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Preface

Essentials of Biology was written to engage non-major students in
the study of biology and inspire them to learn more. It continues to
be traditional in its approach and organized around the major con-
cepts of biology. However, the book is succinct enough to be ap-
propriate for a one semester course.

Three primary goals guided the revision of Essentials of Biology,
Second Edition:

1. build upon the strengths of the first edition,

2. increase student awareness of evolution and why it is a central
concept of biology,

3. add more applications to enhance the relevancy of the
content for students.

Strengths of Essentials of Biology

Content Organization Writing Style lllustrations Pedagogy

The content and organization of Essentials of Biology continues to be
solid—accurate and up-to-date, and logical. Equally important, the
text reaches out to the student because it has a conversational writ-
ing style and an exciting illustration program. The design and illus-
tration program of the book is appropriate for those who are
accustomed to being visually stimulated, and instructors can easily
use these same great illus-
trations in lecture or as part
of assignments.

The Essentials of Biology
Learning System also helps
beginning biology stu-
dents by guiding them
through each chapter. The
chapter-opening page lists
the key concepts to give
students an overview of
the chapter. The opening vignette captures students’interest and
encourages them to begin their study of the chapter. Distributed
throughout each chapter are Check Your Progress questions de-
signed to foster confidence as readers proceed through the chap-
ter. The chapter end matter gives students an opportunity to
review the chapter and test themselves on how well they under-
stand the concepts. Thinking Scientifically questions allow stu-
dentsto apply their knowledge to concrete scientific explorations.
Most chapters now end with a Bioethical Issue that can be used as
a basis for class discussion.

Four contributors joined me in revising Essentials of Biology,
and their varied backgrounds and extensive teaching experience

“Essentials of Biology is an outstand-
ing textbook for the non-major. The
material is clear and specific, but not
intimidating. The text contains
numerous graphics, diagrams, etc. to
enhance student-learning. This text
invites students to open it and read!”

Barbara J. Salvo
Carthage College

further enhanced the strengths of the book. Andrew Baldwin,
Mesa Community College, revised the evolution and ecology chap-
ters. Rebecca Roush, Sandhills Community College, revised Chap-
ters 22-26 of the animal structure and function chapters. Stephanie
Songer, North Georgia College and State University, revised the di-
versity of life and several animal structure and function chapters.
Michael Thompson, Middle Tennessee State University, revised the
cell, genetics, and plant chapters.

We worked collaboratively to improve this new edition, and
through my review of every chapter, the book retains the hallmark
features of a Mader text: accurate and current content, logical orga-
nization of chapters, clear writing, well-developed visuals, and a
strong pedagogical system. For more information on the features
of this book, see the Guided Tour on pages vii-xi.

Increased Evolution Coverage

For several years now, biology has been undergoing a revolution-
ary change. Molecular biology is indeed wedded to evolution and
the binding together of these two fields of biology has opened up
a vista into the evolutionary relationships of organisms never be-
fore possible. With the help of nucleic acid sequencing, we can now
more confidently reconstruct the evolutionary history of life. Essen-
tials of Biology makes full use of our newfound knowledge and re-
lates the evolutionary consequences for the broadest categories,
the domains, and for each of the kingdoms.

Being good educators we realized that students need a firm
foundation in the principles of evolution in order to fully appreci-
ate the phylogenic data now available to biologists. Reviewers will
find a renewed emphasis =
on evolution that begins in
the first chapter with a new
section devoted to evolu-
tionary principles and a
generalized tree of life. The
evolution chapters in Part
Ill, Evolution, received spe-
cial attention before Part 1V,
Diversity of Life, specifically
discusses the evolution of various groups and presents new evolu-
tionary trees for protists, plants, fungi, and animals. Increased evo-
lution coverage is also weaved throughout this edition, and a
Thinking Scientifically question that pertains to evolution is pre-

sented at the end of each chapter (identified with an icon,
left) to help students realize that evolution is pertinent to
all aspects of biology.

“This text clearly presents topics in
biology in such an interesting fashion
that it is sure to intrigue and fascinate
students. The text is also written in
such as way as to be quite under-
standable by the non-science student”

Kathleen Pelkki,
Saginaw Valley State University



Additional examples of the increased evolution coverage are
noted below in the overview of changes.

Relevancy of Biology

More applications have been added to the second edition of Essen-
tials of Biology to increase the relevancy of the text. In reviews, instruc-
tors emphasize the need to relate the concepts of biology to students’
lives. Such relevant examples help students understand the concepts,
and increase their chances of remembering the concepts.

Each chapter opens with a brief story that relates the biologi-
cal concepts of that chapter to something of interest to students.
For example, Chapter 2 introduces chemistry by discussing how ex-
posure to extreme levels of radiation can cause sunburn, hair loss,
or cancer. Chapter 25 discusses saturated, unsaturated, and trans
. fats to open the nutrition
" chapter.

