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PREFACE

E SET OUT TO WRITE AN INTRODUCTORY BIOCHEMISTRY TEXTBOOK

because we believed that there was a need for a new approach to the
subject and that students could clearly benefit from our efforts. The result of
our inspiration is Essential Biochemistry, a textbook that focuses on the chem-
istry of biochemistry and places it in biological context. Our experience with
students as well as advances in cognitive theory prompted us to combine rel-
atively short text chapters with extensive problems sets in order to maximize
opportunities for students to learn through problem-solving. We also recog-
nized the advantages of providing well-integrated multimedia exercises to
reinforce and extend principles introduced in the text. For this reason, the text
and media components were developed in tandem. We believe that this book
provides an ideal balance of elements that will ease the efforts of instructors
and facilitate learning by students.

A Modern Approach

Writing a new biochemistry textbook provides an opportunity not just to con-
vey the latest research findings but also to approach the subject with a fresh
perspective. Biochemistry is an enormous field, and it has always been a chal-
lenge to give students a solid foundation in the subject, particularly in a one-
semester course. We saw the need for a modern textbook that would
introduce students to a large and ever-growing subject, that would provide
broad coverage without being overwhelming, that would explore important
topics in detail, that would not minimize chemical rigor, and that would pro-
vide students with knowledge and tools that they could apply to other areas of
chemistry and biology.

Essential Biochemistry differs somewhat from other textbooks in its organ-
ization and in the way material is presented. For example, there are no separate
chapters devoted to carbohydrate and lipid structure. We believe that students
can learn about molecular structures and terminology as they study molecules
in the context of their biological functions and their metabolic transformations.
We also chose to focus on aspects of biochemistry that tend to receive little
coverage in other courses or present a challenge to many students. Thus, we
include discrete chapters on motor proteins, enzyme mechanisms, enzyme
kinetics, oxidative phosphorylation, photosynthesis, and DNA repair.

By departing somewhat from the traditional table of contents, we hope to
provide students with a solid introduction to modern biochemistry. We believe
that depth of coverage is often more important than breadth. Wherever possi-
ble, we describe the physiological context of biochemical processes. Finally,
we present examples of chemical phenomena to illuminate general themes of
biochemistry, not necessarily to illustrate all the details of a biochemical
process.
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In a short textbook, every example must count. For this reason, a single
topic explored in depth not only tells an interesting story, it can provide
insights into a number of biochemical principles. For example, myoglobin
appears repeatedly in Chapter 4 to explain various aspects of protein structure
and function. In Chapter 6, chymotrypsin highlights various features of
enzyme action. Regulation of fuel metabolism by insulin and glucagon intro-
duces the principles of signal transduction in Chapter 16.

In a similar vein, different topics within a chapter are linked by placing
them in the broader context of a biological “story,” often a disease. In Chap-
ter 3, the genetic nature of cystic fibrosis provides a backdrop for topics rang-
ing from DNA sequencing to protein expression. The generation of a nerve
impulse ties together information about membrane permeability, transport,
and fusion in Chapter 8. In Chapter 14, lipid metabolism is linked to athero-
sclerosis; in Chapter 18, cancer is the framework for a discussion of DNA
repair.

In our experience, students sometimes miss the forest for the trees. To
counteract this tendency, we have intentionally left out some details, particu-
larly in the chapters on metabolic pathways. This allows us to focus on some
general themes, including the stepwise nature of pathways (Chapter 10) and
their evolution (Chapter 11).

It is our hope that by approaching biochemistry as a guidebook rather
than as a catalog, this textbook will allow students to master the subject at sev-
eral levels while minimizing the need for rote memorization.

Problem-Based Learning

Developments in cognitive learning theory as well as the results of classroom
research indicate that students learn more when they can construct their own
knowledge, for example, by answering questions and solving problems. Stu-
dents who are actively engaged with the material are more likely to retain
information. In fact, we designed Essential Biochemistry so that students can
take an active role in their education. For example, each chapter begins with
a list of Learning Objectives, and brief questions periodically prompt the stu-
dents to review particular objectives. A checklist at the end of each chapter
helps students organize their study efforts.

