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Preface

Welcome to an exploration of the diversity of life. The main goal
of this textbook is to guide you on a journey of discovery about
life’s diversity across levels ranging from molecules to genes,
cells to organs, and species to ecosystems. Along the way, we
will explore many questions about the mechanisms underlying
diversity as well as the consequences of diversity, for our own
species and for others.

An emphasis on the diversity of life ...

At first glance, the riot of life that animates the biosphere over-
whelms our minds. One way to begin to make sense of this
diversity is to divide it into manageable sections on the basis of
differences. We also consider features found in all life forms to
stress similarities as well as differences. We examine how dif-
ferent organisms solve the common problems of finding nutri-
ents, energy, and mates on the third rock from our Sun. What
basic evolutionary principles inform the relationships among
life forms regardless of their different body plans, habitats, or
life histories? Unlike many other first-year biology texts, this
book has chapters integrating basic concepts such as the effects
of genetic recombination, light, and domestication across the
breadth of life from microbes to mistletoe to moose. As you read
this book, you will be referred frequently to other chapters for
linked information that expands the ideas further.

Evolution provides a powerful conceptual lens for viewing
and understanding the roots and history of the diversity of
living things. We will demonstrate how knowledge of evolution
helps us appreciate the changes we observe in organisms.
Whether the focus is the conversion of free-living prokaryotic
organisms into mitochondria and chloroplasts or the steps
involved in the domestication of rice, selection for particular
traits over time can explain the current condition.

Examining how biological systems work is another theme
pervading this text and underlying the idea of diversity. We have
intentionally tried to include examples that will tax your imagi-
nation, from sea slugs that steal chloroplasts for use as solar
panels, to the molecular basis of high altitude adaptations in
deer mice, to adaptive radiation of viruses. In each situation, we
examine how biologists have explored and assessed the inner
workings of organisms, from gene regulation to the challenges
of digesting cellulose.

Solving problems is another theme that runs throughout
the book. Whether the topic is gene therapy to treat a disease in
people, increasing crop production, or reducing the incidence of
human obesity, both the problem and the solution lie in biology.
We will explore large problems facing planet Earth and the
social implications that arise from them.

NEL

Emphasizing the big picture ...

Many biology textbooks use the first few chapters to review fun-
damentals of chemistry and biochemistry as well as information
on the scientific method. Instead of focusing on this background
information, we have used the first chapter, in particular, to
immediately engage students by conveying the excitement that
is modern biology. We have put important background infor-
mation in the centre of the book as a distinct reference section
entitled The Chemical and Physical Foundations of Biology. With
their purple borders, these pages are distinct and easy to find,
and have become affectionately known as The Purple Pages.
These pages enable information to be readily identifiable and
accessible to students as they move through the textbook rather
than being tied to a particular chapter. In this edition, the con-
cepts of atoms, molecules, and macromolecules are connected
through the theme of “emergent properties” By considering
how the “stuff of life” interrelates as a function of increasing
complexity rather than just memorizing the attributes of indi-
vidual items, students can better grasp why biology works the
way it does, rather than be awed by how much information we
know about it.

We hope that Canadian students will find the subject of
biology as it is presented here accessible and engaging because it
is presented in familiar contexts. We have highlighted the work
of Canadian scientists, used examples of Canadian species, and
referred to Canadian regulations and institutions.

Focusing on research to help students engage
the living world as scientists ...

A primary goal of this book is to evoke and sustain students’
curiosity about biology, rather than dulling it with a moun-
tain of disconnected facts. We can help students develop the
mental habits of scientists and a fascination with the living
world by conveying our passion for biological research. We
want to excite students not only with what biologists know
about the living world but also with how they know it and
what they still need to learn. In doing so, we can encourage
some students to accept the challenge and become biologists
themselves, posing and answering important new questions
through their own innovative research. For students who
pursue other careers, we hope that they will leave their
introductory—and perhaps only—biology course armed with
intellectual skills that will enable them to evaluate future
knowledge with a critical eye.

In this book, we introduce students to a biologists “ways of
learning” Research biologists constantly integrate new observations,
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hypotheses, questions, experiments, and insights with existing
knowledge and ideas. To help students engage the world as
biologists do, we must not simply introduce them to the cur-
rent state of knowledge, we must also foster an appreciation of
the historical context within which those ideas developed, and
identify the future directions that biological research is likely to
take.

Because advances in science occur against a background of
research, we also give students a feeling for how biologists of the
past formulated basic knowledge in the field. By fostering an
appreciation of such discoveries, given the information and the-
ories available to scientists in their own time, we can help stu-
dents understand the successes and limitations of what we
consider cutting edge today. This historical perspective also
encourages students to view biology as a dynamic intellectual
enterprise, not just a collection of facts and generalities to be
memorized.

We have endeavoured to make the science of biology come
alive by describing how biologists formulate hypotheses and
evaluate them using hard-won data; how data sometimes tell
only part of a story; and how the results of studies often end up
posing more questions than they answer. Our exploration of the
Tully Monster in Chapter 27 is a case in point. Since its fossil
discovery and description, this mainly soft-bodied animal has
been tentatively classified with species in five different groups of
animals. Through this example, and throughout Chapter 27, we
explore the current recognition that the historical and tradi-
tional grouping of animals into protostomes and deuterostomes
is more artificial than real.

Although students might prefer simply to learn the “right”
answer to a question, they must be encouraged to embrace
“the unknown,” those gaps in knowledge that create opportu-
nities for further research. An appreciation of what biologists
do not yet know will draw more students into the field. And by
defining why scientists do not understand interesting phe-
nomena, we encourage students to think critically about pos-
sible solutions and to follow paths dictated by their own
curiosity. We hope that this approach will encourage students
to make biology a part of their daily lives by having informal
discussions and debates about new scientific discoveries.

Presenting the story line of the research
process ...

Science is by its nature a progressive enterprise in which answers
to questions open new questions for consideration. In preparing
this book, we developed several special features to help students
broaden their understanding of the material presented and of
the research process itself:

o The chapter openers, titted Why It Matters, are engaging,
short vignettes designed to capture students’ imaginations
and whet their appetites for the topic that the chapter
addresses. In many cases, this feature uses current Canadian
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examples and tells the story ofhow a researcher or researchers
arrived at a key insight, or how biological research solved a
major societal problem, explained a fundamental process, or
elucidated a phenomenon. The Why It Matters feature links
the insight from the vignette to the contents of the chapter to
spark student interest in the topic at hand.

o Three types of specially designed research figures provide
more detailed information about how biologists formulate
specific hypotheses and test them by gathering and inter-
preting data. Experimental Research figures describe spe-
cific studies in which researchers used both experimental
and control treatments, either in the laboratory or in the
field, to test hypotheses or answer research questions by
manipulating the system they studied. Observational
Research figures describe specific studies in which biolo-
gists have tested hypotheses by comparing systems under
varying natural circumstances. Research Method figures
provide examples of important techniques, such as light
and electron microscopy, the polymerase chain reaction,
making a knockout mouse, DNA microarray analysis, plant
cell culture, producing monoclonal antibodies, radiometric
dating, and cladistic analysis. Each Research Method figure
leads a student through the purpose of the technique and
protocol, and describes how scientists interpret the data it
generates.

Integrating effective, high-quality visuals into
the narrative ...

Today’s students are accustomed to receiving ideas and informa-
tion visually, making the illustrations and photographs in a text-
book and the fully integrated online resources critically
important. From the first Canadian edition, our illustration pro-
gram has provided an exceptionally clear supplement to the nar-
rative in a style that is consistent throughout the book. Graphs
and anatomical drawings are annotated with interpretive expla-
nations that lead students, step by step, through the major points
they convey.

Over subsequent editions, we have continued to enhance
the illustration program, focusing on features that reviewers and
users of the book identified as the most useful pedagogical tools.
In revising the text, we reevaluated each illustration and photo-
graph, and made appropriate changes to improve their utility as
teaching tools.

For this most recent edition, we have made some exciting
new additions to our illustration program through the creation
of Chapter Roadmaps and Summary Illustrations for every
chapter the book. Chapter Roadmaps appear at the beginning of
each chapter and provide a visual overview of the chapter con-
tents. Connections between topics across chapters are empha-
sized to give students a sense of how the content of each chapter
fits within the larger context of the book, and biology as a whole.
At the end of each chapter, we have created vivid and engaging
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Summary Illustrations that depict the core concepts—and
teaching heart—of the chapter. These illustrations provide stu-
dents with a visual overview of the connections between key
concepts, and provide a unique touchstone to review and gauge
understanding of the chapter contents.

Organizing chapters around important
concepts...

As authors and university teachers, we understand how easily
students can get lost within a chapter. When students request
advice about how to read a chapter and learn the material in it,
we usually suggest that, after reading each section, they pause
and quiz themselves on the material they have just encountered.
After completing all the sections in a chapter, they should quiz
themselves again, even more rigorously, on the individual sec-
tions and, most important, on how the concepts that were devel-
oped in the different sections fit together. Accordingly, we have
adopted a structure for each chapter to help students review
concepts as they learn them.

o Theorganization within chapters presents material in digest-
ible sections, building on students’ knowledge and under-
standing as they acquire it. Each major section covers one
broad topic.

o Study Break questions follow every major section. These
reading comprehension questions encourage students to
pause at the end of a section and review what they have
learned before going on to the next topic within the chapter.
If a student isn't able to answer a study break question, they
can immediately revisit the previous section to solidify their
understanding. We feel that this is a better learning tool than
directly providing the answers to these questions. If the
answer does not come easily, then rereading the material
associated with the answer is as important as seeing the
answer itself.

o Self-Test Questions are found at the end of each chapter.
These chapter review questions are organized according
to Bloom’s taxonomy into three sections: Recall/Under-
stand, Apply/Analyze, and Create/Evaluate. This struc-
ture allows students to review the material in a sequence
that moves from the basic knowledge of factual material,
to more challenging and sophisticated applications
of that knowledge, to novel situations. Answers to the
Self-Test Questions are found in an appendix at the back
of the book.

o The Chemical and Physical Foundations of Biology, also
known as The Purple Pages, keep background information
out of the main text, allowing students to focus on the bigger
picture.

o Unit 5: The Diversity of Life, also known as The Green Pages,
contains readily identifiable chapters that introduce the tre-
mendous variability among living organisms.
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Effectively introducing digital solutions into
your classroom—online or in class—is now
easier than ever ...