Most chapters also
end with a Bioethical Issue; a
brief reading about an ethi-
cal issue related to biology
that confronts our society.
Examples of topics covered
include cloning, global cli-
mate change, water pollu-
tion, health risks associated with certain plastics, gene therapy, and
blood doping.

Additional examples of relevancy are given below in the over-

view of changes.

“I really like this book because it is
student friendly. Content has real world
application and is easy to read and
understand. [It] has beautiful illustra-
tions that stimulate interest and
excellent end of chapter materials.”
Mary Ruth Hood, Tomball College

Overview of Changes
to Essentials of Biology, Second Edition

Chapter 1 A View of Life

This chapter previews the text by discussing the characteristics of
life, principles of evolution, organization of the biosphere, and the
scientific process. An expanded section on evolution including a
generalized tree of life, is new to this edition. The scientific process
includes a new example of a controlled experiment that is more ap-
plicable to students’lives.

Partl TheCell

This part was revised to emphasize the dynamic nature of cells.
Chapter 3, The Organic Molecules of Life, has been enriched with new
references to health concerns including high-fructose drinks, trans
fats in processed foods and the abuse of steroids to gain muscle
mass. Chapter 5, The Dynamic Cell, has been reorganized to place
enzymatic reactions next to the discussion of metabolic pathways.
In Chapter 6, Energy for Life, the diversity of photosynthetic process
is explained as adaptations to different environments.

New bioethical issues occur in this part including Human Clon-
ing, Arsenic in Drinking Water, and Are Carbon Offset Credits Effective?

Preface v

Partll Genetics

This part has been updated to be more applicable to students’
everyday lives. In Chapter 9, Sexual Reproduction, the importance
of meiosis for the generation of variations so necessary to evolu-
tion is stressed. Chapter 11, DNA Biology and Technology, now
contains a new illustration (Fig. 11.9) to introduce the topic of
protein synthesis. The discussion of genomics and bioinformatics
has been moved from Chapter 13 to this chapter. The Human Ge-
nome Project is reviewed, and the current emphasis on genomic
variation between individuals is also addressed. Further, the con-
tributions of genomics to our knowledge of evolutionary ties be-
tween species is discussed. In Chapter 12, Gene Regulation and
Cancer, an improved section on the genetics of cancer is support-
ed by new Figure 12.15.

New bioethical issues occur in this part including Selecting the
Sex of Your Child, Should BPA be Banned?, and Gene Therapy Trials.

Partlll Evolution

This part is much improved by current examples of the evolution-
ary process. In Chapter 14, Darwin and Evolution, Alfred Russell
Wallace’s contribution to Darwin’s theory is emphasized, and Dar-
win's theory is better explained. In Chapter 15, Evolution on a Small
Scale, an improved discussion of a Hardy-Weinberg equilibrium is
supported by a new figure. Examples of genetic mutations have
been updated by a discussion of SNPs (single nucleotide polymor-
phisms).Figures15.10-15.11,
which describe the differ-
ent types of natural selec-
tion, have been clarified
and revised. Chapter 16,
Evolution on a Large Scale,
contains two new sections:
16.2 is now a discussion of
the fossil record, and 16.3 now gives a review of systematics that
includes an improved discussion of cladistics and its relationship
to Linnaean classification.

“I think the revisions made so far and
the process of updating this textbook
will continue to make it one of the
sought after texts for general biology.”

Bo Sosnicki, Piedmont Virginia
Community College

Part IV Diversity of Life

This part has been updated to include a more comprehensive look
at the evolutionary relationships of organisms. In Chapter 17, The
First Forms of Life, both the origin of the first cell and the origin of the
eukaryotic cell are now included. Chapter 18, Land Environment:
Plants and Fungi, has been thoroughly revised to include a new evo-
lutionary tree of plants, and a discussion that traces their evolution
from an algal ancestor and emphasizes five significant events as
they became fully adapted to land. Chapter 19, Both Water and Land:
Animals, now includes a new evolutionary tree of animals and a dis-
cussion that traces their evolution from an ancestral protist. The tree
emphasizes number of germ layers, type of symmetry, and type of
embryonic development. Human evolution, which is in this chapter,
was updated to include the new designation, hominins, which also
includes the chimpanzees.



vi Preface

PartV Plant Structure and Function

Chapter 20, Plant Anatomy and Growth, and Chapter 21,
Plant Responses and Reproduction, were revised to make the
material more student friendly and to emphasize the spe-
cific adaptations of flowering plants that have resulted in
their great success on land.

PartVI Animal Structure and Function

Various applications and analogies have been inserted and
more material was added to selected topics. For example, in

Against Disease, the new terms “acquired immunity” and “innate immunity”
are introduced. The emphasis on homeostasis is maintained in this part, and
new applications have been provided to enliven the discussion. The bioeth-
ical issues have been updated and expanded.