Most notably, each chapter includes an extensive problem set. The 20
chapters of Essential Biochemistry are intentionally succinct so that students
can extend their learning through active problem-solving. Virtually all of the
problems require analysis rather than simple recitation of facts. Many problems
are case studies based on data from research publications and clinical reports.
Not only do these problems provide a glimpse of the “real world” of science
and medicine, they present students with novel situations and raw data that
must be interpreted and analyzed. Complete solutions to all problems are
placed in an appendix so that students can receive immediate feedback.

Of course, problem-solving is not the only route to understanding, and
productive learning must incorporate both student-centered and instructor-
centered approaches. By providing a generous selection of problem-solving
opportunities, Essential Biochemistry can accommodate courses with varying
emphasis on problem-based learning.

Multimedia Components

From the outset, we intended the media components to fully integrate with and
complement the text. Although the book can stand alone, a full appreciation of
the structural and dynamic aspects of biochemistry requires a medium more
versatile than the printed page. The media package that accompanies Essential
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aid the student, an overview figure introduced in Chapter 9 is repeated in each
subsequent chapter, with the portion relevant to that chapter highlighted.

Chapter 10 introduces glucose structure as a prelude to glycolysis and
other pathways of carbohydrate metabolism. The structures and metabolism of
some other sugars are included in Chapter 10, but because there is no chapter
solely dedicated to carbohydrate structure, students are spared the need to
memorize structures and nomenclature that appear nowhere else in the book.

In order to emphasize biochemical principles and to minimize the number
of structures and enzymes presented to students, some steps of some metabolic
pathways are not shown. For example, the reactions in the rearrangement
phase of the pentose phosphate pathway (Chapter 10) and the Calvin cycle
(Chapter 13) are not shown explicitly. Only the major pathways of lipid metab-
olism are shown in Chapter 14, and much of the bulk of traditional amino acid
and nucleotide metabolism has also been excluded from Chapter 15.

A short chapter on photosynthesis (Chapter 13) follows the chapter on
oxidative phosphorylation (Chapter 12) so that students can more easily dis-
cern the similarities between these processes.

Chapter 15 covers amino acid and nucleotide metabolism by focusing on
reactions involving nitrogen. This allows a complete overview of the “biologi-
cal” nitrogen cycle by following nitrogen fixation, assimilation, synthesis and
degradation of amino acids and nucleotides, and nitrogen disposal via the
urea cycle. By covering nitrogen metabolism in this manner, students are
exposed to all the relevant pathways and can focus on important reactions
without getting bogged down in a comprehensive recounting of all the reac-
tions of all these pathways. Thus, there is no separate chapter on nucleotides
(their structures are first presented in Chapter 3 in the context of DNA struc-
ture, and their metabolism is described in the context of amino acid—derived
biomolecules in Chapter 15).

Signal transduction is covered in the context of regulation of mammalian
fuel metabolism (Chapter 16), which creates an opportunity to summarize the
major features of the metabolic pathways described in Chapters 10-15.

In order to focus on principles rather than details, the discussions of DNA
replication (Chapter 17) and transcription (Chapter 19) do not make a sharp
distinction between prokaryotic and eukaryotic systems. The overall processes
are presented using examples from both types of systems, and brief notes
explain how they differ.

A chapter on cancer and DNA repair (Chapter 18) provides an opportu-
nity to tie DNA metabolism to various aspects of cell biology (e.g., cell cycle
control and apoptosis) and reinforces understanding of DNA structure and
function (first presented in Chapter 3) by showing how DNA is damaged and
how it can be repaired.

Because replication, transcription, and translation are typically also covered
in other courses, Chapters 17-20 focus primarily on some of the biochemical
details of these processes, such as topoisomerase action, nucleosome structure,
mechanisms of polymerases and other enzymes, structures of accessory pro-
teins, mechanisms for proofreading during polymerization and aminoacylation,
and chaperone-assisted protein folding.

Pedagogical Features

Each chapter of Essential Biochemistry is designed to be self-contained so that
it can be covered at any point in the syllabus.

e Each chapter begins with a paragraph (This Chapter in Context) to help
orient the reader to the main topics of the chapter and how they relate to
surrounding chapters.
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e A short example of a biochemical application opens each chapter.

