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Preface

“Nothing in education is so astonishing as the amount of ignorance  
it accumulates in the form of inert facts.”

—Henry Adams, �e Education of Henry Adams

As the rate of discovering facts in the sciences continues to escalate, both students and 
instructors must confront the age-old problem of deciding what material matters most, 
especially at the introductory level. In my own experience, even the most enthusiastic stu-
dents have great di�culty distinguishing essential facts in cell biology from more technical 
details. Given the heavy emphasis on memorization in most K–12 programs, many introduc-
tory-level college students resort to storing as much information as possible in short-term 
memory, only to discover later that they’ve missed the underlying concepts that give these 
facts their signi�cance. In the past 20 years of teaching, I have spent as much time helping 
students navigate a conceptual path through the dense web of facts in cell biology as I have 
explaining the meaning of those facts. �e purpose of this book is to help students build a 
conceptual framework for cell biology that will persist long after their coursework is complete.

Our Approach to Learning Cell Biology
�e �eld of introductory cell biology enjoys a wealth of well-written texts by outstanding 
authors. Why write yet another introductory text? �is book is needed for two important 
reasons. First, it overtly focuses on some of the underlying principles that illustrate both how 
cells function as well as how we study them. While many textbooks reference “principles” in 
their �elds, few speci�cally identify these principles or explore them in detail. In contrast, 
this book identi�es 10 speci�c principles of cell biology (see page ix), and devotes a 
separate chapter to illustrate each one of them. As a result:

� We intentionally shift away from the traditional focus on technical details and 
toward a more integrative view of cellular activity that can be tailored to suit 
students with a broad range of backgrounds.
�� Instructors have great freedom to organize technical subjects as they see �t while 
permitting students to build their own conceptual view of how cells solve 
problems. In short, because every cellular activity discussed in the text is tied 
directly to an overlying principle, these activities can be arranged and taught in 
many di�erent combinations, at varying depths of detail, without losing focus 
on the Big Picture.

� Students develop a framework for evaluating facts as they encounter them, and 
this invites them to critically evaluate information as they learn. �e principles 
in this book are not intended to be treated as laws, and are thus always subject 
to criticism and review.
�� Instructors can capitalize on this organizing style to seamlessly merge supplemental 
material with the text as the �eld changes, or to emphasize speci�c subjects in a 
topics course.
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Preface xi

�� Professionals in the �eld can use these principles as starting points for identify-
ing additional principles in cell biology and in other related �elds, for comparing 
these principles in other �elds of biology, and for developing a more integrated 
curriculum across multiple scales of biological organization. For example, mapping 
several courses to speci�c principles such as those identi�ed in this text could 
assist in curriculum development and assessment at a department or program 
administrative level.

�e second important distinguishing feature of this book is its informal, narrative  
writing style. �is style is adopted to make even the most complex concepts accessible to 
students new to a scienti�c �eld, including stripping away some of the technical com-
plexity that many introductory students �nd intimidating. Each chapter thus re�ects 
my own lectures in introductory cell biology, in both style and content. Speci�cally, 
this includes:

�� Liberal use of analogies that have proven e�ective over many years of teaching.
�� Margin boxes throughout each chapter including studying tips, clari�cations of 
apparent contradictions, explanations of naming schemes, FAQs, etc.
�� Jargon is introduced gradually, after the concepts have been established, thereby 
de-emphasizing memorization of names.
�� Ten principle-based chapters build on the foundation laid down in the �rst four 
chapters of the book, and include heavy emphasis on linking concepts across 
multiple chapters.
�� Novel artwork is included, re�ecting drawing exercises the author includes in his 
own lectures.

Audience
Principles of Cell Biology is written for introductory cell biology courses having an emphasis 
on eukaryotic cells, especially humans and other mammals. It is geared toward students 
in general biology, molecular biology, physiology, nursing, dental hygiene, and bioengi-
neering. �e book also provides a �rm foundation for advanced programs in biological 
sciences, medicine, dentistry, and bioengineering.