PartVIl Ecology

The principles of ecology are more thoroughly reviewed in this section. The
interplay between ecology and evolution is emphasized because adapta-
tions are often a response to ecological factors. In Chapter 32, Human Im-
pact on the Biosphere, the negative human impacts on the environment are
counter balanced by an expanded section that shows how humans can fos-

Chapter 24, The Maintenance Systems, digestive enzymes
are reviewed in a new section. In Chapter 26, Defenses

What's New to This Edition

Increased Evolution Coverage

« Chapter 1 now introduces students to the principles of evolu-
tion and includes a generalized tree of life. The process of sci-
ence contains a more applicable example of a controlled study.

- Plant and animal biology now begin with evolutionary trees
based on nucleic acid sequencing and emphasizing the inno-
vations that have occurred since they evolved from protistan
ancestors.

- Thinking Scientifically questions that pertain to all as- .
pects of evolution have been added and are identified
with an icon.

Improved Genetics

The relationship between genetics and cancer is highlighted and
a reorganization has resulted in expanded coverage of genomics
and bioinformatics as they apply to student lives.

Expanded Ecology

The negative impact of human activities on the environment is bal-
anced by a new section on sustainability that gives examples of ways
humans can and do contribute to the sustainability of the planet.

Additional Applications

Many new and/or improved applications and analogies have
been added to the text. They will help students relate all aspects
of biology to their lives and the world around them.

ter sustainability.

BCOnect connecr

|BloLoGy McGraw-Hill CONNECT Biology is a web-
based assignment and assessment platform. Instructors can
deliver assignments, quizzes, and tests easily online. Students
can practice important skills at their own pace and on their own
schedule.

Enhanced Instructor Presentation Tools

All line art figures in Essentials of Biology, Second Edition are avail-
able to instructors for presentation purposes in an easy-to-use
table of assets. Included are enhanced image PowerPoints, (in-
cluding editable art, tables, and photos), lecture PowerPoints
with animations, animation PowerPoints, as well as labeled and
unlabeled JPEG images. With the help of a content expert, figures
have been split or stepped out as necessary to ensure optimal
quality during presentations.

Electronic Books

If you or your students are ready for an alternative version of the
traditional textbook, an innovative and inexpensive electronic
textbook is available for Essentials of Biology, Second Edition.
Smart, interactive, searchable, and portable, the electronic book
comes with a powerful suite of built-in tools that allow detailed
searching, highlighting, note taking, and student-to-student or
instructor-to-student note sharing. In addition, relevant anima-
tions and videos are integrated into the textbook content for a
true multimedia learning experience.



Guided Tour

Increased Evolution Coverage

Thinking Scientifically Question

Provides a firm foundation in the principles
of evolution

related to evolution is presented at the end of
each chapter (and identified

with an icon) to help you understand how
evolution is pertinent to all aspects of biology.

Chapter 1 PartIV Diversity of Life

Recently, three fossil skulls of Homo sapiens, dating to about 160,000
years 8p, were discovered in eastern Africa. These skulls fill a gap
between the 100,000-year-old H. sapiens skulls found in Africa and
Israel and 500,000-year-old skulls of archaic H. sapiens found in
Ethiopia. Supporters of the replacement model (out-of-Africa
hypothesis) argue that this discovery strengthens their position by
documenting the succession of human ancestors from 6 mya
through this most recent group. Does this finding prove that the

introduces you to the mme Thinking Scientifically
i 18
principles of evolution and .

a generalized tree of life.

includes a more comprehensive
look at the evolutionary
relationships of organisms.

1.2 | Evolution: The Core Concept
of Biology

From bacteria to bats, toadstools to trees, whip-poor-wills to whales—the
diversity of the living world boggles the mind. Yet all organisms are united by
a common heritage that began during the early years of our planet. Just as you
are descended from your parents, grandparents, and so forth from g
generation back in time, all species can trace their history to the original living
thing. Evolution, the process by which species have changed and diversified
since life arose, explains the unity—all living things share the same
characteristics—and the diversity of life. If you have ever studied a family tree,
then you know it is a diagram used to show how individuals are related to one
another and descended from common ancestors. An evolutionary tree is very
much like a family tree, only it depicts relationships between groups of organ-
isms. The evolutionary tree in Figure 1.4 illustrates the lineages of the major

neration to

groups of living things. The tree summarizes the history of life on Earth over
the approximately 3.5 bi
cell. All the different groups of organisms on our planet are related to one
another, and are represented by branches on the same “family tree of life.”

ion years that have passed since the first, ancestral

The Diversity of Life

Think of an enormous department store, offering thousands of different items

for sale. The various items are grouped in departments—electronic
furniture, and so on—to make them easy for customers to find. Because life is
so diverse, it is helpful to have
(see Appendix B). Taxonomy is the discipline of identifying and classifying
organisms according to certain rules. Taxonomy makes sense out of the bewil-
dering variety of life on Earth by class
sumed evolutionary relationship. As more is learned about evolutionary

. apparel,

system that groups organisms into categories

ng organisms according to their pre-

o @ NV

N

17.4 | The Protists

Like ancient creatures from another planet, the protists inhabit the oceans and
other watery environments of the world. Their morphological diversity is their
most outstanding feature—unicellular diatoms are encrusted in silica “petri
dishes™; dinoflagellates have plates of armor: and ciliates shaped like slippers
have complex structures.