The fourth Canadian edition of Biology: Exploring the Diversity
of Life represents a fully integrated package of print and media,
providing comprehensive learning tools and flexible delivery
options. In preparing this edition, we conducted extensive
research to determine how instructors prefer to present online
learning opportunities. The result of this research is a new
MindTap course organized around the instructors preferred
workflow. Instructors can now select just the content they want
to assign, chosen from a comprehensive set of learning materials
provided with the course for each chapter. Many types of
learning activities are assignable and offer students immediate
feedback and automated instructor assessment.

Research also indicates that online content is most effective
when it enhances conceptual understanding through the use of
relevant applications. In this edition, we have developed new
assessable online learning activities that provide students the
opportunity to explore and practice biology the way scientists
practice biology:

o Interpret the Data exercises have been enhanced by an addi-
tional online exercise to further develop student quantitative
analysis and mathematical reasoning skills.

o The Design an Experiment feature is delivered online as a
guided learning activity that takes the student through the
process of designing an experiment.

o Conceptual Learning Activities are repeatable in alternate
versions to help students learn the material.

The Instructor Resource Center provides everything you
need for your course in one place. This collection of lecture and
class tools is available online for instructors only via www
.nelson.com/instructor. There you can access and download
PowerPoint presentations, images, the Instructor’s Manual, the
Test Bank, videos, animations, and more.

To maximize the chances of producing a useful text that
draws in students (and instructors), we sought the advice of col-
leagues who teach biology (members of the MindTap Advisory
Board). We also asked students (members of the Student Advi-
sory Boards) for their advice and comments. These groups eval-
uated the effectiveness of important visuals in the textbook,
evaluated draft chapters, and provided valuable feedback on the
MindTap, but any mistakes are ours.

In summary, we have applied our collective experience as
teachers, researchers, and writers to create a readable and under-
standable foundation for students who may choose to enrol in
more advanced biology courses in the future. Where appro-
priate, we provide straightforward explanations of fundamental
concepts from the evolutionary perspective that binds together
all the biological sciences. Recognizing that students in an intro-
ductory biology course face a potentially daunting quantity of
ideas and information, we strive to provide an appropriate
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balance between factual and conceptual material, taking great
care to provide clear explanations of how scientists draw conclu-
sions from empirical data. Our approach helps students under-
stand how we achieved our present knowledge. Clarity of
presentation, thoughtful organization, a logical and seamless
flow of topics within chapters, and carefully designed illustra-
tions are key to our approach.

We hope that you are as captivated by the biological world
as we are, and are drawn from one chapter to another. But don’t
stop there; use the digital and other resources to broaden your
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search for understanding, and, most important, observe and
enjoy the diversity of life around you.

M. Brock Fenton

Denis Maxwell

Tom Haffie

Bill Milsom

Todd Nickle

Shona Ellis

London, Calgary, and Vancouver

January 2018
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New to This Edition

The enhancements we have made in the fourth Canadian edition of
Biology: Exploring the Diversity of Life reflect our commitment to
providing a textbook that introduces students to new developments
in biology while fostering active learning and critical thinking.

Our revisions to the new edition were guided by five impor-
tant principles:

o Reduce the size of the book

o Ensure content is relevant and engaging for students and
instructors

o  Emphasize connections

o Support concepts with visuals wherever possible

o Extensively revise and rewrite Unit Four: Evolution and
Classification

A streamlined textbook ...

In response to feedback from students and instructors across the
country, we have made some important changes that have
resulted in a briefer edition.

Organizational Changes

By combining and reorganizing information, we have reduced
the number of chapters in the book from 52 to 46. The material
on protostomes and deuterostomes has been combined into a
single super chapter on animals. Using the latest research as our
guide, Chapter 27: Animals captures the excitement of how new
developments in molecular phylogenetic techniques have
resulted in many taxonomic reclassifications as well as changes
to phylogenies. This chapter features a unique research box on
the Tully Monster as a case in point.

We have also streamlined our coverage of systems and pro-
cesses in animals by combining reproduction and development to
create Chapter 44: Animal Reproduction. The chapters on neural
control and neural integration have been combined to create
Chapter 45: Control of Animal Processes: Neural Control.

We have also rewritten former Chapter 33: Putting Selec-
tion to Work and Chapter 52: Conservation and Evolutionary
Physiology into a collection of case studies and placed them on
the MindTap for the book.

Streamlined Pedagogy and Prose

Our revisions to the fourth Canadian edition were also informed
by a desire to reduce redundancy across the book, including only
essential, testable information. As a result, students and instruc-
tors will find an efficient use of prose across the new edition, as
well as extensive use of cross-references to other chapters, where
necessary. The feature boxes “Molecule behind Biology,” “People
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behind Biology,” and “Life on the Edge” have also been moved
from the book to the Instructor’s Manual, allowing instructors to
continue to draw upon these engaging stories and vignettes,
without increasing the length of the textbook.

Engaging and relevant content ...

From personal genome reports to cues to recognizing human
female ovulation, the new edition is full of engaging examples
that reflect everyday biology and its impact on society. In addi-
tion to references to Canadian research and researchers
throughout the book, our MindTap features profiles of 13 former
biology students, and what they have done with their biology
degrees in “Where Are They Now?”

Emphasizing connections ...

We recognize that part of the challenge of an introduction to
biology course lays in covering a large breadth of knowledge
while making meaningful connections across topics, concepts,
and the discipline as a whole. In Biology: Exploring the Diversity
of Life, every chapter begins with a Chapter Roadmap that pro-
vides students with a visual overview of the chapter contents,
while making connections between parts of the chapter and
other chapters in the book. Within chapters, students will find
cross-references and connections to other chapters where a con-
cept is explored further or from a different perspective. Further-
more, every chapter concludes with a Summary Illustration, a
two-page spread that synthesizes, integrates, and illustrates con-
nections between important concepts covered in the chapter.

Clear and thoughtful visuals ...

Each of the figures in the new edition delivers a clear and
thoughtful message that is tied directly to the discussion it
accompanies. The new edition contains over 200 new and 55
revised figures. We have further enhanced this connection
through the refinement and integration of research figures.
Experimental Research, Observational Research, and Research
Methods are further highlighted in a vivid new design, drawing
attention to how biologists formulate and test specific hypoth-
eses by gathering and interpreting data.

Extensively Revised Unit Four: Evolution and
Classification

The fundamental concepts of evolution are essential for students
to grasp as they explain the diversity of living organisms as well

as the commonalities that organisms possess. That said, many
first-year students come to university with a poor understanding
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of evolutionary principles; whether it’s the importance of chance
mutation as a driver of evolutionary change or that evolution
can occur in the absence of natural selection.

With this in mind, we have extensively revised this unit to
focus more clearly on conveying the fundamental concepts of
evolution, to provide greater clarity on the processes that cause
evolutionary change, as well as to make critical connections
between evolution and genetics. Chapter 16: Evolution by
Natural Selection now includes a section and Research Figure
focused on experimental evolution in E. coli, as well as a con-
cluding figure that explains the major misconceptions students
have concerning evolution and natural selection. Chapter 17:
Microevolution: Changes Within Populations has been rewritten
to make stronger connections to genetics, which are often not
made in the context of evolution, by fully explaining terms such
as allele, gene, gene pool, and locus. This chapter also emphasizes
the role of random mutation in evolution and its importance in
introducing genetic novelty. Chapter 18: Speciation and Macro-
evolution has improved flow and clarity, including simpler and
more informative figures. Chapter 19: Systematics and Phyloge-
netics: Revealing the Tree of Life is now its own dedicated
chapter. This allows for more clear discussion of the tools and
approaches used today to infer evolutionary histories. Great
care has been taken to clearly define and present concepts of
homology and convergent evolution.

Major revisions to selected chapters are listed
below:
Chapter 1: Light and Life

e Streamlined to be more concise

Chapter 2: The Cell: An Overview

o NEW Research Figure about cell fractionalization

Chapter 3: Energy and Enzymes

e More precise description of fundamentals of
thermodynamics

o Improved and clarified figures related to exergonic and end-
ergonic reactions

Chapter 4: Cell Membranes and Signalling

o NEW Research Figure: Frye-Edidin Experiment Demon-
strating that the Phospholipid Bilayer Is Fluid
o NEW Research Figure: Freeze Fracture

Chapter 5: Cellular Respiration

o Clarified section on chemical basis of cellular respiration to
include stronger connections with Chapter 3

XX ‘ NEW TO THIS EDITION

Chapter 6: Photosynthesis

o  Clarified and improved selected figures

Chapter 7: Cell Cycles

e NEW Why It Matters about algal blooms in Lake Erie

e NEW material on DNA packaging

o« NEW figure clarifying replicated versus unreplicated
chromosomes

Chapter 8: Genetic Recombination

o Added explicit reference to cytokinesis
o Specified creation of haploid cells

Chapter 9: The Chromosomal Basis of Mendelian
Inheritance

e« NEW Canadian Why It Matters about the spirit bears of
British Columbia

o Enhanced discussion connecting genes/alleles to proteins
and protein products, and to the expression of alleles in the
phenotype as dominant/recessive

Chapter 10: Genetic Linkage, Sex Linkage, and
Other Non-Mendelian Inheritance Mechanisms

e NEW Canadian Why It Matters about disease incidence in
Quebec

e NEW figures and examples dealing with translocations,
imprinting, and pedigree analysis

Chapter 11: DNA Structure, Replication, and
Repair
o NEW Canadian Why It Matters about woolly mammoths in

Canada
o  Highlighted mechanisms of repair of DNA damage

Chapter 12: Gene Structure, Expression, and
Mutation

o NEW Canadian Why It Matters about poisonous mush-
rooms in British Columbia

o  Expanded material on mutations and how they can affect
protein function

o NEW discussion about ENCODE versus the junk DNA
debate

o  Expanded and clarified discussion of mutagenesis

Chapter 13: Regulation of Gene Expression

o NEW Why It Matters featuring epigenetic regulation of hon-
eybee castes

NEL

Copyright 2019 Nelson Education Ltd. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content
may be suppressed from the eBook and/or eChapter(s). Nelson Education reserves the right to remove additional content at any time if subsequent rights restrictions require it.