Organization
�e book consists of four chapters (1–4) that introduce the fundamental molecular building 
blocks of all cells: sugars, proteins, nucleic acids, and lipids. �e remaining 10 chapters focus 
on explaining a single principle, supported by the topics typically discussed in cell biology 
courses. One important departure from most other books is that the topics of membrane 
transport and metabolism are covered in the same chapter (Chapter 10), though membrane 
transport is discussed in its own chapter subsection so it can be read independent of  
the metabolism sections if desired.

�rough the use of cross-references, some chapters can be clustered into broader 
themes. Chapters 5 and 6 focus on the cytoskeleton and extracellular matrix, respectively, 
to explain how cells establish, maintain, and modify their shapes. Chapters 7–9 focus on 
DNA replication, transcription, translation, protein sorting, and the endomembrane sys-
tem to illustrate the theme of information transfer from DNA to proteins. Chapters 11–13 
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use signal transduction as a unifying theme to illustrate the relationships among signal-
ing pathways, control of gene expression, and cell growth/apoptosis. Finally, Chapter 14 
evaluates the principles from earlier chapters at the tissue level, unifying the entire cell into 
a single functional unit of a multicellular organism.

Each chapter contains pedagogical features to assist instructors and facilitate student 
comprehension. �ese include:

�� An introductory section, called �e Big Picture, explains the learning objectives 
for the chapter, the relationship the chapter’s subject matter shares with other 
chapters, and, in the last 10 chapters, introduces the Principle that the chapter 
illustrates.
�� Every major section in each chapter includes a bulleted list of key concepts.
�� Each chapter contains Concept Check questions at the end of major sections 
to test comprehension of the section, with answers provided at the end of the 
chapter. �e test bank includes exam questions that link to these concept check 
questions.
�� End-of-chapter questions ask students to integrate material across chapter sec-
tions and across di�erent chapters.
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The Student Experience

� e 10 Principles of Cell Biology—
� e Second Edition has been thoroughly 

redesigned to better identify and illuminate 
the 10 Principles of Cell Biology 

(page ix). � is breakdown into 10, easy-
to-understand principles provides students 

with the formula for understanding how 
cells function as well as how we study them.

  xv

CHAPTER OUTLINE
14.1  The Big Picture14.2  Epithelial Tissues Form Protective, 

Semipermeable Barriers between 

Compartments14.3  Nervous Tissues Store and 
Transmit Information  
as Electrical Charge14.4  Muscle Tissues Convert Chemical 

Signals into Mechanical Force

14.5  Connective Tissues Provide 

Mechanical Strength  
and Cushioning to the Animal 

Body
14.6  Chapter Summary

Tissues
14.1  The Big Picture

�e �rst 13 chapters of this book have collectively addressed 

the fundamental structure and function of cells, especially 

those in multicellular animals. For many students, the next 

highest level of biological organization is covered in courses 

in anatomy and physiology, which address how groups of 

cells work as teams to perform functions that individual cells 

simply cannot. �is suggests that the cellular teams may have 

developed these abilities de novo, independent of their cellular 

ancestry. But natural selection, currently the model accepted 

by virtually all scientists of how life on Earth evolved, argues 

strongly against this notion. Just as we have used natural 

selection to explain how complex eukaryotes arose from less 

complex prokaryotes, we can also apply natural selection 

to explain how specialized teams of cells arose as well. �e 

key concept is that every evolutionary “advance” arises from 

variations of existing biological organization. �us, anatomy 

and physiology are built on the principles of cell biology.

In most cases, courses in anatomy and physiology begin 

with this as a given fact, leaving the students to generate the 

454

Chapter 14
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The Student Experience

bridges between cell biology and higher levels of biological organization themselves. � e 

goal of this chapter is to
 help identify and explain some of these bridges. To guide us, we’ll 

use the last principle in this book, cell biology  principle #10: tissu
es form macroscopic 

equivalents of individual cells.

