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Preface

The World of the Cell is intended as a comprehensive
introduction to cellular and molecular biology for stu-
dents preparing for careers in biology, medicine, and
related fields. Portions of this book began as lecture
notes, problem sets, and exams in Biocore 303, a cell
biology course at the University of Wisconsin-Madison.
These materials were expanded into the first edition of
this textbook, published in 1986. Heartened by the large
number of users and by the responses of instructors and
students alike, we have prepared this edition jointly, with
each of us bringing to the venture about twenty years
of teaching experience in cell biology, including both
introductory and advanced courses.

Something Old and Something New

The book is neither exhaustive nor encyclopedic. Our
goal has been to sketch in as lucid a manner as possible
the essential principles and processes of cell biology.
Recognizing the exceptionally rapid pace of discovery
in cell biology during the past several years, we have
sought to weave new knowledge and insight into the
fabric of the text. In doing so, we have retained the
features of the first edition that readers have described
as “user-friendly,” while reorganizing and updating the
material in ways that we hope will make the text even
more useful for both students and instructors.
Features we have retained from the first edition
include an organization of subject matter that is readily
adaptable to a great variety of course syllabi, an illus-
tration program that users of the first edition found very
helpful, and a problem set at the end of each chapter.
We have also paid careful attention to accuracy, con-
sistency, and vocabulary, hoping thereby to maximize
understanding and minimize confusion for the reader.
Additions and changes that we believe will further
enhance the usefulness of the text include the following:

s Introductory unit restructured such that cell chemistry
is now covered before cell structure.

m Units reorganized to cover membrane structure and
function before energy flow, thereby ensuring that the
reader understands membrane potential and transport
before encountering mitochondrial and chloroplast
function.

m Coverage of molecular biology updated and ex-
panded, including a more extended consideration of
eukaryotic gene regulation.

m Discussion of recombinant DNA technology ex-
panded significantly and placed in an appendix for
ready access from anywhere in the text.

m Coverage of the cytoskeleton expanded to an entire
chapter, immediately preceding a chapter on motil-
ity and contractility that has also been updated
significantly.

m Chapter on membrane receptors added to provide
enhanced coverage of mechanisms of cell communi-
cation.

m Updated coverage of developmental biology, cancer
biology, and immunology provided by contributors
chosen for their expertise in these areas.

m Each micrograph identified in the figure legend as a
light micrograph (LM), scanning electron micrograph
(SEM), or transmission electron micrograph (TEM).

m Size bars used to indicate magnification of micro-
graphs.

Techniques and Methods

Throughout the text, we have tried to explain not only
what we know about cells but also how we know what
we know. Toward that end, we have included descrip-
tions of experimental techniques and findings through-
out, almost always in the context of the questions they
address and in anticipation of the answers they provide.
For example, equilibrium density centrifugation is intro-
duced not in a chapter concerned with how cells are
studied, but in Chapter 9, where it becomes important
to understand how lysosomes were originally distin-
guished from mitochondria and subsequently from per-
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oxisomes as well. To help readers locate techniques out
of context, an alphabetic Guide to Techniques and
Methods follows the Acknowledgments, with page ref-
erences to particular techniques.

The only exceptions to the principle of introducing
techniques in context are the methodologies of micros-
copy and of recombinant DNA technology. Both of these
topics are relevant to much of contemporary cell biology
and both involve a variety of related techniques that can
be logically considered as a self-contained unit. Accord-
ingly, this edition has two appendices, Appendix A: Prin-
ciples and Techniques of Microscopy and Appendix B:
Recombinant DNA Technology, each fully illustrated.
Both appendices are cross-referenced at numerous points
in the text, to make their existence known to readers
who, despite the fond hopes of the authors, are not likely
to be careful readers of this Preface.

In-Text Learning Aids

To enhance the book’s effectiveness as a learning tool,
each chapter includes the following features:

m One or two Boxed Essays to help students better
understand particularly important or intriguing
aspects of cell biology. While some of the essays give
interesting historical perspectives on how science is
done (the discovery of the double helix as described
in the boxed essay of Chapter 3, for example), others
are intended to help students understand potentially
difficult principles (the analogy of monkeys shelling
peanuts to help explain enzyme kinetics, in Chapter
6). Still others provide further insights into contem-
porary techniques used by cell biologists (the scanning
tunneling microscope, in Chapter 1) or into facets of
cell biology with special medical relevance (the use of
intermediate filament typing as a diagnostic tool, in
Chapter 18).