o  Updated material on IncRNA
o Updated material on cancer genetics

Chapter 14: DNA Technologies

o NEW section on CRISPR and qPCR

o  Clarified and expanded Health Canada position on geneti-
cally modified foods

o Added material on knockout mouse protocol

Chapter 15: Genomics

o  Fully updated

e NEW section on comparative genomics

o Linked advances in sequencing technologies from Sanger to
early next-gen methods to DNA replication outlined in
Chapter 11

o Enhanced explanation of principles behind BLAST

Chapter 16: Evolution: The Development of the
Theory

o Completely rewritten with a greater focus on fundamental
concepts of evolution and less emphasis on historical
development

o NEW Why It Matters about antibiotic resistance

o Section and Experimental Research Figure focused on
experimental evolution in E. coli

o  Concluding figure explains the major misconceptions stu-
dents have with evolution and natural selection

Chapter 17: Microevolution: Changes within
Populations

o Completely rewritten with greater clarity on the processes
that cause evolutionary change

»  Stronger connections with genetics by fully explaining terms
such as allele, gene, gene pool, locus

o Emphasis on the role of random mutation, the different
types and when they occur, that may drive the introduction
of genetic novelty

Chapter 18: Speciation and Macroevolution

o Improved flow and clarity of the writing
o Simpler and more informative figures

Chapter 19: Systematics and Phylogenetics:
Revealing the Tree of Life

o In the previous edition, systematics and phylogenetics were
grouped with the history of life (geological record) as a single
chapter. This made it somewhat disjointed. In this edition,
systematics and phylogenetics is its own dedicated chapter.
This allows for clearer discussion of the tools and approaches
used today to infer evolutionary histories.
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o The concepts of homology and convergent evolution are
more clearly presented.

Chapter 20: Humans and Evolution

e Unchanged from previous edition

Chapter 21: Defining Life and Its Origins

o In this edition, this chapter includes a section on the fossil
record.

o Expanded section discussing possible energy sources for
early life

e More in-depth discussion on LUCA

Chapter 22: Viruses, Viroids, and Prions:
Infectious Biological Particles

o NEW Canadian example about tracking viral disease
o NEW Research Figure: A New Discovery for Hepatitis C
Therapy

Chapter 23: Bacteria and Archaea

o Phylogenetic tree updated to reflect latest research

e NEW Research Figure: Genetic Recombination in Bacteria

o NEW discussion of a recent finding of a group within
Archaea (Lokiarchaeota) that has a number of genes in
common with eukaryotes

Chapter 24: Protists

o Phylogenetic tree updated to reflect latest research

e Incorporated recent research on Diplonemids that had been
previously known from only a single environmental gene
from marine planktonic samples

o NEW Research Figure: Isolation and Identification of Marine
Diplonemids

Chapter 25: Fungi

o Incorporated information on a recent discovery in lichens
related to the third symbiont, a basidiomycete yeast that is
part of the symbiosis that influences the morphology of
lichen

o Added material on the Puccinia—grain interaction

e« NEW Research Figure: Hidden Third Partner in Lichen
Symbiosis

Chapter 26: Plants

e« NEW Research Figure: Exploring a Possible Early Angio-
sperm Adaptation for Efficient Photosynthesis in Dim
Environments

o  Extensive revision of key figures for clarity

NEW TO THIS EDITION ‘ xXi
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Chapter 27: Animals

o NEW chapter that combines both protostomes and
deuterostomes

o Includes latest research on phylogenetic tree

o NEW Research in Biology box on the Tully Monster

Chapter 28: Conservation of Biodiversity

o NEW Why It Matters featuring the extinction of passenger
pigeons

o NEW section on the Anthropocene

o Enhanced discussion of human impact on landscapes

o NEW material on ecosystem services

o NEW discussion of the impact of wolf predation on popula-
tions of caribou

Chapter 29: Population Ecology

o NEW Why It Matters about the other malaria

o NEW Research Figure: Evaluating Density-Dependent
Interactions between Species

o NEW section on Human Administered Population Control

Chapter 30: Species Interactions and
Community Ecology

o NEW Why It Matters about oxpeckers and their hosts

o NEW coverage of blood feeders

o NEW material on venoms, how animals use them and how
they work

Chapter 31: Ecosystems

o NEW Why It Matters about cave ecosystems
o  Updated discussion of mass mortality
o  Enhanced discussion of urban ecosystems

Chapter 32: Animal Behaviour

o NEW Why It Matters about bird migration

o NEW discussion about changing behaviour, featuring
moose, salt, and cars

o NEW coverage of echolocation

o NEW material on the evolution of human language

Chapter 33: Organization of the Plant Body

o Incorporation of current research that demonstrates, with
the discovery of new transcription factors, that there is an
unexpectedly complex regulatory network governing sec-
ondary wall development

o NEW Research Figure: Networking the Secondary Cell Wall

Chapter 34: Transport in Plants

o NEW Research Figure: Translocation Pressure

xxii ‘ NEW TO THIS EDITION

Chapter 35: Reproduction and Development in

Flowering Plants

e NEW section explaining the genetics behind the ABC model
of floral development

e NEW section showing how plant tissue culture can generate
virus-free plants from infected donors

Chapter 36: Plant Nutrition

e Assimilation of nutrients connected with material in The
Purple Pages

Chapter 37: Plant Signals and Responses to the
Environment

o Updated section on Darwin’s experiments using light and
oat coleoptiles

Chapter 38: Introduction to Animal
Organization and Physiology

o NEW Research Figure: Demonstration of the Use of the Bill
for Thermoregulation in Birds

Chapter 39: Animal Nutrition

o NEW Research Figure: Association of Bacterial Populations
in the Gut Microbiome with Obesity in Humans

o NEW definition of essential nutrients, malnutrition, and
undernutrition

o NEW figure illustrating intracellular digestion

Chapter 40: Gas Exchange: The Respiratory

System

o NEW Why It Matters, featuring a discussion of adaptations
that allow animals to live in oxygen-limited environments
(burrows, during diving, at altitude)

o NEW Research Figure: Demonstration of a Molecular Basis
for High-Altitude Adaptation in Deer Mice

Chapter 41: Internal Transport: The Circulatory

System

o NEW Why It Matters, featuring the effects of animal body
size on resting heart rate (but not longevity)

o NEW Research Figure: Demonstration of a Vasodilatory
Signalling Molecule

Chapter 42: Regulation of the Internal
Environment: Water, Solutes, and Temperature

o NEW Research Figure: ADH-Stimulated Water Reabsorp-
tion in the Kidney Collecting Duct
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Added new section on the regulation of mammalian kidney
function

Refined discussion to clarify the difference between osmo-
lality and osmolarity

Chapter 43: Control of Animal Processes:
Endocrine Control

NEW Why It Matters, featuring endocrine control of mating
behaviour in elk

NEW Research Figure: Demonstration That Epinephrine
Acts by Binding to a Plasma Membrane Receptor

Chapter 44: Animal Reproduction

NEL

NEW chapter created by combining reproduction and
development

Added sexual reproduction as a route for infection
Clarified discussion of where organelles were in the
sperm

NEW Research Figure: Vocal Cues of Ovulation in Human
Females

Chapter 45: Control of Animal Processes: Neural
Control

NEW chapter created by combining neural control and
integration

Clarified the difference between the spike initiation zone
and the axon hillock

Clarified resting and membrane potential

NEW Concept Fix addressing passive versus gated channels
Enhanced discussion of the refractory period and why it is
important for nerve conduction

NEW Research Figure: Demonstration of Chemical Trans-
mission of Nerve Impulses at Synapses

Chapter 46: Muscles, Skeletons, and Body
Movements

NEW Concept Fix addressing the misconceptions about
muscles getting smaller as they contract

More human examples integrated throughout

NEW Research Figure: The Sliding Filament Model of
Muscle Contraction

NEW TO THIS EDITION xxiii
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Welcome to Biology:
Exploring the Diversity of Life, 4Ce

Biology: Exploring the Diversity of Life and MindTap engage students so they learn not only WHAT
scientists know, but HOW they know it and what they still need to learn.

A Engage! The learning path for each chapter begins
with an engaging video designed to pique your
interest in the chapter contents. Take the tutorial quiz
to assess gaps in your knowledge, and strengthen your
knowledge of concepts by reviewing the ebook.

Xxiv

< Engage, Adapt, and Master! Stay
organized and efficient with MindTap—a
single destination with all the course
material and study aids you need to succeed.
Built-in apps leverage social media and the
latest learning technology to help you
succeed. Our customized learning path is
designed to help you engage with biological
concepts, identify gaps in your knowledge,
and master the material!

V¥ Adapt! Reinforce your knowledge of concepts by
working through our Biology MindTap Study Guide,
which includes

animations and videos

topic maps, learning outcomes, and study
strategies

multimodal quiz questions with instant feedback
vocabulary flashcards

chapter summaries
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Determine which strand is which, and complete the blanks to identify them.

The following strand presents the sequence of thr.-_'

nontemplate DNA |
5'-/G' - GCCACC AUGGGACCC.....,  template DNA |

mature mRNA

The following strand presents the sequence of the

GCCACC ATGGGACCC

The following strand presents the sequence of the encoded polypeptide.

N terminus ML AR AR crrnrrsrnsssssursppapnntnssassninsessmsnssnsrs

The following strand presents the sequence of the

JUATATTIT - CGGTGE TACOCTGEG

The blue-colored region is the
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[ ——

<« Master! Think and engage like
a scientist by taking gradable
short-answer quizzes:

+  Apply Evolutionary Thinking
questions ask you to interpret
a relevant topic in relation to
the principles of evolutionary
biology.

« Design an Experiment
challenges your understanding
of the chapter and helps you
deepen your understanding of
the scientific method as you
consider how to develop and
test hypotheses about a
situation that relates to a main
chapter topic.

+ Interpret the Data questions
help you develop analytical
and quantitative skills by
asking you to interpret
graphical or tabular results of
experimental or observational
research experiments for which
the hypotheses and methods
of analysis are presented.

Test your mastery of concepts with
Aplia for Biology, a series of
Conceptual Problem Sets that
complement the text and help you
learn and understand key concepts
through focused assignments, an
engaging variety of problem types,
exceptional text/art integration,
and immediate feedback.