CELL BIOLOGY PRINCIPLE #10

Tissues form macroscopic 

equivalents of individual cells.

©
 Jezper/ShutterStock, Inc.

� is means that most of the concepts we have discussed in this book, including the 

previous nine principles, can be scaled up to the next level of cellular organization (in cell 

biology, the word macroscopic is c
ommonly used to describe a structure that can be seen 

with the unaided eye, in contrast with microscopic). U
sing this reasoning, a tissu

e can be 

viewed as simply the next largest functional unit of multicellular organisms, so this chap-

ter also serves as a review of the previous principles and shows how they apply to tissu
es 

and organs as well. For example, tissu
es are composed of extracellular material surround-

ing cells, ju
st as cells are composed of phospholipid membranes and the molecules they 

enclose. Numerous other examples can be found in texts discussing cell physiology.

� is chapter is o
rganized into four major sections, each focused on one of the four 

tissue types in animals. Keep in mind that the goal of these sections is to
 illustrate how cell 

biology merges into anatomy and physiology, without comprehensively covering the struc-

ture or function of these tissues. As with previous chapters, we will look for patterns, but 

this tim
e consider them in a broader context, using the principles as a guide. For example, 

what is m
ost valuable at a di� erent level of biological organization, and how is it p

rotected 

(principle #3)? How are decisions made (principle #8)? What is th
e most vulnerable aspect 

of life at this other level, and is there any way to correct errors (principle #9)? � ese ques-

tions apply to tissues, organs, individuals, populations, and even ecosystems. Once we see 

how these levels are connected, learning more biology could become much simpler, and 

that, ultimately, is w
hat every biology text is st

riving for.

14.2  Epithelial Tissues Form Protective, 

Semipermeable Barriers 

between Compartments

KEY CONCEPTS 

 �Epithelial tissues share important properties with cellular membranes: they possess structural 

polarity and protect the material they enclose, forming a semipermeable barrier.

 �Epithelial cells contain specialized structures that help them form strong bonds to each other 

and the extracellular matrix.

 �Epithelial tissues are specialized to perform specifi c functions, including protection, secretion, 

transport, and absorption.

During gastrulation, a developmental stage found in nearly all metazoans, the embryo 

changes from a hollow ball to a three-layered structure containing the three germ layers 

14.2  Epithelial Tissues Form Protective, Semipermeable Barriers between Compartments   
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Key Concepts—A list of Key Concepts 
at the start of each section provides 

a framework of the core cell biology 
concepts for students as they read through 
the section. Students should refer back to 

the Key Concepts as they progress through 
the section and eventually to the Concept 

Check question.

Chapter Outlines—Along with � e 
Big Picture, a Chapter Outline is 

included at the start of every chapter. 
� is list succinctly identi� es the sections 

readers will encounter as they progress 
through a chapter. It provides students 

with a clear understanding of the 
overarching topics that pertain to the 

cell biology principle under discussion.

� e Big Picture—Written in a 
conversational tone, � e Big Picture 

opens every chapter and identi� es and 
explains the objectives of the chapter. 

Students should carefully read it to guide 
their focus before diving into the chapter. 

As they progress through the chapter, 
they should think critically about these 

objectives to ensure they fully understand 
the cell biology principle being covered.
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CONCEPT CHECK 4 

What are the costs and benefits of having DNA sequestered away in its own organelle? Would 

prokaryotes be better off if th
ey had a nucleus? Why or why not?

