PREFACE

The book you are about to read probably costs the same as

a night on the town or a single top-of-the-line athletic shoe.

Is it worth it? That depends on what you expect to get put
of a course in general biology. More than this, it depends
on what you expect to get out of life.

Reading Biology: Concepts and Applications is like having
your own private audience with biologists from colleges,
universities, and research laboratories the world over. The
book contains insights from about 2,000 biologists who
contributed time and energy to its development over the
past two decades—insights that can sharpen your view of
life. The biological perspective happens to be one of the
most useful tools for interpreting the world, With it, you
can cut your own intellectual paths through social, medical,

CONCEPTUAL FLOW THROUGH A
MODULAR FORMAT

The book's wutmbered, modular format is the most significant
departure from preceding editions. These modules give
instructors far more flexibility in assigning or skipping
different sections of each chapter. The advantages are so
great that most introductory textbooks probably would be
structured this way—if it were easy to modularize chapters
without chopping up their story lines. Even though we
have more than twenty years of experience in writing and
illustrating biology textbooks, the structuring turned out to
be an astonishing challenge. Yet we believe that the results
move the book to a new, maore effective level of pedagogy.

and environmental thickets. With it, you
can come to understand the past and to
predict possible futures for ourselves and
all other organisms.

Writers who mean to do justice to the
biological perspective know they must use
the principles of biochemistry, inheritance,
and evolution as the framework for a book.
They also should convey the great power of
evolutionary theory to explain life’s unity
and diversity by incorporating examples
of problem solving and experiments. They
should identify key concepts for all major
fields of inquiry and select topics to give
students a sense of current understandings
and research trends. They should explain
the structure and functioning of a broad
sampling of organisms in enough detail
so that students can develop a working
vocabulary about life's parts and processes.
Besides all of this, they must write ina way
that is logical, clear, engaging, and never
patronizing.

We met four more objectives for this
latest revision of Biology. We recast the
book in a modular format. We refined and
updated its core material and applications.
We started each chapter with a short story
that leads to the chapter’s key concepts in
an informative yet entertaining, nonthreat-
ening way. Finally, we created many more
visual summary illustrations, which have
a track record of helping several million
of our student readers work their way
through difficult concepts.

FIGURE A A module from this edition,
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Inside your bedy and at it= moist surtaces, frillives ol
culls live in imerdependency. In soammy pondwater, a
single-celled amoeba moves abauwt freely, thriving om bs
. For humans, amochas, and all other arganisms,
the cell is the smallest entity tkat stll retains the
properties of life. A cell either can aurvive an It awn
ef has the potentlal bo do so. Its sbructune is highly
eganised, ared il engages in selabolism. A cell senses
and responds bo specific changes in the envirnnment.
Arel i1 bas the potentlal ta reproduce i=elf, based on
imherited insbructicos inits DRA.

Structural Deganizatign of Cells

Cells differ evarmonsly in size, shape, and activities, as
wnu might gather by comparing a hacteriam witls oo of
vour liver oulls. Yel ey are abike in Ehree respects. All
cells start out life wigh a plagena memsbrane, a regian of
DA, ard a region of cytoplasm:

1. Flasena membrame This thin, tatermest pwmbeang
maintaing the cell as & distisct entity. By doing so, il
allowws metabodic events to proceed apart frnm randoem
#vents in the environenent. A plasma membrane does
nod isodale the cell inberice, Substances ard signals
combinually move across it in bighly cortrollisd weys.

I, DNA-contsimiag reglan. DMA occupies part of the
cell inkerior, along with mealicules that can copy or read
ies herediary Instrucians.

3, Cytoplesm. The cvioplasm is cverything enclosed
b the plasma membrare, svcepd ar the megion of ONA.
1i 35 & semiflusd substance im which particles, filamenss,
aned cdten compartmenis abe organized.