Assess your knowledge of chapter
concepts by taking the Post-
Learning Assessment, a set of
higher-level quiz questions
designed to test the depth of your
understanding.
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Active Learning

Visually stunning features that engage your students in the process of
learning because an engaged student is a successful student.

Chapter Roadmap

Genetic Linkage, Sex Linkage, and Other

Non-Mendelian Inheritance Mechanisms
There are many examples of traits that are not inherited in the fashion
discovered by Mendel.

10.1 Genetic Linkage and Recombination
From Chapter 8 If several genes of interest are present on the same chromosome, their traits

will not be inherited independently as shown by Mendel

—) e

Some genes are carried on sex chromosomes; these traits have characteristic

1 10.2 Sex-Linked Genes
inheritance patterns.

10.3 Chromosomal Mutations that Affect Inheritance I
From Chapter 8
Changes in chromosome structure or number affect the inheritance of trats.

|

{ 10.4 Human Genetic Traits, Pedigree Analysis, and Genetic Counselling

Inheritance patterns can reveal the underlying mechanisms of disease.

Some genes are carried on organelle chromosomes; some genes are

10.5 Additional Non-Mendelian Patterns of Inheritance
imprinted.

New ways of

Genetic Linkage, Sex Linkage, 1 0

and Other Non-Mendelian
Inheritance Mechanisms

Why it matters...
sité du Québec a Montre
in the fall he was relying almost entirely on his

ng out of his appointi vith an ophthalmol
” Madel inarian a 2

said I ha s 2
in his apartment. “The bad news is that it v
in my muscles and there
look in the report; T14484C—is the best one to hay
¥ unusually common in Quebe:

A Chapter Roadmaps The Chapter Roadmaps provide a visual overview of the major sections in the chapter and show
the connections between the topics in the chapter and other chapters in the book.

Why It Matters ... Why It Matters draws students in with an engaging vignette that is linked to the concepts discussed in
the chapter.

Concept Fix Icons Concept Fixes draw on the extensive
research literature dealing with misconceptions commonly held
by biology students. Strategically placed throughout the text,
these short segments help students identify—and correct—a
wide range of misunderstandings. ¥

STUDY BREAK QUESTIONS
1. What are the three interrelated
systems that contribute to the

eukaryotic cell cycle? De— Coming out of high school, many students think that
ATP is a product of the respiratory ETC. This is a misconcep-
tion that we need to fix. The generation of ATP by the ATP
synthase complex is linked, or coupled, to electron transport
by the proton gradient established across the inner mitochon-

drial membrane. But electron transport and the chemiosmotic

. Whatis a chromosome composed of?
. When is a chromosome composed of
two chromatids?

generation of ATP are separate and distinct processes and are
not always completely coupled (Figure 5.17). For example, it
is possible to have high rates of electron transport (and thus
high rates of oxygen consumption) and yet no ATP generated
by chemiosmosis. This uncoupling of the two processes occurs
when mechanisms prevent the formation of a proton-motive

to the next topic within the chapter. force.

A Study Breaks The Study Breaks fall at the end of
each major section and encourage students to pause
and review what they have learned before going on

XXvi ‘ NEL



% FIGURE10.2  Experimental Research

Evidence for Gene Linkage

Question: Do the purple-eye and vestigial-wing genes of Drosophila assort independently?

Experiment: Morgan crossed true-breeding, wild-type flies having red eyes and normal wings with purple-eyed, vestigial-winged flies. The F1
dihybrids were all wild type in phenotype. Next he crossed the F1 dihybrid flies with purple-eyed, vestigial-winged flies (this is a testcross) and

analyzed the phenotypes of the progeny.

1. P generation Wild-type female

(red eyes, normal wings)

priprevgivg*

F, dihybrid
(red eyes, normal wings)

prprvg*vg
F, dihybrid

(red eyes, normal wings)

3. Testcross

priprvg'vg

Double mutant male
(purple eyes, vestigial wings)

prpr vgvg

F, dihybrid
(red eyes, normal wings)

prprg*
Double mutant male
(purple eyes, vestigial wings)

prpr vgvg

4. Progeny of testcross Gametes from female parent

wild type purple, red, purple,

S (red, normal) vestigial vestigial normal
amete from

male parent - - - .

[,” Vg\)

A 4

proprvg vg prr vevg
Observed 1339 n9s 151 -
Expected,

if assort
independently ~710 ~710 ~710 ~710

Parental phenotypes Recombinant phenotypes

(709.75 each) ~ 2839 total progeny
Results: 2534 of the testcross progeny flies were parental—wild-type or purple, vestigial—while 305 of the progeny were recombinant—red,

vestigial or purple, normal. If the genes assorted independently, the expectation is for a 1:1:1:1 ratio for testcross progeny: approximately 1420 of
both parental and recombinant progeny.

Conclusion: The purple-eye and vestigial-wing genes do not assort independently. The simplest alternative is that the two genes are linked on
the same chromosome. The small number of flies with recombinant phenotypes is explained by crossing-over.

Oi' FIGURE 18.16  Observational Research

Chromosomal Similarities and Differences among Humans and the Great Apes
Question: Does chromosome structure differ between humans and their closest relatives among the apes?

Hypothesis: Large-scale chromosome rearrangements contributed to the development of reproductive isolation between species within the evolutionary
lineage that includes humans and apes.

Prediction: Chromosome structure differs markedly between humans and their close relatives among the great apes: chimpanzees, gorillas, and orangutans.
Method: Jorge J. Yunis and Om Prakash, of the University of Minnesota Medical School, used Giemsa stain to visualize the banding patterns on metaphase
chromosome preparations from humans, chimpanzees, gorilas, and orangutans. They identified about 1000 bands that are present in humans and in the
three ape species. By matching the banding patterns on the chromosomes, the researchers verified that they were comparing the same segments of the
genomes in the four species. They then searched for similarities and differences in the structure of the chromosomes

Results: Analysis of human chromosome 2 reveals that it was produced by the fusion of two smaller chromosomes that are still present in the other three
species. Although the position of the centromere in human chromosome 2 matches that of the centromere in one of the chimpanzee chromosomes,
gorillas and orangutans it falls within an inverted segment of the chromosome.

Human.

Centrom "
in humans and chimpanzees.

jmxm
€ 4 ERiamnam aad

Chimpanzee

Gorilla ¢

O SiSaaRm i

Compared to the chromosormes of humans and chimpar
gion that includ:
rsed) in both gorillas and oranguta

} tM ching bands
{ 5
[

Orangutan {

O LR EE LMD

Conclusion: Differences in chromosome structure between humans and both gorillas and orangutans are more pronounced than they are between humans
and chimpanzees Structural differences in the chromosomes of these four species may contribute to their reproductive isolation.

Cengage Learnin onJ.J Yunis and O. origin of man: & chromosomal pictoril

A Observational Research Figures Observational
Research Figures describe specific studies in which
biologists have tested hypotheses by comparing
systems under varying natural circumstances.
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<« Experimental Research Figures Experimental
Research figures describe specific studies in which
research used both experimental and control
treatments—either in the laboratory or in the field—to
test hypotheses or answer research questions by
manipulating the system they studied.

Research Method Figures Research Method Figures
provide examples of important techniques, lead
students through the purpose of the technique and
protocol, and describe how scientists interpret the data
generated. ¥

.'% FIGURE14.3  Research Method

Identifying a Recombinant Plasmid Containing a Gene of Interest

Purpose: To identify a recombinant plasmid containing a gene of
interest from a ligation reaction mixture containing a bacterial
cloning vector and a DNA fragment containing the gene of
interest, each digested with the same restriction enzyme

Protocol:

Inserted DNA fragment
with gene of interest (red)

Resealed plasmid cloning vector
with no inserted DNA fragment

1. The ligation reaction produces recombinant plasmids (the only
products that might contain the gene of interest), nonrecombinant
plasmids, and joined pieces of genomic DNA (not shown).

2. Transform ampicillin-sensitive, lacZ-
E. coli (which cannot make
B-galactosidase) with a sample of the
ligation reaction. In this step, some
bacteria will take up DNA, whereas

Bacteria not transformed with Ciberw ot

a plasmid or transformed

with gene fragments

Bacteria transformed with plasmids

Selectio

Bacteria transformed with plasmids
grow on medium containing ampicillin
because of amp" gene on plasmid.

Untransformed bacteria Spread the bacterial cells on a plate of growth medium

Screening:
Blue colony contains bacteria

or bacteria transformed
with gene fragments
cannot grow on medium

containing ampicillin and X-gal, and incubate the plate
until colonies appear.

with a nonrecombinant
plasmid; that is, the lacZ*
gene is intact.

containing ampicillin.

White colony contains bacteria”” |
with a recombinant plasmid, that Plate of growth
the vector with an inserted DNA fragment,  medium containing KEY

in this case the gene of interest. ampicillin and X-gal

Restriction __lacz* gene

e

Plasmid

cloning

amp* Origin of vector
gene replication (ori)

Interpreting the Results: All the colonies on the plate contain plasmids because the bacteria that form the colonies are resistant to the ampicillin
present in the growth medium. Blue-white screening distinguishes bacterial colonies with nonrecombinant plasmids from those with
recombinant plasmids. Bacteria making up blue colonies contain nonrecombinant plasmids. These plasmids have intact lacZ* genes and produce
B-galactosidase, which changes X-gal to a blue product. Bacteria that form the white colonies contain recombinant plasmids. Each recombinant
plasmid has a DNA fragment (in this example, the gene of interest) inserted into the lacZ* gene, so B-galactosidase cannot be produced. As a result,
bacteria with recombinant plasmids cannot convert X-gal to the blue product and the colonies are white. Culturing a white colony produces large
quantities of the recombinant plasmid that can be isolated and purified for analysis and/or manipulation of the gene =“gene of interest".
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Summary lllustrations Vivid, engaging, and carefully developed Summary lllustrations appear at the end of each chapter

and help students visualize the main concepts covered in the chapter. ¥

Summary lllustration

In most animals, individual cells are
organized into tissues, which are classified
as epithelial, connective, muscle, or nervous.
Tissues are organized into organs, and
organs into organ systems. The different
physiological systems operate to
homeostatically regulate body functions.