2.6  Chapter Summary

To remain alive, cells must do two things: respond appropriately to external signals and 

internal programs, and maintain their internal environment. Nearly all of the molecules 

responsible for these activities are either RNA or proteins, and the instructions for creating 

these molecules are stored in a relatively simple polymer, DNA. Each time a cell divides, 

the daughter cells inherit a copy of the parental cell DNA, which is slig
htly modi�ed in 

each successive generation of cells by mistakes (mutations) made during the replication 

process. �e instructions in DNA are organized into units called genes; cells read these 

genes to produce several types of RNAs (by transcription) and proteins (by translation 

of messenger RNA). Mutated genes produce altered RNAs and proteins when they are 

transcribed and translated, and it is th
ese di�erences in RNAs and proteins that yield the 

variation in cellular phenotype that is acted upon by natural selection in each generation 

of cells and organisms. DNA is, therefore, the heritable material acted upon by evolution.

Because DNA encodes the instructions for producing all of the RNAs and proteins 

a cell will require during its life
time (and may also encode additional unused genes), it is

 

typically an enormous molecule relative to the cell that harbors it. �
e complete DNA 

molecule, called a chromosome, is made up of combinations of four subunits, called 

deoxyribonucleotides, which form two antiparallel strands held together by hydrogen 

bonds. One of these two strands contains the coding sequence of a gene. To ensure that 

the genes can be easily accessed while also compacting them enough to �t into a cell, DNA 

is supported by an elaborate protein/RNA sca�old, called nucleoid in prokaryotes and 

chromatin in eukaryotes. Histone proteins are at the heart of these sca�olds, and DNA 

wraps around “spools” of histones. Chemical modi�cations of histones and DNA bases 

play an important role in controlling which sections of DNA molecules are read by the 

transcription machinery. In some eukaryotes, portions of the chromosomes are condensed 

and modi�ed so that they are not capable of undergoing transcription. �ese regions are 

called heterochromatin, to distinguish them from the transcriptionally accessible regions 

called euchromatin. Prokaryotes do not form heterochromatin.

Eukaryotic cells store DNA in the nucleus and restrict access to it with nuclear pore 

complexes, highly selective structures that control the tra�c of proteins, nucleic acids, and 

other large molecules into and out of the nucleus. Some eukaryotes also contain proteins 

in their nucleus, called lamins, as an added form of support and protection for the DNA. 

Lamin proteins are especially strong proteins that resist mechanical forces imposed on the 

nucleus, and recent evidence suggests they help control gene expression by binding chro-

matin and speci�c DNA sequences.

BOX 2-14  TIP  

Lamins vs. laminins. Many students confuse these two words in cell biology that look and 

sound nearly identical, but that refer to very different structures in cells. In this chapter, we are 

introducing lamins. In Chapter 6 we will encounter a different set of proteins called laminins. 

Laminins are extracellular matrix proteins that are typically found in the spaces between cells, not 

in the nucleus.
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CHAPTER STUDY QUESTIONS

 

1. How many phosphoester bonds, phosphodiester bonds, and hydrogen bonds are shown 

in Figure 2-12a? Do not count bonds formed at the ends of the strands with atoms not 

shown.

2. Explain how mutations in a cell’s DNA can impact the proteins made by that cell’s 

progeny (i.e., daughter cells).

3. Propose a model for how/why DNA binding proteins can “read” DNA sequences in 

double-stranded DNA.

4. During heterochromatin formation, how is DNA “compaction” different from DNA 

“silencing”?

5. Briefly describe the functions of the protein scaffold in DNA organization.

6. Why is it im
portant that the two strands of the DNA double helix are held together by 

hydrogen bonds instead of (much stronger) covalent bonds?

7. Have a careful look at the structure of the core particle in Figures 2-14 and 2-17. Based on 

our discussion of the function of this structure, explain three advantages provided by its 

molecular composition and shape.

8. If the phenotype of the cell is a product of the genes it expresses at a given time, why 

don’t cells simply use a binary, on-off mechanism for controlling gene expression? In 

other words, why do eukaryotic cells use at least five levels of DNA organization, instead 

of two?

9. All cells that use five levels of DNA packing also contain a nucleus. What role does the 

nucleus play in controlling the function of DNA?