Many protists are unicellular. but all are eukaryotes with a nucleus and a
wide range of organelles. It is widely held that the organelles of eukaryotic cells
arose from close symbiotic associations between bacteria and primitive eukary-
otes (Fig. 17.19). This so-called endosymbiotic hypothesis is supported by the
presence of double membranes around mitochondria and chloroplasts. Also, these
organelles have their own genomes, although incomplete, and their ribosomal
genes point to bacterial origins. The mitochondria appear closely related to certain
bacteria, and the chloroplasts are most closely related to cyanobacteria.

To explain the diversity of protists, we can well imagine that once the
eukaryotic cell arose, it provided the opportunity for many different lineages to
begin. Some unicellular protists have organelles not seen in other cukaryotes.
For example, food is digested in food vacuoles, and excess water is expelled
when contractile vacuoles discharge their contents.

Protists also possibly give us insight into the evolution of a multicellular
organism with differentiated tissues. Some protists are a colony of single cells.
with certain cells specialized to produce eggs and sperm, and others are multicel-
lular, with tissues specialized for various purposes. Perhaps the first type of orga-

nization preceded the second in a progression toward multicellular organisms.

General Biology of Protists

The complexity and diversity of protists make it difficult to classify them. The
variety of protists is so great that it’s been suggested they could be split into
more than a dozen kingdoms. Due to limited space. this text groups the protists
according to modes of nutrition.

Traditionally, the term algae means aquatic photosynthesizer. At one
time, botanists classified algae as plants because they contain chlorophyll a and

o Bacteria Archaea Protists Plants carry on photosynthesis. In aquatic environments, algae are a part of the phyto- £
plankton, photosynthesizers that lie suspended in the water. They are produc- i
- ers, which serve as a source of food for other organisms and pour oxygen into Eukaryotic cell
H ¢ : . bl has mitochondria,
a the environment. In terrestrial systems, algae are found in soils, on rocks, and chloroplasts,
E: in trees. One type of alga is a symbiote of animals called cerals, which depend (plant cell).
or f a o e COra aef f o N S Pé o1 1 .
o oi lhem for food as they hylll«l.lhg‘mml reefs of ”?L \mrl'd Others partner with Figure 17.19 Evolution of the eukaryotic cell.
; fungi in lichens capable of living in harsh terrestrial environments. "
- EU A i N o of the plasma could account for the formation of
S IKARY Fi The definition of a protozean as a unicellular chemoheterotroph explains : A
ARCHAEA igure h ed with mal - the nucleus and certain other The
S o why pmm-nun\ T‘m ung}m.\]l_\» classified with the animals. Oflc:'n‘ a pmm/o.fn suggests Hiat mitochondria and chloroplasts are derived fiom
= o has some form of locomotion. either by flagella, pseudopods, or cilia. In aquatic prokaryotes that were taken up by a much larger eukaryotic cell.
samebral €WV ironments, protozoans are a part of the zooplankton, suspended microscopic
recentco| DEterotrophs that serve as a food source for animals. While most are free-living,
ofthetre{ SOME protozoans are human pathogens, often causing diseases of the blood or

intestines. In many cases, their complex life cycles inhibit the development of
suitable treatments.

There is still one other group of protists: the slime molds and water
._but_the

mold are_chemoheterotrop! lime _molds

replacement model is correct? If not, what fossil evidence might yet
be found to support the multiregional continuity hypothesis?

Think of the animals in this chapter that are radially symmetrical
(cnidarians, many adult echinoderms). How is their lifestyle different
from that of bilaterally symmetrical animals? How does their body
plan complement their lifestyle?

cytoplasm

DNA

plasma
membrane

Archaea

endoplasmic
reticulum

Cell has nucleus
and endoplasmic reticulum.

N\

aerobic
bacterium

photosynthetic
cyanobacterium

mitochondrion

Eukaryotic cell
has mitochondria
(animal cell).




The Visuals

A brilliant visuals program
brings biology to life!