In most animals

All animal cells
contain the same.
basic organelles.

fvide and
differentiate into
different tissues

that combine
and are organized
to form

organs / systems.

that work together
to maintain
all body functions.

that activate

information to
integrating sites

effectors
Homeostasis by
negative feedback
are sensed by

receptors
2 to normal

Environmental changes
(internal or esternal)

Self-Test Questions These chapter review questions are organized according to Bloom’s taxonomy into three sections:
Recall/Understand, Apply/Analyze, and Create/Evaluate. This structure allows students to review the material in a sequence
that moves from the basic knowledge of factual material, to more challenging and sophisticated applications of that
knowledge to novel situations. Answers to the Self-Test Questions are found in an appendix at the back of the book. ¥

SELF-TEST QUESTIONS

There are 4 types

to produce changes
that return things

In vertebrates, there are 11 systems

Individual cells divide
and differentiate into
cells of 4 different Protection,
tissues. secretion, &

—_

Different tissues
combine and are
organized to form up
to 11 different organ
systems.

Epithelalisu:

digestion of food

An animal cell contains 2 nucleus and cytoplasmic organells,
such as mitochondria, lysosomes, the endoplasmic reiculum,
and the Golgi complex. It also has a highly developed
cytoskeleton. Most animal cells secrete extracellular material and
have structures at their surfaces that play vital roles in the support
and organization of animal body structures.

Connective tissue:

of nutrients released by

Recall/Understand

1. Which of these factors is found in organic molecules that are

considered good fuels?

many H bonds

many C=C double bonds

an abundance of oxygen

a high molecular weight
What is one of the places in a cell where cellular respiration
occurs?

in plant mitochondria, but not in animal mitochondria
b. in plant chloroplasts

in the mitochondria of both animals and plants
d.  inanimal mitochondria, but not in plant mitochondria
Which of these processes occurs during glycolysis?
a. oxidation of pyruvate
b, reduction of glucose
¢ oxidative phosphorylation
d. substrate-level phosphorylation
Which of these process
a.  chemiosmosi:
b.  formation of G3P

s links glycolysis and the citric acid cycle?

c.  reduction of NAD
d. pyruvate oxidation

Apply/Analyze

5. 'The breakdown of fats releases fatty acids. In what form do the
carbon molecules enter the respiratory pathway?
a. asNADH
b, as M\,l CoA

You are reading this text while breathing in oxygen and breathing

out carbon dioxide. Which two processes are the sources of the

carbon dioxide?

a. glycolysis and pyruvate oxidation

b, glycolysis and oxidative phosphorylation

¢ pyruvate oxidation and the citric acid cycle

d. thecitric acid cycle and oxidative phosphorylation

Under conditions of low oxygen, what key role is played by fer-

mentation in overall metabolism?

a. Itregenerates the NAD* required for glycolysis.

b, Itsynthesizes additional NADH for the citric acid cycle.

¢ Itallows for pyruvate to be oxidized in mitochondria

d. Byactivating oxidative phosphorylation, it allows for the
<unthesic of extra AT

Suppose you are a doctor and your patient complains of feeling
hot all the time, even on the coldest winter days. The youn;

man perspires constantly and his skin is always flushed. He also
eats a lot but is rather thin. You perform some laboratory tests,
and find that the patient consumes lots of oxygen in his meta-
bolic pathways. What would you suspect this patient suffers
from and why?

Create/Evaluate

In cellular respiration, which of the following does the term un-
coupled refer to specifically?
‘The two parts of glycolysis are running independently of
each other.
Resp\mtorv :I::Aron transport is operating, but chemiosmo-|

Rmp\mm eleumn transport is operating, but proton
pumping is inhibited.
Oxidative phosphorylation is occutring, but the proton
‘motive force remains high.
Phosphofructokinase (PFK) is regulated by a number of metabo
lites. In addition to those mentioned in the text, which one of the
following would also make sense?
Pyruvate could function as an activator of PFK.
Glucose could function as an inhibitor of PFK.
. ADP could function as an activator of PFK.
d. Acetyl-CoA could act as an activator of PFK.
ich of these statements best describes the “paradox of aerobic
life”?
a. Humans are completely protected from the toxic effects of
oxygen.
b, Hydrogen peroxide is formed when a single electron is
donated to O,
. Cytochrome oxidase is a major source of reactive oxygen
species.
d. Strict anaerobes often lack the enzyme(s) superoxide dis-
mutase and/or catalase.
Compare direct burning of glucose and cellular respiration with
reference to their progression.
Distinguish between reduction and oxidation during redox
reactions.
Explain what happens with hydrogen and its bonding electrons
during cellular respiration.
Cyanide is a strong toxin that reacts with the final protein in the
electron transport chain (ETC). Explain why it can kill a human
within a few minutes.

Muscle tissue:
Structural suppo Movement

Nervous tissue:
‘ommunication,
coordination, and control

Appendix A: Answers to Self-Test Questions

8.2 9.b 10.a 1l.c 12.b 13.d
Eyes are usually not exposed to full
sunlight for a very long period of
time, such as the photosynthetic
apparatusis. Damage due to exposure
of photosystems can be repaired by
removing damaged proteins and
replacing them with newly synthe-
sized ones, which is not possible in a
damaged eye,

Melanin protects skin cells because it
absorbs ultraviolet light, and it is

sure to the Sun, which results in the
darker shade of her skin.

Chapter 2

Ld2 cd cd a5 a6br b
9.d 10.a 11.d 12.d 13.c
s, rough ER, transport ves-
omplex, secretory vesicle,
membrane
Anchoringjunctions function to rein-
force cell-to-cell connections madeby
adhesion molecules. Tight junctions
seal the spaces between cells. Gap
junctions create direct channels for
communicating between adjacent
cels,

Chapter 3
1.c2.d3b4
9.¢l0. d
As they dissolve, the sugar molecules
raise their entropy. However, the crys-
tals re-form because the water
decreases in its order, changing from
compact liquid to disordered vapour.
Any substance in ordered state (min-
imum entropy) will contain mole-
cules with maximum free energy. On
the contrary, any substance in disor-
dered state (maximum entropy) will
contain molecules with minimum
free energy. The relationship is

reverse

a5b6c7c8d

13. In an exergonic reaction, reactants
contain more free energy than the
products; energy is released and the
reaction is spontaneous. In an ender.
‘gonic reaction, reactants contain less

his cells dissipated a lot of heat (the
patient was hot all the time)
. b 10.c 11.d
Direct burning of glucose s an uncon
trolled process; cellular respiration
s there-

free energy than the
is required and the reaction is not
spontancous.

At any time in a cell, there must be
exergonic reactions happening to
provide enough energy for ender-
gonic reactions. In addition, the
energy released by exergonic reac-
tions must be higher than the energy
needed for endergonic reactions
because some energy is alw:

ferred to heat (second law of
thermodynamics)

Chapter 4

1.a2c3bdc

5. Some proteins perform  transport;
others have enzymatic activities;
some area part of signal transduction
process; and others are involved in
attachment and/or recognition.
b7 ¢8 b9 cl0. cll. b
12.a 13.d
Passive transport occurs down the
concentration gradient of the solute,
and active transport occurs against
the gradient of the transported solute.
Active transport therefore requires a
protein and energy to perform.

form  of controlled
combustion,

Reduction is the acceptance of elec-
trons duringa redox reac Oxida-
tion s the loss of electrons during a
redox reaction,

Hydrogen and its electrons move
from sugar to oxygen, forming water.
The process of oxidative phosphoryla-
tion produces the large number of
ATP molecules needed for the ender-
gonic reactions in the cell that we are
so dependent on. One of the major
sequences of proteins embedded in
the mitochondrial membrane—
called the electron transport chain—
canaccept electrons rich in energy. As
the energized electrons fall fom pro-
tein to protein in the E y
deposit energy that they carry. At the
end of the ETC, there must be oxygen
ions present to accept these energeti-
ally depleted electrons. If these
energy-depleted electrons are not car-
ried away by the oxygen ions, ATP
production would stop. Cyanide
exerts its deadly effects by reacting
with the inal proteinin ETC, blocking

‘They are both a form of p:
port,but fucilitated diffusion utilizes
proteins to speed up the transport of
solute across the membrane.

Chapter 5

l.a2c3d4d5béc7a

8. This patient might have defective
mitochondria in his cells. This condi-
tion is common in a number of dis-
cases. The reason why it was suspected
is that, based on his symptoms, prob-
ably little ATP is synthesized, in spite
of high oxygen consumption, since

oxygen from
this protein.

6. A group of pigment proteins form an
antenna complex that surrounds
a reaction centre. Light energy
absorbed anywhere in the antenna
complex is transferred to a special
chlorophylla molecule n the reaction
centre. The absorbed light is con-
verted to chemical energy when an
excited electron from the chloro-
phyll a is transferred to a primary




<« The Purple Pages: The Chemical and

Secondary Stuchies _ LT Physical Foundations of Biology While
he amino acid chain of a protein, rather than being stretched A model of the a-helix (below, left), a coil shape formed when

out irf linear form, is folded into arrangements that form the hydrogen bonds form between every N—H group of the back- many textbooks use the ﬁ rst few chapters to

protein’s secondary structure. Secondary structure is based on bone and the C=0 group of the amino acid four residues ear-

hydrogen bonds between atoms of the backbone. More pre- fier, In protein diagrams (below, right), the a-helix is depicted introduce and/or review, we believe that the

cisely, the hydrogen bonds form between the hydrogen atom as a cylinder or barrel.

attached to the nitrogen of the backbone and the oxygen ﬁrst Chapters should convey the excitement

attached to one of the carbon atoms of the backbone. Two . . .

highly regular secondary structures are the alpha helix and the The 3-Sheet and interest Of blology |tse|f. We therefore

beta sheet. In the alpha helix, side chains project outward, A B-sheet is formed by side-by-side alignment of B-strands . . .
supporting the tertiary level of structure. Beta sheets have the (picture below shows two strands). The sheet is formed by placed |mportant baCkgl"OU nd InfOI’matlon

side chains sticking out from the plane of the sheet alternating  hydrogen bonds between atoms of each strand. In protein dia- . . .

RS et S PR 7 oo s oo ey et about biology and chemistry in the reference

less regular arrangement, the coil or loop, imparts flexibility to pointing toward the C-terminal

certain regions of the protein. Most proteins have segments ' section entitled The Chemical and Physical
ofall three arangemens. Foundations of Biology, in the centre of the
Balland stick model ofwhelix  Cylider representation book. With their purple borders, these pages
H : are distinct and easy to find and have become
aminoscid | affectionately known as The Purple Pages.
i References to material covered in The Purple

Pages are set in purple throughout the text.

