gradient. No energy is required

During active transport. a carrier protein acts as a pump that
causes a substance to move against its concentration gradient. The
sodium-porassium pump carries Na to the outside of the cell and
K' to the inside of the cell. Energy in the form of ATP molecules is
required for active transport to occur.

Larger substances can enter and exit a membrane by exocytosis
and endocytosis. Exocytosis involves secretion. Endocytosis includes
phagocytosis, pinocytosis. and receptor-mediated endocytosis.
Receptor-mediated endocytosis makes use of receptor proteins in
the plasma membrane. Once a specific solute binds to receptors.

a coated pit becomes a coated vesicle. After losing the coa

the vesicle can join with the lysosome, or after discharging the
substance, the receptor-containing vesicle can fuse with the plasma
membrane.

5.4 MODIFICATION OF CELL SURFACES
Sorme animal cells have anchoring junctions. Adhesion junctions
and tight junczions help hold cells together; gap junctions allow
passage of small molecules between cells. Other animai cells have
an extracellular matrix that holds their shape and influences their
behavior

Plant cells have a freely permeable cell wall. with cellulose as its
main compenent. Plant cells are joined by narrow, membrane-lined
channels called plasmodesmata that span the cell wall and contain
strands of cytoplasm that allow materials to pass from one cell to
another

TABLE 5.2

cells are in a hypotonic solution, they
gain water, and when they are ina
hypertonic solution, they lose waer
(Table 5.2).

Other molecules are transported
across the membrane by carrier
protems that span the membrane
During facilitated transport, a carner

| Effect of Osmosis on a Cell |
| Tonicity Concentrations Net
| o Movement Effect
|_Solution Solute Water of Water on Cell
sotonic Same a5 Same as Nore None |
cell cell
Hypotonic Less chan More than Cell gains Swells,
cell cell water turgor
pressure
Hypertonic More than Less than Cellfoses Shrinks,
cell cell water plasmolysis




Reviewing the Chapter

These page-referenced study questions
follow the sequence of the chapter.

Testing Yourself

These objective questions allow you to
test your ability to answer recall-based
questions. Answers to Testing Yourself
questions are given in Appendix A.

Thinking Scientifically

Critical thinking questions give you an opportunity to

reason as a scientist. Detailed answers to these questions

are found on ARIS, the Biology, Ninth Edition website.

® Thinking Scientifically

A certain flower generates heat. This heat attracts pollinating
insects to the flower. While the evolutionary benefit of attracting
insects is obvious, the metabolic cost of this particular adaptation is
high. What metabolic mechanism(s) might a plant use to generate
heat, and under what circumstances would the metabolic cost be
high?

The free energy of carbon dioxide and water is considerably

less than the free energy of sucrose (table sugar). However.

the conversion of sucrose to carbon dioxide and water is never
spontaneous under normal conditions. How would you explain this
observation?

Bioethical Issue —= Bioethical Issue: Greenhouse Effect

A Bioethical Issiie is
found at the end

of most chapters.
These short readings
discuss a variety of
controversial topics
that confront our
society. Each reading
ends with appropriate

and Emerging Diseases

Today, we are very much concerned about emerging diseases caused by
pathogens. Examples of emerging diseases are AIDS and Ebola, which
emerge from their natural hosts to cause illness in humans. In 1993, the
hantavirus strain emerged from the common deer mouse and killed
about 60 young people in the Southwest. In the case of hantavirus, we
know that climate was involved. An unusually mild winter and wet spring
caused pifion trees to bloom well and provide pine nuts to the mice. The
increasing deer mouse population came into contact with hurmans, and
the hantavirus leaped easily from mice to humans.

The prediction is that global warming, caused in large part

by the burning of fossil fuels, will upset normal weather cycles and
result in outbreaks of hantavirus as well as malaria, dengue and yellow
fevers, filariasis, encephalitis, schistosomiasis, and cholera. Clearly,

any connection between global warming and emerging diseases offers
another reason that greenhouse gases should be curtalled when fossil
fuels such as gasoline are consumed. Examples of greenhouse gases are
carbon dioxide and methane, which allow the sun’s rays ta pass through
but then trap the heat from escaping.

In December 1997, 159 countries met in Kyoto, Japan, to work

questions to help you
fully consider the
issue and arrive at an
opinion.

out a protocol that would reduce greenhouse gases worldwide. This
protocol, called the Kyoto Protocol, entered into force February 16
2005. Itis believed that the emission of greenhouse gases, especially
from power plants, will cause Earth's temperature to rise | 5°-4.5°
by 2060. The U.S. Senate still does not want to ratify the agreement

because it does not include a binding emissions commitment from the

developing countries, which are only now becoming industrialized
While the United States presently emits a large proportion of the
greenhouse gases, China is expected to surpass that amount in about
2020 to become the biggest source of greenhouse emissions

Negotiations with the developing countries are still going on, and

some creative ideas have been put forward. Why not have a trading

program that allows companies to buy and sell emission credits across

international boundaries? Accompanying that would be a market in

greenhouse reduction techniques, If it became monetarily worth their

while, companies in developed countries would have an incentive
to reduce greenhouse emissions. If you were a CEO, would you be
willing to reduce greenhouse emissions simply because they cause a

deterioration of the environment and probably cause human illness? Why
or why not? Instead, would you approve of giving companies monetary

incentives to reduce greenhouse emissions? Why or why not?
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—e Reviewing the Chapter