10. In addition to the impact on muscle cells mentioned in section 2.5, what other impacts 

do you think that a loss-of-function mutation in a nuclear lamin gene would have on 

cells? What does this demonstrate about the function of the nuclear matrix in controlling 

proper structure and function of DNA? You are encouraged to search outside resources 

(medical literature, support groups, etc.) to help answer this question.

?

MULTIPLE CHOICE QUESTIONS

 

1. What is a gene?

A. A sequence of nucleotides that wraps around a histone “spool.”

B. A sequence of nucleotides that includes the coding sequence for an RNA molecule, 

plus the sequences that control the timing and amount of RNAs generated from the 

coding sequence.

C. A sequence of nucleotides that encodes all of the polypeptides necessary to form a 

protein with quaternary structure.

D. A sequence of nucleotides that binds to nuclear lamin proteins.

E. A sequence of nucleotides that encodes the alpha helix portion of each polypeptide.
?

 

2.6  Chapter Summary 
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Concept Checks—Each section opens 
with a list of key concepts to help 

guide readers’ focus and concludes with 
a Concept Check question. Answers 
are provided in the back of the book 
so students can instantly check their 
comprehension of section material.

Box Tips—Helpful boxes 
throughout each chapter include 

study tips, clari� cations of apparent 
contradictions, explanations of 

naming schemes, FAQs, and more. 
� ese boxes clarify and complement 

section and chapter material as well as 
o� er additional interesting cell biology 

information.

Chapter Summaries—To ensure 
readers thoroughly grasp the important 

concepts, each chapter concludes with a 
comprehensive Chapter Summary to provide 

students with a clear understanding of the 
cell biology principle under discussion. 

Students can review the summary before 
diving into the chapter to direct their study 
and can also use it as a study tool to prepare 

for course lectures and exams.

Chapter Study Questions—New, 
thought-provoking, end-of-chapter 

questions, including open-ended and 
multiple choice, integrate material across 

chapter sections and assess students’ 
retention of core cellular concepts. � e 

answers are at  the back of the book, 
providing students with a complete 

learning and study solution.
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Animations—To visually assist readers 
in understanding key cellular processes, 

Jones & Bartlett Learning has developed 
interactive cellular biology animations. 

�ese engaging animations bring 
fascinating cell biology phenomena to 
life! Each interactive animation guides 

students through cellular processes and 
gauges students’ understanding with 

exercises and assessment questions.

Teaching Tools
�e following Teaching Tools are available to assist quali�ed instructors with prepa-
rations for their course.

�� The Image Bank provides the illustrations, photographs, and tables 
(to which Jones & Bartlett Learning holds the copyright or has permission 
to reproduce digitally). You can quickly and easily copy individual images or 
tables into your existing lecture slides.

� �e Lecture Outlines in PowerPoint format, devel-
oped by the author, provide lecture notes and images 
for each chapter of Principles of Cell Biology, Second 
Edition. Instructors with the Microsoft PowerPoint 
software can customize the outlines, art, and order 
of presentation.

� An extensive Test Bank is also available.
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 xix

To the Student—Study Smart
Your success in cell biology—or any college or university course—will depend on your 
ability to study e�ectively and e�ciently. �erefore, this textbook was designed with you, 
the student, in mind. �e text’s organization will help you improve your learning and 
understanding and, ultimately, your grades. �e learning design illustrated below re�ects 
this organization. Study it carefully, and, if you adopt the �ow of study shown, you should 
be a big step ahead in your preparation and understanding of cell biology—and for that 
matter any subject you are taking.

When I was an undergraduate student, I hardly ever read the “To the Student” section 
(if indeed one existed) in my textbooks because the section rarely contained any information 
of importance. �is one does, so please read on.