m A list of Key Terms that includes the page number
where each term first appears in boldface. Most of the
key terms are included in the Glossary at the end of
the book, which provides a definition of each term
along with a reference to the chapter(s) in which that
term appears most prominently.

m A Suggested Reading list, with an emphasis on review
articles that motivated users are likely to find under-
standable. We have tried to avoid overwhelming read-
ers with lengthy bibliographies of the original
literature, but have referenced selected articles that
are especially relevant to the topics of the chapter.

m A Problem Set, reflecting our conviction that we learn
science not just by reading or hearing about it, but

by working with it. The problems are designed to
emphasize understanding and applying the principles
taught in the chapter, not just rote recall. Many of
the problems have been carefully selected from class-
tested exams. To give instructors flexibility in their
use of the problem sets, answers for all of them appear
in the Solutions Manual described below. At the dis-
cretion of the instructor, this manual can either be
made available to students through the bookstore or
used by the instructor as a resource for homework
and exam questions.

Supplemental Learning Aids

Supplemental learning aids available with this text
include:

= A Solutions Manual that contains detailed answers to
all of the problems in the text. As a special feature
new to this edition, this Solutions Manual also con-
tains black-only versions of over 150 drawings from
the text. Instructors can use these illustrations as mas-
ters in creating acetate transparencies for classroom
use; students can then review and annotate the illus-
trations while they are being discussed in class. (ISBN
0-8053-0871-7)

m A separate set of 52 two-color acetate transparencies
corresponding to selected figures from the text but
with enlarged labels to enhance their usefulness in
classroom lecture. (ISBN 0-8053-0872-5)

m The Benjamin/Cummings Micrograph Transparen-
cies for the Life Sciences, a set of 50 micrographs that
complement (but are not usually identical to) the
micrographs reproduced in the text. This set includes
both electron micrographs and full-color light mi-
crographs, many with explanatory drawings. (ISBN
0-8053-1815-1)

Comments Welcome

The real test of any textbook is how effectively it helps
instructors teach and students learn. We welcome feed-
back from readers; please send your comments and sug-
gestions to either of us.

Wayne M. Becker
Department of Botany
University of Wisconsin-

David W. Deamer
Department of Zoology
University of California,

Madison Davis
Madison, Wisconsin Davis, California 95616
53706
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Guide to Techniques and Methods

The following techniques are important to cell biolo-
gists. Each technique is described in the text at the indi-
cated location, in the context of its actual use by
researchers.

Cancer

Ames test for carcinogens, Chapter 23 (p. 724, Figure
23-8)

Cell Cycle

Cell fusion, Chapter 14 (p. 419, Figure 14-29)

Laser photobleaching, Chapter 14 (p. 426, Figure
14-32)

Cytoskeleton

Intermediate filament typing, Chapter 18 (p. 575)

Use of drugs and antibodies to study cytoskeletal func-
tion, Chapter 18 (p. 558)

Embryological Development

Fate mapping, Chapter 22 (p. 687)
Inductive interactions, Chapter 22 (p. 696)
Laser ablation, Chapter 22 (p. 708)

Nuclear transplantation, Chapter 22 (p. 691)
Pole plasm transfer, Chapter 22 (p. 686)
Zygote division, Chapter 22 (p. 691)

Enzymes

Determination of K, (Michaelis constant) and V..,
(maximum velocity), Chapter 6 (p. 149)

Inhibition analysis, Chapter 6 (Figure 6-17)

Genetics

Cis-trans test, Chapter 17 (p. 514)

Chromosome mapping, Chapter 15 (p. 448)
Cotransductional mapping, Chapter 15 (p. 449)
Restriction mapping, Appendix B (p. 804, Figure B-3)

Immunology

Immunochemical staining, Chapter 9 (p. 226)

Monoclonal antibody production (hybridoma tech-
nique), Chapter 24 (pp. 758-760)

Membranes
Dissociation and reconstitution of mitochondrial ATP
synthase, Chapter 11 (p. 301, Figure 11-20)

Formation of inverted membrane vesicles, Chapter 8
(p. 217)

Membrane asymmetry, Chapter 7 (p. 174)

Membrane fluidity (laser photobleaching), Chapter 7
(p. 173, Figure 7-14)

Membrane fluidity (cell fusion), Chapter 7 (p. 173,
Figure 7-15)

Membrane fluidity (patching and capping), Chapter 7
(p. 176, Figure 7-16)

Membrane permeability
(p. 195)

Patch clamping, Chapter 20 (p. 628, Figure 20-11)