Hydrogen
bond

Hydrogen
on

- Peptide
bond

/

Hydrogén

The Green Pages: Unit 5: The Diversity
of Life We emphasize the richness and
tremendous variability among living organisms
in The Green Pages. With their green borders,
these pages identify chapters that introduce
and explore the tree of life. ¥

a. Multicellular fungus g vard very quickly. Together, this apical growt Fungi reproduce by spores, and this spore production can
absorptive nutrition account for much of the success of f 3 W of fungi producing
As the hyphal tips extend, they exert a mechanical for
allowing them to push through their substrate,
enzymes and al s as they go. Fun cies  extended periods after they are rel
differ in the particular digestive enzymes they synthesize, soa  spores allows fungi to be opportunist
substrate that is a suitable food source f

Although there &
typically thrive only in moist environments, where they c numbers of
dissolved ions, @ the spo
her small molecules. When
hyphal filaments contact a source of food, growth is cha
in the direction of the food sourc oduction in fungi ple
the porous tips of hyphaes small o exual reproduction involves three stages:
cules pass readily through these tips, and then  of ty hwlmd cells (plasmogamy), bringing together their two
hanisms move them through the underlyi nuclei in one common cytoplasm. Cytoplasmic fusion in most
ome hyphae have cross-wal 0 Kly followed by n
1Is’s singular, septum), that separate a
ngme 253). whereas others lack

FIGURE 251 Example of a wood decay fungus: sulfur shelf fungus
(Polyporus)

essential components in all ecosystems and Earth’s premier
decomposers (Figure 25.1)

Despite their profound impact on ecosystems and other
life forms, most of us have only a passiny

unique in that plasmog;
asal septa have pores chat allow cytoplasm  time for durations ranging from secands to many years
even nuclei and other large organelles to
through the mycelium. By a mechanism called cyto-
c streaming (flow of cytoplasm and organelles around a
mycelium), nutrients obtained by one part
n be translocated to other non-absorptive
FIGURE 25.2 Fungal structure: mycelia, hyphae. (a) llustratio egions, such as reproductive structures.
themycelium ofam g fungus, which cons When a fungus releases enzymes into its substrate, it faces
competition from bacteria and other organisms for the nuti-
ents that are nc

athlete’s foot. This chapter pro
gin with the features that set fungi apart
nisms, and discuss the

competitors from stealing the

251 General Characteristics

xp
oduce antibacte-
of Fungi Re of their nutrient so sorp- rial compounds and toxins that inhibit the growth of com-

tive nutrition: they secrete enzymes into their peting organisms. Many of these compounds are secondary

We begin our survey of fungi by examining the features that down large molecules maller soluble molecules metabolites, which are not required for day-to-day survival but
distinguish fungi from other forms of life, how fungi obtain that can then be absorbed into their cells. This mode of nutri- cial to the fungus. As we will see, many of these com-
hutrients, and adaptations for reproduction and growth that  tion means that fungi cannot be stationary, as hot only are important in the lifc of a fungus but also
enable fungi to spread far and wide through the environment. deplete all the food in their immediat e benefit organisms associated with the fungus. Many are also of

are heterotrophic s tha fungi have the ability to fera ck commercial or medical import: 0 humans; for examp!
breaking down organic molecul e - thei d the antibiotic penicillin is a secondary metabolite produced by
isms. Although all fungi are heterotrophs, fungi can be fung 2 igh some fungi g - a species of Penicilliurm.
into two broad groups based on how they obtain carbon. If a  cellular yeasts, which reproduce
binary fission
—— Fyphse
/
]v\nn:, organisms, it i
together of two (or somelimes more) organisms fo mycelium (Figure 25.2). Hyphae are essen Apcal gr
periods; symbiotic relationships range along a continuum from  cytoplasm surrounded by walls made of chit >
parasitism, in which one organism benefits at the e of  charide also found in the exoskeletons of in
the other, to mutualism, in which both organisms benefit.  arthropods.
Although we often think of fungi as decomposers, fully half of Hyphae grow only at their tips, but because a single
all identified fungi live as symbionts with another organism mycelium contains many, many tips, the entire mycelium FIGURE 25.3 Septa. In some fungi vide each hyphainto separate  FIGURE 25.4 Spore producti
compartments. fruiting bodies can release

Sepum |
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Student and Instructor Resources

Succeed in the course with these dynamic resources!

MindTap

‘ MINDTAP With relevant assignments that guide
students to analyze, apply, and elevate
thmkmg, MindTap allows instructors to measure skills and pro-
mote better outcomes with ease. Including interactive quizzing,
this online tutorial and diagnostic tool identifies each student’s
unique needs with a pre-test. The learning path then helps stu-
dents focus on concepts they’re having the most difficulty mas-
tering. It refers to the accompanying MindTap Reader eBook
and provides a variety of learning activities designed to appeal
to diverse ways of learning. After completing the study plan,
students take Aplia problem sets and then take a post-test to
measure their understanding of the material. Instructors have
the ability to customize the learning path, add their own con-
tent, and track and monitor student progress by using the
instructor Gradebook and Progress app.

Students stay organized and efficient with MindTap, a single
destination with all the course material and study aids students
need to succeed. Built-in apps leverage social media and the
latest learning technology. For example,

o ReadSpeaker will read the text to you.

o  Flashcards are prepopulated to provide you with a jump start
for review, or you can create your own.

e You can highlight text and make notes in your MindTap
Reader. Your notes will flow into Evernote, the electronic
notebook app that you can access anywhere when it’s time to
study for the exam.

o Self-quizzing allows you to assess your understanding.

The MindTap resources were developed by Dora Cavallo-
Medved of the University of Windsor, Reehan Mirza of Nipissing
University, Roy Rea of the University of Northern British
Columbia, and Miranda Meents.

Also available in MindTap for Biology are engaging and
informative videos that accompany The Purple Pages. From
matter to polypeptides, author Todd Nickle, of Mount Royal
University (pictured), will walk you through these foundational
concepts, strengthening your understanding and helping
you build a strong base of knowledge and understanding for
biology.

Visit www.nelson.com/student to start using MindTap.
Enter the Online Access Code from the card included with your
textbook. If a code card is not provided, you can purchase
instant access at NELSONbrain.com.

XXX

Amino Acids

. contain an amino group (-NH,), a
(-COOH) and a hydrogen atom, all
bonded to a central carbon atom

Aplia for Biology

e Strengthen your understanding of biology with

©

aplia

™y

Aplia™

Aplia’s focused assignments and active
learning opportunities help students learn key
concepts by randomized, automatically graded
questions, exceptional text/art integration, and immediate feed-
back. Aplia has a full course management system that can be
used independently or in conjunction with other course man-
agement systems such as Blackboard and WebCT.

This innovative, easy-to-use, interactive technology gives
students more practice, with detailed feedback to help students
learn with every question!

Aplia’s focused assignments and active learning opportuni-
ties (including randomized questions, exceptional text/art inte-
gration, and immediate feedback) get students involved with
biology and help them think like scientists.

Interactive problems and figures help students visualize
dynamic biological processes and integrate concepts, art, media,
and homework practice.

For more information, visit www.aplia.com/biology.

The Aplia course for Biology: Exploring the Diversity of Life,
Fourth Canadian Edition, was prepared by Anna Rissanen of
Memorial University and Todd Nickle of Mount Royal
University.

OneTa The Nelson Education Teaching Advantage

(NETA) program delivers research-based
instructor resources that promote student engagement and
higher-order thinking to enable the success of Canadian students

= e e —
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and educators. To ensure the high quality of these materials, all
Nelson ancillaries have been professionally copy-edited.

Be sure to visit Nelson Education’s Inspired Instruction
website at www.nelson.com/inspired/ to find out more about
NETA. Don't miss the testimonials of instructors who have used
NETA supplements and have seen student engagement increase!

NETA Test Bank: This resource was written by Ivona Mlade-
novic of Simon Fraser University. It includes over 2500 multiple-
choice questions written according to NETA guidelines for
effective construction and development of higher-order questions.
The Test Bank was copy-edited by a NETA-trained editor for
adherence to NETA best practices. Also included are true/false,
essay, short-answer, matching, and completion questions. Test
Bank files are available in Microsoft Word format from your
Nelson publishing representative.
cog The NETA Test Bank is available in a new,

Ful-cirde assessment” cloud-based platform. Nelson Testing Pow-
ered by Cognero® is a secure online testing system that allows
you to author, edit, and manage test bank content from any place
you have Internet access. No special installations or downloads
are needed, and the desktop-inspired interface, with its drop-
down menus and familiar, intuitive tools, allows you to create
and manage tests with ease. You can create multiple test versions
in an instant and import or export content into other systems.
Tests can be delivered from your learning management system,
your classroom, or wherever you want. Nelson Testing Powered
by Cognero can be accessed through www.nelson.com/instructor.

NETA PowerPoint: Microsoft PowerPoint® lecture slides
for every chapter were created by Jane Young of the University
of Northern British Columbia. There is an average of 80 slides
per chapter, many featuring key figures, tables, and photographs
from Biology: Exploring the Diversity of Life, Fourth Canadian
Edition. The PowerPoint slides also feature “build slides™—
selected illustrations with labels from the book that have been
reworked to allow optimal display in PowerPoint. NETA prin-

NEL

ciples of clear design and engaging content have been incorpo-
rated throughout, making it simple for instructors to customize
the deck for their courses.

Image Library: This resource consists of digital copies of
figures, short tables, and photographs used in the book. Instruc-
tors may use these jpegs to customize the NETA PowerPoint
slides or create their own PowerPoint presentations.

NETA Instructor’s Manual: This resource was written by
Tamara Kelly of York University and Tanya Noel of the Univer-
sity of Windsor. It is organized according to the textbook chap-
ters and addresses key educational concerns, such as typical
stumbling blocks students face and how to address them. Other
features include tips on teaching using cases as well as sugges-
tions on how to present material and use technology and other
resources effectively, integrating the other supplements available
to both students and instructors. This manual doesn’t simply
reinvent what’s currently in the text, it helps the instructor make
the material relevant and engaging to students.