Multi-Level Perspective

a polar head

{1
| =— nonpolar tail Outside of cell

i

phospholipid
carbohydrate chain

glycoprotein

external membrane
surface

phospholipid
bilayer

hydrophobic

hydrophilic

cytoskeleton

Illustrations depicting complex structures show
macroscopic and microscopic views to help
you see the relationships between increasingly
detailed drawings.

filaments

Inside of cell

Water and minerals enter

leaf through xylem.\ 4

Sugar exits leaf
through phloem.

nucleus

mitochondrion

central vacuole

chloroplast

Stoma and guard cells

Combination Art

cuticle

Drawings of structures are
paired with micrographs to
give you the best of both
perspectives: the realism of
photos and the explanatory
clarity of line drawings.
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mesophyll

leaf vein ———

—— spongy
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lower epidermis -

guard cell

cilia
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exit leaf contractile
through stoma. vacuole

CO; enters leaf (partially full)

through stoma.

epidermal cell

food vacuole

contractile vacuole




Evaporation of water
(transpiration)
creates tension that
pulls the water

# column from the
roots to the leaves.

H,0

Process Figures

Complex processes are broken down into a
series of smaller steps that are easy-to-follow.
Numbers guide you through the process.

Cohesion and
adhesion of water
molecules keeps
the water column
intact within xylem.

At termination, the polypeptide
becomes a protein. The
ribosomal subunits disengage,
and the mRNA is released.

P4 In the cytoplasm, the gl If a ribosome attaches
mRNA and ribosomal & £ to a receptor on the ER,
subunits join, and ! the polypeptide enters
polypeptide synthesis the lumen of the ER.
begins. i

mRNA is produced in
the nucleus but moves
through a nuclear pore
into the cytoplasm.

tRNA binding sites

amino acid

Psite  Asite

complementary
base pairing

large subunit

small subunit

Transcription is taking place
the nucleotides of mRNA arej
joined by the enzyme RNA
polymerase in an order
complementary to a strand

template
strand

of DNA.
T Consistent use of
RNA apticodon color organizes
4 . .
ey amino ackl nformation and
methionine 5 .
e clarifies concepts.
initiator tRNA
¢. tRNA-amino acid at.ribosome
DNA This mRNA transc
‘;3:'[‘;‘3 < ready to be proces| o
ribosomal
subunit start codon
P site e A site
large ribosomal
subunit
to processing




The Learning System

Pedagogical features facilitate your understanding of biology

A single teaspoon of soil may contain up
to 1 billion microorganisms, each with the
characteristics of life.

o o
A View of Life
[ F 55—
Only 2 million of the estimated £
15 million species have been
identified. Most identified
species live in tropical rain forests.

Detailed Outline

QOutline -

i | el focuses your attention on the major concepts.

Although life is quite diverse, it can be defined by
certain common characteristics. 2

Numbered Sections

Living things exhibit levels of organization. 2

Evolution: The Core Concept of Biology

Evolution explains the unity and diversity of life. 5

help you organize the content.

Living things are grouped (classified) according to
their evolutionary relationships. 6

An evolutionary tree is a pictorial representation of
how groups of organisms are related. 8

1.3 How the Biosphere Is Org d
t Chapter 12 Gene Regulation and Cancer 187
d
1.4 S{ promoter. The lac operon is normally turned off in this way because lactose is
. 1 usually absent (Figure 12.5a)
E What turns the operon on when lactose is present? Lactose binds to the

. repressor and it changes shape. Now the repressor is unable to bind to the operator
and RNA polymerase is able to bind to the promoter. (Figure 12.5b). Transcription
4 of the genes needed for lactose metabolism occurs. When lactose is present and

glucose. the preferred sugar, is absent, a protein called CAP (not shown) assists

1.5  S{ the binding of RNA polymerase to the promoter. This further ensures that the

. A lactose-metabolizing enzymes are transcribed when they are needed
The number of bacteria j Other bacterial operons, such as those that control amino acid synthesis,
on your skin is roughly . are usually turned on. For example, in the #rp operon, the regulatory gene codes
equal to the number of i q  for arepressor that ordinarily is unable to attach to the operator. Therefore, the

humans on Earth. i
genes needed to make the amino acid tryptophan are ordinarily expressed

Chromatin condensation

When tryptophan is present, it binds to the repressor. A change in shape acti-

vates the repressor and allows it to bind to the operator. Now the operon is
ITIS HARD TO BELIEVE that the number of bacterial organisms living
on your skin right now is greater than the number of human organisms
living on this planet. How can more than 6 billion individual organisms

turned off

Gene Expression in Eukaryotes

live on the surface of your skin? The answer is that bacterial cells are
extremely small—so small that we tend not to think of them. Because
most people cringe at the thought of “germs,” a stroll through just about
any aisle of your local grocery store will reveal a slew of products that
claim to be antibacterial. Advertisers tend to make us think that all

Continued next

page

In bacteria, a single promoter serves several genes that make up a transcription

unit, while in eukaryotes, each gene has its own promoter where RNA poly

merase binds. Bacteria rely mostly on transcriptional control. but eukaryotes

employ a variety of mechanisms to regulate gene expression. These mecha;

nisms affect ther the gene js expressed, the speed with which it is expressed,
and how long it is expressed

Some mechanisms of gene expression occur in the nucleus, and others
occur in the cytoplasm (Fig. 12.6). In the nucleus, chromatin condensation,
DNA transcription, and mRNA processing all play a role in determining which

genes are expressed in a particular cell type

Captivating lllustrations and Story

show how the concepts relate to your life.