¢ A list of Learning Objectives precedes the text of each chapter. Students
are periodically prompted to review the objectives and to answer Study
Questions that reinforce each objective.

e Reminders to explore the Media Exercises appear at appropriate places in
the chapter. The text includes additional cross-references to specific topics
in the exercises. The exercises animate complex processes and show
detailed molecular structures using a Chime-based interactive format. Four
Review Exercises provide supplemental background material. Most of the
media exercises are designed so that students can proceed at their own
pace, viewing animations, manipulating molecular structures, and answer-
ing questions.

e Sentences summarizing key points are in italics. Key terms are in bold-
faced. Their definitions are also included in the glossary and form the basis
of the online quiz. Key equations are boxed for emphasis.

e Sample Calculations illustrate the use of important equations in thermody-
namics (Chapter 1), acid-base chemistry (Chapter 2), binding phenomena
(Chapter 4), enzyme kinetics (Chapter 7), transport processes (Chapter 8), equi-
libria (Chapter 9), and redox chemistry (Chapter 12).

e Some material that is of a higher level or that is thematically distinct from
the bulk of the chapter is set off in boxes so as not to distract the reader
from the main thread of the discussion.

e Illustrations include photos from research publications and computer-
generated molecular models designed specifically for Essential Biochem-
istry. Many small figures are incorporated directly into the text. An overview
figure illustrating all the major metabolic pathways is introduced in Chapter
9 and revisited in subsequent chapters on metabolism. Chapters 10 and 14,
which focus heavily on pathways, include an additional summary figure as a
study aid.

e Each chapter ends with a large selection of Problems, including some mul-
tistep case-type problems based on the recent literature. The problems re-
quire students to apply information rather than simply recall memorized
details. Complete Solutions to all problems are provided in the appendix.

e An annotated list of Selected Readings following each chapter includes
recent short papers, mostly reviews, that students are likely to find useful as
sources of additional information. Some Relevant Web Links are included
on the accompanying Web site (www.wiley.com/college/pratt).

e Fach chapter includes 2 Summary of the main points. A Checklist at the
end of the chapter reminds students to review the Learning Objectives, solve
the problems, complete the relevant media exercises, take the glossary-
based quiz, explore the Web sites listed online, and consult the list of
selected readings for further information.

e Four Instructor’s Resources, part of the media package, include lecture-
ready slides and student activities on the Human Genome Project, bacterial
drug resistance, proteomics, and phylogenetic trees.
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Welcome to Biochemistry! Your success in this course will depend to a great extent on your willingness
to take an active role in your education. Learning biochemistry requires more than simply reading the
textbook, although we recommend that as a first step! Essential Biochemistry has been designed and
written with you in mind, and we urge you to take advantage of all it has to offer.

Biochemical knowledge is cumulative; it is not something that can be learned all at once. We
advise you to keep up with your reading and other assignments so that you have plenty of time to
reflect, ask questions, and, if necessary, seek help from your instructor. As you read each chapter of
the textbook, make sure you understand how it fits into the course syllabus. Use the study aids pro-
vided in the textbook: First, note the list of learning objectives at the start of the chapter. At the appro-
priate points, you will be asked to review each objective and answer one or more study questions. Be
sure to view the media exercises that expand on material covered in the textbook. These exercises
include animations of dynamic biochemical processes and interactive molecular graphics. You can
enrich your understanding of biochemistry by exploring the exercises and answering the questions
they pose. Consult the review exercises if your chemistry background is weak.

As you study, note the key sentences that are highlighted in italics. Be able to define terms in
boldface, and test your knowledge by taking the online quiz. Most importantly, solve the problems at
the end of each chapter. You should make every effort to complete all the problems without looking
at the answers in the appendix. Developing problem-solving skills will facilitate your understanding of
biochemistry and will help pave the way to success in any future academic or career endeavor.

Finally, use the summary and checklist at the end of every chapter as a guide to help you study.

Take advantage of the additional resources available—such as the list of selected readings and Internet
sites—if you need help, are curious about biochemistry, or need up-to-date information as a starting
point for a class project.

In writing Essential Biochemistry, we endeavored to select topics that would provide a solid intro-
duction to modern biochemistry, which is a vast and ever-changing field. We realize that most students
who use this book will not become biochemists. Nevertheless, it is our hope that you will come to
understand the major themes of biochemistry and see how they relate to current and future develop-
ments in science and medicine.

Charlotte W. Pratt
Kathleen Cornely
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