In college, I was a mediocre student until my junior year. Why? Mainly because I did 
not know how to study properly, and, more importantly, I did not know how to read a 
textbook e�ectively. My textbooks were �lled with highlighted sentences without any plan 
on how I would use this “emphasized” information. In fact, most textbooks assume you 
know how to read a textbook properly. I didn’t and you might not, either.

Reading a textbook is di�cult if you are not properly prepared. So you can take 
advantage of what I learned as a student and have learned from instructing thousands of 
students; I have worked hard to make this text user friendly with a reading style that is 
not threatening or complicated. Still, there is a substantial amount of information to learn 
and understand, so having the appropriate reading and comprehension skills is critical. 
�erefore, I encourage you to spend 20 minutes reading this section, as I am going to give 
you several tips and suggestions for acquiring those skills. Let me show you how to be an 
active reader.

Be a Prepared Reader
Before you jump into reading a section of a chapter in this text, prepare yourself by �nding 
the place and time and having the tools for study.

Place. Where are you right now as you read these lines? Are you in a quiet library or 
at home? If at home, are there any distractions, such as loud music, a blaring television,  
or screaming kids? Is the lighting adequate to read? Are you sitting at a desk or lounging on 
the living room sofa? Get where I am going? When you read for an educational purpose—
that is, to learn and understand something—you need to maximize the environment for 
reading. Yes, it should be comfortable, but not to the point that you will doze o�.

Time. All of us have di�erent times during the day when we best perform a certain 
skill, be it exercising or reading. �e last thing you want to do is read when you are tired or 
simply not “in tune” for the job that needs to be done. You cannot learn and understand 
the information if you fall asleep or lack a positive attitude. I have kept all of the chapters 
in this text about the same length so you can estimate the time necessary for each and 
plan your reading accordingly. If you have done your preliminary survey of the chapter or 
chapter section, you can determine about how much time you will need. If 40 minutes 
is needed to read—and comprehend (see below)—a section of a chapter, �nd the place 

A Note to the Students
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xx A Note to the Students

and time that will give you 40 minutes of uninterrupted study. Brain research suggests 
that most people’s brains cannot spend more than 45 minutes in concentrated, technical 
reading. �erefore, I have avoided lengthy presentations and instead have focused on 
smaller sections, each with its own heading. �ese should accommodate shorter reading 
periods.

Reading Tools. Lastly, as you read this, what study tools do you have at your side?  
Do you have a highlighter or pen for emphasizing or underlining important words or phrases? 
Notice the text has wide margins that allow you to make notes or to indicate something 
that needs further clari�cation. Do you have a pencil or pen handy to make these notes? 
Or, if you do not want to “deface” the text, make your notes in a notebook. Lastly, some 
students �nd having a ruler is useful to prevent their eyes from wandering on the page and 
to read each line without distraction.

Be an Explorer Before You Read
When you sit down to read a section of a chapter, do some preliminary exploring. Look at 
the section head and subheadings to get an idea of what is discussed. Preview any diagrams, 
photographs, tables, graphs, or other visuals used. �ey give you a better idea of what is 
going to occur. We have used a good deal of space in the text for these features, so use them 
to your advantage. �ey will help you learn the written information and comprehend its 
meaning. Do not try to understand all the visuals, but try to generate a mental “big picture” 
of what is to come. Familiarize yourself with any symbols or technical jargon that might 
be used in the visuals.

�e end of each chapter contains a Summary for that chapter. It is a good idea to read 
the summary before delving into the chapter, even though it is at the end. �at way you 
will have a framework for the chapter before �lling in the nitty-gritty information.

Be a Detective as You Read
Reading a section of a textbook is not the same as reading a novel. With a textbook,  
you need to uncover the important information (the terms and concepts) in the forest of 
words on the page. So, the �rst thing to do is read the complete paragraph. When you 
have determined the main ideas, highlight or underline them. However, I have seen 
students highlighting the entire paragraph in yellow, including every a, the, and and. �is 
is an example of highlighting before knowing what is important. So, I have helped you out 
somewhat. Important terms and concepts are in boldface followed by the de�nition 
(or the de�nition might be in the glossary). So only highlight or underline with a pen 
essential ideas and key phrases—not complete sentences, if possible.