TurningPoint: Another valuable resource for instructors
is TurningPoint classroom response software customized for
Biology: Exploring the Diversity of Life, Fourt Canadian Edition,
by Jane Young at the University of Northern British Columbia.
Now you can author, deliver, show, access, and grade, all in
PowerPoint, with no toggling back and forth between screens!
JoinIn on TurningPoint is the only classroom response software
tool that gives you true PowerPoint integration. With JoinlIn,
you are no longer tied to your computer. You can walk about
your classroom as you lecture, showing slides and collecting
and displaying responses with ease. There is simply no easier or
more effective way to turn your lecture hall into a personal,
fully interactive experience for your students. If you can use
PowerPoint, you can use Joinln on TurningPoint! (Contact
your Nelson publishing representative for details.) These con-
tain poll slides and pre- and post-test slides for each chapter in
the text.
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BIOLOGY OF THE CELL

Lebendkulturen.de/Shutterstock.com

Volvox is a genus of green algae. As photosynthetic eukaryotes, Volvox cells exist in colonies of
thousands of cells. Some of the cells are vegetative (non-reproductive); a smaller number of much
larger reproductive cells are found in the interior of the colony.

There is a huge diversity of life on Earth; some estimates peg the total number of species at over
1 billion (with most yet to be described!). Yet, what this opening volume of the textbook should
covey to you is that underlying that diversity is a remarkable level of similarity. From monkeys to
mycoplasma to monocots, everything that is alive on Earth employs a variation on that remarkable
innovation: the cell. No matter if that cell is communicating with other cells in the brain of a fruit
fly, or capturing sunlight in a spruce needle, or driving the muscles of a sprinting cheetah, or
thriving in the mineral-rich water of deep-sea vents, no matter what their role or activity, all cells
share a remarkably long list of common features. Volume 1 explores these common features

in detail.
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The invention of the microscope allowed scientists to finally
understand how living organisms were built from cells, which
to early scientists were astonishingly small. Further work clearly
delineated two major divisions in cell types: those without a
nucleus (prokaryotic) and those with a nucleus (eukaryotic).
And within both these groups there are clear subdivisions: for
example, plants, fungi, and animal cells, in eukaryotes.

The chapters of Unit 1 talk a lot about energy because
without it living cells would die. Like the non-living world, all
forms of life abide by the foundational laws of thermodynamics
and need to bring in energy and matter from the environment
to maintain their highly ordered state. In part, energy is
required to build complex things (e.g., proteins) out of simpler
things (amino acids). In addition to energy, the evolution of life
is tied to the development of a remarkable group of proteins
called enzymes, which when they get tied to a biochemical reac-
tion can increase its rate by 10" times!

Another remarkable feature of cells that we dedicate a
chapter to in Unit 1 is membranes. These self-forming lipid
bilayers act as the gatekeepers of the cell: they allow certain
things in but keep other things out. How they do this is by
acting in concert with membrane-specific proteins that shuttle
molecules from one side to another. Membrane proteins also
play a remarkable role in transducing signals from outside the
cells and compartments to the inside. As we will see, the trans-
duction of signals associated with hormones, for example, can
profoundly affect cell function.

What you may not realize is that virtually all the energy
used by living systems comes ultimately from sunlight being
harvested and converted into a useable chemical form through
photosynthesis. This process evolved perhaps as early as
3.5 billion years ago and used photons of light energy to extract
electrons from water, releasing oxygen as a by-product. The rise
in oxygen in an atmosphere that previously had none led to an
explosion of life as the mechanism of cellular respiration
evolved that could use that oxygen, and enabled cells to pro-
duce huge amounts of energy.

The chapters of Units 2 and 3 are dedicated to molecular
biology and genetics, the central player being the gene. All cells
possess genes that are coded by the molecule DNA that,
through the process of transcription, get copied into RNA. All

2 VOLUME ONE BIOLOGY OF THE CELL

cells contain ribosomes where some kinds of RNAs get
translated into proteins, the fundamental structural,
functional, and regulatory molecule of the cell.

Genes are stretches of DNA sequence in an organism that
collectively comprise a kind of library of information about
how a cell functions. Recent advances in technology have made
it relatively easy to determine the entire DNA sequence of an
organism, including individual humans. As a result, modern
biology is awash in the As, Ts, Gs, and Cs of DNA sequence
revealed by thousands of sequencing projects. New insights
into evolutionary history as well as gene structure and func-
tion are arising from bioinformatic analysis of such extensive
data sets.

The elegant double-strandedness of DNA, whereby two
long strands of nucleotides are held together by hydrogen bonds
formed between complementary base pairs, affords a straight-
forward mechanism for replication that was recognized early
on by Watson and Crick. Although conceptually simple, the
mechanism for unwinding the DNA double helix and polym-
erizing new complementary bases is rather complicated and
managed by a suite of interacting enzymes. Again, we see that
all DNA on the planet is replicated using variations on one
underlying strategy.

DNA genes provide the cell with needed RNA by tran-
scription. One remarkable feature of all protein-coding genes is
that, with minor exceptions, the information they carry is
specified by a universal code. That is, a gene from one organism
can be “understood” by any other organism, even if only dis-
tantly related: a gene from a spider can be expressed by a goat;
a gene from a jellyfish can be expressed in a flower. The field of
genetic engineering is devoted to developing the tools and
applications of this technology for moving genes from one
organism to another.

In a story that is about to come full circle, synthetic biolo-
gists have extensively customized naturally occurring cells and
have made important advances toward their ultimate goal of
creating novel life forms artificially in the lab. As students of
biology in the early twenty-first century, you can well expect to
witness a momentous event in Earth’s history, the creation of
one life form by another.

NEL

Copyright 2019 Nelson Education Ltd. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content
may be suppressed from the eBook and/or eChapter(s). Nelson Education reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Copyright 2019 Nelson Education Ltd. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content
may be suppressed from the eBook and/or eChapter(s). Nelson Education reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Chapter Roadmap

Anita Patterson Peppers / Shutterstock.com

Light and Life

Light serves two important functions for life on Earth: First, it is the ultimate
source of energy for almost all organisms. Second, light provides many
organisms with information about the physical world that surrounds them.

1.1 The Physical Nature of Light

To be used as a source of energy or information, photons of light must be
absorbed by a molecule.

To Purple Pages

e

1.2 Light as a Source of Energy

The energy of light can be used in photosynthesis to convert carbon dioxide To Chapter 6
into carbohydrates.

P

1.3 Light as a Source of Information To Chapter 37

The photoreceptor, a pigment molecule bound to a protein, is the common

molecule used in sensing light in the environment. To Chapter 45

e

1.4 The Uniqueness of Light

Light possesses an ideal amount of energy: enough energy to excite
electrons, but not enough to directly destroy biological molecules.

P

1.5 Light Can Damage Biological Molecules

Organisms possess mechanisms to both protect themselves from the
damaging effects of light and repair the inevitable damage that light causes.

e

1.6 Using Light to Tell Time

Organisms have evolved circadian clocks, which allow them to keep track of
time on a daily and seasonal scale.

N (N N N N

e

s

1.7 The Role of Light in Behaviour and Ecology To Chapter 30

The light environment of a particular habitat plays a central role in
adaptation. It leads to unique colouration that may serve to attract a mate

or hide from predators.

1.8 Organisms Making Their Own Light

To Chapter 32
L

s

Some organisms generate their own light to attract a mate or prey, or for
communication.

\_
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Paintings by Claude Monet (1840-1926). Compared to his early works, including The Water Lily Pond (a), his later paintings, including The
Japanese Footbridge (b), bordered on the abstract, with almost complete loss of light blue. Monet suffered from cataracts, a degenerative
vision disease, diagnosed in 1912.

Light and Life

Why it matters . .. Claude Monet (1840-1926), a French painter, is considered by many
to be the master of the impressionist form that rose to prominence in the late nineteenth century.
Impressionism as an art movement was characterized by the use of small visible brush strokes that
emphasized light and colour, rather than lines, to define an object. The artists used pure, unmixed
colour, not smoothly blended, as was the custom at the time. For example, instead of physically
mixing yellow and blue paint, they placed unmixed yellow paint on the canvas next to unmixed
blue paint so that the colours would mingle in the eye of the viewer to create the impression of
green. The impressionists found that they could capture the momentary and transient effects of
sunlight and the changing colour of a scene by painting en plein air (in the open air), outside the
studio, where they could more accurately paint the reflected light of an immediate scene.

Interestingly, compared with his early works, which included The Water Lily Pond (1899),
Monet’s later paintings verge on the abstract, with colours bleeding into each other and with a
lack of rational shape and perspective. For example, The Japanese Footbridge is an explosion of
orange, yellow, and red hues, with heavy, broad brush strokes, leaving the viewer barely able to
discern the vague shape of the arched bridge. In many of Monet’s later works, the colours in his
paintings became more muted, far less vibrant and bright, with a pronounced colour shift from
blue-green to red-yellow and an almost total absence of light blues. The sense of atmosphere and
light that he was famous for in his earlier works disappeared.
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Although the change in Monet’s paintings could easily be
explained by an intentional change in style or perhaps an age-
related change in manual dexterity, Monet himself realized
that it was not his style or dexterity that had changed but,
rather, his ability to see. Monet suffered from cataracts, a
vision-deteriorating disease diagnosed in both eyes when he
was 72. A cataract is a change in the lens of the eye, making it
more opaque, which changes the ability to see different colours
of light.

In this chapter, the first of the 46 of this textbook, we intro-
duce you to the science of biology by using light as a central
connecting theme. Light is arguably the most fundamental of
natural phenomena, and foundational experiments into the
nature of light were a key part of the scientific revolution that
took place in the sixteenth and seventeenth centuries. Beyond
formally defining light and discussing its properties, in this
chapter we explore the huge diversity of areas of biology that
light influences, from the molecular to the ecological. This
introductory tour is not intended to be complete or exhaustive
but to simply set the stage for the topics that come in subse-
quent chapters.