Check Your Progress

In the cytoplasm. mRNA translation into a polypeptide at the ribosomes
can occur right away or be delayed. The mRNA can last a long time or be
destroyed immediately, and the same holds true for a protein. These mecha-

nisms control the quantity of gene product and/or how long it is active.

Chromatin Condensation Eukaryotes utilize chromatin condensation as a

way to keep genes turned on or off. The more tightly chromatin is compacted,

Check » ‘
Your Progress

. Contrast the activity of the lac operon when lactose is absent to its
activity when lactose is present.
2. List the various levels at which eukaryotes regulate gene

as you read the chapter. Maximize your study time
by identifying concepts that you don’t understand

before you move on.

expression.

Answers: 1, When lactose is absent, the repressor is active. The active repressor binds
the operator and inhibits transcription of the Lactose-metabolizing genes X2. When
lactose is present, lactose binds and inactivates the repressor, allowing transcription of
the DNA. 2 Eukaryotes may regulate transcription at the level of chromatin

mRNA mANA and protein adtivity.

| Protein activity |

Figure 12.6 control of gene expression in eukaryotic
cells.

Gene expression which can be turned on by an external signal (red) is

controlled at various levels in eukaryotic cells.




The Chapter in Review

mE Summary

7.1 | Cellular Respiration
During cellular respiration, glucose from food is oxidized to CO,, which we
exhale. Oxygen (O,), which we breathe in, is reduced to H,0. When
glucose is oxidized, energy is released. Cellular respiration captures the
energy of oxidation and uses it to produce ATP molecules. The following
equation gives an overview of these events:

CiHiOp + 60, —»6CO, + 6HO + 4}’%\
glucose

The Citric Acid Cycle

Acetyl groups enter the citric acid cycle, a series of reactions occurring in
the mitochondrial matrix. During one turn of the cycle, oxidation results in
2C0, 3 NADH, and 1 FADH,. One turn also produces 1 ATP. The cycle turns
twice and doubles these amounts per glucose.

The Electron Transport Chain

The final stage of cellular respiration involves the electron transport chain
located in the cristae of the mitochondria. The chain is a series of electron
carriers that accept high-energy electrons (e”) from NADH and FADH, and
pass electrons along until they are finally low-energy electrons received
by oxygen, which combines with H* to produce water.

The carriers of the electron transport chain are located in molecular
complexes on the cristae of mitochondria. These carriers capture energy
from the passage of electrons and use it to pump H* into the
i b space of the mitochondrion. When H* flows down its

7.2 | Outside the Mitochondria: Glycolysis

Glycolysis, the breakdown of glucose to 2 molecules of pyruvate, is a
series of enzymatic reactions that occur in the cytoplasm. During
glycolysis:

» Glucose is oxidized by removal of hydrogen atoms (H* + e").

« When NAD" accepts electrons, NADH results.

Breakdown releases enough energy to immediately give a net gain
of 2 ATP by substrate-level ATP synthesis. The inputs and outputs of
glycolysis are summarized here:

Glycolysis

inputs outputs
glucose 2 pyruvate
2NAD* 2 NADH
% 2ADP

4ADP+4 P

Key Terms

gradient into the matrix through ATP synthase complexes, energy is
released and used to form ATP molecules from ADP and ®

Energy Yield from Glucose Metabolism

Of the maximum 38 ATP formed by complete glucose breakdown, 4 are

the result of substrate-level ATP synthesis, and the rest are produced as a
result of the electron transport chain and ATP synthase:

Cteplasm

Alternative Metabolic Pathways

Besides carbohydrates, glycerol and fatty acids from fats, and amino
acids from proteins can undergo cellular respiration by entering
glycolysis and/or the citric acid cycle. These metabolic pathways also

are page-referenced to help you master the scientific vocabulary.

The Chapter in Review

provides an excellent overview of the chapter
concepts using concise, bulleted summaries
and key illustrations.

Thinking Scientifically

questions give you an opportunity to
reason as a scientist. An icon identifies
questions that are related to evolution. (See
Appendix A for answers.)

S

é
mmn Key Terms

acetyl-CoA 104

citric acid cycle 101
coenzyme 101
coenzyme A (CoA) 101
electron transport chain 101

fermentation 109
glycolysis 101
intermembrane space 107
oxygen deficit 109
preparatory (prep) reaction 101
mm Testing Yourself T
Choose the best answer for each question.
1. During cellular respiration,
—isreduced.
a. glucose, oxygen
b. glucose, water
c. oxygen, water
d.
e

is oxidized and

water, oxygen
oxygen, carbon dioxide
2. Cellularr
produced.
a. water and carbon dioxide; oxygen and glucose
b. oxygen and carbon dioxide; glucose and water
c. oxygen and glucose; carbon dioxide and water
d.
e

piration requires and are

water and glucose; oxygen and carbon dioxide

ATP and glucose; oxygen and water
3. During the energy-harvesting steps of glycolysis, which are
produced?
a. ATP and NADH
b. ADP and NADH

c. ATP and NAD*
d. ADP and NAD™

Testing Yourself

Bioethical Issue

Oxidation results in NADH and CO,.
ATP is produced by substrate-level ATP synthesis.
Oxidation produces more NADH and FADH,.