This chapter irtrodhices twa fundameraally different
kinds of cedls. Eukaryotic cells contain distinet amvays of
arganelle—ting, internal sacs and cther commpartments
lcemiad from memdbreanes, One cogaelle, the suicleas,
e the DRNA. [ s the defindng feature of eukarvobc
cells By vontrast, prakaryetie cells have no nocleus; no
memrbranes intervene betwasens the repion ol DA and
ik cytaplasm that surrounds it Bacteria are the only
prodaryotic cells, Beyome thi seale wof bacieria, 2l other
organisms—irom ameebas b pesch tries and pufiball
wyuehroams in sebras-—ane ewkaryotes,

The Lipid Bilayer of Cell Membranes

A eell's cagardzation and activites depend on it mem-
branes. If any membrane is o functien propecly, faid
must bathe its two surfaces. How, then, doss it remain
structarally mnbact? Is it like a solid wall separating s
flurid mepgioes?® Med at all. Push a fire needle into and out
of 2 cell, and cytoplasm will net coee out. [nstead, the
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cetl surface will flow over the punchure and sal it The
plasens membsane apparenitly shows fuid behaviced
Mo di “Fuid” cells pemain distiset from thedr fuid
surroundings! For the answer, Let's start by Jookiog a1
phasphalipida—the most abundant component of any
cell membrare, A phosphalipid, recall, is 2 molecule
havisg a hydrophilc (water-loving) head and fwe lalty
acid tily, whizh are Fydrophobéc (water-deeading), I
vou Immerse many phospholipid
malecules in water, they will i Frwdroohlichimd
inferact with the water mile- fl
cul and with one another
until  ihsy  spontinecusly |

Irpdicpholse lads
|

cluster fogether, Tollectivly, i
the fostiings might even foroe

them b become arcanged i lwo layers, with the fathy
ackd talls sendwiched bebaeen the hydrephilic kenda.
This arrangemnent, which is called a Jipid bilayer. is the
ptruciura] basis ol cell membsares:

S why dows a puschured membrane seal iteelf? &
jpuncture i3 eneretically unfvorable; It exposes many
hydrapbabic groaps 1o water, Mutual regulsicn forces
{ke phospholipids back to the more stable arrangement,

Fluid Mosalc bodel of Memibramne Structure

Figure 3.2 shaows a bit of membrane that correpords he
e Auid masaic madel, By thas mexdel, cell membrares
comalst of liplds awd proteins. They incarporate a variely
of phesphalipids, glycollpids, and sterels {sach as chal-
mterul in arimals and phvicsierals in planks) Many
profeins are embedded in te bilager o positioned at




As the sample in Figure A shows, each module starts with
a clearly numbered heading, and it ends with boldface
summary statements to reinforce the key concepts. Each is
self-contained on one or two pages—yel carcful fransitions
allow all the modules of a chapter to flow smoofhly, one into the
other, so students won't lose sight of the big pichure.

Each module contains all the text and illustrations for
a particular topic, so students can work their way through
one topic at a time without those annoying page-flipping
searches for information.

Unless writers know what they are doing, they run the
risk of having a modular format dictate content, like a tail
wagging the proverbial dog, Fortunately, we had a history
of being full-time fanatics about crafting the text, art, and

captions for each chapter into an integrated story, When
we decided (o learn Quark for this edition, it was with the
understanding that page makeup should not supersede our
craft but rather should be an extension of it.

We quickly learned that vou can’t write good modules
without clearing the clutter from vour mind, for there
simply is no room for superfluous detail. Where details are
useful as expansions of key concepts, we often integrated
them into suitable illustrations rather than allowing them
to disrupt the text flow. We blocked out section headings
and subheadings in order to rank the importance of bits of
related information. Any good story has such a hierarchy
of information, with background settings, major and minor
characters, and high points and an ending where every-
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ane of #e sumlaces. Different events proceed at the twao
mriaces, which diffes i e fusber, kired, and arfasge-
mnt ol their lipids and probeins.