What if a paragraph or section has no boldfaced words? How do you �nd what is 
important here? From an English course, you may know that often the most important 
information is mentioned �rst in the paragraph. If it is followed by one or more examples, 
then you can backtrack and know what was important in the paragraph. In addition,  
I have added section “speed bumps” (called Concept and Reasoning Checks) to let you 
test your learning and understanding before getting too far ahead in the material. �ese 
checks also are clues to what was important in the section you just read.

Be a Repetitious Student
Brain research has shown that each individual can only hold so much information 
in short-term memory. If you try to hold more, then something else needs to be  
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removed—sort of like a full computer disk. So that you do not lose any of this important 
information, you need to transfer it to long-term memory—to the hard drive, if you 
will. In reading and studying, this means retaining the term or concept; so, write it out 
in your notebook using your own words. Memorizing a term does not mean you have 
learned the term or understood the concept. By writing it out in your own words, you 
are forced to think and actively interact with the information. �is repetition rein-
forces your learning.

Be a Patient Student
In textbooks, you cannot read at the speed that you read your email or a magazine sto-
ry. �ere are unfamiliar details to be learned and understood—and this requires being a 
patient, slower reader. Identifying the important information from a textbook chapter 
requires you to slow down your reading speed. Speed-reading is of no value here. It may 
help to go back and re-read sections as your general understanding of the topic improves. 
I use many cross-references in this book, and suggest you take the time to look up the 
referenced material in other chapters.

Know the What, Why, and How
Have you ever read something only to say, “I have no idea what I read!”? As I’ve already 
mentioned, reading a cell biology text is not the same as reading Sports Illustrated or 
People magazine. In these entertainment magazines, you read passively for leisure or 
perhaps amusement. In Principles of Cell Biology, you must read actively for learning and 
understanding—that is, for comprehension. �is can quickly lead to boredom unless you 
engage your brain as you read—that is, be an active reader. Do this by knowing the what, 
why, and how of your reading.

�� What is the general topic or idea being discussed? �is often is easy to determine 
because the section heading might tell you. If not, then it will appear in the �rst 
sentence or beginning part of the paragraph.
�� Why is this information important? If I have done my job, the text section 
will tell you why it is important or the examples provided will drive the impor-
tance home. �ese surrounding clues further explain why the main idea was 
important.
�� How do I “mine” the information presented? �is was discussed under “Be a 
Detective as You Read.”

Have a Debriefing Strategy
After reading the material, be ready to debrief. Verbally summarize what you have learned. 
�is will start moving the short-term information into the long-term memory storage—
that is, retention. Any notes you made concerning confusing material should be discussed 
as soon as possible with your instructor. A lot of cell biology is represented visually, so 
allow time to draw out diagrams. Again, repetition makes for easier learning and better 
retention.

In many professions, such as sports, music, or the theater, the name of the game is 
practice, practice, practice. �e hints and suggestions I have given you form a skill that  
requires practice to perfect and use e�ciently. Be patient, things will not happen overnight; 
perseverance and willingness though will pay o� with practice. You might also check with 
your college or university academic (or learning) resource center. �ese folks will have 
more ways to help you to read a textbook better and to study well overall.
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Send Me a Note
In closing, I would like to invite you to write me and let me know what is good about this 
textbook so I can build on it and what may need improvement so I can revise it. I can be 
reached at the Department of Biology, Rensselaer Polytechnic Institute, 110 8th St, Troy, 
NY, 12180. Feel free to email me at: ploppg@rpi.edu.

I wish you great success in your cell biology course. Welcome!
—Dr. Plopper

Website: http://www.rpi.edu/∼ploppg
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