2@9® pyruvate

Preparatory
reaction 2-#NAD‘
oo

11. The strongest and final electron acceptor in the electron trang

chainis

questions help you review material and prepare for tests. (See Appendix A for answers.)

mm= Thinking Scientifically

1. The compound malonate, a substrate of the citric acid cycle, can be
poisonous at high concentrations because it can block cellular
respiration. How might a substrate of the citric acid cycle block
respiration when it is present in great excess?

2. Insulin resistance can lead to diabetes. Insulin normally causes cells

to take in glucose from the blood, but insulin resistance causes cells

to not respond properly to this signal. The pancreas then
compensates by secreting even more insulin into the body.

Researchers have found a connection between a high-fat diet,

decreased mitochondrial function, and insulin resistance in some

elderly patients. What might be the connection between these
three events?

You observe that prokaryotic cells sometimes have invaginations of

the plasma membrane where metabolic pathways take place. How

could this observation be used to support your hypothesis that

mitochondria evolved when a prokaryote cell was engulfed by a

nucleated cell?

mm Bioethicallssue ]

Regulating Dietary Suppl t.

Americans spend millions of dollars every year on products and diets
that claim to boost metabolic rates and assist in weight loss. These and
other supplements are available in supermarkets, by mail order, and
through the Internet. Drug makers are required to prove that a drug is
safe and effective before it can be sold to the public. But the Food and
Drug Administration (FDA) cannot legally supervise the supplement
industry because their products are not defined as drugs. Thus,
regulators must prove that a supplement is dangerous before it can
be removed from the market. Although some of the more dangerous
supplements, such as ephedra, have been banned, many questionable
and dangerous products remain freely available to anyone who wants
them. Since the FDA does not have the time or resources to perform
the necessary research, most dietary supplements receive scant
supervision.

Many scientists and other concerned individuals contend that FDA
regulation of the supplement industry is needed to protect public safety.
They argue that FDA regulation would protect the public from potentially
dangerous products and ensure the efficacy of dietary supplements
and diet products. However, some are concerned that regulation of the
supplement industry would undermine the public interest by reducing
choices in the marketplace. Furthermore, they argue that FDA regulation
of supplements would create the need for additional taxes and divert
resources that would be better spent regulating prescription and over-the-
counter drugs.

" Do you believe that the government should increase scrutiny
of dietary and weight-loss supplements? Or do you believe that FDA

readings discuss a variety of controversial topics that confront our society so you
can begin to understand those issues in the context of biology.

Essentials of Biology Website

regulation of these products would be a waste of time and money?

mm= [Essentials of Biology Website o
The companion website for Essentials of Biology provides a wealth of
information organized and integrated by chapter. You will find practice

provides practice tests, animations, and videos organized and integrated by
chapter to help you succeed in your study of biology.

tests, animations, videos, and much more that will complement your
learning and understanding of general biology.

http://www.mhhe.com/maderessentials2
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Supplements

Dedicated to providing high-quality and effective supplements for
instructors and students, the following supplements were devel-
oped for Essentials of Biology, Second Edition.

For Instructors

Laboratory Manual

The Essentials of Biology Laboratory Manual is written by
Dr. Sylvia Mader. With few exceptions, each chapter in the text
has an accompanying laboratory exercise in the manual. Every
laboratory has been written to help students learn the funda-
mental concepts of biology and the specific content of the chap-
ter to which the lab relates, and to gain a better understanding of
the scientific method.

& Connect Connect

[siorocy  McGraw-Hill Connect Biology is a web-
based assignment and assessment platform
that gives students the means to better connect with their course-
work, with their instructors, and with the important concepts that
they will need to know for success now and in the future. With
Connect Biology, instructors can deliver assignments, quizzes and
tests easily online. Students can practice important skills at their
own pace and on their own schedule. With Connect Biology Plus,
students also get 24/7 online access to an eBook—an online edi-
tion of the text—to aid them in successfully completing their work,
wherever and whenever they choose.

Companion Website
www.mhhe.com/maderessentials2

The companion website contains the following resources for
instructors:

- Presentation Tools Everything you need for outstanding
presentations in one place! This easy-to-use table of assets
includes

« Enhanced Image PowerPoints—including every piece of art that
has been sized and cropped specifically for superior presenta-
tions as well as labels that you can edit. Also included are tables,
photographs, and unlabeled art pieces.