1.1 The Physical Nature of Light

Light serves two important functions for life on Earth: First, it is
the ultimate source of energy that sustains virtually all organ-
isms. Second, light provides many organisms with information
about the physical environment in which they live. These two
roles for light are nicely illustrated by the green alga Chlamydo-
monas (Figure 1.1). Chlamydomonas is a single-celled, photosyn-
thetic eukaryote that is commonly found in ponds and lakes.
Chlamydomonas contains a single large chloroplast that harvests
light energy and uses it to make energy-rich molecules through

Flagella

Vacuole

/

Mitochondrion

Eyespot

Nucleus

Chloroplast

FIGURE 1.1 Chlamydomonas. Each cell contains a single chloroplast
used for photosynthesis, as well as an eyespot for sensing light in the
environment.
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the process of photosynthesis. In addition, each cell contains a
light sensor called an eyespot that allows Chlamydomonas to
gather information about the direction and intensity of the light
in its environment. With this information, cells can move
toward or away from the light source using a pair of flagella.
Regardless of whether the light is used as a source of energy or
as a source of information about the environment, both rely on
the same fundamental properties of light.

1.1a Whatls Light?

Through the process of nuclear fusion, the Sun transforms a
staggering 3.4 x 10°® hydrogen nuclei into helium each second
(Figure 1.2). In the process, about 4 million tonnes of matter are
converted into energy. This energy is given off by the Sun as
electromagnetic radiation, which travels in the form of a wave at
a speed of 1.1 x 10° km/h (the speed of light) and reaches Earth
in just over 8 minutes. Electromagnetic radiation is generated at
a range of wavelengths (Figure 1.3): cosmic rays have a wave-
length of less than one picometre (10712 m); radio waves have a
wavelength longer than one kilometre (10° m). The complete
range of wavelengths of electromagnetic radiation is referred to
as the electromagnetic spectrum.

So what is light? Light is most commonly defined as the
portion of the electromagnetic spectrum that we can detect
with our eyes. As shown in Figure 1.3, this is a very narrow
portion of the total electromagnetic spectrum, spanning only
the wavelengths from about 400 to 700 nm.

The physical nature of light has been the focus of scientific
inquiry for hundreds of years, and in many ways it remains a
mystery. Unlike the atoms that make up matter, light has no
mass. And although the results of some experiments suggest

NASA

FIGURE 1.2 The Sun. Like most stars, the Sun generates electromagnetic
radiation as a result of the nuclear fusion of hydrogen nuclei into helium.
Note the superimposed image of Earth used to illustrate the relative sizes.
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a. Range of the electromagnetic spectrum

The shortest,
most energetic
wavelengths

Range of most
radiation reaching the
surface of Earth

The longest,
lowest-energy
wavelengths

Range of heat
escaping from the
surface of Earth

Ultraviolet
radiation

Near-infrared
radiation

N A}

Infrared
radiation

Microwaves

400 450 500 550

I Visible light

600 650

Wavelength of visible light (nm)

b. Examples of wavelengths

400 nm
wavelength

700 nm
wavelength

NN

FIGURE 1.3 The electromagnetic spectrum. (a) The electromagnetic spectrum ranges from gamma rays to radio waves; visible light and the
wavelengths used for photosynthesis occupy only a narrow band of the spectrum. (b) Examples of wavelengths show the difference between the longest

and shortest wavelengths of visible light.

that light behaves as a wave as it travels through space, other
experiments indicate that light behaves more like discrete par-
ticles of energy called photons. In the end, we are left with a
compromise description: light is best understood as a wave of
photons. An important aspect of light to remember is that there
is an inverse relationship between the energy of a photon and
the wavelength of light. Looking at Figure 1.3, this means that
shorter-wavelength blue light consists of photons of higher
energy than red light, which has a longer wavelength and thus
photons of lower energy.

1.1b Light Interacts with Matter

Although light has no mass, it is still able to interact with matter
and cause change. This change is what allows the energy of light
to be used by living things. When a photon of light hits an
object, the photon has three possible fates: it can be reflected off
the object, transmitted through the object, or absorbed by the
object. To be used as a source of energy or information by an
organism, the light must be absorbed. Light is absorbed when
the energy of the photon is transferred to an electron within a
molecule. This transfer of energy excites the electron, moving it
from its ground state to a higher energy level that is referred to
as an excited state (Figure 1.4).

Molecules differ considerably in their ability to absorb
photons of light. There is a major class of molecules that is very
efficient at absorbing photons of specific wavelengths; those
molecules are called pigments (Figure 1.5). As you would expect,
there is a huge diversity of pigments, including chlorophyll a,
which is involved in photosynthesis; retinal, which is involved

NEL

in vision; and indigo, which is used to dye jeans their distinc-
tive blue colour.

An important question we can ask is: What is it about pig-
ments that enable them to capture light? At first glance, the
molecules shown in Figure 1.5 seem to be very different from
each other structurally. However, they all have a common fea-
ture critical to light absorption: a region where carbon atoms
are covalently bonded to each other with alternating single and
double bonds. This bonding arrangement is called a conjugated
system, and it results in the delocalization of electrons. These
electrons are not closely associated with a particular atom or
involved in bonding to another atom, and instead are available
to absorb the energy of a photon of light.

While the presence of a conjugated system is common to
all pigments, differences in the arrangement of the conjugated

Photon

Electron at

ground state ° —————Low-energy level

—

Electron at

excited state ——High-energy level

FIGURE 1.4 The absorption of a photon by a molecule results in the
energy being transferred to an electron. This causes the energy to move
to a higher-energy, excited state.
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Chlorophyll a

11-Cis-retinal

Protein

COO~ COO~

Beta-carotene

Light

Reflected
light

FIGURE 1.6 Why the T-shirt is red. Pigment molecules bound
to the fabric of the shirt absorb blue, green, and yellow photons
of light. Red photons are not absorbed and are instead
transmitted through the shirt or are reflected.

FIGURE 1.5 Structure of some common pigments. Chlorophyll g, photosynthesis;
11-cis-retinal, vision; indigo, dye; phycoerythrobilin, red photosynthetic pigment found
in red algae; carmine, scale pigment found in some insects; beta-carotene, an orange

1.2 Light as a Source of Energy

accessory photosynthetic pigment. Acommon feature of all these pigments that is
critical for light absorption is the presence of a conjugated system of double/single

carbon bonds (shown in red for beta-carotene).

system as well as differences in the overall chemical structure
explain why each type of pigment absorbs light of only certain
wavelengths. This is because, for a photon to be absorbed, the
energy of the photon must match the amount of energy needed
to move a delocalized electron from its ground state to a spe-
cific excited state. If the energies don’t match, then the photon
of light is not absorbed and instead is transmitted through the
molecule or reflected off the molecule.

Pmmmmm The ability of pigments to absorb specific wave-
lengths of light is what determines their colour. A pigment’s
colour is the result of photons of light that it does not absorb.
Instead of being absorbed, these photons are reflected off the
pigment or transmitted through the pigment and reach your
eyes (Figure 1.6). ‘

STUDY BREAK QUESTIONS

1. What has to occur for a photon to be absorbed?
2. What structural feature is common to all pigments?

8 CHAPTER 1 LIGHT AND LIFE

The ultimate source of the energy used by almost all
organisms that make up the biosphere is light from the
Sun. The energy of electromagnetic radiation is made
accessible through the ability of plants and related
organisms to convert the energy of photons into chem-
ical energy. Through photosynthesis, plants absorb photons of
light and use that energy to convert carbon dioxide and water
into sugars and other molecules.

Following light absorption by the pigment chlorophyll, the
high potential energy of excited-state electrons is used in pho-
tosynthetic electron transport to synthesize the energy-rich
compounds NADPH (nicotinamide adenine dinucleotide
phosphate) and ATP (adenosine triphosphate). These molecules
are in turn consumed in the biochemical reactions of the
Calvin cycle of photosynthesis to convert carbon dioxide into
carbohydrates (Figure 1.7). Although the energy of one photon
is very small, the photosynthetic apparatus within the chloro-
plast of a single plant leaf absorbs millions of photons each
second. And a single cell within a typical plant leaf contains
hundreds of chloroplasts!

While photosynthesis converts carbon dioxide into carbo-
hydrates, it is the process of cellular respiration, which is found
in all organisms, that breaks down carbohydrates and other
energy-rich molecules, trapping the released energy as ATP
(Figure 1.7). The value of ATP is that it is the universal energy
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Energy is stored as
chemical energy.

T

Electromagnetic
energy in sunlight

Photosynthesis captures
electromagnetic energy
from sunlight.

Cellular respiration
releases chemical energy
from sugar molecules.

Released chemical
energy is made

available for other
metabolic processes.
FIGURE 1.7 Photosynthesis converts light energy into chemical energy.
Photosynthesis uses the energy in sunlight to build sugar molecules from carbon dioxide

and water, releasing oxygen as a by-product. The process of cellular respiration breaks
down the products of photosynthesis and releases usable energy.
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currency, and can be readily used for the energy-
requiring metabolic and biosynthetic processes that
are required to maintain all life.

Photosynthesis is the dominant process of the
biosphere that directly uses the light of the Sun as a
source of energy, but you may be surprised to know
that it isn’t the only one. Another light-driven pro-
cess used to acquire energy is found in a group of
microbes called Halobacterium. These organisms
are not eukaryotes or even bacteria, but rather they
belong to the third domain of life, the Archaea. We
will introduce you to the three domains of life in
Chapter 21, and will discuss the Archaea in greater
detail in Chapter 22. Most often found in extreme
habitats, Halobacterium contains a pigment-pro-
tein complex called bacteriorhodopsin, which is
found on the plasma membrane and functions as a
light-driven proton pump. When the pigment com-
ponent of bacteriorhodopsin captures a photon of
light, it triggers changes in the protein component,
resulting in the specific transport of protons out of
the cell. The resulting difference in H" concentra-
tion across the plasma membrane represents a
source of energy that is used by the enzyme ATP
synthase to generate ATP from ADP and inorganic
phosphate (Pi) (Figure 1.8). Like all organisms, the

a. Halobacterium salinarum b. Hutt Lagoon, Western Australia
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d. Bacteriorhodopsin-driven ATP formation

FIGURE 1.8 Halobacteriumis a
genus of Archaea that have a
light-driven proton pump.

(@) Electron micrograph of a
colony of Halobacterium
salinarum. (b) Species of
Halobacterium thrive in high-salt
environments, such as Hutt
Lagoon in Australia. The pink
colour of the water is due to the
presence of bacteriorhodopsin
within individual cells. (c) A model
of bacteriorhodopsin shows the
pigment retinal bound to a
protein. (d) Bacteriorhodopsin
functions as a light-driven proton
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used to synthesize ATP.

pump, the proton gradient being
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