Planar lipid membrane system (lipid bilayer), Chapter
20 (p. 621, Figure 20-6)

(liposomes), Chapter 8

Microscopy
Atomic force microscopy, Appendix A (p. 797)

X
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Autoradiography, Chapter 12 (p. 334), Chapter 14
(p. 336, Figure 14-8), Chapter 16 (p. 491, Figure
16-30), Appendix A (pp. 784, 791)

Cytochemical staining, Chapter 9 (Figure 9-16)

Deep-etching, Chapter 18 (Figure 18-10), Appendix A
(p. 796)

Electron microscopy, Chapter 1 (p. 6), Appendix A
(p. 785)

High-voltage electron microscopy, Chapter 1 (p. 8),
Chapter 18 (p. 557, Figure 18-3), Appendix A
(p. 789)

Scanning electron microscopy, Chapter 1 (p. 8),
Appendix A (p. 788)

Scanning transmission electron microscopy, Appen-

dix A (p. 789)

Transmission electron microscopy, Appendix A
(p. 785)

Embedding, Appendix A (pp. 783, 790)
Fixation, Appendix A (pp. 783, 790)

Freeze-etching, Chapter 18 (p. 556, Figure 18-2),
Appendix A (p. 795)

Freeze-fracturing, Chapter 7 (p. 168, Figure 7-13),
Chapter 11 (Figure 11-5), Chapter 12 (Figure 12-
10), Appendix A (p. 793)

Light microscopy, Chapter 1 (p. 5), Appendix A (p. 777)
Brightfield microscopy, Appendix A (p. 777)
Darkfield microscopy, Appendix A (p. 778)
Differential interference

Appendix A (p. 782)
Fluorescence microscopy, Appendix A (p. 779)

contrast microscopy,

Immunofluorescence microscopy, Chapter 4 (Figure
4-21), Chapter 7 (p. 173), Chapter 18 (pp. 556,
575, Figure 18-1)
Phase contrast microscopy, Appendix A (p. 778)
Polarization microscopy, Appendix A (p. 781)
Negative staining, Appendix A (p. 791)
Poststaining, Appendix A (p. 790)

Scanning tunneling microscopy, Chapter 1 (pp. 8, 11),
Appendix A (p. 797)

Sectioning, Appendix A (pp. 783, 790)
Shadowing, Appendix A (p. 792)

Staining, Appendix A (p. 784)

Stereo electron microscopy, Appendix A (p. 796)

Video-enhanced differential interference microscopy,
Chapter 18 (p. 565)

Nucleic Acids
Detection of DNase I sensitivity of active genes in chro-
matin, Chapter 17 (p. 537, Figure 17-23)

DNA sequencing (chemical method), Chapter 13
(pp- 363, 367, Figures 13-13, 13-14)

In vitro protein synthesis, Chapter 17 (p. 534)

Nuclear run-on transcription assay, Chapter 17 (p. 526,
Figure 17-16)

Reverse transcription, Chapter 16 (p. 470)
RNA-DNA hybridization, Chapter 16 (p. 479)

Use of cDNA probes, Chapter 16 (p. 479), Chapter 17
(p. 534)

Proteins

Immunoblotting, Chapter 17 (p. 533)

Protein denaturation and renaturation, Chapter 2
(p. 32), Chapter 3 (p. 47)

SDS-polyacrylamide gel electrophoresis, Chapter 7
(p. 168, Figure 7-12)

Recombinant DNA

Cloning of genes, Chapter 13 (p. 367), Chapter 17
(p- 524), Appendix B (p. 806)

Colony hybridization, Appendix B (p. 808, Figure B-8)

DNA amplification using the polymerase chain reaction,
Appendix B (p. 810)

Genetic engineering, Appendix B (p. 811)
Recombinant DNA, Appendix B (p. 805)

Separation of restriction fragments, Appendix B (p. 803,
Figure B-2)

Separation

Agarose gel electrophoresis, Appendix B (p. 803, Figure
B-2)

Differential centrifugation, Chapter 4 (pp. 90, 94),
Chapter 9 (Figure 9-1)

Equilibrium density centrifugation, Chapter 9 (p. 242,
Figure 9-20), Chapter 14 (pp. 393, 395, Figures 14-
6, 14-7)

Paper chromatography, Chapter 12 (p. 334)

SDS-polyacrylamide gel electrophoresis, Chapter 7
(p. 168, Figure 7-12)

Thin layer chromatography, Chapter 7 (p. 167, Figure
7-11)
Ultracentrifugation, Chapter 1 (p. 10)
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