The teren “mosalc” refers to the mixed conposition
of lipids and proteins. “Fluicl” sefers bo the motices of
Epids and therr inbernctions. Thesphalipid moleoales
spin about their lomg axts, they move sideways. and
iy fails flex—all of which helps keep reighboring
modecules from packing into a sclad layer Lipids that
Barve shest tails or ursatusabed (kinked) wile conaribaie
#o the membrare’s flaidity.

Profeins assecialed wills the bilayer carry oul mos:
sembrare functicns, Yaricus tanspart prateing allow
o emcourage waler soluble substances W meve Burough
hir inberice, which opens on bolk ssdes of the bilayer.
Thsese probeina hind malecules or iome on one aide of the
membrane, then redease them on the othern

Recephar probeins bird bormones and other extra-
exdlular sobstantes that tigeer changes in cell activitie
For exasple, enzymes that crank ap machirery for cel
grerth and division are swilched oo when a hoessane
ek a5 somatotropind bamds b receptors for it Difer-
ent cells have differenl combinations of receptors.

[Hverse recognition proteine af the ool surface amw
ks malecular fingerprints; they identify a cell as being

Flguws 13  Cufmwry e ol o pl e memiorang, based on the
el = g maddel ol mambane siuchos

of a spedfic type. For cxample, “self” proteins pepper
thir plasenas membrase of your bady's ewn olls. Certain
white blood cells chemdcally recogrize these protems.
and keave your cells alone. But they will laurch attacks
agaissl backerial cells, vieuses, and oltwr invaclars that
Fave “nonself” proteins o1 ther surfaces,

Fizally, in multicelled organisme, adhesion probeins
bvelp particalar kimds of oells sbick fopether arel thereby
remain pesitioned in their proper tssues.

All celln have an sutermnsi, plasma membrane, an inkerral
reginm of cyinplasm, and am Eviernal region ol [RA,

EBesides the plasms membracs, suloaryolic cells havs intemal,
membrane-board mmpartments, including the mucleus,
[Each membeane has o ligid bilayer, The hydmphobic parts of

tia Hpid molecales are sanduichad bebween ihe hydmophilic
parts, which are dissohved ls the Swid suemandisgs,

The lipld bilayer ghves the membmane Hs bask struchuee and
servis as a bantler io walis soluble subs amees.

Prodeins assndlated wilh the bilayer caery ool mios| St
Eunclions. Many fyges linsgar substances across the bilayes
ur wrova aw srepton fur llular sul CHher brpes

gnitian s adk
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thing comes together. Without a hierarchy,
information has all the excitement, flow,
and drama of an encyclopedia. Additionally,
we refined the paragraphs and carefully
adjusted the size of photographs and line
art. As part of the creative fine-tuning, we
also introduced variations in page layouts

to avoid the monotonous, encyclopedic

look that tend to make student readers
waonder whether they are brain dead.

Finally, we understand fully that many
students approach biology textbooks with
apprehension. If the words don't engage
them, they sometimes end up hating both
the book and the subject. It comes down to
line-by-line judgment calls. Having devoted
years to writing precisely and objectively,
we have a strong sense of when to leave
core material alone and when to loosen it
up to give students breathing room. Inter-
rupting, say, the description of mitotic cell
division with a distracting anecdote does
no good. Plunking a humorous aside into a
chapter that ties together the evolution of
the Earth and life trivializes a magnificent
story. By contrast, it certainly is appropriate
to follow modules on mitotic cell division
with a brief look at the cell cycle and cancer.
It is fine to entertain students if doing so
reinforces key concepts, as with the story
of the misguided species introduction that
allowed rabbits to rampage through much
of Australia or the story of how artificial
selection produced bulldogs, which some-
times pass out because the overly wide,
flabby roof of their mouth does not favor
easy breathing.

The result is that students get the best
of both worlds—appropriate, engaging
content and cleanly served-up content—
one module at a time,
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