« Animation PowerPoints—Numerous full-color animations illus-
trating important processes are also provided. Harness the
visual impact of concepts in motion by importing these files
into classroom presentations or online course materials.

« Lecture PowerPoints—with animations fully embedded

« Labeled and Unlabeled JPEG Images—Full-color digital files of all
illustrations that can be readily incorporated into presentations,
exams, or custom-made classroom materials.

« Presentation Center In addition to the images from your book,
this online digital library contains photos, artwork, animations,
and other media from an array of McGraw-Hill textbooks that
can be used to create customized lectures, visually enhanced
tests and quizzes, compelling course websites, or attractive
printed support materials. All assets are copyrighted by McGraw-
Hill Higher Education, but can be used by instructors for class-
room purposes.

« Instructor’s Manual The instructor’s manual contains chapter
outlines, lecture enrichment ideas, and critical thinking ques-
tions.

- Computerized Test Bank A comprehensive bank of test ques-
tions is provided within a computerized test bank powered by
McGraw-Hill’s flexible electronic testing program EZ Test Online.
EZ Test Online allows you to create paper and online tests or quiz-
zes in this easy to use program! A new tagging scheme allows you
to sort questions by difficulty level, topic, and section. Imagine
being able to create and access your test or quiz anywhere, at any
time, without installing the testing software. Now,
with EZ Test Online, instructors can select ques-
tions from multiple McGraw-Hill test banks or
author their own, and then either print the test for
paper distribution or give it online.

Test Creation

- Author/edit questions online using the 14 different question
type templates

. Create question pools to offer multiple versions online— great
for practice

- Export your tests for use in WebCT, Blackboard, PageOut, and
Apple’s iQuiz

« Sharing tests with colleagues, adjuncts, TAs is easy

Online Test Management

- Set availability dates and time limits for your quiz or test

. Assign points by question or question type with dropdown
menu

- Provideimmediate feedback to students or delay feedback until
all finish the test

. Create practice tests online to enable student mastery

« Your roster can be uploaded to enable student self-registration

XV
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Online Scoring and Reporting

» Automated scoring for most of EZ Test’s numerous question
types

« Allows manual scoring for essay and other open-response
questions

« Manual rescoring and feedback are also available

« EZ Test's grade book is designed to easily export to your
grade book
- View basic statistical reports
Support and Help
- Flash tutorials for getting started on the support site
« Support Website: www.mhhe.com/eztest
« Product specialist available at 1-800-331-5094
+ Online Training: http://auth.mhhe.com/mpss/workshops
Go to www.mhhe.com/maderessentials2 to learn more.

McGraw-Hill: Biology Digitized Video Clips

ISBN (13) 978-0-312155-0

ISBN (10) 0-07-312155-X

McGraw-Hill is pleased to offer an outstanding presentation tool to
text adopting instructors—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
under three minutes in length and cover all areas of general biology
from cells to ecosystems. Engaging and informative, McGraw-Hill's
digitized videos 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.

Student Response System

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. This
system can be used by instructors to take attendance, administer quiz-
zes and tests, create a lecture with intermittent questions, manage lec-
tures and student comprehension through the use of the grade book,
and integrate interactivity into their PowerPoint presentations.

For Students

Companion Website
www.mhhe.com/maderessentials2

The Mader: Essentials of Biology companion website is an elec-
tronic study system that offers students a digital portal of knowl-

edge. Students can readily access a variety of digital learning
objects that include:

« Chapter-level quizzing with pretest and posttest

- Bio Tutorial animations with quizzing

- Vocabulary flashcards

« Virtual Labs

Biology Prep, also available on the companion website, helps stu-
dents to prepare for their upcoming coursework in biology. This
website enables students to perform self assessments, conduct self-
study sessions with tutorials, and perform a post-assessment of their
knowledge in the following areas:

+ Introductory Biology Skills

+ Basic Math Review I and ||

« Chemistry

+ Metric System

« Lab Reports and Referencing

Electronic Books

Electronic books are an innovative way for students to save
money and help create a greener environment at the same
time! By purchasing eBooks from McGraw-Hill, students can save
on selected titles delivered on the most advanced eBook plat-
form available.

They also save time—every eBook comes with a powerful
search engine that allows students to quickly find the topics needed
to study. Contact your McGraw-Hill sales representative to discuss
eBook packaging options.

How to Study Science

ISBN (13) 978-0-07-234693-0

ISBN (10) 0-07-234693-0

This workbook offers students helpful suggestions for meeting the
considerable challenges of a science course. It gives practical advice
on such topics as how to take notes, how to get the most out of
laboratories, and how to overcome science anxiety.

Photo Atlas for General Biology

ISBN (13) 978-0-07-284610-2

ISBN (10) 0-07-284610-0

Atlas was developed to support our numerous general biology
titles. It can be used as a supplement for a general biology lecture or
laboratory course.
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