I What is the overall chemical equation for the complete
breakdown of glucose to CO, and H,0? Explain how this is an
oxidation-reduction reaction. Why is the reaction able to drive
ATP synthesis? 132
‘What are NAD* and FAD? What are their functions? 132
‘What are the three pathways involved in the complete breakdown
of glucose to carbon dioxide (CO,) and water (H,Q)? What
reaction is needed to join two of these pathways? 132-33
What are the main events of glycolysis? How is ATP formed?  134-35
Give the substrates and products of the prep reaction. Where does
it take place? 136-37
What are the main events of the citric acid cycle? 137
‘What is the electron transport chain, and what are its functions? 138
Describe the organization of protein complexes within the cristae.
Explain how the complexes are involved in ATP production.  138-39
Calculate the energy yield of glycolysis and complete glucose
breakdown. Distinguish yields between substrate-level
phosphorylation and oxidative phosphorylation. 140
What is fermentation, and how does it differ from glycolysis?
Mention the benefit of pyruvate reduction during fermentation
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What types of organisms carry out lactic acid fermentation, and
what types carry out alcoholic fermentation? 14143
11. Give examples to support the concept of the metabolic pool. 144

—e Testing Yourself
| Choose the best answer for each question. For questions -8, identify the
pathway involved by matching each description to the terms in the key.
KEY:
a glycolysis
b. citric acid cycle
¢ electron transport chain
I.. carbon dioxide (CO,) given off
water (H,0) formed
G3P
NADH becomes NAD*
oxidative phosphorylation
cytochrome carriers
—_—
FAD becomes FADH;,

0P NS VoA W

The prep reaction
a. connects glycolysis to the citric acid cycle
b. gives off CO,

c. uses NAD*

d. results in an acetyl group

e. Allof (hese\ are correct

S

The greatest contributor of electrons to the electron transpart
chain is

a. oxygen.

b. glycolysis

¢ the citric acid cycle

d. the prep reaction.

e fermentation.

PART I T Cre

Understanding the Terms

active site 106
ADP (adenosine
diphosphate) 104
ATP (adenosine
wriphosphate) 104
ATP synthase complex |11
chemical energy 102
chemiosmosis |
coenzyme 108
cofactor 108
competitive inhibition 109
coupled reactions 105
denatured 108
electron transport chain 110

free energy 104

heat 102

induced fit model 106

kinetic energy 102

laws of thermodynamics 102

mechanical energy 102

metabolic pathway 106

I metabolism 104

NAD ' (nicotinamide adenine
dinucleotide) 110

NADP  (nicotinamide adenine
dinucleotide phosphate) |10

noncompetitive inhibition 109

oxidation 110

phosphorylation 109

endergonic reaction 104

energy 102 potential energy 102
energy of activation 106 product 104
entropy 103 reactant 104

enzyme 106
enzyme inhibition 109
exergonic reaction 104
feedback inhibition 109

reduction 110
substrate 106
vitamin 109

Match the terms to these definitions:

a. ——— All of the chemical reactions that occur in a cell

during growth and repair.
— Stored energy as a result of location or spatial

arrangement

= ——— Essential requirement in the diet, needed in small
amounts. They are often part of coenzymes.

d Measure of disorder or randomness

e Nonprotein organic molecule that aids the action

of the enzyme to which it is loosely bound |
~ Loss of one or more electrons from an atom

or molecule; in biological systems, generally the loss of hydrogen
atoms

ARIS, the Biology Website
ARIS, the website for Biology. provides a wealth of information |
organized and integrated by chapter. You will find practice quizzes,
interactive activities, labeling exercises, flashcards, and much more that
will complement your learning and understanding of general biology.

www.mhhe.com/maderbiology9
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PART I Tur Crig

Substrate-level phosphorylation takes place in
glycolysis and the citric acid cycle

the electron transport chain and the prep reaction
glycolysis and the electron transport chain

the citric acid cycle and the prep reaction

Both b and d are correct.

panow

Which of these is not true of fermentation?

a. net gain of only two ATP

b. occurs in cytoplasm

c. NADH donates electrons to electron transport chain

d. begins with glucose

e. carried on by yeast

Fatty acids are broken down to

a. pyruvate molecules, which take electrons to the electron
transport chain

b. acetyl groups, which enter the citric acid cycle

<. amino acids, which excrete ammonia.

d. glycerol, which is found in fats

e. All of these are correct,

How many ATP molecules are usually produced per NADH?
a | e 36
b 3 d 10

How many NADH molecules are produced during the complete
breakdown of one molecule of glucose?

a s < 10

b. 30 d 6

What is the name of the process that adds the third phosphate to
an ADP molecule using the flow of hydrogen ions?
substrate-level phosphorylation

fermentation

ow

n

reduction

d. chemiosmosis
Which are possible products of fermentation?

a. lactic acid

b. alcohol

. Co,

d. Al of these are possible

The metabolic process that produces the most ATP molecules is
a. glycolysis

b. citric acid cycle.

c. electron transport chain.
d. fermentation

Which of these is not true of citric acid cycle? The citric acid cycle
a. includes the prep reaction

b, produces ATP by substrate-level phosphorylation

¢ occurs in the mitochondria.

d. is a metabolic pathway. as is glycolysis

Which of these is not true of the electron transport chain? The
electron transport chain

a. is located on the cristae

b. produces more NADH than any metabolic pathway.

. contains eytochrome molecules.

d. ends when oxygen accepts electrons.

Which of these is not true of the prep reaction? The prep reaction
a. begins with pyruvate and ends with acetyl CoA

b. produces more NADH than does glycolysis.

c. occurs in the mitachondria

d. occurs after glycolysis and before the citric acid cycle

~—Understanding the Terms
The boldface terms in the
chapter are page referenced,
and a matching exercise allows
you to test your knowledge of
the terms.

—— Website Reminder
Located at the end of the chapter
. is this reminder that additional
 study questions and other

‘ learning activities are on ARIS,
 the Biology, Ninth Edition website.




